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Abstract-Seven flavonoids and three non-flavonoid antioxidants, i.e. butylated hydroxyanisole, chlor- 
promazine and BW 755 C, were studied as potential scavengers of oxygen free radicals. Superoxide anions 
were generated enzymatically in a xanthine-xanthine oxidase system and non-enzymatically in a 
phenazine methosulphate-NADH system, and assayed by reduction of nitro blue tetrazolium. The 
generation of malonaldehyde (MDA) by the ascorbate-stimulated air-oxidised boiled rat liver micro- 
somes was considered as an index of the non-enzymatic formation of hydroxyl radicals. Flavonoids but 
not non-flavonoid antioxidants lowered the concentration of detectable superoxide anions in both 
enzymic and non-enzymic systems which generated these SOD-sensitive radicals. The most effective 
inhibitors of superoxide anions were quercetin, myricetin and rutin. Four out of seven investigated 
flavonoids seemed also to suppress the activity of xanthine oxidase as measured by a decrease in uric 
acid biosynthesis. All ten investigated compounds inhibited the MDA formation by rat liver microsomes. 
Non-flavonoid antioxidants were more potent MDA inhibitors than flavonoids. It is concluded that 
antioxidant properties of flavonoids are effected mainly via scavenging of superoxide anions whereas 
non-flavonoid antioxidants act on further links of free radical chain reactions, most likely by scavenging 
of hydroxyl radicals. 

The first product of the univalent reduction of oxygen 
is superoxide anion which during its interaction with 
hydrogen peroxide generates hydroxyl radicals. The 
secretory function of the vascular endothelium is 
influenced by these oxygen-derived free radicals. 
Superoxide anions destroy endothelium-derived 
relaxing factor (EDRF) [l] while hydroxyl radicals 
and lipid peroxides inhibit prostacyclin generation 
[2]. Quercetin and other flavonoids have been shown 
to scavenge free radicals [3-6] and their vaso- 
protective action has been associated with this par- 
ticular property [ 61. 

Using an enzymic [7,8] and non-enzymic [9] bio- 
logical generators of free radicals we have compared 
the free radical scavenging properties of quercetin 
and six other flavonoids with those of three well- 
known antioxidants, i.e. butylated hydroxyanisole 
(BHA), BW 755 C and chlorpromazine [lo, 111. 

MATERIALS AND METHODS 

Xanthine oxidase (EC 1.1.3.22) activity was 
evaluated by the spectrophotometric measurement 
of the formation of uric acid from xanthine [8]. 
A 100 PM solution of xanthine in 0.1 M phosphate 
buffer pH 7.8 with 0.04 units/ml of xanthine oxidase 
was incubated for 10 min at room temperature and 
read at 295 nm against a blank sample which did 
not contain the enzyme. Various concentrations of 
flavonoids and non-flavonoid antioxidants were 
added to samples before the enzyme had been 
instilled and their effect on the generation of uric 
acid was used to calculate regression lines and rcsO 

values. 
Superoxide anions were estimated by the spectro- 

photometric measurement of the product of the 
reduction of nitro blue tetrazolium (NTB) [9]. 
Superoxide anions were generated in an enzymic 
(xanthine-xanthine oxidase) and a non-enzymic 
(phenazine methosulphate-NADH) [9] system. The 
former comprised a solution of 100 PM of xanthine, 
600 PM of NTB in 0.1 M phosphate buffer pH 7.4 
and 0.07 units/ml of xanthine oxidase. This mixture 
was incubated at 25” for 10 min and read at 560 nm 
against blank samples which did not contain the 
enzyme. The non-enzymic generation of superoxide 
anions was measured in samples which contained 
10 PM phenazine methosulphate, 78 PM NADH and 
25 ,uM NBT in 0.1 M phosphate buffer pH 7.4. After 
2min of the incubation at room temperature the 
colour was read at 560 nm against blank samples 
which contained no phenazine methosulphate. rc50 

