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ABSTRACT

This brief review describes how two complex systems, the renin-angiotensin sys-
tem (RAS) and the kallikrein-kinin system (KKS), affect the retina. It emphasises 
the important physiological actions of components of these systems, the protective 
effectiveness of angiotensin I converting enzyme (ACE) inhibitors and angiotensin 
receptor blockers (ARB) in diabetic retinopathy and suggests as well the therapeutic 
possibilities for treatment of diabetic retinopathy by selective activation of bradyki-
nin receptors (B1 and B2).
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INTRODUCTION

The aim of this article is to assess a role of 
the renin-angiotensin system (RAS) and the 
kallikrein-kinin system (KKS) in diabetic retinal 
microvascular damage.  Diabetes is a major risk 
for loss of vision due to retinopathy and its ma-
jor complication, macular oedema. The chronic 
hyperglycaemia of diabetes mellitus disrupts 
carbohydrate, fat, and protein metabolism by 
deficiencies of insulin secretion, insulin action, 
or both. In type 1 diabetes the pancreas produc-
es very little or no insulin. Specific autoimmune 
markers indicate that an autoimmune process 
damages or destroys pancreatic beta cells in the 
majority of patients (nearly 90%) with type 1 di-
abetes.

Type 2 diabetes, the more common form of di-
abetes, affects both insulin action and insulin 
secretion. This form of the disease frequently 
occurs in elderly patients, and it is the most com-
mon cause of microvascular damage that may 
present as coronary artery disease, nephropa-
thy, peripheral neuropathy, and retinopathy.

Renin-Angiotensin and Kallikrein-Kinin
Systems in Diabetic Retinopathy

Renin-angiotensin and kallikrein-kinin systems 
Renin-angiotensin and kallikrein-kinin systems 
(Figure 1) are proteolytic cascades that oper-
ate at both systemic and local (tissue) levels.1,2 
Studies of their role in the eye have focused on 
distribution and participation in diseases, such 
as glaucoma, diabetic retinopathy, age-related 
macular degeneration and uveitis. This short 
presentation explores the therapeutic potential 
of some pharmacological agents that could af-
fect diabetic retinopathy (DR).

The RAS components consists of twenty pepti-
dases, nearly twenty angiotensin peptides, and 
six receptors.3 According to the classic view, the 
RAS is an endocrine system. Renin, which is 
produced in the kidney, acts on angiotensinogen 
in the circulation to form a biologically inactive 
decapeptide, angiotensin I, which is then con-
verted by angiotensin converting enzyme (ACE) 
to a potent vasoconstrictor peptide, angiotensin 
II.  Angiotensin II stimulates aldosterone syn-
thesis and regulates blood pressure, fluid vol-
ume, electrolytic balance, and inflammation. 
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This octapeptide acts through two types of re-
ceptors, AT1 and AT2. Originally it was assumed 
that the RAS acts as an endocrine system, but 
this view changed when it was shown that the 
RAS operates at both systemic and tissue levels.4 

ACE was discovered in the blood, but it is also 
found within endothelial and epithelial cells of 
the lungs, kidneys, the male genital tract and 
other tissues, as well as within body fluids, and 
retinal extracts from man, guinea pig, hog, and 
rabbit eyes.5 ACE converts angiotensin I (Asp-
Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu) to an-
giotensin II by cleaving a dipeptide, His-Leu 
from the C-teminal end of angiotensin I. The 
proline (Pro7) location in the penultimate po-
sition of angiotensin II6 prevents further cleav-
age by ACE.  However, the enzyme also cleaves 
C-terminal dipeptides from various other pep-
tide substrates, including bradykinin, kallidin, 
enkephalin, substance P and neurotensin. Un-
der normal conditions, in comparison to other 
organs, lung tissue has the highest ACE activity 
and the kidney the lowest. However, in individu-
als with genetically high ACE activities, especial-
ly diabetic subjects, this enzyme causes higher 
inactivation of kinins (bradykinin and kallidin) 
than angiotensin II production.7 

