


























































































































































































































































































































































(4) Antioxidant activity of capsaicin and DHC were also compared by studying the 

scavenging effect on hydroxyl radical and singlet oxygen generating system. 

Capsaicin was found to be a more effective scavenger of these radicals 

suggesting that the structural features of capsaicin that are important for the 

prooxidant action are also the ones that result in a more effective antioxidant 

activity. 

(5) The reaction of capsaicin/dihydrocapsaicin-Cu(II) with bacteriophage lambda 

reduces its biological activity and this inactivation is inhibited by quenchers of 

active oxygen species. It thus appears that the bacteriophage inactivation is a 

result of strand scission in phage DNA. The results given in table VII would 

indicate that the inducible, error prone repair pathway on induction by UV light 

may also contribute to the repair of capsaicin/dihydrocapsaicin-Cu(II) 

mediated phage inactivation. However, this pathway is capable of operating on 

several types of lesions in DNA, whether produced by radiation or chemical 

agents (Walker, 1985). 

The generation of oxygen free radicals in the proximity of DNA is well 

established as a cause of strand scission by various drugs. Our results indicate that 

capsaicin generates hydrogen peroxide and hydroxyl radicals in aqueous solutions 

with a greater efficiency than its structural analogue dihydrocapsaicin. We have 

also demonstrated the binding of DNA and Cu(II) to both capsaicin and DHC. 
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It is amply clear from the results that hydroxyl radical is a major species 

generated by both capsaicin and DHC, albeit to differing extents. This leads to 

DNA cleavage. The hydroxyl radical can arise by two alternative routes. One is the 

Haber-Weiss reaction (1) and the other is the Fenton's reaction (2) 

0 2 +H2O2 • *OH + OH'+ 0 2 (1) 

H2O2 +Cu(II) • *OH + OH* (2) 

These observations and our results lead us to propose a possible model for 

Cu(Il) binding to capsaicin and DHC (Fig. 36). According to this model, both 

capsaicin and DHC possess a minimum of two binding sites for copper, the first of 

which is provided by the hydroxyl group and the methoxy group of the phenol 

rings, the second binding site is between the imino group and the carbonyl oxygen 

atom. The third site is found in the case of capsaicin and is due to the presence of 

the double bond on the side chain. The high electron density of this (7t) bond 

ensures that the positively charged moieties like Cu(II) are provided another site 

for binding, resulting in the formation of a metal -n complex. Thus capsaicin would 

have three binding sites and DHC only two. This is in concurrence with the results 

of the Job plots and stoichiometry which shows a stoichiometry of three for 

capsaicin and two for dihydrocapsaicin. 
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Fig 36. Proposed model for binding of copper to capsaicin. 
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Capsaicin is known to deplete the neurotransmitter of painful impulses 

known as substance P from the sensory nerve terminals which provides a rationale 

for studying mechanisms and also for pharmacotherapy to treat some painful 

peripheral conditions such as rheumatoid arthritis, hepatic neuralgia, post-

mastectomy pain syndrome and diabetic neuropathy (Carter, 1991, Cordell and 

Arujo, 1993, Dubner, 1991). Considering the frequent consumption of capsaicin as 

a food additive and its therapeutic application, correct assessment of any harmful 

effects of this compound is important from the public health point of view. The 

mutagenic and carcinogenic activities of capsaicin and chili extracts have been 

studied but the results are conflicting. It is for this reason that capsaicin has been 

termed by some workers as a double-edged sword (Surh and Lee, 1995). Capsaicin 

has been reported to have dual effects on chemically induced carcinogenesis and 

mutagenesis. Although a minute amount of capsaicin displays few or no deleterious 

effects, heavy ingestion of the compound has been associated with 

histopathologic^ and biochemical changes including hepatic necrosis and 

ulceration (Monsereenusorn et ai, 1982). An epidemiological study conducted in 

Mexico revealed that consumers of chilli peppers were at higher risk for gastric 

cancer than non-consumers (Lopez-Carillo et ai, 1994). Further, dietary 

administration of capsaicin promotes duodenal tumours in Swiss albino mice (Toth 

and Gannett, 1992; Toth and Walker, 1984). Other studies suggest that capsaicin 

or chilli extracts may act as a co-carcinogen or tumour promoter (Agarwal et ai, 

1986; Jang and Kim, 1988; Kim et ai, 1993). In addition, dietary capsaicin 
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potentates N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) induced gastric cancer 

in rats (Kim et ai, 1985) while no such promotional effect was observed in a study 

using the azoxymethane induced gastrointestinal carcinogenesis model in rats 

(Kang, 1992). Capsaicin is considered to be metabolized by cytochrome p-450 

dependent mixed-function oxidases to reactive species (Gannett, 1990, Lee and 

Kumar, 1980; Miller, 1983) which may subsequently interact with target cell DNA 

in an irreversible manner, thereby triggering mutagenecity and malignant 

transformation (Surh and Lee, 1995). 

