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The effect of three flavonoids, 5,7,3',4'-tetrahydoxy-
3-methoxy flavone (THMF), luteolin, and quercetin, on
the stimulus-induced superoxide generation and
tyrosyl phosphorylation of proteins in human neutro-
phils were investigated. When the cells were pre-
incubated with these flavonoids, the superoxide gen-
eration induced by N-formyl-methionyl-leucyl-phenyl-
alanine (fMLP) was significantly suppressed, showing
a dependence on amounts of the flavonoid. The sup-
pressing effect of the flavonoid was THMF > luteolin >
quercetin. These flavonoids also suppressed the super-
oxide generation induced by phorbol 12-myristate 13-
acetate. In this case also, THMF was more effective
than luteolin and quercetin. On the other hand, the
superoxide generation induced by arachidonic acid
was markedly suppressed by quercetin. The suppress-
ing effect was quercetin > THMF > luteolin. THMF,
luteolin, and quercetin significantly suppressed ty-
rosyl phosphorylation of 80.1-, 58.0-, and 45.0-kDa pro-
teins in fMLP-treated human neutrophils. The sup-
pression depended on the concentration of the fla-
vonoids, and the inhibition of tyrosyl phosphorylation
was in parallel to that of the fMLP-induced superoxide
generation, respectively. While luteolin and quercetin
showed a weak hemolytic activity at 2.5 mM, THMF
showed almost no hemolytic activity even at 5 mM,
suggesting an advantage of THMF for its clinical use.
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The dried flowers of Gnaphalium indicum, known in
the Monterrey area in Mexico as “Gordolobo,” have
been used in the Mexican folk medicine in a form of tea
for the treatment of tussis and bronchitis (1). Three
flavonoids, 5,7,3',4'-tetrahydroxy-3-methoxy flavone
(THMF)? (2, 3), luteolin (4), and quercetin, were iso-
lated from the methanol extracts of this plant and have
been proved to have an anti-tumor promoter activity in
vivo (5) as well as in vitro (6).

Recently, neutrophilic superoxide generation is
known to correlate to various inflammations (7). Neu-
trophils play critical roles in the defense mechanism
against microorganisms (8); when neutrophils are ex-
posed to the various stimuli, one-electron reduction of
molecular oxygen by NADPH oxidase leading to“respi-
ratory burst” is induced (9, 10). N-formyl-methionyl-
leucyl-phenylalanine (fMLP), opsoniged zymosan,
phorbol 12-myristatel3-acetate (PMA), and arachi-
donic acid (AA) are known as the stimuli (11). We
demonstrated that various compounds affected the
stimulus-induced superoxide generations in human
neutrophils: prolylproline, cystathionine metabolites,

? Abbreviations used: THMF, 5,7,3',4’-tetrahydroxy-3-methoxy
flavone; FMLP, N-formyl-methionyl-leucyl-phenylalanine; PMA,
phorbol-12-myristate-13-acetate; AA, arachidonic acid; KRP, Krebs—
Ringer—phosphate; RBC, red blood cell.
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steroidal saponins, etc. (12-15). In many cases, the
level of superoxide generation was in parallel to that of
tyrosyl phosphorylation of 45.0-kDa protein in the
cells.

In the present study, we investigated the effect of
three flavonoids, THMF, luteolin, and quercetin, on the
fMLP-, PMA-, and AA-induced superoxide generations
and the tyrosyl phosphorylation of proteins in human
neutrophils. We demonstrate herein their marked sup-
pressive effect on the stimulus-induced superoxide
generations.

MATERIALS AND METHODS

Chemicals. NADPH, ferricytochrome c (cyt. c), superoxide dis-
mutase, fMLP, AA and PMA were purchased from Sigma Chemical
Co. (St. Louis, MO). THMF was isolated from G. indicum according
to the method of column chromatography using silica gel (16, 17). All
other reagents used were of analytical grade, and were purchased
from Nacalai Tesque Inc. (Osaka, Japan) unless otherwise men-
tioned.

Isolation of neutrophils. Polymorphonuclear leukocytes were iso-
lated from the peripheral blood of healthy human by Ficoll-Hypaque
(Flow Laboratories) density gradient centrifugation (18) and were
washed twice with Krebs—Ringer—phosphate solution (KRP, pH 7.4)
(12, 13). The cells were counted and resuspended in KRP at a con-
centration of 1 X 10° cells/ml.

Assay of superoxide generation. The superoxide generation was
assayed by measuring the reduction of cyt. ¢ at 37°C using a dual-
beam spectrophotometer (Shimadzu UV-3000) under continuous
stirring (12, 13). The standard assay mixture consisted of 1 X 10°
cells/ml, 1 mM CacCl,, 20 uM cyt. ¢, 10 mM glucose, 0—-40 uM
flavonoid, and stimulus (12.5 nM fMLP, 1 nM PMA, or 10 uM AA) in
a final volume of 2 ml KRP. After a preincubation for 3 min with a
flavonoid, the reaction was started by adding a stimulus and the
absorbance change at 550-540 nm (AAssy_ss0) Was monitored for 4
min.

