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ABSTRACT

The response of the intrapulmonary .artery (IPA) to a variety of
. endogenous lung amines and prostaglandins (PG) was examined to
determine if a differential sensitivity to these vasoact%ve substances
existed between sggments taken from two sites on the artevy.
Longitudinal strips of proximal {PIPA) and distal (DIPA} segmeﬁts of
the left lTower lobar intrapulmonary artery were taken from rabbit lungs
and isometfic tension measuréd during superfusion abt.37°C with -
physiological saline. Full or partial dose-response curves were
obtained for 5-Hydroxytryptamine {S5HT), Histamine {HIS), Norépinephrine
(NE, Isoproteteno1 (IsoP), Arachidonic Ac%d {AA), PGAl: PGEl,

PGB,, PGE,, PGE, and PGF

1° 2 2a’
studies, length-tension properties of the segments utilized were

In addition to pharmacological

examined and a qualitatfve analysis of smooth muscle content and ‘,

. 1
orientation was undertaken. Al1l prostaglandins e]icitedfzsﬁ?ragzi]e

effects, of varying magnitudes, at high doses.’ Prostaglandins Al,

1!
rF}axant activity in unstimulated PIPA -and DIPA segments at Tow doses.

E,, and E2 produced little or no contracfile responses or slight

SHT contracted both PIPA and DIPA segments in a_dese dependent manner,
1

however, proximal segment maximal effects and sensitivity were ™

significantly greater than those of the distal segment. Both PIPA and

DIPA segments contracted to H1S and maximal effects were simi]ar.iﬁ
. ‘ * ]
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bofh segments. Mepyramine (IO‘QM) antagonized contractile responses
to HIS. In the presence of IQ:IM mepyramine, ‘H1S produced dose
dependent relaxation of precontracted PIPA and DIPA segments.
Cimetidine (IO'SM) antagonized this relaxation indicating that HIS
relaxant effects are megkated by HZ-HIg receptor stimulation in both
segmente. PIPA segmehts contracted in response to-NE while the DIPA
segment reéponded—poor]y or not at all suggesting a paucity of alpha
adrenoreceetors in distal segments. IsoP produced dose dependent
relaxation, that was antagonized by propr%noio], of precontracted PIPA
and DIPA segments. The do;e related tonte;cti1e response te AA was
similar in both PIPA and DIPA segments. These studies indicate that
regional differences exist in the response of rabbit IPA to some

agonists.
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CHAPTER 1

Review of the Literature

Introduction

Vasoactive ;¥bstances produced by lung tissue or reaching the
lung via the pulmonary artery have been implicated in the local control
of pulmonary blocd flow and in the response to a number of patho-
.physfologic conditions including anaphylaxis, pulmonary embolism,
hypoxia aqd pulmonary edema (16,26,29,42,72}. Although the exact
vasoactive agents involved are unciear, c¢irculating catecholamines,
acetylcholine (ACh), angiotensin (Ang), bradykinin (Bk), serotonin
(SHT), histamine (HIS) and prostaglandins (PGs) have a]]»been suggested
aé possible mediators of pulmonary responses {6,26,29,42,72). Thé
nature and site of their actions on pulmonary blood vessels are often
altered or obscuredjhy the.interaction of the respiratory, vascular and
metabolic functions of the lung. Thus complete pharmacological
characterization of pulmonary blood vessels would require
investigations in the intact lung and studies using isolated pulmonary
blood vessels.

Pulmonary vascular resistance is normally low and is greatly
influenced not bn]y by vasoactive agents but also by changes in blood

flow, pressure in the left atrium, airways and pleural space as well

P



as by gravity, blood viscosity, blood gases and pH {see Hyman et al,
1978). In addition %o a direct effect on pulmonary vascular smooth
muscle, vasoactive substanceshmay influence directly or indirectly any
number of these factors thus modifying the pulmonary response to -these
agonists. Changes in pulmonary arterial pressure are minimized by the
passive effects of recruitment and vascular distention (42). Further-
more the lungs are uniquely efficient in inactivating a variety of
vasoacfive agents (29)( Thus it has been necessary to develop
elaborate techniques to overcome the multitude 0% active‘and passive
effects of these substances to ascertain, in the intact and isolated
Tung, tﬁeir direct action on pulmonary ascular'smooth muscle.  DOwing

—
to the complex nature of intact lung préparations and to time

» c&n§traints, the studies presented heré concern solely isolated strip

resp;E}es. ) /////

— -
Effects of Humoral Agents on Pulmonary Vasoactivity in the Intact and

23

Isola;ed Lung

Amines

The role of endogenous amines in pulmonary function and the
response to immunological and pathological éonditions is largely
unknown. HIS release has been associated with alveolar hypgxia,
pulmonary embolism and anaphylactoid reactions including asthma (see
Said, 1974). SHT has been suggested as a possible humoral mediator of
the pulmonary hypoxic and embolic vascular responses (see Said, 1974).
The capacity of the Tung to remove and inactivate 5HT and

norepinephrine (NE) from the circulation has been described (see



Gi11%s, 1973) although the physiological significance of this function
is unknown. When given intravenously, the changes 1n‘pu1monary
resistance due to vasoactivity of these agents may be obscured by
accompanying effects on cardiac output, left atrial pressure, bronchial
smooth muscle and airway resistance {6).

The pulmonary effectg of biogenic amines have been widely
tested. In the intact and isolated lung of a number of species
} %nc1ud1ng the cat (70,71), rabbit (34) and dog (40}, NE, an alpha
adrenoreceptor stimulant, produced pulmonary vasoconstriction whereas
isoproterenol (IsoP{, a beta adrenoreceptor stimulant, produced
vasodilatation {see Somiyo and Somlyo, 1970). Alpha and beta
adrenoreceptor blockers, such as phentolamine and propranolol
respectively, modified the activity of these catecholamines {see Somlyo
and Somlyo, 1970). Pulmonary vasocconstriction, vasodilatation and
biphasic responses to HIS have been described in isolated and intact
' Tungs depending on the species while both vasoconstrictor and dilator
responses have been reported in the same species (see Chand and Eyre,
1975). Antagonism or potentiation of HIS responses or conversion to an
opposite response have all been reported in the presence of HIS H1
and H2 receptor antagonists,-e.g. mepyramine and cimetidine (or
metiamide) respectively (16,67). 5HT actively cohstricted pulmonary
vessels ‘of several mammals including rabbit (34i, dog (13,41) and cat
(71). SHT antagonists, structurally related to lysergic acid, inhibit

the vasoconstrictor action of 5HT (see Somlyo and Somlyo, 1970}.



Other agonists'common1y described as eliciting pulmonary

vasoconstriction in a number of species include Bk, Ach, and Ang (see
- L.

‘Aviado, 1960, and Somlyo and Somlyo, 1970).

Prostagtandins

The PGs are a group of naturally occurring acidic lipids which
possess remarkable and diverse pharmacological activity. The
biosynthetic pathway for the production of PGs and thromboxanes is
outlined in fig. 1-1. The‘ﬁung is one of the major sites of PG -
sxg}hesis and inactivation in mammals (42). Enhanced PG synthesis and
release has been demonstrated in hypoxia, anaphyliaxis, pulmonary
embolism and edema (see Said, 1974). A possible role of PGs in the
Tocal control of vascular tone an& reactivity has been suggested but
this has still to be determined (62). With respect to pulmonary
function, PGs affect pulmonary arterial pressure, pulmonary blood flow,
p]eurﬁ? pressﬁfe, bronchomotor tone, Tung volume and blood gases {42)
tending to obscure their direct effect on pulmonary vascular smooth
muscle. Hyman et al (42) have recently published an extensive review
of the role of prostaglandins in the Tung. |

The PGs have been shown to cause marked vasomotor activity in
the .lung. PGF20L general]y has been found to be a potent pufmonary
vasoconstrictor in the intact lung, the magnitude of the response
varying among species (see Hyman et al, 1978). PGE, caused dilation’
of the pulmonary vasculature of many spécies (seé Hyman et_al, 1978).

Although PGE2 was a pulmonary vasoqonstrictor'in mature intact

L3
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Fig I-1. Biochemical pathway for production of prostaglandins ‘and
thromboxanes. Taken from Kaley, 1978. Y i



animals {see Hyman et‘a1, 1978), a vasodilator response to PGE2 has
bee; shown in }so1ated calf and fetal goat lung (57,93).  There is
1%tt1e'information available about thg pulmonary effects of the A and B
series of PGs which are thought to be derived from PGs of the E series.
In the intact dog, PGA2 was found to bé a moderately active pulmonary
- vasoconstrictor Qhereas PGAl was a modest pulmonary vasodilator (49).
In the isolated rabbit lung PGA1 produced vasoconstriction (31). PGs
of the B series in intact dogs actively constricted pulmonary ‘vessels,
PGB2 being only slightly less active than PGFZ(1 {50).

Arachidonic acid (AA), the precursor of endoperoxides (see fig.
1) produced increasgd pulmonary vaécu]ar resistance when injected into.
intact spontaneously bE;athipg Tfnkeys, dogs, cats.and rabbits (see
Hyman et al, 1978). S‘indomethacin, an inhibitor of the cyclo-oxygenase
system that converts AA into PGs and related substances, produced
blockade, in the intact dog, of the cardiopulmonary effects of AA
Qhereas increased pulmonary arterial pressure in response to PGE2 and
PGFZa was enhanced by the cyclo-oxygenase inhibitor {52). Recent
evidence suggests that the role of other intermediates and products of
the PG biosynthetic pathway may be of even gréater signficance in
pulmonary function and response to pathophysiologic conditions (53). An
excellent review of these substances and their activities has been
published by Kadowitz et al, 1977. ¢

Owing to the complexity of the pulmonary vascular bed and the

.ability of neurogenic and hemodynamic factors to influence its

~ ~
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responsiveness it is clearly of value to examine the responses of
isolated pulmonary vessels. The use of isolated tissue strips of
'pu1monary-vésse1s permits examination of the direct or local effects of
vasoactive agents on pulmonary vessels. Howéver, whi]e this minimizes_
extraneous factors, by removing these vessels from'their usual
physiological environment, the drug actions‘thué observed may not
necessarily be the same as in vivo. Moreover the techniques of

- isolating these vesse1§ and subseguent physical manipulatiéh entails

some risk of modifying their smooth musc1e“reactivityj(26).

Actions of Drugs on Isolated Pulmonary Vessels

The response of the pulmonary artery to a number of vasoactive
agents, often under a variety of experimental conditions has been the
subject of numerous investigatfpns. In general these studies have
utilized a segment of artery, either in its ring form, or, more
frequently, spirally cut to a ﬁanrow strip, mounted in a tissue bath
containing physiological saline solution kept at 37°C. Responses to
vasoactive drugs have been measured under conditions of iscmetric and
isotonic recording of tension. Pulmonary blood vessel responses to
various agonists have been previously reviewed, in part, by Su and
Bevan (1976). Their interesting review of the pharmacology of
pulmonary blood vessels included discussion of the mode of action of
vasoactive drugs on blood vessels and the factors that influence the

effects of drugs with reference to pulmonary blood vessels.
- .
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The initial studies examining.pu1monary respoﬁgss most commonly
emb]oyed extra- or main pulmonary arterial segments. Th;\ﬁaﬁn
pulmonary artery (MPA) is essentially a large conduit artery rich in
elastic tissue (88). Its pharmacclogical characteristics are
repofted1y very simidar to 1arge eTastfc arteries in the systemic
circulation, e.g. the thoracic aorta (15,88), Consequently, it is
thought to be of Timited hemodynamic significance and thus cannot be
Iconsidered representative of smaller intrapulmonary arteries. However,
_numerous studies have employed this vessel resulting in a -
wealth of pharmacological information. Owing to the large number-of
these studies, canine, rabbit and cat pulmonary arterial respenses to
vasoactive amines and prostaglandins have been primarily seiected for
review,\flthough mention of other species, drug and vessel responses

has been made when appropriate.

’

Extrapulmonary Arterial Responses

The 1iteratufe pertaining to the responses of isolated
pulmonary vessels détes back to, a£,1east, the. turn of this ?entury.
Franklin (1932), in a paper outlining the actions of E and ACh on
canine isolated pulmonary vessels, brie%1y_reviewed the previous
Titerature providing a fascinating account of the early experimental
. work. Predominantly contractile responses to E are described for
pulmonary vesseis of many different species including man. Franklin's
own experimental work showed constriction of ring segments of canine
extrapulmonary arteries and veins to E while ACh relaxed arteries and

‘constricted veins (27).



Bevan (8) reported that electrical stimulation and NE caused
contrac&ion of ring segments of rabbit extrapulmonary artery (EPA). AR
HIS, SHT, and increased extracellular petassium (K+) have also
been shown to contract the pulmonary artery of the rabbbit
(11{15,78,86,90): Bevan and Osher (10) examined the relative
sensitivity of some blood vessels of the rabbit to sympathomimetic
amines aﬁd reported that helical strips of extrapulmonary arteries
contacted in response to NE, E and a number of other sympathomimetic
amines. The sensitivity of the EPA to the amines tested was described
as similar to that of the thoracic aorta. Kitamura and coworkers (56)
"studied prostaglandin reéponses 16 the rabbit and reported that
PGFZQ contracted main pumonary arterial segments while PGE1 and
PGE,, on their own did not affect muscle tone. However, PGE, and
PGE2 d%d partly relax K" and NE induced contractions {56).

Su (85) reported the action of some vasodilator agents on the
isolated MPA gf the rabbit. Vasoconstrictor agents were used to |
jncrease and maintain vascular tone so that relaxant effects could be
observed. IsoP produced marked relaxation that was eﬁhancedzgy cocaine
ahd.abo115hed by dichloroisoprenaline. HIS and E were rgported to
‘elicit a slight reduction in elevatéd tone, in contrast to papaverine
and sodium nitrite which greatly reduced the elevated tone (85). The
observations of a HIS‘re1axant response contrasts with previous reports
of HIS contractile activity in isolated rabbit pulmonary strips.

Somlyo and Somlyo (77) examined isotonic contractions of

helical cut strips of canine MPA. E, NE, phenylephrine (PE), and SHT
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produced.significant vasoconstrictien. IsoP at Jow doses fajled to
demonstrate vasodilator activity in unstimulated strips and did not
Zroduce significant vasoconstriction unless applied in extremely hijgh
concentrations (77}. Isolated spiral strips of cat puTmonary artery and
vein coﬁtracted in response to HIS, 2-methyl HIS (a relatively specific
H1 KIS receﬁtdr agonist), 4-methyl HIS (a relatively specific agqnist
for H, HIS receptors), and 5HT (17). Low doses of IsoP usually
produced relaxations of partially contracted pulmonary blood vessels
while increased doses induced contractions. PGE,, PGE ‘

1 2 2a
all contracted the cat pulmonary artery, however, increased doses of

and PGF

PGE1 relaxed the artery. Pulmonary veins, partially contracted to
PGFzu were relaxed by PGEl and PGE2 (17).

Spirally cut strips of—buinea pig MPA havg been employed by
Okpako in a seriés of investigations (64,65,66). NE, HIS, E and -
PGqu a11 produced dose re]ated‘contractiogs of thfs preparation
(64,64). PGE,, by itself, produced no effect but when muscle tone
was raised by prior addition qf HIS to the bath it produced‘Fbiaxation
(64). Also PGE2 inhibited contractions to HIS and NE, the inhibitory
effect persisting at high doses despite washout from the bath. IsoP
even in very high doses had no effect causing neither contraction nor
relaxation even after alpha adrencceptor blockade in HIS tréated
preparations (64,65). Contractions caused by HIS and NE were
specifically antagonized by mepyramine and phentolamine respectively
(65). PGF2u induced contractile responses were resistant té the

actions of phentolamine and mepyramine (64).
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Despite evidence -of a HIS médiated depressor action which was
unmasked after mepyramine in guinea pig isolated lungs, Okpako {65)
could not demonstrate an inhibitory action of HIS inlthe isotated

artéry preparation. In the ﬁresence of mepyramine, HIS caused neither
relaxation of the arter1a1'se§ment nor did,it inhibit catecholamine
induced-contractions. While 2-methyl HIS, caused.contraction of the
isolated artery, 4-methyl HIS caused neither contraction nor relaxat1on
when tested over a wide range of concentrat1ons, and failed to inhibit
E induced contractions of preparations bathed in physiological saline
conta1n1ng mepyramine (66). | ‘ ‘

Thoqpson, Barer and Shaw (92) studied the action of HIS on
pulmonary vessels of cats, rats and rabbits. HIS contracted helical
strips of extrapulmonary.artery from all three species, the rabbit and
cat-strips-beihg more sensitive. Subcessivefdoses of HIS caused
diminishing effects in all strips studied. In rat pulmonary artery,
HIS, when éiven during contractions proauted by various agonists
including ACh, BK, E, NE;'SHT and even HIS, was reported to produce a
decrease in tension or relaxation. However, specific antagonists were
not employed to demonstrate that this:effect was mediated by HIS
receptors. In contrast, contracted rabbit and cat pulmonary artefies
responded to HIS with further increments in tension (92). -

Responses of bovine (23}, chicken (18), calf (57), rat (69) and
sheep (24) main pulmonary arteries to amings and prostaglandins have

also been extensively investigated.
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Intrapulmonary Arterial Re$ponses

.obtained.

-,

- The pulmonary vascﬁlar hed i§ inf]uence&'significan;1y by
neural and humora1 sti%uli. Consequently thg-responses gf_éso]ated
1ntrapu{%onany arteky (IPA) to vasoactive agents are of considerable
interest. Although the pharmacologiEaT characteristics of a'short '
segment of b1ood véése1 cannot be considered-representative of the
résponse of an entire vascular bed, vaTanls/info ation concerning
the s1te and nature of the responses to vasdactive substances may be
]

Frghklin (27) has grief]y desc;Tbea“agr1ier work examining
isolated intrapu]monary'reéponses to E ahd ACh.' Franklin's own‘
experiments revealed that, in general, canine intrapulmonary vessels
gave weak and variable reactions to these“agonists. Specifically E

produced very small and variable responses to intrapulmonary arteries
< )

with contractions predomindting'wh11e ACh produced no response.

Bohr, ﬁoulet and Téquini (12) examined Eséponses of he1ic511y
cut intrapulmonary arterial vesse1é O.é to 0.3 mm in diameter,
from rabbits and éogs The 1so1ated pu]monary €F55e1s contracted in
response to ACh, 5HT, KC1 and Ang while no respgggg to E or NE was seen -
unless very high concentrations of these catecho]am1nes were
administefed. No species differences were evident (12). 'In a similar
study, L1qu (58), examined heTica]iy cuy_strips of'4th and 5th order
intrapulmonary arteries from rabbit and caﬁiné lungs. The helical

strips were obtained from arterial segments with diameters of 3 mm at
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proximal end‘and'l'mm or less at distal end. Electrical stimulation,
SHT, NE, ‘Ang, ACh aﬁd,KC] all produced contractile responses. In terms
.of e]ati#e effectiveness, on a molar basis the most active comﬁound
Qas Ang-fo]iowea in decreasing order by 5HT, NE and ACh. Thus, in
contrast to the-previous study of Bohr and cbworkers (12) the NE
response was not found to be deficient. Lloyd reported that while the
‘rabbit stribs were perhaps more responsive than the dog, any speciessx
differences if,gresent appeared small. |
ay _Sundt and Winkelman (91), tested arterial segments from vessels
of 0.2 to 0.4 mm qiameter from different vascular beds of the rabbit.
Their helically cut intrapulmonary arterial étrips failed to respond to
E, NE and IsoP.: In.ihis respect, it can bé seen that their e
observations were similar, in part, to those previously obtained by
Bohr and coworkers (12). While 5HT and Ang II consistent]& produced
contractile responses, only about 50% of their lung strips contracted
in response to- HIS and BKk. However the thresholds which these worke;s
reported for drug responses were considerably greater than any reported
elsewhere. | . -7
"-5\\§esponses of isolated helical str1ps of canine 1ntrapu1monary
lobar arteries and veins, 3 - 5 nmm. in diameter have been extens1ve1y
1nvéstigated by Joiner and coworkers. NE, HIS, SHT and PGF,
produced contractile resffanses in both arferies and veins (44,45;46j.
These arterial responses to NE and SHT were similar to those previously

L8

reported by Lloyd (12). Mepyramine antagonized HIS responses while #

A\

Vaal
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phentolamine was found to inhibit NE and Tyr contract}lé responses
without altering 53: effects (45,46). Methysergide inhibited SHT

responses but not ME contractions (45). Sodium nitrite and PGE

e

" relaxed both arteriss_and veins (44,46). IsoP at low cgncegé;;;;;§§/
relaxed and at higher doses contracted the strips but in the presencs
of phentolamine, this agonist produced 9n1y relaxation suggesting that
IsoP stimulated, in part, alpha adrenoreceptors (ﬁﬁ).

