
UNIVERSITY OF SHERBROOKE 

THE EFFECTS OF BRADYKININ AND ANGIOTENSIN Il ON 

THE THORACIC AORTA VASA VASORUM 

MICROCIRCULATION SYSTEM 

by 

XIUPING SHAO 

Department of Pharmacology 

A Thesis Submitted to the Faculty of Medicine in Partial Fulfillment of the 
Requirements for the Degree ofMaster in Science (M.Sc.) 

May2000 



1 dedicate dûs d1esis to my parents, my husband, and my son. 



CONTENTS 

CONTENTS •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• i 

LIST OF PUBLICATIONS ••••.•••••••••••••••••••••..•••••••.•••••••....•.•...•••.•••••••••••••••••••••••••.•••• V 

LIST OF COMMUNICATIONS ............................................................................. vi 

LIST OF FIGIJRES ••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••• vii 

LIST OF TABLES •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••..•••.••••••••••••••.••••..••••.••••• ix 

LIST OF ABREVIATIONS •••••••••••••••••••••••••••••••••••••••••••••••.•.•••••••••••••••••••••••••••••••••••• X 

ABSTRACT ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• sii 

, , 
RESUME ••••••••••••••••••••••.•.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•• siii 

IN'TRODUCTION ••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••• 1 

l.l COMPONENTS OF CARDIOVASCULAR SYSTEM 

l . l . l Heart .............................................................................................................. l 

1.1.2 Elastic Arteries (Conductance Arteries) .......................................................... 1 

l. l.3 Muscular Arteries (Distributive Arteries) ........................................................ 2 

1. l. 4 Arterioles ........................................................................................................ 2 

1 . l . 5 Capillaries ....................................................................................................... 3 

1.1.6 Venules .......................................................................................................... 4 

1.1. 7 Smalt to Medium Sized Veins ......................................................................... 4 

1.1.8 Large Veins .................................................................................................... 5 



Il 

1.1.9 Lymphatic Vascular System ............................................................................ 5 

1.2 GENERAL STRUCTURE OF BLOOD VESSELS .......................................... 6 

1.2. l Tunica Intima .................................................................................................. 6 

l.2.2 Tunica Media .................................................................................................. 6 

1.2.3 Tunica Adventitia ........................................................................................... 8 

1.3 ENDOTHELIAL PERMEAB~ITY .................................................................. 9 

1.3. l General Structure And Function OfEndothelium ............................................ 9 

1.3.2 Permeability Properties Of The Endothelium ................................................... 9 

1.4 NUTRITION OF AORTIC WALL .................................................................. 10 

1.5 VASA VASORUM ............................................................................................ 11 

1. 5 .1 History Of Vasa Vasorum ............................................................................. l l 

1.5.2 Distribution ................................................................................................... 11 

1.5.3 Origin ........................................................................................................... 12 

1. 5. 4 Physiological Roles Of Vasa Vasorum .......................................................... 13 

1.5.5 Pathological Conditions Related To Vasa Vasorum ....................................... 14 

1.6 K:IN"IN'S ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 20 

1.6. l Synthesis and Metabolism ofKinins .............................................................. 21 

l .6.2 Kinin Receptor Classification ........................................................................ 25 

1.6.3 Biological Actions ofKinins .......................................................................... 27 

1.6.4 Kinin Receptors Antagonists ......................................................................... 30 

1. 7 RENIN-ANGIOTENSIN SYSTEM (RAS) .................................................. 31 

l.7.1 Generation of ANG II ................................................................................... 34 

1.7.2 ANG II receptors .......................................................................................... 35 



iii 

1.7.3 Role of ANG II. ............................................................................................ 37 

I. 7.4 Interactions Of Bradykinin And ANG II.. ...................................................... 41 

1.8 A.IM:S OF THE STUDY ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 43 

MA TERIA.LS AND MEmos ·•••••••••••·•·•••••••••••••••••••••••••••••••••••••••••••••••••••••••·•••·•·•• 45 

2.1 PREPARATION OF EV ANS BLUE BINDING ALBUMIN (EBA) ............... 45 

2.2 PREPARATION OF TISSUE SECTION ......................................................... 45 

2.3 EXPERIM:ENTAL PROTOCOLS •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 47 

2.3. l Bradykinin .................................................................................................... 47 

2.3. 1 Angiotensin II ............................................................................................... 48 

2.3.3 Chemicals And Drugs ................................................................................... 50 

RESUL TS ••••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••.••••••••••••••••••••.••••••••••••••••••••••••••• 52 

3.1 NORMAL VASA VASORUM FLOW OF THE ADVENTITIAL AORTA ... 52 

3.2 BRADY"K:IN"IN' ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 52 

3.2. l Vasodalitation Effect OfBradykinin ............................................................... 52 

3.2.2 The Effect Of BK Was Blocked By B2 Receptor Antagonist HOE 140 ........... 55 

3.2.3 Induction Of The B1 Receptor On Vasa Vasorum .......................................... 55 

3.2.4 The Effect OfB1 Receptor Agonist ls Blocked By B1 Receptor 
Antagonist (Leu9

) Des Arg10 - KO After 4 Hours Oflncubation .................... 59 

3.3 ANG Il ••••••.••.•••...••.•.•.•••.•.•••••.••••••.••••••••.••..••.•.•••••••••••...••••••.••..•.••••••••.••....••....••. 59 

3.3.1 The Effect Of ANG II In The Thoracic Aorta Vasa Vasorum ......................... 59 



iv 

3.3.2 Blockade Of The AT1 Or AT2 Receptors ....................................................... 62 

3.3.3 Late Vasodilatation Observed With ANG Il ................................................... 62 

DISCUSSION .......................................................................................................... 71 

4.1 MEASUREMENT OF NORMAL VASA VASORUM FLOW 
OF AORTIC VASA VASORUM ........................................................................ 71 

4.2 EFFECTS OF KININS IN THE AORTIC V ASA V ASORUM ....................... 72 

4.2.1 Vasodilatation Of BK On Vasa Vasorum ...................................................... 73 

4.2.2 81 Receptor Was Inducible On The Vasa Vasorum 
Of Rabbit Thoracic Aorta ............................................................................. 75 

4.3 EFFECTS OF ANGIOTENSIONS IN THE AORTIC VASA VASORUM .... 78 

4.3. l The Etfect Of ANG Il In The Thoracic Aorta Vasa Vasorum ......................... 78 

4.3.2 Constriction Of Vasa Vasorum Of ANG Il Mediated By AT 1 Receptor ......... 79 

4.3.3 High Concentration Of ANG II Result In Vasa Vasoum Vasodilatation .......... 81 

CONCLUSIONS ...................................................................................................... 89 

ACKNOWLEDGEMENTS ..................................................................................... 91 

REFERENCES ........................................................................................................ 92 



V 

LIST OF PUPLICA TI ONS 

I) Xiuping Shao, Angele Chainey, Gérard E. Plante. Angiotensin-11 AT1 and AT2 

receptors in the thoracic aorta vasa vasorum microcirculation system. Microcirculation 

Res. (Submitted) 

2) Xiuping Shao, Angele Chainey, Gérard E. Plante. Kinin B2 and B1 receptor-mediated 

vasoactive effects in vasa vasorum of rabbit thoracic aorta in vitro. Microcirculation Res. 

(Submitted). 



vi 

LIST OF COMMUNICATIONS 

l) Xiuping Shao, Angele Chainey, Gérard E. Plante. Angiotensin-11 AT, and AT2 

receptors in the thoracic aorta vasa vasorum microcirculation system. La Societe 

Quebecoise D'hypertension Arterielle. Jan. 13, 2000, Montréal. 

2) Xiuping Shao, Angele Chainey, Gérard E. Plante. Angiotensin II sub 2 receptor 

stimulation nitric o,cide release in the thoracic aorta vasa vasorum by a kinin-

dependent mechanism. 2000, London, UK. 



vii 

LIST OF FIGURES 

Figure I General Structure of Vascular Wall ........................................................ 7 

Figure 2 Kinin Production And Destruction ....................................................... 23 

Figure 3 Formation of Angiotensins and Organs AtTected by Their Actions ..... 32 

Figure 4 Interaction of Angiotensin U and Bradykinin ...................................... 41 

Figure 5 Schematic illustrations of animal ei:perimental procedure .................. 46 

Figure 6 Normal vasa vasorum Row in the adventia of rabbit thoracic aorta ••• 53 

Figure 7 BK cause vasodilatation of vasa vasorum on 
isolated rabbit thoracic aorta ................................................................ 54 

Figure 8 The etTect of BK was blocked by 82 receptor antagonist HOE 140 .... 56 

Figure 9 Vasodilatation of BK on vasa vasorum was not blocked 
by 81 receptor antagonist des-Arg9-(Leu8)bradykinin ......................... 57 

Figure 10 81 receptor on vasa vasorum was not inducible 
after 3 boun of incubation in vitro ...................................................... S8 

Figure 11 81 receptor on vasa vasorum was inducible 
after 4 hours of incubation ................................................................... 60 

Figure 12 The effect of 81 receptor agonist was blocked by 81 receptor 
antagonist (Leu9)Des ARG10 

- KO after 4 hours incubation ............... 61 

Figure 13 Vasoconstriction of ANG U in the thoracic aorta vasa vasorum ........ 63 

Figure 14 The vasoconstriction of ANG U was blocked by ATl antagonist, 
but not A T2 antagonist. ....................................................................... 64 

Figure 15 Transient vasoconstriction following vasodilatation 
at high concentration of ANG D .......................................................... 66 

Figure 16 The vasodilatation of high doses of ANG Il was abolished 
by nitric oside inhibitor 1'--NAME ....................................................... 67 



VIII 

Figure 17 Vasa vasorum dilatation in response to high doses 
of ANG was abolished by AT2 receptor antagonist ............................. 68 

Figure 18 Vasa vasorum dilatation in response to high doses of ANG 
was abolished by Il? receptor antagonist ............................................. 69 

Figure 19 No eff'ect is observed when various inhibitors used 
atone on vasa vasorum .......................................................................... 70 



ix 

LIST OF TABLES 

Table 1 Structure of Kinin Agonists and Antagonists ........................................ 22 

Table 2 Properties of ANG Il receptors ............................................................... 37 



X 

LIST OF ABREVIATIONS 

ACE Angiotensin-converting enzyme 

ANG Angiotensin 

AT1 Angiotensin receptor subtype 1 

AT2 Angiotensin receptor subtype 2 

BK Bradykinin 

B1 Bradykinin receptor subtype 1 

B2 Bradykinin receptor subtype 2 

CGMP Guanosine 3', 5'-monophosphate 

DBK des-Arg9 Bradykinin 

EDHF Endothelium-derived hyperpolarizing factor 

EBA Evans blue combined with albumin 

HF Hageman Factor 

HMW High molecular weight 

IL-1 J3 lnterleukin-1 beta 

LMW Low molecular weight 

LPS Lipopolysaccharide 

KI Kininase I 

KIi Kininase II 

CT Computed tomography 

NO Nitric Oxide 

PGh Prostaglandin h 



RAS 

TNF-a 

TXA2 

vWF 

Renin-angiotensin system 

Tumor necrosis factor alpha 

Thromboxane A2 

von Willebrand factor 

xi 



XII 

ABSTRACT 

THE EFFECTS OF BRADYKININ AND ANGIOTENSIN II ON THE 

THORACIC AORTA VASA VASORUM MICROCIRCULATION 

SYSTEM 

XIUPING SHAO 
A Thesis Submitted to the Faculty of Medicine in Partial Fulfillment of the Requirements 

for the Degree ofMaster in Science (M.Sc.) 
University of Sherbrooke 

Vasa vasorum forms a network of microvessels within and around the walls of 
large blood vessels and is thought to be necessary to deliver oxygenated blood to the 
outer parts of the vessel wall that are inadequately nourished by diffusion from luminal 
blood. Vasa vasorum tlow. therefore, may play an important rote for aortic wall structure 
and function. Angiotensin Il and bradykinin are two important vasoactive peptides, which 
produce vasoconstriction and vasodilatation, respectively. They can also change the 
permeability of microcirculation. In the present study, we documented the effect of 
different concentrations of ANG Il and bradykinin on the vasa vasorum of isolated rabbit 
throcic aorta in vitro. Using a camera system, we observed changes in the number of 
leakages and diameter of vasa vasorum in response to perfusion of ANG II and BK, their 
antagonists (AT2 receptor antagonist PD 123319, AT1 receptor antagonist EXP3 l 74, 8 2 
receptor antagonist HOE 140, 81 receptor antagonist (Leu9) Des Arg10 - KO (1 µM), 
and nitric oxide synthase inhibitor L-NAME. At concentrations 10-10 M - 10-1 M of ANG 
II, only vasoconstriction was observed on vasa vasorum. However, at concentrations 10·7 

Mor greater than 10"7 M, transient constriction following by dilatation was observed. The 
effect of vasoconstriction of ANG II on the vasa vasorum was completely inhibited by the 
selective AT1 receptor antagonist EXP3174, but not by the selective AT2 receptor 
antagonist PD 123319. The selective AT 2 receptor antagonist PD 123319 and NO-
synthase inhibitor L-NAME blocked the late vasodilatation effect. BK produced 
vasodilatation. 82 receptor antagonist HOE 140 blocked this response. 81 receptor was 
only induced when aorta was taken from rabbit and incubated over 4 hours. The effect of 
81 receptor agonist des-Arg9-bradykinin on vasa vasorum was vasoconstriction, which 
was abolished by 8 1 receptor antagonist. These results suggested that the vasa vasorum 
microcirculation network providing the delivery of vital substrates and removal of waste 
products to and from the wall of large artery is equipped with fine-tuning mechanisms. 
These regulatory mechanisms are now becoming the target of pharmacological 
intervention, potentially capable of protecting the blood vesse) wall, number one target 
organ in hypertension and diabetes mellitus. 
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RESUME 

EFFETS DE LA BRADYKININE ET DE L'ANGIOTENSINE-O SUR LE 
SYSTÈME VASA VASORUM DEL' AORTE THORACIQUE DE LAPIN 

Xiuping Shao 

xiii 

Les vasae vasorum constituent le réseau microcirculatoire des gros vaisseaux. Ils 
sont nécessaires pour l'apport en substrats métaboliques à environ 6()0/4 de la paroi 
externe des vaisseaux insuffisamment nourris par la simple la diffusion luminale du sang. 
Les vasa vasorum peuvent. par conséquent, jouer un rôle important au niveau de la 
structure et de la fonction de la paroi aortique. L'angiotensine-11 (ANG-11) et la 
bradykinine (BK) sont deux puissants peptides vasoactifs qui produisent une 
vasoconstriction et une vasodilatation. respectivement, et qui peuvent également, induire 
des changements au niveau de la perméabilité capillaire. Dans cette étude. nous avons 
rapporté les effets. in vitro. de différentes concentrations d'ANG-11 et de BK au niveau 
des vasa vasorum de l'aorte thoracique isolée de lapin. Nous avons observé des 
changements au niveau de la perméabilité et du diamètre des artérioles du système vasa 
vasorum en réponse à une perfusion d'ANG-11. de BK et de leurs antagonistes respectifs 
(antagonistes AT,: EXPJ 174, AT2: PD123319 et antagonistes 82: HOE 140 et Ba: (leu 
9) Des Arg10 -KD) et après inhibition de l'oxyde nitrique synthase par la L-NAME. À des 
concentrations de ANGll 10-10 M et 10-1 M. seule une vasoconstriction des vasa vasorum 
a été observée. Cependant. aux concentrations supérieures à 10·7 M. une vasoconstriction 
transitoire suivie d'une vasodilatation sont observées. L'effet vasoconstricteur de l'ANG-
ll sur les vasa vasorum est complètement inhibé par l'antagoniste sélectif AT a. Aucun 
effet n'est observé ni avec l'antagoniste sélectif AT2 ni avec le L-NAME. Cependant. ces 
deux derniers peuvent bloquer la vasodilatation tardive observée suite à des 
concentrations élevées d'ANG-11. La bradykinine produit une vasodilatation qui est 
bloquée après un traitement à l'antagoniste sélectif du récepteur B 1• Le récepteur BI est 
induit seulement après quatre heures d'incubation. L'effet que produit l'agoniste Ba est 
une vasoconstriction qui est abolie par l'antagoniste du récepteur 8 1• Ces résultats 
suggèrent que le réseau de microcirculation formé par les vasa vasorum et qui permet le 
trafic critique des métabolites à ce niveau. peut être modulé par ces autacoïdes vasoactifs. 
Ce mécanisme de régulation devient une cible possible d'intervention pharmacologique, 
capable de protéger la paroi des vaisseaux qui demeure l'un des organes vitaux en 
pathophysiologie de l'hypertension et du diabète. 



