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7
INTRCDÜCTION

In 1933-34, Goldblatt (5.1,52) in England and Von Euler (43-45)
in Sweden independently found that human seminal plasma and sheep
seminal vesicle contain a potent lipid substance v/hich exerts both
smooth muscle stimulant and depressor actions.

Von Euler named

this substance prostaglandin (PG) since it was erroneously thought
that PG is abundantly present in the prostate gland.

Thereafter,

little definitive information on the biochemistry and pharmacology
of PG was obtained until Bergstrom and his associates (22-24)
isolated and synthesized different pura prostaglandins (PGs) in
1957 (Fig. 1).
For the past several years, especially for the past two or three
years, great progress has been made on the elucidation of the precise
pharmacodynamic and biochemical actions of PGs, as larger quantities
of pure PGs became available for experimental and clinical studies
it iias been found that PGs exert numerous pharmaoclocyical actions
in the bociy, which are summarized in Table 1.

The purpose of this

ojíiiunication is to review the important developments in research on
the bioehardstry, pharmacology, pathophysiology and therapeutics of
PGs in the respiratory system.

Because of the phenotenally rapid

and extensive progress of PG research, it is almost impossible to
cite all available information.

The reader should refer to recent

monographs aid revia*s on PGs (17,44,62,63,102,103,124,139) for
further details.

A.

BIOGŒMISTFY OF PROSTAGLANDINS

1.

Cr.«jnical Structure

All PGs are 20 carbon hydroxy fatty acids, and derivatives of
prostanoic acid (17).

As shown in Fig. 1, PGs of the E type (PGE-^

PGE2, PŒ3) contain the characteristic llo-hydroxy and 9-keto groups
on a five rnenbered ring.

The PGs of the F type (PGFla/ PGF2a and

PGF3a) are analogous to the E type, but the 9-keto groups is reduced
to a hydroxy group.

In the PGs of the A type ^ and PGA2) and of

the B type (PGBi and PGBi) the lla-hydroxyl group is absent and the
five numbered ring structure is modified to form a 10,11 double bond
and on 8,12 double bond, respectively.

All of thr naturally occurring

PGs contain the 13,14 trans-double bond and a 15-S-hydroxy group.
^1 ' PC^Fla' P^i and PGB1 contain only this one double bond, while
PG^2/ PG^2a'

^

911 additional 5,6 cis double bond.

PGEs and PGF3a have three double Lends, 13,14-trans, 6,5 cis and
17,18 cis double bonds.

Itoo groups of PGF iscmers, i.e.,

^,

PGF2o( and PGF3a and PGFlß, PGF2ß, and PGF3ß are so designated
according to the a- or ß-arientatian of a hydroxyl group at C9.
It appears that both the PGB group and the PGFß group do not occur
naturally, but are produced artificially during extraction of
alkali treatment (17).
2.

Distribution
All PGs listed in Pig. i occur i,,

pldaIra

contains the highest PG oonoentratiens in the body (17).

Sere of

the PGs are also found in various other tissues such as lung, kidney.
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braiji, spinal cord, pancreas, liver, thymus, iris, urtfcilical oovd
and placenta.

PGs also occur in menstrual fluid, amniotic fluid,

and renal, splenic and adrenal venous bloods.
in semen,

Contrary to the PGs

(predominantly PGE¿) the majority of tissue PGs in various

species of animals and in humans including the respiratory system
are either PGE2 or PGF2a

(6,19,20).

PGE2 and PGF^ have also been

detected in human lungs (16,76,77) and the distribution in human
lung is similar to that in most animals with a preponderance of PGF2ci.
Human bronchial imscle contains Lower concentrations of PGs with
slightly higher amounts of PGE2.

The concentrations of PGs in the

lung are markedly less than those in semen (250 yg/ml).
these concentrations are considered to be

However,

biologically very high,

since the threshold concentrations ol PGs for biological activities
are usually 1 ng/inl or less in different bioassay systems.

Furthemore,

the venous blood concentrations of PGs after nerve or mechanical
stimulation may increase to 2C0-300 ng/ml by novel biosynthesis of
PGs in the tissue.

Recently, seme investigators concluded that

the PGs measured in tissue are really released PGs and not PGs
stored like neurotransmitters.
3.

Biosynthesis and release
In 1964, Bergstrom et al.

(18) and van Dorp et al.

(40) independ¬

ently found that, in sheep vesicular glands, a polyunsaturated 20
carbon fatty acxd (PUPA), dihcmo-y-linoleic acid is converted into
PGE1 and PGFla while another PUFA arachidonic acid is converted into
PGE2 and FGF2a (Fig. 2).

a similar synthesis of PGs can occur in

many tissues including lungs, kidneys, heart, stcmach, liver, intestine,
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placenta, brain and iris (14,17,82,110,123,124,131).

It apears

that PGs are not stored in the tissues but the precursors (PUFA)
are present as moieties of the phospholipids in the cell plasma
membrane or its vicinity (82,125,131).

With a given appropriate

stimulus, the magnitude of the biosynthesis (consequently release)
of PGs is determined nainly by the amounts of the precursors available
in the tissues (17,123,125,131).

Hence, the tissue concentrations

of PGs are markedly diminished in animals with essential fatty acid
(PG precursors) deficiency (39).

As shown in Fig. 3 and in Table 3,

numerous mechanical, neuronal and chemical (hormones and drugs)
stimuli activate phospholipase A in the cell membranes, and thus
cleave the PUFA (82).

Since PG synthetase (s) is abundantly present

in the tissues including lungs (17,131), the cleaved PUFA are readily
converted into the respective PGs and rapidly released in or near
the cells or into the circulation, and exert a variety of biological
actions (17,103,117,118).

Recent observations (28,62,103,125,137)

suggest that the cyclic AMP system is closely linked with the
pharmacological actions of PGs.

It has been postulated that the

PGs may be involved in a negative feedback mechanism at the sites
where the released neurotransmitters, acetylcholine and norepinephrine,
and the circulating hormones exert their actions (62,125).
4.

Metabolism
Anggard and Samuelsson (9-13) first found that PGE^, PGE2 and

PGE3 are converted into the respective 15-keto-PGE ocmpounds by the
oxidation of the secondary alcohol group at C15 in swine lungs.

On

the other hand, PGE compounds are converted into the respective di-
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hi'drc-PGE oonpcwnds and 15-keto-dihydro-PGE cxitpounds by the reduction
of 13Adouble bond in guinea-pig lungs.

Likewise, PGF^

and PGF2

undergo similar metabolic pathway in guinea-pig lungs (54).
Recently, it was found that PGE1 is very effectively metabolized not
only in swine and guinea-pig lungs but also in rat and human lungs
(122,129).

The enzymes vhich catalyze the oxidation and reduction

of PGs have been identified as NAD+ -dependent 15-hydroxy—prostaglandin
dehydrogenase
(9).

(PGDH)

and ^¿prostaglandin reductase, respectively

PGDH has been purified from swine lungs

found to be specific for PGs

(15,105).

(15) and has been

Since either 15-keto-

dihydro-PGE1 exerts very little biological action, the oxidation with
POOH is the initial and major pathway by which PGs in the body are
inactivated

(7,100,104,105,131)

(16,49,64,102,106)

(Fig. 4)

A nuntoer of workers

shewed that the magnitude of the depressor effect

by the intra-arterial injection of PGE^ is significantly greater than
that obtained by the intravenous
PGE^ in dogs and man.

(i.v.)

injection of the same dose of

Using the cascade bioassay technique

(47,93,

120,141,142), it was shewn t’_c PGE^ is greatly inactivated by the
rat and cog lungs when injected intravenously, whereas dog and rat
plasma inactivates PGs very little

(47,98,113,115).

Furthenrore, it

was found that the lung metabolized PGE oerpounds rare rapidly than
PGA oerpounds

(64,93)

since PGA oorpounds are poorer substrates than

PGE oorpounds for PGDH (105).

In addition to the initial and major inactivation of PGs by
PGDH and 13Aprostaglandin reductase, °Gs are further degraded by non¬
specific beta- and omega-oxidation mostly in the liver.

Recently,

6-

-

beta-oxidation vas also found to occur in the rat lung although its
biological significance ranains uncertain (114).

The major urinary

metabolites of PŒ1 is 5,7^ihydroxy-ll-keto-tetranor-prostanoic acid
(53,54,113).

These oxidations are similar to other fatty acid

metabolism in the liver mitochondria and microsones, and do not appear
to Le a major inactivation process.
B.

PHARMACOIßGICAL ACTIONS OF PROSTAGLANDINS ON

THE M3N-RESPIFAIORY

SYSTEM
As shown in Table 1, exogenously administered PGs exert a variety
of biological actions in many species of animals and in man (17,44,
»>3,101,103).

In addition, it has been shewn that PGs modulate

synpathetic activity by altering catecholamine release fron adrenergic
nerve terminals (57,59,71,72).

pc^ and PGE2 block and PGF2a enhance

norepinephrine release, thereby inhibiting or potentiating duronotropic
action in the heart (59,148) and vasoactivities in the spleen and
limb blood vessels (57,71,72).

Because of the direct and indirect

multiple biological actions of the PGs, many investigators have been
tempted to postulate a number of attractive hypotheses to ascribe PGs
to many physiological and pathophysiological conditions in man.
C.

PHARMACOLOGICAL ACTIONS OF PROSTAGLANDINS ON TOE RESPIRATORY SYSTEM

1.

Effects of prostaglandins on isolated respiratory sucoth
Animal smooth muscle:

PGFla or PGF2a causes a weak oontraciton

of isolated tracheal smooth muscle fron cats, rats and guinea-pigs,
but nearly no effect in feline bronchial muscle (8,87).

in isolated

cat, guinea-pig, ferret or dog tracheal muscle, PCT^ or PGE2 not only
reduces the tone but relaxes contraction induced by acetylcholine,
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dihydroerçptamne, histaü™ or Ba0.2 (87,140).

Prior addition of

PŒl was found to reduce the contraction induced by subsequent
acetylcholine adrúnis trat ion.

Both PGE, and Klij «ere effective in

relaxing cat and nnntey tracheal nnscle.

