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The Bradykinin System

The kinins are pharmacologically active polypeptides, which are

released in the tissues and body fluids as a result if the enzymatic
action of kallikreins on kininogens. The kinin family includes BK

(Arg-Pro-Pro-gly-Phe-Ser-Pro-Phe-Arg), kallidin (Lys- -Arg-Pro-

Pro-Gly-Phe-Ser-Pro-Phe-Arg) and methionyl-lysyl-BK (Met-Lys-

Arg-Pro-Pro-Gly-Phe-Arg). Kallidin and methionyl-lysyl-BK are

converted into BK by aminopeptidases present in plasma and urine
[1]. Kinins are rapidly (< 15 sec) inactivated by circulating kininases [2].

Kininogens are multifunctional proteins derived mainly from al-

pha -2 globulins. In humans, the two forms of kininogens are; high

molecular weight kininogen (HMWK) and low molecular weight
kininogen (LMWK) [3].

These kininogens vary from each other’s in molecular weight,

activated hageman factor (XIIa). In addition, plasma kallikrein is

able to convert inactive factor XII to XIIa by positive feedback reaction. The plasma prekallikrein and HMWK are present together in a

complex form [12]. Factor XIIa and factor XI circulate with HMWK
in bound form [13]. In this way, factor XI can be converted into XIa

for the participation in the intrinsic coagulation cascade [14]. In
immunological reactions, the tissue proteoglycone and mast cell

heparin might act as an initiating surface for initial activation of

the Hageman factor [15]. It seems that the kinins may be gener-

ated in parallel with the formation of thrombin at inflammatory
sites, since inactive plasma kallikrein can be activated by coagulant

Hageman factor. The tissue kallikrein multigene family comprises
a closely related cluster of genes that vary in number between the

different mammalian species: 24 genes have been identified in the
mouse, 20 in the rat, 3 in humans and 3 in the hamster [9].

Several restriction fragment length polymorphisms (RFLP) has

susceptibility to plasma and tissue kallikreins and in their physi-

been mapped in tissue kallikrein gene and their regulatory regions

T-kininogen in the rat plasma, which is considered to be an acute

between SHR and normotensive Wistar-Kyoto rats (WKYR). A tis-

ological properties [4]. They are synthesized in the liver and cir-

culate in the plasma and other body fluids. In addition, there is a

phase reactant of inflammation [5]. This kininogen releases T-kinin

by the enzymatic action of T- kallikrein in rats [6]. Tissue kallikrein

is found in various organs such as the kidney, heart and synovial
tissue [7,8]. These kallikreins differ from one another in molecular
weight, biological function, physicochemical and immunological

properties [9]. The tissue kallikrein is synthesized in the cells as
a precursor and converted into active form by the cleavage of an

amino terminal peptide [10]. Active tissue kallikrein acts on LMWK
to release kallidin. The plasma kallikrein is found in circulation in

an inactive form, which is known as prekallikrein or Fletcher factor
[11]. This inactive prekallikrein is converted to active kallikrein by

in spontaneously hypertensive rats (SHR) [16]. These findings

may reflect a possible difference in the tissue kallikrein gene locus

sue kallikrein RFLP has been indicated to cosegregate with high
BP in the F2 offspring of SHR and normotensive Brown Norway

rats crosses [17]. This finding strongly suggests a possibility of
SHR. The kininases, kinin inactivating enzymes, are present in the
plasma, endothelial cells and in the tissues to regulate the physi-

ological functions of the kinins in the body. These are known as
kininase I, Kininase II or angiotensin converting enzyme (ACE) and

enkaphalinase. In plasma, kininase I cleaves the C-terminal arginine of BK to form des-Arg9-BK [18]. Kininase II causes inactiva-

tion of BK by releasing pentapeptide (Arg-Pro-Pro-Gly-Phe0 and
tripeptide (Ser-Pro-Phe) fragments.
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Figure 1: shows the bradykinin formation, activation and inhibition pathways.
The Bradykinin System and Diabetes
Diabetes has been implicated as a major risk factor in the de-

velopment of cardiovascular and renal complications. Previous

studies have indicated altered activities of the bradykinin-forming
components [19] in diabetic patients and experimental animals.

