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Acerylcholine and adenosine diphosphare cause endothelium-dependent 
relaxation of isolated human pulmonary arreries. A.T. Dinh Xuan, T .W. 
1/igenbollam, C. Clelland, J. Pepke-l.D.ba, F.C. Wells, J. Wailwork. 
ABSTRACT: Endothelium-dependent vasorelaxation mediated by 
endothelium-derived relaxing factors (EDRF) has been extensively 
studied In animals but on ly limited studies In man are available. 
Demonstration or EDRF-medlated dilatation of human vessels Is funda
mental for understanding the mechanisms of vascular diseases In man. We 
have InvestJgated endothelium-dependent relaxation of Isolated human 
pulmonary arteries. Vascular segments, taken from uninvolved regions of 
r esected lung from eight patients undergoing lobectomy for lung 
carcinoma, were cut Into rings. In rings precontracted with 'Phenyleph· 
rine, both acetylcholine (ACh) and adenosine diphosphate (ADP) Lnduced 
dose-dependent relaxation In the presence of endothelium but not when the 
endothelium had been carefully removed. The rings without endothelium 
rela.'Ced completely with sodlum nitroprusside, a vasodilator agent acting 
directly on ' 'ascular smooth muscle. Pre-Jncubatlon with indomethacin, a 
cyclo-oxygenase Inhibitor wblch blocks production or prostacyclln, did not 
alter the vasorelaxant responses to ACh and ADP, suggesting that one (or 
several) non·prostanoid EORF(s) are responsible for the endothelium
dependent relaxation or Isolated human pulmonary ar teries. 
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Endothelium-derived relaxing factor(s) (EDRF) are 
released from endothelial cells in response to a variety of 
different pharmacological stimuli [1-4]. Since FuRCIIGOTI 

and ZAwADZI<I (1] ftrst demonstrated the obligatory role 
of the endothelium in eliciting relaxation of isolated 
rabbit aorta to acetylcholine, evidence for pulmonary 
endothelium-dependent relaxation mediated by EDRF 
has been found in most mammalian species [5-8]. 
Furthermore, damage or functional disturbance of 
endothelium is associated with a reduction of EDRF
mediated vasorelaxation in experimentally induced 
atherosclerosis [9), systemic hypertension [I 0]. 
coronary artery vasospasm [11], cerebrovascular disease 
[12] and hypoxic pulmonary vasoconstriction [13). The 
latter is the principal cause of secondary pulmonary 
hypertension [14), which is an important source of 
morbidity and cause of mortality in man [15]. The 
mechanism of hypoxic pulmonary vasoconstriction is 
unknown [16], but there is some evidence from studies 
in animals that EDRF activity in isolated pulmonary 
arteries is decreased by hypoxia [13]. To study the role 
of EDRF in the pathogenesis of human pulmonary 
vascular disease, it is fundamental to first demonstrate 
that endothelium-dependent relaxation is indeed present 
in human pulmonary vessels. Studies in man have 

been limited by sparsity of tissue [17, 18]. Here we report 
further evidence of endothelium-dependent relaxation of 
isolated human pulmonary arteries. 

Materials and methods 

Tissue preparation 

Segments of pulmonary anery were obtained from eight 
patients (5 men and 3 women), 64.2±6.8 (mcan±so) yrs 
old (range 52-72 yrs), undergoing lobectomy for lung 
carcinoma. Atterial segments were dissected from areas 
free of macroscopic malignant disease. Immediately after 
removal, tissue was placed in cold (4°C), pregassed 
Krebs-Ringer bicarbonate (KR) solution for transporta
tion to the laboratory. The composition of the KR 
solution was (mmol·l'1): NaCl 120, KCI4.6, MgC1

2
·6Hp 

1.05, CaC12·2HzO 1.2, Na2HP04 0.7, NaH2P04 1.5, 
glucose 10, NaHC03 20.4. 