Recently, in cat tracheal

TOscle both PGhj and PŒj were found to innibit acetylcholineinäuoed contraction essentially in proportion to concentrations
(64).

Although PGA! was about 30 tines less active than PGEj as an

«ÜMtor of tracheal nuscle contraction, the effects of PGA! last
considerably longer than that of PGE^
Hunan aieoth nuscle:

Both PGEj and PGE2 relax isolated human

bronchial nuscle, P®! being slightly tore potent than PŒ,

,132,138).

m contrast, PGP^ causes a marked contraction after a latent period
Of one minute during vhrch there is saetines slight oscular relaxation.
reFj, -induced contraction can be inhibited by either PGE! or PGE2
but ,»t ty atropine or msEyramine (138).

like PGF^, sis-a

reacting lipia substance produced in anaphylaxis of the isolated
lu.-,) also contracts isolated hvnan bronchial muscle (34,88-90).
Repeated high doses of SRS-A or PGF2a render bronchial nuscle strip«
insensitive bit those made insensitive to PC^ still
SRS-A and vice versa (34).

respond to

Both Pa^ and R3E, still relax nuscle

strip« ^ich hsye ^ renlered ins^itive to

ihese observa-

brons suggest that SRS-A and ^ are different substances,

collier

end ^tman ,34, also sh»ed t^t ^-induced contraction of bmmn
bronchial nuscle can be reäiced by nm-steroidal anti-inflrmeatory
dnigs such as fenamates.

8-

-

I
Ihe bronchial smooth nuscle-relaxing effect of PGE. is not
f

j

J-

abolished by prior treatment with propranolol or phenaxybenzamine
(132).

Both propranolol and sotalol ocnpletely abolish the relaxation

of human bronchial ; túsele produced by isoproterenol (2) but have
no effect either on the PCT^-induced relaxation or on the PGF2ainduoed contraction.

These observations indicate that the action

of the PGs is not mediated through stimulation of adrenergic
receptors.
2.

Effects of prostaglandin on pulmonary airways resistance.
Animal studies:

ugAg* i.v.)

As shewn in Fig.

5, in cats PGF„

(15-30

increases bronchial resistance (as measured by the

Kdnzett-Rossler method) and right ventricular pressure whereas
systemic arterial pressure and heart rate decrease markedly (8).
Atropine abolishes the bradycardia but has no effect on the other
cardiovascular changes or on the increase in pulmonary airways
resistance.

Since

effect

a isolated tracheal or

bronchial muscle of the cat, it has been concluded that the increase
in airways resistance is secondary to its effect on pulitonary
vasculatures.
Although both PGE^ and

relax isolated tracheal muscle of

the cat. Main (87) found that PCT^ (0.3 pgAg. i.v.) increases
pulmonary airways resistance in the cat.

In contras’ , in rabbits

and guinea-pigs, the PGE^ antagonizes the increase in airways
resistance induced by histamine or vagal stimulation arri semetimes
reduces the resting bronchial tone.
that PGE^

Rosenthale et al.

(0.05-i ugAg, i.v.) or P®2

(4-8

(126) found

vg/kg, i.v.) ocnpletely

prevents bronchooonstriction caused by histamine, 5-hydroxy-tr^ptamine,

L
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acetylcholine, bradykinin and SRS-A in anesthetized guinea-pigs
(84,126).

hi

It has also been denonstrated that PGE2 aerosol is effective

preventing histamine (aerosol)-and horse serum (aerosol)-induced

bronchoconstriction in the conscious guinea-pig (84,126,127).
Large et al.

(84) shewed that, against histamine-induced broncho-

constriction, the potency of the bronchodilator effects of iso¬
proterenol and PGE-l aerosol is similar although

is slightly less

active than isoproterenol and its duration is shorter (Fig. 6).
In the guinea-pig by the i.v. route, PGE-l exerts slightly more
bronchodilator activity than PGE2 while PGFla and PGF2a are very weak
bronchodilators (134).

By the i.v. route both isoproterenol (0.2 yg)

and PGEx (1 ug) increase the heart rate by a similar degree.
aerosol administration of

^

An

(100 yg/ml) for 10 minutes causes no

tachycardia while an aerosol of isoproterenol (1 yg/ml) given over
the same period produces a marked tachycardia.

Propranolol inhibits

the bronchodilator effect produced by isoproterenol (aerosol) but
not by

PGE1

or PGE2 (aerosol)

(2,127).

Although

is a nore

potent bronchodilator than isoproterenol, it appears to have less
efrect on the heart.

There is considerable species variation in

the bronchodilator effects of PG aerosols.

In dogs, isoproterenol is

ccnpletely effective in preventing the bronchoconstrictor effect
(increased pulmonar- resistance and fall in carpliance) of histamine
but the activity of PGE2 is weak (127).

In contrast, in the nonkey,

both isoproterenol and PGE2 are effective and approximately equipotent
bronchodilators.

In the anesthetized cat, both PGE1 and PGE2 (aerosol)

effectively reverse the broichooonstriction induced by histamine,

10
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5-hydroxytryptamine, bradyKinin, methacholine or neostigmine (128)
(Fig. 7 and 8).

The bronchodilator effect of

PGE±

and PGE2 (aerosol)

is not associated with any significant cardiovascular effects
whereas that of isoproterenol and aerosol is always accompanied
by marked positive chronotropic and inotropic actions in cats
(128) and dogs (128,147)

(Fig. 9).

Maximal bronchodilatation usually

occurs within 2-3 minutes and lasts for 10-30 minutes.

The duration

of the bronchodilatation induced by PGE1 and PGE2 appears to be
slightly less prolonged than or the same as that by isoproterenol
(35,36,128).

It has been concluded that in the cat or guinea pig

both PGE1 and PGE2 are approximately 10-100 times irore potent than
isoproterenol as bronchodilators by aerosol administration (35,36,128)
Human stid-igg;

a.

Aerosol administration:

dilator effect of

PGE1

In healthy subjects the broncho-

or isoproterenol aerosols is insignificant,

probably because the broncMal smooth muscle of the airways is alnost
fully relaxed in these subjects (34) .

Inhalation of an aerosol of

the triethanolamine salt of PGE1 (PGEj-TEA) has no effect on the
forced expiratory volume in one second (FE^) and is better tolerated
than the free acid.

The effect of PGE2-TEA by aerosol is indistin¬

guishable from that of PCT^-TEA in healthy subjects (38).

PGE^-tea

(55 ug) and placebo were administered to five asthmatic patients in
a randonized manner (34).
either PO^

or

As seen in Fig. 10, the inhalation of

isoproterenol increases the FE^ by a similar extent

and duration, without producing any significant changes in the heart
rate, blood pressure or BOG.

With isoproterenol, the maximum broncho-

11-
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dilator effect is usually obtained immediately after the inhalation,
then decreases slowly over the subsequent 60-90 minutes.

The effect

of PGE^ appears less rapidly and the time of maximum bronchoda latation
occurs approximately 30 minutes after the inhalation.

Althougn

bronchodilatat on appears to be more persistent after PGE^ than after
isoproterenol, the overall duration of
is very similar.

tna

effects of the two drugs

Most of the asthmatic patients experience retro¬

sternal discomfort as the bronchodilator effect occurs after inhalation
of PGE^.

As shewn in Fig. 11, there is a slow but progressive

fall in the FEV^.

Wheezing and bronchospasm occur when the FEV^

has fallen to 2.3 liters but can be rapidly reversed by aerosol
isoproterenol.
tive to

A certain subject appears to be particularly sensi¬

the irritant effect of inhaled substances since a modest

fall in FEV^ occurs after inhalation of the placebo.

In this subject

the time oourse of the progressive fall of FE^ associated with
coughing suggests that the bronchospasm is reflex in origin and
secondary to the irritant effect.

The bronchodilator effects of

PŒ2 aerosol in two asthmatic patients are similar to those of PQE^.
PŒ2

(5*5 - 55 y g) produces a

40-60 minutes duration.

18 - 40% increase in the FEV^ for

Hence, as a bronchodilator, PGE

is as

2
effective as PGEj

(38).

Herxheimer and Roetscher (60) also studied the affect of PGE^TEA
aerosol (100 yg) in 37 patients with chronic obstructive pulmonary
disease, using the non-forced inspiratory vital capacity and the
maximum expiratory flow rate (peak flow) as an index of changes in
airways resistance.

In the majority of patients, PGE^

improves vital

capacity and peak flew which are maximal 30 - 40 min after the inhalation.
Seven patiente: with irreversible airways obstruction were not benefited by
I'GEp isoproterenol or salbutamol.

Seven other patients gi ven isoproterenol

initially showed an irr^rovariant in vital capacity and peak flow but the
subsequent administration of PGE^ only resulted in further improvanenL in one
patient.

In 18 of the regaining 23 patients, the ' 1 Nation of PGE]_ signifi¬

cantly increased the vital capacity and peak flew.

In 7 of these patients

the response was good (peak flows increased by 13 - 48%) and in 4 only moderate
(peak flows increased by 6 - 12%) but no further improvements could be main¬
tained with isoproterenol or salbutamol.

In 3 patients there was a good

improvement with PGE^ but isoproterenol caused at least an additional 15%
increase in peak flow.

Four patients shewed a good response to PGE^ but not

to isoproterenol or salbutanol.

In the remaining 5 patients there was no

significant improvement with PGE^ but a good improvement with isoproterenol.
In this series, 25 of the 37 patients (67%) who experienced coughing after
the inhalation shewed no bronchodi la tor response to PGE^ but a subsequent
improvement on isoproterenol.

Very .recently, Hedqvist et al. (58) shewed

that aerosol inhalation of PGF^

increased airway resistance in healthy subjects.

The effect was relatively short-lasting and complete recovery occurred within
10 minutes.

They concluded that the potency of the bronchoconstrictor action

of PGF2a is considerably greater than that of histamine.
b.

Intravenous administration:

Recently PGE2 and PGF2qi have been rather

extensively used intravenously for the induction of labor and therapeutic
akorhLon (75,78).

Smith (133) studied the effect of the i.v. infusion of

or ^ 2a on Pulinoria*Y airways resistance in 15 patients who were sub¬
jected to therapeutic abortion (Fig. 12,13).

