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Two natural flavonoids, quercetin and isorhamnetin 3-O-acylglucosides, were examined

for their inhibitory influence on the in vitro production and release of reactive oxygen spe-

cies in polymorphonuclear neutrophils (PMNs). The generation of superoxide radical, hy-

drogen peroxide and hypochlorous acid were measured by, respectively, cytochrome c re-

duction, dichlorofluorescin oxidation and taurine chlorination. Membrane lipid oxidation

was studied by the thiobarbituric acid method in mouse spleen microsomes. The addition

of flavonoids at the concentration range 1–100 �M inhibited PMNs oxidative metabolism

and lipid peroxidation in a dose-dependent manner. The results suggest that these

flavonoids suppress the oxidative burst of PMNs and protect membranes against lipid

peroxidation.

The most dangerous agents released during in-

flammation comprise, among others, reactive oxy-

gen species (ROS), produced in great amounts by

polymorphonuclear neutrophils (PMNs). Stimula-

tion of these cells leads not only to phagocytosis

and release of lysosomal enzymes and ara-

chidonic acid metabolites, but also to superoxide

radical (O2
�
) generation. Superoxide radical is me-

tabolised to hydrogen peroxide (H2O2) by super-

oxide dismutase (SOD) and the resulting peroxide

is further converted to hypochlorite (OCl
–
) by

azide-sensitive myeloperoxidase (MPO). Hydro-

gen peroxide, superoxide radical and hypo-

chlorous acid exhibit direct antimicrobial activ-

ity, but also damage host tissues and oxidize

physiological substrates of crucial biological sig-

nificance (membrane lipids, nucleic acids and

proteins) [1].
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Reactive oxygen species are involved in numer-

ous pathological events, including inflammation,

radiation damage, metabolic disorders, cellular

aging, reperfusion damage, atherosclerosis and

carcinogenesis. Evidence for a potential role of ox-

idants in the pathogenesis of many diseases sug-

gests that antioxidants may be of therapeutic use

in these conditions [2–4].

Many natural flavonoids show anti-inflam-

matory properties, based on several mechanisms

including the effect on free radical formation or

radical scavenging [4–7].

In the present study we assessed the antioxidant

effect of two flavonoids: isorhamnetin 3-O-(6��-O-

acetyl)glucoside isolated from Solidago canadensis

var. scabra and quercetin 3-O-(6��-O-galloyl)gluco-

side from Drosera aliciae Hamet on human PMNs

and mouse spleen microsomes. The flavonoid ac-

tivity was compared to the effects of quercetin

and butylated hydroxyanisole, a standard antioxi-

dant and a food preservative, respectively.

MATERIALS AND METHODS

Flavonoids. Isorhamnetin 3-O-(6��-O-acetyl)

glucoside was isolated and identified from golden-

rod flowers, Solidago canadensis var. scabra

(Asteraceae) [8]. Quercetin 3-O-(6��-O-galloyl)glu-

coside was isolated and identified from sundew

shoots, Drosera aliciae Hamet (Droseraceae), ob-

tained from the in vitro culture. These compounds

were of high purity as judged by their
1
H- and

13
C-

NMR spectra, which showed no signals of impuri-

ties [8]. Flavonoids were tested in the concentra-

tion range 1–100 �M. The activity of the exam-

ined flavonoids was compared to the activity ex-

erted by quercetin and butylated hydroxyanisole,

in the same range of concentrations.

Reagents. 2�,7�-dichlorofluorescin diacetate

(DCFH-DA) was purchased from Acros Organics

(New Jersey, U.S.A.). Butylated hydroxyanisole

(BHA), ferricytochrome c, phorbol myristate ace-

tate (PMA), quercetin, superoxide dismutase

(SOD), taurine and zymosan-A were from Sigma

Chemical Co. (St. Louis, MO, U.S.A.). Butylated

hydroxyanisole was dissolved in dimethyl

sulfoxide and then diluted in phosphate-buffered

saline (NaCl/Pi, Biomed, Lublin, Poland).

Zymosan-A was opsonized for 30 min at 37�C in

normal human serum (10 mg/ml, AB group),

washed twice with NaCl/Pi and stored at –20�C

until use [9].

Preparation of PMNs. Peripheral venous

blood from healthy adult volunteers was collected

in heparinized tubes (10 U/ml blood). Neutrophils

were isolated by Gradisol G (d = 1.115 g/ml;

“AquaMedica” s.c., Poland) density gradient

centrifugation [10]. Viability was checked by

trypan blue exclusion.