INTRODUCTION 

1.1 COMPONENTS OF CARDIOVASCULAR SYSTEM 

1.1.l Heart 

The heart is a double muscular pump (GAV AGHAN, 1998). The right side 

(right atrium and right ventricle) receives blood from the body and pumps it to lungs. 

The left side (left atrium and left ventricle) receives blood from lungs and pumps it to 

the rest of the body. Systolic ventricular contraction ejects blood at high pressure (120 

mm Hg for left ventricle, 40mm Hg for right ventricle). During diastole, ventricles 

relax and reduce diastolic pressure to low levels (<10 mm Hg). 

1.1.1 Elastic Arteries (Conductance Arteries) 

Elastic arteries are large arteries delivering blood from the heart to aorta and its 

branches, e.g., innominate, common carotid, subclavian, vertebral, and common iliac 

arteries (AL VA et al., 1993; WHEELER & BRENNER, 1995). The diameter of the 

aorta is 2.5 cm in adult. Elastic arteries have a relatively thick intima and a multi-

layered internai elastic lamina. 40-70 elastic lamellae are found in the media. They 

stretch in response to left ventricle blood ejection, and then passively contract in 

diastole to keep pressure up to 80 mm Hg. This process is clearly seen with elastic 

stains. The adventitia is thin with vasa vasorum random distributed throughout its wall. 
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1.1.3 Muscular Arteries (Distributive Arteries) 

Muscular arteries have a diameter of 0.3 mm - 1.0 cm (GLAGOV et al., 1988; 

WHEELER & BRENNER, 1995). They distribute blood to the body, with flow 

adjusted by the smooth muscle layers of the media in response to sympathetic nerve 

stimulation ( ex: radial, tibial, popliteal, axillary, splenic, mesenteric, intercostal, 

femoral, hepatic, and coronary arteries). Myoendothelial (endothelial cell to smooth 

muscle cell) junctions may mediate angiotensin regulation of blood pressure. Prominent 

internai elastic lamina is a hallmark for these vessels and shows as 3-40 concentric 

smooth muscle layers in media; neuromotor terminations; extemal elastic lamina 

usually visible. The adventitia here is equal in thickness to media. Many elastic fibers 

are visible with elastic stain in larger arteries. 

1.1.4 Arterioles 

Arterioles have a diameter less than 0.5 mm (including ail 3 layers) (ANGUS, 

1994; WHEELER & BRENNER, 1995). Internai elastic lamina present in arterioles 

greater than 0.04 mm diameter. Media has 1-2 concentric smooth muscle layers. 

Arterioles play a major role in regulating blood flow to the capillary network by 

vasoconstriction and vasodilatation. lt is a major site of resistance within the vascular 

system. An increased arteriolar tone is an important mechanism in hypertension 

development, and a decreased arteriolar tone is an important mechanism in shock 

(BEVAN, 1996). 1. Arterioles branch into metarterioles (10-15 mm diameter) with 
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discontinuous smooth muscle cells, capable of slowing blood flow. 2. Precapillary 

sphincters (smooth muscle) where capillaries arise from metarterioles can stop blood 

flow into capillary networks. 3. Control is neural and hormonal. The adventitia in 

arterioles is thin. 

1.1.5 Capillaries 

Capillaries have a diameter varying between 5 µm to l O µm and a length of 

0.25 mm to 1mm (HERDSON, 1967; WHEELER & BRENNER, 1995; MICHEL & 

CURRY, 1999). Capillary walls can be as thin as 0.2 µm. Therefore, red blood cells 

must be very flexible and pliable to squeeze through capillaries of narrow bore. 

Permeability depends on characteristics of endothelial cells and basal lamina. Density 

depends on metabolic activity of tissue, relatively high in myocardium and skeletal 

muscle but much lower around smooth muscle and dense connective tissues. Pericytes 

are special longitudinally situated contractile mesenchymal cells, constituting the 

"media" of capillaries. A few collagen fibers make up the "adventitia", where the action 

is capillaries and postcapillary vessels response. Delivery of blood borne materials 

(nutrients, gases, hormones, etc.) to tissues and removal of waste products, represent 

firstly a selective permeability barrier for large polypeptides, lipids and smalt (H20, 

C02, electrolytes) molecule transport; secondly a synthetic and metabolic system, e.g., 

ANG I to ANG II, degradation of bradykinin, prostaglandins, norepinephrine, 

thrombin, lipoproteins, and cholesterol; thirdly a tremendous surface area in plexuses 

just below epidermis which blood cooling "radiator effect". The total capillary surface 
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averages over 6,000 m2 in body reaching a length of 60,000 miles; fourthly, capillary 

endothelial ail types, based on structure and relative permeability characteristics. 

1.1.6 Venules 

Venules have a diameter of 10-50 µm (BRA VERMAN, 1989). The media 

consists of pericytes in postcapillary venules and distally, up to 2-4 indistinct layers of 

smooth muscle cells (WHEELER & BRENNER, 1995). Longitudinal collagen fibers 

are present. Permeability can vary from low to high values for fluid and cell exchange 

with surrounding tissue. Vasoactive amines (e.g., serotonin, histamine) increase 

permeability (important mechanism in inflammation). Venules walls are as thin as 

capillary walls, but the lumen is 5 to 10 times larger. Endothelial venules are present in 

lymphatic vessels where blood cells exit from the bloodstream into intestinal space. 

l.1.7 Small to Medium Sized Veins 

This category includes of vessels with 0.2 - 1.0 mm (small) and l - 9 mm 

(medium) diameter valves (HARRISON, 1981; WHEELER & BRENNER, 1995). 

One-way valves (folds in intima, lined by endothelium) are seen in veins > 2 mm 

diameter. Media consists of 2-4 layers of smooth muscle cell intermixed with collagen 

and elastic fibers. Vasa vasorum penetrate deeply into media of veins. The adventitia is 

well developed and is thicker than media. Sorne longitudinal smooth muscle cells are 

also found here. 
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1.1.8 Large Veins 

Large veins have a diameter greater than 9 mm with valves in the intima 

(HARRISON, 1981; WHEELER & BRENNER, 1995). The media is relatively thin, as 

in small to medium sized veins. The adventitia is the thickest layer and may be 4 times 

the thickness of the media. ~ge veins have longitudinal bundles of smooth muscle in 

the adventitia, in addition to collagen and elastic fibers, nerves, and vasa vasorum. 

Large veins are found in the venae cavae, innominates, internai jugular, portal, splenic, 

azygous, superior mesenteric, renal, adrenal, externat iliac, and femoral veins. 

1.1.9 Lymphatic Vascular System 

The lymphatic vascular system collects fluid from intestinal tissue spaces, 

which originate from the microcirculation vascular system, and retums to that system 

(LEAK, 1980; WHEELER & BRENNER, 1995). It serves to transport leukocytes from 

lymphoid tissues to the blood vascular system. Unlike the cardiovascular system, the 

lymphatic system travels only one way back to the central circulation. Lymphatic 

capillaries consist of a single layer of endothelium forming blind-ended vessels. They 

have no fenestrae, no zonula occludens junctions, and little or no basal lamina. Larger 

lymphatic vessels are formed by convergence of lymphatic capillaries. They have thin 

vein-like walls. AJthough there are no clear-layered tunic structures, smooth muscle 

drives lymph flow towards the heart. Valves here are more numerous than in veins. 

Lymph nodes are interposed between distal lymphatics and the heart. The flow of lymph 
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toward heart is unidirectional, entering the vena cava via the thoracic duct and right 

lymphatic duct. Larger ducts have longitudinal and circular smooth muscle bundles in 

the media. Lymphocytes reach lymphoid tissue via the blood vascular system, exiting 

via special "high endothelial venules". 

1.2 GENERAL STRUCTURE OF BLOOD VESSELS 

As shown in figure 1, the general structure of blood vessels is composed of three parts, tunica 

intima, media, and tunica adventita (WHEELER & BRENNER, 1995). 

1.2.1 Tunica intima 

This is the innermost layer located next to the lumen and the endocardium in the 

heart (DRAEGER & ENGLAND, 1998). It contains the following: 1. Endothelium -

The endothelium has a simple squamous lining with cells joined by zonula occludens 

junctions in most cases. The permeability of this layer varies. Cells possess a flattened 

nucleus that is easily visible. 2. Basal lamina of endothelium. 3. Subendothelial layer -

This layer contains a few longitudinal layers of collagen and elastic fibers produced by 

special smooth muscle cells in arteries and veins. 

1.2.2 Tunica media 



Tunica 
intima 

Tunica 
media 

Tunica 
adventitia 

Subendothelial Internai elastic Extemal elastic 
<:onne,~tive, ti,;:,;:11e, membrane membrane 

+ + + 

cells 

.,..,_~i,i,K:-.:::..vasa 
vasorum 

Figure 1. General Structure of Vascular Wall 
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This is the middle layer of blood vessels and is also found in the myocardium 

(composed of cardiac muscle) in the heart (LEE & KA.MM, 1994). Between the intima 

and the media is a strongly eosinophilic boundary, the internai elastic lamina. This 

structure is extremely evident in the arterial system and is a good histological hallmark 

to distinguish big arteries and arterioles. Tunica media contains the following 

components: 1. Smooth muscle cells - These cells are spirally arranged perpendicular to 

the long axis of the vessel in concentric layers. Gap junctions are present between cells. 

2. Collagen fibers, elastic fibers lamellae, and proteoglycans. They are produced by 

smooth muscles and dispersed between smooth muscle cell layers. 3. Externat elastic 

lamina - This is less distinct than the internai elastic lamina, except in pulmonary 

arteries. 

1.2.3 Tunica adventitia 

This is the outermost layer. It is known as the epicardium in heart (LEE & 

KA.MM, 1994). It blends into connective tissue surrounding vessels. Tunica adventitia 

contains the following: 1. Longitudinal collagen and elastic fibers, fibroblasts, some 

smooth muscle cells, forming longitudinal bundles in large veins, such as the vena 

cava. 2. Vasa vasorum ("vessels of the vessels") extending into outer part of the media, 

3. Nerves - sympathetic unmyelinated (neurotransmitter is norepinephrine) nerve fibers 

that do not extend into the media. 4. Generally, it is the thickest layer of venules and 

veins. 
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1.3 ENDOTHELIAL PERMEABILITY 

1.3. l General structure and fonction of endothelium 

The endothelium is a dynamic system, capable of performing active functions in 

physiological and pathological processes, which influences the biology of the blood 

vessel wall (ZWEIF ACH, 1973 ). Many of the cell surface and metabolic properties of 

the endothelium are inducible, rather than constitutive, and thus may be subjected to 

physiological regulation and potential pathological derangement. Endothelia cells are a 

heterogeneous population of cells with ability to secrete, metabolize and remove a large 

number of molecular and vasoactive agents. They play a major role in the modulation 

of vascular smooth muscle tone by the secretion of vasorelaxing substances: nitric 

o,cide (NO), prostacyclin (PGh), endothelium-derived hyperpolarizing factor (EDHF), 

and other vasoconstriction factors, including endothelin and eicosanoids (V ANE et al., 

1990). The endothelium as a tissue barrier also regulates the exchange of fluid, 

metabolites and gases between the plasma and surrounding tissues. 

1.3.2 Permeability properties of the endothelium 

Blood vessel endothelia are of the continuous type. However, significant 

morphological ditferences exist among continuous endothelia. Arterial endothelial cells 

display numerous junctional complexes, and a higher number of Weibel-Palade bodies, 

the endothelial cell - specific storage organelle for von Willebrand factor (vWF), than 
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do venous endothelial cells (GOERDT & SORG, 1992). The endothelial cells connect 

with one another to form a monolayer by means of varying numbers of tight junctions 

( occluded zones), limited to a few points of cell membrane contact, or by apparent 

fusion in sections, in which cells form communicating junctions (gap junctions). 

Vesicles have been described as being either free within the cell cytoplasm or attached 

to the luminal or abluminal surfaces of the cell. Using immunohistochemistry, it has 

been shown that albumin-gold complexes are exclusively localized in plasma lemmal 

vesicles (MILICI et al., 1987). Transport of albumin is further aided by the presence of 

interactions with distinct binding proteins. In the bovine aortic endothelial cells, it has 

been reported that 600/o of albumin transport appears to depend on albumin binding 

(DULL et al., 1991). 

1.4 NUTRITION OF AORTIC WALL 

The aorta is believed to have a double, but nonetheless probably precarious, 

source of nutrition. The intima and inner third of the media are thought to be nourished 

by diftùsion of fluid from the blood through the intimai surface. The adventitia contains 

a rich vascular network, which supplies the outer third of the media. Relatively few of 

the vasa vasorum penetrate into the media and hardly have any extend to the middle 

third. Diftùsion of nutriment through interstitial space is, therefore, probably required 

to provide adequate nourishment for ail layers of the media. The nutrition of adventitia 

is only supplied by vasa vasorum. 
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1.S V ASA V ASORUM 

1.5.1 History ofvasa vasorum 

Vasa vasorum is a Latin word, which means "vessels of the vessels". Along 

time before vasa vasorum were discovered, it was thought that nutrition of the wall of 

the big vessels, such as thoracic aorta, was only supplied by diffusion from the lumen 

of the vessel. ln 1843, Risse, using injection techniques, showed that vasa vasorum 

were presented in the extemal layer of media. Twenty years later, in 1865, Gimbert 

demonstrated the origin, distribution, and structure of vasa vasorum based on 

morphologie studies. As long ago as 1876, Koester suggested that intimai proliferation 

and media hypertrophy were associated with the presence of vasa vasorum. ln 1884, 

Plotnikow, using Berlin's blue injection techniques, showed that vasa vasorum were 

present in the adventitia. In 1967, Wolinsky and Glagov indicated that aortas of large 

mammals such as the human or dog (WOLINSKY & GLAKOV, 1969), vasa vasorum 

were found in the outer and meddle thirds of the media. 

1.5.2 Distribution 

Blood constituents may reach the aortic media by filtration through the aortic 

intima from the lumen, and by passage through intramural vasa vasorum derived from 

small adventitial arteries. Aortas of small mammals, such as the rat or rabbit contain no 

demonstrable intramural medial vascular channels; the entire wall is presumably 
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supplied by transintimal filtration. In the adult human thoracic aorta, vasa vasorum are 

found in the outer and middle thirds of the media (WOLINSKY & GLAGOV, 1967). 

The inner, avascular third is approximately 0.5 mm wide and is called the "critical 

depth," within which filtration from the lumen is adequate for medial nutrition; beyond 

this zone, medial nutrition must be supplemented by the vasa vasorum (GEIRNER, 

1951 ). Aortas of species with more than 29 medial lamellar units such as dog, human, 

sheep always had intramural medial vasa vasorum. The number of lamellar units in the 

avascular zone is independent of both age and species (WOLINSKY & GLAGOV, 

1967). Mammals with 29 or fewer lamellar units at birth have 29 or fewer lamellar 

units as adults, and have no intramural vasa vasorum at any age. Animais with more 

than 29 lamellar units at birth have intramural vasa vasorum throughout development. 

In adult mammals, total aortic medial lamellar units are related to aortic diameter, 

which increases with species body weight (WOLINSKY & GLAGOV, 1969). 

Therefore, the greater the adult species body weight, the greater is the proportion of the 

media containing vasa vasorum. 

1.5.3 Origin 

The commonest origin of the vasa vasorum in the aorta is from the branches of 

that vessel. Arising usually a few millimeters from the mouth of the branch, they run 

back to spread out on the surface of the large vessel. For the ascending aorta, the vasa 

vasorum originate from the coronary arteries, for the aortic arch from the brachial 
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arteries, and for the thoracic aorta from the intercostal arteries (CLOWER et al., 1984; 

ALPERN-ELRAN et al., 1989). 