Four of the patients had a

family history of asthma, eczema or bronchitis but none suffered from asthma
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or had any other cardiopulmonary disease at the tiiæ of the study.

A control

groiç consisted of 11 women who were undergoing minor gynecological operations.
In 3 out of 8 patients, PGF^ (25-200 yg/mi*, i.v.) caused no change in airways
resistance.

In the oilier 5, there was a significant increase in airways resis¬

tance although the dose at which the resistance rose varied between individual
patients.

No symptoms or signs of bronchospasm could be noted in any patient

in this group.

In 7 patients PGE2 (2.5 - 20 yg/min, i.v.) caused a small

increase in airways resistance.

In 5 paUents, ««re was a significant, dose-

related increase in airways resistance.

As in the previous group, there was

no evidence of dyspnea, cough or bronchospasm, and in all patients, the airvrays resistance returned to normal on discontinuing the infusion.

These

results indicate that the i.v. infusion of PGE2 or PGF2a increases airways
resistance in healthy subjects, presumably due to an increase in bronchial
smooth nuscle tone although the pressure of some bronchial edema cannot be
excluded.

Although none of the subjects had any respiratory difficulty in

view of the changes in airways resistance, PQ^ or PGF^ should not be infused
in patients with pre-existing obstructive airways disease.

An increase in

bronchial snooth nuscle tone due to i.v. infusion of PGF^ is in agreanent
with previous observations with this PG.

The results with the i.v. infusion

of PGE2 are not in accordance with those of the previous study, i.e., bronchodUator effect of PGE2 given by i.v. or aerosol in nost species.
in most studies of the effects of the aerosol administration of PCs on
the airways resistance, PGE1 and PGE2 are found to be more potent bronchi
dilators than isoproterenol on a weight basis although there is considerable
species difference.

In human subjects, small doses of PGEi or PGE2 given

by aerosol are effective bronchodilators, but the i.v. injection of either
PGE2 or PGF2a increased ai ways resistance (35,36).

The difference in the
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bronchodilator activity of PGE

and PGE

when given by i.v. and aerosol routes

12
may be caused by their metabolic inactivation in the pulmonary parenchymal
tissues.

PGs are found to be stable in the blood b\ vitro (47,98,113,.115)

but their half-life in tiie circulation is extremely short because they

eure

rapidly inactivated in one circulation through the lungs of guinea pigs
(47,122), rats (115), dogs (15), and man (107), as well as through the liver
(131) and kidneys (99).

It seems possible that a considerable amount cf

infused PGs are inactivated in the piilmonary circulation before reaching
bronchdal smooth muscle sites.

It is also theoretically possible that

fGs would reach bronchiolar smooth muscle through the airway route (aerosol)
quicker than through the pulmonary capillary (i.v.) route.

PGE^ or PGE2

given by aerosol is inactivated in the lungs shortly after the initiation
its bronchcdilator effect.

This would account for their high bronchodilabor

potency, relatively snort duration of action, and lack of cardiovascalar
effects (84,128)

(Fig. 14).

Changes in the potency of PGs by aerosol in

species might reflect differences in their rate of inactivation
(PGDH activity) and responsiveness of bronchial smooth muscle to PGs.

D.

PHARMACOLOGICAL ACTIONS OF PROSTAGLANDINS ON THE PULMONARY AND NASAL
MUCOSAL CIRCULATIONS
A number of investigators (49,91,96,97,101-103,111,112,129) fourvl that

i. v. administration of PGE^ or PGE2 0.1 to 4 yg/kg increases pulmonary
arterial pressure in anesthetized dogs.

In contrast in the isolated rabbit

j. tmg preparation, PGE^ dilates pulmonary vascular beds and reduces pulmonary
vascular resistance in both control dogs and dogs pretreated with propranolol
and phentolamine (56).
decreases and

Likewise, in the isolated guinea-pig lung pgr^

i^^öases pulmonary vascular resistance due to their

direct vascular actions (116).

Neither mepyramine, propranolol nor phentolamine
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nodifies the ’vasodilator effect of PGE^ or the vasoconstrictor effect of
^201 ' indicating that the vasoactivities of the two PGs are not mediated by
tute adrenergic and histaminogenic irechaniart. in the pulmonary vasculature.
In anesthetized dogs, it vas also found that the i.v. or i.a.

(pulmonary

artery) injection of PGE^ (1 ug/kg) decreases pulmonary arterial perfusion
pressure when either cardiac input or pulmonary arterial blood fljw is ketp
constant by means of a Sigmamotor punp (106,108).

Both PGE^ an! PG^ cause

a biphasic change in systemic venous return, an initial marked increase being
followed by slight decrease before return to control values (42,106),
Nakano and Cole (106) therefore concluded that PCT^ and PG^ increase pulmo¬
nary arterial pressure by increasing the systemic venous return and pulmonary
ar^er^a^ blood flew.

Hyman (66,67) shewed that the infusion of PGE^ (0.8-

1.3 pg/kg/mia for 10 min) into the pulmonary lobar artery decreases mean
pulmonary arterial pressure, lobar arterial perfusion pressure and small
pulmonary lobar vein pressure as systemic arterial pressure decreases in
dogs, while the left atrial pressure remains unchanged.
dogs, Giles et al.

In anesthetized

(49) found that the i.v. infusion of PGE^ (0.33-0.67

yg/

kg/min) decreases not only pulmonary vein pressure but also pulnonary blood
volute.

In contrast, Said (129) and Anderson et al.

(4' found that PGE^

increases both pulmonary arterial and venous pressures without producing
any significant change in the left atrial and pulmonary wedge pressures
in dogs and calves.
The i.v. administration of PGF^^ decreases systemic arterial pressure
but increases heart rate, right ventricular systolic pressure and pulmonary
arterial systolic pressure in cats (8,80,81).

In contrast, the i.v. adminis¬

tration of PGF2j (8-10 yg/kg) markedly increases pulmonary arterial pressure
and slightly increases systanic arterial pressure in dogs (41,66,101-103,
106,111)

(Fig. 14) and in calves (4).

The

i.a.

injection of

PGF2a increases

-i6-

the puljnonary arterial pressure even when pulxronary airterial blood flow is
kept constant, indicating the direct vasoconstrictor action of PGF^

2a

^2a

(21).

directly constricts pulmonary veins and/or venules, and increases

pulmonary venous pressure in dogs (41,66,110,129).

Therefore, it can be

concluded that the increased pulmonary arterial pressure by PG?^ is most
likely due to the constriction of pulmonary arterioles and in part to that
of pulmonary veins.

Very recently, Nakano and McCloy (110) showed that

continuous i.v. infusion of

slightly increases pulmonary arterial

pressure and venous pressure although pulmonary airway resistance increases
markedly.

This can be due to slowly developing vachyphlaxis in the pulmonary

vasculatures in the dog.

It was also found that meclofenamate potentiates

the hypertensive action of
pulmonary vessels to PGF^.

by increasing the responsiveness of the
The underlying mechanism for this phenomenon

remains uncertain.
The injection of PGE^, PCT^, PGF-^ or PGA^ into a ocrmon carotid artery
constricts the snail vessels in the nasal mucosa, resulting in a decrease in
the airway resistance in the nasal cavity in anesthetized dogs (68,136).
The magnitude of this action is essentially related to the dose.

PGE^ and

PGE2 are potent vasoconstiichors of the nasal blood vessels, the threshold
dose ranging from 1 to 50 ng.
that of PGE^ or PGE2.

Hie potency of PGA^ and PGFla is about 1/100

The maximum effect produced by PGE^ or PGE2 is about

equivalent to that produced by an equal dose of epinephrine.

However, the

duration of the action of PGs is approximately 7 times longer than that of
epinephrine.

Likewise, Anggard (5) observed that the topical application of

(10-15 yg) increases nasal patency through nasal mucosal vasoconstriction
in 4 out of 7 human subjects.

On the other hard, Jackson (68) showed that
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the topical application of PGE^ (27-100 yg) constricts nasal blood vessels
^or 3-12 hours in 5 out of 15 human subjects.

Seven subjects occasionally

had a similar response whereas the remaining 3 had no response to PGE^.
It remains uncertain whether prostaglandins exist in the nasal mucosa or how
prostaglandins constrict the blood vessels in this particular area.

Pre¬

sently, the potential usefulness of PGE^ as a nasal decongestant in nan
appears to be limited since the effectiveness of its topical application
is rather unpredictable.
E.

MECHANISM OF THE PHARMACODYNAMIC ACTIONS OF PROSTAGLANDINS ON THE
RESPIRATORY SYSTEM
From the previous observations, it is evident that PGF

causes con2a
traction of the isolated tracheal and bronchial smooth muscle from various
species of animals.

In contrast, PGE1 and pge2 not only inhibit the intrinsic

tone but also antagonize contractions produced by acetylcholine, hi staminé,
dihydroergotamine, and BaCl2 in vitro (87).

Both PCT^ and PŒ2 given i.v.

or by aerosol similarly antagonize bronchooonstriction caused by histamine,
serotonin, acetylcholine, bradykinin and SRS—A in various animal species
in vivo (2,84,87,126,127).

These observations suggest that PCT^ and PGE2

directly relax bronchial smooth muscle rather than acting as an antagonist
to any particular biological bronchooonstrictor substance.

In the j sol ated

bronchial smooth muscle, the bronchodilator effect of PGE, and PGE_ cannot be
abolished by alpha- or beta-adrenergic blocking agents such as phenoxybenzamine
and propranolol (2,131).

Likewise, in vivo, the bronchodilator effect of PGE^

or PGE2 'íivon i.v. or by aerosol is not affected by propranolol, reserpine,
atropine and hexamenthonium or by such procedures as vagotomy, pithing or
adrenalectomy (2,8,84,126,127).
ky

03ts

The increase in bronchial resistance induced

influenced by neither vagotomy nor atropine (8,81).

The bronchodilator effects of PG^ and PGE2 are therefore direct and not

r
»i
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media ted by synpathoadrenal stimulation.

Likewise, the bronchoconstrictor

action of PC3r'2a is not likely to result fron cholinergic stimulation or
histamine release.

Similarly, the pulmonary vasodilator action of PGE^

and PGE-, and the pulmonary vasoconstrictor action of PGF_

c

2a

are neither

blocked by cholinergic nor adrenergic blocking agents (103).
It has been shown that the cyclic AMP system is closely linked to the
mechanism of action of hormones and PGs (28,62,103,125,137).

