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Caffeine analogues such as pentoxifylline [I, 1-(59-
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The antioxidant and radical scavenging properties
f 8-oxo derivatives of pentoxifylline, lisofylline, en-
rofylline (3-propyl xanthine), and 1,7-dimethyl en-
rofylline were studied in vitro. The results show that
-oxopentoxifylline and 8-oxolisofylline are signifi-
antly better hydroxyl and peroxyl radical scavengers
nd more potent inhibitors of t-butylhydroperoxide-
nduced lipid peroxidation in human erythrocyte

embranes than the parent drugs. The hydroxyl rad-
cal scavenging property of 8-oxoenprofylline and its
nalogue 1,7-dimethyl-8-oxoenprofylline is marginally
etter than their corresponding xanthines. Interest-
ngly, 1,7-dimethyl-8-oxoenprofylline is an effective in-
ibitor of lipid peroxidation whereas enprofylline, 1,7-
imethylenprofylline, and 8-oxoenprofylline exhibit
ignificantly less activity. All the 8-oxo derivatives
ested are better hydroxyl radical scavengers than
ric acid, a natural antioxidant and a free radical
cavenger in humans. The rate constant for the reac-
ion between 8-oxopentoxifylline and hydroxyl radical
s 1.6–4.2 3 1010 M21 s21 which is comparable to that of
imethyl sulfoxide (1.4–1.6 3 1010 M21 s21) and better
han that of mannitol (1.9–2.5 3 109 M21 s21), the known
ydroxyl radical scavengers. Both 8-oxo pentoxifylline

IC50, 1.8 6 0.08 mM) and 8-oxolisofylline (IC50, 2.2 6 0.13
M) are as efficient peroxyl radical scavengers as uric
cid (IC50, 1.9 6 0.05 mM). The results presented clearly
ndicate that the anti-inflammatory property of pen-
oxifylline and lisofylline is exerted more through
heir 8-oxo derivatives than through the parent
rugs. © 2001 Academic Press

Key Words: pentoxifylline; lisofylline; 8-oxo deriva-
ives; antioxidant; hydroxyl and peroxyl radical scaven-
er; inhibitor of lipid peroxidation; anti-inflammatory.
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xohexyl)-3,7-dimethylxanthine] and lisofylline [II,
-(59-hydroxyhexyl)-3,7-dimethylxanthine] are used as
rugs (1–3). Recent studies carried out using numerous
urine analogues led to the selection of enprofylline
3-propylxanthine, III) as a drug with bronchodilator
roperty (4). Pentoxifylline (I) is widely used in the
reatment of cerebrovascular and peripheral vascular
iseases (1–3). Both pentoxifylline (I) and lisofylline
II) are known to possess anti-inflammatory properties
5) which are probably related to their ability to sup-
ress oxygen radical production or scavenge reactive
xygen species (6). Ability of I to scavenge hydroxyl
adicals has been demonstrated earlier (7). Although
ubstituted xanthines such as I and II are used as
rugs, the corresponding 8-oxo derivatives have never
een prepared and tested for their antioxidative poten-
ial and ability to scavenge reactive oxygen species.
he nonavailability of the 8-oxo derivatives of these
rugs has prevented their biological evaluation. It is
uite possible that these drugs could become biotrans-
ormed to their corresponding 8-oxo derivatives in vivo
hich may be partly responsible for their biological
ctivity. Caffeine, theophylline, and theobromine are
nown to become metabolized to their corresponding
-oxo derivatives in the mammalian system (8, 9).
hese metabolites (methyluric acids) are known to in-
ibit lipid peroxidation in human erythrocyte mem-
ranes in vitro and function as free radical scavengers
10, 11) suggesting their antioxidant effects in vivo. In
act, Caffeine, theophylline and theobromine exhibit
ignificantly less antioxidant and radical scavenging
ctivity than the corresponding molecules without the
-oxo group indicating that the 8-oxo-group of uric acid
s an important functional moiety responsible for their
igh antioxidant and radical scavenging properties
12, 13).