1.S.4 Physiological Roles Of Vasa Vasorum 

The aorta is nourished by diffusion of nutrients from the lumen of the vessel, 

from adventitial vessels, or by blood flow through vascular channels in the media called 

vasa vasorum (WOLINSKY & GLAGOV, 1967). Ligation of the intercostals arteries 

that give rise to aortic vasa vasorum produces medial necrosis in dogs (Wll.ENS et al., 

1965), which indicates that the vasa vasorum plays a critical role in the nourishment of 

the thoracic aorta. Thin-walled aortas are supplied with nutrients by diffusion from the 

lumen or from the adventitial vessels. In the thoracic aorta of large mammals, such as 

humans and dogs, the media exceeds a critical thickness, and thus nutrition of the aortic 

wall is supplemented by the vasa vasorum, that form a perivascular network and 

penetrate into the medial layers (WOLINSKY & GLAGOV, 1969). Removal of vasa 

vasorum led to sustained ischemia of the aortic wall. lschemia leads to acute alterations 

of the elastic components of the aortic wall, and it decreases the distensibility of the 

aorta. Severa( studies have shown that aortic distensibility is an important factor 

determining left ventricular performance and coronary blood flow (BOGREN et al., 

1989). Moreover, decreased aortic distensibility may contribute to left ventricular 

dysfunction and dilatation, in patients with aortic regurgitation. The vasa vasorum are 

very responsive to physiological stimuli (HEIST AD et al., 1978), as they dilate during 

infusion of adenosine and contract during stimulation of sympathetic nerves 
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(HEIST AD et al., 1979). Vasa vasorum flow, therefore, may play an important role in 

aortic wall structure and functions (STEFANADIS et al., 1993; WOLINSKY & 

GLAGOV, 1969). 

1.5.5 Pathological Conditions Related To Vasa Vasorum 

Vasa vasorum may be important in the following diseases: 

Atherosclerosis 

For over 100 years it was believed that atherosclerosis begins at the luminal 

surface of the artery. It is believed that the endothelium is involved in the initiation of 

the lesion. The lesion of human atherosclerosis may be separated into three major 

forms; the fatty streaks, the fibrous plaque and the advanced plaque. Fatty streaks are 

composed almost exclusively of macrophages and lymphocytes and are almost devoid 

of smooth muscle cells (ROSS & GLOMERSET, 1976; JONASSON et al., 1986). 

Many foam cells and much extracellular lipid are also present. Fibrous plaque are 

composed predominantly of smooth muscle cells of varying morphology, many of 

which have become lipid-laden foam cells containing large quantities of cholesterol and 

cholesteryl ester (ROSS & GLOMERSET, 1976; GOWN et al., 1986; JONASSON et 

al., 1986). The cells are surrounded by lipid, collagen, elastic fibers and proteoglycans. 

Advanced plaque is composed of complex layers of smooth muscle cells and 

macrophages, which appear to have been altered as a result of hemorrhage (ROSS & 
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GLO:MERSET, 1976). In both fatty streaks and fibrous plaque, an intact endothelium is 

invariably present, although endothelial denudation is a frequent occurrence in complex 

plaques (DA VIS & THOMAS, 1984). Atherosclerosis is found under an anatomically 

intact endothelium. Several investigators have reproduced atherosclerosis plaques with 

flow through the vasa vasorum of the thoracic aorta in dogs using either ligation of the 

vessels, which supply them (HEIST AD et al., 1981) or occlusion the vasa vasorum with 

thrombin (NAKATA & SIDONOYA, 1966; SOTTIURAL et al., 1978). Wolinsky and 

Glagov have suggested that the absence of the vasa vasorum in the media of the 

abdominal aorta may explain in part the observation that abdominal aorta is more 

severely involved by atherosclerosis than the thoracic aorta (WOLINSKY & 

GLAGOV, 1967 & 1969). They reported that because the abdominal aorta is about 0.7 

mm thick in man, the .. critical depth" is exceeded, and the absence of vasa vasorum 

may compromise the nutrition of the media. Each of these procedures resulted in 

medial necrosis and marked thickening of the intima with proliferation of smooth 

muscle cells and production of elastin and collagen fibers. Therefore, medial ischaemia, 

including ischaemia of the endothelium of the vasa vasorum, may cause proliferation of 

smooth muscle cells accompanied by migration of monocytes through the luminal 

endothelium towards the area of ischaemia. Moreover, the increase in cholesteryl ester 

within atherosclerotic lesions may be similarly explained. 

Hypertension 
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Hypertension is associated with vascular hypertrophy - increased wall to lumen 

ratio of resistance vessels (FOLKOW et al., 1973). This phenomenon occurs in skeletal 

muscle and may also involve the coronary circulation (MUELLER et al., 1978). 

Impaired maximal vasodilatation is an important physiological effect of this alteration 

in the vascular geometry. Vasa vasorum in the thoracic aorta contain smooth muscle 

cells, which could hypertrophy in response to increased pressure. If significant vascular 

hypertrophy occurs in vasa vasorum, vascular capacity of vasa vasorum would be 

expected to decrease. The decreased vascular capacity of the vasa vasorum induced by 

hypertension could result from several effects: a selective increase in thickness of the 

avascular inner layer of the aortic wall; vascular hypertrophy of the vasa vasorum, or 

mechanical compression of vasa vasorum in the aortic wall. If a selective increase in 

thickness of the avascular inner layer of the aorta occurred, nutritional support of the 

aortic wall would be impaired because the diftùsion distance (aortic lumen to vascular 

outer layer of the aorta) is normally near critical. 

Because hypertension limits vascular capacity of vasa vasorum, it could 

predispose the aortic wall to ischaemia. In addition, increased metabolic requirements 

of smooth muscle that occur with increases in tension (KOSAN & BURTON, 1966) 

could contribute to the development of ischaemia. If there is limited vasodilator 

reserve, ischaemia could occur intermittently when the system was stressed. Because 

ligation of vasa vasorum produces aortic dissection (WILENS et al., 1965), intermittent 

ischaemia might contribute to the pathogenesis of media! necrosis and dissection of the 

aorta in patients with hypertension. The decrease in conductance of vasa vasorum 

during hypertension may be the result of distention of the aorta and distortion of vasa 
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vasorum. If increased wall tension enhance metabolic needs of the aorta and if blood 

flow through vasa vasorum fails to increase during chronic as well as acute 

hypertension, this might contribute to ischaemia of the aortic wall, medial necrosis, and 

dissecting aneurysm (WOLINSKY, 1970). 

Diabetes Mellitus 

Microcirculation is concemed with the transport and exchange of nutrients and 

metabolize waste products, tissue defense and repair, and the often-conflicting demand 

of maintenance of tissue fluid economy. Ail of these processes may be affected by 

diabetes, but attention has been mostly centered on transport and exchange, functions 

determined by flow, pressure, and their regulation and the intrinsic permeability of the 

capillary wall. Early measurements of tlow in whole organs or at the tissue level 

pointed to a sequence of changes in the relevant vascular beds, which formed the basis 

of a homodynamic hypothesis of diabetic microangiopathy. Early diabetes is 

characterized by increased microvascular flow (and by implication pressure) in the 

relevant tissues (PARVING et al., 1983; ZATZ & BRENNER, 1986). This luxurious 

hyper perfusion results in increased shear stress and tangential pressure on the 

microvascular endothelium, which elaborates more extravascular matrix proteins as an 

injury response. ln time, the consequent microvascular sclerosis, involving the 

ubiquitous basement membrane thickening as well as arteriolar hyalinosis, limits the 

capacity of the microvasculature to dilate at times of increased flow demand and 

interferes with the process of autoregulation (TOOKE, 1986). There has always been 
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the tacit assumption that an early increase in flow equates with an increase in 

microvascular pressure (TOOKE, 1980). Both theoretical and practical levels this is not 

so, for capillary pressure is a function of the ratio of pre- and postcapillary resistance. 

Accordingly, a proportionate reduction in both pre- and postcapillary resistance will 

result in increased flow but unchanged mean capillary pressure. A concomitant increase 

in capillary pressure implies a relative increase in postcapillary resistance; a concept 

that is commonplace as far as the renal microcirculation is concemed. The vasa 

vasorum, microcirculation network bas also been studied in diabetic rabbits; the 

permeability of this network is enhanced by large areas of albumin extravasations 

(PLANTE, 1999). Although glomerular hypertension bas been demonstrated in animal 

models of diabetes (HOSTETTER, 198 l ), such evidence in human diabetes is 

necessarily indirect (P AULSEN et al., 1989). 

Arterial Fibrodysplasia 

The pathogenesis of arterial fibrodysplasia bas been an elusive subject since this 

disease entity was first recognized more than 40 years ago. Medial fibroplasia is the 

most common form of arterial dysplasia (STANLEY et al., 1975). This type of 

dysplasia represents a continuum. Lesions vary from focal stenosis to multiple 

constricting lesions in series with intervening aneurysmal outpouchings. Two variants 

of medial fibroplasia exist. The peripheral form is characterized by dense 

fibroproliferative changes with excesses collagen, increased ground substance, and loss 

of smooth muscle in the outer media. Relatively little involvement of the inner media 
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occurs. The second form, diftùse medial fibroplasia, is characterized by more severe 

disruptions of the media architecture with loss of most recognizable smooth muscle. 

Media! thinning, altemating with accumulation of fibrous tissue, occurs most 

commonly with diffuse disease (SOTTIURAL et al., 1978). Impairment of vascular 

wall blood supply as a cause of arterial fibrodysplasia has received indirect support 

from a number of earlier studies. Obliteration of vasa vasorum should have a greater 

effect in reducing oxygenation and nourishment of cells in the outer media, in 

comparison to those near the vessel lumen. Clinicat recognition of the peripheral form 

of medial fibroplasia (STANLEY et al., 1975), and observation that altered smooth 

muscle cells and myofibroblasts were common in the outer media of vessels subjected 

to thrombin-gelatin infusions, may be a reflection of the degree of vessel wall hypoxia 

(NAKA TA & SIDONOY A, 1966). 

Abdominal aortic aneurysms 

Abdominal aortic aneurysm is a localized dilatation of the abdominal aorta, 

most commonly encountered in the infrarenal portion of the abdominal aorta. The 

etiology of abdominal aortic aneurysms is multifactorial and is predominately 

degenerative rather than atherosclerotic. Several disease processes, including 

dissection, mycotic infection, cystic medial necrosis and Ehlers-Danlos syndrome, 

cause abdominal aortic aneurysms but the most common cause has traditionally been 

considered to be atherosclerosis. Recent information suggests that the process may 

involve a more complex pathophysiology than atherosclerotic weakening of the aortic 
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wall. Abdominal aortic aneurysms are associated with atherosclerotic occlusive disease 

in only 25 percent of patients (ZATINA et al., 1984). Alterations in the levels of 

collagenase, elastase and antiproteases have been found in abdominal aortic aneurysms, 

prompting some investigators to suggest that an imbalance between the levels of 

proteases and antiproteases in the aortic wall may be an important component in the 

pathophysiology of abdominal aortic aneurysms (CRONENWETT et al., 1985; 

DOBRIN, 1988). Alterations in the delivery of oxygen and nutrients to the arterial wall 

may also play a rote in the pathophysiology, because the infrarenal aorta lacks medial 

vasa vasorum even though the aortic wall is nearly as thick as the proximal segments 

that have medial vasa vasorum. The absence of vasa vasorum in the media of the 

abdominal aorta may explain in part the observation that the abdominal aorta is more 

severely involved by atherosclerosis and aneurysm than thoracic aorta. 

1.6 KININS 

Tissue kallikreins and their kinin products appear to be important regulators of 

cardiovascular function. They are being increasingly noted as likely participants in the 

actions of drugs that affect the heart, kidney, and circulation (SCICLI & 

CARRETERO, 1986). This phylogenetically ancient system of substrates, proteases, 

peptides, peptidases, and inhibitors bas some responsibility for the regulation of local 

and perhaps systernic hemodynamics, vascular permeability, inflammatory response, 

activation of neuronal pathways, and the movement of electrolytes, water, and 

metabolic substrates across epithelia, endothelial and tissues (BHOOLA et al., 1992). 

lndeed, it is difficult to name a mammalian cell type devoid of kinin receptors and 
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responsiveness to kinins, implying many regulatory roles for kinins that are still 

undecided. Kinins can affect many aspects of cellular function, but their roles in 

human homeostatic mechanisms and disease are just beginning to be understood. In this 

section, kinins structure, synthesis, metabolism, and pharmacological properties will be 

discussed. 

1.6.1 Synthesis and Metabolism of Kinins 

Bradykinin is a nonapeptide (Table l) (TRIFILIEFF et al., 1993). Kallidin bas 

an additional lysine residue at the animo-terminal position and is sometimes referred to 

as lysyl-bradykinin. The two peptides are cleaved from alpha 2 globulins that are 

synthesized by the liver and circulate in the plasma. These precursors are termed 

kininogens. There are two kininogens, high molecular weight (HMW) and low 

molecular weight (LMW) kininogen. A number of serine proteases will generate kinins, 

but the highly specific proteases that release bradykinin and kallidin from the 

kininogens are termed kallikreins (Figure 2) (For review, see CONLON, 1988). 



NAME 

Bradykinin 

Kallidin 

STRUCTURE FUNCTION 

Arg-Pro-Pro-Gly-Phe-She-Pro-Phe-Arg 

Lys-Arg-Pro-Pro-Gly-Phe-She-Pro-Phe-Arg 

Des-Arg9-bradykinin Arg-Pro-Pro-Gly-Phe-She-Pro-Phe 

Des-Arg l 0-kallidin Lys-Arg-Pro-Pro-Gly-Phe-She-Pro-Phe 
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Agonist, B2'131 

Agonist, B1 

Agonist, B1 

HOE 140 

Des-Arg9 [Leu ] 
-bradykinin 

[D-Arg]-Arg-Pro _ hyp-Gly-Thi-Ser-Tic-Oic-Arg Antagonist, B2 

Arg-Pro-Pro-Gly-Phe-She-Pro-Leu Antagonist, B 1 

Table 1 Structure ofKinin Agonists and Antagonists, Listed From Carboxyl Terminus. 
(From TRIFILIEFF et al., 1993) 

Kallikreins 

The kallikreins circulate in plasma in an inactive state and must be activated by 

other proteases. Two kallikreins act on the kininogens: plasma kallikrein and tissue 

kallikrein. These are distinct enzymes, and they are activated by different mechanisms 

(BHOOLA et al., 1992). Plasma prekallikrein is an inactive protein of about 88 K.Da 

that is bound in a l : 1 complex with its substrate, HMW kininogen. The protease 

inhibitor present in plasma restrains the cascade. Following hepatic synthesis, plasma 

prekallikrein is cleaved and activated by factor XII, also known as Hageman factor, a 

protease that is common to both the kinin and the intrinsic coagulation cascades, to the 

active 36-kDa moiety, kallikrein. Factor XII itself is activated by contact with 

negatively charge surfaces such as collagen (PROUD & KAPLAN, 1988). Compared 
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Figure 2. Kinin Production And Destruction (From: COLON, 1998). 
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to plasma kallikrein, tissue kallikrein is a smaller protein (molecular mass of 29 KDa). 

It is synthesized in a number of tissue including salivary glands, central nervous system, 

and cardiovascular system. lt acts locally near its site of origin (FUKUSHIMA et al., 

1985; EV ANS et al., 1988). The synthesis of tissue prokallikrein is regulated by a 

number of factors, including aldosterone in the kidney and salivary gland and 

androgens in certain glands. The secretion of the tissue prokallikrein also may be 

regulated; for example, its secretion from the pancreas is enhanced by stimulation of 

activation of the vagus nerve (PROUD & KAPLAN, 1988). 