Both PGE^ and

PGE2 stinulate adenyl cyclase and increase intracellular cyclic AMP in different
tissues except adipose tissue (17,103).

loth epinephrine and isoproterenol

activate adenyl cyclase, and theophylline inhibits phosphodiesterase thus
synergistically increasing the intracellular concentration of cyclic AMP
in the rat lung (79,137).

Hence, it has been postulated that the broncho-

dilator effect of epinephrine, isoproterenol or theophylline craild be mediated
by an increase in the concentration of cyclic AMP in the bronchial srooth
muscle.

Unfortunately, the precise effect of the PGs on cyclic AMP in the

bronchial smooth nuscle remains uncertain, partially because the lung consists
of heterogenous tissues.

Hcwever, it is conceivable that changes in the

tone of bronchial smooth muscle are directly related to intracellular cyclic
AMP levels.

Even though effects of PGs on t■ a bronchial smooth muscle are

mediated through the cyclic AMP system, these effects cure direct and not
induced by adrenergic and cholinergic mechanisms since these effects were not
blocked by cholinergic or adrenergic blocking agents.
et al.

Recently, Adolphson

(1) showed that difcutyryl cyclic AMP produces relaxation in isolated

guinea—pig tracheal muscle and that this effect is potentiated by theophylline.
If PGE! and PGE2 cause an increase in cyclic AMP in bronchial srooth nuscle
cells, this may be the mechanism responsible for bronchodilator effect.
so, one has to ascertain whether the bronchoconstrictor effect of PGA^

If
is

À
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due to its inhibitory action on the concentration of cyclic AMP in the
bronchial smooth muscle.
F.

PAmOPHYSIOIÆGICAL ROLES OF PROSTAGLANDINS IN THE RESPIRATORY SYSTEM
It remains uncertain whether the PGs are involved in physiological and

pathological pulmonary functions.

Although entirely presunptuous, from many

experimental observations, it is tempting to speculate on their possible roles
^■^erent* pulmonary diseases.

It is evident that the PGs are capable of

exerting potent biological actions in the lung and other tissues (103).
As pointed out by Piper and Vane (120), different stimuli have been found
to release PGs from isolated perfused lungs of the guinea pig.

The feature

oormon to all of these procedures is probably mechanical distortion or damage
or chemical (pharmacological and honrnnal) stimulation to the cell membranes,
and the release of PGs may follow any disturbance of the cell plasna merobrane.

When stinulated chemically or mechanically, PG concentrations in

venous blood iron the lung, kidney or spleen appears to be considerably
higher than the tissue concentrations (122), and the tissues release more
PGs than can be extracted (50,125).

It seems that the release of PGs and

their actions occur with PG biosynthesis augmented by different stimuli.
Because both a potent bronchooonstrictor, PGF2a, and a potent bronchodilator,
PGE2, can be readily synthesized, it has been speculated that the PGs are
& le^cw responsible for the regulation of normal bronchial smooth muscle
tone, either acting as "tissue hormones" or having a strictly localized
effect on release.

Unfortunately, no study has been nade to show that PGs

play a role to support a local regulatory function.

Such a function would

necessitate the differential synthesis of PGE2 and PGF2a from the coraron
precursor, arachidomc acid in response to changes In bronchial smooth
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irtascle tone (83).

However, some indirect observations are worth consideration

Karim (76) failed to detect any PGs in dog lung.

This could be responsible

for the weak bronchodilator effect of PGE2 in this species (127).
the lungs of the guinea pig contain greater concentrations of PGF-

Conversely,
than PGE-

and this species PGE^ and PGE2 are particularly effective bronchodilators
(84).

These findings may be fortuitous but suggest tnat the presence or

absence of the endogenous PGs in real ted to tteir ability to affect bronchial
snooth nuscle.

This might conceivably operate through a species and indivi¬

dual difference in the effects of the PGs on cyclic AMP.
PGs may also be involved in the physiological pulmonary ventilationperfusion relationships.

Although entirely speculative, it is possible to

visualize that such substances, which have powerful effects on bronchial arxl
vascular smooth nuscle, may produce proportional changes in ventilation and
pulmonary blood flew.

It can be speculated that pulmonary distention increases

pulmonary arteriolar resistance as wall as airway resistance, and vice versa
with pulmonary atelectasis or decrease in airways resistance.
Pulmonary enfaolism and infarct:

in acute experiments, it has been

shown that embolization of pulmonary artery branches with air, blood clot
and a variety of particles is accompanied by a marked bronchoconstriction
(29) and the release of PGs (86,120).

It appears that

predominantly

released and responsible for bronchoconstriction in this situation.

It is

not certain, however, whether the mechanical distortion or ischemia in the
lung tissue due to pulmonary embolism directs the biosynthetic pathway of PGEto that of

experimental pulmonary embolism), serotonin also is

found to be released fron platelets (3,139).

PGs released as a result of

embolization or from platelets (135) seem to be important mediators although
their exact role has yet to be determined.

Recently, in our laboratory in
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oontrol dogs, acute erctolization of the pulmonary arterioles with Ra.qn
4
increased pulmonary arterial pressure and airways resistance (29).

However,

in dogs pretreated with indcnethacin, BaSO^ pulmonary emboli increases pulmo¬
nary arterial pressure but causes no effect on airways resistance, suggesting
that the bronchooonstriction was induced by novelly synthesized TXlF

as a

2a
result of pulmonary embolization.

The precise biochemical mechanism through

which tl>e synthesis and relea.se of PG are increased in pulmonary embolism
and/or infarct remains unknown.

It appears that multiple possible factors

may be involved here including (a) mechanical and chemical insults on the
pulmonary vasculature and its vicinity (120),

(b) platelet release phenomenon

(17,67) and (c) pulmonary ischemic; (92).
Bronchitis, pneumonia and lung aboess;

No study has been made on the

effects of these inflanmatory conditions in the respiratory system or vice
versa.

However, in the cutaneous infectious and arthritic lesions, the PGs

iia/e been found to be released, thus causing inflammatory manifestations
such as swelling, redness, increased vascular permeability, exudation and
pain (55,74).

Furthermore, it has been fairly well-established that various

pyrogens can stimulate the thermoregulatory centers in the hypothalamus to
produce fever in animals (31,46,94,95,142).

In addition, PGs appear to

induce leukotaxis and other associated cellular responses in the inflammatory
lesions (73,74).

The underlying mechanism responsible for the pathogenesis

of the inf lanmatory changes is illustrated in Fig. 17.

Weissman and his

associates (145,146,419,150) showed that PGs prevent the release of lysoscmul
enzymes by stabi lizing the lysosomal membranes.

From these observations,

it is tempting to speculate that the inf lanmatory manifestations in the
respiratory system are also accompanied by alteration in the biosynthesis and
release of PGs in patients with bronchitis, pneunonia and lung aboess.
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Pulmonary neoplasm:

Again no definitive data is available for the

pathophysiological role of PGs in the pulmonary neoplasm.

It has been

shewn that PGs are released from thyroid carcinoma and other neoplasms
and would cause certain systemic effects such as diarrhea.

It is

possible that the neoplastic tissues in the lungs and bronchi would
increase PG synthesis and ir-

cause certain respiratory syrrptems such

as bronchospaan and bronchial congestion.
Anaphylaxis:

It has been shown that phytoagglutinin and other

antigenic suistances can release PGs in platelets and leukocytes (63,120).
In the isolated perfused lungs of the guinea pig, ovalbunin was found to
release PGs (120,121).

PGs are also released in anaphylactic reactions

but it is again difficult to determine the mag.J.tude of their contribution
to the bronchooonstriction because other highly active substances such
as histamine and SRS-A are released

ar the same time (32).

Bronchial asthna and bronchiectasis:

The pathophysiological role of

the PGs on the genesis of bronchospasm in bronchial asthma and bronchi¬
ectasis remains uncertain although Hedqvist et al.
that PGF2ct

(58) have postulated

participate in the pathogenesis of bronchial asthma in man.

It has been clearly demonstrated, however, that alveolar overdistension
results on an increased synthesis and release of PGs (26,120,130).

This

observation strongly suggests that bronchospasm is not only caused by the
PGs but also results in further synthesis and release of the PGs.
Obviously, if a novelly synthesized PG were PGF^, it would result in a
vicious cycle of bronchospasm.

On the other hand, if it were PGE2,

bronchospasm would be relieved by its bronchodilating action.

Presently,

no information is available on the distribution of PGs in the lungs or
bronchi of asthmatic patients.

If PGs in the lungs are indeed involved
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in the physiological and pathological regulation of bronchial smooth muscle
tone, it may be speculated (62) tint the overproduction of the bronchoocxistrictor

from arachidonic acid at the expense of the bronchodi la tor

Pd¡2 "light contribute to the broncho spasm and the increase in sensitivity
of respiratory smooth muscle which occurs in bronchial astham.

Alternatively,

P®! ^ p®2 my 136 «»verted to, respectively, PGFla and PGF2rt in the
lungs.

However, Bergstrom et al.

interoonversion between PGE

and PGF

-L
synthesis.

(17) and Samuelsson (131) showed that no
or betigeen PGE

lot

and PGF

2

occurs in

2o

Another possible mechanism is that the defect in bronchial astima

is ret due to disturbances of the biosyntehsis and distribution of PGs but
to those of the cyclic AMP system in the bronchial smooth muscle (137).
A reduced intracellular concentration of cyclic AMP (a failure of activation
of adenylcyclaso or increased activity of phosphodiesterase) would probably
result in an increase of the bronchial smooth muscle tone.

The PGs might

well be involved if they are shewn to stimulate or inhibit adenylcyclase in
the bronchial smooth muscle as in other tissues.

Very recently, smith and

Parker (134) showed that considerable difference exists in the responsiveness
of leukocyte cyclic AMP to isoproterenol, norepinephrine, PGE^ and cortisol
between healthy subjects and synptcmatic asthmatic patients.

The magnitude

of the increase in leukocyte cyclic AMP induced by these agents was markedly
greater in normal individuals than in asthmatic patients.