High prevalence rates (25%) of diabetes have been documented in

Kuwaiti population [20]. Type2 diabetes can lead to hypertension,
renal and cardiac complications resulting in high rates of mortality
worldwide and in Kuwait as well. Bradykinin (BK), a pharmacologi-

cally active polypeptide, is one of kinins which is released in the tissues and body fluids as a result of enzymatic action of kallikreins

on kininogens. The two types of kallikrein are tissue kallikrein and
plasma kallikrein. Plasma kallikrein is also present in inactive form

known as prekallikrein, which can be activated into kallikrein. Tis-

sue kallikrein is mainly expressed in the kidney (urine), glandular

tissue, vasculature, [21] heart and brain. It preferentially acts on low

molecular weight kininogen substrate to release lysyl-BK. Tissue

kallikrein has also been reported to be present in plasma [22,23]
Plasma kallikrein preferentially acts on high molecular weight ki-

ninogen substrate to release BK. BK promotes both cardiovascular

and renal functions, for example, vasodilation, naturesis and diuresis[24,25] BK is rapidly (< 15 sec) inactivated by circulating
kinases [26] BK acts on B1receptor (B1R) and B2 receptor (B2R)

[27] to elicit physiological and pharmacological actions. It has
been shown previously that type 1 diabetic patients are at a risk of

developing nephropathy, having increased renal tissue kallikrein
and BK levels [28]. In addition, raised plasma prekallikrein levels

in type 1 diabetes has been considered as a risk marker for hypertension and nephropathy [29]. It has been shown that diabetic

rats with moderate hyperglycemia, in association with increased

urinary kallikrein excretion, resulted in reduced renal vascular resistance (RVR) and increased both renal plasma flow (RPF) and
glomerular filtration rate (GFR) [28,29].

The contribution of the renal BK-forming components has

been implicated in the renal injury [30] in experimental and type
1 diabetes. The urinary and plasma BK-forming components are

comprised of proteins that mediate their effects on vasculature
by releasing BK [30-33]. It is also known that the tissue kallikrein

present in the urine is originating from the kidney and it reflects
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the renal activity of BK [9]. Higher concentrations of prekallikrein

4.

plasma prekallikrein levels have been documented in type 1 diabet-

ic patients [27]. These investigators suggested that increased plas-

5.

nephropathy in type 1 diabetes. The present study may also suggest

6.

levels may suggest the onset of renal abnormalities. In fact, high
ma prekallikrein level could be a risk factor for hypertension and

a similar mechanism for developing hypertension and nephropathy
in type 2 diabetic patients. Therefore, plasma prekallikrein could be
a useful tool for monitoring diabetic patients for developing hypertension and/or renal abnormalities.

7.

It is of interest to suggest that the early detection of type 2 diabe-

tes based on high urinary kallikrein would be an indicator for future
renal abnormality that can be prevented with the treatment. In addition, high plasma prekallikrein activity may serve as an indicator

for causing hypertension and left ventricular hypertrophy in diabetic rats [34].

On the other hand, we observed reduced levels of total urinary

kininogen in type 2 diabetic patients. This observation might be a

reflection on the utilization of kininogen to form BK, a proinflamma-

tory agent as previously reported [35,36]. BK1R and BK2R antago-

nists may normalize the diabetic state in experimentally induced
diabetes in mice [37]. Thus, BK antagonist may be targeted for use

in diabetic disorders. Moreover, high levels of tissue kallikrein could

diminish glucose transport to the tissue [22]. This may also suggest
that high levels of tissue kallikrein in diabetic patients might be a

predisposing factor in the induction of type 2 diabetes due to the
inhibition of glucose transfer to the tissues [38]. Plasma levels of
tissue kallikrein have been reported to be increased in type 2 diabe-

tes as previously reported [15,39]. In the present study however, we

also observed high concentrations of plasma tissue kallikrein, which
presumably be due to the hyperactivity of the BK-forming system to

induce systemic metabolic abnormalities. It has been reported that

tissue kallikrein activates B2R directly without BK generation [40].
Furthermore, diabetic rats have been shown to have the glomerular

B1R and B2R expression in the diabetic state [41]. Thus, BK system
has significant role in the genesis of type 2 diabetes and agents that

participates in the BK pathways regulation may be valuable in the
development of diabetes [42-54].
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