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ABSTRACT

The response of the intrapulmonary.artery (IPA) ~o a variety of

. endogenous lung amines and prostaglandins (PG) was examined to

determine if a differential sensitivity to these vasoactive substances

existed between s~gments taken from two sites on the arte~y.

Longitudinal strips of proximal (PIPA) and distal (OIPA) segments of

the left lower lobar intrapulmonary artery were taken from rabbit lungs

and isometric tension measured during superfusion abt 37°C with

physiological saline. Full or partial dose-response curves were

obtained for 5-Hydroxytryptamine (5HT), Histamine (HIS), Norepineph~ine

(NE..) , Isoproterenol (IsoP), Arachidonic Acid (AAl, PGAI , PGB I ,

PGB2, PGEI , PGE2 and PGF2~' In addition to phar.macological

studies, length-tension properties of the segments utilized were

examined and a qualitative analysis of smooth muscle content and ~

orientation was undertaken. All prostagl~ndins elicited~e

effects, of varying magnitudes, at high doses. Prostaglandins AI'. ,
EI , and E2 produced little or no contractile responses or slight

,
r(laxant activity in unstimulated PIPA -and OIPA segments at low dOs:s:

SHT c'ontracted both PIPA and OIPA seg~in a dose dependent manner,
"

however, proximal segment maximal effects and sensitivity were -./

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

OIPA segments contracted to HIS and maximal effects were similar·t"
I/o
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both segments. Mepyramine (10- 9M) antagonized contractile responses

to HIS. In the -presence of 10:7101 mepyramine,HIS produced dose

dependent relaxation of precontracted PIPA and DIPA segments.

Cimetidine (10- SM) antagonized this relaxation indicating that HIS

rela~ant effects are me~ated by HZ-HIS receptor stimulation in both

segments. PIPA segmehts contracted in response to-NE while the DIPA

segment responded ·poorly or not at all suggesting a paucity of alpha

adrenoreceptors in distal segments. IsoP produced dose dependent
,

relaxati.on, that was antagonized by propranolol, of precon'tracted PIPA
. /

and DIPA segments. The dose related tontractile response to AA was

similar in Doth PIPA and DIPA segments. These studies indicate that

regional differences exist'in the response of rabbit IPA to some

agonists.

•

"

iv

, -



•
)

ACKNOWLEDGEMENTS

To Dr. J.B. Forrest, my supervisor, I ~ish to express my deep

gratitude and appreciation for his guidance throughout the course of I

these investigations and in the preparation of this thesis. I am

especially grateful for his enthusiasm and interest in my educational
\

studies.

I would like to thank Dr. E. Daniel, Dr. D. Chui and Dr. M.

Todd for their constructive suggestions in the development of these

stud~~s and for their critical reading of this thesis.

I am indebted to Mr. D. Cragg for his excellent technical

assistance and sincerely appreciate his numerous efforts on my .

behalf.

I wish to thank Mrs. K. RicharQson and Mrs. L. Graham for'their

efficient assistance in the preparation of this manuscript.

For financial assistance during the course of these

investigations I wish to acknowledge the Medical Research Council of.

Canada.
•

Lastly, I would like to thank my famil~ and friends for their

continued support and interesf in my education.

v



J

•

TABLE OF CONTENTS

CHAPTER Page

iii -v
vi

viii
x
1
3

2
2
4
7
8

12
18
24

"24
24
26
26
26
29
30
33
34
34 '-

.:. 35
~

36
38
38
48
56
56

,
, '

. -'

. ~.

. ,.

•Abstract
Acknowledgements
Table of Contents
List of Tables ..
List of Figures
1. Review of the. Literature

Introduction. . . . . . .
Effects of Humoral Agents on Pulmonary Vasoactivity

in the Intact and Isolated Lung.
- Amines ' .
- Prostagl andi ns,. . . . . . .. ' .
Actions of Drugs on Isolated Pulmonary Vessels
- Extrapulmonary Arterial Responses
- Intrapulmonary Arterial Responses
Summary of the Lit~rature and Objectives

2. Methods . . . . . . . . • . . .
Experimental Animal and Anaesthesia
Dissection .
Superfusion ..•.....
Physi~logical Salt Solution
Recording .
Ex~eriments . . . . .