This observation

suggests that some fundamental biochemical abnormality could exist in the
cyclic AMP system and/or PGs in asthmatic patients.
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ÍS2SnAGrANDIN BI0SYNrHESIS INHIBITORS OR RECEPTOR
A.-ffACTOISrS ON THE RESPIRATORY RESPONSE TO PROSTASUNDINS
Mxin-like drugs tpiostaglandin biosynthesis ijihihitors) i Collier

et al. (30-32) have studied the anta^nistíc acüon of nan-steroidal antiinflanmatory drugs over biological substances believed to be involved in
allergic reactions. An interaction was suggested to exist between these
drugs and the PCs since the fenamates, phenylbutazone and aspirin were found
to effectively antagonize the PGF2(1-i*tuoed contraction of isolated hman
bronchial nnscle (34).

ttis antagonism appeared to be selective since there

was no block of the relaxant effect of PGE^ or PGE2.

A clue to an effect

of the non-steroidal, anti-inflanmatory drugs on PG synthesis wus first
provided when aspirin and sodium salicylate were found to antagonize the
bronchooanstrictor effect of arachidoiuc acid, a PG precursor, in both
isolated hunan bronchial muscle and in the guinea-pig in vivo (25,70).
Recently it has been shown that indcmethacin and aspirin are potent inhibitors
of the syntehsis of both PGE2 and PGF^ in guinea-pig lung hcnogenates
(121, 142, 143) (Fig.

15).

Indcmethacin and aspirin were effective in low

concentrations (0.27 and 6.3 vg/ml) respectively, giving 50% inhibition of
synthesis.

These concentrations are within the range achieved in the ri.-~

in therapeutic doses.

The order of potency of aspirin and sodiun salicylate

in inhibiting PG synthesis is similar to their order of potency in antagonizing
the brondvtoonstrictor effect of hradykinin in the guinea-pig (33,34).
This further suggests that bradykinin and other mediators released in
anaphylaxis produce bronchospasm by stimulating the synthesis and release of
PGF^.

Amidopyrine, phenazone, phenylbutazone, aspirin and indorethacin

have all been reported to be of benefit to asthmatic patients (38,61,69,119)
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although the response is variable and these drugs have never become established I
in treatment.

In view of the recent findings of Vane

(142) it seems possible

I

that the beneficial effects of this group of drugs in asthma may be due to

]

inhibition of the synthesis of

!

and perhaps other related mediators.

The observation on the ncn-steroidal anti-inflanmatory drugs as powerful

!

inhibitors of PG synthesis provides a new approach to the study of these
substances in the maintenance of bronchial smooth muscle tone.

Since PGE

I

2
and

I

different and mutually antagonistic actions on bronchial anooth

nuscle, it is necessary to develop selective inhibitors before individual

contributions can be determined.

In spite of its marked inhibition of PCF„ 2a

induced constriction of the tracheal smooth muscle in vitro (30,31), the i.v.
injection of meclofenamate was found to be ineffective in blocking the increasec
airway resistance induced by PGF^ in cats (81) and in dogs (110).
Prostaglandin Antagonists;

Since PGs appear to play a role on the

patlogeriasis of different pulmonary diseases, it is important to develop
oonpounds which block the pharmacodynamic effects of specific PGs

anc* PGF2a^ *

(PCT^

listod in Fig. 15, a number of oonpounds which block the

j

effects of the PGs on various smooth muscle preparations have been recently
synthesized (48,85,144)

(Fig. 18).

Polyphloretin phosphate (PPP), a polymeric

phosphoryla ted polyanionic derivative of phlorizin, has been shown to block
^ PGF2a"*iri^uce^ contraction of the isolated human bronchial smooth muscle
while leaving the relaxant effect of PGE

unaffected (85,88,90,144).

However,

i.v. Injection of PPP had no effect on the PGE2~induced bronchoconstriction
in cats

(82) nor on the PGF^-induoed pulmoi

dogs (Nakano, unpublished data).

ry arteriell hypertension in

Oonpounds presently available cure either

relatively non-specific or too toxic for administration to man.

However,

the development of specific and potent PG antagonists as therapeutic agents
I

i
.

j

¡
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or pharmacological agents is very important to a further understanding
of the role of the PGs in the regulation of bronchial srrooth muscle tone ard
to a treatment of patients with taronchospasm.
H.

P0S3IBI£ THE3^APEUTIC APPLICATIONS OF PROSTAGLANDINS
It remains uncertain whether the PGs will have any therapeutic appli¬

cation in respiratory disease but it is appropriate to appreciate the
advantages and disadvantages of the PG preparations already studied in
asthmatic patients and to possible future developments.

PGE^ and PGE2 have

been shown to be effective bronchodilators when given by aerosol to asthmatic
patients and this activity is detectable with delivered ciases as small as
2-5 yg. Animal and limited human data support the view that both PGfc^
and PGE2 are considerably more active than isoproterenol on a weight basis
by the aerosol route. PGEj. and PGE2 are rapidly metabolized in the lungs in
experimental animals.

If this also appears to occur in man (107) it may be

the reason why doses of the PGs which cause substantial bronchodilatation
do not appear to have any effect on the cardiovascular system. Inactivation
of FGs in the lungs by PGDH may also account for the relatively start
bronchodilator action which is ccnparable to that of isoproterenol.
Despite their several advantages it seems unlikely that any natural
PG will prove to be a bronchodilator of therapeutic value.

This is siirply

^ «cause all the aerosol preparations of PGE1 and PGE2 irritate the human
upper respiratory tract (35-37,60).

PGs are weak acids awl an aerosol of

the neutral TEA salt was better tolerated but was not entirely free from
irritant effects,

it is not yet clear whether this local effect on the upper

respiratory tract is a characteristic feature of the PG molecule or is
limited to the naturally-occurring PGE1 and PGE2. Another problem is that
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PCT^ and PGE2 are not particularly stable in alcoholic solution as pres¬
surized aerosols and slowly lose their activity over a period of several
months.
In order to use PGs as therapeutic agents, it is necessary to synthesize
more ideal PGs which have the following properties:

a) potent specific

bronchodilators; b) no effects on tissues other than ttose in the airways;
c) free of

branchial irritant effects; d) resistant to metabolic inactivation

in the g.i. tract, liver and lung,

if such PG analogues can be prepared

they will be extremely effective in the treatment of patients with bronchial
asthma.

Another approach is by modification of the formulation.

All the

PG aerosols so far tested have bean found effective but it is likely that
nanogram quantities are actually reaching the bronchiolar srooth muscle
and producing relaxation.

PG preparations in a micronized form may be

able to improve their deposition in the airways which has been successfully
employed in the formulation of isoproterenol and salbutamol aerosols.
Although the relationship of the PGs to the relaxation of bronchial srooth
nuscle is obscure, it is conceivable that a hypothetical deficiency of PGs
in bronchial asthma might be corrected by their prophylactic use.

CCNCLUSICN
The prostaglandins exert multiple potent pharmacological actions on
different organs and tissues including the respiratory system.

Although it

is rather premature to conclude the precise physiological and pathophysiological
roles of prostaglandins at the present time, a large nurfcer of recent
observations irplicate a close relationship between prostaglandins and
pathogenesis and clinical manifestations as of pulmonary disease.

With
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reasonable certainty, the pathophysiological roles of the prostaglandins
in respiratory disease will be clarified, along with a better understanding
of pulmonary disease mechanisms.

Furthernore, one can anticipate the

synthesis of more potent and specific prostaglandin antagonists which may
prove valuable in the treatment of respiratory disease.

acknqwusxzmsnts
Bi* author* wlah to adonwladge Dr». J. R. MoCurdy, Uiivwaity et
OWahon» CbUoga of Madid», oklahcna aty, Oklahma, mi I. ùhu, ».
Ool* and J. M. Kaeaingar, Vanderbilt Uiivardty School of Mid», Haahvilla.
Vam*»», for th*ir œntributiona to acra of tl» works rutan ml ham.
B» author* alto wlah to thane Prof. s. Bargatrom, Karolinaka institute,
Stockhoto, smdan, Dr». J. E. Pik* and j. r. Mka, tha (««1» a^p,
«nd DT. K. Sa», On Phaamoautioal Co., Oaaka, Japan, for thdr ganare»
•Wly of praataglandl» for our raaaarch.

ÎS

1-

^

«feet of beta-aäre-

iSe hr^r^f 1 4.^3 P^3^1^!!! f2 on isoproterenol and theophyl¬
line brochodilation. J Allerg 43: 176-177, 1969.
*»pny
2.

Adolphson RL, Townley RG:

A ocrparison of the bronchodilator actA

Ui-UoTimT^^1 ^ prostaglardijl E1 aerosols.
3‘

active substan^ ^W^ne. Brit

J

'
5-

P^J E^elS:0f38SrU7Í?ndlnS ‘rc) °"
Ä^f^f^^^-alairway resistan

6‘ î!^f

^ veter^tion of

1507-1516, 1965.9^^ P 9' nDnkey# ^

7‘

tagiandm E^.

8‘
1963?^
9’

J Slerg 45:

«

Biochan Pharmacol 14:

activities of three metabolites of prosActa Physiol Scand 66: 509-510, 1966.
P

«iS7¿. Biological effects of an unsaturated tri’^y fran a™1» lung. Seta Physiol Scand 58: 1-12,

tSSdtoE^S
Btol Chan

J?™16188“ ®!

Synthesis of tritium-labeled proe“ 9Ulnea‘pig lung- J

10' toli^of' ^f80? Ei. »a sequence of the early steps in the meta¬
bolism of prostaglandin Er Eur J Pharmacol 14: 6^70^1971.
11.

Anggard E, Larsson C, Sanuelsson B:

The distrihu-i™ «e

SSSÄde,^tD9enaSe
^ t^tagÆSSSc^ta^
tissues of the swine. Acta Physiol Scand 81: 396-404, 1971.
12.

Anggard E, Sanuelsson B:

Metabolism of

4102^64.^ Structure of ^ metabolites.

r,
J Biol 01^39^4097-

13’

Ägf'

B3 in guinea

14.

Anggard E, Sanuelsson B: Biosynthesis of prostaolandins frrm
chidomc acid in ^ pig l2¿. j Biol ^0^8-^1^65.

