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Abstract: A series of phenoxazines was evaluated as in vitro inhibitors of 5-lipoxygenasc (5LO) and iron-dependent lipid 
peroxidation. A linear relationship (r2 = 0.91, n = 10) was found for the ester, hydroxamic acid and C-l carboxylic acid 
representatives suggesting that hydroxamic acid mediated iron chelation may not contribute significantly to 5-U inhibition by these 
compounds. 

The in vivo oxidation of polyunsaturated fatty acids may occur through both enzymic and nonenzymic 

pathways.1 Whereas enzymic lipid peroxidation is a stereoselective transformation that occurs within the active 

site of an enzyme (i.e. 5lipoxygenase)2 yielding endoperoxide and hydroperoxide products with important 

biological functions relevant to the inflammatory process,3 nonenzymic lipid peroxidation is a nonstereoselective 

chain reaction that occurs under pathological conditions and may, in part, contribute to postischemic tissue damage 

by impairing cellular membrane structure and function. Consequently, lipid peroxidation inhibitors may find 

therapeutic utility in ischemic and inflammatory disorders. 4 We found that phenoxazine (1) potently inhibited 

both 5lipoxygenase (5LO) isolated from guinea pig PMNsS (IQ0 = 20 nM) and iron-dependent lipid 

peroxidation of rabbit brain homogenate6 (MIC = 55 nM).7 Since the in vitro enzymatic oxidation of arachidonic 

acid by 5-LO from RBL-1 cells is inhibited by a variety of antioxidant agents, 8 the 5-LO inhibitory activity of 

phenoxazine may be related to its antioxidant properties. A recent report describes a linear relationship between 

nonenzymic lipid peroxidation and 5-LO inhibition (r2 = 0.59, n= 11) for a structurally diverse series of inhibitors 

comprised of substituted phenols (e.g. BHT) and nitrogen heterocycles (e.g. BW 755c).9 Although this data 

might suggest a common mechanism of inhibition, chemical inhibitors reportedly exhibit more specificity toward 

LO inhibition than might be expected based solely on antioxidant capacity.8 
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A series of simple aryl hydroxamic acids (e.g. 2a and 2b) was reported by Summers, et al. to be in vitro 

inhibitors of RBL-1 5-LO.lo The activity of these compounds was related to lipophilicity and required the 

presence of a hydroxamic acid functionality which was thought to bind in a position near the catalytically 

important iron atom.l* The corresponding carboxylic acid of 2a (Znaphthoic acid) was reported to be inactive. 

Since the experimental 1ogP values for phenoxazine and naphthalene are similar12 we proposed that a series of 

ester, carboxylic acid and hydroxamic acid substituents on the phenoxazine nucleus might allow us to establish a 

relationship between iron-dependent lipid peroxidation 13 and 5-LO for this class of compounds and to evaluate the 

contribution of functional groups to the redox inhibition of 5-LO by phenoxazine. The identification of outliers 

may therefore provide structural information regarding inhibitor-enzyme interactions such as chelation and stetic 
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or electrostatic factors, parameters which may help delineate the mechanistic differences between enzymic and 

nonenzymic lipid peroxidation. 

3: X=OH;Y=H 
4: X=OH,Y=OMe 
7: X=OMe;Y=H 
8: X=H;Y=C02Me 
10: X = NHOH; Y = OMe 

5: X=OH 
8: X=OMe 
11: X = NHOH 
12: X = NMeOH 

6: X=OH 
9: X = OEt 
13: X =NMeOH 

The phenoxazines 3-13 were prepared by known methods. 14 A modified procedure of Olmsted, et al.15 was 

used to prepare both Zmethoxyphenoxazine and phenoxazine-2-carboxylic acid methyl ester. The phenoxazine-l- 

carboxylic acid derivatives were prepared by direct lithiation and carboxylation of either phenoxazinel6 or 2- 

methoxyphenoxazine. Functional group modification then provided the additional carboxylic acid, ester and 

hydroxamic acid derivatives. 