Drug Response Trials
- Length Tension Experiments
- Fixation of Tissues
Data and Statistics ..
Drugs ....•...
-' Preparation of Drugs

3. Results ... . . .. .•
Group 1 - Amine Dose Response Trial~

Repetitive Amine Dose Response Trials.
Hi gh Flow Effects -"~0' . ','
Hypoxia. . . . . . . ~ ..

~
vi

"..



:

,
f..

•

Table of Contents (Continued)

CHAPTER Page

" ,. ,

'"

57

58
1)0

65
73
74
76
76
77
84
86
86
92
97

105
109
114
118

130
134
134
137
139
140

.t}~
154

• -. '. 155
159
161
i62

...

..

".
:

.,... . ,

Influence of Arterial Side Branches .
Extrapulmonary Compared with Proximal Intrapulmonary Responses
PFG2~ and PGE2 . . • . . . . . . . . . . . . .

4. Group 2 - Prostaglandin Dose Response Trials .
Poorly Responsi ve Arteri a1 Segments ": .
Relaxant Effects of Prostaglandins .

5. Length-Tension and Smooth Muscle Fixation Experiments
Biphasic Respons~ . . . . '
Length-Tension EXQeriments ..
Smooth Muscle Analysis ....

" 6. 'Group 3 - Dose Response Tri al s
5-Hydr~xytryptamine

H1-H IS Receptor Actfvi ty . . .
Norepinephrine .
Comparison of Amine Responses
Arachidonic Acid ....
Isoprotereno l . .!. '.' .
H2-HIS Receptor Activity .

7.. Summary of Major Findings .•
8•. Discussion .". . . . . . . . .. . .....

. ~troducti on . • ., . . • . . . . . • :". . .
~ngtn-Tension and oth/Muscle Characteristics
8iphasic Response. • .
"~Hydroxytryptamine.

. Hi stilmi ne -. .
Norepinephrine

. Is<>pr.oterenol
Prostaglandins
Arachidonic Acid
Research Proposals
Concluding Remarks
.-"

•

(

References
Ap'pendi x . ..

" . .' • r 164
173

.-
vii ,



......

•

Table

1
2
3

4

'. .',J

LIST OF TABLp

Drug Response Trials .
ED50 Values for Contractile Agonists .
Effects of~ntagonists on ED50 Values for
Contract~e Agonists. . .

E050 Values for Contract~le Effects. of 5HT, HIS,
NE and AA on Pulmonary Arteries

•
\

••

.
,I

Page

32 ~
90 \

90

141

)

•
\

~.

viii

·f



,

f

,

"

,

(

50

52

64
67

67
68
68
70
70

5
25
25
27
28
39
39
42
44
45
46

54
59
59
61

.61
63

Page

,

LIST OF ~IGURES

8i ochemi cal pathway for producti~of prostagl andijls
and thromboxanes . . . . . . . . .. ..

(al Angiogram of rabbit pulmonary vasculature....
(bl Diagram of IPA showing proximal and distal segment
Oi agram of expe'rimental apparatus. .. . ..'.
Experimental apparatus. . . .. ,.... .
Response of rabbit PIPA to 5HT, HIS" and~
Response of rabbit OIPA 1?HT and HIS~ ..
Effects of HIS, on rabbit IPA .
Mean responses of rabbit IPA to 5HT, HIS and NE,
Mean responses of rabbit 1JIPA to 5HT, HIS and NE
Mean responses of rabbit PIPA to 5HT, HIS and NE
Effect of repetitive 5HT dose-response trials