The components of KKS are present only in 
mammals.8 Kallikreins release kinins from two 
substrates: high molecular weight kininogen, or 
Fitzgerald factor (factor XII, 100 kDa), and a low 
molecular weight (50-68 kDa) kininogen. Both 
are synthesised in the liver and are abundant 
in plasma. Plasma kallikrein (Fletcher factor) 
releases bradykinin (Arg-Pro-Pro-Gly-Phe-Ser-
Pro-Phe-Arg), while tissue kallikrein releases 
kallidin.9 Both kinins act upon two types of re-
ceptors, B1 and B2. Under the most conditions, 
kinins act through B2 receptors, increasing va-
sodilatation, vascular permeability and by in-

Figure 1: Peptidases and peptides of the KKS and a portion of the RAS. The enzymes in the KKS are shown in green, while renin is 
shown in blue; ACE, which acts in both systems, in shown in red.

creasing intracellular calcium in smooth muscle 
and endothelium via increased nitric oxide and 
prostacyclin release from endothelial cells. Des-
Arg9 bradykinin and des-Arg10-kallidin acti-
vate the B1 receptor, which is rapidly expressed 
in inflammation or tissue injury. Kinins have a 
short half-life, less than 15 seconds. They are 
inactivated by two types of kininases:  kininase 
II or ACE and carboxypeptidases N and M and 
also by aminopeptidase.10,11

Interactions between the RAS and KKS occur at 
three enzyme levels: ACE, kallikrein, and pro-
lylcarboxypeptidase (PRCP). Additional inter-
actions between the two systems occur at B2 
receptors, and also at angiotensin AT1 and AT2 
receptors. These interactions indicate a degree 
of co-dependence, but the KKS does not always 
counterbalance the RAS. Sometimes both sys-
tems act in the same direction, eg during tissue 
injury.12 
 
ACE inhibitors block angiotensin II release and 
catabolism of kinins (bradykinin and kalli-
din), but they also amplify the role of other en-
zymes that hydrolyse angiotensin I and kinins 
by increasing release of other biologically active 
products, such as angiotensin 1-7 and angioten-
sin 1-9.13 These peptides oppose angiotensin II 
activity and potentiate kinin action in various 
tissues, especially in the heart.14 

Renin-angiotensin and kallikrein-kinin systems 
in the eye
Van Haeringen in the British Journal of Oph-
thalmology (1996) noted that “Opthalmic liter-
ature concerning the RAS started in 1977 with 
a study by Igić and co-workers on the detection 
of ACE activity in homogenates of the retina.”15 
Since then we have continued to study the role 
of the RAS in the eye.
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The blood-ocular barrier prevents the passage 
of peptides and larger molecules, such as angio-
tensin I, angiotensin II, kinins, renin, angioten-
sinogen, kallikreins, and ACE. However, ocular 
tissue of various species, including humans, 
contains the components of both the RAS and 
KKS.5,6-18 In addition, concentrations of pro-
renin, angiotensin I, ACE, and angiotensin II 
are higher in the retina, choroid and anterior 
uveal tract than in plasma. The local production 
of these RAS components in the eye is similar to 
tissue generation of these peptides in other or-
gans, including the kidney, brain, adrenals, and 
reproductive tract. Distribution of ACE within 
human vascular tissues varies.  Most of the vas-
cular ACE is generally found in small muscular 
arteries and arterioles, but capillaries, large ar-
teries, veins and venules have little of this en-
zyme. Pulmonary, renal and retinal capillaries, 
with high activities of ACE, are an exception to 
this distributive pattern.19,20 

The components of the KKS (kallikrein, B1 and 
B2 receptor proteins and kinin-inactivating en-
zymes, are found in various parts of the eye.21,22 

Because the concentration of kallikrein is lower 
in plasma than in homogenates of retinal tissue, 
it is unlikely that the retinal enzyme is a contam-
inate from blood. Endothelial ACE increases in 
diabetes resulting in locally increased genera-
tion of angiotensin II and simultaneous decreas-
es in kinin activities. Individuals with genetical-
ly increased ACE activities have a greater risk for 
cardiovascular damage, including retinopathy, 
neuropathy and nephropathy.