Joiner and coworkers have conducted a nﬁmber of studies

(47,48,51), demonstrating species va;iabf1?¥y in the response of
intrapulmonary vessels to amines and prostaglandins. In a study of the
effects of NE on hé]ical strips of intrapulmonary artery and
veins from Tungs of dog, sheep, swine and man, all strips were reported
to have been contracted in response to a-depolarizing so1ution‘of RY
and to NE, although %Be response of sheep and swine intrapulmonary veiﬁ \
(IPV) to NE were weak (48). 1In a sim11ar‘trial, the actions of
PGE1 and PGFzcl on intrapulmonary arteries and veins from dog,

.(,fﬁsheep, swine and human lungs were studied (47), A]J vascular strips

1 tested had responded well to NE.- PGFZu_cqntracted human arterial

\L“strips, relaxed slightly gpggp arteries and héd no effect on dog

Iarteries. PGEl relaxed both veins and arteries from dog and sheep.

It was noted that by comparison, caning tissues were more responsive to

_‘the relaxant effects of nitrite ion than PGEl. Human arteries

usuél]y contrécted §1ight1y and human veins usua]1y relaxed siightly to

PGEl. Relaxant effects were examined both in unstimulated vessels
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and in vessels contracted submaximally to PE. In either case the
magnitude of relaxaticn was not significantly different. Swine
arteries and veins failed to respond to'PGF2u or PGE, (47).

In an extensive review of the physiological and pharmacological
roles of prostaglandins, Kadowitz, Joiner and Hyman (51) have outlined,
and summarized the responses of isolated intrapulmonary arteries and
veins to the prostaglandins and other vasoactive agents. Specific
information concerning venous responses may be obtained from their
review. The following summarizes, according to species, the arterial
responses to prostaglandins and some vasoactive amines as presented in
their -review (51).

Dog: Prost;g]andins Al, A2 and Ei relaxed canine
arteries. While the A series of PGs produced maximal relaxation,

PGE1 had minimal relaxant effects. Prostaglfndins Bl’ BZ’ EZ’
and an had no significant effect while prostaglandins 15-methyl
PGE2 and 15-methyl PGqu produced minimal contraction. )

Swine: Although responding well to NE and HIS, swine arteries

were unresponsive to PGFZa and PGE1 in unstimulated strips. |

) Sheep: Arteries contracted well to NE, HiS qnd 5HT. PGF20l
produced contractile effects but only of ha]% the magnitude of the
amines, while PGEI‘produced relaxation. Proétaglandins A2 and B1
had 1ittle or no effect on sheep arteries. '

Human: Arteriés contracted well to NE, ACh, 5HT and HIS.
PGFZa was quite agtive as a stimulatory agent whereas PGE1 and

PGE2 were less so.
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Baboon: PGFZa elicited dose relaxed contractions while
PGE1 either had no effect or induced slight contraction.
Chimpanzee(»-ﬁGqu was contractile at high doses while PGE1
ﬁnd PGEE‘tended to relax arteries.
Monkey: Arteries contracted well to PGF23 and only slightly
to PGE,.

1

It can be seen that in primates including man PGan‘consistently
contracted intrapulmonary arterial segments. PGE1 effects, on the
other hand, were more variable,
‘ The contractile Effects of AA and an epoxymethano analog,
chemically similar to PGHZ, ﬁave been 1nvestigateq fn helical strips
of IPA and IPY isoldted from bovine, rabbit and canine lung [(32). The
analog increased isometric force in a concentration related manner in
IPY from the 3 species and in IPA from bovine andrrabbit Tung. Canine
IPA w;s unfesponsive to the analeg. AA contracted‘on1y rabbit IPA and
this response was blocked by indomethacin. In contrast, AA elicited
rela;ation in canine IPA partia11y‘contracte; by PE. AA did not affect
bovine IPA nor IPV from the three species (32).

In March 1978 the fi;st stﬁdy describiqg regional differences
in the response of arfer1a1 segments from different sites within the
rabbit lung wé§ reported by Su and co-workers (89). 1In arteries larger
than 1.4 mm outside diameter the-maximal ¢ontractile response to NE was
comparable to that of‘KC1 {89). The response to NE decreased to 30 -
40% of the K response in arteries 0.6 to 1.4 mm in diameter. In

arteries smaller than 0.6 mm both nerve stimulation and application of

s

N -~



NE elicited either very small responses or none at all. The median
effective dose, EDSO’ for NE, {an index of the sensitivity of the
adrenergic receptor), did not change with the arterial diameter. All
arterial segments constricted in response to 5HT, HIS and KC1 and the
maximal effects of these 3 agents were equal (89}. The ED50 values
for SHT and HIS did not depend on arterial caliber.

Other reports of the use of isolated intrapulmonary arteries,
in conjunction with other experimental work, have briefly described
responses to various agonists. Houghton and Ph%1ips {38) studied
jsolated human pulmonary arterial and venous tissues employing épira]s
of muscie cut from vessels dissected after 1obettomy or pneumonectomy
for carcinoma or bronchiectasis and found that NE, E, HIS and SHT
maximally contracted both arterial and venous segments while IsoP most
frequently produced relaxation although contractile effects or no
responses were also abserved. In iheir arterial s:gments, infrequently
a biphasic response to IsoP was also obtained consisting of a slight
initial relaxation followed by contraction at higher doses. Benumof
(5} elicited contractions of helical strips of 4th to 6th order IPA
from cat lung in response to 5HT, Thompson and coworker (92}, in
addition to examining extrapulmonary responses, reported that isolated
cat intrapulmonary arteries contracted in response to HIS. Arterial
strips,'spira11y cut from iengths of the aajor branches of the
pulmonary artery within the toad lung were reported to be contratted by

' A
£ and ACh and relaxed by IsoP (37). A number of studies have utilized
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extra- and intrapulmonary arterial strips stimulated under varying

degrees of oxygen tension to determine possible mediato;s of the
hypoxic response or to ascertaiﬁfthé effect of hypoxia on vascular
smooth muscle responsiveness (19,59,80). Various investigators have
examined the response of the rabbit MPA to NE in order to study the
relationship between NE induced depolarization and contractions since
it now appears that contraction occurs, in part, without measurable
change of membrane potential (14,15,33,78,90). These studies are all of
interest since they provide‘additional or confirmatory evidence of

isolated pulmonary vascular smooth muscle responsiveness.

Summary of the Literature and Objectives

Thus it can be seen that the ability of pulmonary vascular
smooth muscle to respond, both in vivo and in vitrd, o many vésoactive
agents under a variety qf experimental conditions is now well
established. Species d}fferences in the responses of pulmonary vessels
to vasoaétive agents are evident. Furthermore it is apparent that
venous responses to an agonist often differ_quh qualitatively and
quantitatively from arterial responses. However, a comparison between
studies of isolated strip responses of arteries of different lumenal
diameter but of the same species reveals some interestipg
discrepancies. While Bohr et al (12) and Sundt and Winkelman (91)
axamined rabbit intrapulmonary vessels .2 to.4 mm in diameter and

found the strips poorly or not at all responsive to catecholamines,

Lloyd (58) using rabbit intrapulmonary vessels of greater than 1 mm
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diameter, found NE an effective agonist. Sundt and Winkelman (91)
described centractile responses to HIS and Bk, well known pressor
agents, in only 50% of their intrapulmonary strips, although HIS has
been shown to consistently contract rabbit extrapulmonary arteries
(92). It ié recognized that variations and problems in methodotogy
could account for these apé&lent discrepancies. On the other hand, the
limited evidence available suggests there may be signficant differeﬁces
in responsiveness associated with vessel site, diameter and structure.
Studies in the dog have suggestgd that pulmonary vastular
responsiveness is localized to specific segments for.vari§:i agonists
(13,40,41). In these studies the vascular localization was 1}mited to
determining whether lobar pulmonary veins'and/or upstream vessels,
presumably lcobar pulmonary arteries, were/%cfive1y constricted. The
vasoconstrictor response to hypoxia is thought to be localized to
arteries of less than 200 u _in diameter, that is,.those which lie
- adjacent to the airspaces (7,55). In light of the‘differences in
potency between isolated lung and isolated extrapulmonary arterial
strip responses to PGFZG, retative to HIS responses, Okpako (64).
proposed that the smaller pulmonary blood vessels might be more
sensitive to the action of PGFZu'
Yariations in responsiveness may be related in part to

.differences in agonist receptor distribution, diffgrences in neuronal
factors or to changes in the h1stologica]structu‘£{gf vessels within

‘the pulmonary vasculature. Okpako's (65) inability to demonstrate a

relaxant action of HIS in isolated extrapulmonary arterial strips,
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given the isolated lung responses mentioned previously, suggested a :
difference in the regional distribution of HIS receptors in the
pulmonary vascular éed, such that, HIS receptors mediating the
debressor effect might be.present in higher pr0portioq in arterioles
and capillaries. Elastic arteries, transjtiona] arteries, muscular
arteries and ‘endothelial' arteries or arterioles have been
distinguished in the rabbit pulmonary vascular bed (25) and the
functional significance of these histological vessel types is
imcompletely understocod, pérticu1ar1y in'the pulmonary circulation.
Indeed the term pu]monary arteriole, which is used to describe the
terminal branches of the wmammalian pulmonary arterial tree, may be
misTeading since it-implies structural and functional similiarities to
arterioles of the systemic circulation (74).

The rationale for examining regional differences in
responsiveness of an artery is supported by the changes in sensitivity
that have been noted in different segments-of the same vessel, for
example, the aorta, taken from the same animal and studied
simultaneously (76). It shou]h be emphasized that there are remarkable
differences in the reactivity of vascular smooth muscle taken from |
vessels of similar Tumenal diameter but from differeﬁt vascular beds.
Indeed the heterogeneity in reactivity of vascu]ar_smooth muscle is
well recognized (see fgview.by Vanhoutte,_lQ?B). Anatomic localization
within the pulmonary vascular bed of the responses to various stimuli,

" including vasoactive agents, should provide insight into the mechanisms
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involved in the pulmonary vascular responses in various-
pathophysiological conditions.

in order to establish whether a differential sensitivity to
vasoactive substances existed in the pulmonary vasculature, arterial
‘segments were taken from two sites on the same artery. A proximal
intrapulmonary artery was compared with a narrowed distal artery using
segments of similar size but representing sites of different 1umena1‘
diameter on the same vessel. Responses of the isolated segments to a
number of amines and prostaglandins were examined. Specific
antagonists were employed in an effort to demonstrate pharmaéo]ogica]
blockade and to unmask responses to agonists thought to stimulate more
than one type of receptor. To meet these objectives longitudinal
intrapulmonary arterial segments from rabbit lung were studied using
the superfusion technique of Gaddum (28).

Rabbits were chosen as the experimental animal for study
because of the large number of anticipated experiments.and the ease of
handiing this species. The suitability of isolated preparations of
pulmonary artery from rabbits for the determination of responses to
vasoactive substances has been previously described (12,58,91).
Although rabbit pulmonary arterial strips have been widely tested for
amine responses, few studies document prostaglandin responses in this

A :

species. ‘ //
/

/

The question of theé adequacy of the spiral strip technique for

preparation of small vessels has been/ﬁé1sed (88,89) in light of the
( '

i

—
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extremely high concentrations of 5HT, HIS, and Ang réquired to contract
small intrapulmonary §rteries (0.2 to 0.4 mm in djameter) reported by
Sundt and ﬁinkg1mann (91). Su and Bevan (88) have suggested that the
technical difficulties encountered in handling and cutting spiral
strips in vessels of small diameter include the potential for tissue
injury which may contribute to a lack of reactivity. To overcome .this 7
probiem Su et al (89) chose to employ ring segments, in coentrast to the
present study in which longitudinal segments of artery were used. The
ease of preparation of a longitudinal strip in comparison to either
helical or ring strips was felt to be highly desirable. A review of
the literature has revealed only one report of the use of longitudinal
segments. Franklin (27), used a single longitudinal piece of pulmonary
artery and found that it contracted in response to adrenaline.

The technique bf superfusion in which physiological solutions
are passed over tissues suspended in air, is sensitive and particularly
suitable for the study of isolated segments of blood vessels. By
introducing and withdrawing vasocative agents into and from the
superfusing medium drug effects may be elicited and then washed out
most effectivg1y and without 1nterrupt1pn of flow. Su and Bevan (87)
employed the superfusion Eechnique in a study of the release of HB-NE
in spirally cut rabbit main pulmonary arterial strips and reported
contractile responses to NE, 5HT and g1ectr1ca1 stimulation, thus
demonstrating the suitability of this technique. Superfusion has also
been used to examine isolated rat pu1monﬁfy arterial responses to S5HT

and its antagonists (4)}.



23

At the time these studies were pianned, there were no reported
studies on regional differences in‘isolated pulmonary vessels. As
mentioned previously, the recent paper by Su and Bevan (89) confirmed
that regional responses for NE did indeed exist. The present studies
sought to characterize the responses of intrapulmonary arteries to a
humber of potentiml mediators of pulmonary vascular control as well as

to determine if there was geographic selectivity of responses.
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CHAPTER 2

Methods

Experimental Animal and Anaesthesia

' ‘Adult New Zealand White rabbits, of either sex, 2 - 3.5 kg,
were sacrificed with an intravenous injection of sodium pentobarbital

into the marginal ear vein.

"Dissection

Immediéte]y following death the lungs were removed and placed
in pre-oxygenated physiological salt solution (PSS) (see below}. With
thélaid of a dissecting microscope {Wild Heerbrugg) the intrapulmonary
artery was cut open lengthwise from its point of entry into the left
Tung and dissected distally as far as possible into the lower lobe. A
longitudinal strip, 2 mm or less in width running the length of the
artery was then prepared. The strip was removed from the lung by

gentle teasing away of parenchyma and cutting off side branches. Any

' vifible parenchymal tissue was removed from the strip, the length and

width of which were accurately measured with a calibrated eyepiece
micrometer. The strip was then cut to give a proximal and distal
segment of equal length, (see fig. 1-2), usually 12-15 mm Tong. The

proximal segment, thus consisted of a strip of the vessel wall of

24
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about 2 mm in width from that portion of the artery with a mean Tumenal

diameter of gréater than 1l mm. Due to the tapering nature Q@}the
artery, the distal segment consisted of-the entire vessel wall, the
mean ]umena] diémeter of the artery being less than 1 mm. Thgafiﬁth of
the distal strip narrowed to between 1.4 and 1.0 mm. At the ena of
each-exper{ment thé‘wet weight of bbth tissue segments was

obtained.

-Sugerfus10n

Fine silk ties were attached to each end of: both strips wh1ch were
then mounted vertically for superfusion and measurement of isometric
tension.. Each strip was separately superfused, in:a parallel cifcuit

%(see figs. 1-3 and 1-4), with PSS at a flow rate of about 12

' m]/min.;'maintained by means of a roi]er pump (Watson Marlow ‘MHRE 20
D). {The PSS was continuously drawn from a common reservoir, and Qarméd
by heated water jackets (38°%p before superfusing the isolated tissues.
The transit t1me at a flow rate of 12 ml/min. from the reservoir to
the. tissues was 90 sec. About 50 - 70 mins. elapsed petween onset of

anaesthesia and instailation of the strips for superfusion.

Physiological Salt Solution (PSS)

The PSS aerated (us1ng a s1n¥ered glass filter) with 95% oxygen
and 5% carbon dioxide, consisted of (1n mitlimoles}: NaCl, 117.6; KCI,
25 2. 25 NaH2P04, 1.18; MgSO4 7H20, 1.16;
Ncho3;f25; and g1ucose 11.1. The pH, pCO, and pO, of the PSS

5.36; CaCl

Al
¥
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Experimental Apparatus

Fig, 1-4.
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were determined on 3 separate occasions using the microelectrode méthod
and a pH and blood gas analyser (Instrumen%ifion Laboratory Inc.)
following 1 to 2 hours of aeration. The follgwing range of values were
obtained: pH, 7.43 - 7.46; P

> 600 mmHg and P 32 - 36 mmHg.

02* coz:
Further routine estimations were considered unnecessary. The osmotic

pressure of the PSS was determined using an osmometer (Advanced

Instruments, model 3 W) and was found to be about 300 mOsm.

)

e

Once mounted,'passi;e (or baseline) tension was applied to the

Recording

strips by stretching the tissues through manual adjustment of the
tissue supporting ligature. Isometric'tensfon was detected by force
displacement transducers (Statham gold cell, model UC3)} and recorded on
a 2 channel Hewlett Packard recorder (model 7702 B) as mg of tension.
Balancing and calibration of the recording apparatus was performed at
the onset of each experiment. Transducers were mounted on a moveable
support permitting accurate adjuétment (to 0.5 mm) of the Tength of the

<

Str1p.

Experiments

The experimental work may be divided into 3 types: 1. drug
response trials; 2. Tength tension experiments (4 experiments); and 3.
fixation‘of tissues for light and electron miscroscopic analysis {2
experiments). The experimental protocols for éqgh set of experiments

were as follows:



™~

30

1. @rug Response Trials

The drug response trials comprise three groups of experiments.
Group 1. Responses to SHT, HIS, NE, PGFZa and PGE21 were
examined. A baseline tension of between 250 - 350 mg, simi1§r to that
employed by previous investigators (12,58,91), was initially placed on
both arterial strips. Each agonist was exposed through superfusion for -
5 min. with a re-equilibration time of 30 min. The order ef—the
agonists tested was altered with each trjal. Additional experiments
examining the effects of flow rate and hypoxia, -the influence of
arterial branches and extrapuimonary arterial responses were also
done. ‘
Group 2. Responses to prostagandins Nl’ Bl’ Bz, and E2 were
examined. A depolarizing K" solution was employed as a reference
response. The baseline tension was set at about 300 mg. Only two
prostaglandins were tested on each strip. .
Group 3. Responses to 5HT, HIS, NE, IgoP, PGF2l1 and AA were
examined. }nhibition of responsés w;; studied using specific
antagoﬁists.'Base1ine tension was initially set at 500 mg. Doses of
~antagonists were chosen based on previous reports of their use with
smooth muscle strips and on results from preliminary trials. 'Dwing tdu

high baseline tensions, significant stress relaxation was occasionally

seen, particularly in distal strips. Thus it was necessary to increase

1SHT - 5 hydroxytryptamine {serotonin), HIS - histamine, NE -
norepinephrine, PG - Prostaglandin, AA - arachidonic ac1d (group 3
experiments).
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baseline tension gradually, in a stepwise manner over a period of 10
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min. This procedure minimized subsequent stress relaxation. A
depolarizing K" solution was applied to the tissues following a
period of equi]ibratiﬁn. If the qontracti1e response to' k' was less
than 75 mg or was biphasic in nature, the baseline téﬁsion was reset to
500 mg and K was reapplied after a further period of equalibration.
These experiments are summariseQzépr each group. (see table 1).
Fo1lowing installation in the bath, the isolated tissues were
Allowed to equilibrate for a minimum 6? one hour before drug effects
weré elicited. Drug effects were tested simultaneously on proximal and
distal segments. in experiments in aroups 2 and 3, a depolarizing
potassium solution (123 mM K*) was apﬁ]ied foliowing the
equilibration period in order to establish a referénce response. The
solution used {123 mM K+) was identical to PSS except that the NaCl
of the PSS was replaced with an equimolar concentration of KC1. (In
addition, in all experiments in Group 3, the concentrations of (;aCI2
in the depolarizing solution was increased to 5m4 from 2.2§ mM  to
ensure maximal activation of contractile units). Dose respbnse curves
were obta1ned by applying drugs, prepared in PSS to the ;tr1ps in

\

incréasing concentrations. Each drug concentration was prepared
separate]y and applied, in sequence, by replacing the rese}voir of
Krebs with separate so]uf1ons of each drug dose. The time 'of exposure
of the strips to the drugs was carefully controlled. A.minimym'of 30

minuteé perfusion with ordinary PSS was allowed between each drug



Group 1

Group 27

Group 3

baseline
tension
{mg}

250-350

300

500
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Table 1:

~

Reference
drug

+

K' 123 mM

KT 123 mM

' +
Coca™ 5 m

Drug Response Trials
-

Agpnists

5HT, HIS,
NE, PGF

PGE2

PGAl,

81> Bps

E1 and E2

S5HT

HIS - H2

NP~
IsoP

PGFZ“

2a’

Antagonists

methysergide
mepyramine
cimetidine
phentolamine

propranolol

indomethacin
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challenge to enable the agonist to wash out and to permit sufficient

time for the teﬁsionlto return to baseline levels. When antagonists

‘were employed they\were added to-the PSS superfusing the tissues 30 -
minutes prior to and during subsequent exposure of the strips to

-agonists. _In some cases relaxant effects of agonists were evaluated in

strips that were partially contracted with HIS or PGF After the

2a’
contractile effect reached a steady state the strips were then exposed

to increasing doses of relaxant agonist.

o SN

Length Tension Experiments .