values for the inhibition of the generation of super- 
oxide anions by the investigated compounds were 
calculated as described above. The influence of 
superoxide dismutase (SOD) on enzymatic and non- 
enzymatic reduction of NBT was checked using Spe- 
cord UV-VIS spectrophotometer. In the case of 
the non-enzymic system only the incubation mixture 
differed from that used with flavonoids and it was 
as follows: 630yM of NBT, 30 PM of phenazine 
methosulphate and 156 PM NADH in 0.1 M phos- 
phate buffer pH7.4. Enzymic formation of super- 
oxide anions was also estimated by reduction of 
cytochrome c. Samples containing 0.07 units/ml of 
xanthine oxidase, 100 PM of xanthine and 50 PM of 
cytochrome c were incubated for 3 min at the room 
temperature and read at 550nm. Malonaldehyde 
(MDA) formation by the boiled rat liver microsomes 
in which lipid peroxidation had been stimulated by 
200 PM of ascorbic acid was measured by a modi- 
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fication of the thiobarbituric acid method [6, lo], 
following the incubation of samples in the presence 
and in the absence of the investigated flavonoids and 
antioxidants at 37” for 90 min. 

The following substances were tested: quercetin- 
(Fluka), rutin(Kock and Light Colnbrook, U.K.), 3- 
cyanidol (Zyma-Catergen ex tablets), meciadonol 
ZY 15029 (Zyma), troxerutin (Zyma-Venoruton 
ex ampulis), myricetin (obtained from the Depart- 
ment of Pharmacognosy, Academy of Medicine, 
Wrodaw , Poland), quercetin (Schuchardt Chem- 
ische Fabrik), BW 755 C (obtained from Wellcome 
Research Labs, Beckenham, U.K.), BHA (butyl- 
ated hydroxyanisole, Koch and Light), chlorprom- 
azine (Polfa, Poland). 

The following reagents were used: xanthine oxi- 
dase (Sigma, U.S.A.), xanthine(POCH Gliwice, 
Poland), NBT (Laboratorium Syntezy Organicznej, 
Jaworzno, Poland), N-methylphenazonium metho- 
sulphate (International Enzymes Limited), NADH 
(Sigma), superoxide dismutase (EC 1.15.1.1,3000 
u/mg)(Sigma), cytochrome c from horse heart 
type III (Sigma). 

RESULTS 

The enzymic oxidation of xanthine to uric acid was 
inhibited by four flavonols out of seven investigated 
flavonoids (Table 1). The potency of their inhibitory 
action was encompassed within a narrow range of 
ICKY = 10-39 PM for aglycons (quercetin, myricetin), 
natural glycoside (rutin) and semisynthetic glycoside 
(troxerutin). Inactive as inhibitors of xanthine oxi- 
dase were the remaining three flavonoids and three 
investigated synthetic free radical scavengers when 
used at concentrations of lOO-3OOpM. These com- 
prised two flavans (cyanidol and meciadonol) and a 

Table 1. The influence of investigated compounds on xan- 
thine oxidase activity 

Tested 
compound 

Quercetin 
Myricetin 
Rutin 
Troxerutin 
Quercitrin 

rcso PM b r N 

10.0 2 1.1 74.9 0.93 9 
16.5 f 1.3 59.5 0.88 8 
37.8 f 0.9 59.2 0.81 7 
39.5 f 1.0 50.2 0.88 7 
inactive at 100-300 nM 3 

Cyanidol 
Meciadonol 

inactive at 30-300 iM 
inactive at 30-300 .uM 

10 
10 

Chlorpromazine inactive at 10-300 bM 4 
BHA inactive at 10-300 FM 3 
BW 755 C inactive at l-100 PM 3 
Superoxide dismutase inactive at l-100 units/ml 3 

Samples containing 0.04 units/ml of xanthine oxidase 
and 100 PM of xanthine were incubated in phosphate buffer 
pH 7.8 for 10 min at room temperature. Then uric acid was 
estimated at 295 nm. 