Kininogens 

The two substrates for the kallikreins, HMW and LMW kininogen, are products 

of a single gene that arise by alternative processing of mRNA. LMW kininogen is 

identical to the larger form of the protein from the amino terminus through the 

bradykinin sequence; its short light chain differs (T AKAGAKI et al., 1985). HMW 

kininogen is cleaved by plasma and tissue kallikrein to yield bradykinin and kallidin, 

respectively. LMW kininogen is a substrate only for the tissue kallikrein and the 

product is kallidin (NAKANISl-ll, 1987). 

Metabolism 

The kinins have an evanescent existence-their half -life in plasma is onJy about 

15 seconds. Moreover, in a single passage through the pulmonary vascular bed some 
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80% to 90% of the kinins may be destroyed (RYAN, 1982). Only amounts in the 

picomolar range are found in the circulation (PELLACANI et al., 1992). The principal 

catabolizing enzyme in the Jung and in other vascular beds is a dipeptidyl 

carboxypeptidase, known in this context as kininase Il and in another as angiotensin 

converting enzyme. A slow-acting enzyme, arginine carboxypeptidase (kininase 1), 

removes the carboxyl-terminal arginine residue producing des-Arg9-bradykinin and 

des-Arg10-kallidin, which are they potent B1-kinin receptor agonists (BURCH & 

KYLE, 1992). 

1.6.2 Kinin receptor classification 

The existence of two distinct receptors for kinins, deduced ftom data obtained 

with biological assays (REGOLI & BARABÉ, 1980) was confirmed with binding 

assays (HALL & MORTON, 1997) and by the identification of two separate genes for 

the kinin B2 and B1 receptors in man (HESS et al., 1992; MENKE et al., 1994). 

Numerous effects result from the activation (by the kinins) of two receptor types 

(REGOLI, 1980), the bradykinin B2 receptor, which is constitutive (REGOLI & 

BARABE, 1980) and is expressed by many cell types, and the kinin B1 receptor, which 

is inducible and is formed de novo in various cells by stimuli which activate the 

cytokine system, particularly interleukin 1 P (For reviewed see MARCEAU, 1995). 

,lb receptor 
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Most of the actions of bradykinin and kallidin are mediated through the 82 

receptor, which essentially does not respond to des-Arg9 -bradykinin or des-Arg9 
-

kallidin. On most membranes, the kd for the 82 receptor is in the range O. 7 to 5nM. In 

contrast to the rabbit aorta ( a primary site for the BI receptors ), the muscle relaxant 

actions of kinins on the dog c.arotid artery and bladder (REGOLI et al., 1990) and 

isolated rabbit mesentery and human basilar arteries are effected through 82 receptors 

(WHALLEY, 1987), as is the venoconstractile action of bradykinin on the rabbit 

jugular vein. 

81 rtteptor 

81 receptors seemed to be absent normally, but expression in smooth muscle 

cells and fibroblasts becomes evident in pathological states, particularly in 

inflammation or after exposure of tissue to noxious stimuli. When rabbits are injected 

with lipopolysaccharide, a hypotensive effect was observed with desArg9 -bradykinin 

(REGOLI et al., 1977). Induction of 81 receptors is observed in the cardiovascular 

responses of rabbits when KIi-ACE inhibitors are injected (NWATOR et al., 1989) and 

in the isolated rabbit aorta as a selective time-dependent response to in vitro incubation 

(DE8LOIS et al., 1989). The enhanced sensitivity of isolated tissues containing 81 

receptors increases with time in parallel with the specific binding of [3H] desArg9 
-

bradykinin. Inhibition of 8 1 receptor induction by cycloheximide, actinomycin-D or 

indomethacin has led to the proposai of de novo synthesis of 8 1 receptors in some 

tissue as a result of inflammation or tissue trauma (REGOLI & 8ARABÉ, 1980). IL-1 
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has been proposed as the endogenous trigger for the induction of BI receptors and the 

mediator that enhances the effects of desArg9 -bradykinin in inflammation (DEBLOIS 

et al., 1989). A peculiar feature of preparations containing B1 receptors is that their 

sensitivity to kinins increases progressively during the incubation of isolated organs in 

vitro. The activation of BI receptors in the cardiovascular system results in hypotension 

and is in accord with previous observations that the coronary vasodilator effect of BK is 

partially inhibited by [Leu8]des-Arg9-BK. These findings suggest that a mechanism of 

regulation is involved in the response of tissues to injury, particularly in fever, 

inflammatory, or allergie reactions. The induction of B1 receptors could mediate some 

of the effects of kinins released locally by the noxious stimulus or by the accumulating 

white blood cells (REGOLI & BARABE, 1980). 

1.6.3 Biological Actions of Kinins 

Cardiovascular System 

From the very beginning, kallikreins and kinins have been associated with the 

regulation of the cardiovascular system (HADDY et al., 1970). Numerous investigators 

have shown that the hemodynamic and vascular effects of kinins (particularly 

bradykinin) will vary depending upon species studied, the organ under observation, the 

dose of kinin applied, and the interference by other endogenous vasoactive substances 

(BARABE et al., 1979). When injected intravenously into mammal, bradykinin 

produces a rapidly reversible fall of blood pressure that is due to arteriolar vasodilatation 

and to the resulting decrease of peripheral resistance (REGOLI & BARABE, 1980). The 
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rapid reversibility of the hypertensive effect of kinins has been attributed to the reflex 

increase of heart rate, cardiac output, myocardial contractility (HADDY et al., 1970), 

and to the redistribution of blood flow to the various organs, which follow the initial 

rapid decrease of blood pressure. The most prominent actions of kinins are on the 

peripheral vessels, where these peptides have been shown to increase vascular 

permeability. Intra-arterial or topical administration of kinins and direct microscopie 

examination of precapillary, capillary, and postcapillary vessels, has been used in a large 

number of studies performed before 1970 and extensively reviewed by Haddy et al 

( 1970). In the years since, brilliant studies by Gabbiani et al. (l 972) with electron 

microscopy have established that the postcapillary venules are indeed the vessels 

responsible for major alterations of vascular permeability; endothelial cell contraction 

and intercellular junctions have also been documented (GABBIANI et al., 1975) after 

the application of noxious stimuli and of various agents, including bradykinin. These 

considerations favor therefore the interpretation that kinins are local hormones primarily 

involved in the regulation of peripheral blood flow to various organs and in the 

physiological defense reactions of tissues against noxious stimuli (Reviewed by 

REGOLI & BARABE, 1980). 

Inflammation 

Kallikreins and kinins have been shown to reproduce the basic symptoms of 

inflammation in several animal species. lndeed, local production of kinins is definitely 

increased in inflammatory lesions produced by carrageenin, urate crystals, heat, and 
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other noxious manipulations (GARCIA. 1978). Activation of kallikreins occurs in 

inflammed tissues and degradation of kinins may be reduced by the decreased pH of the 

edematous fluid (GARCIA. 1978; KEELE & ARMSTRONG, 1964). Plasma kinins 

increase permeability in the microcirculation. Increased levels of kinins have been 

shown to be present in a number of chronic inflammatory diseases. Kinins also may play 

significant roles in conditions such as gout, disseminated intravascular coagulation, 

inflammatory bowel disease, rheumatoid arthritis, and asthma. The kinins also may 

contribute to the changes in the bones seen in chronic inflammatory states. Kinins 

stimulate bone resorption through 81 and possible 82 receptors, perhaps by osteoblast-

mediated osteoclast activation (LERNER, 1994). 

Exocrine Glands 

Prekallikreins and kallikreins have been found in exocrine glands such as the 

pancreas, kidney, intestine, salivary, and sweet glands. These enzymes are released by 

the stimulation of the autonomie nervous system, by drugs, stimuli into the secretary 

fluid of the individual organs, either in active form or as precursors that may undergo 

rapid activation (BHOOLA et al., 1979). Nustad et al. (1978) have reported the 

evidence for the participation of glandular kallikrein-kinin systems in membrane 

transport of electrolytes, glucose, and amino acids. Sorne of the proposed actions occur 

in the producing organs (e.g. the kidney or the salivary glands), and they may have a 

functional role in excretion of potassium. Like other serine proteases, kallikreins may 

take part in digestion. Since kinins have such striking efîects on smooth muscle, they 
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may modulate the tone of pancreatic or salivary ducts, as well as the motility of the 

intestine or urinary tract (Reviewed by REGOLI & BARABE, 1980). 

1.6.4 Kinin receptors antagonists 

Antagonists for the B1 receptor were discovered almost 10 years before the 

antagonists for the bradykinin B2 receptor (REGOLl et al., 1990). The first antagonist 

discovered, [leu8]desArg9 -bradykinin, was obtained by replacing the C-terminal Phe 

residue by Leu (REGOLI et al., 1977) using the same that they had successfully applied 

a few years before the study of ANG II (REGOLl et al., 1974). 80th [Leu8]desArg9
-

bradykinin and Lys-[Leu8]desArg9 -bradykinin do not interact with the bradykinin 82 

receptor and are therefore selective for the kinin BI receptor: they do not interact with 

either the angiotensin AT1 receptor or the neurokinin NK-1 receptors (as well as with a 

variety of other receptors (REGOLI & BARABÉ, 1980), and are therefore specific for 

the kinin 81 receptor. The [Leu8]desArg9 -bradykinin and Lys-[Leu8]desArg9 
-

bradykinin exert a competitive antagonism on the rabbit (REGOLI et al., 1977; 

REGOLI & 8ARABÉ, 1980) and the human kinin 8 1 receptors (G08EIL et al., 1996): 

they show a rapid onset of action and rapid reversibility in the rabbit kinin 81 receptor, 

like their corresponding agonists. 

Antagonists for the 82 receptor were discovered by Vavrek and Stewart (198S), 

who changed the steric position of the C-terminal dipeptide Phe8 -Arg9 of bradykinin, 

with the replacement of Pro7 by a D-Phe residue. D-Arg-[Hyp3
, d-Phe7]bradykinin and 

D-Arg-[Hyp3, d-Phe7
, Leu8]bradykinin represent the first generation of bradykinin B2 
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receptor antagonists (REGOLI et al.. 1990). They were used extensively for several 

years in animal studies looking at kinin receptor pharmacology (STEWARD & 

VAVERK, 1991; REGOLI et al., 1990) before the discovery of HOE140. With the 

discovery of HOE140 (Icatibant). a second generation of bradykinin 82 receptor 

antagonist was introduced. The new peptidic compound is potent and selective for the 

bradykinin 8 2 receptor and shows high affinities in ail species in which it has been 

tested (REGOLI et al., 1990). It has a long duration of action (>60 min) owing to its 

protection from enzymatic degradation and its prolonged interaction with the 

bradykinin 82 receptor (HOCK et al., 1991; G08EIL et al., 1996). Its reaction is 

slowly reversible even on wash out from in vitro preparations (HOCK et al.. 1991 ). 

HOE 140 is quite potent on the human bradykinin 82 receptor, but less so on other 

bradykinin 82 receptors (REGOLI et al., 1990). It has been used extensively in animais 

to block exogenous bradykinin (WIRTH et al., 1991). It bas also been used in various 

pathological states to evaluate the rote of kinins in pain and hyperalgesia and in 

inflammatory states (rhinitis, asthma, cystitis, pancreatitis, etc.) (PROUD et al., 1988; 

F ARMER, 1997). Table I lists the structures and functions of various BK agonists or 

antagonists. 

1. 7 RENIN-ANGIOTENSIN SYSTEM (RAS) 

Systemic Regulation. The traditional view of the RAS is of a typical endocrine 

system. ANG II (ANG Il) is formed in the lungs after secretion of renin from renal 

juxtaglomerular cells (Figure 3, GOODFRIEND et al., 1996). Renin persists about 30 
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Figure 3. Formation of angiotensins and organs affected by their actions. 

Angiotensinogen is synthesized by the liver and released into the blood, where it is 

cleaved to form ANG I by renin secreted from juxtaglomerular cells in the kidneys. 

ACE in the lung catalyzes the formation of ANG II from ANG I, and the sa.me 

enzyme destroys BK. Further proteolytic cleavage generates ANG III and IV. The 

action of angiotensin is mediated via ANG receptors. All the receptors shown are of 

the AT 1 except certain receptors in the brain. (From GOODFRIEND, 1996) 
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minutes in the blood and catalyzes the release of the inactive decapeptide angiotensin I 

(ANG 1) from one of the plasma proteins, angiotensinogen (renin substrate). The active 

octapeptide, ANG II, is derived from cleavage of ANG I by an angiotensin-converting 

enzyme (ACE) that is mostly active in the pulmonary vascular endothelium 

(GUYTON, 1986). Both circulating and cellular levels of ACE are, in part, genetically 

determined through polymorphism of the gene coding for ACE (RIGAT et al., 1990). 

Local Regulation. Production of ANG Il in peripheral tissues has been shown in 

isolated vascular preparations from nephrectomized rats and rabbits (LINDP AINTNER 

et al., 1988). In fact, the major part of plasma ANG II may represent the spillover into 

the blood after local synthesis in various tissues (HOLTZ, 1993). Local production of 

ANG-(1-7), a new hormone of angiotensin system, has been demonstrated in the 

vasculature recently. ANG-(1-7) is generated from either ANG I or ANG II by specific 

peptidases (SANTOS et al., 1992). In bovine, porcine, and human aortic endothelial 

cells and human umbilical vein endothelial cells, ANG I is processed to ANG-( 1-7) by 

both neutral endopeptidase 24.11 and prolyl endopeptidase. In vascular smooth muscle 

cells from SHR and Wistar-Kyoto rats, ANG-(1-7) was the major product generated 

from ANG 1, and its generation was dependent on metalloendopeptidase 24.15 

(CHAPPEL et al., 1994). Similar to ANG II, ANG-(I-7) stimulates the release of 

vasopressin, prostaglandin and NO. However, ANG-( 1-7) possesses novel biological 

functions that are distinct from ANG Il (LI et al., 1997). The actions of ANG Il are 

mainly mediated via two types of receptors known as AT 1 and AT 2 (TIMMERMANS 

& SMITH, 1994). AT1 receptor has a widespread distribution, being present in such 

organs as the heart, kidney, adrenal gland, and brain. The receptor is also expressed by 



34 

vascular smooth muscle cells (LOPEZ et al., 1994). AT2 receptor was discovered more 

recently, and much less is known about it than for AT I receptor. Indeed, the vast 

majority of the physiological and pathophysiological roles of ANG II have been shown 

to occur via AT I receptor. 

1.7.1 Genention of ANG D 

The RAS is basically defined as a biochemical cascade (Figure 3). A highly specific 

proteolytic enzyme, renin, cleaves an ineffective peptide precursor, angiotensinogen, to 

generate a decapeptide, ANG I. ANG I is converted to an octapeptide, ANG II, by a 

nonspecific carboxypeptidase, the ACE. ANG II is considered the effective final product of 

enzymatic reactions (OPARIL & HABER, 1974; CAMPBELL, 1985). The biochemical 

cascade is self-limited by rapid metabolism of ANG II and/or by the negative feedback control 

of ANG II on rennin release (OPARIL & HABER, 1974). The biochemical cascade is present 

in different organs. The kidney produces renin; the liver produces angiotensinogen, plasma and 

vascular endothelium produce angiotensin. However, most of the ANG I and ANG II (9()0/4 and 

64%, respectively) is generated within endothelium, rather than in plasma (UNGER et al., 

1991 ). The primary determinant of the rate of ANG II formation is the plasma level of renin 

generated by the regulated secretion of renal renin (VON LUTIEROTTI et al., 1994). The 

well-known areas that regulate renal renin secretion (renal baroreceptors, neurogenic 

stimulation, or macula densa-mediated RAS activation) have been confirmed at the cellular 

and subcellular levels (KING et al., 1993). Ali these mechanisms regulate renin expression by 

Ca2•, adenosine 3', S'-cyclic monophosphate, and chemiosmotic forces cr, and water flux 
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coupled to Ir movements). Under favorable conditions, prorenin is then processed to renin, 

which may be secreted by regulative degranulation or divergence translocation (KING et al., 

1993). The final activity of ANG II depends mostly on the level of renin substrate and the 

availability of ACE. However, alternative pathways for the conversion of ANG I to ANG II, 

originating from masocytes and endothelial cells, have been identified (e.g., cathepsin G, 

chymase, serine proteases, tonin). They are thought to be involved in modulating local ANG II 

formation in the heart, specifically under ischemic conditions and for structural remodeling 

(WOLNY et al., 1997; RUZICKA et al., 1993). 