Baseline tension was set at 300 mg and tissues were allowed to
equilib#ate for 1 hour before a depolarizing K" solution (K+123mM,
Ca++5mM in PSS) waé applied to establish a reference response. The
tissue length %n both strip;/ﬁas then reduced to a length at ﬁhich
tension in the strip—appeared to be minimal (since further reductions
in length did not proportionately reduce tension) and yet;permitted
adequate superfusion. The length of the strip at this p61n£ was
measured and designated the injtial length. Fo]]owing—an'equi1ibration

period of 20 minutes permitting baseline tension to stablize the
tissues were stimulated with a céntraéti]e égonist for 3 minutes
(K+123mM + Ca*"5mM on 3 occasions, HIS 10 ug/ml on 1 occasion). A
recovery period of 7 minutes was allowed to enable the agonist to
washout and tension to approach baseline levels. The traﬁducer supports
‘were then adjusted to produce 1 mm increments in tissue lengths.

Following a 20 minute equilibration period the tissues were stimulated
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again. The above procedures were repeated until the active tension
generated by the agonist failed to increase with subsequent exﬁg¥ure,
- thus giving passive tension and active tension generated for a series
of muscle lengths. Data obtained were used to construct active and
passive isometric tension - Tength curves for proximal and distal

segments.

Fixation of tissues

Proximal and distal segments, prepared as above, were mounted in
the baths under 300 mg passive tension and a contractile response to
SHT { 1 ug/ml) was obtained following an hour of equilibration.
Following a further period of equi]ibration.the_tissues werelagain
‘contracted and then fixed by superfusing 2.5% glutaraldehyde (4°C, pH

r77.4, 350 mOsm)} over tﬁe tissues for 15 minutes. Tissue samples.were
then processed for light and electron microscopic examination, by
routine procedures using Epon embedded specimens. A qualifative
analysis of smooth muscle content and orientation in both strips was.

undertaken.

Data and Statistics .

Contractile résponses are expressed as (a) change in active
tension developed (hg), (b) as tension outpuf (g/cmz),-(c) aé a
percent of maximal response to a given agonist or, (d) as percentage
reference response. The tension output (g/cmz) was calculated by
dividing the force (g) generated by the cross sectional area (CSA,

cmz) of the strip. The latter was estimated by utilizing the mass
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{g), length (cm) and density of the strip (g/cm3), according to the
formula CSA = mass/(density x length). A va{ﬁe of 1.05 g/cm3 was
assumed for the density of the muscle strips (36) Relaxant effects
are éxﬁresSed-as percent re]axafion calculated as either percentage
decrease in induced tone or percent of maximal relaxation. Data are
expressed as the arithmetic meanm + 1 S.D. The conceﬁ@}étion of agonist
that produced 50% of its maximal response {EDSO) was determined in

the following manner. A regression equation was obtained for each
experiment by linear regression analysis, using the least squares
method; of the data derived from those'poinfs which could be seen lying
on the linear portion of the mean response (3 maximum tension) - dose
curve; Studénﬁs t test was used to compare means and probability values
of P < 0.05 were aécepted as denoting significance. Analysis of data
was done with Texas‘InstrumenF SR-51 11 and TI - Programmable 57

calculators.

Drugs

The vasoactive agents used in this study were:

Source
L - arterenol bitartrate ' : Sigma -
5 - hydroxytryptamine creatine sulfate complex Sigma
histamine dihydrochloride ' Sigma
isoproterenol hydrochloride Sigma
é?échidonic acid Sigma
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Prostaglandins Al

Bl’ 82 g%{fs of the Upjohn Co.
El, E2 Kalamazoo, MI
an

The antagonists used were:

methysergide hydrogen maleinate a gift of Sandoz !
cimetidine hydrochloride Smith, Kline and French
mepyramine maleate a gift of Poulenc Ltd.
phentolamine mesyTate CIBA

opranotol hydrochloride a gift of 1C
indomethacin Sigma

Preparation of Drugs

Concentrated stock solutions of all amines were prepared daily
in PSS and refrigerated until used. All crystalline prostaglandins
were prepared as concentrated so]utihns (10 mg/m1} in absolute ethanol.
PGBZ, an oil, was prepared in an identical manner. Stock solutions
of prostaglandins and érachidonic acid in benzene were stored in a
freezer. In the case of the amines and pfostaglandins; aliquots of
solution and vehicles were appropriately diluted 1ﬁ PSS and stored on
ice and either used immediately or refrigerated. Arachidonic acid, in
benzene, was prepared dajly, protected from light, in 10% absolute
ethanol and 90% Na,C0, (iOO mg/m1) aizi 3 mg/m1 stock solution,

For repetitive trials, it was ﬁecessary to prepare concentrated

solutions (10 mg/ml) of IsoP for each exposure. Catecholamines were
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prepared in PSS containing eijther 50 mg/l ascorbic acid (Group 1
experiments) or 0.03 mM ethylenediamine tetracetic acid disodium
calcium salt (NaZCa EDTA, Sigma) {(Group 2 and 3 experiments).
Phenoxybenzamine was prepared in absolute ethanol and a small quanitity

-*v’///i>0f IN HC1. Indomethacin was prepared daily-as the sodium salt using

100 mg/ﬁl Na 003. A1l drug concentrations expressed are final *

2
concentrations of the superfused flujd (ng/ml or molar). Molar
) L
concentrations of drug solutions were calculated from the anhydrous
F 1

molecular weights which were derived,either,ftom the manufacturer's

data or from the Merck Index (61).
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CHAPTER 3
Results

Group l-Amine Dose Response Trials
¢

The responses of proximal and distal segments of rabbit
intrapulmonary.artery to 5HT, HIS and NE were examined in a series of
six experiments. The doée ranges employed were selected on the basis
of a number of preliminary experiments. Baseline tensions, initially
set at between 250 and 350 mg, were-seen to decline gkadua]]y during
the equilibratiom period to a lesser va}ue that was generally we1f
maintained. Following drug response trials, small changes of aboht 10
mg in baseline tensiﬁn, relative to initial values, were common.

The effects of 5HT, ®IS and NE, as a percent of maximum tension

. developed, on proximal segments are illustrated in fig. 2-1, while

qista1 segment responses to S5HT and HIS are shown in fiq. 2-2.

Specific characteristics of individual drug responses are outlined in
the following paragraphs. In general, it can be seen that both 5HT and
HIS elicited dose related contractile activity in both PIPA and DIPA
ségments. A difference in sensitivity to these amiﬁes is evident, the
threshold concent%étion for/the 5HT response being much lower than for
HIS. The proximal respgfise to NE was characterizé& b} dose related
contractile activity to a maximum followed by a decline in active

tension at the highest dose. Sensitivity of the PIPA segment to NE

'384/'

r

~
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Fig 2-1. Response of proximal rabbit intrapulmonary arterial segment
to SHT (0 ), HIS (o) and NE ( a). Each point represents a mean

+ 1 5.0 of 5 (HIS responses) of 6 experiments (SHT and NE respounses).
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Fig. 2-2. Response of distal rabbit intrapulmonary arterial segment to
SHT (@) and HIS (m ). Each point represents a mean + 1 8.D. of 5
experiments. . :

.
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more closely resembled that to 5HT. Distal r hqenses to NE are not
illustrated in fig. 2-2, because of greaiiEEEi;bﬁTity in response, but
are detailed below under NE responses. The order of application of the
three amines did not appear to inflgence tissue responsiveﬁess. Since
analysis of the experimental data %n terms of mg of active tension
produced considerable variability in drug responses, atteﬁpts werg made
to reduce thjs variability by normalizing responses in terms of tissue

mass i.e. g/cm2

. This did not alter the inherent variability.of
these responses and thus have pa;\EiEE_reported here. However,
normalizing responses relative to a reference response to high K+ wds

employed in Group 2 and 3 experiments;

SHT T
The dose dependent contractile responses induced by SHT in
proximal segments were raﬁid and well maintained at ﬁigh doses.‘ The
active tension elicited by 1 ug/ml of 5HT was 110 + 46.6 (mean + 1
S.D., n=6). Distal segments responded.to SHT with graded contractile
activity in three experiments. However, very poor responses were
obtained in three other experiments. On one occasion a maximal effect
of only 5 mg of active tensfgn was seen and becausé of an unusual
response to HIS, (see bé]ow), data from this DIPA segment were not
included in the determination of mean responses. The mean response to
1 ug/ml SHT was 45.0 + 34.6 mg (n = 5). Replacement of the
superfusate with PSS free_of 5HT resulted in a gradual relaxation of

both strips to the baseline level of tension.

-y
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HIS
Proximal and distal segment responses to HIS were attained
within two minutes but were not as well maintained as SHT regponses at

high doses: The maximum contraction produced by HIS in PIRA segments

was 95.8 + 57.0 mg, a response comparable to the 5HT induced maximal

- response but elicited at a much greater dose 6f 10 ug/ml. 1In one
P :

experﬁment the maximum reSponse to HIS was very‘poorr(maximum of 15
mg). The distal re;honse to-HIS was characterized by contractile
responses in four experiments and an unusual résponse, ﬁenceforth
designated as "biphasic", in the other fwo experiments of this group.
Examples of both responses are illustrated in fig. 2 3. The biphasic
reSponse was character1zed by a decline in tension relative to the
baseline or previous response (relaxant phase) followeq by an increase
in tension which did -not necessariTy exceed the base]ine tepsion
(contracti1e phase).. Fo 1ow1ng the biphasic response washout of the
agonist was accompanied by a return to the initi#l baseline tension. In
on; of the experiments char cterized by biphasic responses even at the
highest dose of HIS the tension did nqt return_to the-baseline while
5HT and NE responses were éitremefy poor. Data from this distal
sggment were not used because of the unusual relaxant natﬁre of the
response. However, in all other experiméﬁts tension increased above
baseline and the mean re;;onse to 10 pg/ml of HIS was 117.0 +78.2 mg
{n = 5). | |

J{a
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Fig. 2-3. Effects of HIS on distal segment of rabbit intrapulmonary
artery. A - contractile response, B and C - b{gﬁasic regsponses. s
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NE
NE contracted proximal segments although it was observed thét

the highest dose produced a decline in active tension. The maximal
résponse, produced by 1 y,g/ml of NE, was 56.7 + 8.8 mg (n = 6). MWith
washing of the tissue this decline in ténsion was reversed with an
increase in tension reaching a maximum in 2 - 10 minutes comparable to
the drug elicited maximal response. Subsequently tension declined
.gradually to baseline levels.

| Distal segments responded poorly to NE. Small and highly"
variable contractile and relaxant effects were observed. The hean '
maximal contractile response, obtained at 100 ng/ml, was 9.2 + 7.4 mg.
(n = 5). Further increases in doses of NE produced;a decline in mean

tension to‘be]ow the baseline. Similar to the PIPA segment, with
washing of the tissue, tension increased to a maximum equaf to or

greater than the drug elicited maximal response.

Comparison of Amines

For the purpose of comparing the magnitudes of amine
contractile effects, responses have been expressed as a hercent of thé
mean maximum response to HIS for proximal segments, (fig. 2-4), and
distal segments (fig. 2-5). 1In addition, proximal segment responses
have been expressed in fig. 2.6, as a percent of the mean maximal
response to 5HT. Analysis of proximal amine regponses in terms of the
HIS response was complicated by a single very poor respoﬁse to HIS,

despite reasonable responses to 5HT and NE, obtained in one experiment
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Fig 2-4. Mean fe5ponses (+ 1 §.D.) of the proximal segment of rabbit
intrapulmonary artery to SHT, HIS (n = 6) and NE (n = 5).
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Fig 2-5. Mean responses (il §.D.) of the distal segment of rabbiﬁ
intrapulmonary artery to 5HT (e), HIS (m) ahd NE{.A). (n = 5).

.
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Fig' 2-6. Mean responses (+ 1 S.D. )of rabbit PIPA segment to SHT (O)
azs(u), and NE (a). (n-e) -
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as previous1y mentioned. Data from this expé}iment yielded markedly
increased ﬁean tensions and variability for 5HT and NE responses when
analyzed relative to the HIS maximum response. For the purpose of
graphically displaying data, the SHTh(n=5, solid 1ine) and NE curves,
(i1ustrated in fig. 2-4), represent data from five experiments
excluding the poorly HIS responsive tissue. However, the 5HT (n=6,
brokéﬁ ]iné).and HIS responses shown in fig. 2-4, include data from all
experiments. Although the magnitudes of the mean HIS responses are
somewhat depressed the relative shapes and positions of the other
agonist AOSe response curves have been little changed, except that the .

mean responses and standard deviations have been much reduced by

" excluding the data from the poorly HIS responsive experiment, as seen

by comparing fhe SHT curves in fig. 2-4. However, given the exclusion
of some data, nb statistical analysis of this data was undertaken to.
determine the significance of the differences in the mean amine
}esponées.

Examinakion of the proximal segment ;esponses in fig. 2-4
reveals thaf while the (elativé magnitudes of ~the 5HT and HIS responses
were comparab1e; the maxima1 response to NE was much-1ess than the HIS ‘
and S5HT (n = 5) responses, (about 60% of the HIShhaxima1 response).
Figure 2-6, which also illustrates proximal responses to amines, but
relative to the maximum 5HT response, includes data from ali
experiments. The relative magnitudes of the contractile responses

to the amines are similar to those seen in fig. 2-4. The difference

between the maximum 5HT and NE response was significant. In the aistal
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segments, (see fig. 2-5) %he maximal response to SHT was significapt1y
less than the maximal response to HIS, (about 40% of the HIS response).
The poor responsiveness of the distal segment to NE is clearly seen in
fig. 2-5. The mean maximal response to NE did not exceed 10% of the
maximum ﬁespgnse to HIS.

Compééison, between proximal and dist§1 segments, of the
magnitudes of the amine responses relative to HIS revealed that distal
5HT responses were reduced relative to proximal responses. The
proximal segment response to NE was reduced relative to 5HT and HIS
respﬁnses while DIPA segménts were very poorly responsive to. NE.

The relative sensitivity to the amines, however, was similtar in both
proximal and distal segments; The large variabi1jt§ and the observed
differences in responsés to the various amineg_i&dicated further
investigations were required. Repetition of thege trials, in part,\waé
undertaken in Group 3 éxperiments. _ | \\\\ﬁ.

The results of this serijes of experiments suggested some
changes in the expérimenta] protocol.“ Owing to rapid response to eaCh\\‘~’/ﬁ
of the(drugs¥pplied, the time of exposure to doses of amines was |
reduced from tive to two minutes. The nature of the NE dose response

curve indic:%bd

experiments undertaken in this group_incTuded doses from 5 to 5000

Jete dose range, consequently further

" ng/mil.

Repetitive Apine Dose Response Trials
To determine if tissue responsiveness was altered by repetitive

exposure to the same drug, Q'i, HIS and NE, on separate occasions, were

-

e
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~ administered to both proximal and distal segments at 30 minute
interva1§ to obtain three or more consecutiQe dose response curves. The
results of these experiments are illustrated in the graphs following,
“the data expressed as a percent of the makimum response obtained with
the initial exposure to the amine. Oniy experiments in which both
proximal and distal segments contracted in ;esponse to the amines were
" included in this study. The lack of reactivity éo NE and the |

occasional relaxant nature of the distal response prevented analysis of

r
|

its response in the manner described above. While proximal strip
baseline tensions were usually well maiqtained, it was frequently
observed that distal strips exhibited small and continuous dec]iﬁes in
baseline tension throughout the duration of experiments. Declines in
basé1ine tension were often associated with increased active tension in

response to doses of amine.

SHT

Figure 2i7 illustrates the responses of the proximal and distal
segments {n=6) to repetitive‘SHT doge response trials. Both segments
contracted to'5HT and t;; initial dose response curves obtained
resemble those from the initial seriés of amine experiments.seen in
figures 2-1 and 2-2.. In the proximal segment,’repeatéd exposure to SHT
proahced‘é decrease in the mean response at each dose. The decrease in
mean tension relative to the initial dose response curve was

significant for all doses with the third 5HT dose response trial. In



50

.M-'\

-

A

*sjudwWriadxa 9 jo *Qg*'§ [ + uwsw ayl sjussasadal Jutod

yoed ‘°sjuduw3as (@) [eISTP pup (O ) [PWIX0id 103 S{PTIJ JO 13p10 O3 §13J21 ydead uo Sutaaquny
"*£1931¢ Aavuowindeajul 311qQe1 U0 E]RTIIY asuodsai-asop IHG 3a12T138daa jo 309331 /-7 *314
jl’fﬂ L4 . .
(Jw/Bu) 1HS 40 NOILYHLINIONOD: /
000L 00§ 00L oS oL 0001 00S c0L oS 0L
T T T T T 0 T T T T 0

Ho1 0L
—0g . dog R
m .
- dos 2
0S. 0§ a
=
2
0oL —q0L H
b
-
)
m
- 06 106 4
>
JooL —100L =
m

-HozL ¢ . . -10cL




ts-

51

two experiméhts, two additional dose response curves weré obtained and
those exhibited further small declines in responses. When determined
relative to the maximum tension fér each trial, (not illustrated),
differences in responses were signifizantly tess than the initia]l
responses at doses of 10, 50 and 100 ng/ml with the third dose response
curve. Doses of 5§ upg/ml SHT when applied on two occasions to PIPA
segments did not increase the maximal response to the amine when tested |
on the first, third and fifth exposures.

In contrast to the proximal segment, distal strips responded to
SHT with an increase iﬁ the mean response, however, the differenge
relative to the initial responses ‘was significant only at high doses
j.e. 0.5 pg/ml 5HT with the 2nd and 3rd trials and 1.0 pg/ml with the
2nd trial. However when'testgd in three experiments, the magnitude of
responses began to decline with additional dose response trials. Thé
additioﬁ of 5 ug/ml 5HT to the dose regimen usually producgd‘small
increments in.acpive tension. When determined as a percent maximum
lte-nsion for each trial, dffferences in dose \re,sponse curves were not

significant.