Diabetic retinopathy
Diabetic retinopathy (DR) is a frequent cause 
of blindness in middle-aged and elderly people. 
Risk factors include age (primarily 50-70 years), 
duration and inadequate control of diabetes, hy-
pertension, and hyperlipidemia. In addition to 
DR, further diabetic eye complications include 
glaucoma, macular oedema and cataracts. DR 
may affect the peripheral retina, the macula, 
or both.23 In DR major retinal damage includes 
varying degrees of micro-aneurisms, exudates, 
hemorrhages, new vessel formation, and retinal 
thickening. These diabetic complications are ev-
idence of microvascular disease, but retinal neu-
rodegeneration is also involved.

There are two types of DR - proliferative and 
non-proliferative. Vascular endothelial growth 
factor (VEGF) stimulates neovascularisation 

in proliferative diabetic retinopathy. It was re-
cently shown that the retinal and vitreous RAS 
regulates VEGF production.24 Increased levels 
of VEGF are found in the vitreous humor and 
in vascular tissue in the eyes of individuals with 
proliferative DR. This pro-angiogenic cytokine 
factor acts at two types of tyrosine kinase recep-
tors involved in the regulation of angiogenesis.

Proliferative DR includes changes in retinal ves-
sel diameters and an increase in vessel permea-
bility. This results in leakage, although the blood 
retinal barrier persists in both types of DR. The 
proliferative type exhibits retinal neovascular-
ization extending into the vitreous body.25 This 
abnormality may obstruct the passage of light 
to the retina, cause haemorrhage, fibrous tissue 
formation, and produce vitreoretinal traction 
and retinal detachment. In juvenile diabetics 
(type 1 diabetes) DR is the major cause of blind-
ness.

Treatment for the proliferative type DR or mac-
ular edema includes laser photocoagulation, vit-
rectomy, or injection of VEGF inhibitors (beva-
cizumab, ranibizumab, pegaptanib, aflibercept) 
into the vitreous. The optimal dose and dosing 
sequence for VEGF inhibitors remain unclear, 
but higher doses appear to be most effective in 
inducing regression of neovascularisation. Side 
effects of laser photocoagulations and injections 
of the VEGF inhibitors are the reason why oth-
er therapeutic options are preferred. Although 
Anti-VEGF agents are effective in many DR pa-
tients, they do not influence the pathogenesis of 
the retinopathy and the necessity for repeated 
intravitreal injections over many years poses a 
permanent risk of adverse effects.
 
Several innovative therapeutic strategies have 
sought to improve the treatment of DR and oth-
er ocular diseases (eg glaucoma and age-related 
macular degeneration).  Among new lines of in-
vestigation, vasoactive peptides (angiotensin II 
and kinins) were considered as candidates in 
the pathogenesis of eye diseases. However, E G 
Erdös26 showed that the rapid enzymatic inacti-
vation of these peptides precludes their use as 
therapeutic agents. If these transient peptides 
locally influence any specific pathological con-
ditions, only agents that block their effect or 
inhibit their enzymatic degradation would be 
useful for therapeutic purposes. This important 
concept eventually led to the discovery of ACE 
inhibitors.
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Tissue renin-angiotensin and kallikrein-kinin 
systems in diabetic retinopathy
The RAS and KKS operate in pulmonary, sys-
temic, and local circulations, including various 
ocular tissues. The peptides produced by the two 
systems in the retina (angiotensin II and kalli-
din) contribute to the regulation of neurovascu-
lar retinal function. They influence inflammato-
ry and angiogenic signalling molecules, such as 
VEGF and chemokines that may participate in 
both physiological and pathological conditions. 
Since both the RAS and KKS act to maintain 
homeostatic regulation and meet the metabolic 
needs of the retinal tissue, any dysfunction with-
in these systems may damage this highly sensi-
tive tissue.