1.7.2 ANG II recepton 

The actions of ANG II are mediated by two pharmacologically and 

biochemically distinct classes of receptors, AT1 and AT2 {Table 2) (CHUNG et al., 

1998). Both have been successfully cloned (SASAKI et al, 1991). There are two 

subtypes of AT1 receptors, AT1a and AT1p. AT1 Receptors are responsible for most of 

the known physiological actions of ANG II. Vasoconstriction is mediated by the AT1 

receptor on vascular smooth muscle cells (WHITEBREAD et al., 1989). ANG Il, via 

the AT I receptor, stimulates aldosterone secretion by the adrenal cortex (NAKAMURU 

et al., 1985), and exerts important effects on renal bloods tlow, glomerular filtration 

rate, mesangial cell function, and tubular reabsorption and (BURNS et al., 1993). The 

relative abundance of AT 2 receptors in many fetal tissues and the decrease in their 

number after birth suggest that play a role in development {TIMMERMANS et al., 

1993). Unexpectedly, mice lacking AT2 receptor develop normally, but they have 
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increased vasopressor responses to ANG Il and show abnormal behavior (HEIN et al., 

1995). These studies suggest that some functions of ANG Il in the brain and in the 

cardiovascular system are mediated by AT 2 receptors. 

The distributions of the receptor subtypes have been thoroughly studied, but the 

precise proportions of sites and the predominant type can vary as a function of the 

tissue, the species and the stage of development. Whereas most of the receptors in the 

liver, kidney and intestine are AT 1 (SECHI et al., 1992 & 1993), the uterus and the 

ovary have mainly AT 2 receptors (DUDLEY et al., 1990). Both types of receptors are 

present in the brain, cardiovascular system (CHANG & LOTTI, 1991) and adrenal 

glands (CHIU et al., 1989). The ANG li receptors in the vascular wall are mostly of the 

ATr type, but AT2 receptors are also found (CHANG & LOTTI, 1991). These 

receptors lie mainly on the smooth muscle cells of the media. Although ANG II was 

shown to exert an etfect on endothelial cells 20 years ago (BUONASSI & VENTER. 

1976), it is only recently that the presence and characteristics of endothelial ANG Il 

receptors have been evaluated. ANG li can curtail endothelium-dependent relaxation 

by increasing the production of oxygen free radicals (GRIENDLING et al., 1994). lt 

also activates ET-1 synthesis and release from cultured endothelial cells (SCHINI et al., 

1989). In both mechanisms, these negative ANG li induced etfects on endothelial 

function are mediated by AT I receptor. However, the inhibition of cell proliferation in 

coronary endothelial cells by ANG II is mediated by AT2 receptor (STOLL et al., 

1995). Increased AT 2 receptor expression was observed in myocardial infarction (NIO 

et al., 1995). 



37 

AT I receptor AT 2 receptor 

Widely distributed in adult Widely distributed in fetal 
tissues, e.g., blood vessels, tissues. Expression in the 

Distribution kidney, adrenal gland, heart, adult brain, adrenal glands, 
liver, brain. ovary, uterus, endothelium, 

myocardium. 

Structure Seven-transmembrane-receptor, Seven-transmembrane-receptor, 
G-protein-coupling G-protein-coupling 

Affinity ANGII>ANGID> ANGI ANG III > ANG Il > ANG I 

Losartan PDl23319 
Ligands valsartan CGP42112A 

EXP 3174 PD123317 

vasoconstriction, Possible role in growth and 
cardiac contractility development, apoptosis, 
aldosterone release antiproliferation, inhibition 

Fonction glomerular filtration of neointima, Cell 
renal blood tlow differentiation, regulation 
cardiac and vascular hypertrophy of NO production 
central osmoregulation 

Table 2 Properties of ANG II receptors (From CHUNG et al., 1998) 

1.7.3 Role of ANG D 

ANG II is involved in short-term regulation of blood pressure and in regulation 

of intravascular fluid volume and regional circulation. 
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Regulation of Systemic Hemodynamics. 

RAS activation is mainly dependent on body tluid volume, specifically 

.. effective" blood volume, i.e., the blood volume that allows adequate cardiac output 

(KIOWSKI et al., 1992). Blood pressure thus depends on RAS as a function of 

extracellular fluid volume and intravascular volume (SANCHO et al., l 976). Although 

there is moderate RAS dependence in normal intravascular volume (HABER, l 976) 

and minimal etfects with extracellular fluid volume expansion (SANCHO et al., 1976), 

the RAS contribution to blood pressure becomes crucial with hypovolemia (HABER, 

1976). lnversely, the final purpose of RAS activation is to increase body fluid volume 

(NIARCHOS et al., 1983; SANCHO et al., 1976): ANG II is the primary stimulus to 

aldosterone secretion (NIARCHOS et al., 1983; SANCHO et al., 1976), but it also 

contributes to sodium regulation directly (SCHUSTER et al., 1984) and, indirectly, to 

fluid volume regulation (BROOKS et al., 1986). Any renin-dependent, volume-

independent state therefore tends to be converted into a renin-independent, volume-

dependent state by the RAS action itself For example, an increased blood pressure in 

experimental renovascular hypertension or aortic coarctation-induced hypertension 

(BAGBY et al., 1980; SANCHO et al., 1976) are initially maintained by direct pressor 

actions of ANG II (renin-dependent state) and is thus sensitive to RAS blockade 

(BAGBY, 1982). During a later chronic phase, hypertension is due to an increase in 

intravascular volume that results from ANG II activity (BAGBY et al., 1980) but then 

becomes insensitive to RAS blockade (renin-independent state) (BAGBY, 1982). Fluid 

volume regulation requires hours to days, but ANG 11-induced vasoconstriction is 
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quickly activated; therefore, acute changes in intravascular volume status are initially 

caused by vasoconstriction. ANG II-induced vasoconstriction is well known arteriolar 

and contributes to the maintenance of blood pressure by increasing vascular resistance 

(SANCHO et al., 1976; NIARCHOS et al., 1983). As for arterioles, ANG II produces 

constriction of veins either directly (LEE et al., 1988) or by enhancement of the 

sympathetic nervous system (BENJAMIN et al., 1988), which results in the reduction 

of vascular capacitance (i.e., decrease in either unstressed vascular volume and/or 

compliance). Arterial ANG-induced vasoconstriction may also improve venous retum 

because cardiac output is redistributed from long time constant compartments to short 

time constant compartments. An effective intravascular volume therefore may be 

maintained despite a decreased in absolute blood volume (OREES & ROTHE, 1974). 

Both the arterial and venous actions of ANG II improve venous retum to the heart, and 

cardiac output is then preserved (HAINSWORTH, 1990). 

Besides the direct actions of ANG II, a crossover potentiation between ANG II 

and other factors may be involved in blood pressure regulation. Vascular tone results 

from interactions between vasoactive circulating peptides (ANG II, atrial natriuretic 

peptide, catecholamine) (DOMINIAK, 1993) or between ANG II and endothelial 

contrai of vasomotor tone (LÜSCHER, 1993), such as nitric oxide (SIGMON & 

BEIERW AL TERS, 1993 ). There are also similar interactions with factors involved in 

ANG Ii-mediated body volume regulation; endothelin may increase ANG 11-induced 

aldosterone production (COZZA & GOMEZ-SANCHEZ, 1993), and aldosterone may 

increase ANG II receptor number and enhance ANG 11-stimulated protein synthesis 

(ULLIAN et al., 1993). 
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In summary, during hypovolemia, RAS activation first results in ANG 11-

induced vasoconstriction. ANG II then stimulates fluid volume increase through 

stimulation of sodium and water reabsorption. When effective intravascular volume is 

restored, RAS is no longer activated (KIOWSKI et al., 1992). 

Regulation of Regional Circulation. 

Renal circulation is the most thoroughly investigated regional circulation with 

regard to the role of the RAS on regulation of regional vascular tone (FREEMAN et al., 

1973). Moreover, the kidney is the first organ where in situ formation of ANG II was 

demonstrated (LEVENS et al., 1981 ). The intrarenal RAS is involved in the 

homeostatic regulation of renal blood tlow and glomerular filtration (FREEMAN et al., 

1973), mainly by ANG 11-induced vasoconstriction of the efferent arteriole of 

glomerulus (FREEMAN et al., 1973). Many other tissues are probably affected by the 

role of RAS in regulating regional circulation, but such a role in local vasoregulation is 

difficult to determine and therefore still debated (LEVENS et al., 1981 ). ln addition, the 

mesenteric circulation is very sensitive to ANG 11-induced vasoconstriction; therefore, 

both circulations are adversely altered during RAS activation (LEVENS et al., 1981 ). 

l. 7.4 Interactions Of Bradykinin And ANG ll 

The renin-angiotensin system interacts with other systems in the regulation of 

homeostatic processes (Figure 4) (SCHMERMUND et al, 1999). These interactions 
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Figure 4. Interaction of Angiotensin II and Bradykinin. (From SCHMERMUND, 

1999) 
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predominantly involve local tissue factors rather than circulating hormonal factors 

(WIEMER et al., 1991). ACE does not specifically bind to ANG I. Kininase Il, an 

enzyme indistinguishable from ACE, catalyzes the hydrolytic degradation of 

endogenous bradykinin to inactive metabolites (BAUMGARTEN et al., 1993). 

Bradykinin, a nonapeptide, is cleaved from alpha 2-globulins in the plasma or tissue 

fluids. lt is part of the kallikrein-kinin system, local activity of which has been shown in 

canine coronary arteries, human cultured endothelial cells, and rattail arteries and veins 

(SEYEDI et al., 1995). Bradykinin exerts powerful arteriolar dilatation etîects through 

the nitric oxide synthase system and through enhanced synthesis of vasodilator 

prostaglandins such as prostaglandin E2 (CACHOFEIRO et al., 1992). Bence, ACE not 

only produces ANG Il but also degrades bradykinin, thus inactivating a potent 

vasodilator system. The by-product of formation of ANG Il by ACE, angiotensin- ( 1-7) 

counteracts several actions of ANG Il. lt was found that angiotensin- (1-7) indirectly 

acts as a local modulator of bradykinin etîects by releasing nitric oxide and inhibiting 

ACE, thus augmenting bradykinin-induced vasodilatation (LI et al., 1997). On the other 

band, ACE inhibition was associated with 5- to 50-fold increases in angiotensin- ( 1-7) 

both in tissue and in circulation. ANG II itself also interacts with the kallikrein-kinin 

system. ln canine coronary arteries and myocardial microvessels, the release of nitric 

oxide is induced by ANG Il (SEYEDI et al., 1995). A bradykinin receptor antagonist 

and various protease inhibitors abolish this response; thus, it presumably results from 

the local formation of kinins and stimulation of bradykinin receptors. In vitro 

experiments have suggested that these etîects are mediated by the AT I receptor subtype 

and subsequent activation of CA++/calmodulin-dependent constitutive nitric oxide 
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synthase (SAITO et al., 1996). Pharmacologie in vivo experiments, however, point to 

mechanisms involving the AT 2 receptor subtype, at least in the setting of AT I receptor 

blockade by specific antagonists (LIU et al., 1997; JALOWY et al., 1999). As AT 1 

receptor blockade leads to compensatory increase in Ali concentrations, AT 2 receptor-

dependent stimulation by ANG II seems to enhance nitric oxide release from 

endothelial cells through increased bradykinin formation (Figure 4). 

Physiologie conditions. Kidney-derived renin catalyzes the formation of ANG I 

from angiotensinogen. ANG II is cleaved from ANG I by ACE activity. ANG II acts 

through specific receptors (angiotensin receptor subtypes 1 and 2 [AT1, AT2]) expressed 

in arterial intima and media. These receptors mediate direct actions of ANG II such as 

vasoconstriction, but they also release other mediators involved in actions of ANG II; 

among these are bradykinin and, not shown in figure, endothelin. Bradykinin is cleaved 

from kininogen by kallikrein and deactivated mainly by kininase II. Kininase II is 

identical to ACE, which thus not only catalyzes formation of ANG II but also 

degradation of bradykinin. Through specific receptors (bradykinin receptor subtype 2 

[82]), bradykinin exerts vasodilator actions through pathways involving endothelium-

derived nitric oxide (NO) ("relaxing factor") and prostaglandins (PG) such as 

prostacyclin and prostaglandin E2. 

1.8 AIMS OF THE STUDY 

The renin-angiotensin system not only plays a central rote in physiological 

regulation of vascular tone and blood pressure in man, but also has important 

implication in the pathophysiolgy of a variety of diseases, including vascular, metabolic 
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and kidney diseases. Pharmacological blockade of the renin-angiotensin-aldosterone 

cascade has been found to be a safe and efficient way to treat hypertension and 

congestive heart failure. However, the role of the renin-angiotensin system on vasa 

vasorum microcirculation network remains unknown. ln the present study we first 

determine changes in isolated rabbit thoracic vasa vasorum in vitro. Then, we 

investigate the actions of kinins and their receptors (B1 and B2) in vasa vasorum, as 

well as to evaluate the possible existence of up-regulation phenomena of BK receptors. 

We also investigate the AT1 and AT2 receptor- mediated actions of ANG II in the vasa 

vasorum of thoracic aorta of rabbits. The findings of this study may be helpful for 

understanding the pathophysiolgy of the vasa vasorum microcirculation system. 
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MA TERIALS AND METROS 

2.1 Preparation of Evans Blue binding Albumin (EBA) 

Evans blue dye has been used as a standard marker of the luminal space in 

indicator dilution techniques because of its ability to tightly bind to albumin in the 

vascular space during the time periods observed. More recently, Evans blue dye has 

been used as a sensitive and qualitative marker of leakage of protein from the vascular 

lumen in variety of tissues. In our experiments, 50 mg of Evans blue were dissolved in 

2.5 ml Krebs solution. To determine Evans blue dye binding to albumin, the dye at 0.67 

mg /ml in 4% albumin was placed in dialysis sack and dialyzed for 24 hours. 

2.2 Preparation of tissue section 

Sixty-five rabbits of both sexes, weighing 2.6-3.0 kg, were obtained from 

Charles River (Montreal, PQ). The animais were sacrificed by exsanguinations 

according to the guideline of the Canadian Council on Animal Care. Cylindrical aortic 

segments (65-70 mm long) with the 5th and 6th intercostal arteries were dissected out 

and immediately placed in Krebs-bicarbonate solution at 37°C (Figure S). The 

composition of the solution was as follows: NaCI, 120.0 mM; KCI, 5.9 mM; NaHCO3, 

25.0 mM; NaH2PO4, 1.2 mM; CaCh, 2.5 mM; MgCh, 1.2 mM; and glucose, 5.5 mM. 

The Krebs solution was continuously aerated with 95 % 0 2 + 5 % CO2 gas mixture to 

give a pH of 7.4. The aorta was stretched toits in vivo length and then placed in an 80 
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Figure 5. Schematic Illustrations Of Animal Experimental Procedure 
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ml organ bath, which was perfuse with Krebs solution at pH 7. 4 and kept at a constant 

temperature of 37°C by use of a heat exchanger throughout the experiments. Ali 

intercostal arteries were ligated on the adventitial surface of the thoracic aorta. In 

addition, a pressure transducer measured intraluminal pressure of the isolated aortic 

segment with a two-way stopcock attached to a cannula tied into one end of the length 

of aorta. The other end of the aorta was connected via a cannula to a perfusion pump. 

To study the effects of vasoactive compounds on the vascular resistance of aortic vasa 

vasorum, the perfusion pressure through the vasa vasorum was set at about 70 mmHg 

before the experiment began. The mean aortic pressure was kept at about 50 mmHg 

during the experiments. Before the start of each experiment, the preparation was 

allowed to equilibrate for about 90 min in the Krebs-bicarbonate solution at pH 7.4 and 

3 7°C during simultaneous perfusion of the intraluminal space of the aortic segment. 

After the equilibration period, to observe the numbers of leakage and diameters of vasa 

vasorum under the treatments of various drugs. These procedures took 30-50 min and 

were followed by a 90 min equilibration period. Each 10 min, one picture was taken by 

a photographer (Figure SF). 

