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Introduction
Bradykinin (BK) is a member of Kallikrein-Kinin System (KKS), 

a complex of two substrates (kininogens) activated by two enzymes 
(kallikreins) to produce four inflammatory mediators (kinins) that 
bind to two BK receptors, B1 and B2 [1]. 

B1 receptors are expressed in only few tissues under normal 
conditions and only in very small numbers. Several diseases are 
occurred with rapid induction of B1 receptors in specific tissues [2].

All tissues express B2 receptors which mediate activities of BK. BK-
induced activation of B2 receptors causes relaxation of venular smooth 
muscle, hypotension, increased vascular permeability, contraction 
of smooth muscle of gut and airway leading to increased airway 
resistance, stimulation of sensory neurons, alteration of ion secretion 
of epithelial cells, production of Nitric Oxide (NO), and release of 
cytokines from leukocytes and eicosanoids from various cell types [3]. 
Because of this broad spectrum of activity, BK has been implicated in 
many pathophysiological conditions including pain, sepsis, asthma, 
symptoms associated with rhinoviral infection, rheumatoid arthritis, 
and other inflammatory diseases. Several BK receptor antagonists are 
being developed with major interest in treating these pathological 
conditions to block activation of BK receptors. In fact, using BK 
antagonist clinically to treat any of these disorders would represent 
novel therapy [4,5].

Furthermore, all members of KKS are located in cardiac muscle, 
and its deficiency may lead to cardiac dysfunction. Recently, many 
observations that are obtained from experimental animals of diabetes, 
hypertension, cardiac failure, ischemia, Myocardial Infraction (MI) 
and Left Ventricular Hypertrophy (LVH) have found that reducing 
activity of BK may be the reason for induction of cardiovascular related 
diseases in those cases [6]. So, activation of BK and/or its receptors 
by BK agonist can be an excellent candidate in treating hypertension, 
cardiovascular and renal diseases. In addition, BK agonists may also 
be available in the future as therapeutic agents for cardiovascular and 
renal disorders [7].

Kallikrein-Kinin System (KKS)
Kinin is a general term for a group of polypeptides, found in 

blood, which ultimately produce BK [8]. By virtue of their ability to 
activate endothelial cells, leading to vasodilatation, increased vascular 
permeability, tissue-type plasminogen (t-PA) release, production of NO 
and mobilization of arachidonic acid, they participate in physiological 
(regulation of blood pressure, renal and cardiac functions) and 
pathological processes like inflammation [9].

Members

KKS consists of large proteins, small polypeptides and group of 
enzymes that activate and deactivate the compounds. Proteins are 
High-Molecular Weight Kininogen (HMWK) and Low-Molecular 
Weight Kininogen (LMWK) [10].

Kininogens are precursors of kinins and substrates of kallikreins. 
They are present in plasma; lymph, and interstitial fluid, two 
kininogens are known to be found in plasma: a LMWK and HMWK. 
Both are acidic glycoproteins consisting of single polypeptide chain. 
About 15-20% of the total plasma kininogen is in HMW form. It is 
thought that LMWK crosses capillary walls and serves as substrate for 
tissue kallikrein, while HMWK is confined to bloodstream and acts as 
substrate for plasma kallikrein [1]. 

The polypeptides of KKS are BK and kallidin (KD). BK is produced 
when kallikrein releases it from HMWK, while, KD is released from 
LMWK by tissue kallikrein [11].

The enzymes are kallikreins, Carboxypeptidases, Angiotensin 
Converting Enzyme (ACE) and Neutral Endopeptidase (NEP) [7]. 
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Summary
Bradykinin and other related kinins appear to be important regulators of cardiovascular function. They are 

being increasingly noted as likely participants in actions of drugs that affect heart, kidney, and circulation. This 
phylogenetically ancient system of substrates, proteases, peptides, peptidases, and inhibitors has some 
responsibility in the regulation of local and perhaps systemic hemodynamics, vascular permeability, inflammatory 
response, activation of neuronal pathways, and movement of electrolytes, water, and metabolic substrates across 
epithelia and into other tissues. It has been shown that bradykinin acts through two receptors, B1 and B2 that differ 
in the mechanism by which they are regulated. The development and use of both B1 and B2 receptor antagonists 
as potential drug targets has been implicated in several pathophysiological conditions like hypertension, diabetes 
and other cardiovascular and renal disorders. Although bradykinin has multiple beneficial actions, some undesirable 
effects have been reported, such as, oedema, broncho constriction and angioedema; which can be converted by 
bradykinin antagonists. Finally, a number of other applications are still under clinical investigations for the applicability 
of bradykinin receptor antagonists in heart failure, sepsis and asthma.
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Kallikreins are glycoprotein enzymes present in plasma and in 
several tissues, including kidneys, pancreas, intestine, sweat glands, and 
salivary glands. They are serine proteases with active sites and catalytic 
properties similar to those of enzymes, such as, trypsin, plasmin, and 
elastase.

