
     ȼ ɄɜŮɡɛɞɜɘəɐ ȾɡəɚɞűɞɟɑŬ  

ūɡůɘɞɚɞɔɑŬ ï ɄŬɗɞűɡůɘɞɚɞɔɑŬ Ƚ 
ɆŰɏɚɘɞɠ ɃɟűŬɜɧɠ 

ȸô ɄȾȺŪ & ȹɘŬəɚɘɜɘəɧ ȽŬŰɟŮɑɞ ɄɜŮɡɛɞɜɘəɐɠ ɈˊɏɟŰŬůɖɠ, ɄũɁ 

ȷɇɇȽȾɃɁ 
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AGE AND BMI AFFECT SYSTOLIC PAP 

From:  

McQuillan BM et al, 

Circulation 2001; 104:2797-2802 





Lungfish, 400 million years 



MAJOR ENDOTHELIAL CELL FUNCTIONS  

ÅSynthesis of vasoactive peptides (PGI 2, TxA 2, Angiotensin II, NO, 
endothelins)  
ÅExpression of enzymes (ACE, NCTs, LPS)  
ÅExpression of receptors & signal transduction molecules  
ÅRemoval & biotransformation of drugs  
ÅRegulation of coagulation & thrombolysis  
ÅParticipation in immune reactions  
ÅInteractions with bacteria (phagocytosis) and blood components (PMNs, 

PLTs) 
ÅExpression of adhesion molecules  
ÅParticipation in local vasoregulation  
ÅInduction of smooth muscle differentiation  
ÅProduction of growth promoting and inhibitory factors  



Mediators of Endothelial Injury  

ÅPro-inflammatory cytokines (IL-1, TNFŬ) 

ÅCellular response: neutrophils, macrophage/monocytes, lymphocytes 

ÅCellular events include: adhesion, chemotaxis/chemokinesis & 

activation (expression of cell adhesion molecules)                        

ÅComplement system 

ÅCoagulation/fibrinolysis 

ÅKinin systems 

ÅCell-generated mediators: cytokines, lipids, oxidants, proteases, 

vasoactive peptides, growth factors, neuropeptides 

ÅInduction of protein synthesis (NFəB activation) 
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McLaughlin & McGoon Circulation 2006, 114:1417-1431 



SHEAR STRESS 

ACETYLCHOLINE  

BRADYKININ  

SUBSTANCE P 

Stimulants of nitric oxide synthesis 
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Synthesis of nitric oxide 
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NO synthase isoforms 

nNOS (NOS I) iNOS (NOS II) eNOS (NOS III) 

160kDa 130kDa 135kDa 

Constitutive Inducible Constitutive 

Neurotransmission Cytotoxicity  Vasodilatation, anti-

platelet/leukocyte 

 

Stroke, muscular 

dystrophy, ischemia-

reperfusion injury  

 

Septic shock, 

autoimmune disease 

 

Endothelial 

dysfunction, 

atherosclerosis, 

hypertension 



Three isoforms of NOS regulate vascular tone 

eNOS iNOS nNOS 



Other effects of NO in the vasculature 

Å NO inhibits platelet adhesion and aggregation 

 

Å NO inhibits leukocyte adhesion to endothelial cells 

 

Å NO inhibits smooth muscle proliferation 

 

These effects of NO are anti-atherogenic; reduction in the activity 

of NO might promote atherogenesis 



Summary 

ÅNO is an important determinant of vascular tone in 

the resistance vasculature 

ÅNO might also be important to inhibit atherogenesis 

in conduit arteries 

ÅDiminished NO-mediated dilatation occurs in 

cardiovascular disease 

ÅIncreased NO-mediated dilatation might contribute 

to pathological vasodilatation 

ÅStimulation or inhibition of the NO pathway has 

therapeutic potential 



Ƀŭɧɠ ɄɟɞůŰŬəɡəɚɑɜɖɠ 





Endothelin-1 





(After Arai et al, Nature 1990; Sakurai et al, Nature 1990; Masaki et al, Circulation 1991,  

Spieker et al. J Am Coll Cardiol. 2001; Luscher et al, Circulation 2000) 

Vasodilation  
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Can we assess pulmonary endothelial 

metabolism at the bed-side ? 





 INDICATOR DILUTION TECHNIQUE 

Å INSERT THERMODILUTION CATHETER 

Å 15 uCi of 125I-labeled ET-1 in Evans-Blue-albumin solution injected into proximal 

port 

Å systemic arterial blood extracted from femoral artery, at a rate of 40 mL/min, and 

collected into serial tubes on a fraction collector 

Å Blood assayed in a counter to determine 125I activity. Plasma added to 

spectrophotometer cuvette for measurement of Evans blue dye absorbance (620 

nm ï 740 nm).  

Å Fractional recoveries of tracer ET-1 and albumin were determined. A plot of the 

fractional recoveries per milliliter of blood as a function of time was then 

constructed to obtain the indicator dilution curve for each tracer.  



ENDOTHELIN-1 EXTRACTION IN HUMANS WITH PAH 

LANGLEBEN, DUPUIS ET AL, CHEST 2006;129:689-695 
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 The indicator-dilution technique  
Assessing Pulmonary Endothelial ACE Activity  

In Vivo 

 
Å Pulmonary Capillary Endothelium Bound Angiotensin Converting Enzyme 

(PCEB-ACE)  is homogeneously expressed on the luminal endothelial 

surface area (ectoenzyme) 

Å  Due to its location, PCEB-ACE is directly accessible to blood-borne 

substrates and inhibitors; its activity may be assessed by means of 

indicator-dilution techniques  

Å PCEB-ACE activity has been shown to be a sensitive and quantifiable 

index of pulmonary endothelial function in both animals and humans, in 

health and disease 



THE BASIC PRINCIPLE  

 
         3H-Benzoyl-Phe-Ala-Pro 

 
       
                              ACE 
 
 
             3H-Benzoyl-Phe 



LI S = 2 . 7

LI S = 1 . 7

Orfanos et al. Circulation 2000; 102:2011 



CO = a L/min 

CO = 2a L/min 

Qap= b ml/min 
.  

Qcap = b ml/min 
.  

v = [E] Å t Å kcat/Km 

Amax/Km = E Ā kcat/Km = FCSA 

v1 

FCSA1 

v2 = v1  

FCSA2 = 2FCSA1 