2.3 Experimental protocols 

2.3.1 BRADYKININ 

Group 1 : Bradykinin alone. Three ditferent concentrations of bradykinin ( l 0 nM, 

1 00nM, 1 µM) were given to each two rabbits, respectively; thoracic aortae were 
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infused with Evans blue combined with albumin, 10 min later, bradykinin was added 

into the circulation. 

Group 2: HOE 140 plus bradykinin. Thoracic aortae from three rabbits were 

pretreated by infusion with HOE 140 ( 1 µM) for 10 min, followed by an infusion of 

bradykinin (1 µM) dissolved in physiological saline. 

Group 3: des-Arg9
- (Leu8)-bradykinin (lµM) plus bradykinin (1 µM). Thoracic 

aortae from three rabbits were pretreated by infusion of des-Arg9 -(Leu8
) - bradykinin 

for 10 min, followed by an infusion of bradykinin {l µM) dissolved in physiological 

saline. 

Group 4: Lys-des-arg9-BK. Thoracic aortae were infused Evans blue combined 

with albumin after a 1 hour, 3 hours or 4 hours (two rabbits each time) incubation 

period in vitro. After 10 min Lys-des-arg9 -BK was added into the circulation. 

Group 5: des-Arg9 -[Leu8]bradykinin ( 1 µM) plus Lys-des-arg9 -BK. Thoracic 

aortae from three rabbits were pretreated by infusion with des-Arg9 -[Leu8]bradykinin 

followed by an infusion of Lys-des-arg9-BK dissolved in physiological saline. 

2.3.2 ANG D 

Group 1: Law doses of ANG II. Two doses of ANG II were used in our 

experiments: 1 nM and 10 nM; thoracic aortae from six rabbits were infused with 
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Evans blue combined with albumin, ANG II was added into the circulation after 10 

min. 

Group 2: EXP 3174 plus ANG II. Thoracic aortae from four rabbits were 

pretreated by infusion with EXP 3174 (10 nM) for 10 min, followed by an infusion of 

ANG II ( 10 nM), which dissolved in physiologicat saline. 

Group 3: PD 123319 plus ANG Il. Thoracic aortae from three rabbits were 

pretreated with PD 123319 (10 nM) for 10 min, followed by an infusion of ANG II (10 

nM). 

Group 4: High doses of ANG II. Two doses of high concentrations of ANG II 

were used in our experiments: l 00 nM and 1 µM; thoracic aortae from six rabbits were 

infused Evans blue combined with albumin, after 10 min ANG II was added into the 

circulation. 

Group 5: PD 123 3 19 plus ANG II. Thoracic aortae from three rabbits were 

pretreated with PD 123319 (l µM) followed by an infusion of ANG II (100 nM). 

Group 6: PD 123319 atone. Thoracic aortae from three rabbits were pretreated 

with PD 123319 (1 µM) atone followed by an infusion ofphysiologicat saline. 
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Group 7: L-NAME plus ANG Il. Thoracic aortae from three rabbits were 

pretreated with L-NAME ( 1 µM) followed by an infusion of ANG Il ( 100 nM). 

Group 8: L-NAME alone. Thoracic aortae from three rabbits were pretreated 

with L-NAME ( 1 µM) alone followed by an infusion of physiological saline 

Group 9: HOE 140 plus ANG Il. Thoracic aortae from three rabbits were 

pretreated with icatibant (1 µM) followed by an infusion of ANG II (100 nM). 

Group 10: HOE 140 atone. Thoracic aortas from three rabbits were pretreated 

with HOE140 (1 µM) atone followed by an infusion ofphysiological saline. 

2.3.3 CHEMICALS AND DRUGS 

The following drugs and chemicals were used: 

Evans blue: Sigma Chem. Co., St. Louis, MO, USA 

Bovine serum albumin: Sigma Chem. Co., St. Louis, MO, USA 

Heparin: Organon Teknika Inc, Canada 

Bradykinin: Sigma Chem. Co., St. Louis, MO, USA 

Lys-des-arg9-BK: Kindly provided by Dr. Regoli, Sherbrooke, Canada. 

des-Arg9-[Leu8)bradykinin: Kindly provided by Dr. Regoli, Sherbrooke, Canada. 



Angiotensin D: Sigma Chem. Co., St. Louis, MO, USA 

EXP3174: DuPont-Merck Pharmaceutical Co., Wilminton. DE 

PD123319: Parke-Davis Pharmaceutical Co., Houston. TX 

L-NAME: Sigma Chem. Co., St. Louis, MO, USA 

HOE140: Hoechst Marion Roussel, Frankfurt, Germany 
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RESULTS 

3.1 NORMAL VASA VASORUM FLOW OF THE ADVENTITIAL 

AORTA 

Time control experiments were performed to validate the stability of perfusion. 

After 90 min equilibration period, 50 ml of albumin combined with Evans blue was 

circulated by the pump. 0.9% saline was injected after 10 min of Evans blue circulation. 

Each l O min one picture was taken. There were no significant changes in the numbers 

of leakage and the diameter of the vasa vasorum throughout those studying period 

(Figure 6). 

3.2 BRADYKININ 

3.2.1 THE VASODALITATION OF BRADYKININ 

Following control period, different concentrations of bradykinin were added 

into the circulation, (10 nM, 100 nM and l µM). After 20 min and 30 min, the number 

of leakage and the diameter of vasa vasorum arterioles were increased. Bradykinin 

produced both time- and concentration-related vasodilatation on vasa vasorum. At high 

concentration of bradykinin (> l 00 nM), marked extravasation was significantly 

observed (Figure 7). 
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Figure 6. Normal vasa vasorum flow in the adventitia ofrabbit thoracic aorta. After 90 min equilibration, 50 ml ofEBA 

circulated into the isolated rabbit thoracic aorta by pump. Saline was injected after 10 min. Pictures were taken each 10 min. 

There were no significant changes in the number ofleakage spot and the diameter of the vasa vasorum throughout 50 min. (n=4) 
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Figure 7. BK cause vasodilatation of vasa vasorum on isolated rabbit thoracic aorta. Different concentrations of 

BK were added into the circulation after 10 min of perfusion with albumin-Evans blue (10 nM, 100 nM and 1 

µM). After 20 min and 30 min, the number ofleakage and the diameter ofvasa vasorum were increased. At high 

concentration of bradykinin (> 100 nM), the extravasation increased much more. 
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3.2.2 THE EFFECT OF BK WAS BLOCKED BY 82 RECEPTOR 

ANTAGONIST HOE 140 

The specific 8 2 receptor antagonist HOE 140 was used to determine if the 

vasodilatation response to bradykinin could be attributed to 82 kinin receptor activation 

on vasa vasorum microcirculation. Thoracic aorta was pretreated with HOE 140 ( 1 µM) 

10 min before, following an infusion of bradykinin (I µM). We observed that the 

number of leakage and the diameter of the vasa vasorum did not change after 30 min 

(Figure 8). We also tested if this vasodilatation was blocked by 8 1 receptor antagonist 

des-Arg9 
- (Leu8) bradykinin. Thoracic aorta was pretreated with des-Arg9 -

(Leu8)bradykinin 10 min before infusion of bradykinin. After 20 min and 30 min, the 

number of leakage and the diameter of vasa vasorum were increased. 81 receptor 

antagonist did not inhibit the effect of vasodilatation ofbradykinin (Figure 9) 

3.2.3 INDUCTION OF THE 81 RECEPTOR ON VASA VASORUM 

As shown in Figure 10, after 1 hour, 3 hour or over 4 hour incubation periods, 

respectively, 81 receptor agonist Lys-des-arg9-bradykinin was administrated following 

control period. We observed that the diameter of arteriolar and the number of the 

leakage spots did not change after 1 hour or 3 hour incubation periods (Figure 10). 

However, in order to confirm that the aorta was still sensitive to the drugs at this time, 

bradykinin was injected after 30 min. After infusion of bradykinin, we observed the 
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Figure 8. The effect of BK was blocked by the B2 receptor antagonist HOE 140. Thoracic aorta was treated with 

HOE 140 (1 µM) for 10 min before the infusion of BK (1 µM). The number ofleakage spot and the diameter of the 

vasa vasorum were not influenced after 30 min, suggesting that the vasodilatation response to BK ofvasa vasorum 

is via B2 receptor activation occurs on vasa vasorum. 
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Figure 9. Vasodilatation of BK on vasa vasorum was not blocked by the B1 

receptor antagonist des-Arg9 -(Leu8)bradykinin. Thoracic aorta was pretreated 

with des-Arg9- (Leu8)bradykinin for 10 min before infusion of BK. After 20 

min and 30 min, the number of leakage and the diameter of vasa vasorum 

were increased. BI receptor antagonist did not inhibit the vasodilatation 

induced by BK on vasa vasorum. 
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Figure 10. B1 receptor in vasa vasorum was not inducible after 3 hours of 

incubation in vitro. When incubated in vitro for 3 hours, B1 receptor agonist Lys-

des-arg9-bradykinin was added to isolated thoracic aorta following addition of 

EBA. The number of the leakage and the diameter of vasa vasorum were not 

changed in 30 min. However, BK still resulted in vasa vasorum vasodilatation 

after the injection of Lys-des-arg9 -bradykinin to the circulation 30 min later. 
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expected vasodilatation. Following 4 hours of incubation, Lys-des-arg9 -bradykinin was 

added into the circulation after 10 min control, then the number of the leakage and the 

diameter of vasa vasorum were decreased throughout the S0 min observation period 

(Figure 11 ). 

3.2.4 THE EFFECT OF Dl RECEPTOR AGONIST IS DLOCKED DY 81 

RECEPTOR ANTAGONIST {LEU9) DES ARG10 
- KD AYfER 4 HOURS OF 

INCUBATION 

The specific B1 receptor antagonist des-Arg9 -[Leu ]bradykinin was used to 

determine if the contractile response to Lys-des-arg9 -bradykinin could be attributed to 

BI kinin receptor activation. Thoracic aorta was pretreated with des-Arg9 
-

[Leu ]bradykinin ( 1 µM) 10 min before, an infusion of Lys-des-arg9 -bradykinin ( 1 µM). 

The number of leakage spots and the diameter of vasa vasorum arterioles did not 

change throughout the 30 min observation period. To confirm the sensitivity of aorta to 

the drugs, bradykinin has been tested after 30 min and the expected vasodilatation was 

observed (Figure 12). 

3.3 ANG II 

3.3.l THE EFFECT OF ANG ll IN THE THORACIC AORTA VASA 

VASORUM 
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Figure 11. B1 receptor on vasa vasorum was inducible after 4 hours of 

incubation. After incubated in vitro for 4 hours, B1 receptor agonist Lys-

des-arg9 -bradykinin was added to isolated thoracic aorta following the 

addition of EBA. The number of the leakage and the diameter of vasa 

vasorum were decreased in 10 min throughout 50 min. 
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Figure 12. The effect of B1 receptor agonist was blocked by the B1 receptor 

antagonist (Leu9)Des ARG10 - KD after 4 hours of incubation. Thoracic aorta 

was pretreated with des-Arg9 - [Leu ]bradykinin (1 µM) 10 min be fore, 

followed by an infusion of Lys-des-arg9-bradykinin (1 µM). The number of 

leakage and the diameter of vasa vasorum did not change throughout 30 min. 

To confirm the sensitivity of aorta to the drugs, BK has been tested after 30 

min, vasodilatation was observed. 
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In control experiments without agonists and antagonists the number of leakage 

and the diameter of vasa vasorum were not influenced with time. ANG II was 

administrated after 10 min control periods. The number of leakage and the diameter of 

vasa vasorum were decreased after 20 min and 30 min. The agonist caused dose-

dependent constriction. Maximal constriction was observed when dose were increased 

from 10·10 M to 10·3 M (Figure 13). 

3.3.2 BLOCKADE OF THE AT1 OR AT2 RECEPTORS 

We used EXP 3 I 74 as a specific AT I receptor antagonist and PD 1233 19 as a 

specific AT 2 receptor antagonist. Pretreatment with EXP3 l 7 4 at 10-7 M, 10 min after 

ANG II (I0-7M) administrated. The diameter and the numbers of leakage spot of vasa 

vasorum before and after the treatment were not changed. In contrast, pretreatment with 

PDI23319 at 1O·1M did not affect the constriction of ANG II at lff7 M or the number of 

leakage and the diameter were obviously decreased. That means the vasoconstriction of 

ANG II in vasa vasorum is mediated by AT1 receptor, not by AT2 receptor (Figure 14). 

3.3.3 LA TE VASODILATATION OBSERVED WITH ANG D 

At 10"7 Mor greater than 10·7 M of ANG II, we found that the vasoconstriction 

lasted for only l O min. After this period time, the number of leakage and the diameter 

of the vasa vasorum, as compared to the treatment of ANG II, were increased. ANG II 

caused further dose-dependent dilation. It caused transient vasoconstriction following 
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Figure 13. Vasoconstriction of ANG II in the thoracic aorta vasa vasorum. ANG II was given after 10 min of 

EBA injection.The number ofleakage and the diameter ofvasa vasorum were decreased after 20 min and 30 

min. Significant constriction was observed with 10·10 M to 10·8 M dose of ANG. 
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Figure 14. The vasoconstriction of ANG II was blocked by AT1 antagonist, but not AT2 antagonist. After 

pretreatment with 10-7 M EXP3174 for 10 min, ANG II (10-7 M) was given. The diameter and the number of 

leakage spot in vasa vasorum were not changed. In contrast, pretreatment with PD123319 at 10·7 M did not 

affect the constriction of ANG II at 10-7 M; the numbers of leakage and the diameter were obviously decreased, 

suggesting the vasoconstriction of ANG II in vasa vasorum is mediated by AT1 receptor, not by AT2 receptor. 
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vasodilatation. This vasodilatation was completely abolished by AT2 receptor 

antagonist PD123319, as well as inhibition of nitric oxide synthase with L-NAME. lt 

also was blocked by B2-antagonist icatibant (HOE 140). This suggested the late 

vasodilation is nitric oxide dependent and stimulated by ANG Il. This response is 

mediated by AT2 receptor by a kinin dependent mechanism (Figure 15, Figure 16, 

Figure 17 and Figure 18). The inhibitors used throughout our experiment have no 

detectable effects on vasa vasorum (Figure 19). 
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Figure 15. Transient vasoconstriction following vasodilatation at high concentration of ANG IL At 2:10-7 M of 

ANG II, the vasoconstriction only lasted 10 min. A:fter 10 min, the numbers of leakage spots and the diameter of the 

vasa vasorum increased. High doses of ANG II caused transient vasoconstriction following by vasodilatation. 
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Figure 16.The vasodilatation with high doses of ANG II was abolished by nitric oxide inhibitor L-NAME.After 

pretreatment with 1 µM L-NAME for 10 min, when 100 nM of ANG was used. Only vasoconstriction was 

observed. The vasodilatation with high concentration of ANG was completely abolished. 
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Figure 17. Vasa vasorum dilatation in response to high doses of ANG was 

abolished by AT2 receptor antagonist. Afler pretreatment with AT2 receptor 

antagonist PD123319 for 10 min, high concentration of ANG (100 nM) only 

caused vasa vasorum contraction. Vasodilatation was completely blocked by 

AT 2 receptor antagonist. 
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Figure 18. Vasa vasorum dilatation in response to high doses of ANG was 

abolished by the B2 receptor antagonist. After pretreatment with B2 receptor 

antagonist icatibant (HOE140) for 10 min, high concentration of ANG (100 nM) 

only caused vasa vasorum contraction. Vasodilatation was completely blocked 

by the B2 receptor antagonist. 
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Figure 19. No effect is observed when various inhibitors are used alone on vasa vasorum. The inhibitors were used 

alone after addition ofEBA 10 min. There was no significant change in the number of leakage spot and the 

diameter of the vasa vasorum throughout 50 min. 
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Discussions 

4.1 MEASUREMENT OF NORMAL VASA VASORUM FLOW OF 

AORTIC VASA VASORUM 

There is little information regarding the regulatory mechanism of the vasa 

vasorum microcirculation both in vivo and in vitro. This is due to the technical 

difficulties in visualizing and evaluating changes of the structure and function of this 

particularly fine vascular network. with common used methods, especially in in vivo 

studies. Microscopie computed tomography (micro-CT) is reported as a novel 

technique that allows three-dimensional views of the entire microvascular structure of 

vasa vasorum (LERMAN & RITMAN, 1999). Apparently it is only a rough evaluation 

of microvascular anatomy, not always accurate and even misleading. Furthermore, the 

alterations of vasa vasorum function remain unclear. To observe vasa vasorum both 

structurally and functionally, high-resolution ultrasound such as power-Doppler was 

applied. Using this technique (BELCARO et al., 1996), a different, apparent 

distribution of vasa vasorum was observed in normal carotids and in carotids with 

arteriosclerotic lesions. However, flow velocity complex in most vasa vasorum was not 

found to be different between normal and arteriosclerotic arteries because of its low 

sensitivity. Therefore, in vitro experiment of vasa vasorum is not only necessary but 

also more reliable. 
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In in vitro experiments with vasa vasorum, most experimental procedure 

consisted in the injection of the isolated vessels of different animais with India ink 

gelatin (HEIST AD et al., 1978). In our previous studies, we have developed a new 

method for continuously measuring changes in vascular flow of the vasa vasorum of 

the rabbit isolated thoracic aorta at a constant flow rate perfused with Krebs-

bicarbonate solution (PLANTE et al., 1999; CHAKIR et al., 1998). This technique bas 

been used very successfully to demonstrate the presence of vasa vasorum, and observe 

changes in vasa vasorum response to a variety of pharmacological agents. In ail our 

experiments, Evans blue circulated into the intercostal artery could be clearly observed 

in outer layers in the thoracic aorta (Figure 6). These studies indicate that vasa vasorum 

do exist in rabbit thoracic aorta, the vessels penetrate into the intima. These findings are 

compatible with the evidence that aorta vasa vasorum provides a considerable blood 

tlow to the outer layers of canine thoracic aorta (HEIST AD et al., 1978). During these 

experiments, two parameters that determine the tone of vasa vasorum were monitored: 

diameter of the vasa vasorum, as well as the accompanied leakage spots within the 

vessel wall. The latter results from partially opening of the capillary net of vasa 

vasorum. We also found that the diameter of the vasa vasorum and the number of 

leakage spot were not intluenced over 30 and 50 min periods of observation (Figure 6). 