Plasma kallikrein circulates in blood as precursor, prekallikrein, 
which is produced by the liver. Plasma kallikrein can be activated by 
trypsin, Hageman factor and possibly kallikrein itself. Some glandular 
kallikreins exist as prekallikrein; others are present in active forms. 
In general, biochemical properties of glandular kallikreins are quite 
different from those of plasma kallikreins [1].

Carboxypeptidases are present in two forms, N circulates and 
M is membrane-bound. They remove arginine residues at carboxyl-
terminus (C-terminal) of BK and KD [11].

ACE also termed kininase II inactivates a number of peptide 
mediators, including BK [12].

NEP, also, deactivates kinins and other mediators [10].

Formation of kinins in plasma and tissues

The pathway for formation and metabolism of kinins is shown in 
(Figure 1). Three kinins have been identified in mammals: BK, lysylBK 
(also known as KD), and methionyllysylBK. Their structures are shown 
below:

Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg

1 2 3 4 5 6 7 8 9

Bradykinin

Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg

LysylBK (KD, Lys-bradykinin)

Met-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg

MethionyllysylBK (Met-Lys-bradykinin)

Note that each kinin contains BK in its structure. Each kinin 
is formed from kininogen by the action of different enzyme. BK 
is released by plasma kallikrein, KD by glandular kallikrein and 
methionyllysylBK by pepsin and pepsin-like enzymes. The preferred 
substrate for plasma kallikrein is HMWK; whereas for tissue kallikrein 
is LMWK. Some KD is converted to BK by aminopeptidase. The three 

kinins have been found in plasma, but BK is the predominate one. 
All three kinins are also present in urine. KD is the major urinary 
kinin and is probably formed by the action of renal kallikrein. BK is 
generated from KD by renal aminopeptidase. MethionyllysylBK occurs 
in acidified urine: acid activates uropepsinogen, which then catalyzes 
release of methionyllysylBK from urinary kininogens [1]. 

Metabolism of kinins

Kinins are metabolized rapidly (half life <15 seconds) by nonspe-
cific exo- or endopeptidases, commonly referred to as kininases. Two 
plasma kininases have been well characterized. Kininase I, apparently 
synthesized in liver, is carboxypeptidase that released C- terminal argi-
nine residue. Kininase П is present in plasma and vascular endothelial 
cells throughout the body. It is identical to ACE; peptidyl dipeptidase. 
Kininase П inactivates kinins by cleaving C- terminal dipeptide phe-
nyl-alanyl-arginine. Like angiotensin I, BK is almost completely hydro-
lyzed during single passage through pulmonary vascular bed [11].

Bradykinin (BK)
BK is a naturally occurring neuropeptide (plasma protein). It 

is a pharmacologically active kinin, which is considered as either 
cardioprotective or proinflammatory agent [7]. BK is very similar to 
KD, which has same sequence but with additional N terminal lysine 
(KD possessing one additional amino acid residue) (Figure 2) [12,13].
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Figure 1: The Kallikrein-kinn system. Kininase II is identical to converting 
enzyme peptidyl dipeptidase.
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Figure 2: Struture of bradykinin and some bradykinin antagonists. The 
sites proteolytic cleavage for formation of kallidin and bradykinin by kallikrein 
from high-molecular-weight kininogen are shown in the upper half of the figure 
inactivation are shown in the lower half. The B2-receptor antagonist icatibant 
(Hoe 140) has a pA2 of 9 and the competitive B1-receptor antagonist des-Arg 
Hoe 140 pA2 of 8. The Hoe compounds contain unnatural amino acids: Thi, D-Tic 
and Oic, which are analogues of phenylalanine  and proline.
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Figure 3: The generation and breakdown of bradykinin. High-molecular-
weight kininogen (HMW-Kininogen) probably acts both as a substrate for 
kallikrein and as a cofactor in the activation of prekallikrein.
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In humans and most mammals, term “kinin” refers to the 
nonapeptide BK, the decapeptide KD, and their C-terminal des-Arg 
metabolites [12].