On the other hand, capsaicin has been reported to ameliorate the mouse 

skin carcinogenesis when given simultaneously with the tumour promoter 12-0-

tetradecanoylphorbol-13-acetate (TPA) (Park et ai, 1998). It also significantly 

inhibited the cyclophosphamide-induced (i.p) chromosomal aberrations and DNA 

strand breakage (De et ai, 1995). The metabolism and covalent binding of 

benzo(a) pyrene to DNA in mouse and human keratinocytes and their suppression 

by capsaicin has been reported by Modley et ai (1986). In a series of in vitro 

studies, Teel and his associates have demonstrated that protective effects of 

capsaicin against metabolism, DNA binding and/or mutagenecity of some chemical 

carcinogens such as aflatoxin Bi and the tobacco specific nitrosoamine, 4-

(methylnitrosoamino)-l-(3-pyridal)-l-butanone (Miller etai, 1993; Teel, 1991 & 

1993; Zhang et ai, 1993). Gannett and co-workers (1990) have shown that 

dihydrocapsaicin, the saturated structural analogue of capsaicin is a suicidal 
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mechanism based inhibitor of cytochrome p450 2E1 (CYP2EI), an isoform that has 

an important role in the metabolic activation as well as detoxification of a wide 

array of chemical carcinogens of relatively small size. By analogy, capsaicin also 

inhibits the rodent hepatic CYP2EI activity in vitro (Surh el al, 1995). Bacterial 

mutagenecity of vinyl carbamate and N- nitrosodimethylamine mediated by rat 

hepatic S-9 and reduced nicotinamide adenine dinucleotide phosphate was also 

significantly reduced by capsaicin (Shlyankevich et al, 1995; Surh el al, 1995), 

Further, capsaicin has been shown to induce apoptosis in gastric cancer cell line 

SNU-1 by DNA fragmentation and overexpression of p53 and/or c-myc (Kim el 

al, 1997) while both capsaicin and dihydrocapsaicin have induced apoptosis in 

human B cells and mouse myeloid cell lines (Wolvetang et al, 1996). The ability of 

capsaicin to alter carcinogen metabolism provides rationale for application of this 

compound to chemoprevention. This effect is thought to be due to modulation of 

metabolism of carcinogens/mutagens and their interactions with target DNA. 
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Abstract 

It has been proposed that considerable DNA damage may be caused by endogenous metabolites produced during the body's 
normal metabolic processes. We have previously shown that L-DOPA, in the presence of Cu(ll) leads to oxidative DNA breakage 
in vitro. Uric acid is considered to be a naturally occuring antioxidant and is present in plasma at a relatively high concentration. 
In this paper we report that uric acid inhibits L-DOPA-CU(II) mediated DNA cleavage at concentrations similar to or lower than 
those found in plasma. Xanthine, which is the structural analogue of uric acid is a more potent inhibitor of the reaction. Uric acid 
was also shown to directly quench the generation of hydroxyl radicals by L-DOPA-CU(II). The results have been discussed in 
relation to the putative protective role of uric acid against endogenous DNA damage by oxygen radicals. © 1998 Published by 
Elsevier Science Ireland Ltd. All rights reserved 
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It has been proposed that considerable DNA damage may 
be caused by endogenous metabolites produced during the 
body's normal metabolic processes. For example, it has 
been shown that malondialdehyde which is the ubiquitous 
product of lipid peroxidation and icosanoid metabolism 
reacts with cellular DNA to form a propanodeoxyguanosine 
adduct [2,4]. Evidence indicates that the adduct exists at 
significant levels in the hepatic DNA of rats and humans 
and is an efficient premutagenic lesion in E. coli [2,5]. 
Dopamine, formed by the decarboxylation of L-DOPA 
[11], condenses with acetaldehyde, a product of ethanol 
metabolism, to generate l-Methyl-6, 7-dihydroxy-l, 2, 3, 
4-tetrahydroisoquinoline (Salsolinol) [7]. Salsolinol is con
sidered to be involved in the etiology of Parkinson's and 
Huntington's diseases and has been detected in the cere
brospinal fluid of Parkinsonian patients [13]. Thus, dopa
mine can be considered a precursor of an endogenous 
neurotoxin. We have shown that L -DOPA causes DNA 
breakage in vitro in the presence of transition metals such 
as Cu(II) and that the reaction is catalysed by the formation 
of reactive oxygen species [10]. Copper has been shown to 