It is suggested that under normal conditions the tone of vasa vasorum is rather stable in 

our in vitro experiments. 

4.2 EFFECTS OF KININS IN THE AORTIC VASA VASORUM 
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4.2.1 VASODILA rATION OF BK ON VASA VASORUM 

BK-induced responses were studied in the vasa vasorum of isolated rabbit 

thoracic aorta in this study. We examined the direct action of different concentration of 

bradykinin, ranging from 10-s to I0-6 moVL on vasa vasorum in vitro. We chose these 

concentrations because low concentrations of BK, since those reported in the literature 

range from 2 x w·12 mol/L to 5 x w-s moVL (CAMBELL, et al., 1993; HULTHEN & 

BORGE, 1976). When BK was added to the circulation, it produced dose-dependent 

and time-dependent vasodilatation on vasa vasorum. To explore which receptor was 

involved in this process, we applied both B1 and B2 receptor antagonists to block the 

reaction. The vasodilator response to BK was antagonized by the B2 receptor antagonist 

HOE140, but not abolished by the B1 receptor antagonist des-Arg9-[Leu8]bradykinin. 

Thus, our results indicate that B2 receptors are involved in mediating BK-induced 

vasodilatation in vasa vasorum. In contrast, BI receptors do not appear to be involved in 

BK-induced vasodilatation. It is well known that the nonapeptide bradykinin has 

important actions on blood vessels, heart, and kidney (CARRETERO & SCICLI, 1980; 

MILLS, 1979.). It is a mediator of inflammation, causing vasodilatation, smooth 

muscle contraction and the release of other mediators such as tachykinins and cytokines 

(Reviewed by REGOLI & BARABE, 1980). These effects of BK are usually via 

activation of the BK receptor that is widely distributed in various tissues. There are at 

least 2 types of receptor, the 81 and B2 receptors. A majority of studies have shown that 

the effects of BK are due to activation of the B2 receptor (CARBONELL et al., 1988). 

By far the most important hemodynamic effect of bradykinin in vivo is the hypotensive 
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vasodilatation produced by stimulation of endothelial B2 receptors of arteries and 

arterioles, with subsequent endothelial release of nitric oxide and prostaglandins 

(CARBONELL et al., 1988; SlRAGY et al., 1997). Intra-vascular injection of BK can 

cause an immediate dilation of the arterial vessels with a concomitant fall in total 

peripheral vascular resistance and systemic blood pressure (Reviewed by REGOLI & 

BARABE, 1980). B2 receptors are also present in the nervous system and may be partly 

responsible for maintenance of physiological kinin actions. BK is normally an 

endothelium and receptor-dependent vasodilator that uses the nitric oxide (NO)/cyclic 

guanosine monophosphate-pathway (LAHERA et al., 1991; SIRAGY et al, 1997; 

SEARLES & HARRISON, 1999). BK-induced relaxation in several tissues, such as pig 

coronary artery (COW AN & COHEN, 1991 ), rat kidney (FULTON et al., 1992) and 

the guinea-pig trachea (FIGINI et al., 1996) is reported to be mediated by NO. Br or B2 

are responsible for both vasodilatation and vasoconstriction, but their rote depends on 

the animal model and vascular bed. In endothelial denuded veins, Marceaut et al. 

(l 995), showed that vasoconstriction was mediated by activation of the B2 receptor 

subtype. ln contrast, Pruneau et al. ( 1996), demonstrated in rabbit carotid arteries that 

vasoconstriction caused by BK was mediated by B1 receptors after endothelial injury. 

The second messenger cascades activated by B2 receptors are still in question. NO 

(LAHERA et al., 1991), prostaglandins (SIRAGY, et al., 1993), and P450-arachidonic 

acid products (QUILLEY et al., 1994) may be involved in those phenomena. BK-

induced NO release dilates vessels if cyclooxygenase is inhibited. Thromboxane A2 

(TXA2) production has been shown to mediate vasoconstriction after BK, indicating 

that products of the arachidonic acid cascade may be involved in the BK signaling 



75 

pathway. A biphasic effect of BK on rabbit afferent arterioles has been reported. While 

low concentrations of BK (10·12 to w·10 mol/L) induce dilation, high concentrations of 

BK (10"9 to 10·3 mol/L) cause constriction (YU et al., 1998). Both dilation and 

constriction may be mediated by the 82 receptor. The mechanisms of vasodilatation and 

vasoconstriction are primarily due to cyclooxygenase products, not to NO. 

4.2.2 81 RECEPTOR WAS INDUCfflLE ON THE V ASA VASORUM OF 

RABBIT THORACIC AORTA 

The role of BK receptor-subtypes in mediating vasodilatation and 

vasoconstriction is model-dependent. BK can activate both 81 and 82 receptor. So far 

B1 receptors have been identified only in a limited number of human tissues and may 

have implications in pathological states such as acute and chronic inflammation. B 1 

receptors are mainly present in traumatized tissues. BI receptors are normally thought 

not to be expressed by endothelial cells in intact blood vessels and to be up-regulated 

only after vascular trauma (PRUNEAU et al., 1994), in vitro incubation (REGOLI et 

al., 1990) or treatment with lipopolysaccharide (MARCEAU, 1995). Furthermore, in 

some vascular preparations, cytokines such as tumor necrosis factor-a or interleukin-1 P 

were patent inducers of81 receptor-mediated effects (DE BLOIS et al., 1991). We have 

investigated the induction of B1 receptor in the vasa vasorum of rabbit thoracic aona 

underlying traumatic condition, i.e. in vitro aggressive dissection and incubation with 

Kreb's solution. The vasa vasorum of isolated rabbit thoracic aorta has no response to 

B1 receptor agonist des-Arg9-bradykinin during less than 4 hours incubation, indicating 
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the absence of constitutive BI receptor in vasa vasorum. However, following 4 hour of 

incubation, des-Arg9 -bradykinin did cause marked vasoconstriction of vasa vasorum 

and the phenomena disappeared after B1 receptor was blocked with the antagonist lys-

des-arg9 -bradykinin. T o our knowledge, this is the first demonstration of an indu cible 

BI receptor in the vasa vasorum of isolated rabbit thoracic aorta as identified by the 

specific action of 81 receptor agonist and antagonist. lt is consistent with previous 

reports that 81 receptor was inducible in some isolated tissues. Usually, both adequate 

stimulation and time are required to induce gene expression and consequently protein 

production of the 81 receptor. The time required for inducing B1 receptors varies from 

one report to the other. In bovine isolated coronary artery, relaxation responses to des-

Arg9 -BK, but not BK, were seen after 3 h and were significantly attenuated by protein 

synthesis inhibitors, cycloheximide and actinomycin D, indicating a rapidly de novo 

transcription and synthesis of 81 receptor (DRUMMOND et al., 1995). In isolated 

human ileum, ovemight incubation induces expression of the B1 receptor (ZUZACK et 

al., 1996). This phenomenon depends on de novo protein synthesis. From our data, we 

found that it took 4 hours to induce B1 receptor production, a rapidly induction similar 

to bovine isolated artery. The stimulation of B1 receptor induction in vasa vasorum is 

obviously trauma. Besides trauma, infection is another major cause for BI receptor 

induction. Expression of the 81 receptor gene is up-regulated in vascular smooth 

muscle cells in response to a variety of inflammatory stimuli. McLean et al. 

investigated the cardiac BI receptor expression by endotoxin treatment. They found the 

coronary response to des-Arg9-bradykinin ex vivo peaks at 6 h. The B1 receptor 

antagonist des-Arg9 
- [Leu8]-BK significantly inhibited the response, wheras B2 receptor 
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antagonist HOE140 was inactive. Therefore, activation ofB1 receptors may have arole 

to play in the vascular changes associated with endotoxemia (MC LEAN et al., 1999. ). 

Using transient transfection analysis, the human B1 receptor gene and its promoter were 

examined in vascular smooth muscle cells. The promoter activity is inducible by 

lipopolysaccharide (LPS), tumor necrosis factor alpha (TNF-a), and interleukin-lbeta 

(IL-1 ~). It is demonstrated that NF-kappaB-like nuclear factor was involved in the 

inducible expression of the human B1 receptor gene during inflammatory processes 

(CHAO & CHAO, 1998) 

In conclusion, we found that B2 receptor was the main BK receptor in vasa 

vasorum of rabbit thoracic aortic. It is a natural component of the vasa vasorum 

microcirculation system. In addition, we found that B1 receptor was inducible by 

trauma after 4 hours. Bence, it raises the possibility of biphasic response to BK 

mediated by BI and B2 receptors in vasa vasorum. In fact, biphasic response to BK was 

also reported in isolated porcine iliac arteries. BK-induced relaxation was endothelium 

dependent. It was mediated by endothelial B2 receptors and mainly nitric oxide. On the 

contrary, BK-induced contraction was endothelium independent, indomethacin 

sensitive, and probably mediated by B1 receptors (inducible). (PERSSON et al., 1998) 

In perspective, dual presence of BK receptors BI and B2 on vasa vasorum of 

rabbit thoracic aorta ex vivo may provide useful hints concerning the regulatory 

mechanism of vasa vasorum in vivo. In normal condition, only B2 receptor is present in 

vasa vasorum, which mediate vasodilatation in response to bradykinin. It is useful for 

maintaining the normal function of blood vessel. However, in pathological conditions, 

such as injury or inflammation, BK results in vasa vasorum constriction through the 
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induced 81 recep Jr, a phenomenon that may cause a serious damage to blood vessels. 

Anti-inflammatol') agents may produce therapeutic benefits to vasa vasorum through 

inhibition of81 receptor production. 

4.3 EFFECTS OF ANGIOTENSINS IN THE AORTIC V ASA 

VASORUM 

4.3.1 mE EFFECT OF ANG ll IN THE THORACIC AORTA VASA 

VASORUM 

ANG II is a potent vasoconstrictor and pressor peptide playing a fundamental 

role in the regulation of blood pressure and body sodium and water under 

circumstances of sodium and volume depletion (IOHNSTON et al, 1995). These 

physiological responses stimulated by ANG II have important rotes in supporting 

arterial blood pressure and renal function (GOODFRIEND et al, 1996; GRIENDLING 

et al 1996; ARDAILLOU, 1999). On the other hand, ANG II also contributes to the 

pathogenesis of hypertension, arterial disease, cardiac hypertrophy, heart failure, and 

diabetic renal disease. It is known that ANG II stimulates arterial constriction. The 

action of ANG II on vasa vasorum remains largely unknown. In our study, using low 

concentrations of ANG II (1 ff 1° M to IO-s M), we investigated the reaction of vasa 

vasorum to ANG II. The number of leakage and the diameter of vasa vasorum were 

decreased significantly after 20 min and 30 min of ANG II, indicating obvious 

vasoconstriction. This is consistent with the action of ANG II on arteries: 
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vasoconstriction in response to ANG II occurs within seconds to minutes, in keeping 

with their role in supporting hemodynamics after hemorrhage, dehydration, or postural 

change (GRIENDLING et al, 1996; MATSUKAWA & ICHIKAWA, 1997; 

ARDAILLOU, 1999). The exact role of vasoconstriction in vasa vasorum remains to be 

further determined. While ANG II bas the potential to be a major contributor to the 

physiological regulation of vascular tone and blood pressure, probably the same is 

required within the vasa vasorum. ln other words, physiological doses of ANG Il 

might be required for the maintenance of vascular tone of vasa vasorum. Apparently the 

consequence is not favorable for the nourishment of the vessel if vasoconstriction lasts 

too long. 

4.3.2 CONSTRICTION OF VASA VASORUM OF ANG II IS MEDIA TED DY 

AT1RECEPTOR 

The biological effects caused by circulating ANG II, one of the body's major 

effector peptide, are diverse and widespread, and play a critical role in regulating the 

cardiovascular and renal systems (BAKER et al., 1992; GOODFRIEND et al, 1996). 

The biological actions of ANG Il have been studied for decades and were thought to be 

mediated by a single ANG II receptor before l 990s (GOODFRIEND et al, 1996; 

GRIENDLING et al, 1996; ARDAILLOU, 1999). Virtually ail the major effects of 

ANG II are mediated through the AT I receptor, and include arteriolar vasoconstriction, 

renal sodium reabsorption, and stimulation of adrenal aldosterone production 

(TIMMERMANS et al, 1993; DOUGLAS, 1996; lNAGAMI, 1999; HORIUCHI, et al, 
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1999). ln the late 1980s, however, the development of highly specific nonpeptide 

antagonists of ANG Il receptors opened the door to the identification and 

pharmacological characterization of 2 major receptor subtypes, AT I and AT 2 

(TIMMERMANS et al, 1993; Douglas, 1996; HORIUCID, et al, 1999). AT, receptors 

were defined as those selectively blocked by biphenylimidazoles such as losartan, 

whereas AT 2 receptors were defined as those blocked by tetrahydroimidazopyridines, 

typified by PD 123319 (TIMMERMANS et al, 1993; DOUGLAS, 1996; lNAGAMI, 

1999; HORIUCID, et al, 1999.). Both AT, and AT2 receptors are polypeptides 

containing approximately 360 amino acids but with a sequence homology of only 30 

percent (SASAKI, et al., 1991; MURPHY et al., 1991). Despite their similar affinities 

for ANG Il, AT1 and AT2 receptors are functionally distinct (DOUGLAS, 1996). As is 

true for other peptide receptor families, the interaction between receptor subtypes 

within a family may be important to the physiological response to the agonist. In 

general, ANG II etfects at the AT, receptor are always opposed by actions at the AT 2 

receptor. This principle applies to neuronal etfects, actions on cell proliferation and 

ditferentiation, angiogenesis, and chronotropic effects in the heart (NAKEJIMA et al., 

1995; GELBAND et al., 1998). For examples, in the skin, ANG II binding to AT, 

receptors, increases inositol phosphate production, whereas ANG II inhibits inositol 

phosphate production by the AT2 receptor (GYURKO et al., 1992); in the 

gastrointestinal tract, AT1 receptors oppose AT2 receptors in sodium and water 

absorption, and there is clear physiological opposition between these receptors as 

sodium transport is finely tuned (JIN et al., 1998); in the kidney, the AT I receptor 

induces vasoconstriction and sodium retention, whereas the AT 2 receptor promotes 



81 

vasodilatation and natriuresis (SlRAGY et al., 1999). AT 2 receptor blockade prevents 

the hypotensive effects of AT, receptor blockade and the AT 2 receptor mediates the 

depressor response to ANG II (TANAKA et al., 1999). AT, receptor stimulates protein 

phosphorylation and the AT 2 receptor stimulates protein dephosphorylation, which 

counterbalances the etîects of protein kinases, especially MAP kinase, stimulated by 

the AT, receptor (HORIUCHI et al, 1997). ANG II is one of the most patent 

endogenous vasoconstrictors, and its known pressor effects are ail mediated by AT, 

receptors. In our experiments, AT, receptor antagonist but not AT 2 receptor antagonist 

etîectively abolished the vasoconstriction in the vasa vasorum microcirculation. It is 

suggested that low concentration of ANG II exerts vasoconstriction on vasa vasorum 

via AT I receptors. Thus our results reported here extend the range of vasoconstriction 

of ANG Il through AT I receptor in vasa vasorum. 