Detection of tyrosyl phosphorylation of neutrophil proteins. Neu-
trophils (1 X 10° cells) were incubated in 1 ml of KRP containing 1
mM CacCl,, 10 mM glucose, 0—-40 uM flavonoid, and 12.5 nM fMLP
for 3 min at 37°C, then 0.5 ml of ice-cold 45% trichloroacetic acid
(final concentration, 15%) was added to stop the reaction. After
incubation for 30 min at 4°C, the mixture was centrifuged at 10,0009
for 15 min at 4°C. The precipitate was washed twice with ice-cold
diethyl ether/ethanol (1:1), dissolved in 50 ul of 62.5 mM Tris—HCI
(pH 6.8) containing 2% sodium dodecyl sulfate (SDS), 0.7 M 2-mer-
captoethanol, and 10% glycerol, and subjected to SDS—polyacrylam-
ide gel electrophoresis with 12% gel (18). The electrophoresed pro-
teins were transferred onto Immobilon-P membrane (Nippon Milli-
pore Ltd.) using a semidry brotting apparatus for 90 min at 20 mV,
and the tyrosyl phosphorylated proteins were detected using phos-
photyrosine-specific monoclonal antibody (PY-20; ICN Biochemicals,
Inc.), peroxidase-conjugated rabbit anti-mouse immunoglobulin G
antibody (E. Y. Laboratories Inc.) and ECL Western blotting detec-
tion system (Amersham, Japan Co.) (18). Apparent molecular mass
of the proteins was determined using prestained molecular weight
standards (14,300—200,000 molecular weight range; Gibco-BRL).

Hemolysis measurement. Fresh blood from healthy human was
collected (9 parts blood: 1 part of 3.8% sodium citrate) in plastic
tubes, and red blood cells (RBCs) were separated by centrifugation at
2500 rpm for 10 min. The RBCs were washed once with 2 vol of 0.9%
saline solution and then resuspended in 0.9% saline solution to give
a 10% RBC suspension. A 0.25-ml measure of the RBC suspension
was mixed with an equal volume of 0.9% saline solution containing

R = OCHs 5,7,3',4'-tetrahydroxy-3-methoxy flavone (THMF)
R=H Luteolin
R=0H Quercetin

FIG. 1. Chemical structure of THMF, luteolin, and quercetin.

flavonoid and then incubated at 37°C for 5 min with shaking. After
being centrifuged at 1100 rpm for 5 min, 0.2 ml of the supernatant
was diluted with 3.3 ml of distilled water and the absorbance was
measured at 550 nm (Aqmpie)- The percentage hemolysis (H%) of each
sample was calculated using the following equation: H% = Agmpe /
A1 X 100, where A,y is the absorbance of 100% hemolysis cells;
i.e.,, 0.25 ml of 10% RBC suspension was incubated in 8.5 ml of
distilled water (19).

RESULT AND DISCUSSION

Figure 1 shows the chemical structures of three fla-
vonoids: THMF, luteolin, and quercetin. The effect of
these flavonoids on superoxide generation in human
neutrophils was investigated using fMLP, PMA, and
AA as the stimuli. fMLP, PMA, and AA were used as
the inducer of the receptor-mediated activation of neu-
trophils, activator of protein kinase C, and membrane
perturber, respectively. When neutrophils were prein-
cubated with THMF, luteolin or quercetin, the fMLP-
induced superoxide generation was remarkably sup-
pressed, depending on the concentration of flavonoid
(Fig. 2). The suppression of the fMLP-induced super-
oxide generation by these flavonoids followed in the
following order: THMF > luteolin > quercetin. In the
absence of the stimulus, among these flavonoids THMF
and luteolin did not induce superoxide generation
(data not shown). The PMA-induced superoxide gener-
ation was also suppressed by these flavonoids in a
concentration-dependent manner (Fig. 3), while the
efficiencies were lower than those to the fMLP-induced
superoxide generation. The suppression of the PMA-
induced superoxide generation by these flavonoids fol-
lowed in the following order: THMF > quercetin >
luteolin. In case of the AA-induced superoxide genera-
tion, the suppressive effect of quercetin was remark-
able (Fig. 4). The suppression of the AA-induced super-
oxide generation by these flavonoids followed in the
following order: quercetin >> THMF > luteolin. These
flavonoids suppressed all the three types of superoxide
generation induced by fMLP, PMA, and AA, respec-
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FIG. 2. Effect of THMF, luteolin, and quercetin on fMLP-induced
superoxide generation in human neutrophils. The cells were prein-
cubated with the flavonoid (0—40 M) for 3 min prior to the addition
of stimulus (12.5 nM fMLP) and the superoxide generation was
measured as described under Materials and Methods. The produc-
tion of superoxide in the control experiments were 8.8 = 0.4 uM for
THMF, 7.3 = 1.3 uM for luteolin, and 10.2 = 2.1 uM for quercetin.