'Corresponding author. Tel.: +91 571 400741; fax: +91 571 
400466; e-mail: smhadi©mailcity.com 

be a normal component of chromatin and is available for 
inter-nucleosomal DNA fragmentation in isolated nuclei 
[3]. Halliwell et al. [20] have proposed that copper ions 
released in the presence of L-DOPA and its metabolites 
may be an important mechanism of neurotoxicity in several 
neurological disorders [20]. A number of molecules present 
in human extracellular fluids are considered to have antiox
idant function [9]. These include ascorbic acid and uric acid. 
Uric acid is present in human plasma at a relatively high 
concentration (up to 0.6 mM) and is capable of scavenging 
hydroxyl radical, lipid hydroperoxides, singlet oxygen and 
oxo-heme oxidants [ 1 ]. In this paper, we report that uric acid 
inhibits L-DOPA-Cu(II) mediated DNA cleavage and 
quenches the hydroxyl radical production by the same sys
tem at concentrations similar or lower to those found in 
plasma. 

Calf thymus DNA (sodium salt; average MW: 1 x 106) 
and S| nuclease were from Sigma (St. Louis, MO). L-DOPA 
was obtained from Fluka (Switzerland). Supercoiled plas-
mid pBR322 DNA was prepared according to standard 
methods [ 12]. All other chemicals were of analytical grade. 

Formation of single strand breaks by L-DOPA-Cu(II) and 
their inhibition by uric acid was assayed by the extent of 
generation of Sj nuclease sensitive sites in Calf thymus 

0304-3940/98/$ - see front matter © 1998 Published by Elsevier Science Ireland Ltd. All rights reserved 
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DNA f 16]. Induction of DNA strand breaks and the inhibi
tion of the reaction by uric acid and xanthine was further 
assessed by the decrease in superhelicity and linearization 
of supercoiled plasmid pBR322 DNA [10]. Reaction mix
tures (30 fi\) contained 10 mM Tris-HCl (pH 7.5). 0.50 /ig 
plasmid DNA and varying concentrations of uric acid. Incu
bation at room temperature was for 20 min. To compare the 
effects of uric acid and other known hydroxyl radical sca
vengers on the generation of hydroxyl radicals by the l -
DOPA-Cu(Il) system, the method of Quinlan and Gutter-
idge [15] was followed. The reaction mixtures (0.5 ml) 
contained 2 mM deoxyribose. 50 /xM L-DOPA and indi
cated concentrations of uric acid, mannitol and thiourea. 

We have previously shown that L-DOPA in the presence 
of Cu(II) generates S| nuclease sensitive sites in calf thymus 
DNA [10]. The reaction records the proportion of DNA 
converted to acid soluble nucleotides by the nuclease. Fig. 
1 gives the kinetics of such an experiment in the absence 
and presence of 300 /xM uric acid. At the end of a 4 h 
incubation period, a decrease of about 30% in the amount 
of acid soluble material produced is observed. The percent 
inhibition caused by uric acid after 4 h of incubation was 
found to be significant (P < 0.001). 

The inhibitory effect of uric acid was also examined on 
the cleavage of supercoiled plasmid DNA as the relaxation 
of such a molecule is a sensitive test for just one nick per 
molecule. Fig. 2a shows the effect of three different con
centrations of uric acid on the conversion of supercoiled 
pBR322 DNA to open circular and linear forms. It is seen 
that the formation of linears is inhibited by 200 /*M uric acid 
and completely inhibited at a 400 /iM concentration (lane 
4). As xanthine is the structural analogue and the metabolic 
precursor of uric acid, it was also of interest to observe its 
effect on single strand breakage in the plasmid by the L-
DOPA-Cu(II) system. The results indicate that xanthine is a 
better inhibitor of the reaction as the full conversion of 
molecules to the relaxed form is prevented at even 100 
/xM concentration and the formation of linears is not seen 
at all. 

(a) 1 2 5 4 -5 6 7 8 

30 60 120 150 180 210 240 270 

Time (Minutes) 

1 2 3 4 5 6 

Fig. 1. Kinetics of degradation of calf thymus DNA by L-DOPA-CU(II) 
in the presence (•) and absence (A) of uric acid (300 /xM). The 
concentrations of L-DOPA and Cu(ll) were 100 pM each. 

Fig. 2. Effects of various antioxidants on cleavage of supercoiled 
plasmid DNA by L-DOPA and Cu(ll) (50 pM of each), (a) Effect of 
different concentrations of uric acid and xanthine. Lanes: 1, DNA 
alone; 2, L-DOPA + Cu(ll); 3-5, 100, 200 and 400 nM uric acid, 
respectively; 6-8, 100, 200 and 400 nM xanthine, respectively, (b) 
Effect of uric acid, xanthine, mannitol and thiourea. Lanes: 1, DNA 
alone; 2, L-DOPA + Cu(ll); lanes 3-6, uric acid, xanthine, mannitol 
and thiourea, respectively (200 pM each). 