In the present investigation, we have prepared for
he first time 8-oxopentoxifylline [V, 1-(59-oxohexyl)-
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,7-dimethyluric acid], racemic 8-oxolisofylline [VI,
-(59-hydroxyhexyl)-3,7-dimethyluric acid] and 8-oxoen-
rofylline (VII, 3-propyluric acid) following a novel mi-
robial method (14, 15). To increase the lipophilicity of
nprofylline (III), we have substituted N-1 and N-7
ydrogens with methyl groups and the resulting
ompound viz. 1,7-dimethyl-3-propylxanthine (1,7-di-
ethylenprofylline, IV) was also microbially converted

o 1,7-dimethyl-3-propyluric acid (VIII, 8-oxo deriva-

FIG. 1. Chemical structures of pentoxifylline, lisofylline, enprofyl
-oxo derivatives.
1213
ive of IV). All the 8-oxo compounds prepared (V–VIII,
ig. 1) were tested for their ability to scavenge hy-
roxyl and peroxyl radicals. These 8-oxo compounds
ere also tested for their protective potential against

ipid peroxidation. These properties are compared with
hose observed from the corresponding xanthines (I–
V, Fig. 1). The present study provides additional in-
ormation to understand the mechanism of action of
ome of these drugs.

e, 1,7-dimethyl-3-propylxanthine, xanthine, and their corresponding
lin
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ATERIALS AND METHODS:

Chemicals. Uric acid, 2-thiobarbituric acid and 2-deoxyribose
ere obtained from Sigma, U.S.A. Enprofylline (3-propylxan-

hine) was a generous gift from Dr. Hans Jurgen Fedrsel, Astra
roduction Chemicals AB, Sweden. Pentoxifylline was prepared
sing theobromine and alkyl halide as reported earlier (16).
-Propyl-1,7-dimethylxanthine was prepared following the pub-
ished procedure (17).

Preparation of 8-oxopentoxifylline, 8-oxoenprofylline and 3-propyl-
,7-dimethyluric acid. A bacterial consortium consisting of strains
elonging to the genera Klebsiella and Rhodococcus quantitatively
onverts pentoxifylline, enprofylline (3-propylxanthine) and 3-pro-
yl-1,7-dimethylxanthine to their respective 8-oxo derivatives (Fig.
, substituted uric acids). The details of this microbial process have
lready been reported (14, 15). The 8-oxo derivatives prepared were
haracterized by comparing their spectral data to those reported
arlier (15).

Preparation of 8-oxolisofylline [1-(59-hydroxyhexyl)-3,7-dimethyluric
cid]. Sodium borohydride reduction of 8-oxopentoxifylline yielded
acemic 8-oxolisofylline. The compound was characterized by various
pectral analyses [IR (nujol) gmax (cm21): 3300 (-OH), 1640, 1680
-NC5O); 1HNMR (300 MHz, CDCl3): d(ppm) 1.45–1.73 (6H, m,
CH2-CH2-CH2), 1.19 (3H, d, CH3-CHOH-), 3.5 (3H, s, -NCH3), 3.7
1H, m, -CHOH), 3.8 (3H, s, -NCH3), 4.0 (2H, t, J 5 7.2, -N-CH2-); 13C
MR (100 MHz, CDCl3): d 20.8, 25.41, 27.3, 29.8, 33.5, 40.6, 43.0,
7.5, 99.4, 141.4, 148, 151, 155. Mass spectra: m/z 296 (M1), 196 (M1

C6H12O, base peak), 153 (M1 -C6H12O-CO-CH3), 125 (M1 -C6H12O-
CO-CH3), 97 (M1 -C6H12O-2CO-CH3-N2), 82 (M1 -C6H12O-2CO-
CH3-N2)].