Preparation of microsomes. Microsomes were

prepared according to the previously described

method [11]. Briefly, female Swiss mice (7–9

week old, 25 g) were sacrificed by cervical disloca-

tion and their spleens were removed and homoge-

nized in 0.25 M sucrose/0.05 M Tris, 0.025 M

KCl, 0.003 M MgCl2 buffer (pH, 7.55). Five

spleens were weighed and pooled to form each ex-

perimental group. Two volumes of the above

buffer were taken for one volume of tissue. Micro-

somal fractions were obtained by centrifuging the

whole homogenate at 10000 � g for 30 min and

then centrifuging the supernatant at 100000 � g

for 60 min. Microsomal pellets were suspended in

0.01 M phosphate buffer (pH, 7.4) containing 20%

(v/v) glycerol. Protein concentration was deter-

mined by the method of Lowry et al. [12].

Measurement of O2
�

formation. The rate of

superoxide anion production was measured by re-

duction of ferricytochrome c, according to Cohen

& Chovaniec [13]. A reaction mixture (0.5 ml total

volume) of 1 � 10
6

PMNs stimulated by opso-

nized zymosan (1 mg/ml), was incubated for 20

min at 37�C with 0.6 mg of ferricytochrome c in

NaCl/Pi. Absorbance of cell-free supernatants

was measured at 550 nm following the addition of

310 U of SOD. The absorbance was converted to

nanomoles of O2
�

using the absorption coefficient

A550 = 21.1 mM
–1� cm

–1
[14].

Taurine chlorination assay. The amount of

HOCl was measured by chlorination of taurine,

according to Weiss et al. [15]. PMNs (1 � 10
6
)

stimulated by opsonized zymosan (1 mg/ml),

were incubated for 60 min at 37�C with 15 mM

taurine in NaCl/Pi, pH, 7.4. Absorbance of
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cell-free supernatants was determined at 350 nm

following the addition of 20 mM KJ. The

absorbance was directly proportional to the

amount of HOCl (absorption coefficient A350 =

22.9 mM
–1 � cm

–1
).

Flow cytometric assay of dichlorofluorescin

(DCFH) oxidation. The intracellular production

of ROS in stimulated neutrophils was quantified

in individual cells by flow cytometry using the

procedures described by Bass et al. [16]. Fifty mil-

liliters of heparinized whole blood was incubated

with 15 �l of 0.3 mM 2�,7�-dichlorofluorescin

diacetate (DCFH-DA) in NaCl/Pi for 30 min. After

that phorbol myristate acetate (PMA, 10 �g/ml)

as neutrophil-stimulating agent was added. The

erythrocytes were removed by 1 ml of the

Ortho-mune lysing reagent. Intracellular DCF flu-

orescence of PMNs was determined by flow

cytometry (Cytoron Absolute, Ortho, U.S.A.) at

488 nm excitation wavelength. DCF fluorescence

was measured with a green filter (515–548 nm) in

the linear range of signal amplification [17]. Fluo-

rescence intensity was expressed as the value of

the “mean channel”, calculated by the

ImmunoCount 2 software (Ortho). All assays were

performed after 30 min incubation of PMNs with

flavonoids in the concentration range from 1 to

100 �M. Control samples contained NaCl/Pi only.

Lipid peroxidation. The complete incubation

mixture consisted of a suspension of mouse

spleen microsomes in 1.5 ml of 0.15 M Tris/HCl,

1 mM KH2PO4 buffer, pH 7.4, at a final concen-

tration of 1 mg protein and various concentra-

tions of the tested compounds, and additionally

0.01 mM FeSO4 and 0.05 mM L(+)-ascorbic acid

(non-enzymatic lipid peroxidation). The level of

malondialdehyde (MDA)-like substances used as

an index of lipid peroxidation was assayed with

the 2-thiobarbituric acid (TBA) using molar ab-

sorption coefficient of 1.56 � 10
5

M
–1 � cm

–1�.

Results were expressed as �mols of MDA equiva-

lents/mg protein [18].

Statistical analysis. Values are means ±S.E.

The differences between the means of treatment

groups and appropriate controls were assessed

with the paired two-tailed t-test. Differences were

considered to be significant if P < 0.05. The re-

sults are presented in appropriate concentration

units per 1 � 10
6

cells and as the percentage of

remaining metabolic activity as compared to con-

trols (100%).

RESULTS AND DISCUSSION

Flavonoids are natural components of human

and animal diet and have been shown to exert dif-

ferent biological effects, such as antiviral, anti-in-

flammatory, antimutagenic and anticarcinogenic

functions. This activity is reported to result partly

from their antioxidant and antiradical properties

[19, 20]. The results presented below corroborate

the previous finding that some flavonoids sup-

press the oxidative metabolism in polymorpho-

nuclear neutrophils [17].