ICY values were calculated from regression lines where: 
x was log of tested compound concentration and y was 
percent inhibition of enzyme activity. 

b = slope of the regression line. 
r = correlation coefficient. 
N = number of experiments. 
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Fig. 1. The influence of superoxide dismutase on reduction 
of nitro blue tetrazolium by superoxide anions generated 
by xanthine oxidase in the presence of 100 PM of xanthine. 

Experimental conditions: analogical as in Table 2. 

flavonol glycoside (quercitrin) as well as chlor- 
promazine, BW 755 C and BHA. Superoxide dis- 
mutase (SOD l-100 units/ml) had no effect on the 
generation of uric acid from xanthine by xanthine 
oxidase. 

The xanthine-xanthine oxidase system also gen- 
erated superoxide anions as measured by the 
reduction of NBT, the reaction which had been 
inhibited by superoxide dismutase in a concen- 
tration-dependent manner (Fig. 1). All seven inves- 
tigated flavonoids inhibited the development of the 
colour produced during the reaction of superoxide 
anions with NBT, although the potency of their 
inhibitory action comprised a broad range of lcso 
concentration between 20 and 225 ,uM (Table 2). 
Non-flavonoid antioxidants (NFA) were of no influ- 
ence on the NBT reduction in this system (Table 2). 

The specificity of the NBT method for the detec- 
tion of the inhibition of superoxide anions by fla- 
vonols was additionally verified by replacement of 
NBT by cytochrome c in the xanthine-xanthine oxi- 
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Fig. 2. The influence of superoxide dismutase on the 
reduction of nitro blue tetrazolium (NBT) by superoxide 
anions generated by phenazine methosulphate and NADH. 
The composition of the incubation mixture was as follows: 
630 PM NBT, 30 PM phenazine methosulphate and 156 PM 

NADH in 0.1 M phosphate buffer pH 7.4. 



Flavonoid scavenging of superoxide anions 

Table 2. The influence of investigated compounds on nitro blue tetrazolium reduction 
caused by xanthine oxidase 

Tested compounds rcxt PM & r N 

Quercetin 42.3 it 1.8 53.9 0.77 2.5 
Myricetin 20.1 + 1.1 73.8 0.87 8 
Quercitrin 75.0 2 0.3 195.3 0.91 6 
Rutin 42.7 ?I 1.4 54.8 0.88 12 

Troxerutin 224.7 t 0.7 57.7 0.93 Cyanidol 101.6 + 1.2 31.0 0.85 B 
Meciadonol 134.9 r 1.2 28.2 0.95 9 
Chlorpromazine inactive at l-300 FM 10 
BHA inactive at O.Ol-~~ @vi 16 
BW 755 C inactive at 0.01-300 pM 19 
Superoxide dismutase 72.8 rt 3.6 mu/ml 13.0 0.97 9 

Samples containing 0.07 units/ml of xanthine oxidase and 100 m of xanthine were 
incubated with 600 PM of nitro blue tetraxoliurn in 0.1 M phosphate buffer pH 7.4 in 
room temperature for 10 min. The extinction of the sample was read at 560 nm against 
a blank containing no enzyme. rcsO values were calculated as in Table 1. 
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dase systems. In this system, quercetin (SO @i) but 
not BW 755 C (3OOyM) inhibited the reduction of 
cytochrome c to the same extent as NBT. 

Our non-enzymic system ( phenazine methosul- 
phate-NADH) generated superoxide anions since 
superoxide dismutase in the concentration-depen- 
dent manner inhibited the reduction of NBT (Fig. 
2). In that system all of the investigated flavonoids 
(at a range of IC, from 12 to 78 ,&I) inhibited the 
reduction of NBT, whereas NFA were not active 
(Table 3). 