Within half an hour of removal of the lungs, lobar 
and segmental pulmonary artery branches (first and second 
order of segmentation from both main pulmonary arter
ies) were cleaned of excess fat and connective tissue and 
cut into rings (3-5 mm in length and 2-4 mm outer 
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diameter). From half the segments, endothelium was 
removed by gentle rubbing with a pipe-cleaner inserted 
into the lumen, whereas it was carefully preserved in the 
other half of the specimens. Rings with and without 
endothelium were then mounted over fine rigid wires, in 
organ chambers filled with 20 ml of KR buffer bubbled 
with 95% 0 2 and 5% C02, maintained at 37°C by an 
outer bath wanned by a recirculating heater (Circulator 
C-400, Techne Ltd, Cambridge, UK). The lower hook 
was fixed to the glass chamber, and the upper one was 
connected to a force transducer (Harvard Bioscience, Ma, 
USA). Changes in isometric tension were recorded on a 
two channel chart drive recorder (PM 8252A, Philips). 
The rings were placed at an initial tension of 1.5 g, which 
was previously detennined as the tension corresponding 
to the optimal point of the length-tension relationship in 
a series of preliminary experiments. The rings were 
allowed to equilibrate in the bath for at least 90 min 
(range 90-300 min; mean±sn 162±52 min) during which 
time the fluid in the bath was changed every 15 min. 
Two pairs of rings (one ring with, and one without 
endothelium) were studied on each occasion. 

Dose-response curves 

After equilibration, the rings were submaximally 
precontracted with phenylephrine hydrochloride (PE) 
(10·6- 10·5 M) sufficient to obtain a stable plateau of con
traction. Acetylcholine chloride (ACh) and adenosine 
diphosphate (ADP) were then added in a cumulative 
fashion (10·10-10·5 M) and the corresponding dose
response curves constructed. A sample of rings was 
pre-incubated with indomethacin (5·10·6 M) 15 min be
fore the trial to inhibit the production of prostacyclin. 
Thereafter indomethacin was present throughout the 
experiment Sodium nitroprusside (104 M) was added at 
the end of all experiments. 

The drugs were diluted in distilled water except for 
indomethacin which was dissolved in 50% ethanol. All 
the drugs were purchased from Sigma Chemical Co. and 
solutions were freshly prepared before use. 

Histology 

After the pharmacological test, all the rings were 
fixed in fonnalin and stained with haematoxylin and eosin. 
Sections of paraffin wax-embedded tissue were exam
ined by light microscopy at high power magnification. 
The intact or disrupted endothelial cell layer in each 
ring was examined and correlated to the corresponding 
dose-response curves. The histologist was unaware of 
the experimental results. In addition, microscopic 
evidence of carcinomatous spread to vascular rings was 
sought on histological examination. 

Analysis 

Results are expressed as the percentage relaxation 
obtained with either ACh or ADP from submaximal 

precontraction to PE. Maximal relaxation is the greatest 
reduction in tone obtained with a given agent. The 
concentration of drugs causing 50% relaxation (EC

50
) 

was determined by interpolation from linear regression 
and expressed as its negative decimal logarithm (-log). 
Rings with and without endothelium coming from the 
same patient were compared by a paired t-test. 
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Fig. 1. - Endothelium-dependent relaxation responses to cumulative 
doses of acetylcholine in rings with and without endothelium, 
preoontracted with phenylephrine. 
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Fig. 2. - Endothelium·dependent relaxation responses to cumulative 
doses of adenosine diphosphate in rings with and without endothelium, 
preoontracted with phenylephrine. 



ENDOTHELIUM-DEPENDENT PULMONARY VASORELAXATION 

With endothelium 
Acetylcholine (-log M) 

o.s ·] 

f ~P 10"4 M 

Adenosine diphosphate (-log M) 

o.s · ] 

PE 10·6 M 

Without endothelium 

O.Sg j 
1~ • ~ • ! 

,. 
PE 10·6 M 

635 

7 ! . . 

10 mln ....._...... 

Fig. 3. - Typical responses of rings of human pulmonary arteries, with and without endothelium, to cumulative doses of acetylcholine and 
adenosine diphosphate. Each ring was precontraeted with phenylephrine (PE; lQ-4 M). Sodium nitroprusside (NP; 10~ M) was added at the end of 
the experiment to assess endothelium-independent vasorelaxation. 