The three flavonols tested (structures depicted

in Fig. 1), as well as BHA, significantly dimin-

ished the amount of ROS generated in stimulated

PMNs with the exception of isorhamnetin

acetylglucoside, which showed no inhibition of

hypochlorous acid production (Table 1, 2, 3). The

inhibitory effect appeared to be concentra-

tion-dependent and was most pronounced at

100 �M, except for the influence of isorhamnetin

acetylglucoside on superoxide radical (Table 1)

and hypochlorous acid production (Table 1, 2).

Quercetin galloylglucoside exhibited pronounced

activity comparable to that of quercetin (Table 1,

2, 3), but the latter was much stronger as an inhib-

itor of lipid peroxidation (Table 4). These com-

pounds were stronger than BHA only as inhibi-

tors of superoxide radical production (Table 2). In

turn, isorhamnetin acetyl glucoside appeared to

be the weakest antioxidant among the flavonoids

tested in respect to each ROS measured.

Tauber et al. [21] investigated the inhibition of

NADH-dependent oxidase by flavonoids in

polymorphonuclear neutrophiles. Some of the

compounds tested, including quercetin, were ac-

tive inhibitors either in intact or in disrupted

cells, whereas others acted in disrupted PMNs

only. The authors concluded that flavonoid pas-

sage through the cell membrane and its ability to

interfere with respiratory burst depends on the

number and position of free hydroxyl groups in

the flavonoid core structure. The decisive roles
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are played by the hydroxyl group situated at the

C3 position in the C ring with the adjacent C2–C3

double bond. Another feature important for the

antioxidative power is the ortho arrangement of

the two hydroxyl groups (free catechol grouping)

in the B ring of the flavonoid core [22]. However,

naturally occurring flavonoids are usually

O-glycosides with sugar moieties bound mostly at

the C3 position, hence are weaker antioxidants

than their aglycons [6, 22]. Isorhamnetin is de-

prived of free catechol function due to the substi-

tution of the C3� hydroxyl group with a methyl

group. Hence, it is less efficient as an antioxidant

as monophenolic rings are weaker hydrogen do-

nors. The similar activity of quercetin galloyl-

glucoside and quercetin itself may be explained as

follows. The activity-lowering effect of gluco-

sidation at C3 of the aglycon is cancelled out by

the presence of the galloyl group known for its

antioxidative properties [22]. In vitro experiments

cannot be easily related to the in vivo pharmaco-

kinetics of ingested dietary polyphenols as the

kind of sugar moiety determines the rate of

flavonoid glycoside absorption from the small gut,

and its bioavailability [2]. Havsteen has suggested

cleavage of the sugar moieties by glycosidases
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Isorhamnetin-3-O-(6��-O-acetyl)glucoside OH OH glucose-6��-acetyl OCH3 OH

Figure 1. Chemical structure of the examined flavonoid derivatives.

Table 1. Effect of quercetin and isorhamnetin acylglucosides, quercetin and BHA on superoxide radical gen-

eration by human PMNs
a,b

. Values represent nmol O2
�

/1 � 10
6

PMNs.

Compound Control 1 �M 10 �M 100 �M

Isorhamnetin-3-O-(6��-O-acetyl)glucoside 8.4 ± 0.5

100%

6.4 ± 0.5

**

76.5%

6.0 ± 0.4

**

72.1%

6.3 ± 0.3

*

75.5%

Quercetin-3-O-(6��-O-galloyl)glucoside 8.7 ± 0.7

100%

6.7 ± 0.6

*

77.1%

5.8 ± 0.5

**

66.9%

0.8 ± 0.2

***

9.0%

Quercetin 8.7 ± 0.7

100%

5.9 ± 0.4

**

67.6%

5.7 ± 0.5

**

65.3%

0.8 ± 0.2

***

9.3%

BHA 8.5 � 0.5

100%

8.6 � 0.8

101.3%

8.3 � 0.5

97.5%

6.8 � 0.8

79.8%

a
Values are means ±S.E. of 11 experiments.

b
Significantly different from the untreated control: *P < 0.05; **P < 0.01;

***P < 0.001.



from intestinal bacteria and aglycon uptake in

enterocytes [19]. Recent data present evidence on

the transportation of the major dietary flavonoid,

quercetin-4�-�-glucoside, across the apical mem-

brane of enterocytes. The mechanism of this

transport is complex and involves intestinal so-

dium-dependent D-glucose transporter [23]. Addi-

tionally, quercetin-4�-�-glucoside is effluxed by

multidrug resistance-associated protein [24].

However, the transport kinetics in intestine cells

does not reflect the absorption of flavonoids in

other cells.

