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Evaluation of Some Flavonoids as Potential Bradykinin Antagonists
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Fourteen flavonoids were evaluated for their effects as potential bradykinin (BK) antagonists.
The compounds were evaluated in several in vitro and in vivo (oral administration) systems;
inhibition of BK induced contractions in isolated rat ileum and uterus, antagonistic effects
of BK induced plasma extravasation, reduction of acetic acid induced writhing nociception
and protection from endotoxic shock. Skullcapflavone Il (3), baicalein (5), 5-methoxyflavone
(11), 6-methoxyflavone (12) and 2'-methoxyflavone (14) showed effects in all the tests al-
though the order of potency were somewhat varied.
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vone, 6-Methoxyflavone, 2'-Methoxyflavone

INTRODUCTION

A variety of factors including tissue damage, allergic
reactions, viral infections and other inflammatory
events activate a series of proteolytic reactions leading
to the production of bradykinin(BK) and related kinins
in blood and tissues. Once released, a nonapeptide,
BK (Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg) participates in
a wide range of physiological and pathological proces-
ses; It is involved in various inflammatory conditions
e.g. thermal and chemical injury (Clark, 1979), allergic
reactions (Proud et al, 1983), rheumatoid, psoratic
gouty arthritis(tHamberg et al., 1978; Sharma et al.,
1983), asthma etc, {Christian et al., 1987). BK is a po-
tent algesic agent, comparable in potency to substance
P, and many times more potent than serotonin, hista-
mine or acetylcholine (Collier and Lee, 1963). In addi-
tion to its algesic and pro-inflammatory actions, BK
exhibits a vasodilator action and because of its ability
to lower biood pressure (Haddy et al., 1970; Mason
and Melmon, 1965), BK has been implicated in the
pathogenesis of several shock syndromes, particularly
septic or endotoxic shock (Hirsch et al., 1974; Robin-
son et al., 1975). Since the first synthesis of specific
competitive BK B, receptor antagonists by the replace-
ment of L-proline at the position 7 of BK sequence
with D-phenylalanine (Vavrek and Stewart, 1985), a la-
rge number of related peptide analogues of BK (Burch
et al., 1990; Bathon and Proud, 1991) have been syn-
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thesized. And, more recently, several BK analogues
containing modified amino acids have been found far
more potent than the previous analogues and, in addi-
tion, selective for B, receptors (Hock et al., 1991; Kyle
et al., 1991). The discovery of the B, antagonists has
made remarkable contributions to the characterization
of B, receptors which are far more ubiquitous than
B, receptors and mediate most of the physiological
or pathological effects of BK. B, antagonists block the
majority of the biological effects of BK and in the ini-
tial trials, BK antagonists provided encouraging results
in the relief of cold symptoms caused by the rhinovi-
rus, in the suppression of pain from burns, and in the
treatment of allergic asthma (Steranka et al., 1989; Bu-
rch et al., 1990). However, the currently available an-
tagonists are peptide analogues of BK and most of
them have very short half-lives in vivo and it is consi-
dered that the availability of a stable and specific non-
peptidic BK antagonist could provide a possible new
form of therapeutic potential.

Scutellariae radix have been used for the treatment
of inflammatory diseases, suppurative dermatitis, aller-
gic diseases, fever etc. in oriental traditional medicine
and various biological activities including anti-thrombo-
tic, anti-allergic, anti-inflammatory activities were re-
ported with solvent extracts or with the constituents
(Kubo et al., 1984, 1985) More recently, the separa-
tions of seven flavonoid components were reported
from a solvent fraction prepared from the extract of
this plant which showed to inhibit BK-induced contrac-
tions in rat ileum or uterus, antagonize BK-induced
plasma extravasation, protect mice from endotoxic
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shock and reduce acetic acid induced writhing in mice
(Chung et al., 1991; Yun-Choi et al., 1992). In the pres-
ent study, the flavonoids from Scutellariae radix and
several other flavonoids were evaluated for their po-
tential as BK antagonists.

MATERIALS AND METHODS

Materials

Bradykinin (BK) acetate salt and lipopolysaccharide
(LPS, from Escherichia coli, serotype 055 : B5) were pur-
chased from Sigma Chem. Comp., US.A. and Evan’s
blue (CH-9470 Buchs) was purchased from Fluka AG,
Switzerland. Oroxylin A, wogonin, skullcapflavone I,
5,2'6/-trihydroxy-7,8-dimethoxyflavone and baicalein
were isolated from Scuteliariae radix as described pre-
viously (Yun-Choi et al., 1992). Other flavonoids eval-
uated in this study were purchased from Carl Roth
GmbH & Co., Germany.