tively. The effects of these flavonoids on the three stim-
ulus-induced superoxide generations were different
with each other. The rates of suppression by the fla-
vonoid on the superoxide generations were in the fol-
lowing order: THMF, fMLP > PMA > AA; luteolin,
fMLP > AA > PMA,; quercetin, fMLP and AA > PMA.
These suppresive effects were observed when the neu-
trophils were treated with the flavonoid prior to the
addition of stimulus. When 40 uM THMF was added to
the reaction mixture 1 min after addition of PMA, for
example, the superoxide generation was not sup-
pressed, thus suggesting that the flavonoid does not act
as a superoxide scavenger but inhibits the activation of
NADPH oxidase (data not shown).

The chemical structures of three flavonoids are dif-
ferent in substitutive residue at the position of C-3.
THMF containing —OCH; at the position of C-3 more
strongly suppressed the fMLP- and PMA-induced su-
peroxide generations than the other two flavonoids.
Quercetin containing —OH at the position of C-3 more
strongly suppressed the AA-induced superoxide gener-
ation than the other two flavonoids. On the other hand,
luteolin containing —H at the position of C-3 signifi-
cantly suppressed the fMLP-induced superoxide gen-
eration, but the suppression of PMA- and AA-induced
superoxide generations was weak. Although the rela-
tionship between chemical structure and the suppress-
ing effect of these flavonoids is unclear at present, it
might be noteworthy that the residues linking to the
position of C-3 in the flavonoids largely contribute to
determining its suppressive effect on the stimulus-in-
duced superoxide generation in human neutrophils.
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FIG. 3. Effect of THMF, luteolin, and quercetin on PMA-induced
superoxide generation in human neutrophils. The assay was carried
out as described in the legend to Fig. 2, except 1 nM PMA was used
as the stimulus. The production of superoxide in the control experi-
ments were 18.2 + 4.9 uM for THMF, 20.0 = 0.8 uM for luteolin, and
22.5 £ 5.3 uM for quercetin.

In a series of our study on the superoxide generation
and inflammation, we found that various compounds,
such as prolylproline and cystathionine metabolites,
induced tyrosyl phosphorylation of proteins in parallel
to the enhancement of fMLP-induced superoxide gen-
eration in human neutrophils (12, 13). The tyrosyl
phosphorylation was inhibited by genistein and herbi-
mycin A, inhibitors of protein tyrosine kinase, suggest-
ing the participation of protein tyrosine kinase in the
mechanism for priming of human neutrophils by these
compounds (13). In the present study, to gain the in-
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FIG. 4. Effect of THMF, luteolin, and quercetin on AA-induced
superoxide generation in human neutrophils. The assay was carried
out as described in the legend to Fig. 2, except 10 uM AA was used
as the stimulus. The production of superoxide in the control experi-
ments were 9.5 = 0.9 uM for THMF, 13.4 + 4.9 uM for luteolin, and
9.1 = 2.2 uM for quercetin.
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FIG. 5. Dose-dependent suppression of protein tyrosyl phosphory-
lation by THMF (A), luteolin (B), and quercetin (C) in fMLP-treated
human neutrophils. The cells were incubated with the flavonoid in
the presence or absence of 12.5 nM fMLP, and then the tyrosyl
phosphorylated proteins were detected using phosphotyrosine-spe-
cific monoclonal antibody (PY20) as described under Materials and
Methods. Arrows on the right side indicate apparent molecular mass
of the bands, respectively.

sights into mechanism of suppression of stimulus-in-
duced superoxide generation by the flavonoids, we ex-
amined the effect of three flavonoids on the tyrosyl
phosphorylation of proteins in fMLP-treated human
neutrophils. When neutrophils were incubated with
fMLP, tyrosyl phosphorylation of 80.1-, 58.0-, and 45.0-
kDa proteins was induced. However, in the presence of
THMF, luteolin, or quercetin, the tyrosyl phosphoryla-
tion was dose-dependently suppressed (Fig. 5). These
results well coincided with the change of superoxide
generation level. In our previous study, prolylproline
and cystathionine ketimine enhanced tyrosyl phos-
phorylation of 45.0-kDa protein in parallel to that of
fMLP-induced superoxide generation in human neu-
trophils (12, 13). The flavonoids examined in this study
suppressed tyrosyl phosphorylation of several other
proteins. Suppression of superoxide generation via
suppressing the tyrosyl phosphorylation of neutrophil

proteins may be one of the pharmaceutical effects of
these flavonoids.

