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Abstract-Nine 3-(2-aminoethyl)pyrrole derivatives were investigated as anti-inflammatory agents in the 
carrageenan-induced rat paw oedema model and as antioxidants in the non-enzymatic lipid peroxidation 
assay. It was found that the derivatives which were substituted with a p-toluenesulphonyl group exhibited 
considerable anti-inflammatory activity and some also showed antioxidant properties. However, the 
presence of ap-toluenesulphonyl group did not invariably lead to activity. A structural feature which was 
essential for both activities was the aminoethyl side chain. Although a relationship between the anti- 
inflammatory and the antioxidant activities was not apparent, the combination of these properties could 
be useful. 

The acidic non-steroidal anti-inflammatory drugs 
(NSAIDs) are widely used for their anti-inflammatory, 
analgesic and antipyretic properties. However, their thera- 
peutic potential is limited due to the frequent development 
of gastrointestinal side-effects. The gastrointestinal lesions 
produced by the NSAIDs are the result, at least in part, of a 
direct contact mechanism which is a combination of the 
local irritation produced by the acidic group in the molecule 
and the local inhibition of the cytoprotective actions of 
prostaglandins on the gastric mucosa (Shanbhag et a1 
1992). Acidic drugs have a higher tendency to accumulate 
in the stomach wall soon after oral absorption (Shen 1981), 
while certain anti-inflammatory amines have been shown to 
accumulate in inflammatory exudates (Bird et a1 1983). 
Thus, basic anti-inflammatory compounds are gaining 
increasing attention due to their potentially favourable 
physiccchemical properties (Shen 1981; Schlegel et a1 
1984; Ronsisvalle et a1 1988; Andreadou et a1 1992). 

Recently, it has been reported that pergolide exerts potent 
anti-inflammatory activity in the carrageenan-paw oedema 
assay and in the lipoidal amine-induced arthritis model in 
rats (Bendele et a1 1991). Pergolide is a basic compound 
based on 3-(2-di-n-propylaminoethyl)pyrrole. Therefore, we 
considered it of interest to evaluate the anti-inflammatory 
properties of the aminoethylpyrrole derivatives 1-9 shown 
in Scheme 1. In these compounds, the amino side chain was 
kept unchanged while various substituents were introduced 
on the pyrrole ring in an attempt to identify suitable 
structural features for optimal activity. 

Reactive oxygen species are implicated in the induction 
and prolongation of the inflammatory process, while a 
number of commercially available NSAIDs have been 
shown to possess radical scavenging properties (Rober- 
froid et a1 1987; Halliwell & Gutteridge 1989) and it has 
been suggested that the presence of a pyrrole moiety in a 
compound increases its antioxidant potential, because the 
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CH2CH2N(n-C3H7)2 I 

I 
R2 

I R,:H, R,:H, R,:H 
2 R,:H, R,:p-CH,C6H4S02, R,:H 
3 R,:H, R,:H, R3:CH3C=0 
4 R,: CH,C=O, Rz:p-CH,C6H4S0,, R,:H 
5 R,:H, R+ZH3C6H,S02, R,:CH,C=O 
6 R,:C6H5C=0, R,:H, R,:H 
7 R,:H, R,:H, R3:C6H5C=0 
8 R,:C6H5C=0, Rz:pCH3C6H4S02, R3:H 
9 RI:H, R,:pCH,C,H,SO,, R,:C,H,C=O 

SCHEME 1. Structures of compounds 1-9. 

scavenged radical may be stabilized by delocalization over 
the pyrrole ring (Pierrefiche et a1 1993). Consequently, in the 
present study we also investigated the antioxidant properties 
of the pyrrole derivatives 1-9 and related them to their anti- 
inflammatory activities. 

Materials and Methods 

Preparation of the aminoethylpyrroles 1-9 
3-(2-Di-n-propylaminoethyl)pyrrole (I), 1 -p-toluenesulpho- 
nyl-3-(2-di-n-propylaminoethyl)pyrrole (2), 3-(2-di-n- 
propylaminoethyl)-5-acetylpyrrole (3), l-p-toluenesul- 
phonyl-3-(2-di-n-propylaminoethyl)-2- and 5-acetylpyr- 
roles (4 and 5), 3-(2-di-n-propylaminoethyl)-5-benzoyl- 
pyrrole (7) and l-p-toluenesulphonyl-3-(2-di-n-propylami- 
noethyl)-5-benzoylpyrrole (9) were synthesized as pre- 
viously described (Demopoulos 1988; Demopoulos et a1 
1989). 