Table 1: 5-LO and Lipid Pemxidation Inhibition 

comuound 

1 
3 
4 

2 
7 
8 
9 
10 

:f 
13 

5-LO Lipid Peroxidation 

IC5OJUA&?MICb_ 

0.020 * 0.001 0.055 
0.61 + 0.17 4.4 
2.8 It 0.76 9.1 

4.6 1.2 i It 0.38 1.5 0.44 0.12 
0.77 f 0.092 4.2 
0.065 If: 0.008 0.22 
0.035 f 0.012 0.19 
0.42 f 0.11 3.7 

0.25 0.087 f f 0.078 0.022 0.41 0.65 
0.085 + 0.035 0.35 

afnhibition of [‘%I]-arachidonic acid conversion to 5-HETE by broken 
cell 5-LO in v&o (guinea pig PMN). Mean + SEM (n = 3-5). 

bIuhibition of iron-dependent lipid peroxidation of rabbit brain homogenate in vitro. 
Minimum tested cont. of agent that gave 2 50% inhibition (n = 3). 

With respect to lipid peroxidation, there is little activity differences between the ester, carboxylic acid and 

hydroxamic acid groups (Table 1). The position of the substituent on the heterocyclic ring appears to have the 

greater influence on inhibitory activity in this system which spans greater than two orders of magnitude. Analogs 

substituted at C-2 were generally more potent than those substituted at C-l. With respect to 5-LO inhibition, the 

activity is dependent upon both the substituent and its position on the phenoxazine ring. The data for the 

compounds in Table 1 are plotted in Figure 1. Although taken as a whole the data is poorly correlated (r2 = 0.33), 

two of the points, compounds 5 and 6, appear to be outliers. If these two compounds are considered separately, 

then the correlation increases dramatically for the remaining ten compounds (r2 = 0.91). Since the points for 

compounds 12 and 13 fall on the line (Figure 1) S-LO inhibition by these two analogs is probably not 

significantly influenced by possible hydroxamic acid chelation to the catalytic iron atom. 
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Figure 1: 
Phenoxazine and Analogs 3-13 
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Since conformational differences with respect to the phenoxazine nucleus might account for the poorly 

correlated activity of compounds 5 and 6, we performed AM117 calculations with complete geometry optimization 

for compounds 3 and 5. In contrast to the phenothiazine ring which is known to be non-planar,t8 the parent 

phenoxazine nucleus has either a rigid or a time-weighted average planar conformation with little or no folding 

along its short axis.19 Consequently, the phenoxazine congeners might be predicted to conformationally resemble 

the anthracene analogs of 2a and 2b.20 The SYBYL (version 3.5)21 molecular modeling software package was 

used to generate the structures and the MOPAC (version 5.0) program on the CBAY-2 using the AM1 method 

(version 5.0) was then run with complete geometry optimization. A nearly planar conformation22 is predicted for 

both isomers suggesting that simple geometrical alterations of the heterocyclic nucleus by a carboxylic acid 

substituent at C-2 may not account for the poorly correlated 5-LO activity of compound 5. 

Since phenoxazine is known to be easily oxidized 23 and presumably inhibits lipid peroxidation and 5-LO 

through a redox mechanism, AM1 calculations with complete geometry optimization for the radical cations were 

similarly performed. Using a planar starting geometry, the radical cations of 3 and 5 are both predicted to 

possess a planar optimized geometry with a dihedral angle greater than 179°.2a 

The linear relationship between iron-dependent lipid peroxidation and 5-LO is consistent with a common 

mechanism of inhibition for the phenoxazine series. However two compounds, 5 and 6, appear to be outliers 

suggesting that additional factors such as unfavorable electrostatic interactions with the 5-LO enzyme and the C-2 

carboxylic acid substituent may be involved. Since semiempirical calculations predict no gross geometrical 

differences between the carboxylic acid analogs 3 and 5, the position of the acid substituent rather than the 

conformation of the phenoxazine ring may be the governing feature. 

Antioxidants could inhibit 5-LO by at least two mechanisms. Since low concentrations of hydroperoxides are 

believed to initiate the enzymatic reaction, reduction of these intermediates might be expected to depress 5-LO 

activity.8 Alternatively, antioxidants could impair enzyme function by reducing active site functionality.25 The 

described compounds, however, appear to exhibit a greater structural specificity toward 5-LO inhibition than 

might be predicted based solely on free radical scavenging capacity. The poorly correlated inhibitory activities of 

the C-2 carboxylic acids 5 and 6 might therefore suggest 5-LO active site involvement and may provide a handle 

for elucidating enzyme-redox inhibitor interactions. 
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