History

 BK was discovered by three Brazilian physiologists in 1948 as 
powerful hypotensive agent in animal preparations. BK was detected in 
blood plasma of animals after addition of venom of bothrops jararaca 
(Brazilian lanchehead snake), which was brought by Rosenfeld from 
Butantan Institute. This discovery was part of a continuing study on 
circulatory shock and proteolytic enzymes related to toxicology of 
snake bites, started by Rocha e Silva as early as 1939 [14].

Structure

The amino acid sequence of BK is: Arg-Pro-Pro-Gly-Phe-Ser-Pro-
Phe-Arg. Therefore, its empirical formula is: C50 H73 N15 O11 [6].

mostly in lung. It also cleaves two C-terminal residues from inactive 
peptide angiotensin I, converting it to active vasoconstrictor peptide 
angiotensin II. Thus, the enzyme inactivates vasodilator and activates 
vasoconstrictor [4].

Kinins are also inactivated by various less-specific kininases; 
one of these, carboxypeptidase present in serum (Figure 2), removes 
C-terminal arginine from BK, generating des-Arg 9-BK, which is a 
specific agonist of B1 receptor [3,6].

BK Receptors

The biological actions of BK are mediated by specific receptors 
located on membranes of the target tissues. Two types of BK receptors, 
termed B1 and B2, which mediate very similar effects. Both are typical 
G-protein-coupled receptors [1]. 

B1 receptors appear to have limited distribution in mammalian 
tissues. The known functional roles for B1 receptors are determinate 
but may involve inflammation and long-lasting effects of BK, for 
example, collagen synthesis and cell multiplication [15]. By contrast, 
B2 receptors have widespread involvement which is consistent with 
multitude of biologic effects that are mediated by this receptor type 
[13]. 

B1-receptors are absent in most normal tissues, but are strongly 
inducible within few hours under conditions of inflammation and 
tissue damage; cytokines such as interleukin-1 (IL-1) are mainly 
responsible for this induction. B1- receptors respond to inactive BK 
metabolite (des-Arg9-BK), but not to BK itself, and are selectively 
blocked by various peptide antagonists. It is likely that B1-receptors play 
a significant role in inflammation and hyperalgesia [13]. B1 receptors, 
also, have been implicated in plasma extravasation, white blood cell 
activation and accumulation, and in control of blood pressure. B1 
receptor activates phosphatidylinositol-spesific phospholipases C and 
possibly phospholipases A2 (PLA2) [16]. 

B1 receptor gene is composed of three exons. The entire coding 
region for receptor is contained within third exon. A variety of 
polymorphisms have been identified. One, G/C single nucleotide 
polymorphism, in the promoter region has been associated with 
diseases. Expression of C allele is higher than G allele, and patients with 
G allele have greater incidence of inflammatory bowel disease and end-
stage renal disease [3]. 

B1 receptor-mediated arachidonic acid release and prostaglandin 
(PG) synthesis are short-lived, which is similar to B2 receptors [10]. 
Activation of B1 receptors leads to elevation of intracellular free calcium 
activity by increasing calcium entry into the cell; this is different from 
B2 receptor which acts primarily to release bound intracellular calcium 
[1].

In animal models that their B1 receptor has been knockout; they 
develop normally and have normal blood pressure. On the other 
hand, when inflammatory stimuli are applied a dramatic reduction in 
accumulation and apoptosis of neutrophils and hypoalgesia have been 
reported [3,14].

B2-receptors are constitutively present in many normal cells and 
tissues and are activated by BK and KD, but not by BK metabolite (des-
Arg9-BK). One exception is B2 receptor that mediates contraction of 
venous smooth muscle; this appears to be more sensitive to KD [10]. 
B2 receptors mediate broncho constriction, local blood flow regulation, 
hypotension, acute inflammatory reactions, pain, and hyperalgesia. 
Like B1 receptors, B2 receptors activate phosphotidylinositol-specific 