Measuring hydroxyl radical scavenging. Hydroxyl radicals were
enerated by a mixture of ascorbic acid, H2O2 and Fe21–EDTA and
stimated using the 2-deoxyribose method (18). Each assay con-
ained 2-deoxyribose (2.8 mM), ferrous iron solution (20 mM), EDTA
100 mM) and one of the test compounds (500 mM) in a total volume
f 1.2 ml of phosphate buffer (10 mM, pH 7.4). The ferrous iron
olution and EDTA were premixed before they were added to the
ssay mixture. The reaction was initiated by the addition of a mix-
ure of H2O2 (1.42 mM) and ascorbate (100 mM), and incubated at
7°C for 30 min. Then 1 ml of thiobarbituric acid (1%, w/v) in NaOH
50 mM) and 1 ml of TCA (2.8%, w/v) were added, boiled for 20 min,

The Hydroxyl Radical Scavenging Ability of Pentoxifylline,
isofylline, 1,7-Dimethylenprofylline, and Their Correspond-

ng 8-Oxo Derivatives (Uric Acids)

Test compounds (500 mM)
Inhibition of deoxyribose

degradation (%)a

entoxifylline (I) 31.0 6 1.3
isofylline (II) 42.0 6 1.0
nprofylline (III) 50.7 6 2.3
,7-Dimethylenprofylline (IV) 43.1 6 3.8
-Oxopentoxifylline (V) 72.2 6 0.5
-Oxolisofylline (VI) 58.2 6 7.1
-Oxoenprofylline (VII) 53.6 6 0.7
,7-Dimethyl-8-oxoenprofylline (VIII) 52.1 6 1.3
ric acid 50.1 6 0.1

a Deoxyribose degradation assay in the presence of various test
ompounds (500 mM) was carried out as described under Materials
nd Methods. Results are expressed as percentage inhibition of de-
xyribose degradation and values represent means 6 SD of triplicate
xperiments.
1214
xpressed as percentage inhibition by test compounds. The assay
as repeated at different concentrations (10–500 mM) of test com-
ounds (V–VIII, and uric acid). Reciprocal absorption values ob-
ained for different concentrations were plotted against the concen-
rations of the test compounds and from the graph the second order
ate constants for the reaction of test compounds with hydroxyl
adical were calculated assuming that deoxyribose reacts with hy-
roxyl radical with a rate constant of 3.1 3 109 M21 s21 (18). In a
imilar way the rate constants for established scavengers of hydroxyl
adical such as mannitol and dimethyl sulfoxide were determined.

Measuring peroxyl radical scavenging. Peroxyl radical scaveng-
ng activity of test compounds was measured by competition ki-
etics of crocin bleaching in the presence of peroxyl radicals
enerated by thermal decomposition of a azo compound as re-
orted earlier (19, 20).

Lipid peroxidation in human erythrocyte membranes. Effect of
est compounds on t-butylhydroperoxide-induced lipid peroxidation
n human erythrocyte membranes was assayed as reported earlier
10, 21). Washed erythrocyte membranes were prepared and pro-
essed as reported earlier (21). The peroxidation of lipids in eryth-
ocyte membranes was carried out in 1.0 ml total volume containing
.0 mg protein, with or without the test compounds. The reaction was
tarted by the addition of t-butylhydroperoxide (1 mM) and incu-
ated at 37°C for 15 min. The extent of peroxidation was assayed
y measuring thiobarbituric acid-reactive substances (TBARS) in
embranes as described earlier (22). The results are expressed

s percentage inhibition which represents the degree of protection
y the test compounds against lipid peroxidation in erythrocyte
embranes.
Protein was estimated by the method of Lowry et al. (23).

ESULTS AND DISCUSSION

Reactive oxygen species produced by activated poly-
orphonuclear leukocytes appear to be responsible for

issue damage in a number of inflammatory conditions

FIG. 2. Effect of various concentrations of test compounds
a) 8-oxopentoxifylline, (b) 8-oxolisofylline, (c) 1,7-dimethyl-8-
xoenprofylline, (d) 8-oxoenprofylline, and (e) uric acid on deoxyri-
ose degradation. Results are expressed as percentage inhibition
f deoxyribose degradation. Experimental details are mentioned
n the text.
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24). Earlier studies have indicated that xanthine drug,
entoxifylline (I) reduces oxygen radical production
nd protects against tissue damage in vivo by the ac-
ion of its metabolites (25). In fact, both pentoxifylline
I) and lisofylline (II) are known for their anti-
nflammatory properties (5, 6). It is also known that I
nhibits hydroxyl radical-mediated degradation of de-
xyribose (7).
In the present study we have prepared 8-oxo-

