
COMMENTARY

Bradykinin B2 receptor antagonism: a new direction for acute
stroke therapy?
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Stroke is responsible for 10% of all deaths worldwide, and there remains an urgent need for the
development of clinically effective treatments for acute stroke. Stroke is now considered to be a disease
characterized by an ongoing inflammatory process rather than simply acute neurodegeneration.
Bradykinin has attracted recent interest as a potential mediator of brain injury following stroke,
because it activates several mechanisms responsible for the early manifestations of inflammation,
including arteriolar dilatation, increased vascular permeability and oedema formation. These actions
of bradykinin occur via activation of B2 receptors. New evidence suggests that blocking bradykinin B2

receptors after experimental cerebral ischaemia reduces brain oedema, infarct volume and neuronal
necrosis, and improves neurological outcome. Thus, B2 receptor antagonists may be a promising new
class of compounds for clinical use after the onset of cerebral ischaemia.
British Journal of Pharmacology (2003) 139, 1369–1371. doi:10.1038/sj.bjp.0705415

Keywords: Bradykinin; stroke; focal cerebral ischaemia; bradykinin B2 receptor antagonist; LF 16-0687 Ms; mice;
neuroprotection; inflammation

Abbreviations: LF 16-0687 Ms, (1-[[3-[(2,4-dimethylquniolin-8-yl)oxymethyl]-2,4-dichlorophenyl]sulphonyl]-N-[3-[[4-aminimino-
methyl)phenyl]carbonyl-amino]propyl]-2(S)-pyrrolidinecarboxyamide dimesylate salt)

Stroke is the third-leading cause of death in the Western world,

and is responsible for 10% of all deaths worldwide (Lo et al.,

2003). Although valuable prophylactic therapies exist, such as

antihypertensive agents, antiplatelet drugs and cholesterol-

lowering compounds, with an ageing population there is a very

great and urgent need for the development of clinically

effective treatments for acute stroke.

Most strokes are ischaemic in nature, due to a thromboem-

bolic occlusion of a major artery supplying the brain. If the

clot is not resolved within a short period of time, a core of

severely ischaemic brain tissue will develop that cannot be

salvaged. Agents that lyse these clots reperfuse the ischaemic

brain and form the basis of thrombolytic therapy. Thrombo-

lysis is used for acute stroke in most European countries

(Thomassen et al., 2003) and the thrombolytic recombinant

tissue plasminogen activator is currently the only pharmaco-

logical therapy approved for acute stroke in the United States

of America (Fisher, 2003; Lo et al., 2003). However, the use of

thrombolytics is restricted to administration within 3 h after

stroke (Barone & Feuerstein, 1999; Fisher, 2003; Thomassen

et al., 2003), and only 5–8% of patients qualify for treatment

within this short time from stroke onset, most commonly due

to delayed hospital presentation (Barone & Feuerstein, 1999;

Fisher, 2003).

It is now believed that stroke is a disease characterized by an

ongoing inflammatory process, rather than simply acute

neurodegeneration (Barone & Feuerstein, 1999). In animal

models, the central core rapidly proceeds to infarction with

irreversible injury after the onset of focal ischaemia, then

spreads out circumferentially (Barone & Feuerstein, 1999;

Fisher, 2003). The expression of inflammatory mediators and

activation of an inflammatory response not only contributes to

lipid membrane peroxidation in the brain after focal stroke,

but also exacerbates the degree of tissue injury caused by the

adherence and infiltration of leucocytes, release of cytotoxic

products such as reactive oxygen species and enhanced

permeability of brain endothelium.

Importantly, brain inflammation after stroke may be

considered as a dual-edged sword, with inflammatory cascades

stimulating both detrimental and potentially beneficial path-

ways (Barone & Feuerstein, 1999). This seems to be because

the timing of brain inflammation spans from within a few

hours to several days/weeks after the stroke, including early

injury and later postinjury repair processes. Although initial

inflammation can contribute to the degree of brain damage

after injury, broad anti-inflammatory interventions designed

to limit the degree of damage have been shown to interfere

with nervous regeneration and recovery (Barone & Feuerstein,

1999). Therefore, specific strategies may be required to

intervene early in brain inflammation to reduce injury and

neurodegeneration, and different interventions may be neces-

sary to facilitate repair and recovery of regeneration processes

after central nervous system injury.