HIS

Proxima1 responses fo HIS diminished with successive-dose
response trials as illustrated in fig. 2-8. The decline in active
~ tension relative to the initial response was significant for the

response to 500 ng/ml with the second dose response trial and for all |
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- responses except the lowest dose with the third exposure to HIS.
Although the mean decline in maximal tension relative to the initial,
maximum was 24% witﬁ the third dose response trial, maximal tension
declined only 5% 1n one experimént but 50% in another. Further
declines in responses to‘doses of HiS were séén with additional dose
response trials, {up to five). In the one experiment in which pfoximaf
responses to HIS were markedly attenuate% with repetitive dose response
trials, HIS 50 ug/ml increased the maxim&] ténsion generated. When

& determined as a percent of maximum tension; differences in responses
relative to the initial responses were significantly 1esslat doses of
500 and-1000 ng/ml for the second and third dose response trials.
The Bi&fgl segment responses to\ﬁIS were well maintained with’
small but not significant, increments in responses with repetitive

trials. In a single experim the maximal response to HIS on third

L
e initial maximal response,
£

ed responses i?/dfﬁg;ﬁz?;;ues. When

 exposure ¢ed]ified 24% relative t
‘howevé?, this was offset by in

determined as a percent of maximum tension, the responses obtainedlwith

w
fthe secdnd and third dose response trials were reduced relative to
esponses.
f/” ~ The proximal segment responses to NE were well maintained with

repetitive dose response trials {see fig. 2-9)}. The NE responses v
ained resenmb] hose seen in fig. 2-1 although differences were

apparent due to the use of a more complete dose range. "Relative to

v
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initial responses, small but significant decreases in tension were
evident at doses of 5 and 10 ng/ml NE with the third exposure to the
amine. The mean ma§1ma1 response to NE did not changé significantly,
even with the fifth dose response trial, (five NE dose response trials
 were obtained in each experiment). ' "~

— ‘0wing to the sme11kand variable nature of the ‘distal segment
response to NE it was dffficn1t to asses¥ the effect of repetiolge
trials. However, no c1ear or consistent change in response to NE was'
evident with the ;hird exposure to the amine. Wiihjx fifth. dose

response trial some loss of reactivity was apparent.

.Summary o s

Thus, while 'ﬁIT responses exhibited sman\but significantly
diminished responges w1th repetitive dose response tr1a1s the}PIPA
segment responses to NE were well ma1nta1ned’\/E50x1ma1 segmqnt HIS
responses exh1b1ted more pronounced decreases in responses than SHT
“With repeated trials, and in one exper{ment were characterized by.
marked tachyphylaxis (defined as the developmert of deCreased
_responsiveness with repeatqd administration of a drug). Distal segment.
responses were well maT;ta1ned, 1ndeed responses oft;n Tncn:ased with”
repetitive dose response trials. An influence of base]ine tension on

.arterial responsiveness’was apparent, particularly in iﬁﬁ%aT segments

since increased active tension was often related to a proportional

decline in baseline t rior to agonist stimu]agion; ._"
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High Flow Effects

A

\
. N .
. To determine whether the rate of flow of superfusate influenced

tissue responsiveness to drugs, on four occasions graded dose response
curves to 5HT (n = 3) and NE (n = 1) were obtai(jﬁ-init}a11y at the

normal fi%w rate of 10-12 ml/min and subsequentl ‘at an increased flow
luttg q _ flo

‘rate of about 20-é5 mi/min.. In both proximal and distal éegments, the

-amine'responses obtained were consistent with~cesults prev?é sly

described for repetitive dose response trials. The poor res onsiveness
of the distal segment to NE was unchanged by the increased f ,ufnage.
Thus a flow rate of 10 to 12 ml/min was judged to be adequate 3nd

increased fliow rates were considered to he without influence on tissue
L] L

responsiveness. -
[ 4 - P
) <
@ ‘ ’,\
Hypoxia ) /_d/uh\\\, '
S - >
. To-asgertain if oxygen tension influenced tissue responsiveness

the effects of the use of anoxic gas (95% N ., 5% COZ) to aerate

the superfusate on baseline.tension and responses to HIS were examined

ina separate’series of three experiments. The experimental format

¥ : : '
consisted of control responses to HIS obtained in the presence of

oxygenated PSS followed™by two HIS trials in the presence of

. ' / _ X
anoxic PSS while subsequent HIS responses were obtained in

OXygepated PSS. 1In a single experiment the fb]]oﬁing parametegif}efr

- 36\

ebtained: oxygenated {95% BF, 5% £0,) Egs: pH - 7.43, P.oy

mmHg, P, -PBO mmHg; anoxi PS§ pH - 7.43, P

43, Pegp - 35 Mg, Pgh
- 60 mmHg. It should be noted that the.superfusion was not done in a
' . : &

A

Z:i i \ . . ~_ ,/;\\‘
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closed system thus permitfihg equi]ibfation of the superfusate gas
tensions wfth the atmésphere during castaﬁe over the tissues.

The resuits of these experiments indicate that hypoxia caused
no change in baseline tension. Most of the changes in aétive tension
obsefved were consistent with results obtained from repetitive dose
response trials to HIS. A notable exception was an-increased proximal |
segment response to HIS in the presence of dxygenated PSS following two .
hypoxic trials in which a marked diminishment of the HIS response had
been observed. It is of interest to note that the other proximal\;\*—”///ﬁ
segment responses appeared to be unusually well maintained in the ‘
presence of anoxic gas. However, because of the limited number of
trials it is difficult to attribuip any specific effect on active

tension of exposure to hypoxig.

F ‘ ’ 4

Influence of Arterial Side Branches

In a single experiment, two stripg were obtained‘from the
proximal segment by cutting down its middle. The number of side 5,

" branches was counted and found to be 16 in one strip and 11 in.the
other. The strips were then stimulated withg}+, SHT and HIS to
determine if the bulk of smooth muﬁtlgrcontained'in the stump§ of
severed side braﬁches signifiéant]y influenced the magnitude qf
responses. The contractions obtained were remarkably similar in
magnitude diffgring by only 10 to 15 mg relative to maximal effects of
about 125 mg. Thus vascular strip responses appeared to be unrelated

-~ - , .
to the number of arterial side branches present.
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Extrapulmonary Compared with Proximal Intrapuimonary Responses

Given the differences in the proximal and distal intrapulmonary
arterial responses, a-bfief examination of extrapulmonary versus o
jntrapu1monary responses was underéaken. In a series of 6 experiments
the effects of SHT and HIS on isometric tension generation in |
extrapulmonary and proximal intrapulmonary arterial segments. were
comparedl. Iltustrated in figures 2-10 and 2-11 are the data from
these experiments expressed as a percent of the maxjmum response to
SHT. 1In the proximal segment (fig. 2-10) the sensitivity to SHT was

\

greater, although the mean maximal response to HIS was significantly
greater than the respoﬁ§eatﬁ'§/

HT. These responses were similar with
respect to sensitivity to those pbserﬁed in fig. 2-6 taken from the
initial amine experiments. In contrast, thé variabi]ity'of the HIS
response was reduﬁed and the maximal response to HIS was greater than
Vthe SHT response iﬁ this seriegkof experiments. TRéciﬁD th@f the mean
. HIS responses were reduced by a single poorly responsive proximal
segment in the initial amine experiments.) |

| In extrapulmonary segments (fig. 2—11) the re]ati¥§\§ensitivity
of the amines was unchanged. _However, in contrast to the prbxima1
segment, the magnftude of thé extrapulmonary ma;ima1 response-io HIS

was significantly less than ‘the maximal response to 5HT. In general,

1The proximal segment of intrapulmenary artery. employed in these

trials was identical in size and origin to previously used proximal

strips. The extrapulmonary artery was obtained in a similar manner. A

Jongitudinal strip of the same dimensions was taken from the artery

between the bifurcation of the main pulmonary artery and its insertion
into the left lung. '
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the mean HIS responses relative to the 5HT response were much reduced th::l

in comparison to proximal responses. Also the response to S5HT was
marked by much gréater variability in extrapulmonary segments. Thus it
appears that there are significant differences between intra- and

extrapulmonary responses to HIS.

PGF, and PGE

2a 2

In a series of six experiments the effeefs of PGFZu and
PGE2 on PIPA and DIPA segments were examined, the dose ranges having

been established in a preliminary trial. In a single experiment, the

-F

distal segment responded poorly, for unknown reasons {but perhaps \;;‘)
related to tissue damage), with an increase of only 10 mg in response i

to high doses of PGan_despite a ﬁorma] proximal response.

‘Consequently data from this experiment was not employed in the
determination of the mean responses. Quantities of ethanol, equal to

those employed in the preparation of 1077

M prostaglandins failed to
elicit any response.

PGF,  contracted both proximal and distal arterial segments
‘in a dose related mannef. The thresho]d.for the PGF20l
10~8y while maximal responses were obtained at 10" in both

response was

segments. From fig. 2-12, the log concentration - percent haximum
tension graph ir~saq\be seen that distal dose response curve was almost
parallel but displaced to the right of the proximal curve 1nd1cat1ng

‘that the sensitivity of the two segments to the prostaglandin was

b
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Fig. 2-13. Mean responses (+ 1.5.D.) of proximal (O} and distal (e)
segments of rabbit IPA to PGE, . (n=4)



' () 62

v

simitar. The difference between proximal and distal segment mean
responses was significant only at a concentration of 100 ng/ml.

The effect of of PGE2 is illustrated in fig. 2-13. PGE2

elicited relaxant responses in both strips at concentrations less than

6

10"°M, however, the mean response to 10'6M was relaxant in distal

5

but contractile in proxima1\§§gments. At 107°M both strips

contracted -to PGEZ. The differences in mean responses, relative to © ‘
maximum tension, between proximal and distal segments were not
significant. Fig. 2-14 illustrates the proximal and distal responses
in PGE2 in mg of tension. It ;an be seen that relaxant respdnses
were small and of similar magnftude in-the ‘twa segments. However,
. proximal contractile resbonses_to PGE2 at high doses in general
excéeded distal resﬁonses (thus accountiﬁg'for the more pronounced
dist;;ﬂ;giaxant activity séen_in the log concentration-percent ﬁaximum
tensigg,g)aph). In the fhree e E;iments in which both prostaglandins
were applied to the dintrapuffionary arterial segmenté, the magnitude of
méxima1 PGFé& responses exceeded maximal PGE2 responses.

Proximal and distal segment responses td‘a number of

: . -3
prostaglandins including PGan are illustrated in fig. 2-15.
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The results from 4 experiments are shown.
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PROXIMAL INTRAPULMONARY ARTERIAL SEGMENT RESPONSES
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Fig. 2—-15. Physiograph tracings illustrating responses of rabbit

intrapulmonary artery to prostaglandins F?_a , and 82 and E:l.



CHAPTER 4

lGrOUP 2 - Prostaglandin Dose-Response Trials

In this second series of experimeﬁts the effeefs of
prostaglandins Al’ Bl, B2 and E1 on isometric -tension of
proximal and distal segments were exam;ned following a reference
response to K" 123mM in PSS. Owing to a limited supply of
prostaglandins, only partial dose response curves (4 points) were
obtained. Responses to 10'5M concentration of prostagland{ns were
considered.maximhl despite a lack of confirmatory evidence. Baseline
tensions were initially set at about 300 mg in contrast to the wider
range of tensions (250 - 350) employed in the Group 1 éxperiments.

Ethanol, in concentrations used to prepaye prostaglandins failed to

elicit responses.
While proximal segments cont;;::;% in response to K+, distal

segment responses were frequently biphasic. -Tissues responding to '
in such a fashion exhibited poor responses to prostaglandins, i.e.
small aﬁd high1y‘variab1e. ‘Thus, accurate interpretation of the distal
prostaglandin reéponses was not possible. CoﬁsequentTy distal segment -
responses were not quanitatively analysed but rather a brief
qﬁaTitative‘description is given. 1In general, responses to
prostaglandins were seen to deve]op more slowly than amine responses

and thus a three minute time of exposure to each PG dose was used.



Proximal Segment Responses

PGA1

| The effect of PGAl,on proximal segments is illustrated in
fig. 2-16 and 2-17. At doses less than IO-GM, small contractions,
very slight relaxant activity or no responses were observed, whi1é the
response to 10'6 PGA1 “ﬁs predominantly contractile. At 10"5M,

PGA, produced marked contractile acCtivity comparable to the response

resulting in a rapid and large generation of tension which
'“icdhti ued for one to two minutes following withdrawal of the
prostag1aﬁ&in frbm the superfusing medium. (A rigid time cycle of 3
=pinutes per PG dose had been maintained.) Consequently, maximal

tension was found following drug perfusion.

Prostaglindins B, and B, &

Prostaglandins of the B series elicited graded contractile
activity (see fig. 2-18). A tracing of the physiograph recohding of
the response to PGB, is proyided in fjg.-é-ls. The threshold for '’
response to both p;ostaglandins was about 1038M with maximal
responses at 107°M. The mean responses to PGB, exceeded those to

PGB1 and relative to maximum tension, the diferences in responses

Y7 6

were significant at 107" and 10 "M. Relative to the reference

response {see fig. 2-19) responses to PGB2 were greatef than those to

PGB, , however, with the exception of the response to 10'7M PG, the
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R
differences were not significant. The mean maximal response to both
.prostaglandins was greater than the .reference response to K.

. . »
PGE1 _

A tracing of the physiograph recording of the response to
. . ‘ 2
PGE, is illustratéd in fig. 2-15. PGE, produced either small

contractile reSpqifggt\E\ight relaxant reéponses or no response at all
at concentrations less than or equal to 10‘6M, (see figures 2-20 and

. ’ ) o
2-21). At 10 SM, moderate contractile activity to PGE1 was

i .
obtained, the maximal response having been about 40% of the reference

response.
~ -
Summary of PG Responses |
Figures 2-22 and 2-23 summarize intrapulmonary arterial segment
' response;{EB prostaglandins. - Alf prostagTandin§ tested cahsed
contraction of ﬁIPA segments at high concentrations. While both PGA1
and PGE1 produced smaill or no contracti]e respbnses or slight
- relaxant activity at doses less than or equal to 10'6M, the B series
of prostaglandins produced considerdb1e contractile activity. Although
- PGA, produced maximal contractile effects comparab]e to but less than
the maximal }esponses tb ﬁrostagIand1ns of fhe B series, PGE1
“produced only moderate cdntracti]e activity of less than half the

magnitude of other prostag1ahd1n responses. The responses of the B

series of prostaglandtns were simi]ar to the responses to PGF2 s

f:‘ \ wh11e the response "to PGE1 most c1ose1y resemb]ed the response to
‘ .. 2 o X N :
g, . . .
{ - S . | . .
v E] . - ."' » " .
. » b L3
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Distal Segment Responses

Distal segments appeared to respond to increasing doses of )///

1!
to PGBZ, illustratéd in fig. 2-15;was typical of the activity of

these prostaglandins. However, concentrations of less than IO'SM of

PGA B1 and B2 ﬁvth\cnnttgctffgjactivity. jpe distal response

all prdstag1andins tested often elicited either no response or slight
and high1y varjable responses i.e. contractions, relaxations or
biphdsic responses. While in mogt in;taﬁces 10'5M:concentrations of
PGA,, B, and B, elicited contractile responses, 107M PGE,.

produced eithef more pronounced relaxations (as‘Shown in fig. 2-15) in

two dj five experiments or slight biphasic activity, predominated by "\}¥
contraction. Owing to the frequent occurrence of biphasic reference

“yasponses, these interpretations of distab segmiht prostaglandin

_ responses must be cautiously regarded.
: »

Poor]y Responsive Arterial Segments

In 3 of 10 PGA1 trials, 1 of 6 PGB trials and 4 of 9 PGE1
tria]scrépresenting 6 separate experiments the proximal segment
response; to the respective PGs were negligible ﬁespite good responses
to K* (and amines when tested). . In the case of the PGA, trials,

~ the maximal response ranged from O_to 11% of the reference response,

-while with respect tolPGE1 the maximal tensions elicited ranged from
- 4,62 to 6.25% of the K" response. Since these data were

uncharacteristic of the other experimental results they were considered

separately and not included in the detgrmination of mean responses.’ It

Fl

o ’ ' ' v v
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would appear that some rabbit intrapulmonary arterial segments may be

tharacterized as poorly responsive.to prostagiandins.

Relaxant Effects of Prostaglandins

Prostaglandins Al, E1 and E2 211 produced some relaxant
effectshin proximal segments. However, the magnitude of these Fe]axant
responses was small and oﬁcasiona]ly no relaxant responses were
obtained. The application of sodium nitroprusside (IO'SM) on a
single occasion produced relaxation of only 8 and 10 mg in proximal and.
distal segments. The inability of‘theseéffsiifs to prduce more

- pronounced relaxant effects suggests that’ they possess®*1ittle intrinsic

muscle tone. In order to confirm that prostaglandins were indeed

- {_,""\

.capable of producing relaxation of strips, PGE,, which had produced
‘ 2

the most pronounced relaxant responses at low doses, was appiied to a-

10", which

proximal and distal segment, in the presence of PGF2

had beep, used to submaximally contract the t1ssues The results of

th1s experiment are i1lustrated in fig. 2-24. Control responses in

-5

both segments were relaxant.(to 10 mg) at doses less than 10 “M and

M. “With the addition of-PeE,, 1075, the
: &

contract11e redponse of PG{? was abruptly;inhibited. Tﬁé.relaxant
m

con;racti]e at 10~

Py

response to 10 BM PGE2 was{maximal in the proximal strip and near

maximal in the distal segment. The magnitude of this relaxation was

greater thag,¥n the control qesponse.' The relaxant effect was

5

maintained until the introduction of 10™°M PGE, which produced a

'-‘:‘..

contractile effect that was more pronounced 1n‘prox1ﬁa1'segménts. RN
o R S

Y . -
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CHAPTER 5

-

Lenth-Tension and Smooth Muscle Fixation Experimenis

Biphasic Response

Numerous trials with HIS, K+ and infrequently SHT héve v
demonstratéa“the abi]ity-of the distal strip to respond with either
contractile or so ca11e& biphasic responses. Even the proximal strip
réﬁponded on two occasions in a piphas%c manner, although the decline
' in tension was very small. The ability to respond in such a fashion

appearéd to be a characteristic of some tissue étrips rather than
speﬁif%ta]]y related to particular agonists. The-unusua1 nature of the )
" response and its occasional appearance promptéd closer examination.
Following a number of amine and prostaglandin exBerimehtg,
tissues were exposéd to K" and unguccessfu1 attempts were made to
block the relaxant phase of the biphasic reéponse with propranolol and
atr;pine. A single repetition of the biphasic response failed to alter
the nature of the.reSponse, althoagh, on four of twenty occasions, in
which multiple responses to K" were examined, the biphasic respdnses
initia]]y prgduéed were found to be changed to contractile-responses
with repetitive exposures.- However, jn a single experimént following a

number of biphasic responses to 1!5, baseline tension was increased. to

1000 mg and a large, solely éontnacti]e'respbnse-to k* was obtained.
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Consequently the effect of baselige tension on the response to egonists

(x" and HIS) was examined in a series ‘of 1ength:tension expehiments.

Length-tension Experiments

In light of the change of the biphasic response with elevated
base11ne tension and in order?¢o characterize some of the contractile
properties of the puimonary vascu1ar smooth muscle, four length tension
exper1ments were conoucted. All d1sta1 segments responded to the
reference response in a biphasic manner while proximal strips
contracted well. When reduced to the minimal length pehmitting
adequate superfusion, baseline tensions were about 100 mg or less. Upon
stimulation at low baseline tensions,-jt was oboervedcfhat the tissues
o;téﬂ‘rfsponded by curling on themselves which suggested that at Tow
baseIihe tensions the oriehtation of the smooth muscle was not parallel
to the lang axis-of the strip but rather he11ca1

Al of the distal segments responded to agonist stimulation, at
minimal lengths, in a biphasic manner. The nature of{the change in the
distal segment biphasic response associated w1th-1ncr§%eots in length -
15 t]]ustrated {h fig. 2-25. In general, the distal" segment responded
to 1ncremehts in length with an increase in passive tension and both a.
decrease in the-magnitude of the abrupt decline 'in tens1on (re]axant
phase) and an increase’ in the contract11e component of the biphasic
response. with several 1ncrements of 1ength the response became solely
contractile. |

At. the minimal Tength in proxima1'segments, two strips

contracted while the two other strips responded in“a biphasic manner.