All of the investigated flavonoids and NFA 
inhibited non-enzymic lipid oxidation in boiled liver 
microsomes as measured by the formation of MDA. 
On average NFA were by far more potent inhibitors 
than flavonoids. BW 755 C, for example, was ten 
times more potent as an inhibitor of formation of 
MDA than the most active flavonoid inhibitor- 
myricetin (Table 4). 

DISCUSSION 

The xanthine-xanthine oxidase system is fre- 

quently used as a generator of superoxide anions [7]. 
However, its primary function is to oxidize xanthine 
or hypoxanthine to uric acid. Therefore, looking for 
the free-radical scavenging properties of flavonoids 
in the enzymic system one has also to look for a 
possible inhibitory action of flavonoids on the pri- 
mary function of the enzyme. We have confirmed the 
previous report [S] that quercetin but not quercitrin is 
an inhibitor of xanthine oxidase when uric acid is 
measured as a final product of the reaction. We have 
also found that three other flavonols (myricetin, rutin 
and troxerutin) inhibit, whereas two flavans (cyan- 
idol and meciadonol) as well as three NFA (chlor- 
promazine, BHA and BW 755 C) do not inhibit the 
enzymatic activity (Table 1). In most cases flavonols 
are, while flavans and NFA are not, inhibitors of 
xanthine oxidase. However, the obvious excep- 
tions are a flavonoi rhamnoside-quercitrin-and 
~hydroquercetin [S]. Quercetin was found to inhibit 
superoxide generation by xanthine oxidase at a con- 
centration of 10-SM [12]. Also, the inhibition of 
superoxide generation by neutrophils in the presence 
of quercetin was described [13]. 

Table 3. The influence of investigated compounds on superoxide generation by phena- 
zinc methosulphate and NADH 

Tested compound %I PM b r N 

Quercetin 12.5 + 0.9 
Myricetin 14.3 * 0.8 
Quercitrin 45.9 f 0.7 
Rutin 15.4 +- 0.6 
Troxerutin 77.6 + 0.8 
Cyanidol 67.9 f 0.7 
Meciadonol 51.9 2 0.7 
~hlorprom~ine inactive at l-100 pM 
BHA inactive at l-300 frM 
BW 755 C inactive at l-100 PM 
Superoxide dismutase 2185 + 4.2 mu/ml 

58.5 0.88 
83.7 0.87 
41.1 0.86 
37.6 0.84 
29.0 0.95 
47.6 0.91 
49.5 0.91 

21.8 0.94 

8 

t 

z 8 
7 

i: 
6 
10 

Samples containing 10 HM of phenazine methosulfate, 78 PM NADH and 25 PM nitro 
blue tetrazolium in 0.1 M phosphate buffer pH 7.4 were incubated for 2 min at the room 
temperature and read at 560 nm against a blank containing no phenaxine methosulphate. 
lcso values were calculated as in Table 1. 
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Table 4. The influence of tested compounds on malon- 
aldehyde generation in boiled rat liver microsomes stimu- 

lated with ascorbate 

Compound 1% PM b r N 

*Quercetin 9.4 + 0.6 98.7 0.85 6 
Myricetin 1.4 + 1.0 89.5 0.91 10 
Quercitrin 7.6 + 1.7 56.4 0.80 12 
*Rutin 71.9 f 0.5 128.7 0.91 5 
Troxerutin 123.2 f 0.9 55.0 0.91 6 
*Cvanidol 64.3 f 1.4 34.4 0.89 6 
‘Geciadonol 61.0 2 1.4 33.0 0.89 6 
tChlororomazine 47.6 2 0.2 414.0 0.85 10 
BHA ’ 0.47 ? 1.7 54.2 0.80 17 
tBW 755 C 0.16 2 0.4 240.0 0.83 12 
Superoxide dismutase inactive at l-1000 units/ml 4 

Inactive rat liver microsomes were incubated’ with 
200 PM ascorbate in 0.1 M phosphate buffer pH in 37” for 
90min. Then trichloracetic acid was added and samples 
were centrifuged. Supernatant was heated with thio- 
barbituric acid and estimated at 532 nm. 