Bradykinin is considered an important mediator of the

inflammatory response in both the periphery and the central

nervous system, and it has attracted recent interest as a

potential mediator of brain injury following stroke (Wahl et al.,

1996; Relton et al., 1997; Zausinger et al., 2002). This

nonapeptide is produced by cleavage from its precursor,

kininogen, and it activates several mechanisms responsible for

the early manifestations of inflammation, including arteriolar

dilatation, increased vascular permeability and resulting

oedema formation (Wahl et al., 1996; Relton et al., 1997;*Author for correspondence; E-mail: cgsobey@unimelb.edu.au
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Sobey et al., 1997; Brian et al., 2001). All the components of

the kallikrein/kinin system have been identified in the human

brain (Raidoo et al., 1996a, b), and the tissue kallikrein/kinin

system, which influences the permeability of the blood–brain

barrier, is activated in humans during stroke (Wagner et al.,

2002).

The mechanisms by which endogenous bradykinin may

mediate ischaemic brain injury seem likely to involve the

activation of constitutively expressed B2 receptors, the release

of arachidonic acid and activation of cyclo-oxygenase (COX)

enzymes, leading to the production of prostanoids, reactive

oxygen species and ultimately lipid peroxidation (Relton et al.,

1997; Sobey et al., 1997; Sarker et al., 2000; Brian et al., 2001).

Bradykinin also stimulates the release of excitatory amino-acid

neurotransmitters, and is a potent stimulator of other

inflammatory mediators such as cytokines, and it acts as a

leucocyte chemoattractant (Relton et al., 1997). Stroke results

in blood–brain barrier disruption, and sometimes in life-

threatening cerebral oedema. Even brief application of

bradykinin has been shown to cause marked and prolonged

cerebral arteriolar dilatation (Brian et al., 2001) and increases

in cerebrovascular permeability (Sarker et al., 2000). Contin-

uous treatment for 24 h after cerebral ischaemia with a peptide

B2 receptor antagonist, CP-0597, has been reported to reduce

brain oedema, infarct volume and neuronal necrosis, and

improve neurological outcome in rats (Relton et al., 1997).

Similarly, administration of the new potent nonpeptide B2

antagonist, LF 16-0687 Ms, for 3 days commencing before the

onset of ischaemia, was recently found to be neuroprotective in

rats (Zausinger et al., 2002).

In their new study, Ding-Zhou et al. (2003) report the

impressive findings that administration of LF 16-0687 Ms (3–

12mgkg�1 s.c.) to mice in two injections immediately and 6 h

after 15min of cerebral ischaemia reduces blood–brain barrier

disruption, neutrophil infiltration and neurological impair-

ment by 60–70%, and reduces oedema and infarct volume by

B30% (Ding-Zhou et al., 2003). Although cerebral blood flow

was not measured, it is likely that identical levels of cerebral

ischaemia were experienced in all mice, because LF 16-0687

Ms was administered after the ischaemic insult, and blood

pressure was not altered in any of the treatment groups.

Hence, these new findings by Ding-Zhou et al. further support

the concept that B2 receptor activation participates in

postischaemic brain damage, and that treatment during this

period with a B2 receptor antagonist can improve stroke

outcome (Relton et al., 1997).

The authors did not determine whether the protection

by LF 16-0687 Ms in this study was due to actions on vascular

or neuronal B2 receptors, or indeed whether reduced activa-

tion of COX enzymes was critical in these outcomes. Since

it has now been established that COX-1 is protective in

cerebral ischaemia (Iadecola et al., 2001b), but COX-2 is

harmful (Iadecola et al., 2001a), perhaps the protection by

LF 16-0687 Ms is due to the inhibition of bradykinin-

stimulated COX-2 activity. Thus, it would be interesting in

future studies to test whether LF 16-0687 Ms is equally

protective as COX-2 inhibition (Iadecola et al., 2001a), and

perhaps whether even greater cerebral protection might be

obtained by LF 16-0687 Ms in combination with a thrombo-

lytic. In summary, by selectively blocking the actions of

bradykinin – an early harmful mediator in postischaemic

cerebral ischaemia – LF 16-0687 Ms may represent a

promising new compound for development as a clinical

therapeutic that can be administered after the onset of cerebral

ischaemia.

I am grateful to Dr Frank Faraci for helpful comments during
preparation of this manuscript. Dr Sobey is supported by an RD
Wright Career Development Award from the National Health and
Medical Research Council of Australia (209160).

References

BARONE, F.C. & FEUERSTEIN, G.Z. (1999). Inflammatory mediators
and stroke: new opportunities for novel therapeutics. J. Cereb.
Blood Flow Metab., 19, 819 –834.