P
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Fig. 2-25. 'The changes in the response of the distal segment tO highgi:‘J
K  associated with increments in strip length (and hence passive or
baseline tension). g
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However, the magnitude of the decline in tension was small, only 10 mg.
Further stimulation, following increments in length, contracted all
segments, the maqnitude of the reSbonse being increased with each

F
trial.

? Figures 2-26 and 2-27 illustrate changes in passive (developed
in response to stretch) and ac;ive (developed in response to a
stimulus) tension that accompanied increments in the length of a
proximal and a distal segment. The passive tension of the ﬁroximai
segment increased in a linear fashion with increments {p tissue length.
Although the changes in passive tension were similar in both segments
at smaller lengths, the passive tension of the distal strip rose -
sharply, in an .exponential manner at greater 1engths Both segments

. responded to increments in Tength with increased active tension tha@
"reached a maximum and subsequently declined. No attempt was made to
continue experiments to ensure that maximal responses, rather than a
ﬁTateau of responses, had been achieved in order to avoiq tissue strain
and tearing with possible damage to force frénsducers. The change in
active‘tension‘per increment of 1ength-wa§ much gréafér in distal
seqments. - ' o

'Figm é-ZB'repreSents the composite data from ¢he four
experiments and,illustrates the‘re]qtionshib bgfween 1ength.and
tensions in.pfoxima1 and distal seéments. Tension development in all
str1ps both passive and active, was a funrlion of length. The
development of pass1ve tension in proximg!'!!gments appeared to be . 4

l1inearly related to.Tength while the changes in passive tension with

1engfh in the'd1§ta1 segment progressively increased. Active tension
¥ ’ -
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Fig 2-27. Active is ic tension - length relat,ionship for a

Q_fu":proximala(o)-qnd distal ( @) segment of rabbit IPA. The biphasic

response of distal segment is plotted as T, referring to the
gagnitu'gle of the decline i.n baseline tegaion (relaxant phase), Ta'
referring to the active tension generatéd (coutractile phase) and

T referring to the absolute change in tension relative to the initial

"baseline tension.

-

s

Fig 2-28. Overleaf: Length—tensjon relal:ions'h.ip for proximal and

~ distal segments of pulmonary artefies (n = 4). Length gnd tension

values have been normalized as a fraction of optimal length (Lo) at
which maximal temsion (T} was developed. To accommodate comparison
of responses, d¥ta has been grouped according to length and mean
Bension values (+ 1 S.D.) determined. T -total tension. Tp-passive )
tensioaq. 'I‘A-active tension. Thié,met:hc‘pf analysis is based upon a

similar graphﬂ:nstructed by Herlihy and Murphy, 1973.

L ]
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increased with e€longation of both segments up to a maximun response {at
_thé optimal length, LO) and then subseqUent1y declined with a further
increase in length. The magnitude of active tension, relative to
- passive ténsidn was small.

The maximum active tension in kg per sq cm cross section at
Tength LO was ca]cu]ated by dividing the maximum active tension by
the cross sectional area (see Methods-g The mean tension development
was 0.035 + 0.015 kg/en’, n = 3, (3.5 x 10* + 1.5 dynes/cn?) for

3, (17 x 10" + 11

proximai segments and 0.17 i_O.li'kg/émZ, n
dynes/cmz) for.dista1 segments. This difference was nof\significant
which may reflect the large variabi1it¥ in the distal response and the
small sample size. (Data from the fodrthlexperiment was not utiiized
since tissue mass ?35 not obtained owing to equipment failure.)

* The results of this series of experiments suggested changes in
the éxperimenta] protocol. Since biphasic respongés were not obtained
at passive tepsions exceeding 460 to 500 mg, it was decided to
re-adjust the experimental b;se?ine tension. Passive tensions’ \\_'
associated with maximal tension development ranged from 350 - 1200 mg
in proximal segments and 1200 - 2400.mg in distal segments. However,
the stretching required to produce these passive tensions was often
great, particularly in distal segments occasionally requiring up to a
90% increase in length relative to the minimal or resting length.
Although the abso}ute magnitude of the active response was increased at
high passive tensions, relative to the passive tensioﬁ the magnitude of
the active tension actually dgcTined. Consequently basefine tensions

in both segments were henceforth initially set at 500 mg.

'

o
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-A histological analysis of the smooth muscle content and
orientation of bothjproximal and distal arterial gegments was
undertaken to determine structural differences. Both arterial segments
were fixed while contracted. Electron micrographs of cross sectional
areas of a proximal and diéta1 segment are shown in fig. 2-29. 1In the
proxiﬁé] segment parallel elastic laminae were present. In'additiﬁn'to
the internal and external elastic laminae as many as 14 layers of
elastin were visible in the Yesse] wall of the proximal segment with
smooth muscle cells well interdigitated into the folded bands of
elastin. The J}ientation of the smooth muscle cells was helical. The
distal segment, on the other hand, had both an internal and external
elastic lamina but only 4-6 layers of elastin in the media which
consisted of loosely arranged smooth muscle cells. The orientation of
fibres was predominantly helical, thever, there were indications of
some longitudinal smooth muscle cells near the adventitial surface.
Further investigation of this finding has been undertaken‘by other pu
investigators from thjs taboratory. The appearance of the proximal *
segment was typicallof a large elastic artery while that of the distal

segment resembled the structure 'of a small elastic artery beginning to

undergo transition into a muscular artery.

Fig. 2-29. Overleaf. Electron micrographs of a proximal and distal
segment of rabbit IPA. EL - elastin, I - Interstitium, Mch -
-mitochondria- and SM - smooth muscle.

%
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CHAPTER 6

Group 3 - Dose Response Trials

In this third groUp of experiments, the effects of 5HT, HIS and -
NE were re—examined apd dose response curves for arachidonic acid. and

1sopro§Fren01 were obtained. Specific antagon1sts were emp10yed (see

table 1) to demonstrate pharmacological blockade and to-unmask

vy

responses to agonists stimylating more than one type of receptor.

Baseéline tensions initially set at 500 mg, were seen to relax
=

fespecially in distal segments. A reference response to K+ was
pbtéined Et Qpe onset of eath experiment and in the event of a bipﬁasic //
response, baseling tension was readjusted as outlined in the sect}oﬁ on
methods. Agonist effécts have been expressed as a percent of max i mum

v

tension, relative to the reference response and, in some antagonist

trials, as a percent of control- responses.

N

The effects, of 5HT on proximal and distal intrapulmonary

arterial segments are illustrated in figure 3-1. Small contractile

-9

- responses occurred at about 10 “M SHT. and increased in a stepwise

manner wifh increasing concentratiofs of the amine. Maximal effects.of
SHf were obtained at.a concentration of about 10'6M. Log
concentration-percent maximum tension curves constructed from mean
proximal and dista].respoﬁses are shown in figure 3-2. The distal

f | b
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CONCENTRATION OF 5HT

Fig 3-2. Mean responses (+ 1 S.D.) of proximal (©0) and distal (e)
segments of rabbit IPA to 5HT. {(n = 5).
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 Fig. 3-3. Me%n responses (+ 1 S.D.) of proximal (0) and distal-(e)
-segments of rabbit IPA to 5HT. (mn = 5).
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segment dose—feSponge curve can been set to the right of the
proximal curve indicating aasignificant qi;ference in proximal and
distal sensitivity to the amine. The ED50 for the distal segﬁent
(5.22 x 10"7M + 3.21) was significantly greater than that for the

BM.: 4.46F. (See table 2). From figure

proximal segment-(8.93 x 107
3.3 %t is evident that relative to the reference Fésponse, distal
segment responses to 5HT were significantly less than proximal
responses at all doses greater than 3 ng/ml. The maximum tension
produced by the distal strip in response tb 5HT was about 43% of the
proximal response.. |

Methysergide 1072

M, which had nq effect on the baseline or
resting tension, antagonized contractile responses to 5HT (n = 4) in
both proximal and distal segments (see fig. 3-1), which produéed a
shift to the right (relative to the control) of the 5HT dose response
curves as seen in figures 3-4 and 3+5. Proximal and distal ED50
values for 5HT in the p}esenge of methjsergide were significantly
greater than their respecti;e control vé]ues (see table 3). In the
presence of methysergide, the maximum tension produced in response to
S5HT, relative to the reference response, was reduced significantly when
compared to the control maximum response in proximal segments. In
distal segments, although the maximum response was reduced in the

| presence of methysergide, the difference was not significant. In two
experiments an increased concentration of methygergide, (10'7M) was

used to antagonize 5HT effects and produced an even greater inhibition

of contractile responses.
¢



TABLE 2 ED,
Agonist Proximal
5HT 8.93 x 10'8 + 4,
HIS 5.77 x 10°° & 0.
NE ' 3.79 x 1078 1 1.
An 3.96 x 1078 « 1.

90

Values for Contractile Agonists

Intrapulmonary Arterf'

*
46 5.22
*
99 3.49
5
21 2.87

Distal

x 1077 « 3.
X 10_6 + 0.
x 10_8 + 1

21
82

.50

No.

of expts.

10
4

. }
proximal-distal difference signficant (p-< 0.05) by Student's t-test

i

TABLE 3 Effects of Antagonists on ED

S5HT (control)

SHT. + Methysergide
(10"%0

HIS (control)

HIS + Cimetidine
(107m)

HIS + Cimetidine
(1077M) +

Mepyramine (10_9H};

NE (control) )
NE + Propranolol (10"7M)
NE (control)

NE + Rogitine (10”8

1
4
2.
3
1

S0

Intrapulmonary Artery

Proximal -
03 x 107 £ 0
-7
.63 x }0 + 2
.23 x'lo"6 +1
.21 x 10"6 £ 1
.65 i\ID-S + 0
16 x 108 £ 1
14 % 10“7 + 1
.82 x 10'8 + 1
39 x 10 + 0

* .
significantly different from control (p

Values for .Contractile Agonists

Distal

.38 5.88 x 10

*
.85 7.4l
.12 3.70
.15 3.78
*
-39 1.02
.76
*
.61
.72
*
.51

< 0.05)by

X

X

X

10

10

10

10

-6
-6

-6

I+

I+

I+

I+

T

No.
of
Expts.

3.29 4

*
6.38
1.08 4

0.66

0.25

Student's t-test
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Fig 3-4. Effect of 10-81*1 methyserg‘ide on responses to SHT in
proximal segments of rabbit IPA. (n = 4).
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Fig. 3-5. Effect of 10 BM methysergide on responses to SHT in distal

segments of rabbit IPA. (n = 4).
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Tﬁe specificity of action of methysgrgide was also studiad,
Partial dose response curves to. HIS were obtained and then re-examined
in the presence of methysergide (10'8M) in two experiments. Althaugh
there was no effect on the threshold for response in either segment,
methysergide did éppear to depress the maximum tension elicited in
UFoximal segments., In distal segments the maximum ténsidn was

decreased on one occasion buf increased on the other, "

Hy - HIS Receptor Activity ' =

Proximal and distal strips contracted to HIS in a dose re1ate=_\d\I
fashion (see fig. 3-6). The observed threshold for the HIS response
was about 10'7M while maximal effects were elicited at 10“4M (see
fig. 3-7). There was a small but significant .difference in the
estimated ED50 values, the distal strip having been more sensitive toﬂ
the effects of HIS {see table 2). Relative to maximum tension, distal
responses exceeded proximal segment responses at all concentration
between 30 and 30,000 ng/ml. The difference in respéspes was
significant at doses of 300, 1000 and 3000 ng/ml. %ﬁe1ative to the

" reference response, distal responses were greate than.proximaLL
- responses at all doses greater th62430 ng/ml (see f%g.”&:&). However
the aifferéhcéa-were significant only at concentrations of 300 and 1800
ng/mi. | |

" Figures 3-9 and 3-10 give ‘the results of four experiments in

which the effects of both‘cimetidine,and cimetidine plus mepyramine on

#

b}
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segments of rabbit IPA to HIS. (n'= 7),
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Fig. 3-8. Mean/“"esponses (+ 1 5.D.) of proximal (o) and d1stal (l)
seghents of rabbit IPA to-\.H{S. (n=7).
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responses to graded doses of HIS were examined. Cimetidine (10"%m)

dig not significantly alter responses to HIS relative to théir maximal
effects nor was the ED50 changed (éee tabte 3}. However, as a

percent of the reference respons;, HIS responses were increased in both

segments relative to control responses at all doses greater than 300

'ng/ml. The increase was significant at a dose of 1000 ng/ml in the

- proximal segment-and at doses greater than 1000 ng/ml in distal

ségm@nts: The addition of mepyramine (IO'QM) produced significant

inhibition of the HIS responses and shifted the dose response curve to

!

the right in both segments.  Proximal and distal ED o values for the

5
HIS dose response curve in the presence of mepyramine were

significantly greater than the control ED 1 (See table 3).

50 V@
Relative to the reference response there was no significant difference
between the maximum tension produced by HIS in the presence of
mepyramine and cimetidine_and that produced in cdafro] responses.

In two ofithe above ekperiments, strips Qeré exposed to an
additional trial in which HIS responses were antagonized by 10”8y
mepyramine. The increased concentration of the antagonist prdduced a
further iﬁﬁibition of HIS responses. Neither cimetidine nor mepyramiﬁé
appeared to affect baseline tensions. |

In a single experimeﬁt the order of antagonists waérreversed
and mepyraminé.was inffoduced fﬂrst‘énd then cimetidine was added.

Lol

While the effect of the mepyramine was similar to previous trials,
. x o

cimetidine appeared to produce, in both sggmen‘s, substantif

increments in HIS. contractile responses antagdnjzed by mepyraﬁﬁne,

- -
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relative to both the maximum tension and the reference response,

between doses of 0.1 and 100 wu.g/ml.

NE

r

/
The effect of NE on igbmetric tension of proximal and distal
\
segments is illustrated in fig. 3-11. The proximal segment contracted
to NE in a concentration dependent manner while the distal ;egmeht

respoﬁded poorly with slight contractile or relaxant responses. The

threshold for NE actiyity was at a concentration of about 1074 while

maximal effects were obtained at concentrations of 10-7 to IO-GM.

&

Higher concentrations of NE, in both segments, usually produced a
e}
decline in attive tension, or relaxation, which was reversed

immediately following washing of the tissues. This response was
identical in nature to that seeen in the initial amine experiments.

When plotted-as a percent of maximum tension, as seen in fig.
3-12_the proxima] segment responses were greater than distal reSponm;?
(n-z 10). Despite the great variabi]ifﬁrfhat characterized distal

segment responses, the differenceg between proximal and distal segment

responses to ME were significant at all doses other than 1, 30 and 100

ng/ml. Proximal seéments were quite sensitive to the effects of NE:

go @S shown in table 2, was 3.79 x IO-BM_i 1.5. Determination

/
of distal segment EDga/values for NE was not possible by linear

regression %na]ysis owing to the considerable Tack of uniformity in

the ED

response. To illustrate, maximal effects in DIPA segments were

’



98

(XHN\ . . *sasuodsaa gN 9yl uc Iutwejojuayd z.“ 0T 3o 2399339 2y3 pue gN
s 01 Kiajie humcoedzamnuca 31qqel Jo sasuodsal joijucd Builjralsniir Suioea] :mmuwo._m»zm *11-¢ *811

(W) 3N () 3N
Ml 0L 0L 0L 0L 40L s-0L 0L 0L 0L &OL - M
T 1T T T T T T T 1T T 1 N N I RN S R R N Sh _ — 08¢
ujw z ]
/JKE«._ ! — |
(Ws.0L O1N3Hd
* . .._d.._.w_n_ togr
T T T T T T T T T T 1 T T T 1T T T T T 1 T — 5082
. \'.\l\'\l\'ll' _ -
|\I\|\| (‘H
— 4 N TYWIXOHd . Jost

-

Bwi

-



99

% MAXIMUM TENSION

b

apb—1 | ! 1 L 1 i s
1 3 10 30 00 300 1000 3000 10,000 ing/mn
1 ] L ! I
10 10 107 10 10

CONCENTRATION OF NE

Fig 3-12. Mean responses (+ 1 $.D.) of proximal (a) and distal (a)

segments of

8, REFERENCE RESPONSE

Fig. 3-13.
segments of

rabbit IPA to NE. {(n = 10).
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Mean responses (+ 1 S.D.) of proximal (a) and distal LA )
rabbit IPA to NE (n = 10).
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obtained at concentrat1ons rang1ng from 1 ng/ml to 3000 ng/mi. The
slight decline in mean distal tension between doses of 1 and 3 ng/m] in
fig. 3-12 was attributable to a single experiment in which the distal
strip reigonded maximally at its lowest dose. A rough estimation of
the distal segment ED50 for NE may be obtained graphically from fig.
3-12 and was found to be about 9 x 1078,

Significant differences between proximal and distal segment
responses to NE are clearly seen in fig. 3-13 1in which the NE responses
are given as a percent of the reference response. The mean maximum
response of the proximal segment was about 60% of the reference
response while the distal segment response was significantly less, only _
about 5%. The very small magnitude of distal contractile and relaxant
, responses is easily seen.

The effects of phentolamine and propranolel (alpha and beta
adrenoreceptor blockers respectively) on responses to graded doses of
NE were examined in both proximal and distal segments. In proximal
segments, following a contr91 response to NE, the effect of proprané]o]
was examined in 4 experiments. As seen in-fig. 3-14, pfoprano1oi
(10'7M) produced a significant inhibition of responses to NE. The
E050 for NE was significantly increased in the presence of
propranolol relative to the control response'(see table 3). In
contrasi to the control response, in the presence of propranolol, high '
concentrations of NE, did not produce a decline in active tension.
There was no significant difference in the magnitudes of the mean

maximum respdnse to NE in control and propranolol trials, (although
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Fig 3-14., Effect of 10-7M propranolol on responses to NE in proximall
segments of rabbit IPA. {(n = 4).
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Fig. 3-15. '‘Effect of 10 BM phentolamine on the response to NE 1n
proximal segments of rabbit IPA.. (n = 3).
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in one experiment, in the presence of prOpran0]o1, the maximal response
to NE 1ncreased, from a control value of 67%, to 95% relative to the
reference-response). Phentolamine, 10_9M, failed to alter
significantly responses to ME (n = 3). However, 10f8M phentofamine
produced a significant inhibition of the NE responses in proximal
segments (n = 3) as illustrated in fig. 3-15. This inhibition was
significant at doses between 1 and 100 ng/ml. The antagonism of -the NE
response by phento]amine produced a significant increase in the ED

50
relative to the control (see table 3). The magnitude of the maximum

response to NE 1in £he presence of phenfoTamine-was'redhced, but not
significantly, relative to the control. Phentolamine had no effect on
the decline in active tension at high QOses of HE.

Distal segment responses to antagonists are shown in fig. 3-16
as alpercent of the reference response, rather than as a percent of
maximum‘tension,'for thé sake of clarity. The decline in active
tension that accompanied increased doses of NE was blocked by
propranolal (10-7M) and instead contractile responses were obtained
(n = 4). The responses in the presence of propranolol exceeded the
control responses to NE at doses.greater than 10 ng/ml. The
differences in magnitude of responses were significant at doses greater
than 300 mg/ml. This ability of propranolol to block the decline in
active tension in response to high doses of NE suggests that this

relaxant effect is mediated by NE stimulation of beta adrenoreceptors.

Although phentolamine 10'9M had 1ittle effect on responses to MNE, it
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Fig 3-16. Effects of 10.__7 propranolol (n = 4) and 10 °M
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phentolamine {n = 3) on responses to NE in distal segments of rabbit
IPA. '
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N
can be seen in ffg;J3516, that the distal ségment responses to NE were
inhibited in thé’presence of phentolamine 1078M. Despite the great
variabi1ity.:n responses, this difference was significant at a dose of
300 ng/ml. Phentolamine, 10_8M, was sufficient to produce complete
inhibition of contractile responses in two of three experiments
accounting for the ﬁredominant1y relaxant peaﬁ responses in the
presence of this antqgonist. Neither propranolol nor phentolamine
appeared to affect baseline tensions of proximal and distal segments.