The oxidative DNA breakage by L-DOPA-CU(II) system 
was earlier shown to involve the hydroxyl radical as the 
proximal DNA cleavage agent [10]. We have, therefore, 
compared the inhibitory effect of uric acid and xanthine 
with two known scavengers of the hydroxyl radical, namely 
mannitol and thiourea. Results given in Fig. 2b confirm that 
xanthine exhibits a greater inhibitory effect than uric acid 
(lanes 3 and 4). However, both mannitol and thiourea (lanes 
5 and 6) do not show any inhibition of the cleavage at the 
concentrations (200 iiM) used for uric acid and xanthine. It 
may be noted that the concentrations of mannitol and 
thiourea required for observing in vitro protection against 
DNA cleavage by L-DOPA-Cu(II) is 50 mM [10]. This 
explains the effect of these two scavengers in the above 
experiment. 

We directly tested the effect of uric acid on the generation 
of hydroxyl radicals by L-DOPA-Cu(H). The assay used 
involves the reaction of hydroxyl radicals with deoxyribose 
leading to a free radical intermediate that decomposes to 
form an aldehyde which in turn gives an adduct with 
TBA. The effect of two concentrations of uric acid on the 
kinetics of hydroxyl radical generation was studied and a 
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Fig. 3. Comparison of the quenching effect of uric acid (A), mannitol 
(O) and thiourea (•) on hydroxyl radical generation by L-DOPA and 
Cu(ll). The concentration of L-DOPA and Cu(ll) was 50 pU and 100 
jiM, respectively (A), and that of quenchers was 25 fiM each. 

dose-response relationship was observed as the inhibitory 
effect of 50 ttM uric acid was greater than 25 /iM uric acid 
(results not shown). The quenching effect of uric acid was 
also compared with thiourea and mannitol. In the presence 
of uric acid, the rate of formation of hydroxyl radicals was 
reduced to about 50% at the end of a three hour incubation 
period. At the same concentration (25 itM), mannitol did not 
show any effect whereas thiourea was inhibitory to the 
extent of about 20% (Fig. 3). The inhibitory effects of man
nitol, thiourea and uric acid at 180 min incubation were 
significant with P < 0.05, P < 0.001 and P < 0.001. res
pectively. Further, the inhibition by uric acid with respect to 
mannitol and thiourea was also found to be significant 
(P < 0.001). 

The normal physiological concentration of uric acid in 
plasma is 3-9 mg/dl or 0.2-0.6 mM [14]. Under certain 
diseased conditions such as hyperuricemia, gout and arthri
tis, the uric acid concentration is increased two to four times 
than normal. In the present studies, the inhibitory concen
trations of uric acid for L-DOPA-CU(II) mediated DNA 
cleavage is 0.2-0.4 mM. The concentration required for 
direct scavenging of L-DOPA-Cu(II) generated hydroxyl 
radicals is even lower (25-50 /iM). Thus, these studies 
indicate that at the physiological concentrations found in 
blood, uric acid is capable of exerting a scavenging effect 
on L-DOPA-CU(H) generated DNA damaging oxygen radi
cals. Further, the studies support the putative antioxidant 
role of uric acid in higher primates. 

Having stated the above, it is to be recognised that it is not 
established whether uric acid is present in the cell nucleus. 
Although it is hydrophilic in nature, it is conceivable that as 
a complex with copper, uric acid is capable of traversing the 
cell or nuclear membrane. Uric acid binds metal ions such as 
copper and iron and therefore mobilizes free or loosely 
bound copper and iron [6]. In addition to chromatin, normal 
serum contains upto 8 /xM loosely bound copper [3,17]. 
Loosely bound copper is defined by Gutteridge as that cop
per which is available for binding to the chelating agent 1, 

10-phcnanthroline |8]. It is possible that such loosely bound 
copper is also available for binding to uric acid. Several of 
the known antioxidants such as flavonoids in plants and 
ascorbatc in animals are known to generate reactive oxygen 
species in the presence of transition metal ions and lead to 
DNA cleavage 118). Similarly, we have shown that uric acid 
in the presence of Cu(ll) is capable of causing strand scis
sion in DNA and that this reaction is associated with the 
generation of hydroxyl radicals [ 19]. However, the concen
tration of uric acid required for any significant DNA clea
vage is 1 mM. Irrespective of the physiological significance 
of our results it is suggested that whereas potential endo
genous DNA damaging reactions may occur, the animal 
system also provides for preventive mechanisms against 
such damage. 
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