A B 

Fig. 4. - Luminal surfaces of two pulmonary artery rings in which cndothehum-dcpendent relaxation was studied. The ring in the left panel, 
where the endothelium is present, exhibited relaxation to acetylcholine. The ring in the right panel, where the internal elastic lamina is seen 
deprived of endothelial cell l ining, did not. 
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Table 1. - Maximal relaxation and EC
50 

in pulmonary artery rings with (E+) and 
without (E·) endothelium obtained from dose-response curves to acetylcholine (ACh) 
and adenosine diphosphate (ADP) 

ACh ADP 

Maximal relaxation % 

Mean±sBM 73.2±6.9 3.2±1.8 83.7±2 4.5±1.9 
Range 47-92 0-10 78- 93 0-11 

EC50 -log M 

Mean±SBM 7.11±0.39 7.10±0.34 
Range 5.72-8.50 6.11-8.81 

EC
50

: concentration of drug causing 50% relaxation. 

Results 

Both ACh and ADP caused concentration-dependent 
relaxal.ion in rings wilh, but not in !.hose wilhout, endo
thelium (p<0.001 , figs 1-3) from human pulmonary 
arteries precontracted with PE. Rings Lhat fai led to 
respond to ACh and to ADP had gross disruption of 
endothelium (fig. 4), but !.hey did relax after the addition 
of sodium nitroprusside (fig. 3). The latter induced some 
further degree of relaxation in rings with intact endothe
lium which had already reached maximal relaxation at 
the highest doses of ACh and ADP (fig. 3). 

Maximal relaxation obtained for ACh and for ADP, 
and EC59 (-log M) for ACh and for ADP in rings with 
endothelium are listed in table 1. Resul ts obtained in 
rings pretreated with indomethacin (n=4) were identical 
to those for untreated rings, EC50 ACh (mean±scM) 
7 .67±0.39 versus 7 .55±0.41 , and ECso ADP (mcan±sEM) 
7 .77±0.33 versus 7 .71± 0.3 1 in pretreatcd and untreated 
rings, respectively. No ring had microscopic evidence of 
carc inoma infiltral.ion. 

Discussion 

Our study confirms data previously reported [17, 18] 
and provides further evidence that endothelium
dependent relaxation occurs in human pulmonary arter
ies. Unlike THOM et al. [17], who were successful in 
observing vasore laxation in arteries taken from only 
49% of the patients whom they studied, we were able to 
demonstrate endothelium-dependent vasorelaxation in 
all of the pulmonary arteries Lhat we tested. A shoner 
delay between surgical removal of the Lissue and the 
Lime that it was actually studied may account for our 
bcuer results. Because adenosine triphosphate (ATP), 
which has been used in the s tudy of G RECNDERG et al. 
[ 18], can also re lax the vessels by acting directly on the 
arterial smooth muscle, we have chosen to assess pulmo
nary vasodilatation with ADP ra thc.r than with ATP. 
Furthermore, our data provide evidence that AD P is a far 
more potent vasodilator than A TP since EC~0 of the latter 
has been found by GREENBERG et al. [liS] to be four 

hundred fold higher than that of ACh, the EC50 of which 
is similar to that of ADP in our study. 

Relaxa tion occurs in response to ACh and ADP only 
in those arterial rings with intact endothelium. However, 
rings without endotl1elium were capable of relaxing with 
nitroprusside, an endothelium-independent vasodilator 
[19]. Nitrovasodilators directly initiate re laxation of 
vascular smooth muscle by elevating intracellular cyclic 
guanosine monophosphate in a similar fashion to EDRF 
[20]. This indicates that the procedure for removing the 
endothelium did not damage the vascular smooth muscle. 
Histological examination of all the rings that were actu
ally tested, allowed not only a clear distinction between 
arterial rings with and without endothelium, but also 
definitively excluded the presence of tumour in the 
specimens studied. 