4.3.3 IDGH CONCENTRATION OF ANG U RESULTS IN VASA VASOUM 

VASODILATATION 

At 10·7 M or greater than w·1 M concentrations of ANG II, we found that the 

vasoconstriction only lasted 10 min. After 10 min, the reduction in the number of 

leakage spots and the diameter of the vasa vasorum arteriole induced by the treatment 

of ANG II were progressively abolished. Furthermore, ANG II caused further dose-

dependent dilation. It caused transient vasoconstriction following by significant 

vasodilatation. This vasodilatation was completely abolished by AT 2 receptor 

antagonist PD 123 3 19, demonstrating the presence of AT 2 receptors in the vasa 
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vasorum, which has never been reported before. The past 5 years have witnessed a 

dramatic change in the way we view the renin-angiotensin system. Until recently, the 

vascular and renal actions of ANG Il were thought to be transduced solely through the 

AT 1 receptor, and the function of the AT 2 receptor was unknown (DOUGLAS, 1996). 

However, recent information has emerged, supporting a critical role for the AT 2 

receptor in the regulation of blood pressure and kidney function. The physiological 

actions of ANG Il at the AT 2 receptor have been difficult to elicit, at least in part 

because the AT 2 receptor has a low degree of expression in many organs, tissues, and 

cell types compared with that of AT 1 receptors (SEClfl, et al, 1992; AGUILERA, et al, 

1994; KAKUClfl, et al, 1995; SHANMUGAM, et al, 1995 & 1996.). ln fetal tissues, 

this receptor is expressed at high levels and appears to have a key role in growth, 

differentiation, and maturation of cells in various organs, including the vasculature 

(ICHIKI et al. 1995; NAKAJIMA et al., 1995.). As development progresses, the level 

of expression of the AT 2 is down regulated. ln adult animais, in contrast to the wide 

distribution of AT 1 receptor, AT 2 is expressed at low levels and is restricted to the 

adrenal gland, brain, ovary, uterus, kidney, and heart. Although the AT2 receptor is 

highly expressed in fetal life and declines rapidly after birth, it is now clear that the 

receptor is expressed in some tissues of the adult and participates in physiological 

regulation (OZONO et al, 1997; WANG, et al, 1998). Additionally, AT2 receptors re-

appear in pathological states such as sait depletion, heart failure, experimental cardiac 

hypertrophy, myocardial infarction, and vascular injury (NAKAJIMA et al., 1995; NIO 

et al., 1995; SEARLES & HARRISON, 1999). Generally speaking, the AT2 receptor 

induces a vasodilator/natriuretic renal autacoid cascade that includes BK, NO, and 
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cGMP. This pathway is important as a counterregulatory mechanism opposing the 

vasoconstrictor/antinatriuretic actions of ANG through the AT, receptor and plays a 

protective role in renal vascular hypertension. The AT 2 receptor also modulates renal 

prostaglandins, which play an important role in blood pressure regulation. 

The coexistence of two major ANG II receptors coexistence in vasa vasorum is 

helpful in understanding the roles of ANG on this specialized microcirculation system. 

Localizing the distribution of AT, and AT 2 receptors, provides many insights into novel 

physiologie roles of ANG. The distributions of AT, and AT2 receptors have been 

mapped by in vitro autoradiography throughout most tissues of many mammals, 

including humans. ln addition to confirming that AT 1 receptors occur in sites known to 

be targets for physiological actions of ANG ll, such as the adrenal cortex and medulla, 

renal glomeruli, proximal tubules, vascular and cardiac muscle, and brain 

circumventricular organs, many new sites of action have been demonstrated. ln the 

kidney, AT I receptors occur in high density in renal medullary interstitial cells. The 

fonction of these cells, which span the interstitial space between the tubules and the 

vasa rectae, remains to be determined. Renal medullary interstitial cells possess 

receptors for a number of vasoactive hormones in addition to AT I receptors and this, in 

concert with their anatomie location, suggests they may be important for the regulation 

of fluid tribution and concentration functions including renal medullary blood flow. In 

the heart, the highest densities of AT 1 receptors occur in association with the 

conduction system and vagal ganglia. In the central nervous system, high AT I receptor 

densities occur in many regions behind the blood-brain barrier, supporting a role for 

neurally derived angiotensin as a neuromodulator. The physiological role of 
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angiotensin in many of these brain sites remains to be determined. The AT 2 receptor 

also has a characteristic distribution in several tissues including the adrenal gland, 

heart, and brain. The role of this receptor in physiology is being elucidated. lt appears 

to inhibit proliferation and to participate in organ development. 8ecause of the low 

level of AT 2 expression in normal tissues, there is substantial debate as to its role under 

normal circumstances. A growing body of evidence suggests that there is crosstalk 

between AT 1 and AT 2 in mediating the physiological effects of ANG II. 8ased largely 

on pharmacological studies, stimulation of the AT 2 seems to antagonize several of the 

effects caused by AT I stimulation. Thus, AT I stimulation activates the mitogen-

activated protein kinases ERK I and ERK2, whereas AT 2 stimulation suppresses this 

pathway, perhaps by activating ERK phosphatase 1 (MKP-1) (NAKAJIMA et al. 1995; 

MUNZENMAIER & GREENE, 1996; HORIUCID et al., 1997). ln cardiomyopathie 

hamsters, AT 2 expression is up regulated in cardiac fibroblasts of the failing heart and 

appears to antagonize AT 1-mediated progression of interstitial fibrosis and cardiac 

remodeling (OHKUBO et al. 1997.). Overexpression of AT2 in balloon-injured vascular 

smooth muscle cells attenuates neointimal formation. ln a rat mode! of ischemic 

cardiomyopathy, the beneficial effects of AT1 blockade on cardiac remodeling and 

hemodynamics are inhibited by AT2 blockade (LIU et al. 1997.). 

Inhibition of nitric oxide synthase with L-NAME as well as blockade of 82 

receptor with the 82 antagonist icatibant (HOE 140), abolished vasodilatation in 

response to high concentration of ANG Il. This suggests the vasodilatation of vasa 

vasorum in response to high concentration ANG II is nitric oxide dependent and kinin 

dependent. The production of NO is a local response triggered by ANG II via AT 2 
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receptor. However, in our experiments, we could not exclude the possibility that NO 

was also produced by other pathways, such as activation of B2 receptor by BK, since 

our result demonstrated B2 receptor also inhibit the vasodilatation of ANG II. Similar 

results have been reported regarding the concept that the AT 2 receptor mediates a BK-

NO-cGMP vasodilator cascade (SIRAGY et al., 1997; GOffl..K et al., 1998; SIRAGY 

et al., 1999). In animais overexpressing the AT 2 receptor, vasoconstrictor responses to 

ANG II were restored with AT 2 receptor blockade and also with BK-B2 receptor 

blockade or with NOS inhibition. The initiating event was proposed to be AT 2 receptor 

activation of kininogenase through cellular acidification inducing BK production, but 

the early part of the pathway requires further study. This study is consistent with a 

protective rote of the AT 2 receptor in blood pressure regulation and confinns the earlier 

discovered vasodilator paracrine mechanism of AT 2 receptor action via BK, NO, and 

cGMP. In spontaneously hypertensive rats, AT2 activation bas been shown to increase 

vascular cyclic guanosine 3', 5'-monophosphate (cGMP) levels, an etfect that could be 

inhibited by 82 blockade or by inhibition of NO synthase (GOID..KE et al., 1998). 

Likewise in conscious rats, sait depletion, which activates the renin-angiotensin system, 

increases cGMP levels in the renal interstitial tluid, an etfect that can be prevented by 

blockade of either NO synthase or the AT2 (SIRAGY & CAREY, 1997). Following 

myocardial infarction in rats, either angiotensin 1-converting enzyme inhibitors or AT 1 

antagonists can prevent remodeling of the left ventricle, as assessed by collagen 

deposition, myocyte size, and left ventricular diameter, and in either case the effect 

could be blocked by B2 inhibition (LIU et al. 1997). lmportantly, these studies not only 
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underscore the antagonistic interactions between AT I and AT 2 but also introduce the 

notion that the bradykinin/NO system mediates this interaction. 

The mechanism of biphasic response of vasa vasorum to exogenously 

administrated ANG Il is intriguing. It is likely that activation of ditîerent ANG Il 

receptors plays a key role. One possible explanation of the two-fold response to ANG Il 

on vasa vasorum is the imbalance of activation of two ANG Il receptors, AT 1 and AT 2. 

which gives ditîerent actions. Although both receptors are present in vasa vasorum, 

AT I receptor is much more abundant than AT 2 receptor. When low concentration of 

ANG II was used, ANG II mainly binds to AT I receptor. Nevertheless, ANG binds to 

AT1 receptor in ways characteristic of other hormone receptors on the cell surface: their 

structural specificity is high; they have limited binding capacity (saturability); they bind 

ANG II with an affinity similar to its circulating concentration, about 10-10 M (high 

affinity); they convert the interaction with ANG II into cellular responses (signal 

transduction); and they are regulated by their rates of biosynthesis and recycling (up-

regulation and down-regulation) (GOODFRIEND et al, 1996.). When increasing the 

concentration of ANG Il, ATl receptors become saturable. More ANG II is available to 

bind to AT 2 receptor. Recent work has suggested that some of the beneficial etîects of 

AT 2 stimulation may be meditated through the bradykinin/nitric oxide · cascade. 

Endothelial cells contain 82 receptors, which, when activated, potently stimulate the 

production of NO. Although the effects of ANG II and NO seem to vary with the 

concentration of NO and the cell type involved, these two factors appear to play 

opposing roles in the cardiovascular system: ANG II is a potent stimulus for 

vasoconstriction and vascular smooth muscle hypertrophy, whereas NO has a 
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vasodepressor etfect and bas been shown to be antiproliferative. Thus,. the final 

response depends on which one is more obvious. ln vasa vasorum it appears that the 

vasodilatation induced by NO overcomes the vasoconstriction resulting from ANG II. 

Compelling evidence-linking AT 2 to the bradykinin/NO cascade was reported recently 

in transgenic mice (TSUTSUMI et al., 1999). Five-fold increase in expression of AT 2 

receptor was achieved in the vascular smooth muscle of transgenic mice. These animais 

exhibited an attenuated pressor response to ANG Il infusion. Pretreatment of these 

transgenic mice with an AT 2 antagonist, a 82-receptor antagonist, or an NO synthase 

inhibitor restored the pressor response to ANG Il. ANG Il produced a paradoxical 

decrease in blood pressure after AT 1 blockade in these animais, suggesting that 

selective AT 2 stimulation had a vasodepressor etfect. Furthermore, the authors showed 

that the AT 2-mediated vasodepressor etfect was associated with an endothelium-

dependent increase in aortic production of cGMP, and activation of the kinin-kallikrein 

system. In the authors' interpretation of the results, ANG Il stimulates AT 2 in vascular 

smooth muscle, which leads to activation of the kinin-kallikrein system and bradykinin 

release. BK then binds to its receptor on adjacent endothelial cells, causing the release 

of NO and stimulation of cGMP (TSUTSUMI et al. 1999). Interestingly, NO has been 

reported to down regulate AT 1 expression (ICHIKI et al. 1998). Therefore, enhanced 

NO production in response to AT 2 stimulation may diminish AT 1 responsiveness 

directly. 

As with other work investigating the physiologie role of AT 2, our study relied 

heavily on pharmacologie manipulation, i.e., a concentration much greater than 

physiological level. The question arises as to what extent the results could be attributed 
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to the specificity of the various agents used. Selective pharmacotherapeutic stimulation 

of the AT 2 may have beneficial effects in the treatment of cardiovascular diseases. 

Treatment with AT2 antagonists, which leaves AT2 unblocked, may in part achieve this 

end. As the rote of the AT2 rises from physiologie obscurity, a more thorough 

understanding of its interactions with the AT I and the NO system are emerging. 

Understanding these interactions may allow greater insight into the full impact of ANG 

II in disease. Despite this concem, high concentration of ANG Il clearly altered the 

reactions of vasa vasorum to exogenously administered ANG Il, and therefore this 

work provides important information regarding interactions between ANG Il and NO in 

the vasa vasorum. 

In summary, our study is the first one to demonstrate the presence of AT2 

receptor on vasa vasorum. Activation of AT 2 receptor requires high concentrations of 

ANG II. In contrast to AT,, the effect of AT2 is vasodilatation. BK/NO pathway is 

involved in the mechanism. Certainly, more work has do be done to verify and 

elucidate the physiological importance of this ANG 11/bradykinin/NO cascade and its 

relevance to vasa vasorum functions both physiologically and pathologically. From the 

actions described for the AT 2 receptor thus far, one would logically predict that a 

specific AT 2 receptor agonist may have beneficial and protective advantages in the 

treatment of hypertension and renal and cardiovascular disease. 
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CONCLUSIONS 

Our results suggest that 

l . The response of vasa vasorum to BK is vasodilatation in isolated rabbit 

thoracic aorta that is mediated by B2 receptor. 

2. B2 receptor is a constituent component of vasa vasorum. Normally there is no 

B1 receptor on vasa vasorum. However, B1 receptor is inducible. Under traumatic 

conditions, i.e., incubation in vitro, evidence of B1 receptor is found after 4 hours. The 

time course is correspondent to a newly synthesis of B1 receptor. This observation is of 

interest to explain the mechanism considering diseases with chronic and acute injury to 

vessels, such as atheroscloresis. BK may cause vasoconstriction of vasa vasorum 

through the newly induced B1 receptor, decrease blood flow to the affected vessels, 

which result in further damage. 

3. ANG II result in biphasic actions on vasa vasorum. Low concentrations of 

ANG li ( 10-7 
- 10-9 M) cause vasa vasorum constriction, whereas . a transient 

vasoconstriction and marked vasodilatation afterwards is seen with high concentrations 

of ANG II (~ 10-7 M). 

4. A possibly explanation for the two-fold responses of ANG II on vasa 

vasorum is coexistence of AT 1 and AT 2 on vasa vasorum, but unequivocal distributed. 

AT 1 receptor outnumbers AT 2 receptor. Hence, a low concentration of ANG II mainly 
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activates AT, receptor, and a high concentration of ANG II triggers both AT, and AT2 

receptors. At first, the etfect of AT I is more obvious. It manifests vasoconstriction. 

After saturation of AT 1, activation of AT 2 receptor results in a series of responses: at 

least the activation of B2 receptor and production of NO, which cause vasodilatation. 

The etfect of AT2 is greater than that of AT1. Vasodilatation ofvasa vasorum ensues. 

These results provide, for the first time, useful evidence conceming the etfect of 

renin-angiotensin system on vasa vasorum of isolated rabbit thoracic aorta. 
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