In conclusion, THMF, luteolin, and quercetin showed
a suppressive effect on the stimulus-induced superox-
ide generation in human neutrophils. Therefore, a pro-
tective effect for blood vessels is expectable from these
flavonoids. It is known that neutrophilic superoxide
generation correlates to various inflammations espe-
cially in the dermatology field (7). Furthermore, these
flavonoids have been proved to have an anti-tumor
promoter activity (4, 5). Considering the possibility of
clinical use, we examined the hemolytic effect of these
flavonoids. All the three flavonoids showed no effect on
hemolysis at 100 uM (data not shown), which is several
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FIG. 6. Hemolytic effect of THMF, luteolin, and quercetin on hu-
man erythrocytes. The assay was carried out as described under
Materials and Methods. The final concentration of the flavonoid was
2.5mM (A) and 5 mM (B), respectively. Control means the hemolysis
by distilled water, which is shown as 100%. The bars indicate
mean = SD (n = 5), respectively.
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times higher than the concentrations enough for the
suppression of superoxide generations. As shown in
Fig. 6, luteolin and quercetin showed a hemolytic ac-
tivity at 2.5 mM. However, THMF showed no effect on
hemolysis even at 5 mM. These results suggest that
THMF has an advantage for clinical use. Further stud-
ies on the pharmaceutical functions and immunologi-
cal responses of THMF may help in the development of
clinical application.

REFERENCES

1.

Ohsaki, A., Kubota, T., and Asaka, Y. (1990) Phytochemistry 29,
1330-1332.

. Middleton, F. J., and Jefferies, P. R. (1968) Aust. J. Chem. 21,

2349-2351.

. Roitman, J. N., and James, F. L. (1985) Phytochemistry 24,

835-848.

. Markham, K. R., Ternal, B., Stanley, R., Geiger, H., and Mabry

J. T. (1978) Tetrahedron 34, 1389-1397.

. Nishino, H., Naito, E., lwashima, A., Tanaka, K., Matsuura, H.,

Fujiki, H., and Sugimura, T. (1984) Gann 75, 311-316.

. Nishino, H., Nagao, M., Fujiki, H., and Sugimura, T. (1983)

Cancer 75, 311-316.

. Zhang, J., Sugahara, K., Yasuda, K., Kodama, Ha., Sagara, Y.,

and Kodama, Hi. (1998) Free Radical Biol. Med. 24, 689—-698.

10.
11.

12.

13.

14.

15.

16.
17.
18.

19.

77

. Stossel, T. P. (1974) N. Engl. J. Med. 290, 717-723.
. Goldstein, 1. M., Roos, D., Kaplan, H. B., and Weissmann, G.

(21975) J. Clin. Invest. 56, 1155-1163.
Rossi, F. (1986) Biochem. Biophys. Acta 853, 65—89.

Takahashi, R., Edashige, K., Sato, E. F., Inoue, M., Matsuno,
T., and Utsumi, K. (1991) Arch. Biochem. Biophys. 285, 325—
330.

Watanabe, Y., Sagara, Y., Sugahara, K., and Kodama, H. (1994)
Biochem. Biophys. Res. Commun. 205, 758-764.

Zhang, J., Sugahara, K., Sagara, Y., Fontana, M., Duprég, S., and
Kodama, H. (1996) Biochem. Biophys. Res. Commun. 218, 371
376.

Shimazaki, Y., Zhang, J., Wakiguchi, H., Kurashige, T., Sagara,
Y., Masuoka, N., Ohta, J., Ubuka, T., and Kodama, H. (1998)
Biochem. Biophys. Res. Commun. 247, 387-391.

Zhang, J., Zhang, M., Sugahara, K., Sagara, Y., Mong, Z., Xu, S.,
and Kodama, H. (1999) Biochem. Biophys. Res. Commun. 259,
636—-639.

Meng, J., and Xu, S (1998) Chin. J. Med. Chem. 8, 135-140.
Saito, S., Nagase, S., and Icjinose, K. (1994) Chem. Pharm. Bull.
42, 2342-2345.

Weiss, S. J., Klein, R., Sliuka, A., and Wei, M. (1982) J. Clin.
Invest. 70, 598-607.

Niwa, A., Takeda, O., Ishimaru, M., Nakamoto, Y., Yamasaki,
K., Kohda, H., Nishino, H., Segawa, T., Fujimura K., and Kuri-
moto, A. (1988) Yakugaku Zasshi 108, 555-561.



	MATERIALS AND METHODS
	FIG. 1

	RESULT AND DISCUSSION
	FIG. 2
	FIG. 3
	FIG. 4
	FIG. 5
	FIG. 6

	REFERENCES