Pheno&ybenzamine, another alpha édrenorecéﬁébr antagonist was

added following propranolol trials in two experiments and produced a
simitar inhibition of NE contractile responses. Propranolol was added
to the superfusate following phentolamine, in.two éxperﬁments,’to
determine the influence of the combination of the tw6 antagonists. In
proximal segménts, compared to phentolamine trials, the addition of
propranolol appeared to prodace some further antagonism‘of NE responses
at lower doses, however, the magnitude of the maximal responses was

- ___,/
increased on both occasions. In contrast to the control and

r

phentotamine trials, in the presence of both antagonists no decline in
L)

active tension was seen despite the use of concentra;ions of NE of up
to 0.1 mg/ml suggesting that this relaxant éffect may be‘mediated by
beta adrenoreceptors. In distal segments in the presence of the two
antagonists, NE produced virtually no response at all.

In two each of fhe pfopradbl and phentolamine expeﬁiments,

dose respbnse trials to HIS were al rpateﬁ'with NE dose response
rd
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ﬁria]s to determine any effect of the adrenoreceptor antagonists on HIS
responses. Although neither propranolol (10'7M) nor phentolamine
{EO-BM), appeared to substantially alter ﬁaximal'responses to HIS,
phénto1amine did appear to produce some slight inhibition of HIS
responses in both segments but this effect was not'congifﬁeﬁtly
observed. Mixed effects of propranclol ‘on HIS responses were seen in

both segments.

Comparison of Amine Responses

~Proiima1 and distal segment responses to 5SHT, HIS and NE are
compared relative to maximum tensions in figures 3-17 and 3-18 and
relative to the reference response in figures 3-19 and 3-20. Proximal
and distal strip sensitivity was greatesf for NE and 5HT (in that
order) and least for HIS. The results in fig. 3-17 and 3-18 are - »
similérw{s those reported in the initial amine experiments as shown in
fig. 2-1 hnd 2-2. In proximal segments, the maximal response to HIS
was signif;cantly Qreater than. the maximal response to 5HT which
closely resembied the magnitude of the reference resﬁonse to K+. The
maximal response to NE was significantly less than the response to SHT,
about 60% of the reference response. In distal segments the response
to HIS exceeded the magnitude of the response to k" and was similar
to the proximal response. The maximal response to 5HT was Tess than
50% of the reference response and sfgnificant]y'1ess than the proximal

response, while NE maximal effects were only about 5% of the reference
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Error bars for the response to NE have been omitted for the sake of

clarity.
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response or 10% of the proximal, response. Thus it can be seen that
there exist important and significant differences between proximal and
-distal responses with respect to sensitivity and maximal effgg%s of the

amines.

Arachidonic Acid

_ AA contracted both prox1ma1 and distal segments 1n a dose
dependent manner as illustrated in- f1gs é\\T/and 3-22. ' Both strips
responded strong]y to the Towest dose applied {3 ng/ml)}, -indicating a
much tower thresho]d while maximal effeqtsﬂuﬁre obtained at 300 - 1000
ng/ml. There was no s1gnf1eant d1fference in the maximum response of .
both segments to AA, nor were the maxjmum.responses significant1y
greater than the referencefrespohses. Sensitivity to'AA was great and
was similar in both_prpiiﬁa1 and distal strips as can be seen from the
EDgy values in Table 2. .Concentrationq of vehicle used in the
preparation of -AA produced no regsponse. However, it is of intereét to
note that quantities of AA stored at room tempefﬁture and exposed to
light for one or-moré days retained cohsiderab1e(contracti1e activity.
, In 2 pre1{minary gxperimehts, AA, in inc?%asing hbses\from 3 to
300 ng/ml1, was ébp]ied at 30 minute intervafs for 3 consecutive trials.
Marked‘tach&phy]axis was evident with repeated exposure, however, dose
relateg contractile activitj persisted. In-proximﬁ1_segments, the .
second exposure to AA produced‘maximum responses of about 70% and 55%

of the control maximum response while the third e&posure yielded

responses of 50% and 35% respectively. In distal segments the maximum
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reSpénse to the sécoud exposure was.40% of the control maximum response

in the first instapce and 85% in the other, similarly é#%L\ECe third

exposure to AA, the maximum responses were 20% and 60% of the E;ntro]

maxigum response. T , . L

The effects of the cyclo-oxygenase inhibitor indomethacin on AA

and PGF2 « induced contractions of PIPA and DIPA segmentg {n = 4) are
shown in figs. 3223 and 3-24 respectively. The responses to AA in both
PIPA and DIPA segments were affected similgrly by indomethacin. At a A
concentration of 10'5M, indomethacifi produced a significant '
inhibition of the ‘partial dose response curve to AA, the maximal
response bexng reﬁuced to about 20 - 25% of the contro1 max jmum. Almost
complete blockade of the contractile response to AA was produced by
10'4M indomethacin%bonly a slight respohse being produced by 1000"
ng/ml of AA. Following withdrawal of indomethacin from the
superfusate, AA produced contractile responses of Jarge but highly
yariable magnitude in both segments of artery. Indomethacin had no
apparent effect on baseline jsometric tension. p

e Alsingle dose of PGFZa (1000 ng/mi) capable of eliciting a
contractile response of -abeut 75% of maximufi, as determined from fig.
2-21, was applied to both proximal and distal strips following
responses to AA and the effect of indomethacin on this response was

-5y indomethacin, the prostaglandin

examined. In the presence of 10
response in both segments was not significﬁnt1y changed. However,

~ indomethacin 10'4M produced a significant but incomplete inhibition

123
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of the PGF2 response. Following washing of the tiss
a

withdrawal of indomethacin, application of PGF2
a

contractile response greater than the control r
was significant in distal segments.

In a single experiment from thig#series, both proximal and

distal segments responded very wegfy to AA and PGF2 . AA produced
. o

maximal effects, relative t e reference response, of only 7% in

proximal and 30% i stal segments. The response to PGF I ,g/mi

2a

was roximal and 21% in distal segments relative to the reference

response. Data from this experiment was not utilized in the
determination of mean responses. Attempts to demonstrate relaxant
effects, by precontracting these segments with HIS 3 yg/ml and adding

graded doses of AA and PGF were unsuccessful.

20

Isoproterenol

Since IsoP had produced slight relaxations or no responses at
low doses accompanied by contractile effects at higher doses in all
proximal and two of three distal segments when initiallya studied, its
relaxant-effects were re-examined using vessel strips that were’

partially contracted with PGF The prostaglandin was used to

s
induce a submaximal level of contraction in order that relaxant effects

might be observed since these arteries possess little intrinsic muscle
tone. The dose of PGFZ: used, 500 ng/ml, was chosen since it gave a

response of about 50% of maximum as determined graphically from fig.

L
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2-1Et' The response to the prostaglandin was well maintained, when
examined for duration of time that it was required £o partially
contract the tissue for Isoﬁfdose-response trials although, small and
gradual declines in active tension related to the time of exposure were
occasionally seen. These studies were conducted concurrently with NE -
propranolol trials by alternating dose response trials to these
agonists.

In both proximal and distal strips {n = 5), the addition of
IsoP in graded doses produced dose dependent relaxation (see fig.
3-25), the magn1tude of which greatly exceeded that seen in
unstimulated strips. The relaxant action of IscP was similar in both
proximal and distal segments (see fig. 3-26). Maximal relaxant effects

were obtained at a concentration of 10'6

M in proximal st:}Ps and
5

107°M IsoP in distal strips. Concentrations of 10°%M IsoP produced

less pronounced re]giant activity in proximal strips, The differences

\ﬁf)between proximal and distal mean relaxant response were significant at

——

doses greater than 10'8

M. Fig. 3-27 illustrates the responses of
PGFZ(1 and IsoP relative to the reference response. The distal
segment mean response to PGF2 o (500 ng/ml1), was significantly
greater than the proximal responses in this series of experiments.
Differences between proximal and distal segment relaxant responses,
relative to the reference response, were not significant at doses

greater than 1 ng/ml. The action of IsoP did not produce relaxations

of greater magnitude than the PG induced contractions.
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Fig. 3-25. Physiograph tracings illustrating relaxant responses of
contracted rabbit intrapulmonary artery to IsoP and H%S. The HIS
relaxant response was obtained in the presence of 10 'M mepyramine.
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Fig. 3-27. Mean responses (+ 1 S.B.)} of partially contracted proximal
(v) and distal { v) segments of rabbit IPA to IsoP. (n = 5). '
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In two experiments, proximal responses to PGFZG\ 500 ng/ml
were 3 and 13% relative to the reference response while in distal
segments responses were 18 and 23% respectively. Since these tissuesl
produced uncharacteristically poor prostaglandin responses, similar to
previously noted experiments, the data was not included in the analysis
of IsoP responses. However, relaxant respbnses to IsoP were observed
in these experiments in both segment§ and tensions did relax to below
baseline levels. ) .

Propranolol antagonized the relaxant action of IsoP in both
proximal (fig. 3-28) and distal (fig. 3-29) segments. Although
.reiaxant activity was completely blocked at lower doses of IsoP
resulting in slight contractile ;esponses, higher doses of IsoP did
produce relaxant responses.

In a single experiment the effects of HIS Hl and H2
receptor antagonists on the response to IsoP of strips partially
contracted to PGqul‘weré examined., Mepyramine did not appear to
affect the response to IsoP while cimetidine failed to block its

Ve .
relaxant activity. i el

H,-HIS Receptor Activity 4

The variable nature of the dij&al responses to HIS seen in the
original amine experiments suggested-that HIS stimulated both
contractile and relaxant activity. However, the results of the length

tension experiments demonstrated that the nature of the distal segment

response i.e. contractile or biphasic, was dependent on the magnitude °

L
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of baseline tension applied to the strips. To determine if HIS, in
fact, was capable of producing relaxant responses mediated by HZ-HIS
receptors, the effect of HIS applied to vessel strips in the preéence

of mepyramine was examined. Since the tissues possessed little

intrinsic muscle tone and consequently any relaxant effects would be

> 1,
minimal, tissues were precontracted with PGFZ(1 500 ng/ml. The-
concehtnation of mepyramine used (10'7M), greater than that employed

previously, was chosen to produce significant Hl blockade over the

-range of HIS doses employed.

When precontracted with PGF2c1 in control trials, the

addition of graded doses of HIS elicited dose related contractions {see

figg. 3-25 and 3-30). In the presence of mepyramine (10'7M)

'stimulation with HIS of the precontracted strips produced dose

dependent relaxation. The magnitude of maximal relaxation re]ative 0
the induced contraction was not significantly different in proximal and
distal strips nor did the maximal relaxation exceed the prostaglandin
induced contraction. The addition of cimetidine (IO'SM)‘antagonized
thf relaxant responses to.HIS (small relaxations at low doses were
présent iﬁ distal strips) resulting in contractile HIS responses which
were substantially and significantly reduced relative to control
responses.

Fig. 3-31 illustrates the reﬁyonses to HIS, previously
described, relative to maximal contractile and relaxant effects. The
relaxation to HIS in the presence of mepyramine and the antagonism of

this response with the addition of'cimetidine are clearly shown.
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Proximal and distal responses, relative to the reference response are

shown in figures %fg;:32?3-33 respectiﬁe]y. Although no significant
djfference between proximal and dista) segménts was found for the mean
response to PGan (500 ng/m1), the prostaglandin response was v
characterized by great variability. This contrasts with the previous
use o% the same dose and agonist in the IsoP trials in which there was
1ittle variability in response and a significantly greater distalas
segment response. The é;eat variability may be attributed to two
experiments in which the tissues requnded poorly to the prgstag]andin.
Data from these experiments were retained, however, since the responses

did exceed 25% of the reference respons both segments. Despite

this variability, in both segments’ the .relaxant response to HIS in the
presence of ﬁépyfamine was found to be‘significant1y less than the
control responses .at doses greater than 100 ng/ml and less than the

J resptheé antagonized by cimetidine and mepyramine at doses greater
than 366thg/m1. The magnitude of the contractile res;onse to HIS in the
) presenée of mepyramine and cimetidine was significantly less than
control responses at doses of 3 ug/ml in&%oth segments apd 10 ug/ml
., in proximal segments only. The antagonism, produced by cimetidine, of
the HIS relaxant response in the presence.of mepyramine clearly |
supports the hypothesis that the re1akant effect is produced by HIS

H2 receptor Etimu1ation.

The results obtained from preliminary trials (n = 4), conducted

to establish the dose range of HIS and to determine suitable
. . v 2
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concestrations of antagonists, supported the hypothesis that the
relaxant effects were produced by H2 receptor stimulation. A single
HIS dose response trial, obtained in the presence of mepyramine
(10'7M) without precontracting strips, produced graded relaxant
activity of low magnitude (about 20 mg) in both segments. Exposure to
doses of HIS greater than 10 ug/ml produced diminished relaxant
responses, {that is, contractile effects). Repetition of the-HIS
relaxant trial in precontracted strips grodﬁced no change in the
responses with the second exposure. It was demonstrated that the HIS
relaxant effects were not re]ated to the use of PGs-to partially
contract .the strips since'ppé use of SHT in its place yielded similar

results. Metiamide, (10'6

M) another W,-HIS recptor antagonist also
produced blockade of the relaxant response to HIS.

In four experiments, following the relaxant response to HIS in
the presence of mepyramine and prior to the addition of'cimetidine,
propranolol was added to the superfusate and the partially contraéted
strips were stimulated with HIS. .I;aoéethacin was then used to replace
propraﬁolol and the procedure was repeafed. These steps were
undertaken to confirm that the relaxant effect was specifically a
function of HIS receptor stimulation and not, in part, a-beta
ad;energic receptor effect, and to determine if this relaxant effect
was attributable to HIS receptor mediated prostaglandin synthesis.

Proprano]o], at a concentration of 10'7M which was sufficient to

produce significant .inhibition of the relaxant response to IsoP (see
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figs. 3-28 and 3-29) failed to block the relaxant action of HfS.
Although relative to the reference response, the mean HIS responses in
the presence of mepyramine plus propranolol were greater than control
responses, these differences were not significant and more Tikely
related to the #creased (not si‘gnificant) prost.ag:] andin response in
the presence of propranclol. HiS relaxant responses in the presence of
indomethacin 10-5M {which ha‘ﬁirevious]y been demonstrated to broduce_
considerab]e inhibition of AA responses), were not significantly
antagﬁg;zed.in Qistal gments and\only at high doses of 3 and 10 . g/ml
.in proximal segments were mean responseé significantly less, but only "
by a small amount, than control responses. However, relative to-the
magnitudes of the PG induced contréctions, (see fig. 3;34), there were
no significant differences in the mean HIS relaxant responses
indicating that both propranolol and indomethacin do not signifi&ént]y

antagonize the HZ-HIS receptor.
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CHAPTER 7

Summary of Major Findings

1.

A method of preparing 1opgitudina1'stripS»from'intrapu1monary
artgries of the rabbit is given. Strips of proximal and distal.
segments of rabbit intrapulmonary artery responded to several
agonists. No sex re1atgg differences in résponses were seen.

At Tow baseline tensions the DIPA segment frequently responded
in a biphasic manner characterized by ah abrupt decline in’
tension {relaxant phase) followed by an increase in teﬁéion
(contractile phase).

Passive and activé-isometric tension development was a function

of length in both proijmal and distal segments. There were,

/ - ot
h?@gverE\BoTE:EBffgrences in length-tension characteristics

_between the two segments.

The histological structure of the proximal segmen;‘was typical
of a large elastic artery with many/T;yers of e]ast;n with
smooth muscle cells interposed while the distal segment
possessed fewer elastic laminae and Joosely arranged smooth
muscle cells in the media. ;) |

SHT contracféd both PIPA and DIPA segments in a dose dependent

manner. Proximal segment maximal effects and sensitivity were

significantly greater than those of the distal segment.

130
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Methysergide (IO'BM) antagonized responses of both segments
"

to SHT. l’
HIS contracted both PIPA and DIPA segments in a dose depéndent

‘manner. Some strips exhibited marked tachyphylaxis in

response to repetitive.HIS dose-response trials. Although
maximal effects were similar in both segments, the

sensitivity of the distal segment was.greater by a small but
significant amount. Cimetidine (10'5M) potentiated some
responses to high doses of HIS. Mepyramine (lo'gM)
antagonised responses to HIS, indicating that HIS contractile
effects are mediated by HIS H1 receptor ;tfmu]ation.

In the presence of high doses of mepyramine, HIS elicited dose
dependent relaxation of precontracted segments of proximal

and distal intrapu]mdhary artery. Propranolol (10'7M)'and
indomethactin (10'5M) failed to block this relaxant action

of HIS. However, cimetidine (107°M) did antagonize this
relaxation indicating that HfS reiaxant effects are mediated
by H,-HIS receptor stimulation.

PIPA segments contracted in a dose depengdent manner in résponse
to NE while the distal segment responded poorly with slight
contractile and relaxant effects. At high doses the/ response
to NE was characterized by a decline in active tension.
Propranolol (10'7M) blocked the decline in active tension

to high doses of NE producfng dose dependent contractile

activity in both segments. However, PIPA segment responses
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to NE in the presence of propranglol were inhibited except at
high doses. Phentolamine (10'8M) inhibited contractile

responses to NE.

" The presence of beta receptors in both PIPA and DIPA segments

was demonstrated by the addition of IsoP to partially
contracted segments which produced dose depéndent relaxation
of similar magnitude in both segments. Inhibition of
re]axanf responses with high doses of IsoP was seen in
proximal segments. Small relaxant effects at low doses and
contractile effects at high'doses of IsoP were observed in
unstimulated strips. Propranolol (IO-TM) antagonized
;esponses to IsoP.

Prostagléndins Bl’ 82 and'an prodiced dose dependent
contractf]e activi;y in PIPA segmentg. Prostaglandins Al’
E1 and E2 p:oduced 1ittle or no contractile responses or
sTight relaxant activity in unstimulated PIPA strips at low
doses, however, at higher concentrations moderate contractile
activity was produced by prostaglandins of the £ series while

PGA1 produced contractile. effects comparable to PGB1 and

PGBZ. In distal segments PGFZQ produced graded

. contractile activity while prostaglandins A,, B

1’ 1’ BZ!
E; and E, appeared to produce little or no contractile
responses or slight relaxant activity at low doses but at

higher concentrations contractile activity was seen.

-

.
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Indomethacin (10-4M) inhibited responses to PGF, o (1

wg/ml).  Some intrapu]monary artekifs were very poorly
responsive to prostaglandins. '

AA contracted both PIPA and DIPA segments in a\dose dependent

manner. Maximal effects and ED50 values were similar in both

segments. Indomethacin'(IO'SM) produced siénificant

inhibition of AA responses while 10"4M indomethacin

produced almost Eomp]ete blockade.

?
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CHAPTER 8

Discussion

Introduction.

The experimental results confiJnlthat rabbit intrapulmonary
arteries are responsive to a number of vasoactive agents present in
Tung tissue or circulating biood. Their contractile and relaxant
activity suggest that the main lobar branches may play a signifiqaqt
ébntributory role in altering pulmonary vasﬁu]ar resistance and in
modifying biood volume by a]teringrph1monary vascu1ar capacity. The
obgerved differences in isolated proximal and distal segment responses
support the original, hypothesis that some regional differences in
arterial responsivepeés‘exist in the pulmonary vasculature.

The results presented here confirm the adequacy of superfusion

*in the analysis of isolated intrapulmonary vascular strip responses.

The more traditional alternative, submersion of the tissue strip in a
bath, is equally suitable %or the experimental work described. Certain
advantages and disadvantages may Sé attributed to either approach to
studying vessel strip responses. Howayer, superfusion was employed
primarily in consideration of future experimental work since it offers
the pbtentia] for concurrent measurement ;k mechanical responses and
neurotransmitter release or endogenous production of vasoactive

substances. : 7_ _ 3
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It is evident from the experimental results that the isolatad
Tongitudinal intrapulmonary arterial strips are capable of developing
significant isémetric tension. In vivo, activation of vascular smooth
muscle may cause constriction or isometric contraction which is
pgoduced by ?enerating active stress at constant vessel dimensions
(21). Dobrin (21} describes arterial motion, in vivo, as occurring
predominantly in the circumferential direction with minimal movement in
the longitudinal direcfion durihg each cardiac cycle. The constancy of
vessel Tength, in situ, results from the local constraints provided bys
perivascular connective tissue and by arterial side branches and .
opposes longitudinal wail stress deve}Oped with smooth muscle
activation (21).