Synthesis

An outline of formation of BK from HMWK in plasma by kallikrein 
is given in figure 3. Prekallikrein is present in plasma as inactive precursor 
of proteolytic enzyme kallikrein. Prekallikrein can be converted to 
active enzyme (which is serine protease) in a variety of ways. One of the 
physiological activators is Hageman factor (factor XII of blood clotting 
sequence). Hageman factor is normally in active form in plasma and 
is activated by contact with surface having a negative charge, such as 
collagen, basement membrane, bacterial lipopolysaccharides and urate 
crystals. As a result of increased vascular permeability that occurs in 
inflammation, Hageman factor, prekallikrein and kininogen leak out 
of vessels with plasma. Contact with the negatively charge surface 
promotes interaction of prekallikrein and Hageman factor and this 
leads to kinin generation, BK being clipped out of HMWK molecules 
by enzyme, which acts at two sites to release nonapeptide (Figure 
2). Kallikrein can also activate complement system and can convert 
plasminogen to plasmin [9].

In addition to the plasma kallikrein described above, there are 
other kinin –generation kallikreins found in pancreas, salivary glands, 
colon and skin. Tissue kallikreins act on both HMWK and LMWKs 
and generate mainly KD [1].

Inactivation

The main enzymes that inactivate BK and related kinins are called 
kininases (Figure 2 and Figure 3). One of these, kininase II, is the same 
as ACE [10].

Kininase II is peptidyl dipeptidase that removes two C-terminal 
amino acid residues from kinin, thus inactivating it (Figure 2). The 
enzyme is bound to luminal surface of endothelial cells and it is found 
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Phospholipase C. In addition, in most tissues, B2 receptor activation 
results in production of PGs and other arachidonic acid metabolites 
[13,14].

B2 receptor gene is composed of three exons, of which exon 2 
and exon 3 provide coding region for receptor. Promoter region for 
B2 receptor contains a single nucleotide polymorphism; T/C. C allele 
has been demonstrated to be independent risk factor for essential 
hypertension in several ethnic groups [1,3].

B2 gene expression level is constitutive [9]. Activation of B2 
receptor by binding of BK results in rapid internalization of receptor 
protein by endocytosis, occurring within few minutes. Internalization 
causes cessation of biological activity of receptor. Thus, activation of 
particular B2 receptor lead to transient increase in intracellular calcium 
activity and short-lived PG release [11].

In comparison to B1 receptors, activation of B2 receptors generates 
an increased intracellular calcium activity from release of calcium from 
intracellular stores [12].

Studies with B2 receptor knockout animals have shown that they 
developed normally. However, when these animals are fed high-
salt diet, severe hypertension occurs. It also has been noticed that 
Renin-Angiotensin System (RAS) was abnormal (KKS and RAS are 
antagonistic hemodynamic regulatory systems that play important 
roles in blood pressure homeostasis) and abnormal renal development 
happened. Besides some cardiac defects as well as chronically elevated 
heart rate where identified [16]. 

The physiological effects of B1 receptors

BK-B1-receptors have roles in different systems. Stimulation of 
B1-receptor can cause vasodilatation in blood vessels. B1-receptor 
has been shown to precondition heart against ischemic events and 
protect it from arrhythmias [4]. In addition, they are involved in renal 
function by affecting both natriuresis and glomerular filtration [17]. 
B1-receptors, also, contributed in pathogenesis of diabetes [6]. The 
roles of B1-receptors in inflammation are in leucocyte recruitment, 
initiation of inflammatory responses as well as physiology of pain. 
Recently, it has been determined that B1-receptors are mitogenic in 
fibrotic tissue [15].

The physiological effects of B2-Receptors

B2-receptors produce many effects on a number of tissues. In 
vasculature and cardiovascular system, they can lead to vasoconstriction 

or vasodilatation, through either stimulation or inhibition of growth in 
parenchymal tissues, reduce infract size and precondition heart against 
ischemic events. Moreover, they have been shown to be antiarrhythmic 
in heart and antithrombotic in vasculature. In addition, B2 receptors 
improve myocardial demand of oxygen in heart failure by attenuating 
endothelial dysfunction [7,16]. Where, in diabetes they affect glucose 
metabolism either directly or by interaction with insulin [18]. BK and 
its receptors play a role in alimentary tract. They affect smooth muscle 
cells of duodenum, ileum, and cecum, causing either relaxation or 
contraction. B2-receptors have been implicated in the pathogenesis of 
asthma as they cause chloride secretion and bronchoconstriction. They, 
also, affect function of reproductive organs and bladder by inducing 
smooth muscle contraction in vas deferens, uterus, and bladder. B2-
receptors have been involved in the pathophysiology of pain, sepsis, 
inflammation, hyperalgesia, rhinoviral infection, and rheumatoid 
arthritis [3]. 