15.

Anggard E, Sarnuelsson B: Purification and properties of 15-hydroxyprostaglandin dehydrogenase fron swine lung. Ark Koni 25: 293-300, 1966.

16.

Bergstian s, Carlson LA, Oro L: Effect of prostaglandins on catecholamine
induced changes in the free fatty acids of plasma, and in blood pressure
in dog. Acta Physiol Scand 60: 170-180, 1964.

17.

Bergs tren S, Carlson LA, Weeks, JR: The prostaglandins : A family of
biologically active lipids. Pharmac Rev 20: 1-48, 1968.

18.

Bergstrom S, Danielsson H, Sarnuelsson, B: The enzymatic formation of
prostaglandin E, from arachidonic acid. Biochim Biophys Acta 90: 207210, 1964.
*

19.

Berstrcm S, Dressier F, Krabisch L, Ryhage R, Sjovall J: The isolation
and structure of a smooth muscle stimulating factor in normal sheep and
pig lungs. Ark Kemi 20: 63-66, 1962.

20.

Bergstrom S, Dressier F, Ryhage R, Sarnuelsson B. and Gjovall J: The
isolation of two further prostaglandins from sheep prostate glands.
Ark Kemi 19: 563-567, 1962.

21.

Bergstrom S, Duner H, Euler US von, et al : Obs ervat ions on the effects
of infusion of prostaglandin E in man. Acta Physio Scand 45: 141-151,

22.

Bergstrom S, Eliasson R, Euler US von, et al: Some biological effects
of two crystalline prostaglandin factors. Acta Physiol Scand 45: 133144, 1959.

23.

Bergstrom S, Euler US von: The biological activity of prostaglandin
Ep E2 and E3. Acta Physiol Scand 59: 493-494, 1963.

24.

Bergstrom S, Sjovall J:
Scand 11: 1086, 1957.

25.

Berry EM:

26.

Berry EM, Edmonds JF, Wyllie JH: Release of prostaglandin E3 and
unidentified factors from ventilated lungs. Brit J Surg 58: 189-192,

27.

Biron P: Pulmonary fate of vasoactive agents in animals and humans.
Clin Res 19: 124, 1971.

28.

Butcher RW: Role of cyclic AMP in hormone actions.
279: 1378-1384, 1968.

29.

Clark SW, Graf PD, Nadel JA: In vivo visualization of small airway
constriction after pulmonary microembolism in cate aid dogs. J Anol
Physiol 29: 646-650, 1970.

30‘

Ph.D.

The isolation of prostaglandin.

Acta Chem

Thesis council for National Academy Awards.

St?6 actions o£

91, 1966.

New Engl J Med

31.

Collier HOT:

Prostaglandins and aspirin.

32’

ÍSÜtífi1**1' J”"68 a,ÍL:
to

Nature 232:

17-19,

1971.

Hunoral factors in airway function, with
to the guinea pig. In Airway
(Bou,ws A'

33 ’

sh°rley PG: Analgesic antipyretic drugs as antagonists
to bradykinin. Brit J Pharmacol 15: 601-610, 1960.

34’

o?07'
219:

35.

Antagonism of fenamates of prostaglandin

864^865^19689 SUbstance on human bronchial muscle.

Cuthbert MF:

Effect on airways resistance of prostaglandin F, given

^6^9691 to healthy 311(3 asthmatic volunteers.

36 *

31

'

38‘

and E2 in asthmatic subjects.

Brit Med J 47

723--

°f aerosols of Prostaglandins
Proc Roy Soc Med 64: 15-16, 1971.

^ prostaglandins : Biological actions and possible
therapeutic applications London Hosp Gaz October 1971, pp 1-12.
smooth muscle. In Prostaglandins: Pharmacology and Therapeutics (Cuthbert MF, ed). London
Heinemann Med Books, pp 251-282, 1972?
'
J
IOnÜün,

39 *
glandins.

Va?:
developments in the biosynthesis of prosta¬
Ann NY Acad Sei 180: 181-199, 1971.
H

40*
of prostaglandins.
41*

Nature

^^tor®11 DH/ et al: The biosynthesis
Biochim Biophys Acta 9ÏÏ7 204-207, 1964.
JR, Montgomery RG:

Studies on the mechanism of

ÍÂ“ effeCt °f prOStaglandto F2.

J Pharmac Exp Ther 160:

42’

SSd°n T ^ 5elJcS S?' Daugherty RM Jr, et al: Effects of prosta2^00^16 Y6"003 return and otHir parameters inthe
dog. Am J Physiol 220: 243-249, 1971.

43'

^ ^:^^1935^88°1 8UbStan0e “ 013 ^°1131 9l3I,ä-

44.

Euler US von, Eliasson R: Prostaglandins. Medicinal Chsnistrv
Monographs, Vol 8, New York/London, Academic Press, 1967.

Jphysl»l.

45.
SbSaîl^0?^^ sPecifI® vasodilating and plain muscle stimulating
genital glands in man and certain animals
(p staglandm and vesiglandin). J Physiol, Long, 88: 213-234, 1936.

46 *

•Saxe^™: Fever Produced in rabbits and cats by prosta23^, bn?60
to 016
J. PhysiS 215:

47’

S+' y?16 '^R: ^stagianâins: their disappearance fron and
elease into the circulation. Nature, Lond 216: 868-873, 1967.

48‘

SiSte- SS^SÍSÍSan J'^ Prostaglandin anta208¾ 1969
3110001 ^°16 activity. Nature, London, 223:

49-

2^63
Burch GE: lhe effects of prostaglandin E, on
the systemic and pulmonary circulations of intact dogs. The influence
1969^ethane ^
anesthesia. Experientia 25: 1056-1058,

50'

NÍS:^SXÍ^5

51‘

Prostaglandins released by the spleen.

SUbStanCe “ saninal fluid^^208-218;

°f hlra” SOTinal Plasma-

J Physiol, Lenden,

”■

SS?!

54'

jr|S 2¿: ^sjTmir08*3913"3“ F2 “ ^ PiS

55•
9

S-S?

J see Chan ind,

°£ Prosta9land“ % in nan.

Prog Biech^
Surop

^ergaard J, McDonald-Gibson W: Recovery of prostain human cutaneous inflaimiation. Brit Med J 23: 258-260, 1971.

56'

naïineV^6 T' Waaler ^ Effects
P^staglandin E, and adrelungs? u£e£tt^-taT?9™ÍSt*™e ™
^

57 '

í: Inhibition hy prostaglandin EX ef neradrenaline
LifïïlÆ Is^-I^ W«“'10"363 to neIVe sU™^ti™ in the eat spleen.

58.

Hedqvist P, Holmgren A, Mathe AA: Effect of prostaglandin P» nn air.
way resistance in man. Acta Physiol Scan! 82: 29A, 1971. ^

59‘

60'

t^XoîîeïïÎl'ïâ^

61.

Herxheimer H, Streseman E: Antiasthmatic effect of phenazone anñ
amidopyrine. Nature 192: 1089-1090, 1961.

62.

Horton, EW: Hypx5ther.es on pshysiological roles of prostaglcuxîins.
Physiol Rev 49: 122-161, 1969.

63.

Horton, EW:

64.

Horton EW, Jones KL: Prostaglandins A], A2 and 19-hydroxy A^;
their actions on smooth muscle and their inactivation on passage
through the pulmonary and hepatic portal vascular beds. Brit J
Pharmac 37: 705-722, 1969.

65.

Horton, EW, Main IHM: Further observations on the central nervous
actions of prostaglandins F- and E-.. Brit J Pharmac Chemother 30:
568-581, 1967.
¿

66.

Hyman AL: The active responses of pulmonary veins in intact dogs to
prostaglandins F2 and Ep J Pharmac Exp Ther 165: 267-272, 1969.

67.

Hyman AL, Wool ver ton VC, Pennington DG, Jaques WE: Pulmonary vas¬
cular responses to adenosine diphosphate. J. Pharmacol Exp Therap
178: 549-561, 1971.

68.

Jackson FT:
volunteers.

69.

Jackson RH, Raymer WJ, Etter RL: New therapy in bronchial asthma,
An evaluation of Pons tel (mefenamic acid) in chronic bronchial asthma
and pulmonary emphysema. J Kan Med Soc 4- 474-478, 1968.

70.

Jacques R: Arachidonic acid, an unsaturated fatty acid which produces
slew contractions of smooth muscle and causes pain. Pharmacological
and biochemical characterization of its mode of action. Helv Physiol
Pharmacol Acta 23: 156-162, 1965.

71.

Kadcwitz PJ, Sweet CS, Brody MJ: Potentiation of adrenergic veremotor
responses by angiotensin, prostaglandin F2 arid cocaine. J Pharmacol
Exp Therap 176: 167-173, 1971.

72.

Kadcwitz PJ, Sweet CS, Brody MJ : Blockade of adrenergic vasoconstrictor
responses in the dog by prostaglandins Ei and Ai. J Pharmacol Exp
Therap 179: 563-572, 1971.

73.

Kaley G, Weiner R: Prostaglandin Ei; A potent mediator of the inflam¬
matory response. Ann NY Acad Sei 180: 338-350, 1971.

74.

Kaley G, Weiner R: Effect of prostaglandin E-i on leukocyte migration.
Nature New Biol 234: 114-115, 1971.

75.

Karim, SNM, Filshie, CM: Therapeutic abortion using pros taq land in Fo.
Lancet 1: 157-159, 1970.
2

Prostaglandins, New York, Springer-Verlag, 1972.

Prostaglandin E¿ as a nasal constrictor in normal human
Curr Therap Res 12: 711-717, 1970.

76'

^ "iUler K753, 1968

2 in Sane

77’

Distribution of prostaglandins E,,

tisSUes*

M'williams

in human tissues.
78 ’

J-

BD:

J Phann Phannacol 20:

749-

Distribution of prostaglandins

Brit J Pharmacol 31:

340-344, 1967.

n^3^1^3611 m> Hillier K' et al: Eduction of labour with
prostaglandin F2. J Cft>st Gynec Brit Caution 76: 769-782, 1969.

79*
V

?

SL, Rail TO, Sutherland EW: Adenyl. Ef£ects of neurohormones on the formation of adenosine

a®

^ti0ns frcr brain and other tissues, j Biol

8°.