entoxifylline (V), 8-oxolisofylline (VI), 8-oxoenpro-
ylline (VII) and 1,7-dimethyl-8-oxoenprofylline (VIII).
ll the 8-oxo compounds prepared are water soluble
nd stable in the aqueous medium. The present study
emonstrates for the first time that V and VI are sig-
ificantly better hydroxyl radical scavengers than the
arent drugs (I and II, Table 1), whereas VII and VIII
how marginally better activity than the corresponding
anthines (III and IV, Table 1). It has been noticed that
-oxopentoxifylline (V) is a much better scavenger of
ydroxyl radicals than 8-oxolisofylline (VI) at all con-
entrations tested (Fig. 2). This could be possibly due to
he fact that racemic 8-oxolisofylline (VI) was used in
his study. It is known that R-isomer of lisofylline is
iologically more active than its optical antipode (26).
ll the 8-oxo compounds tested (V–VIII) inhibit the
egradation of deoxyribose in a dose dependent man-
er and compounds V and VI are very efficient at lower
oncentrations (10–50 mM, Fig. 2). It is interesting to
ote that 8-oxo compounds (V–VIII) exhibit better ac-
ivity than the physiological antioxidant, uric acid (21)
t all the concentrations tested (Fig. 2). In fact, 500 mM
oncentration of uric acid scavenged hydroxyl radicals
o an extent comparable to 50 mM concentration of
-oxopentoxifylline (V, Fig. 2) indicating that V is a
ore potent scavenger of hydroxyl radicals than uric

cid. It has been reported earlier that uric acid and
elated analogues function as efficient antioxidant and
ree radical scavengers (12, 21, 27, 28) and protect
rythrocyte membranes from lipid peroxidation (10,
1, 28).

Inhibitory Effect of Test Compounds on tert-Butylhydro-
eroxide (1 mM)-Induced Lipid Peroxidation in Human
rythrocyte Membranes

Test compounds (500 mM) Inhibition (%)a

Pentoxifylline (I) 10.5 6 0.5
Enprofylline (III) 14.2 6 2.6
1,7-Dimethylenprofylline (IV) 23.7 6 4.7
8-Oxopentoxifylline (V) 41.4 6 2.4
8-Oxolisofylline (VI) 51.3 6 0.8
8-Oxoenprofylline (VII) 11.8 6 1.8
1,7-Dimethyl 8-oxoenprofylline (VIII) 62.9 6 1.7

a Results are expressed as percentage inhibition of lipid peroxida-
ion. Values represent means 6 SD of triplicate experiments. Details
f the experiment are given in the text.
1215
igh hydroxyl radical scavenging property (Ks, 1.6–
.2 3 1010 M21 s21) with an effectiveness comparable to
hat of dimethyl sulfoxide (Ks, 1.4–1.6 3 1010 M21 s21)
nd better than mannitol (Ks, 1.9–2.5 3 109 M21 s21).
he rate constants obtained for dimethyl sulfoxide and
annitol compared well with the reported values (18).
he second order rate constant (Ks) reported earlier (7)

or pentoxifylline (I) with hydroxyl radicals indicates
hat V is a more effective hydroxyl radical scavenger
han is I. Similar observation was also made earlier
ith allopurinol and oxypurinol (29). Oxypurinol, a
ajor metabolite of allopurinol is a better hydroxyl

adical scavenger than is allopurinol (29).
Earlier studies have shown that 1,3-dimethyluric

cid and 1,3,7-trimethyluric acid have high potency
n prevention of hydrogen peroxide induced lipid per-
xidation in human erythrocyte membranes in vitro
10). In fact, V and VI are analogues of 1,3,7-
rimethyluric acid where N-1 position is substituted
ith 5-oxohexyl/5-hydroxyhexyl group. The present

tudy has shown that compounds V, VI, and VIII
ignificantly suppress t-butylhydroperoxide-induced
ipid peroxidation in human erythrocyte membranes,
hereas compounds I, III and VII show markedly

ess activity (Table 2). The antioxidative effect of
ompounds V, VI, and VIII is evidenced by their
bility to scavenge hydroxyl radicals very efficiently
Table 1). The ability of uric acid to inhibit lipid
eroxidation in erythrocyte membranes is known
10). However, it is interesting to note that when N-3
ydrogen in uric acid is substituted by a propyl
roup as in 3-propyluric acid (8-oxoenpropylline,
II), the compound very poorly protected erythrocyte