1 - p -Toluenesulphonyl-2-benzoyl-3-(2-di-n-propylamino- 
ethy1)pyrrole (8) was prepared, in a better yield, by a 
modification of the previously described method. Specifi- 
cally, instead of introducing the benzoyl group under the 
reported Vilsmeir-Haack conditions (Demopoulos et a1 
1989), this was attained by refluxing 1 (1.1 g, 5.64mmol), 
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benzoyl chloride (1 mL, 8.6mmol) and triethylamine 
(1.5 mL, 10.8 mmol) in xylene (1 5 mL) for 24 h. The overall 
yield of 8 was 16%. 
2-Benzoyl-3-(2-di-n-propylaminoethyl)pyrrole (6) was 

synthesized according to the following procedure. A mix- 
ture of 8 (0.75g, 1.6mmol), methanol (80mL) and 5% 
NaOH (30 mL) was stirred at room temperature for 48 h. 
After this period, the mixture was poured into saturated 
NaCl and extracted with ethyl acetate. Evaporation of the 
organic solvent afforded 6 which was converted to its salt 
with fumaric acid (1 : 0.5) and recrystallized from 2-prop- 
anol/diethyl ether, 0.51 g (87%); mp 153-155°C. Anal. 
Calcd for CZ1H2803N: C, 70.76; H, 7.92; N, 7.86. Found: 
C, 71.06; H, 7.96; N, 7.75. 

Inhibition of the carrageenan-induced oedema 
Oedema was induced in the right hind paw of male Fischer- 
344 rats, 200 k 20g, by the subplantar injection of 0.1 mL 
2% carrageenan in water. The test compound, suspended in 
physiological saline with the addition of Tween 80, or vehicle, 
was given intraperitoneally immediately after carrageenan 
injection. The rats were killed 3.5 h after carrageenan injec- 
tion, and the hind paws were both excised and weighed 
separately. The difference between the weight of the injected 
and uninjected paws was calculated for each animal. The 
change in paw weight was compared with that in vehicle- 
treated control animals and expressed as a percent inhibition 
of the control oedema (Andreadou et a1 1992). 

In-vitro lipid peroxidation 
Hepatic microsomal fractions were prepared from untreated 
male Fischer-344 rats. Fractions were heat-inactivated (90°C 
for 90s) and suspended in Tris-HCI/KCI buffer ( 5 0 m ~ /  
1 5 0 m ~ ,  pH 7.4). The incubation mixtures contained the 
microsomal fraction, corresponding to 0.125 g liver mL-', 
ascorbic acid (0.2 mM) in Tris buffer, and various concentra- 
tions (0.25-1 mM) of the tested compounds dissolved in 
dimethylsulphoxide. An equal volume of the solvent 
(0.1 mL) was added to the control incubate. The reaction 
was started by the addition of freshly-prepared FeS04 
solution ( 1 0 ~ ~ ) .  The mixture was incubated at 37°C for 
45 min. Aliquots (0.3 mL) of the incubation mixture (final 
volume 4mL) were taken at various time intervals. Lipid 
peroxidation was assayed spectrophotometrically (535 nm 

against 600 nm) by determination of the 2-thiobarbituric 
acid-reactive material (Rekka et a1 1989a). Each experiment 
was performed at least in duplicate. 

Determination of RM values from reversed-phase thin-layer 
chromatography 
Silica gel normal-phase plates, impregnated with 5% (v/v) 
liquid paraffin in light petroleum ether, were used. As a 
mobile phase, a methanol/water mixture (70/30, v/v) con- 
taining 1 % aqueous ammonia (27%) was used. The plates 
were developed in closed chromatography tanks, saturated 
with the polar phase. Spots were detected under UV light or 
by iodine vapour. Rf values were determined from at least 
eight individual measurements. RM values were calculated 
from the corresponding Rf values (Rekka et a1 1989b), 
applying the equation: RM = log[(l/RF) - 11. 

Results 

The anti-inflammatory effects of the synthesized aminoethyl- 
pyrroles in the carrageenan-induced rat oedema assay are 
presented in Table 1. All the compounds were administered 
intraperitoneally at a dose of 0.128 mmol kg-'. Compounds 
2, 4,  5, 8 and 9 produced an approximately 40% oedema 
reduction. Compounds I ,  3 and 7 were inactive at this dose 
while 6 was toxic. Indomethacin, used as a reference 
compound, exhibited 52% oedema reduction at an intraper- 
itoneal dose of 4 mg kg-' (1 1 pmol kg-'). 