Animals

Sprague-Dawley rats 160-200 g, ICR male mice,
20-25 g (for vascular permeability and writhing tests)
and ddy male mice, 20-25 g (for endotoxic shock test)
were used for the experiments.

Isolated Rat lleum and Uterus Contraction Assay

Terminal ileum was isolated from male rat and 2-
3 cm segment of ileum was suspended in 10 ml tissue
bath filled with modified Kreb's solution (composition,
g/l; KH,PO, 0.16, KCI 0.35, CaCl, 0.25, MgSQO, 7H,0O
0.29, NaCl 6.9, NaHCO; 2.1, glucose 1.98) at 36°C
and bubbled with 95% O,-5% CO,. Uterine preparation
was obtained from virgin rat treated with diethy! stilbe-
sterol (0.1 mg/ml ethanol/Kg, s.c) 24 hr prior to the
experiment and suspended in 10 m! organ bath con-
taining modified de Jalon’s solution (composition, g/l;
NaCl 9.0, KCl 0.42, CaCl, 0.045, glucose 0.5, NaHCO:;
0.5, MgCl, 0.005) at 31°C and bubbled with 95% O,-
5% CO,. After the resting period of about 60 min,
isotonic contractions induced by the addition of 50
ul of bradykinin (BK, 10 ug/ml) were measured under
a resting load of 1 g and recorded on a kymograph.
0.1 ml of test sample solution was added to the bath
1 min prior to BK and the antagonistic effect (% inhibi-
tion) of the test compound was evaluated comparing
with the contraction induced by BK alone.

BK Induced Vascular Permeability Test

Test compounds (200 mg/kg) were given orally to
ICR mice 25 hr and 1 hr prior to the injection of
Evan’s blue (10 mg/10 ml saline/kg, iv.). Subsequent
intradermal injection of BK (20 ug/100 ul saline) into
the back skin was followed to induce the extravasation
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of dye, bound to albumin. One hour after the BK inje-
ction, the appropriate area of the skin was removed
and the diameter of the pigmented area was measu-
red.

Writhing Test

Test compounds were given as above to ICR mice
and 0.7% acetic acid (10 ml/kg) was injected intraperi-
toneally. Starting from 10 min after the injection, the
numbers of the writhing syndrome were recorded for
10 min.

Endotoxic Shock Test

Test compounds were given as above to ddy mice
and lipopolysaccharide (LPS, endotoxin, 30 mg/10 ml
saline/kg) was injected into the tail vein. The animals
were then observed up to 30 hrs after the LPS injec-
tion and the survival rates were calculated.

RESULTS AND DISCUSSION

Flavonoids are a group of compounds with benzo-
y-pyrone structure and are widely distributed in the
plant kingdom. Thousands of flavonoids have been
isolated and their structures have been determined
(Harborne, 1988). Scutellariae plants were known to
contain a large number of flavonoids and in addition,
many of them are with unusual A- and/or B-ring sub-
stitutions. Actually, more than half of the flavonoids
of Scutellariae plants are with unusual 5-methoxy in
A-ring and/or 2’-oxygenation in B-ring substitutios (Yun-
Choi, 1992). Several flavonoids isolated from Scutella-
riae radix were reported to be inhibitory against BK
induced contractions in the previous paper (Yun-Choi
et al, 1992), and skullcapflavone 1l (3), which was
most inhibitory against BK-induced contractions in rat
isolated ileum and uterus, also contains 2',6'-dioxyge-
nated substitutions. Nine additional related flavonoids
were also selected with the structural interests and
with the easy recruitment of the compounds for the
present study.

it was known that BK receptors in rat uterus are
B, types while rat ileum contains both B, and B, types
(Regoli and Barabe, 1980). However, since some of
the BK analogues, which selectively blocked BK in-
duced contractions in rat uterus but not in guinea pig
ileum, were found not specific BK antagonists but also
inhibited vasopression induced contraction more po-
tently than BK induced contraction (Burch et al., 1990),
both rat isolated ileum and uterus were employed for
the primary screening for the BK antagonistic effects.
BK antagonistic activities of flavonoids were evaluated
in both rat ileum and uterus in the present study and
the results are tabulated in Table Il. The effects of
comp. 1-5, which were already reported (Yun-Choi,
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Table