Koss ME Gray J, Nakano J: Cardiovascular actions of prostaglandins
Ex and F2 in cats. Fed Proc 31: 545, 1972.
sragianains

81.

Koss MC, Nakano J:

82‘

f^HAnV09í W:J^fiCanCe °f P^sphoiipase A for prostaglandin
formation. Ann NY Acad Sei 180: 123-125, 1971.

83.

Lands W, Lee R and Smith W: Factors regulating the biosynthesis of
various prostaglandins. Ann NY Acad Sei 180; 107-122, 1971.

M'

Unpublished data

MaXWe11 DR:

Dbonchodilator acUvity of an aerosol
Nature 224: 78-R0, 1969.

Of prostaglandin Lx in experimental animals.

85‘

blockade of the vasodepressor response

86'

°f PmStaglaIxiiTS fra"

lungs.

87'

™ ",ím: T1* “«bitory actions of prostaglandins on respiratory
smooth rtuscle. Brit J Pharmacol 22:
511-519, 1964.

88'

dîilnSÎ' AijLrV1" A' p6rsson
361,16 bronchoooiistricting and bronehore^nses of human isolated bronchi: Evidence for the exis6 01 a adrenoceptors. J Pharm Phamaool 23: 905-910, 1971.

39.

Mafhe AA, Strandberg K:

Antagonism of slow reacting substance by polv-

460-4651°197lSphat° ^ ':'°1a+ed h'BMn bronchi.

90*

S^the^rottLdAr?^ p' A3tJ.'h‘
BiofllO:

atni97ja

Acta Physiol Scand 82:

p’J(xjKade W polvphloretin phosphate
i*,Ut*d ^ «»»*«•

»*»«>

91.

Maxwell GM: The effect of prostaglandin
upon the general and coro¬
nary haanodynamics and metabolism of the intact dog.
Br J Pharmac
Chemother 31:
162-168, 1967.

92.

McGiff JC, Crowshaw K, Terragno NA, et al: Pelease of prostaglandin¬
like substances during acute renal ischemia. Circulation 40:
suppl III,
III-144, 1969.

93.

McGiff JC, Terragno NA, Strand JC et al: Selective passage of pros¬
taglandins across the lung. Nature, London 223:
742-745, 1969.

94.

Milton AS, Wedlandt S: A possible role for prostaglandin
as a
modulator for temperature regulation in the central nervous system
of the cat.
J Physiol 207:
76P, 1970.

95.

Mi Is ton AS, Wedlandt S: The effect of different environmental terperature on the hyperpyrexia produced by the intraventricular injection
of pyrogen, 5-hydraxytriptamine and prostaglandin Ei in the conscious
cat. J Physiol (Paris) 63:
340-342, 1971.

96.

Nakano, J:
Effect of prostaglandins E^, A^ and F2 on cardiovascular
dynamics in dogs.
In Prostaglandins (Ranwell PW, Shaw JE, ed). New
York, Interscience, 1968, pp 201-214.

97.

Nakano, J: Effects of prostaglandins E,, An and F2 on the coronary
and peripheral circulations, Proc Soc Exp Biol Med 127:
1160-1163, 1968.

98.

Nakano J' Tissue distribution and subcellular localization of
prostaqlandin E-, in rats and dogs. Arch Int Pharmacodyn Therap 187:
119, 1970.

99.

Nakano J: Metabolism of prostaglandin En in kidney and lung.
Proc 29:
746, 1970.

106-

Fed

100.

Nakano J: Effects of the metabolites of prostaglandin E^ on the
systemic and peripheral circulations in dogs.
Proc Exp Biol Med
136:
1265-1268, 1971.

101.

Nakano, J: Prostaglandins and the circulation.
vas Dis 40:
49-54, 1971.

102.

Nakano J: Cardiovascular actions of prostaglandins.
In Prostaglan¬
dins (Ramwell PW, Shaw JE, ed) New York, Plenum Press, 1972.

103.

Nakano J: General pharmacology of prostaglandins.
In Prostaglandins:
Pharmacology and Therapeutics (Cuthbert MF, ed). London, Heinenenn
Med Book, pp. 23-124, 1972.

104.

Nakano J:
Relationship between the chemical structure of prostaglan¬
dins and their vasoactivities in dogs.
Brit J Pharmacol 44:
63-70, 1972.

Modern Concept Cardio-

105.

Nakano J, Anggard E, Sr^uielsson B: 15-Hydroxy-prostanoate dehydro¬
genase. Prostaglandins as substrate and inhibitors. Europ J Biochan
11: 386-390, 1969.

106.

Nakano J, Cole B: Effects of prostaglandins E, and F2 on systemic,
pulmonary and splanchnic circulations in dogs. Am J Physiol 217:
222-227, 1969.

107.

Nakano J, Greenfield LJ: Metabolic degradation of prostaglandin Ei
in human lungs and plasma. Proc Cent Soc Clin Res 43: 101, 1970.

108.

Nakano J, Kessinger JM: Effects of 8-isoprostaglandin Ei on the
systanic^and^pulmonary circulations in dogs. Proc Soc Exp Biol Med

109.

Nakano J, Kessinger JM: Effect of 15-R-PGA2 on the cardiovascular
responses to PGA2 in dogs. Clin Res 18: 117, 1970.

110.

111.
112.

Nakano J, McClcy RB, Jr: Effects of continuous infusion of prosta¬
glandins E, and F2 on the pulmonary circulation and systemic venous
return in dogs (unpublished data).
Nakano J, McCurdy JR: Cardiovascular effects of prostaglandin Ei.
J Pharmac Exp Tber 156: 538-547, 1967.
Nakano J, McCurdy JR: Hemodynamic effects of prostaglandins E-i,
A1 a1** f2 in d^s. Proc Soc Exp Biol Med 128: 39-42, 1968. L

113.

Makario J, Montague B, Darrcw B: Metabolism of prostaglandin Ei in
human plasma, uterus and placenta, in swine ovary and in rat testicle.
Biochem Pharmacol 20: 2512-2514, 1971.

114.

Nakano J, Morsy NH: Beca-oxidation of prostaglandins Ei and E2 in
rat lung and kidney homogenates. Clin Res 19: 142, 1971.

115.

Nakano J. PrancanAV: Metabolic degradation of prostaglandin Ei in
rat plasroa, and in rat brain, heart, lung, kidney and testicle honogenates. J Pharm Pharmacol 23: 231, 1971.

116.

Okpako DT: The actions of histamine and prostaglandins F2 and E2
on pulmonary vascular resistance of the lung of the guinea pig. j
Pharm Pharmacol 24: 40-46, 1972.

117.

Palmer MA, Piper PJ, Vane JR: Release of vasoactive substances from
lungs by injection of particles. Brit J Pharmacol 40: 547P-548P, 1970.

118.

Palmer MA, Piper PJ, Vane JR: The release of rabbit aorta contracting
substance (RCS) from chopped lung and its antagonism by anti-inflam¬
matory drugs. Brit J Pharmacol 40: 581P-582P, 1970.

119.

120.

n^r^!L.fSB: ,5? Salicylates (Eds. A St J Dixon, BK Martin, MJH Swith,
PHN Wood), p 170, Churchill, London, 1963.
Piper PJ, Vane JR: The release of prostaglandins fron lung and other
tissues. Ann NY Acad Sei 180: 363-385, 1971.

121.

Piper PJ, Vane JR: Release of additional factors in anaphylaxis and
its antagonism by anti-inflanratory drugs. Nature 223: 29-35, 1969.

122.

Piper PJ, Vane JR, Wyllie JH: Inactivation of prostaglandins bv the
lung. Nature 225: 600-604, 1970.

123.

Ranwell PW, Shaw JE: Prostaglandin release from tissues by drug,
nerve and hormone stimulation. In: Prostaglandins (Bergstrom S,
Sanuelsson B, ed). Stockholm, Abnqvist % Wiksell, pp 283-292, 1967.

124.

Ranwell PW, Shaw JE:

125.

Ranwell PW, Shaw JE: Biological significance of prostaglandins.
Recent Prog Horm Res 26: 139-187, 1970.

12S.

Rosenthale ME, Dervinis A, Begany AJ, Lapidus M, Gluckman MI: Bronchodilator’activity of the prostaglandin PGE2. Pharmacologist 10: 175,

127.

Rosenthale ME, Dervinis A, Begany AJ, Lapidus M, Gluckman MI: Bronchoviator activity of prostaglandin Eo when administered by aerosol to
three species. Experientia 26: 1119-1121, 1970.

128.

Rosenthale, ME, Dervinis A, Kassarich J: Bronchodilator activity of
the prostaglandins E^ and E2. J Pharmacol Exp Therap 178: 541-548,

129.

Said SI: Seme respiratory effects of prostaglandins E, and F,. In
Prostaglandins (Ranwell PW, Shaw JE, ed). New York, Intersciince,

Prostaglandins.

New York, Interscience, 1968.

1968, pp 267-277.

130.

Said SI, Kitanura S, Vreim C: Release of prostaglandins frem the
lung during mechanical ventilation at large tidal volumes. Clin Res

131.

Samuelsson B: Biosynthesis and metabolism of prostaglandins.
of the 4th Int Cong Pharmacol 4: 12-31, 1970.

132.

Sheard p:
from man.

133.

Smith AP: Effects of prostaglandins on the respire, cory system. In
The Prostaglandins (Karim SM, ed). Oxford, Med. Tech. Publ. Co.,
1972, pp 223-238.

134.

Smith JW, Parker CW: The responsiveness of leukocyte cyclic adenosine
monophosphate to adrenergic agents in patients with asthma. J Lab
Clin Med 76: 993-994, 1970.

135.

Smith JB, Willis AL: Aspirin selectively inhibits prostaglandin pro¬
duction in human platelets. Nature New Biol 231: 235-237, 1971.

Proc

The effect of prostaglandin E-, on isolated bronchial muscle
J Pharm Pharmacol 20: 232-233, 1968.

136.

Stovall R, Jackson RT: Prostaglandins and nasal blood flow.
Rhinol Laryn 76: 1051-1059, 1967.

137.