The antioxidant potential of the aminoethylpyrroles 1-9 
was studied in the non-enzymatic lipid peroxidation assay. 
Table 1 shows the percent inhibition of lipid peroxidation of 
these compounds at a concentration of 1 mM after 45min 
incubation. Compound 1 was found to interfere with the 
assay. Compounds 3,5,7 and 8 did not show any significant 
effect on lipid peroxidation. The order of decreasing antiox- 
idant activity of the rest of the compounds was 
2 > 4 > 6 > 9. The time course of lipid peroxidation, as 
affected by various concentrations of compounds 2, 4 ,  6 
and 9 is shown in Fig. 1. DL-a-Tocopherol acetate was used 
as a positive control and at a concentration of 0.5 mM was 
found to inhibit lipid peroxidation by 100, 75, 19 and 9% 
after 5, 15, 30 and 45 min incubation, respectively. 

The lipophilicity of the compounds was determined from 
reversed-phase thin-layer chromatography and expressed as 

Table 1. Anti-inflammatory and antioxidant activity and RM values of the examined aminoethylpyrroles. 

Compound 
Control 
I 
2 
3 
4 
5 
6 
7 
8 
9 

Paw weight 
increase (%) f s.d? 

76.8 f 8.0 
79.9 f 9.6 
43.4 f 8.1* 
74.2 f 5.5 
49.1 f 5.2* 
47.0 f 9.1 * 

Toxic 
77.8 f 1 1 . 1  
41.5 f 6.5* 
43.2 f 8.3* 

Oedema reduction (%) 
compared with controls 

0 
43 

3 
36 
39 

0 
46 
44 

- 

- 

Inhibition (X) of 
lipid peroxidation 

compared with controls 

Assay interference 
69 

- 

1 
66 
0 

5 2  
13 
2 

41 

RM f s.d. 
- 

0.305 f 0,035 
0.378 f 0.028 
0.095 f 0.020 
0.183 f 0.022 
0.231 f 0.028 
0.245 f 0.031 
0.3 15 f 0.038 
0.327 f 0.029 
0.537 f 0.021 

a. All compounds were administered intraperitoneally to rats (n = 5-10) at the same molar dose of 0.128 mmol kg-'; *P < OGO1 compared 
with control value. 
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FIG. 1. Time course of lipid peroxidation, as affected by various 
concentrations of compounds 2, 4, 6 and 9. 0, 0; 0, 0.25; m, 0.5; 
0,  1mM. 

the RM values shown in Table 1. The order of decreasing 
lipophilicity in this series of compounds was 
9 > 2 > 8 >  7 >  1 > 6 > 5 > 4 > 3 .  

Discussion 

The in-vivo anti-inflammatory efficacy of the synthesized 
aminoethylpyrroles was assessed by using the functional 
model of carrageenan footpad in the rat (Winter et al 
1962; VanArman 1979). This model represents the 
responses of clinically observed inflammatory diseases and 
reliably predicts the anti-inflammatory efficacy of the 
NSAIDs. 

Concerning the structures of the tested compounds, the 
main difference between the active and the inactive amino- 
ethylpyrrole anti-inflammatory agents is the presence on the 
former of a toluenesulphonyl functionality. Further intro- 
duction of acyl substituents at positions 2- and 5- on the 
pyrrole ring does not significantly influence the anti-inflam- 
matory activity. Thus, compound 2 is equipotent with its 
acetyl(4 and 5 )  and benzoyl(8 and 9) derivatives. Also, it is 
worth noting that the pairs of isomers (4 and 5, 8 and 9) 
induced similar oedema reduction. 

To examine the role of the amino side chain for the 
observed anti-inflammatory activity in this series of pyrrole 
derivatives, 1 -( p-toluenesulphonyl)pyrrole was also tested. 
This compound, at a dose of 0.128 mmol kg-', produced no 
significant oedema reduction. Thus, our data indicate that 
the minimal structural requirements for anti-inflammatory 
activity in this type of compound are both amino and 
arylosulphonyl functionalities. 