I. Various flavonoids tested
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R, R, R, R, Rs Re R; Rs
1 oroxylin A H OH OCH; OH H H H H
2 wogonin H OH H OH OCH; H H H
3 skullcapflavone I H OH OCH; OCH; OCH; OCH; H OH
4 5,2',6"-trihydroxy-7,8-dimethoxyflavone H OH H OCH; OCH; OH H OH
5 baicalein H OH OH OH H H H H
6 3-hydroxyflavone OH H H H H H H H
7 datiscetin OH OH H OH H OH H H
8 kaempferol OH OH H OH H H OH H
9 5-hydroxyflavone H OH H H H H H H
10 apigenin H OH H OH H H OH H
11 5-methoxyflavone H OCH;, H H H H H H
12 6-methoxyflavone H H OCH; H H H H H
13 chrysin dimethylether H OCH, H OCH; H H H H
14 2"-methoxyflavone H H H H H OCH; H H

Table 11. Effects of various flavonoids against BK-induced con-
tractions at isolated rat ileum and uterus

comp.  conc. ileum uterus
(ug/ml) 20 40 20 40
1 — 23 - 34
2 63 76 — 14
3 62 93 53 90
4 14 52 14 37
5 - 42 - 32
6 56 84 - 16
7 29 68 - 22
8 54 81 — 12
9 26 71 - 12
10 — 48 - 13
11 06 93 — 49
12 87 98 41 75
13 38 88 56 73
14 58 98 60 87

Isolated ileum and uterus were pretreated with comp. (20
or 40 pg/ml) for 1 min prior to the addition of BK (50 ng/ml)
and the average % inhibition was calculated from minimum
five determinations.

et al., 1992), were also included in Table I for com-
parison. All the compounds showed at least some an-
tagonistic effects in ileum. In isolated uterus, skullcapf-
lavone 1 (3) and 2'-methoxyflavone (14) were most
inhibitory showing 90 % and 87 % inhibition at 40
ug/ml respectively. 5-Methoxyflavone (11), 6-methoxy-
flavone(12), and chrysin dimethylether (13) showed 49
%, 75% and 73% inhibition respectively and moderate
antagonistic effects (more than 30% inhibition) were

observed with oroxylin A (1), 5,2’,6"-trihydroxy-7,8-di-
methoxyflavone (4) and baicalein (5) at 40 ug/ml. The
flavonoids were also tested in three in vivo models.
Several flavonoids were excluded from some experi-
ments either because of low activity or shortage of
the particular compound. For all the in vivo tests, fla-
vonoids and aspirin which was employed as a positive
control compound, were given orally (200 mg/kg) to
mice twice (24 hr and 1 hr prior to each experiment)
to see both of the long term and short term effects.
intradermal injection of BK into the skin of animals
that have received iv. injection of dye was observed
resulting in intense blueing due to the extravasation
of the dye. An increased capillary permeability is one
of the cardinal features of acute inflammation and BK
has been implicated to be one of the important me-
diators of inflammation (Proud, 1988). Actually, the
ability of BK to increase capillary permeability to circu-
lating dye by contracting endothelial cells was found
to be one of its most striking pharmacological proper-
ties (Holdstock et al., 1957) and various B, antagonists
were observed to block the BK induced extravasation
(Schachter et al., 1987; Griesbacher and Lembeck,
1987). Mice were pretreated with flavonoids, the size
of BK induced plasma extravasated and stained area
was measured and the results are summerized in Table
1. The flavonoids 3, 5, 11, 12, and 14, which showed
more than 30% antagonistic effects against BK-induced
contractions in isolated uterus, again reduced the plas-
ma extravasation. The diameters of the extravasated
areas were reduced with the above flavonoids by 34-
48%, while those were reduced with aspirin by 25%.
BK has also been postulated to have a major role
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Table 111, Antagonistic effects of various flavonoids against Table IV. The effects of various flavonoids on the acetic
BK-induced plasma extravasation acid induced writhing in mice
comp. No. of diameter of inhibition comp. no. of no. of writhing  inhibition
animals extravasation (%) animals (meant s.d) (%)
(mm, meants.d)
control 17 24t5 -

control 13 11.4£09 - aspirin 14 12+3 50
aspirin 9 8513 25 1 8 19+ 3 21

1 5 95+ 0.3 17 2 8 174 5 29

2 5 8.3+03 27 3 8 7+ 2 71

3 8 7316 36 5 8 13+ 5 46

4 4 9.2+ 0.5 19 6 7 20+ 4 17

5 4 6810 40 8 10 15+ 4 37

6 5 107+ 0.7 6 9 7 20+ 4 17

8 5 10.7+£1.0 6 11 8 9+ 7 62

9 5 111+ 1.6 3 12 8 7+ 4 71
11 6 7518 34 14 8 1+1 96
12 6 59+ 0.2 48
14 7 6.8+ 1.1 40 Comp. (200 mg/kg, p.o.) were given 25 hr and 1 hr before