FIG. 3. Effect of different concentration of 1,7-dimethyl-8-
xoenprofylline on t-butylhydroperoxide-induced lipid peroxidation
n human erythrocyte membranes. Results are expressed as percent-
ge inhibition of lipid peroxidation. Experimental details are men-
ioned in the text.
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risingly, 3-propyl-1,7-dimethyluric acid (VIII) shows
ery good activity as the inhibitor of lipid peroxida-
ion (Table 2). The inhibitory effects of different con-
entrations of VIII on lipid peroxidation by a fixed
ose of t-butylhydroperoxide are shown to be dose
ependent (Fig. 3). It is interesting to note that VII
nd VIII which differ in methyl substitution at N-1
nd N-7 positions, exhibit significant difference in
otency in preventing lipid peroxidation in erythro-
yte membranes in vitro (Table 2). This appears to be
ontrary to what has been suggested earlier that a
ethyl group at the N-7 position in a xanthine mol-

cule would adversely affect the antioxidant activity
30). It is quite possible that the structural varia-
ions could change the lipophilicity and inhibition of
ipid peroxidation seems to be related to the lipophi-
icity of the compounds tested.

Earlier studies have demonstrated that uric acid has
he ability to scavenge peroxyl radicals (31). Peroxyl
adicals are highly reactive and can give rise to hy-
roperoxides and lead to lipid peroxidation (32). In the
resent study we have analyzed the peroxyl radical
cavenging ability of 8-oxopentoxifylline (V) and
-oxolisofylline (VI) by competition kinetics of crocin
leaching. It was observed that V and VI are good
eroxyl radical scavengers with an IC50 values of 1.8 6
.08 and 2.2 6 0.13 mM, respectively (Table 3). It
ppears that both V and VI are as efficient peroxyl
adical scavengers as uric acid (IC50, 1.9 6 0.05 mM) at
ll concentrations tested (Fig. 4). However, pentoxi-
ylline (I), lisofylline (II) and xanthine failed to scav-
nge peroxyl radical indicating the importance of 8-oxo
roup in urates for their antioxidant and radical scav-
nging properties.
Earlier studies have established that the 8-oxo group

f urates is an important functional moiety responsible
or high hydroxyl radical scavenging and antioxidant
roperties (12, 13). It is quite possible that pentoxi-
ylline (I) and lisofylline (II) could become converted to
heir corresponding 8-oxo derivatives in vivo as one of
heir metabolites. This is supported by the fact that
affeine, theophylline and theobromine become metab-
lized in the mammalian system to their corresponding
-oxo derivatives (8, 9) and these metabolites are

TABLE 3

IC50 Values for Uric Acid, 8-Oxopentoxifylline, and 8-Oxo-
isofylline for Inhibition of the Peroxyl Radical-Mediated
eaction

Compounds IC50 (mM)

Uric acid 1.9 6 0.05
8-Oxopentoxifylline (V) 1.8 6 0.08
8-Oxolisoifylline (VI) 2.2 6 0.13

a Values represent means 6 SD of triplicate experiments.
1216
nown to inhibit lipid peroxidation in human erythro-
yte membranes in vitro (10, 11). The observation
ade in the present investigation that 8-oxopentoxi-

ylline (V) and 8-oxolisofylline (VI) are much better
ydroxyl and peroxyl radical scavengers and more po-
ent inhibitors of lipid peroxidation than the parent
rugs (I and II) suggests the possibility that the bene-
cial effects of pentoxifylline (I) and lisofylline (II),
articularly their anti-inflammatory and antioxidant
roperties are exerted more through their 8-oxo deriv-
tives rather than the parent compounds.
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