The Effect of BK in Cardiovascular System
BK is known for its multiple effects on cardiovascular system and 

particularly by its vasodilatation and plasma extravasation properties, 
leading to an inflammatory response [9]. Vasodilatation is normally 
mediated by B2 receptor, but under inflammatory conditions, B1 
receptor up-regulation mediates kinin-induced vasodilatation and 
hypotension [19]. BK-related peptides act as vasodilators through 
endothelial cells from which secondary mediators are released to 
affect vascular smooth muscle [20]. In humans, cardiovascular actions 
of kinins (Figure 4) are mainly correlated to preformed B2 receptor 
stimulation (leading to NO and PG formation) and contribution 
of B1 receptor is not detectable [21]. NO is derived from L-arginine 
by endothelial NOS (eNOS). NO diffuses from endothelium to 
smooth muscle where it activates guanylate cyclase. NO-independent 
ion channel are also suspected to mediate endothelial-dependent 
vasorelaxation [22]. PG is also released by kinins from endothelial 
cells, properly via cytosolic calcium-sensitive isoform of PLA2 and 
stimulates cyclic Adenosine Monophosphate (cAMP) production in 
smooth muscle cells [21,22]. These physiological effects of kinins are 
potentially useful to treat hypertension and ischemic disorders and to 
maintain renal function (as KKS plays a role in handling salt excess) 
[9].

Local generation of kinins or inhibition of their degradation and 
resulting B2 receptor stimulation could be of interest in reducing blood 
pressure or promoting cardioprotective effects [19]. 

On the other hand, B1 receptor activation has been shown to exert 
protective effect after cardiac ischemia in mice [19].

The Effects of BK in Cardiovascular Diseases
Tissue kallikrein produces the potent vasodilator kinin (BK) 

from kininogen substrate, which binds to kinin receptor and triggers 
wide spectrum of biological effects [9]. The levels of tissue kallikrein 
are reduced in human and animal models with hypertension, 
cardiovascular and renal diseases [19]. A single injection of human 
tissue kallikrein gene in transgenic hypertensive mice resulted in 
prolonged lowering of blood pressure and attenuating hypertrophy, 
fibrosis in heart and kidney [20]. Furthermore, enhanced KKS levels 
after gene transfer exerted beneficial effects, with protection against 
cardiac remodelling, renal injuries, restenosis, and cerebral infraction 
in normotensive animal models without hemodynamic changes, 
indicating direct actions of kallikrein independent of its ability to lower 
blood pressure [21]. Moreover, KKS exhibited pleiotropic effects by 

des-Arg9-kinins BK, KD
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P

PLA2

PLA2

Ca2+

Ca2+

Ca2+

Ca2+

GαGα

Gα
Gα PLC

PKC

R E L A X AT I O N

γ
β

γ
β

Figure 4: Kinin receptors and their signaling pathways. Schematic representa-
tion of B1 and B2 receptors and the second messengers released by their acti-
vation. PLC: phospholipase C; ER: endothelial reticulum; DAG: diacylglycerol; 
IP3: inositol 1, 4, 5-triphosphate; PLA2: phospholipase A2; NO: nitric oxide; 
eNOS: endothelial NO synthase.
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inhibiting apoptosis, inflammation, hypertrophy, and fibrosis, and 
promoting angiogenesis and neurogenesis in heart, kidney, brain, and 
blood vessels [22]. The effects of kallikrein were mediated by BK B2 
receptor, as specific B2 receptor antagonist, icatibant, abolished actions 
of kallikrein [19]. These results indicate that BK, through B2 receptor 
activation and NO formation, can protect against oxidative damage in 
cardiovascular and renal diseases and ischemic stroke [23]. And may 
uncover new drug targets for prevention and treatment of heart failure, 
vascular injury, end-stage renal disease and stroke in humans [24].

Hypertension

The pharmacological actions of BK in controlling systemic blood 
pressure were vasodilatation in most areas of circulation, reduction 
of total peripheral vascular resistance and regulation of sodium 
excretion from kidney [22]. When BK is injected into renal artery, it 
causes diuresis and natriuresis by increasing renal blood flow [24]. 
These consequences of BK have been attributed to PG release in renal 
circulation [21-23]. The role of KKS in hypertension was established 
with observations that urinary kallikrein excretion is significantly 
decreased in hypertensive patients. This led to the suggestion that 
reduced urinary kallikrein excretion might result from a defect in kinin 
generation in hypertensive situations [23]. 