The use of a longitudinal segment of intrapulmonary artery in
the present study contrasts with the previous use of helical and,
infrequent{y;Jring segments. In general, vascular smooth muscle cells
of the tunica media are arranged in a low pitch helix (11), however,
the angle of the helix and any changes in it with decreasing lumenal
diameter are poér]y described. . As well, excised arteries retract to
about two-thirds of their in situ length permitting the walls to
thicken and intramural structures to retract and Secome reoriented
{21). Consequé&t]y dissection of a helical segment offers little
assurance that the bulk of smooth muscle is oriented a]ong the .
longitudinal axis of the prepared strip. In contrast to helical

segments, longitudinal segments are more easily prepared, particularly
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in smaller arteries, and require less handling which may enhance their
potential reactivity. Furthermore, reorientation of vascular wall
constituents incTuding smooth muscle in vessel strips along the axis of
stretching is thought to occur (21). The use of ring segments, as
described by Su and coworkers (89) appears eminently suitable for

: o~
comparison of vascular responses from vessels of varying diameter, .

however,'it is unlikely that superfusion could be easily adapte?’to
such a preparation.

The results of the various experiments indicate a relatively
high degree of vafiabi]ity in response which may reflect an inherent
property of pulmonary arteriés, perhafs specifically related to
differences in bulk and/or orientation of pulmonary vascular smooth
muscle. <Damage to smooth muscle fibreé from transverse cutting and
orientation of smooth muscle at oblique angles to the axis of force
measurement may contribute to this variability. Isolation of tissues
may differentially alter arterial responsiveness and also account for
the need to employ large agonist doses which, no doubt, exceed
physiological levels. Tissue responsiveness did not appear to be
influenced by rate of perfusion nor presence of side branches.
Tachyphylaxis was not a significanf problem although evidence of
tachyphylaxis, in some tissues, to 5HT and particularly HIS was
apparent when repetitive dose-response curves were examined. The lack
of a consistent effect of hypoxic exposure suggests that the level of
oxygen tension, over the range examined, is not éritica] to isolated

tissue responsiveness at least over short periods {two hours) of -time.

+
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Length-Tension and Smooth Muscle Characténistics
V

The results of the Tength-tension xperimeqts reveal that both
passive and active tension is a function of arteéia] strip 1ength,' In
this respect the pulmonary atﬁgry resembles other arterial strip
preparations (9,30,36,77,81,82). However, 1in contrast to other
systemic vascular strips (30,36,81,82) the pu]monary-arteriq1 segments
were not capable of substantial tension development at short lengths,
active tension relative to passive tension was small and the maximum
active isometric tension per cross-sectional area was low. These
discrepancies may ref]ec;p?::;;;;ic differences in contractility
between systemic and pulmonary arteries and/or result from the °
methodology employed. : N

The maximum active tensions developed in proximal and distal
strips were 3.5 x 104 + 1.5 dynes/cm2 and 17 x 104 + 11
dynes/cm2 respectively. Although these values are less than 1/10 of
‘those reported for systemic arteries {see Murphy, 1976) they compare
favorably with the range of maximum active isometric stress values
previously reported for dog (77) and rabbit {9) pulmonary artery which

4 4 dy'nes/cm2

were 6.28%= 16 x 10% dynes/cn® (n = 11) and 3.5 x 10
respectively. (Minor variations in experimental design and data
caltculation may coﬁtribute to differences in maximal values.) Dobrin
(21) has suggested that this difference between systemic and pulmonary
arteries may be attributed to the low smooth muscle content of the
pu1honary artery whfch may be 25% or less of the wall volume (9) or

alternatively to a true physiological difference in contractility.
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Other contributing factors may include tﬁe helical orientation of ' ﬁi’\
smooth muscle cells relative to the axis of force meagurement and ‘
possible impairmentrof smooth muscle function under in‘vitréi.A
conditions. | ) -
. ) ——

The differences in the proximal and distal length-tension
‘relationships may be related to the observed differences in their
histological structure since the various viscous elastic properties of - o
the components of the vascular wall, that is, elastin, collagen and
smooth muscle, do influence active and passive ‘Tength tension
relationships (2,21,43). -Furthermore, it has been suggested that
segmental differences in the relative content and arrangement of smooth
muscle and elastin alter the accessibility'of vasoactive agents and
influence agonist reactivity (94). The appearance in the media of
thick wave like e]as?ic laminae with intérposed he]ica]iy oriented
smooth muscle ce1ls.is:simi1ar to previous‘histological degLr{ptions of
pulmonary artery (25,35). The disappearance ofﬁgany'of the elastin
bands %n the segment of distal artery indicates a relatively rapid
transition into muscular arteries. The -arrangement and abundance of , | -
elastin in the proximal segment may o%fer significantly more resistance @
to extenéion.and thus account for the 1inear nature of fhe passive
fension-length re1étionship and £he_genera11y lower active tension
development in this girip. The linear nature of the prolima] segment -

curve and the magnitude of the active responses relative to passive

tensions is similar to that obtained in ring segments of rabbit main

e
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pulmonary artery {9). The concave appearance of.the passive
tension—1eﬁ§€ﬁ curve of the distal segment is typica1-of many systemic
arteries (30,36,81,82). The presence of longitudinal smooth musc1e, as
noted in the 61sta1 segment of artery, has been previously described in

gcanine main pulmonary artery (77).

Biphasic Response -~

<

It is difficult to account for the biphasic nature of agonist
responses at low baseline tensions frequently seen in distal segments.
The contractile phase qf the response is essentially normal both in
time course and fglationship to length.‘ On the other hand, the |
re1axation is unusual because of both its rapidity and presence only at
short lengths. It would appear ffat at short lengths, the activation
of smooth ﬁusc]é may not be homoEZnEUﬁE\throughout the vascular wall
and consequently the layers of smooth muscle that do initially respond
contract in such a manner that the active isometric force recorded
externa11j‘is rapdily diminished. - This might be accomplished if this
smooth muscle was oriented perpendicular to the 10ngitudiﬁ31 axis of
the strip. The'sﬁbsequent development of tensitgod second component
of the biphasic response) must reflect force develophenf in smooth
muscle with a longitudinal componenf of orieﬁ%ation. Realignment of
the vascular ya]] constituents along the longitudinal axis of'the

, . ' ‘
strip, with stretching would q&gount for the loss of the relaxant

phase. Structural features of myofilament arrangements in vasEglirz

?j{/ | | P
e C
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smooth muscle have prompted speculation fhat differentlmyofilament

¥

units may contract at different rates and at different timeé (20).

S—Hydrqiytrypfamine (Serotonin)

SHT contracted proximal and distal rabbit intrapulmonary
arterial segments in a dose related manner. This action of 5HT is the
same as that described previously for dog (12,45,58), human {38), cat
(5) and rabbit {12,58,89) intrapulmonary arteries’. The inhibition
‘of .5HT responses by methysergide is consistent with preyious in vitro
findings with rat main pu]mqnény arteries {4} and canine intrapulmonary
arteries (45). The results of the present study indicate that bothlthe
sensitivity and maximal effects of S5HT in pFBxima] segments is greater
than in distal segments. .

Table 4 compares ED50 va]ueé for contractile effects obtained
for SHT, HIS, NE and AA in fhis and édme other studies of pulmonary
arterial responses to amines. The ED50 for the.proxfma1 segment
resbonse to SHT very closely resembles that obtained by Su and
coworkers (89) for rabbit IPA responses but is less than other values
reported for canine IPA and rat MPA. However, Su and.coworkers (89) °
reported that rabbit intrapulmonary arterial sensitivity for 5HT did
not change with vessel calibre in contrast to the significant
1For‘ each of the agonists, comparison of pulmonary vascular strip

responses, both between species and with vessels taken from other
vascular beds in the same species, must be cautiously interpreted
since although similar responses may be observed, suggesting that

the drug induced activity is similar, the same mechanisms of action\
need not apply. - :
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= difference in proxima1 and distal sensitivity to 5HT obtained in this
study. However, it is not clear how Su and coworkers (89) determined
ED50 values, whether by linear regression ana1y§is as in the present
study or by graphical estimation. Since linear regression ana1ys%s is
less subject to observer bias, a difference in the methoﬁ of EDg, .
determination could inf1ué;ce the precision Bf the results obtained. v
Despite no apparent influence of mu]t{plé agonist expdsurq, the data
utilized in the present sEgﬁy‘for the dgtermination of ED50 values
was obtained only from the first exposure of a strip to an amine and
.subsequent trials with other agonists were not considered in the
calculation of ED50 values, thus accounting for the relatively Bma11
sample sikes. It is unclear whether the same criteria were used by Su
and coworkers (89}. Perhaps as a result of the above described
differences, in comparison to the present study, the statistical
analysis of data by these workers expresses much greater variabiijty.
There are a number of important similarities and differences
between the regﬁgis of the present study and those reported Ly Su and
coworkers (89). The primaﬁ?‘differences are the observations by Sﬁ and
coworkers that maximal effects of SHT, HIS aﬁd KCI are equal iﬁ all
afteriaT segments and that the ED50 values of agonists did not change
with arterial calibre. These findings céFEﬁ§§§’Qith the results of the
présent study which indicate a lower sensitivity and a reduction in

 maximal responses to 5HT in distal segments. {(Of lesser importance are

some other differences, to be discussed). 'The obéervation that the
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distal segmént response to 5HT is reduced was ;onsistent1y obtained
both in the initial series of expériments comparing amine responses
_usdng HIS as a reference response and in later trials utilizing a KC1
standard. This difference im\distal segment responsivéness to SHT is
unTikely to be attributable to smooth muscle damage or structurally

* determined since distal responses to other agonists (to‘be discussed)
were comparable to proximal segment responses.

There are numeroﬁs methodo]ogical‘differencés between the two
studies inc]udihg the use of ring segments in contrast to longitudinal
segments and differences in passive stretch. It is possible that the
geographic distribution of receptors is not uniform, for example,
specific receptors may be c]usfered at sites of arterial branching and
hence thertype of preparation could influence the response of a segment
to a particular agoniét. There are differences between the tworstudies
in passive stretch applied to‘segments, (passive stfetch applieﬁ by Su
and coworkers was 0.5 to 4.0 g depending on vessel size), however, it
is difficult to appreciate how this difference could selectively
inhibit distal SHT responses without similfarly influencing diéta]

responses to other agonists.:
. ‘Alternatively’, the observed differences in the 5HT reSpogse
. between the two studies may rgflect an intrinsic difference in the
stréin of species studied. On the ofher hand, the presence of an
inhibitory receptor for 5HT in distal segments could account for the

decline in maximal effects and loss of sensitivity. Atypical



144

tryptamine receptors mediating relaxant effects which are not inhibited
by methysergide, dibeﬁgﬁine or morphine have been described in sheep
pulmonary veins but not arteries (24). Certainly, further
investigation‘of the distal 5HT response is warranted in order to
determine if the typé of preparation is responsible for a]teringl
responsiveness. The significance of the distal segment responsiveness

to 5HT is unknown, however, it would appear to offer some protection of

the distal pulmonary circulation from platelet release of SHTl.

Histamine
The experimental results clearly show that HIS has a dual
effect, eliciting both contraction and relaxation of isolated and
superfused rabbit'intrapu]monary arterial segments. The contractile
effect of HIS in both proximal and distal arterial segments is mediated
by-HIS Hl receptors while the relaxation induced by HIS, only after
- blockade of HIS H1 receptors, is mediated by HIS H2 receptors. The
‘thresholds for: responses, the concentrations yielding maximal effects
and the maximal contractile and relaxant'resQonses were similar in
proximal and distal segmehts for both H

and H, HIS responses

1 2
although the ED50 values for contractile responses exhibited a small

but significant difference.

Ithe in vitro ability of an agonist to elicit a tissue response
"suggests a capacity for a similar action in vivo but does not
indicate that such an action necessarily occurs.
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.
Pulmonary contractile responses to HIS have been previously
reported in numerous species both in vivo (see review by Owen, 1977)
and in vitro. Human, (38), rabbit,:(12,58,89,91), canine,
(12,46,58,92), and cat (92) intrapulmonary arterial contractile
responses to HIS have been described. Interestingly, in the rat,
Thompson and coworkers (92) observed contracti]e‘responses to HIS while
Park and coworkers {69) failed to obtain a response of the main
pulmonary artery to-HIS, despite few differences in methodology.
Although contractions ‘to HIS were consistently observed in the present
study, Sundt and Winkelmann {91) described a lack of responsiveness in

about 50% of sma]1 rabbit’ 1ntrapu1monary arter1es tested.

The ED50 values for HIS contract11e—d35ponses {see Table 2)

,d1ffered by a small but significant amount the distal segment being.-.~»

4
L

more sensitive to the amine, however, both values resemble closely'thg
EDcy reported by Su and coworkers (89), (see Table 4). This
difference in proximal and distaTED50 values may reflect the small ,/

relative to the other study in addition to the previous%y//

ifferences in the determination of ED50 values. A
signifiéant\\;ffefence in ED50 vafugs does suggest a difference in
affinity for ;;;f;;;\:gteptor between‘thg two segmeﬁts which may
reflect structural differences or.the‘presence of,H2 HIS receptors.
(The 1a;fer appears unsupported, however, by the obgefvation that the
HIS re]axanf response was similar in both proximal and distal

segments.)

. S
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The maximal developed contractile tension, relative to the ;/
reference response, was the same in both proxima{ and distal segments,
_thus agreeing with the results obtained by Su and coworkers (89).
However, tﬁe-HIS response in the present study excegded both the
reference reponse to k" and the maximal response to SHT in both
segments suggesting that HIS activitation of con;racti]e units is more
comﬁ1et?. This contfasts,‘for reasons unknown, with the observation
that maximal contractyle effect of 5HT, HIS and KC1 were equal in all
rabbit intrapulmonary arterial segments teéted as repoéted by Su and
coworkers (89}. '

1t should be noted that in extrapulmonary segments the max{ma1
responsé to HIS was significantly less than the fesponse to SHT, (the
opposite of results obtained in proximal intrapu1monar§ segments).
Relative to thejr respective SH} maximal responées, the extrapu]monary
contractile responses to all doses of HIS appeared reduced when
compared to proxima] intrapulmonary responses to HIS. The basis for
this discrepancy was not further investigated, however, a plausibTe'

~ .
explanation may be a reduction in the number of H, HIS receptors,

1
either in absolute numbers or felatiﬁe to H2 receptors, in
extrapuTmonary'segments.
\ A though dilator responsetho HIS have‘been previoué]y
demonstrated in intact and isolated lungs, {see review by Owe;,l1977),

only two previous reports (85,92) have described relaxant HIS reponses

in isolated strips. Su (85) described a slight reduction in elevated

L]
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tone in response to HIS in rabbit MPA. Thompson and coworkers (92)
reportgd that HIS caused relaxation of rat main pulmonary arteries
during contractions caused ﬂy vasoactive agents (including HIS 1tseﬁf).
However \relaxant effects were not cbns}stently observed by Thompson
and coworkers (92) nor were antagonists employed in either stddy to
demonstrate that the response was due t6 HIS receptor stimu1atiJn. of
specific interest is that rabbit and cat pulmonary arteries were also
tested but these failed to relax to HIS (92). |

It has been suggested -that HIS mediates relaxant effects by

releasing epifiephrine within the lungs or vascular wall producing beta

adrenoreceptor mediated relaxation (92). In the present experiments

the failure of propranolol to significantly inhibit HIS relaxant
effects in the isolated and superfused rabbit intrapulmonary arteries

suggests that the relaxation is a primary effect of HIS. Similarly the

~ failure of indomethacin (10'5M) to inhibit HIS mediated relaxation

suggests that the relaxant response is not mediated by local
‘ .

" prostaglandin synthesis.

The biﬁity of mEpyraminé to inhibit HIS induced“contragti1e

responses is consistent with previous in vivo and in vitro findings.

_Joiner (46) has described biockade of isolated canine IPA arterial

responses to HIS by the HIS H1 receptor antagonist pyrilamine. The
present study is the first to describe the effect of HIS H2 receptor
antagonists on HIS responses of isolated bu]monary arteries. Previous

in vivo work has demonstrated HIS H2 receptor antagonisté effects
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upon the intact or isolated pu1monary circulation in a number of
species (see review by Owen, 1977). The observation that HIS i;
capable of eliciting both contractile and relaxant effects in thé
pulmonary circulation of the rabbit is consistent with the mechanisms
described to account for the changes ig systemic b]ooq pressure of the
rabbit in respdnse to HIS, i.e. a balance between pressor responses due
to HIS H1 receptor mediated vasoconstrictign and HIS HZ receptor
mediated vasodilation causing depressor responses (67).

The prior addition of cimetidine to the superfusate did not
cause a consistently significant potentiation of the contractile effect
of HIS at all doses. (As described previous]y'some increases i} the
magnitude of response were evident at higher doses, especially in
.distal segments.) Such a potentiation might be expected since
cimetidine blocks HIS Hz-receptors responsible for relaxation.

However, a relativeély high concentration of HIS H1 antagonist was
required to unmask the HIS H2 receptor mediated relaxant résﬁonse
1nd1cat1ng that the contractile response is predominant. In the single
experiment, previously described, in whic#1§mpyram1ne the HIS H1
receptor antagonist, was added to the superfusate prior to cimetidine,
potentiation of the pa%tia{]y blocked contéactile response to HIS was
apparent. It is of interest to note that in a separate study examining
HIS receptors, metiamide, another HIS H2 receptor antagonist failed

to potentiate the contractile effect of HIS in the rat stomach strip

but not potentiate the response in aortic strips {22).
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The physiological role of HIS in the lung is unclear. The
results of the present experiments gupport the hypothesis previously
proposed by Howard and coworkers (39) fhaf'HIS, because of its dual
action An vascular smooth muscie, may play a role in the humoral
requlation of pu1m0nary-vascu1ar tone. On the other hand, the weightr
of .evidence sqggests that HIS may regulate both tocal blood flow and
ventilation s{nce it possesses both bronchoconstrictor and vasoactive
‘properties (92). Thompson and coworkers {92), however, have suggested
that the distribution and proximity of maﬁt cells, whiéh contain a high
proportion of lung HIS, to pu1m?:§>§—vesse1s might enable their

contents to,affect the vessels without simultaneous action on airways.

Norepinephrine

The results of this study demonstrate that contractile
responses to NE are restricted to the larger pulmonary arteries since
the distal sggments; of smaller lumenal diameter, responded poorly or
not at all. The response of Qessels downstream from the distal site to
alpha adrenoreceptok stimulation is unknown. Previous experiments, in
numerous species (8,38,65,69,77) have shown that jsolated pulmonary
arteries, contract in response to NE, however, most often the vascular
segments studied wgre either of gétrapulmonafy origin or were
'1ntrapu1monary vessels of large diameter. Poor fesponsiveness of
smaller intrapu1m6nary arterie; was first descfribed by Bohr, Goulet and
Tanquipi (12} using rabbit and canine vessels 0\2-0.3 mm in diameter.

These workers obtained catecholamine responses_on{i\if)yery high
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concentrations. .Using a similar preparation of comparable size, Sundt
and Winkelman (91} were unable to obtain responses to NE, E or IsoP in
rabbits. However, these studies did not seek to.determine regional
differences in’pu]mbng;y responsiveness and thus cbmparison with
responses of larger vessels, under the réspective experimental
conditions, was not undertaken. i .