The carrageenan oedema assay in rats, during its second 
phase, is particularly effective in detecting compounds that 
are anti-inflammatory as a result of inhibition of prosta- 
glandin amplification (Vinegar et al 1976; Kuroda et al 
1992). Recently, it has been reported that certain 3-aroyl-l- 
(2-aminoethy1)indoles inhibited prostaglandin synthesis and 
exhibited antinociceptive activity (Bell et al 1991). Taking 
into account that a nonclassical bioisosteric relationship 
exists between a carbonyl and a sulphonyl group (Silver- 

man 1992), we suggest that there are common structural 
features between the anti-inflammatory pyrroles and the 
antinociceptive indoles which could account for their 
activity. These are an aminoethyl side chain and an aroyl 
or arylosulphonyl group introduced to a pyrrole ring at 
positions 1 and 3. 

A significant event associated with the appearance of 
phagocytic cells in the injured tissue is the superoxide anion 
radical-dependent, ferrous ion-promoted peroxidation of 
membrane lipids. Lipid peroxides are in this way released 
and are highly pro-inflammatory (Bragt et a1 1980; Hertz & 
Cloarec 1984; Kasama et al 1988). It has been reported that 
some products of lipid peroxidation are potent chemotactic 
factors (Petrone et all980; Curzio et all982; Hertz & Cloarec 
1984) and that lipid peroxidation enhances the release of 
arachidonic acid (Fujimoto & Fujita 1982) and histamine 
(Masini et a1 1990). Also, low levels of lipid peroxides can 
activate both cyclo-oxygenase and lipoxygenase enzymes and 
thereby increase eicosanoid formation (Lands & Marshall 
1985; Riendeau et al 1989). A number of anti-inflammatory 
agents have been shown to inhibit lipid peroxidation, and this 
has been proposed as a part of the mechanism of their anti- 
inflammatory activity (Cheeseman & Forni 1988; Cynshi et a1 
1990; Komeshima et al 1992; Andreadou et al 1992). 
Furthermore, compounds which react with lipid peroxyls 
may suppress the enzymatic oxygenation of arachidonic acid 
to form bioactive lipid peroxides (Reddana et a1 1985; Seeger 
et al 1988). Therefore, we investigated the possible interrela- 
tionship between the anti-inflammatory activity and the 
antioxidant properties of the synthesized aminoethylpyr- 
roles. The antioxidant potential of these compounds was 
expressed as their ability to inhibit non-enzymatic microso- 
ma1 lipid peroxidation in-vitro. 

Concerning the structural features of the active anti- 
oxidants, we observe that the toluenesulphonyl group 
is present in all the aminoethylpyrrole derivatives that 
exhibited similar time- and concentration-dependent effects 
on lipid peroxidation (i.e. compounds 2,4 and 9). However, 
its presence is not invariably connected with activity. Thus, 
introduction of an acetyl group at position 5 (compound 5)  
or a benzoyl group at position 2 (compound 8) leads to a loss 
of activity. Compound 6, which lacks the toluenesulphonyl 
group, also showed some antioxidant activity. However, this 
was apparent only at the concentration of 1 mM. Further- 
more, 6 showed a lag period in the lipid peroxidation time- 
course which was not observed with the other amino- 
ethylpyrrole antioxidants containing the toluenesulphonyl 
functionality (Fig. 1). It has been suggested that com- 
pounds which possess easily donatable hydrogen atoms 
and introduce a lag period into the peroxidation time- 
course, are chain-breaking antioxidants (Halliwell 1990). 
Compound 6 contains an acidic pyrrole-NH hydrogen 
and, unlike 2, 4 and 9, may act as a chain-breaking 
antioxidant, scavenging intermediate radicals such as 
peroxy or alkoxy. 

To ascertain the contribution of the amino side chain to 
the observed antioxidant activities in this series of pyrrole 
derivatives, we also tested 1-(p-toluenesulphonyI)pyrrole, 
2-acetylpyrrole, 2-benzoylpyrrole, 1-(p-toluenesulphony1)- 
2-acetylpyrrole and I-(p-toluenesulphonyI)-2-benzoyl- 
pyrrole. These compounds showed no inhibition of lipid 
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peroxidation concentrations of 1 mM. A possible explana- 
tion of this could be the greater ability of the basic pyrrole 
derivatives, compared with their non-basic counterparts, to 
partition in lipid bilayers by interacting with the phosphate 
groups of microsomal phospholipids. 