on rabbi t IPA .. .....,......
Ef,fect of repetitive HIS dose-response trials

on rabbit IPA •......• , ...
Effect of repetitive NE dose-res~nse trials

on rabbit PIPA •....•••......
Mean responses of rabbit PIPA to 5HT and HIS
Mean responses of rabbit EPA to 5ijT and HIS.
Mean responses of rabbit PIPA and DIPA to PGF2a•
Mean responses of rabbit PIPA and OIPA to PGE2
Rabbjt PIPA and DIPA responses to PGE2 • • . •.
Physi ograph traci ngs ill ustrati ng responses of

rabbit IPA to prosta?landins F2a ' B2, and E1.
Mean responses of rabblt PIPA to PGA1 .••.
Mean responses of rabbit PIPA to PGA1 ....
Mean resp ses of rabbit PIPA to ~B1 and PGB2
Mean res on es o~bbit PIPA to PGB1 and PGB2
Mean resp f rabbit PIPA to PGE1•
Mean responses of rabbit PIPA to,PGE1.....

2-16
2-17
2-18 .
2-19
2-20
2-21

.
2-10
2-11
2-12 •
2-13
2-14
2-15

2-8

2-9

1-1

1-2

1-3
1-4
2-1
2-2
2-3
2-4
2-5
2-6
2-7

Fi gure

(

I -

-'~,"

.\



\ /"'-
, , ,

I

~ :,c-
~y'

l_

List of Figures (Continued)

'.

Fi gu re

2-22

2-23

2-24

2-25

2-26

2-27

2-28

2-29
3-1

3-2
3-3
'3-4'

\J

3-5

\'
3-6

3-.7
3-8

,;,

,

Summtry ?fiTIean responses of rabbit PIPA to
''\.Ipr{lstagl andi ns A, 81, 82, E1, E? and F2a . . .

Summary""f mean responses of rabbl t PIPA to
prostagl andi ns AI' 81 , 82 and E1 .':--:-: . • . .

Physiograph tracing illustrating control responses of
rabbit IPA to ~G~2 and the responses of the
contracted artery to PGE2. . . . . . . . . •

Changes in the response of the DIPA to high K:
associated with increments in strip ~ength .

Passive isometric tension-length relationship for'a
rabbit PIPA and DIPA segmfi!nt •.•.. : " ...

Active isometric tensipn-length relationship for a
rabbit PIPA an~ DIPA segment •....•.•..

Length-tension relationship for proximal and distal
segments of ~monary arteries .. ; .•....

Electron micrographs of rabbit PIPA and DIPA . '..
Physiograph tracing illustrating control respenses of

rabbit IPA and the effect of methysergide on the SHT
responses .......•......•

Mean r~ of rabbit PIPA and DIPA'and SHT .•
Mean re!lponses of rabbit PIPA and DIPA' and .' ...
Effect of methysergide on responses to SHT in

rabbit PIPA ..•..•..•.••....
Effect of methysergide on'responses,to SHT in

rabbit DIPA .••. 'T- •••••••• \ •• •

Physiograph tracing illustrating cpntrol responses of
rabbit IPA ,1;0 HIS and the effect of cimeti di ne P~'us

mepyramine on the'HIS responses .•.......
Mean responses of rabbit PIPA and DIPA'to HlS .•
Mean responses of rabbit PIPA and DIPA to HIS

,x

Page

71

72

75

78

80

81

82
85

87
88
88

91

91

,~

93
9il

. 94

\
•



List of Figures (Continued)

Fi gure
,
Page

3-9

1-19

3-11

3-10
95

,95

. 98
99
99

101

101

103

106

106

107

108
110
110

112

113

116

3-24

3-25

3-21
3-22
3-23

3-20

3-18

3-17

Effect of mepyramine and cimetidine on responses
to HIS in rabbit PI PA . . . . . . . . . . . .

Effect of mepyramine and cimetidine on responses
to HIS in rabbit 0IPA . . . . . . . . . . . .

Physiograph tracing illustrating control responses of
rabbit IPA to NE and the effect of phentolomine on
the NE responses . . . . . . . . . . . . .

3-12 Mean. responses of rabbit PIPA and OIPA to NE .
3-13 - _ Mean responses of rabbi t PIPA and DrPA to NE .
~r~)~:;ect of propranolol.on responses to NE in rabbit PIPA

, ect of phentolamine on responses to NE in rabbit
'--' P~PA ........•..............