BK and cardioprotection

Cardiac failure and ischemia: The local and systemic administra-
tion of BK can increase coronary blood flow and improve myocardial 
metabolism [22]. The binding of kinins to endothelial B2-receptors 
causes release of NO and PG, exerting vasodilator, anti- ischemic, and 
anti-proliferative effects, and preserving myocardial stores of energy-
rich phosphates and glycogen [20]. Kinins contribute to maintenance 
of cardiovascular homeostasis by opposing vasoconstrictor activity of 
angiotensin II [21]. On the other hand, kinins are continuously re-
leased during cardiac hypoxia and ischemia. They act as cardioprotec-
tive agents in perfusion and participate in the process of ischemic pre-
condition [22]. Furthermore, kallikrein gene transfer improved cardiac 
function, and reduced myocardial infract size, incidence of ventricular 

fibrillation and apoptosis after acute ischemia-reperfusion via activa-
tion signal transduction pathways generating NO and PG [1] [Figure 
6]. 

LVH: BK can counter the accretion of LVH in rats with 
hypertension. This anti-hypertrophic effect of BK was blocked by 
B2-receptor antagonist and NOS inhibitor. Thus, BK has a role in 
protecting heart against developing LVH by releasing NO [22]. 
Therefore, deficiency in components of KKS in heart may be the reason 
of myocardial dysfunction in maintaining high blood pressure and 
cardiac LVH [2]. 

Stroke: KKS has a potential protective role in stroke, because 
it reduced stroke-induced mortality, blood pressure, and aortic 
hypertrophy [3]. In addition, KKS significantly lowered ischemia-
induced neurological deficits, cerebral infract volume and apoptosis, 
while promoting survival and migration of glial cells into ischemia core 
in haemorrhagic cerebral ischemic rat [24]. 

The BK Role in Renal System
Tissue KKS is one of the major regulators of renal circulation, 

as it regulates arterial pressure, renal hemodynamic, and electrolyte 
excretion [17]. The present study showed that transgenic mice over 
expressing human BK B2 receptor are hypotensive and exhibited 
augmented renal hemodynamic, as manifested by increased renal blood 
flow, glomerular filtration rate, urine flow, urinary potassium excretion 
and pH [19]. Enhanced renal functions were accompanied by increased 
vasorelaxation factors, such as, NO, cyclic Guanosine Mono Phosphate 
(cGMP), and cAMP in kidney and urine [9]. So, these findings suggest 
that BK effects in renal system, which are, protection of kidney from 
renal injuries, improvement of renal function, natriuresis, and diuresis 
depend on NO synthesis [9,17]. 

Role of BK in Renal Diseases
KKS and renal protection

Current study indicates a novel role of KKS in protection against 
salt- and drug-induced renal injury by inhibiting oxidative stress and 
inflammation [24]. This was documented by giving intravenous infusion 
of urinary kallikrein to animal models; in which KKS reduced renal 
damage, diminished inflammatory cell accumulation, and enhanced 
renal function without affecting blood pressure [17]. Moreover, it is not 
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only attenuated but also reversed salt-induced renal fibrosis in renal 
interstitium and vasculature and glomerular hypertrophy and restored 
NO production [16]. These protective effects of KKS were antagonised 
by icatibant [18].

Diabetic nephropathy

Experimental investigations demonstrated that KKS may be a 
therapeutic target in preventing and treating diabetic nephropathy. 
In fact, ACE-inhibitors which inhibit degradation of BK lowered 

development of diabetic nephropathy in experimental animals and 
clinical settings. The role of KKS in diabetes is further supported by Application

Agonists:

R-838 (Sar-[D-Phe8]des-Arg9-
BK)

Metabolically stable
High affinity and selectivity 
Hypertension
Stimulation of vasculature formation (follow-
ing ischemia)

Antagonists:

[Leu8]des-Arg9-BK

Lys-[Leu8]des-Arg9-BK

Ac-Lys-[MeAla6,Leu8]des-Arg9-
BK

R-715 (Ac-Lys-[βD-Nal7,Ile8] 
des-Arg9-BK

B9858 (Lys-Lys-[Hyp3,Igl5,D-
Igl7,Oci8] des-Arg9-BK

Des-Arg10-HOE140

B9430 (D-Arg-[Hyp3,Igl5,D-
Igl7,Oci8]-BK)

R-954 (Ac-Orn-[Oic²,α-
MePhe5,D- βNal7,Ile8]des-Arg9-
BK

PS020990

Compound 12 (benzodiazepine-
based structure)

Benzo-sulfonylamide compounds:

Compound 12

Compound 11

SSR240612

Pain
Ischemic vascular disease

Optimal B1 receptor antagonist

Metabolically stable (not very potent com-
pared with affinity of reference compound 
Lys-[Leu8]des-Arg9-BK

High affinity 
Allergic lung inflammation

Fairly high selectivity for B1 receptor due to 
Lys0 
Metabolically stable residue

Residual antagonistic effects on B2 receptor 
Moderate affinity 

Mixed B1 and B2 receptors antagonist even if 
des-Arg9 fragment has substantial selectivity 
for B1 receptor 

Allergic lung inflammation 
Airway allergy

 
Potent and competitive B1 receptor antago-
nist
High affinity

Selective antagonist

Powerful and selective antagonists

Hyperalgesia 

Speculative on pain, inflammation and sepsis

Inflammation and Hyperalgesia 

Table 1: Pharmacological and clinical application of kinin B1-receptor  agonists 
and antagonists.

Application
Agonists:

Labradimil ([Hyp³, Thi5, 4-Me-
Tyr8 ÿ (CH2-NH)Arg9]-BK)2

FR190997

Vascular permeability (blood brain barrier): 
adjuvant to chemotherapy of brain tumors

Hypertension

Antagonists:

First generation:

[D-Phe 7]-BK

[Thi5,8,D-Phe7]-BK
Second generation:

HOE 140 (Icatibant; D-Arg-
[Hyp3,Thi5,D-Tic7,Oci8]-BK)

Third generation – Nonpeptide 
compounds

 Phosphonium family:

WIN64338

WIN62318

Quinoline and imidazole
 [1,2-α]pyridine family:

FR165649, FRI173657, FRI84280

FRI167344

Compound 38

CP2522

Substituted 1,4-dihydropyridines

Bradyzide

Natural compounds:

Pyrroloquinoline alkaloid: Marti-
nelline

L-755807

Low potency, Antagonist/partial agonist 
activity

Potent antagonist, no agonist activity

High affinity, long-lasting, competitive activity 
but measurable affinity for B1receptor 
No residual agonist effects
Resistance to peptidases
Acute rhinitis (nasal treatment)
Asthma
Early stage of inflammation
Persistent inflammatory pain

Inactive 
Limited affinity

Micro molar binding affinity to human B2 
receptor 

High B2 receptor affinity and selectivity 
versus B1 receptor

Oral activity on hyperalgesia and inflamma-
tion

Selective and high potent binding activity 
Bronchoconstriction

High affinity

High affinity
Modelled on CP0597 by replacing β-turn 
conformation of the peptide by a rigid 1,4-pi-
perazine ring

B2 antagonist at the nanomolar range

Hypertension, Inflammation

Affinity for both B1 receptor and B2 receptor 
at the micromolar range but not selective

Inhibition of BK binding to cloned human B2 
receptor at micromolar range

Table 2: Pharmacological and clinical application of kinin B2-receptor agonists and 
antagonists.
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findings that diabetic nephropathy is worsened in diabetic mice lacking 
BK B2 receptors [25]. 

BK Agonists and Antagonists
The properties of agonists and antagonists are summarized in 

Table 1 for B1 receptor and Table 2 for B2 receptor [9].

Antagonists for B1 receptor were discovered almost 10 years before 
B2 receptor; thus receptor nomenclature is justified by the fact that it 
was the first to be pharmacologically fully defined [19]. 

Some kinin antagonists have also been discovered as natural 
compounds: Martinelline, Pyrroloquinoline alkaloid isolated from 
plant Martinelline iquitosensis, is the most remarkable example [18].