A number of experimental results indicate that a linear 
(Ohkawa et a1 1991; Yu et a1 1993) or a parabolic (Nihro et a1 
1991) correlation could exist between lipophilicity and 
activity in a series of antioxidant compounds. However, 
our attempts to correlate the lipophilicity (expressed as RM 
values) and the antioxidant activity of the examined amino- 
ethylpyrroles was unsuccessful. It is noteworthy that while 
for the pair of the benzoyl isomers (8 and 9)  the most active 
antioxidant was also the most hydrophobic (i.e. 9), the 
reverse occurs in the pair of the acetyl isomers (4 and 5 )  
where the most active antioxidant was the least hydrophobic 
(i.e. 4). Therefore, in addition to lipophilicity, other proper- 
ties, such as favourable electronic distribution for reacting 
rapidly with radicals, or the ability to affect membrane 
fluidity (Nagatsuka & Nakazawa 1982; Mowri et a1 1984), 
contribute to the observed variations in the antioxidant 
activity in this series of compounds. 

The present study has shown that certain derivatives of 
aminoethylpyrrole, structurally related to pergolide, possess 
anti-inflammatory properties. A number of these are also 
antioxidants inhibiting in-vitro lipid peroxidation. Although 
a relationship between the anti-inflammatory and the anti- 
oxidant activities is not apparent, the ability of these anti- 
inflammatory compounds to inhibit lipid peroxidation is a 
desirable property, since it could prevent further tissue 
damage during the inflammatory process. Compound 2 
exerts considerable anti-inflammatory as well as antioxidant 
activity; its preparation is simple and, therefore, it may serve 
as a useful lead structure. 

Finally, it has been suggested that oxygen-derived free 
radicals are directly implicated in the mechanism of the 
induction of acute gastric mucosal injury by NSAIDs and 
that scavenging these radicals protects against injury by 
maintaining the integrity of the gastric mucosa (Rainsford 
1989; Salim 1992). Thus, compounds which combine anti- 
inflammatory and antioxidant properties may have a 
reduced tendency to cause gastrointestinal side-effects. 

References 
Andreadou, I., Rekka, E., Demopoulos, V. J., Kourounakis, P. N. 

(1992) Effect of some novel ethylenediamine and ethanolamine 
derivatives on carrageenan-induced inflammation. Correlation 
with antioxidant activity and structural characteristics. Res. 
Commun. Chem. Pathol. Pharmacol. 78: 245-248 

Bell, M. R., D’Ambra, T. E., Kumar, V., Eissenstat, M. A,, 
Herrmann, J. L., Wetzel, J. R., Rosi, D., Philion, R. E., Daum, 
S. J., Hlasta, D. J., Kullnig, R., Ackerman, J. H., Haubrich, D. R., 
Luttinger, D. A,, Baizman, E. R., Miller, M. S., Ward, S. J. (1991) 
Antinociceptive (aminoa1kyl)indoles. J. Med. Chem. 34: 1099- 
1110 

Bendele, A. M., Spaethe, S. M., Benslay, D. N., Bryant, H. U. (1991) 
Anti-inflammatory activity of pergolide, a dopamine receptor 
agonist. J. Pharmacol. Exp. Ther. 259: 169-175 

Bird, J., Mohd Hidir, S., Lewis, D. A. (1983) Putrescine-a potent 
endogenous anti-inflammatory substance in inflammatory 
exudates. Agents Actions 13: 342-347 

Bragt, P. C., Bansberg, J. I., Bonty, I. L. (1980) Anti-inflammatory 
effects of free radical scavengers and antioxidants. Further 

support for proinflammatory roles of endogenous hydrogen 
peroxide and lipid peroxides. Inflammation 4: 289-299 

Cheeseman, K. H., Forni, L. G. (1988) An investigation of the novel 
anti-inflammatory agents ONO-3 144 and MK-447. Studies on 
their potential antioxidant activity. Biochem. Pharmacol. 21: 

Curzio, M., Torrielli, M. V., Giroud, J. P., Esterbauer, H., Dianzani, 
M. U. (1982) Neutrophil chemotactic responses to aldehydes. Res. 
Commun. Chem. Pathol. Pharmacol. 36: 463-476 

Cynshi, O., Saitoh, M., Cynshi, F., Tanemura, M., Hata, S . 4 ,  
Nakano, M. (1990) Anti-oxidative profile of lobenzarit disodium 
(CCA). Biochem. Pharmacol. 4 0  21 17-2122 