BRIAN, Jr, J.E., FARACI, F.M. & MOORE, S.A. (2001). COX-2-
dependent delayed dilatation of cerebral arterioles in response to
bradykinin. Am. J. Physiol. Heart Circ. Physiol., 280, H2023–
H2029.

DING-ZHOU, L., MARGAIL, I., PALMIER, B., PRUNEAU, D.,
PLOTKINE, M. & MARCHAND-VERRECCHIA, C. (2003). LF 16-
0687 Ms, a bradykinin B2 receptor antagonist, reduces ischaemic
brain injury in a murine model of transient focal cerebral ischaemia.
Br. J. Pharmacol., 139, 1539–1547.

FISHER, M. (2003). Recommendations for advancing development of
acute stroke therapies. Stroke Therapy Academic Industry Round-
table 3. Stroke, 34, 1539 –1546.

IADECOLA, C., NIWA, K., NOGAWA, S., ZHAO, X., NAGAYAMA, M.,
ARAKI, E., MORHAM, S. & ROSS, M.E. (2001a). Reduced
susceptibility to ischemic brain injury and N-methyl-d-aspartate-
mediated neurotoxicity in cyclooxygenase-2-deficient mice. Proc.
Natl. Acad. Sci. U.S.A., 98, 1294–1299.

IADECOLA, C., SUGIMOTO, K., NIWA, K., KAZAMA, K. & ROSS,
M.E. (2001b). Increased susceptibility to ischemic brain injury in
cyclooxygenase-1-deficient mice. J. Cereb. Blood Flow Metab., 21,
1436–1441.

LO, E.H., DALKARA, T. & MOSKOWITZ, M.A. (2003). Neurological
diseases: mechanisms, challenges and opportunities in stroke. Nat.
Rev. Neurosci., 4, 399–414.

RAIDOO, D.M., RAMCHURREN, N., NAIDOO, Y., NAIDOO, S.,
MULLER-ESTERL, W. & BHOOLA, K.D. (1996a). Visualisation of
bradykinin B2 receptors on human brain neurons. Immunopharma-
cology, 33, 104–107.

RAIDOO, D.M., RAMSAROOP, R., NAIDOO, S. & BHOOLA, K.D.

(1996b). Regional distribution of tissue kallikrein in the human
brain. Immunopharmacology, 32, 39 –47.

RELTON, J.K., BECKEY, V.E., HANSON, W.L. & WHALLEY, E.T.

(1997). CP-0597, a selective bradykinin B2 receptor antagonist,
inhibits injury in a rat model of reversible middle cerebral artery
occlusion. Stroke, 28, 1430–1436.

SARKER, M.H., HU, D.E. & FRASER, P.A. (2000). Acute effects of
bradykinin on cerebral microvascular permeability in the anaes-
thetized rat. J. Physiol., 528 (Part 1), 177 –187.

SOBEY, C.G., HEISTAD, D.D. & FARACI, F.M. (1997). Mechanisms
of bradykinin-induced cerebral vasodilatation in rats. Evidence
that reactive oxygen species activate K+ channels. Stroke, 28,

2290 –2295.
THOMASSEN, L., BRAININ, M., DEMARIN, V., GROND, M.,

TONI, D. & VENABLES, G.S. (2003). Acute stroke treatment
in Europe: a questionnaire-based survey on behalf of the EFNS
Task Force on acute neurological stroke care. Eur. J. Neurol., 10,
199–204.

WAGNER, S., KALB, P., LUKOSAVA, M., HILGENFELDT, U. &
SCHWANINGER, M. (2002). Activation of the tissue
kallikrein –kinin system in stroke. J. Neurol. Sci., 202,

75 –76.

1370 C.G. Sobey Commentary

British Journal of Pharmacology vol 139 (8)



WAHL, M., WHALLEY, E.T., UNTERBERG, A., SCHILLING, L.,
PARSONS, A.A., BAETHMANN, A. & YOUNG, A.R. (1996).
Vasomotor and permeability effects of bradykinin in the cerebral
microcirculation. Immunopharmacology, 33, 257 –263.

ZAUSINGER, S., LUMENTA, D.B., PRUNEAU, D., SCHMID-ELSAESSER,
R., PLESNILA, N. & BAETHMANN, A. (2002). Effects of LF 16-0687
Ms, a bradykinin B2 receptor antagonist, on brain edema formation

and tissue damage in a rat model of temporary focal cerebral ischemia.
Brain Res., 950, 268–278.

(Received June 3, 2003
Accepted June 16, 2003)

C.G. Sobey Commentary 1371

British Journal of Pharmacology vol 139 (8)