There is evidence from the literature [21) that incuba
Lion with similar dose, and for the same duration, of 
indomethacin, a potent cycle-oxygenase inhibitor [22), 
is capable of preventing the producl.ion of prostacyclin 
(PGIJ in isolated organs. Furthermore, in thjs smdy, 
the endothelium-dependent re laxation of the Iings was 
not affected by pretreatment with indomethacin. PGr_, or 
any other cyclo-oxygenase product, is therefore unlike ly 
to account for the relaxation evoked by ACh and ADP 
in those pulmonary artery rings. Although we did not 
auempl to block the endothelium-depcndem vasorclaxa
tion with methylene blue or haemoglobin [23], and 
a ltho ug h EDR F has no t bee n mea sured in the 
medium, we feel reasonably confident, on the basis of 
lhesc results and those of previous studies [1, 5, 6, 17, 
18], that the pulmonary vasore laxation observed in 
rings with endothelium was mediated by non-prostanoid 
product(s) released by endothelial cells, namely lhe 
EDRF. 

One of the EDRF has recently been identified wit11 
the gas nitric oxide (NO) [24) which is syntl1csized by 
the endothelial cells from the amino acid L-arginine 
[25]. Both inhaled NO [26], and infused nitro
vasodilators, such as nitroprusside [27), can cause 
pulmonary vasodilatation in man, as a result of increase 
of lhe smooth muscle intracellula r level of cyclic 
guanosine monophosphate [19, 20]. 
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The importance of demonsltaling the presence of an 
endothelium-dependent mechanism of modulating pul
monary vascular Lone other than prostacyclin stems from 
the obscrvalion that the endothelium of the pulmonary 
vascular bed is often inilially involved in disease. For 
example, hypoxic and hyperox ic injury [28], and 
primary pulmonary hypertension [29], are associated 
with morphological changes of the pulmonary endothe
lial cells. Preliminary reports suggest that hypoxia may 
reduce EDRP aclivity in the pulmonary vascular bed of 
laboratory animals [13]. With the development of heart
lung transplantation in man [30], the way is now open to 
in vitro studies of the explanted lungs to define the 
involvement of EDRF-mediatcd pulmonary vasodilata
tion in the pathophysiology of human pulmonary vascu
lar disease. 
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L 'acetylcholine et /'adenosine diphosphate induisent la 
vasorelaxation endothelio-dependanle de l'artere pulrrwnaire 
humaine isoUe. A .T . Dinh Xu.an, T.W. Higenbottam, C. 
Clelland, J. Pepke-Zaba. F.C. Wells, J. Wallwork. 
RESUME: La vasorelaxation endolhelio-dependante mcdiee par 
les facteurs relaxanlS derives de !'endothelium (EDRF) a ctc 
largernent c tudiec chez !'animal. Seulcs quelqucs rares etudes 
ont ct6 rapportees chez l'homme. La demonstration de la 
dilatation mediee par I'EDRF des vaisseaux humains est 
essentielle pour comprendre la physiopathologic des maladies 
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vasculaires de l'homme. Nous avons ainsi etudie la vasorelaxa
tion endotMlio-dependante de l'artere pulmonaire humaine 
isolee. Des anneaux vasculaires ont ete obtenus a partir 
de segments d'artere pulmonaire provenant de pieces de 
lobectomies de 8 patients atteints de cancer bronchique. 
L'acetylcholine (ACh) et !'adenosine diphosphate (ADP) 
induisent de fa~n dose-dependante, mais seulement en presence 
de l'endothelium, le reliichement des anneaux vasculaires 
precontractes par la phenylephrine.l..es anneaux depourvus d'en-

dothelium sont capables de relacher completement avec 
nitroprussiate de sod.ium qui agit directement sur le muscle 
lisse vasculaire. L'inhibition de la production de prostacycline 
par l'indometacine, ne modi fie pas la reponse vasculaire a 1' ACh 
et a l'ADP. Ceci suggere qu'un (ou plusieurs) facteur(s) de 
nature non-prostanoide derive(s) de !'endothelium seraient 
responsables de la vasorelaxation endothelio-dependante de 
l' mere pulmonaire humaine isolee. 
Eur Respir J., 1990, 3, 633-638. 