Demopoulos, V. J. (1988) Synthesis of 3-(2-aminoethyl)pyrrole 
derivatives. J. Heterocyclic Chem. 25: 635-638 

Demopoulos, V. J., Tani, E., Long, J. P. (1989) Synthesis and 
biological evaluation of 3-(2-aminoethyl)pyrrole derivatives. 
Arch. Pharm. (Weinheim) 322 827-828 

Fujimoto, Y., Fujita, T. (1982) Effects of lipid peroxidation on 
prostaglandin synthesis in rabbit kidney medulla slices. Biochim. 
Biophys. Acta 710 82-86 

Halliwell, B. (1990) How to characterize a biological antioxidant. 
Free Rad. Res. Commun. 9: 1-32 

Halliwell, B., Gutteridge, J. M. (1989) Free radicals, ageing, and 
disease. In: Halliwell, B., Gutteridge, J.M.C. (eds) Free Radicals 
in Biology and Medicine. 2nd edn, Clarendon Press, Oxford, pp 

Hertz, F., Cloarec, A. (1984) Pharmacology of free radicals; recent 
views on their relation to inflammatory mechanisms. Life Sci. 34: 

Kasama, T., Kobayashi, K., Sekine, F., Negishi, M., Ide, H., 
Takahashi, T., Niwa, Y. (1988) Follow-up study of lipid per- 
oxides, superoxide dismutase and glutathione peroxidase in the 
synovial membrane, serum and liver of young and old mice with 
collagen-induced arthritis. Life Sci. 43: 1887-1896 

Komeshima, N., Osawa, T., Nishitoba, T., Jinno, Y., Kiriu, T. 
(1992) Synthesis and antiinflammatory activity of antioxidants, 
4-alkylthio-o-anisidine derivatives. Chem. Pharm. Bull. 40: 35 1 - 
356 

Kuroda, T., Suzuki, F., Tamura, T., Ohmori, K., Hosoe, H. (1992)A 
novel synthesis and potent antiinflammatory activity of 4hydroxy- 
2(1 H)-0x0-1 -phenyl- 1,8-naphthyridine-3-crboxamides. J. Med. 

Lands, W. E. M., Marshall, P. 3. (1985) Peroxide stimulators of 
prostaglandin biosynthesis. In: Brooks, P. M., York, J. R. (eds) 
Rheumatology. Elsevier Science Publishers B.V., New York, 

Masini, E., Palmerani, B., Gambassi, F., Pistelli, A., Giannella, E., 
Occupati, B., Ciuffi, M., Sacchi, T. B., Mannaioni, P. F. (1990) 
Histamine release from rat mast cells induced by metabolic 
activation of polyunsaturated fatty acids into free radicals. 
Biochem. Pharmacol. 39: 879-889 

Mowri, H., Nojima, S., Inoue, K. (1984) Effect of lipid composition 
of liposomes on their sensitivity to peroxidation. J. Biochem. 95: 

Nagatsuka, S., Nakazawa, T. (1982) Effects ofmembrane-stabilizing 
agents, cholesterol and cepharanthin, on radiation-induced lipid 
peroxidation and permeability in liposomes. Biochem. Biophys. 
Acta 691: 171-177 

Nihro, Y., Miyataka, H., Sudo, T., Matsumoto, H., Satoh, T. (1991) 
3-0-Alkylascorbic acids as free-radical quenchers: synthesis and 
inhibitory effects on lipid peroxidation. J. Med. Chem. 34: 2152- 
2157 

Ohkawa, S., Terao, S., Terashita, Z., Shibouta, Y., Nishikawa, K. 
(1991) Dual inhibitors of thromboxane A2 synthase and 
5-lipoxygenase with scavenging activity of active oxygen species. 
Synthesis of a novel series of (3-pyridylmethyl)benzoquinone 
derivatives. J. Med. Chem. 34: 267-276 

Petrone, W. F., English, D. K., Wong, K., McCord, J. M. (1980) 
Free radicals and inflammation: superoxide-dependent activation 
of a neutrophil chemotactic factor in plasma. Proc. Natl. Acad. 
Sci. USA 77: 1159-1163 

Pierrefiche, G., Topall, G., Gourboin, G., Henriet, I., Laborit, H. 
(1993) Antioxidant activity of melatonin in mice. Res. Commun. 
Chem. Pathol. Pharmacol. 80: 211-223 

4225-4233 

427-438 

713-720 

C h m .  53: 1130-1 136 

pp 47-50 

551-558 



744 VASSILIS I. DEMOF'OULOS AND ELENI REKKA 

Rainsford, K. D. (1989) Mechanisms of gastrointestinal toxicity of 
non-steroidal anti-inflammatory drugs. Scand. J. Gastroenterol. 