The Undesirable Effects of BK
Patients who present genetic deficiency in C1 inhibitor (C1 INH), 

which is protease inhibitor that is responsible for release of vasoactive 
BK, suffer from Hereditary Angio Edema (HAE). BK is probably the 
main but not the sole mediator accountable for increased vascular 
permeability that results in Angio Edema (AE). In fact, some researchers 
reported that generation of BK is associated with activation of fibrolysis 
during acute attacks of HAE. A model of HAE contributed to support 
hypothesis that BK mediates HAE. In this model, gene coding for C1 
INH demonstrated increased permeability and depletion of HMWK 
when treated with specific plasma kallikrein inhibitor or B2 receptor 
antagonist, increased vascular permeability was completely reversed 
(Figure 6) [26]. 

Despite their clinical effectiveness, ACE-Inhibitors can cause 
chronic and acute side effects. The side effects that do occur are 
primarily related directly or indirectly to increased kinins since ACE 
is also kininase. These side effects include non-productive cough, 
angioneurotic oedema, and anaphylactoid reactions [19]. 

The cause and mechanism of ACE-Inhibitor-induced dry cough 
is not known, but increased local concentration of kinins (BK) or 
PGs may be important. Kinins may induce bronchial irritation and 
cough via enhanced production of PGs which may then stimulate 
afferent C-fibres in airways and sensitize bronchial contractility 
[27]. In addition, local accumulation of BK may lead to activation of 
proinflammatory peptides and a local release of histamine, inducing 
cough reflex hypersentivity [9].

Novel Development in BK System 
Roles of KKS in inflammation have been investigated and reviewed 

extensively [3]. Many diseases such as chronic inflammatory pain, 
oedema, asthma and sepsis have their basis in inflammatory response; 
development of novel antagonist drugs targeted at B1 and B2 receptors 
provides novel therapeutic opportunity. Clinical development of 
these drugs is at early stage, with few human clinical studies reported 
until now and mainly based on peptide compounds [4]. The potential 
therapeutic applications of kinin receptor ligands (not always 
antagonists) include cardiovascular and renal disorders, inflammation, 
pain, diabetes, asthma, and perhaps cancer [14]. Examples of using 
novel BK antagonists to prevent and/or treat cardiovascular diseases, 
include, treatment of HAE. The purpose of this treatment is to inhibit 
release of vasoactive peptide, BK, or to block its proinflammatory 
effects (Figure 6). This can be achieved by using Serine proteases 
inhibitors: C1 INH and Aprotinin are two seprins used in treatment 
of HAE. They have high affinity for plasma kallikrein and plasmin. 
Inhibition of plasma kallikrein, which triggers the release of BK during 

contact system activation, could lead to decreased release of BK during 
HAE attack [18].

The other example is Omapatrilat, which is vasopeptidase inhibitor 
(VPi). VPi possess ability to inhibit simultaneously two membrane-
bound zinc metalloproteases, ACE and NEP, with similar nanomolar 
inhibitory constants. This dual inhibitor has been evaluated clinically 
for treatment of hypertension, heart failure, and renal disease. It is 
appeared to be a potent antihypertensive agent with favourable effects 
on cardiac function in heart failure patients [9].

Staphylococcus aureus (S. aureus) is a major pathogen of gram-
positive septic shock and associated with consumption of plasma 
kininogen. The examination of vascular leakage (VL) activity of two 
cysteine proteinases that are secreted by S. aureus showed that both 
induced VL in BK B2-receptor-dependent-manner. S. aureus also 
produced VL activity from human plasma, apparently by acting 
directly on kininogens to release BK. Collectively, these data suggest 
that production of BK is new mechanism of S. aureus virulence and 
bacterial shock. Therefore, BK-receptor antagonists could be used to 
treat this disease [28].

In humans, BK induces potent bronchoconstriction and cough 
when inhaled in asthmatic patients and it causes rhinitis-like symptoms 
when instilled into the nose. Furthermore, BK is generated in human 
nasal secretions during rhinoviral infections and allergic rhinitis. 
On the basis of these findings, therapeutic potential role of kinin B2 
receptor antagonists has been hypothesized for treatment of airways 
inflammatory pathologies associated with hyper responsiveness to BK, 
such as, chronic bronchial asthma, or with release of BK, like, perennial 
and seasonal allergic rhinitis [29].

Icatibant (HOE 140), a widely used peptide B2 receptor antagonist, 
has been found to significantly improve the ventilatory function in 
humans with asthma when administrated in an aerosol form. The 
mode of action of this drug was not related to an acute bronchodilator 
action, but rather to a long-term anti-inflammatory effect [3].
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