3-16 Effect, of propranolol and phentolamine on responses
to NE in rabbit DIPA .

Summary of mean responses of rabbit PIPA to 5HT,
HIS and NE '...•..............

Summary of mean responses of rabbit DIPA to 5HT,
HI Sand NE'. . . . . . . . . . . . . • . . . .

Summary of mean responses of rabbit PIPA to 5HT,
'HIS and NE .... -....•.... ;/....

Summary of m\an responses of rabbit Dr~A to 5HT,
HIS and NE ....•...•.. " . ',' .

Mean responses of rabbit PIPA and DIPA to AA
Mean responses of rabbit PIPA and DIPA to AA
Effec~s of indomethacin on responses to AA and PGF

2ain rabbit PI PA . • . • • . . . • • . . . . . • . • .
Effects of indomethacin on responses to AA and PGFZa

in rabbitDIPA .••.••.. ~ ••..•....
?hysi6graph tracings illustrating relaxant responses of

contracted rabbit IPA to IsoP and HIS .. -
J

•

xi •
e,'



•

Fi gure

3-26

3-27

3-28

3-49

3-30

3-31

3-32

3-33

3-34

List of Figures (Continued)

Mean responses of partially contracted rabbit PIPA
and DIPA to IsoP .....•..........

Mean responses of partially contracted r~bbit PIPA
and DIPA to IsoP . . . . . . . .

Effect of propranolol on responses to IsoP in
rabbit PIPA .

Effect of propranolol on responses to IsoP in
rabbit DI PA . . . . . . . . . . . . . .

Physiograph tracing. illustrating control responses of
contracted ra~bit IPA to HIS, the relaxant response
of contracted IPA to HIS in the presence of mepyramine

~ and the effect of cimetidine plus mepyramifie on the
HIS relaxant response .

Effects of mepyramine and cimetidine on responses to
HIS in partially contracted rabbit PIPA and DIPA .

Effects of mepyramine and cimetidine on responses to
HIS in part)ally contracted proximal segments

Effects of mepyramine and cimetidine on responses to
HIS in partially contracted distal segments

Effects of propr~nolol and indomethacin on HIS
relaxant activity in the presence of mepyramine
in rabbi t IPA . . . " .•.•...........

"

xii

Page

117

117

119

120

122

123

125

126

'"
129

•



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 blood flow and in the response to a n~mber of patho­

physi'ologic conditions including anaphylaxis, pulmonary embolism,

hypoxia and pulmonary edema (16,26,29,42,72). Although the exact

vasoactive agents involved are unclear, circulating catecholamines,

acetylcholine (ACh), angiotensin (Ang), bradykinin (Sk), serotonin

(SHT), histamine (HIS)oand prostaglandins (PGs) have all been suggested

as possible mediators of pUlmonary responses (6,26,29,42,72). The

nature and site of their actions on pulmonary blood vessels are often

altered or obscured)by 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 only by vasoactive agents but also by changes in blood

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

1
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~
as by gravity, blood viscosity, blood gases and pH (see Hyman et al,

1978). In addition to a direct effect on pulmonary vascular smooth

muscle, vasoactive substances may 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). Furthe~
more the lungs are uniquely efficient in inactivating a variety of

vasoactive agents (29)( Thus it has been necessary to develop

elaborate techniques to overcome the multitude of active and passive

effects of these substances to ascertain, in th~ intact and isolated

lung, their direct action on pulmonary \ascular.smooth~scle ..nwing

t~ the complex nature of intact lung priparations and to time

c~nstraints, the studies presented her~ concern solely ;solated strip

re~'es. . J
-./ ..----

Effects of Humoral Agents on Pulmonary Vasoactivity in the Intact and

Isolated Lung

Amines

The role of endogenous amines in pulmonary function. and the

response to immunological and pathological conditions is largely

unknown. HIS release has been associated with alveolar hypoxia,

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 lung to remove and inactivate SHT and

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


























































































































































































































































































































