Comp. (200 mg/kg, p.o.) were given 25 hr and 1 hr before
the injection of Even’s blue (10 mg/kg, iv.) and subsequent
injection of BK (100 ul, 2 mg/10 ml, id). The diameter of
the pigmented area was measured 1 hr after the BK injection.

in pain production and antagonists of BK were obser-
ved to reduce abdominal writhing reflecting nocicep-
tion elicited with ip. injection of 0.7% acetic acid (Ste-
ranka et al, 1987). Treatment with flavonoids 3, 5,
11, 12, and 14 aiso reduced the numbers of writhing
induced by acetic acid (Table IV). 2’-Methoxyflavone
(14) almost completely inhibited (96% inhibition) the
induction of the writhing symptoms indicating their sig-
nificant analgesic effects. Compound 3 (skullcapflavone
I) and 12 (6-methoxyflavone) also showed strong ana-
Igesic effects (71% inhibition each). Compounds 5 and
11 were as much effective (46% and 62% inhibition
respectively) as aspirin (50% inhibition). BK has also
been implicated in the pathogenesis of septic shock.
Although various complicated factors are involved in
the endotoxic or septic shock conditions, high blood
level of BK was observed in the course of septic shock
and BK antagonists were reported to attenuate the
shock symptoms, especially to reduce the mortality
rate caused by endotoxin (Weipert et al., 1988, Wilson
et al., 1989). The effects of flavonoids in the endotoxic
shock model of mice are summerized in Table V. Spe-
cies differencies were noticed among different mice
during our experiments. Ddy mice were more sensitive
to endotoxin than ICR mice and intravenous injection
of lipopolysaccharide (30 mg/kg) to ddy mice resulted
in death to most of the mice and only 13% of survival
was observed at 30 hr of injection. Flavonoid 14 com-
pletely blocked the endotoxic effects and 100% of
animals survived up to 30 hr and comp. 3, 5, 11 and
12 showed 87%, 75%, 75% and 57% of survival rates
respectively. Comp. 6 and 9, which were rather inac-
tive in isolated uterus and in mice models of plasma

the injection of 0.7% acetic acid (10 ml/kg, ip.) and the nu-
mbers of writhing were counted for 10 min starting from
10 min after the injection.

Table V. The effects of various flavonoids on endotoxic
shock

comp. no. of dead/no. of total survival (%)
control 13/15 13
3 1/8 87
5 2/8 75
6 4/7 43
9 4/7 43
m 2/8 75
12 3/7 57
14 0/8 100

Comp. (200 mg/kg, p.o.) were given 25 hr and 1 hr before
the injection of lipopolysaccharide (30 mg/kg).

extravasation or writhing symptoms, also showed
about 40% protection of mice from endotoxic shock.
From the above results, it was noted that flavonoids
3, 5, 11, 12, and 14 showed effects in all the animal
systems tested although the order of potency were
somewhat varied. The results also indicated that a me-
thoxy group at C, position of flavonoid (Re=OCH))
was favored for the BK-antagonistic effects as shown
with skullcapflavone Il (3) and 2"-methoxyflavone (14).
A methoxy substitution at Cs or C, position (R,=OCH,
or R;=0OCH;) was also favored (11, 12 and 13). Di-
oxygen functions at Cs and C, (R; and R;) and at C,
and Cy (R, and Ry also seemed to give somewhat
favorable effects (1, 4 and 5). They were moderate
antagonists against BK in rat uterus, although their effe-
cts in vivo were variable.

Although the above flavonoids are of low potency
comparing with the known BK antagonists with pep-
tide structures, the present compounds were consid-
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ered worth to investigate since they, with their non-
peptide structure, are supposed to be stable in the
physiological conditions. Of course, the possibility can
not be ruled out that they are non-specific and only
functional antagonists of BK which exert their effects
by inhibiting one of the post-receptor signal transduc-
tion events of BK and it also should be clarified whe-
ther they are competing with BK at the receptor sites.
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