Reddana, P., Rao, M. K., Reddy, C. C. (1985) Inhibition of 
5-lipoxygenase by vitamin E. FEBS Lett. 193: 39-43 

Rekka, E., Kolstee, J., Timmerman, H., Bast, A. (1989a) The effect 
of some H2-receptor antagonists on rat hepatic microsomal 
cytochrome P-450 and lipid peroxidation in vitro. Eur. J. Med. 
Chem. 24: 43-54 

Rekka, E., Retsas, S., Demopoulos, V. J., Kourounakis, P. N. 
(1989b) Lipophilicity of some substituted morpholine derivatives 
synthesized as potential antinociceptive agents. Arch. Pharm. 
(Weinheim) 323: 53-56 

Riendeau, D., Denis, D., Choo, L. Y., Nathaniel, D. J. (1989) 
Stimulation of 5-lipoxygenase activity under conditions which 
promote lipid peroxidation. Biochem. J. 263: 565-572 

Roberfroid, M. B., Viehe, H. G., Remade, J. (1987) Free radicals in 
drug research. In: Testa, B. (ed.) Advances in Drug Research, vol 
16. Academic Press, London, pp 50-66 

Ronsisvalle, G., Pappalardo, M. S., Vittorio, F., Pasquinucci, L., 
Caruso, A., Felice, A,, Amico-Roxas, M. (1988) Synthesis and 
pharmacological properties of N-thienyl alkylenediamines. Eur. J. 
Med. Chem. 23: 553-559 

Salim, A. S. (1992) Use of scavenging oxygen-derived free radicals 
to protect the rat against aspirin- and ethanol-induced erosive 
gastritis. J. Pharm. Sci. 81: 943-946 

Schlegel, D. C., Zenitz, B. L., Fellows, C. A,, Laskowski, S. C., 
Behn, D. C., Phillips, D. K., Botton, I., Speight, P. T. (1984) 
Bulky amine analog of ketoprofen: potent antiinflammatory 
agents. J. Med. Chem. 27: 1682-1690 

24 (SUPPI. 163): 9-16 

Seeger, W., Moser, V., Roka, L. (1988) Effects of a-tocopherol, its 
carboxylic acid chroman compound and two novel antioxidant 
isoflavanones on prostaglandin H synthase activity and auto- 
deactivation. Naunyn Schmiedebergs Arch. Pharmacol. 338: 

Shanbhag, V. R., Crider, M. A., Gokhale, R., Harpalani, A,, Dick, 
R. M. (1992) Ester and amide prodrugs of ibuprofen and 
naproxen: synthesis, anti-inflammatory activity, and gastro- 
intestinal toxicity. J. Pharm. Sci. 81: 149-153 

Shen, T. Y. (1981) Toward more selective antiarthritic therapy. J. 
Med. Chem. 24: 1-5 

Silverman, R. B. (1992) Drug discovery, design and development. 
In: Silverman, R.B. (ed.) The Organic Chemistry of Drug Design 
and Drug Action. Academic Press, Inc., London, pp 19-23 

VanArman, C. G. (1979) Oedema and increased vascular perme- 
ability. Handb. Exp. Pharmacol. 50: 75-91 

Vinegar, R., Truax, J. F., Selph, S. L. (1976) Quantitative studies of 
the pathway to acute carrageenan inflammation. Fed. Proc. 35: 

Winter, C. A., Risley, E. A,, Nuss, G. W. (1962) Carrageenan- 
induced edema in hind paw of the rat as an assay for anti- 
inflammatory drugs. Proc. SOC. Exp. Biol. Med. 11 1: 544-547 

Yu, M. J. ,  McCowan, J. R., Phebus, L. A., Towner, R. D., Ho, P. P. 
K., Keith, P. T., Luttman, C. A., Saunders, R. D., Ruterbories, 
K. J., Lindstrom, T. D., Wikel, J. H., Morgan, E., Hahn, R. A. 
(1993) Benzylamine antioxidants: relationship between structure, 
peroxyl radical scavenging, lipid peroxidation inhibition, and 
cytoprotection. J. Med. Chem. 3 6  1262-1271 

74-8 1 

2447-2456 