Sutherland EW, Robison GA, Butcher FW: Seme aspects of biological
adenosine 3', 5'-monophosphate (cyclic AMP). Circulation 37:

138.

Swearman WJF, Collier HOT: Effect of prostaglandins on human bronchial
muscle. Nature 217: 69, 1968.

139.

Themas D, Stein M, Tanabe G, Rege V, Wessler S:
?'ü?^ïï10î^ï0duCed

**

thrc,Tlboettoli i" dogs.

Ann Otol

Mechanism of bronchoAm J Physiol 206:

140.

Turker R, Khairallah PA: Prostaglandin E 1 action on canine isolated
tracheal ituscle. J Pharm Pharmacol 21: 498-501, 1969.

141.

Vane JR: The release and fate of vasoactive hormones in the circula¬
tion. Brit J Pharmacol 35: 209-242, 1969.

142.

Vane JR: Inhibition of prostaglandin synthesis as a mechanism of
action for aspirin-like drugs. Nature New Biol 231: 232-235, 1971.

143.
tiS >: eí^ltai972dÍnS ^ ^

drugs.

Hospital Prac-

144.

Villanucva R, Hinds L, Katz RL, Eakins KE: The effect of polyphloretin
phosphate on seme smooth muscle actions of prostaglandins in the cat.
J Pharmacol Exp Therap 180: 78-85, 1972.

145.

Weissmann G, Duker P, Zur.1er RB: Effect of cyclic AMP on release of
lysosomal enzymes from phagocytes. Nature New Biol 231: 131-135, 1971.

146.

Weissmann G: Lysosomal mechanisms of tissue injury arthritis.
Engl J Med 286: 141-147, 1972.

147.

New
^

Wendt, RL, Baum T: Aerosol administration of prostaglandins Ei and
E, ana isoproterenol: Studies on the cardiovascular system. Europ J
Pharmacol 17: 141-151, 1972.
F

148.

Wenrmalm A, Hedqvist P: Prostaglandin Ex as inhibitor of the sympa¬
thetic neuroeffector system in the rabbit heart. Life Sei 9: 931-

149.

Zurier RB, Weissmann G: Inhibition by prostaglandin Ei (PGE-i) of
lysœaral enzyme discharge from human polymorphs. Fed Proc 30: 654,

150.

Zurier RB, Weissmann G: Inhibition by prostaglandin E. of lysosomal
enzyme discharge from human polymorphs. Arthr Rheum 15: 191-192, 1971.

Table 1

PHARMACOLOGICAL ACTIONS OF PROSTAGLANDINS

1.

Cardiovascular system
Positive inotropic and chronotropic actions
Increase pulmonary arterial pressure
SSr^JenSfrdi?f°utput' Increase capillary permeability
PGE and PGA: Decrease systemic arterial pressure and venous
pressure. Increase the regional arterial blood flows.
Increase coronary blood flow.
PGF: Increase systanic arterial pressure and venous pressure.
Decrease regional arterial blood flows.

2»

Gastrointestinal sys^^m
Decrease gastric acidity
Increase intestinal motility

Increase gastric motility
Induce void ting and diarrhea

Respiratory system
PGEi and PGE2: Bronchial dilation
pgf2: Bronchial constriction - Astlma (SRS-C)
Hematological system

5.

PGEi:

Inhibition of platelet aggregation and stimulation of

WT?
PGE2:

Increase the production of erythropoietin.
Sturulation of platelet aggregation.
Y

Renal and urinary system
Increase renal blood flow, glcmerular filtration and urinary flow.
Antagonize vasopressin action-water diuresis.
Increase urinary Na and K excretion.
Antagonize renin-angiotensin mechanism (?).
Increase ureter motility and bladder motility.

6.

Reproductive system
Increase tubal motility. Increase uterine motility and tone in
pregnancy.
Luteolysis in vivo. Contraceptive action (lAtteolysin).
Induction oF"labor and abortion.
Increase sperm motility.

7.

Endocrine system arid Metabolism
Increase the adenyl cyclase activity, cyclic AMP levels and the
secretion of the hormones in the pituitary and target glands
in vitro.
Antagonize the hormone-stimulated lipolysis in adipose tissues.
iantagonize the hormone-stimulated glyoogenolysis.

8.

Central Nervous System
Induce stupor or catatonia and excitement in seme species of
animals.
Block synpathetic stimulation. Inhibit spinal reflex.
Pulsating headache.
Stimulation of the hypothalamic and medullary centers. Fever.

9.

Eye and Nose
Miosis. Increase intraocular pressure.
Decrease the airway resistance in the nasal center (vasooontriction).

10.

Skin and Joint
Hyperemia, erythema, exudation, swelling, pain and increased permea¬
bility.
Increase keratinization.

Table 2

OOMIejETRATIONS GF PROSTAGLANDINS IN LUNGS OF Dlfr'Jr'KKENT SPBÇTRg OF ANIMALS

Origin

Concentrations
(ug/q)

Remarks

References

Human lung

PGF-

0.02

24 hr after death

Anggard

1964 & 1965

Monkey lung

PGF2

0.2

3 hr after death

Anggard

1965

Pig lung

pgf2

0.4

Fresh

Bergstrom et al. 1960

Sheep lung

pgf2
pgf2

0.5
0.04

Fresh
Fresh

Bergstran et al. 1962
Anggard

Bovine lung

PGF2

0.3

Fresh

Anggard

1964

Guinea pig
lung

PGF5

0.5

Fresh

Anggard

1965

Table 3

V’
PHYSIOLOGICAL AND PHARMACOLOGICAL RELEASE OF PROSTAGLANDINS FROM TISSUES

SITE (SPECIES)

STIMULI

NERVOUS SYSTEM
Somatosensory cortex (cat)
Cerebral ven tricéis (cat and dog)
Hypothalamus (cat)
Cerebellar cortex (cat)
Spinal cord (frog)

Spontaneous release, sensory nerve or
cortical stimulation, and analeptics
Spontaneous release and serotonin
Vaccine, and nerve stimulation
Spontaneous release
Spontaneous release, sensory nerve
stimulation and analeptics

RESPIRATORY SYSTEM
Lung (guinea pig and dog)

Diaphragm (rat)

Phospholipase A, distention, massage,
particles, air, embolism, anaphylaxis
histamine, tryptamine, and serotonin
Nerve stimulation and norepinephrine

GASTROINTESTINAL SYSTEM
Stomach (rat)

Intestine (frog)
Spleen (dog and rabbit)
Liver (rat)

Vagal stimulation, transmural stimula¬
tion, pentagastrin, histamine, Carbacho)
serotonin and stretch
Spontaneous release, distention and
phospholipase A
Nerve stimulation, epinephrine,
colloid particles and distention
Glucagon

ENDOCRINE SYSTEM AND METABOLISM
Adrenals (rat and rabbit)
Thyroid (man)
Adipose tissue (rat and rabbit)

Acetylcholine
Spontaneous release
Nerve stimulation, norepinephrine
ACTH, growth hormone and glucagon

REPRODUCTIVE SYSTEM
Uterus (guinea-pig and man)

Distention, mechanical stimulation,
parturition and estrogen

RENAL SYSTEM
Kidney (dog)
Urinary bladder (rat)

Ischemia, norepinephrine and angiotensii
Distention

OTHERS
Eye (rabbit and man)
Skin (rat, frog, and man)
Platelet (man)

Mechanical stimulation and spontaneous
release
Carrigeenin, isoproterenol, and
spontaneous release
Thrombin

M
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FIGURE LEGENDS

Fig.

1.

Chemical structure of naturally occurring prostaglandins.

Fig.

2.

Biosynthesis of prostaglandins.

Fig.

3.

Di agi an showing the possible mechanism for synthesis and
release of prostaglandins.

Fig.

4.

Metabolism of prostaglandins.

Fig.

5.

Effects of intravenous injection of PGF2 on the pulmonary
airways resistance and circulation before and after atropine
in the cat (Anggard and Bergstrom, 1962).

Fig.

6.

Relative bronchodilator potencies of PGEi and isoproterenol
(isoprénaline) in anesthetized guinea pigs when give either
intravenously or by aerosol (Large et al., 1969).

Fig.

7.

Effects of PGE2 on heart rate, blood pressure, tidal volume,
transpulmonary pressure and respiratory flow rate in the
anesthetized cat infused with neostigmine for 6 min. The
break of the record represents the temporary disconnection
of the pneumotachograph during the time needed to administer
drug.
(Rosenthale et al., 1971).

Fig.

8.

Percent reduction of cholinergic-induced pulmonary airway
resistance changes in the cat by aerosol (Upper Figure) or
i.v. (Irwer Figure) administration of PGEi, PGE? or iso¬
proterenol.
(Rosenthale et al., 1971).

Fig.

9.

Effects of PGEi, PGE2 and isoproterenol on systolic and
diastolic blood pressures (BP), systolic and diastolic left
ventricular pressures (LVP), left ventricular dp/dt, right
ventricular (RV) contractile force and heart rate (HR) in
anesthetized dogs.
(Wendt and Baum, 1971).

Fig. 10.

Effect of aerosol inhalation of PGE^-THÄ (0) and isoproterenol
(•) on the forced expiratory volume in one second (FEVi) in
. as throat ic patients. Shaded area represents mean changes
in FEVi after administration of placebo (Cuthbert, 1969).

Fig. 11.

Effect of i.v. administration of PGF2 on the pulmonary
airways resistance (R^) in a healthy voran undergoing
therapeutic abortion.
(Smith, 1972).

Fig. 12.

Effect of the i.v. administration of PGE2 on the pulnonary
airways resistance (¾) in healthy vanen undergoing therapeutic
abortion.
(Smith, 1972).
neutre
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Fig. 13.

A oatrparison of the brcaxdxxii lator and circulatory effects
of PŒi and isoproterenol given by aerosol and by i.v.
injection.

ig. 14.

Effects of the i.v. administration of PGE-i (upper Tracina)
arterial pressure (MPAP), mean left atrial pressure (MLAP)
arterial Pressure (MSAP), cardiac output (00)
«jdnyocar^al contractile force (MCF) in anesthetized dogs.

Fig. 15.

Chemical structure of the inhibitors of prostaglandin
synthetase and prostaglandin receptor antagonists.
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