The suggested mechanism of the antioxidative

activity of flavonoids involves the suppression of

radical generating enzymes and free radicals scav-

enging, regardless of their enzymatic or non-

enzymatic provenience [21, 25–27]. Another pos-

tulated mechanism of flavonoid antioxidant activ-

ity is transition metal chelation. This preventive

function interferes with the conversion of hydro-

gen peroxide into hydroxyl radical (Haber-Weiss

reaction) [28]. Hydroxyl radical is chiefly respon-

sible for lipid peroxidation, which impairs the nor-

mal function of cell membranes: motility and per-

meability. It has been suggested that metal ion

chelation by flavonoids prevents lipid pero-

xidation by restricting the access of the metal ions

toward fatty acids in phospholipids either in natu-
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Table 2. Effect of quercetin and isorhamnetin acylglucosides, quercetin and BHA on hypochlorous acid pro-

duction by human PMNs
a,b

. Values represent nmol HOCl/1 � 10
6

PMNs.

Compound Control 1 �M 10 �M 100 �M

Isorhamnetin-3-O-(6��-O-acetyl)glucoside 93.6 ± 5.5

100%

96.3 ± 6.6

102.9%

93.8 ± 6.5

100.2%

101.0 ± 2.14

107.9%

Quercetin-3-O-(6��-O-galloyl)glucoside 111.0 ± 3.6

100%

109.9 ± 2.6

99.0%

90.7 ± 2.6

***

81.8%

37.5 ± 2.7

***

33.5%

Quercetin 111.0 ± 3.6

100%

107.7 ± 3.0

97.0%

90.3 ± 3.8

***

81.4%

37.7 ± 3.3

***

33.9%

BHA 89.9 ± 6.3

100%

68.9 ± 4.5

***

76.6%

25.4 ± 2.1

***

28.2%

24.5 ± 2.3

***

27.3%

a
Values are means ±S.E. of 11 experiments.

b
Significantly different from the untreated control: ***P < 0.001.

Table 3. Effect of quercetin and isorhamnetin acylglucosides, quercetin and BHA on hydrogen peroxide pro-

duction by human PMNs
a,b

. Values represent “mean channel”.

Compound Control 1 �M 10 �M 100 �M

Isorhamnetin-3-O-(6��-O-acetyl)glucoside 123.6 ± 7.1

100%

118.1 ± 6.7

95.6%

111.9 ± 9.3

*

90.5%

107.7 ± 8.1

*

87.2%

Quercetin-3-O-(6��-O-galloyl)glucoside 121.4 ± 6.6

100%

118.5 ± 6.7

97.6%

113.1 ± 8.2

93.2%

97.7 ± 6.1

*

80.5%

Quercetin 121.4 ± 6.6

100%

120.8 ± 7.5

99.5%

111.2 ± 7.3

91.6%

100.5 ± 7.7

*

82.8%

BHA 123.6 ± 7.1

100%

120.7 ± 7.8

97.7%

120.9 ± 8.0

97.8%

103.4 ± 8.5

**

83.7%

a
Values are means ±S.E. of 7 experiments.

b
Significantly different from the untreated control: *P < 0.05; **P < 0.01.



ral or in synthetic membranes. However, some

flavonols can inhibit lipid peroxidation at a con-

centration too low to chelate efficiently the sup-

plemented metal ions. Therefore, an additional

antioxidant mechanism should be postulated for

flavonoids, namely termination of the chain reac-

tion of lipid peroxidation [20]. Our data show that

non-enzymatic lipid peroxidation was reduced in

PMNs treated with flavonoids.

The observed discrepancy between isorham-

netin 3-O-(6��-O-acetyl)glucoside activity towards

hydrogen peroxide generation, measured directly

as DCFH-DA oxidation and indirectly as phenol

red oxidation, may be caused by the basic method-

ological differences. In the method used in our

study, the probe, 2�,7�-dichlorofluorescin dia-

cetate, fluoresces directly upon intracellular hy-

drolysis and oxidation. With the use of the same

fluorescent probe, quercetin has been found to re-

duce intracellular hydrogen peroxide accumula-

tion [4].

The other assays presented in our study mea-

sure indirectly the extracellular release of respira-

tory burst products and their diminishment upon

flavonoid treatment.

The data presented above show the antioxidant

potency of plant-derived flavonoids, which may

contribute to biological effect of herbal drugs and

dietary fruit and vegetable. Flavonoids have been

investigated for their use as natural food preser-

vatives as well as for their health-promoting prop-

erties in humans [2]. Flavonoids are members of

larger chemical group, polyphenols, which have

known preventive activities against degenerative

diseases, e.g. coronary heart disease or some

types of cancer [2, 25].

The present data propose that flavonoids like

quercetin or isorhamnetin derivatives may be ef-

fective protectors of cells against oxidative stress

and free radical-induced toxicity.
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