In addition to retinal tissue, components of the 
RAS are found in the vitreous humour where 
they can influence neovascularisation by stim-
ulating VEGF production in proliferative DR. 
This poses the possibility for early therapeutic 
interventions, such as the reduction of VEGF 
and other pro-inflammatory and angiogenic cy-
tokines. Development of a single-strand inhibi-
tory RNA that targets a (pro)renin receptor [(P)
RR] will be clinically tested in patients with DR 
and several other eye diseases.24 Effectiveness 
of this ribonucleic acid interference molecule 
should be also tested in ocular inflammation and 
angiogenesis.
 
Endothelial ACE activity often increases in dia-
betic patients, and this may accelerate the devel-
opment of nephropathy, neuropathy, and reti-
nopathy.7 Genetic variation of ACE activity due 
to insertion/deletion polymorphism also causes 
variability in plasma and tissue ACE activities, 
which may slightly increase the risk of tissue 
damages in non-diabetic subjects, but in dia-
betic patients the risk is much higher. Increased 
production of active ACE results in faster kinin 
inactivation than conversion of angiotensin I to 
angiotensin II, accelerating tissue damages.
 
For these reasons, ACE and ARBs were explored 
in clinical studies for potential beneficial effects 
on diabetic retinopathy.27 In 21 randomized 
clinical trials with a total of 13,823 participants, 
RAS inhibitors reduced risk of progression and 
increased possibility of regression of diabetic 
retinopathy. ACE inhibitors proved to have the 
highest potential for regression of diabetic ret-
inopathy, followed by ARBs, placebo, and calci-

um channel blockers. The conclusion was that 
ACE inhibitors are preferable to ARBs for treat-
ing diabetic retinopathy.

Kinins increase vasodilation, vascular permea-
bility, and sweating. An increase in kinin activ-
ity by ACE inhibitors would seem beneficial in 
cardiovascular diseases; the vasodilation caused 
by these agents may be important for end-organ 
protection. Locally produced kinins in the eye 
might help to prevent diabetic retinopathy as 
well. Because kallikrein activation by gene ther-
apy is unlikely to be easy developed for clinical 
use,7 activation of B1 or B2 receptors might be 
a better pharmacological target. Pseudo-pep-
tide analogues of kinins, resistant to the actions 
of peptidases, could reduce end/organ damage 
by activation of those receptors.28,29 If recep-
tor activation of B2 causes side effects, such as 
angioedema, hypotension or pain, B1 receptor 
activation may prove to be safer. Initial studies 
with synthetic pseudo-peptide analogues of ki-
nins in diabetic rats show that prolonged (up to 
two weeks) treatment by B1 receptor activators 
produces safe and effective microvascular pro-
tection.30,31 Although these peptide analogues 
can be given only intravenously or by osmotic 
mini pumps, further experiments should exam-
ine both B1 and B2 receptor activators in animal 
models of diabetic retinopathy. Such studies 
may help us to open the road towards discovery 
an orally effective bradykinin receptor agonist 
– perhaps the best solution for prevention and 
treatment of diabetic end-organ damage.

I devote this article to Ervin G Erdös (96), my 
teacher at postdoctoral training in biochemical 
pharmacology (Oklahoma City, 1970-1972) and 
a good friend. We collaborated in research for 
several decades2. He visited the former Yugosla-
via several times where he presented seminars 
(Sarajevo, Tuzla, Sombor and Belgrade) and 
stimulated local scientists to study metabolism 
and activity of vasoactive peptides of diabetic 
end-organ damage.
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