* Published previously [6]. 
t Published previously [lo]. 

trophils in the presence of quercetin was described 
1131. 

We have shown that all seven investigated fla- 
vonoids are scavengers of the SOD-sensitive free 
radicals which are generated during the activity of 
xanthine oxidase. NFA are deprived of this property 
(Table 2). In other words, they are flavonoids which 
are not inhibitors of xanthine oxidase but they are 
superoxide anion scavengers (quercitrin, cyanidol, 
meciadonol). In the next series of experiments it 
has been shown that all seven of the investigated 
flavonoids are scavengers of superoxide anions when 
these SOD-sensitive free radicals are generated by a 
non-enzymic system comprising phenazine metho- 
sulphate and NADH. Again NFA show no activity 
in this system (Table 3). Therefore, it is obvious 
that all of the investigated flavonoids are superoxide 
anion scavengers whereas some of them are also 
xanthine oxidase inhibitors. A net effect of fla- 
vonoids with the dual action of the xanthine oxidase 
functioning is very complicated, therefore a com- 
parison between the results presented in Tables 1 
and 2 has not been made. Unlike flavonoids NFA 
are not scavengers of superoxide anions. 

The only system in which NFA show similar prop- 
erties to the investigated flavonoids is the non- 
enzymic oxidation of lipids as evidenced by the 
formation of MDA [S, 14-161. Both NFA and fla- 
vonoids are inhibitors of the MDA formation. It is 
generally accepted that lipid oxidation is initiated 
by hydroxyl radicals [5, 121, although recently, this 
direct relationship has been questioned [13, 141. 
However, even in the process of non-enzymic lipid 
oxidation there is a profound difference between 
NFA and flavonoids in their inhibitory mechanism 
in relation to the formation of MDA. We have shown 
here that NFA are not scavengers of superoxide 
anions and thus their inhibitory action on the MDA 
formation might be related to a direct scavenging of 
hydroxyl radicals. Other mechanisms like interaction 
with hydrogen peroxide [13], with iron or lipoxyl 

radicals cannot be excluded. On the other hand, the 
most plausible explanation for the inhibitory action 
of flavonoids on the formation of MDA is their 
scavenging action towards the precursors of hydroxyl 
radicals, i.e. superoxide anions. IC,, values for each 
flavonoid (except for myricetin and quercetin) in 
Tables 2, 3 and 4 are close enough to each other for 
a speculation that flavonoids prevent lipid oxidation 
by scavenging superoxide anions which initiate the 
chain of free radical reactions leading finally to lipid 
oxidation [5]. Myricetin and quercetin might have 
an additional mechanism of antioxidant action. 

In summary, we believe that the antioxidant prop- 
erties of flavonoids [3-6] are common to aglycons 
and glycosides of flavonols and flavans and that 
these properties depend on breaking the chain of 
formation of free radicals at a “high level”, actually 
at its very beginning, i.e. at the level of superoxide 
anions [5]. This mechanism of the antioxidant action 
of flavonoids is different from that of synthetic anti- 
oxidants such as butylated hydroxyanisole, BW 755 
C or chlorpromazine, which seem to be “low level” 
scavengers of hydroxyl radicals. This unique type of 
antioxidant action of flavonoids may explain their 
hepatoprotective [5] and vasoprotective [6] prop- 
erties which are organ-directed by the selective bind- 
ing of flavans (e.g. cyanidol) to hepatocytes [5] or to 
flavonols (e.g quercetin) to thrombocytes [6]. In this 
last case flavonols, by removing superoxide anions 
from the vicinity of mural thrombi adhering to vas- 
cular walls, may directly prolong half-life of the 
endothelium-derived relaxing factor (EDRF) [l] and 
indirectly protect prostacyclin synthetase from being 
destroyed by hydroxyl radicals and lipid peroxides 
[2]. Some of the flavonoids may have an additional 
mechanism of antioxidative action, e.g. quercitrin 
(as shown here). 
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