Su and coworkers (89) did examine regional responses Fnd found
that the maximal contractile responsé to NE was comparable to that of
KC1 in arterie; greater thatn 1.4 mm (bﬁtside'diameter), only 30 - 40%
of the KC1 response in arteries 0.6 to 1.4 mm and sma1i or absent in
arteries less than 0.6 mm. It can be seen that‘in this respect that
fhe resu1¥§_gf the present study are in-close agreement with those ™
obtained by Su and coworkers. The proximal segment, from that portion
of the intrapulmonary artery«with a Tumenal diameter of 1 mm or greater
elicited a maximal reSpOﬁZZy::\NE:gf about, 60% of the £agni£ude of the
K+f;esponse while the di;:3T4segm35;, the meap’T;;;;;;_a}ameter béing ‘

Hess than 1 mm, elicited a maximal response of only 10%. The median

dose (EDSO) obtained for proximal segment responses to NE

h .
prep-.gﬁdons (see Table 4). The ED50 for distal segment responses
estimated graphically, owing fo a lack of responsiveness to NE by some

segments, was of the same order of magnitude as the proximal segment.

ar to that obtained by Su and coworkeré (89) for all arterial

A/
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response curve for the broxima] strip was shifted to the right of the
control response while the -distal segment inhibition of contractions
was more pronounced such that predominatly relaxant effects were
6bserved. Previously, phento1amjne has been shown to éntagonize

con ile responses in isolated dog (45,%6) and toad intrapulmonary
arteries (37). |

In the proximal segment, at high concentrations, with
. *

" increasing doses, the response to NE was found to decline irdicating

inhibition of the contractile response. The presence of phentolamine
+ ‘.\;'
did not alter the nature of this response. Distal segments responded

in a similar fashion although in the presence of phentolamine

predominantly re1axant_respoTjes‘were obtained. These results suggest
. N »

/
that in the rabbit intrapulmonary artery, NE, at high doses, can exert .

sufficient beta adrenoreceptor mediated relaxant activity to produce

some inhibifgg;:g;jthe alpha adrenergic contrécti1l—efféct contributing

to a lessening of its maximal eP{EQIQ Somlyo and Woo (79) have

previously demonstrated that beta adrenergiggb1ockadé“tanqpnoduce
A

potentiation of NE indqfed éontracti1ef:s§ponsés of the isolated
chicken main'pulmonary arté;} indi;atipg autoinhibition of alpha ‘
adrenorecepto} mediated vésocontractidﬁ by beta adrenergic effects. -
Results obtained in ijo in fhe dog have shown that NE induced
pulmonary vasodilatation after dlpha adrenergic blockade {39).

In the present study, prOpranp1o1, (in a dose sufficient Ep

» Q— A ’
antogonize beta adrenoreceptors), produced both inhibition of relaxant

‘activity and potentiation of contractile responses at high doses of NE

-

A
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in distal segments only. In proximal segments, although prOpraho1o1
did inhihit relaxant activity, contractile effects were antagonieed in
three'oT’founbexperiments, ﬁhi]e in the fourth\the maxihum contractile
response was potentiated. The basis of the propranolol mediated
inhibition of contractile responses in proximal segments is unknowﬁﬁﬁ‘
a1though one preV1ous report (79) has descr1bed some depression of
responses of 1so1ated avian pulmownary artery at low dose;oniy, (w1th\\
potentiation at thher doses), in the presence o?;the beta adrenerg1c
receptor ahtagenist pronethalol. Locallahifizgﬁtic properties have
been attrihuted'to propranolol suggestind that its inhibitory\effect
may be,.in part, independent of receptor antagonism (73). Depression

. T . e
of systemic vgisu1ar strip responses tv ME by pronethalol or _"Fg«
propranolol have been descrihed and attributed to non specific local
anaesthetic effects and possibly some interaction with %ﬁpha ‘f
adrenoreceptors (see Somlyo and Som]ye~¢i§70) Howe\er the antagon1sm
of NE was not consistent1y observed nor when tested was prOprano1o]
induced inhibition of PGF2 or HIS contract11e responses apparent.
Consequently it is difficult to attribute to any spécific mechanism
the observed 1nh§bit1on of N£ induced contractije reigonées by
propranolol. Further investigation, employing a range of propranolol._.
concentrations, would appear to be indicated in order to determine if

this antagonist produces non-specific effectﬂ(/t the dose employed

‘Thus thegresults of the present study confirm those-o?}a1ned

‘ by Su and cowgas i onstrating regional diffErenGES in the response

o 4 | o

of the pulmonat¥y¥¥ry to NE. :The results suggest a variable
A ¢ /i - : " | -

T v,
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distribution of alpha adrenoreceptors in the pulmonary arterial tree,

5pec1f1ca11y a reduction in the nuhber of receptors d1sta11y, althouah

the nature ¢f the responses of theﬁVessels downstream to the distal

site are unknown. Although a decrease in number of alpha &
adrghoreceptors with diminuition of vesse1(:T;e would account for the
reduction in the magn1tude of the contractile responie‘to NE, a1ternate
mechanisms to account for the poor d1sta1\segment reackivity include an
alteration in the affinity of NE for its receptor or the presence of an
inhibitory receptor for NE. | A o

The sign1f1cance of the poor reactivity of smallexr arteries to
NE 1s unknown. Whether it is specific to the rabbit pulmonary vascuTar
bed- has yet to be determined although Bohr et al {12) obtained
similiar resu]ts with canine vessels, Su and cowotkers (89)‘have

pec%i;ﬁ d that the sympathet1é/;;;;:giuof pu]monary vascu1an tone is

‘restr1cted to the relatively large arter1es Extensive arterial

constriction of the pulmonary vascu]ature, through which the output of
the right heart must pass during increased sympathetic activitj may be
,undesiragle; Clearly though the feIative inability of the smaller
pulmonary arteries to constrict 1n-response to NE serves to undermine ‘
the suggestiﬂn th&% the‘cafecho]amines may be concerned with the ) “_j)
regulat1on of pulmonary vascular tone (39) at Teast for the sma11er 4“’) |
{distal) vessels., However, the capacity for relaxant effects does

E Y

Suggest a possible ro]éjinéﬁbcal modulation of vesse] calibre. -

:’l . . ' ' ’

LT
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[soproterenol

~ The results 6f this study indicate that Isof proﬁuces
‘reIaXation of rabbit intrapulmonary afteries. However, in proximal.
seéments using unstimulated strips, IsoP at high doses broduced
contractile activity and in partially contracted strips the relaxant
reSponse was diminished at the highest doses employed suggesting
partié] contractile activity. Although Su (85) and Park (68) have
previous]x reported marked relaxation of precontracted rabbit EPA,
Sundt and Winkelmann (91) failed to elicit any response of rabbit‘{RA_,////ﬁ
to IsoP despite using high agonist doses. Contractile activity at high
dosés of IsoP has been previously described in isolated dog (77), cat
{17}, chicken (18) and bovine (Zia pulmonary arteries. In the dog,
Joiner and coworkers ({6) obgprved relaxation of IPA at low doses of
IsoP, and at higher doses, céntractions; although in €he presence of
phentolamine, IsoP produced'oniy relaxation. The ability of the beta
-adrenoreceptor antagonist, proqranolol,_;o inhibit re1a;ant responsesau’
to IsoP confirms that the relaxation is mediated by beta‘
adrenorékeptors present in rabbit pulmonary artery. Beta
adrenoreceptor_antzgaﬁists have been Rreviodgly utilized to inhibit
relaxant activity“in rabbit (85), tdéd (37) and bovine (23) pulmonary
arteries. |
.. Thus IsoP appears to ﬁossess strong béta adrene%gic and'

relatively weak alpha adrenergic effects. Given that thg response to
IsoP was similar in both proximal and distal §egments the distribution

of beta adrenoreceptors would appear to be uniform. The failure to
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observe any contractile activity in distal strips is consistent with
the hypothesis that there are few alpha adrenoreceptors present in this
'_ segment. The physiological significance of the ro1e'of beta e
adrenoréceptor mediated relaxation is unclear although it undoubtedly

serves to moduTate catecholamine induced vasoconstriction.

Prostaglandins

The proximal segment of rabbit intrapulmonary artery contractéd
to high concentrations of all prostaglandins tested. Prostaglandins
Bl’ 82 and an produced graded contractile activity 6ver the
range of doses appili:ﬁffjkhe strips while prostaglandins Al’,El’
and E2 at doses‘]ES an 10-5M produced littfe or no contractile
responses or slight relaxant activity. Although previous studies of
the effects of prostaglandins on jso1ated intrapu]ménary arteries have
1’ E2 an&
thl on the main pu]monary.prtery of the rabﬁ%ﬁ'ﬁgsg gkeh previously

utilized other species, the actions of prostaglandins E

described by Kitamura et al (56). These workers obtained contractile

responses to PGF but no contractions to PGE, or PGE, over a

1 2
6 g/ml, although, partia?‘ﬁ%{axation of -

2a

9

" dose range of 1077 to 10°

precontracted arteries was obtained in response to PGE, & PGE

1 2
1076 g/ml. In the present'study, contractile responses to the E
series of pros;ag1andins were obtained consistent]y at a ddse of
1021 (10 ug/ml), however, cdncentrations of less than 107°M
produced variable activfty as previously described. On the single

occasion that.PGE2 was applied to preconﬁracted strips, partial
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relaxation was obtained at low doses while 10_5M PGE2 increased

jsometric tension. Chand and Eyre (18) also observed biphasic
responses, consisting of, slight relaxant effects at low doses and

contractions at higher doses, to PGE1 and PGE,, in isolated chicken

2
pulmonary artery. Simi1ar'biphasic effects in résponse to

prostaglandins A , E

1> 717
skeletal muscle, megénteric*and renal arteries of the dog (84). In the -

-

and'E2 have been reported for)isolated N :!e

"isolated rabbit lung PGA1 produced vasoconstriction (31), a.response
similar to that obtained in the present study at higher doses.
Comparison of the present results with those obfained in other
species emphasizes the tremendous specieg,vafi?bility that exists.
"~ Although the graded contractile response to PGan is‘consistent with
the effect of ;his;pfostag1andin on isolated intrapulmonary arteries of
numerous species, the contracf11e effect of the B series of
prostaglandins dfffers from previous reports of poor responsiveness to
these prostaglandins in féola%ed dog intrapu1ﬁgna;y arteries (50).
Responses to_pfostag1andins of the E seriés have been generally
regar&éd as re]gxagt a1thou§h contfacti]e-responsgs in monkey and human
pulmonary arteries {51) have been described. PGA1 has been previously |
tested only in canine paimbnary artery and proddéed re1axan£.responses
(51). | - |
Both 1nterpretétion qﬁd.comparison of distal segment responseg
to prostagiandins Al, Bl’ B2 and E1 is hindered by the biphasic

nature of the contractile response which was frequently obtained in

these experiments. Littlesignificance can be attached to the results
w . N \
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since the nature of the biphasic response was highly variable and its ./J} 7
mechaﬁism unknown. Thus it is not poss%b]e'to accurately assess [lnu
differences_in\segmenta] response§ to prostaglandins and consequently .
repetition of these trials at a higher baseline fension’might prove

useful. Distal responses to PGFZC’ and PGE2

hY
series of experiments were similar to proximal responses.

obtained in the first

Doses pf prostaglandins required to e]icit maximal effects were
very high but comparable to those employed.by other investigators {47,
56): The observation that prostag]a;d{n induced responses are slower
to develop than amine responses has been previously noted (47). The ¥ N
ability of somelof tpé prostaglandins {particularly PGEZ) to e1tFit \*~‘>
relaxant activity at lower doses but'contractions.at higﬁ doses
suggesfs the presencé of mixed and dose dependent prostagf;ﬁdin
receptors. Alternatively the primary effect of the pro;tag]andin may
be é1tered by secondary effects of prostaglandin exposure on the
internal milieu of the tissue or on‘the endogenous prostaglandin
- production.
It was noted on a number of occasions that despite good
esponses to K (and amines when tested), prostaglandin responses
;ere unusually poor. This observation of poor responsiveness was
supported by similar results obtained in a separate series of
experiments‘at a Tater date, in which AA and~PGF20l only weakly
stimulated the arterial segments. No relaxant effects in partially
contracted strips could be demonstrated on that occasion. Similar

observations have since been made by other investigators in this

E/Y
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1aboratony Thuslsome raggﬁt’intfépu1monary arterial segﬁents can be
character1zed as poor]y respons1ve to prostaglandins and probab1y their
precursors as well., No re]at1onsh1p to sex or weight of th& rabb1t nor
1ength of dissection was apparent. A search of the literature has
revealed no prior reference to any sjmi1ar observation regarding
isolated bu]monary vascular responses -to prostaglandins. Whether the |
poor responsiveness to grostaglandins is an intrinsic property of the »
pulmonary arterial vasculature, e.g. a deficiency in prostagiandin
receptors or whether it is due to environmental causes remaihs
unknown. - o . -
The relatively high doses of prostaglandins required to produce

effects upon the isolated tissues may reflect the fact that in the

o

'intaqt_animai endogenous synthesis and release of prostéglandins
produces primarily local effects (60). Consequently exogenous -
app]%cation 0% prostagiandiﬁs may not introduce su%ficient quantities
at jntramura] sites to effect rapid and markedptissue responses. Also
it is possible that isolation of arteriaf strips or the preparation‘of'
prostag1gndiﬁ§ with ethagol (see Altura and Altura, 1976} may markéd1y
alter vascular reag;ivity to prostaglandin;. Alternatively, other I
pﬁostag]aﬁd{ns or ihtermediates of the prostaglandin biosynthetic
pathway‘a;y play a mére significant role in influencing pulmonary
yvascular tone;Prostaglapdins ﬂ%ve been implicated as mediators of
Tocal ;éscu]ar tone and moduiafbrs ofrreactivity to other vasoactive
agents (62) and the resu]fs of the present experimenf support a

potential role in these areas.

———
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Arachidonfc Acid

Both proximal and distal ségménts of rabbit IPA contracted in
response to AA and there were no significant differences in the maximal
response or median effective dose (see Table 2) between the two

:segments. Contractile responses to AA have been obtained by Gruetter
Tdnd coworkers (32) using helical strips of rabbit IPA. However, a
comparison_of do??‘response curves obtained in the two studies, jn
thich both utilized high KC1 as a reference reéponse, reveals mucb
greater sensitivity and maximal contractile effects elicited in the
present study. For example, the magnitude of the maximal contractile
response to AA that Gruetter and cowonkers (32) obtained was only about
50% of the referencé response to KC] in constrasf to a response of
about 100% obtained in'tﬁis study. It is not clear whqt‘methodological
differences might acdbunt this diSC{SPancy in results, althougﬂ it
may be related to the use\ei_an organ bath, by these workers, and the _

accumﬁ1ation of a vasodilatory metabolite. In the same study by

i

Gruettgr and coworkers, AA failed to significant1y conéract bovine
%so]ated IPA but did e]icii a dose dependent relaxation of canine IPA
indicating highly variable species specific respdnses € this

. prostaglandin précuréor. In the‘present study marked tachyphylaxis was
obtained with repetition of dose response curves to AA. Although
Gruetter and coﬁorkers (32) did not describe tachyphylaxis in their
determinafion-of pulmonary vessel strip responses, a similar

- .

tachyphylactic effect of AA, that was abolished by an activator of PG
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'synthetase reduced glutathione, was obseqyed “Using the longitudinal
stomach strip of the rat (83).

The ability of I%ESM indomethacin to significantly inhibit
the action of AA on pulmonary arteries without antagonizing the
response to PGan suggests that the vascular contractile effects of
AA require, at least in part,aits enzymatic conversion to
endoeeroxides; thromboxanes, prostag]ahdiﬁé or other metabolites.
However, indomethacin 10_4M did significantly iﬁﬁibit smooth muscle

contractile responses to both AA and PGF suggesting that high

2q
doses of indomethacin may possess a nonspecific effect. A similar

~ inhibition by indomethacin, 10-4M, of. contractions to other agonists

1éc1uding 5HT and NE has been obtained in this laboratory by this and
other investiéators, An alternative explanation to account, in part,
for indomethacin inhibition is that endogenous production of

prostag1andins'and/0r their intermediates mé} be integral to

contractile responses to some amines and exogenous prostag1and1ns

The results of these experiments conf1rm that rabb1€\
intrapulmonary ar;:r1a1 vascular smooth muscle exhibits the c;bac1ty,
at least in vitro, for the enzymat1c convers1on of AA by
cyc1o-oxygenase to Yasoconstr1ctor metabolites, probably intermediates
or products of the prostag]andin.biosynthetic pathway. [t appears that.
therq are no regional differences in the responsiveness of the arteries
tested to AA. The ability of the rabbit pulmonary arterial vessels,

downstream to those studied, to respond to AA in unknown, however,‘“

Gruetter and coworkers (32) were unable to obtain responses with
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isolated rabbit.intrapulmonary veins. The in-vitro findings correlate
well with studies in the intact rabbit which describe a marked pressor
response to AA (seé’Hyman et al, 1978). Thus, the synthesis and
release of vasoactive products of AA by the main lobar branches of
intrapulmonary arteries may produce both local and downstream effects

causing increased pulmonary vascular resistance.

Research Prosposals

The results of these experiments indicate that further
investigations could prove fruitful. A thorough examination of the
distal strip response to SHT may reveal the basis for the poor
reactivitj of that segment. Further exploration of £he pulmonary
responses to catecholamines is essential for a more complete
understandingiof their role. Investigation of the effects of
indomethacin.and other cyclo-oxygenase inhibitdrs on arterial responses
to vasoactive substances is indicated to detérmine if the
cyclo-oxygenase pathway is integral to sohe drug induced activity. In
addition, characfer{zation of tissues poorly responsive to
prostaglandins would be of value. A cToser_examinatidn of the
histology and length-tension characteristics could reveal important
structural and/or functional propertfes. “Finally, investigation for
différential effects of other vasoactive agents including angiotgnsin

and bradykinin is indicated.

\
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Concluding Remarks M

The pulmonary circulation is designed to serve the primg;y.
function of the lung which 1s'gas exchange. Since the lungs receive
the entire output of the right heart they are vulnerable to insult from
the systemic release of humoral mediatofs and-eﬁbo1i. Furthermore
pulmonary synthesis and/or release of Vasbactive substances in
pathophysiological episodes maygalso comprise pulmonary func}ion: Given
these considerations the following model attempts to explain some of
the observed vascular responsés to vasoactive agents.

Tpe proximal segment of the left lower lobar artery controls
the flow of blood to the entire lobe. Perhaps fulfilling a protective
function it contracts maximally to 5HT and HIS, considered to be the
principal mediators of a number of pathophysiological conditions,
enabling blood flow to be divsrng in part to an unaffected lobe. The
submaximal response to alpha aﬁHFanreceptor stimulation would reduce a
geﬁera]ized increase in pulmonary vascular resistance'accompanying
sympathetic discharge. On the other hand the distal segment of the
intrapu1mqnany artery approaches the calibre of vessels concerned with
the regulation of perfusion to discretg areas of parenchyma. Like the
proximal segment, it responds maximally to HIS which also exhibits
marked bronchoactive propeﬁties and may contribute at this level to ¢
the ébntro] of local blood f1oﬁ and ventilation. The submaximal
response to SHT in the distdl segment may protect blood flow allowing
gas exchénge. The very poor réactivity to NE may preserve efficikent ﬂ\

gas exchange in the présence of increased sympathetic activity. In




163

both segments'the abi1i;; of HZ—HIS and beta adrenergic receptors‘to
inhibit activity ﬁuggests_é capacity for humoral modulation of - -
vasoconstrictor responses. The vasoactivity of AA ana the
prostaglandins substantiates a possible role of thg;e substances in the
Tocal regulation of pulmonary vascular tone and moduiation of
reactivity to other vasoactive agents in the pulmonary arterial
circulation.

. Thus in suﬁmqrizing, rabbit intrapulmonary arteries reSpond to
a wide number of vasoactive agents. The in_vitrb activity of these
humoral substances and any regionail differences in their arterial-
requnsivenessrhave.been described. It is possible that factors
present in vivo may modify or alter their responses in the intact
animal. Nevertheless the potential influence of these vasoactive
agents on pulmonary vascular tone and reactivity is significant.

-1 : "
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APPENDIX

Results from these studies were presented at the annual meeting
of the American Lung A's_sociation, May 1978. Abstracts 9f the
experimental work may be found in the Am. Rev. Resp. Dis. 117

(4, phPt 2): 366, 1978 and 119 (4, part 2): 379, 1979.
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