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Effects of histamine, 5-hydroxytryptamine
and bradykinin on the vascular system of
isolated lungs of the guinea-pig and the influence
of phenylbutazone on these effects
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Summary

1. In isolated lungs of the guinea-pig perfused through the pulmonary artery
repeated doses of histamine progressively increased pulmonary arterial
pressure and reduced fluctuations in tracheal pressure. Phenylbutazone almost
completely abolished the effect of histamine on the arterial pressure and
suppressed the progression of the effect on tracheal pressure.
2. The effects of 5-hydroxytryptamine and bradykinin did not show such
progression.
3. The fractions of radioactivity remaining in the lungs after doses of
14C-histamine did not differ significantly after successive doses. The outflow
of radioactivity from previously loaded lungs was greatly increased by hista-
mine, bradykinin and 5-hydroxytryptamine. This increase was not affected
by papaverine.
4. Successive doses of histamine, but not 5-hydroxytryptamine, produced a
progressive increase in weight of the lungs and this effect was accompanied
by a progressive increase in arterial pressure. Both effects were strongly
suppressed by phenylbutazone.
5. It is concluded that repeated administration of histamine causes an
accumulation of fluid in the lungs probably mainly in the interstitial spaces,
which results in an inhibition of the tracheal pressure fluctuations. Phenylbuta-
zone prevents this effect by suppressing the vasoconstrictor action of histamine
without affecting the increased vascular permeability.

Introduction

Alternate addition of histamine and bradykinin to isolated lungs of the guinea-
pig perfused through the pulmonary artery causes a blockage of the airways by
oedema formation (Aarsen, 1966). On repeated administration of histamine alone,
but not of 5-hydroxytryptamine, the inhibitory effect on the propagation of the
external pressure fluctuations through the lungs as measured in the trachea,
increases and becomes partly irreversible. This phenomenon as well as the
histamine-induced rise of pulmonary arterial pressure, were found to be increased
by a low dose of bradykinin and suppressed by non-steroid anti-inflammatory
agents (Aarsen, 1969).



Histamine, 5-HT and bradykinin on llung vessels

Since Wilhelm (1962) showed that synthetic bradykinin markedly increased the
permeability of the skin vessels in guinea-pigs, whereas 5-hydroxytryptamine caused
only a small increase, it was supposed that these differences in sensitivity might
explain the observed differences between the effects on the guinea-pig lungs of
histamine and bradykinin on the one hand and 5-hydroxytryptamine on the other
hand. In the present investigation the experiments were repeated with radio-
actively labelled histamine and histidine; the efflux of the radioactive isomers as
well as their retention in the lung tissues has been studied.

Methods

Isolated guinea-pig lungs with vascular perfusion

The method was essentially the same as that used by Bhattacharya & Delaunoix
(1955) and has been previously described (Aarsen, 1969). Female albino guinea-
pigs, weighing 200-300 g, were injected intraperitoneally with urethane,
1,250 mg/kg, and 5 mg of pentobarbitone sodium per animal. Fifteen minutes
later the trachea was cannulated and heparin, 500 I.U., was given intravenously.
The animal was bled and the pulmonary artery cannulated for perfusion. After
the heart was cut off through the atria, the lungs with the trachea were removed
and suspended in the perspex cylinder by means of the cannulae (Fig. 1).
The lung vessels were perfused with Krebs solution containing (mM): NaCl

118-4; KCI 4-7; CaCl2 2 5; MgSO4 1-2; KH2PO4 1-2; NaHCO3 24-9; glucose 11 1.
The solution was equilibrated with 5% CO2 in 02 at 370 C. The finger pump was
adjusted to give a constant flow of about 22 ml/minute. Since this flow appeared
to be independent of changes in pulmonary vascular resistance within the range
occurring in the present experiments, the pulmonary arterial perfusion pressure
was assumed to be proportional to vascular resistance. This pressure as well as
the tracheal pressure fluctuations were recorded by means of Elema-Schonander
pressure transducers EMT 490B.

In the experiments in which the left atrial pressure was artificially increased, an
outflow cannula was fixed in the left auricle and the heart was not cut off. A loop
of thread 0-6 mm in thickness was placed around this cannula at a distance of
about 1 cm from the atrium. Both ends of the loop were pulled through a fixed
metal tube, bore 1-4 mm, to the outside of the perspex cylinder, and connected to
a vertical sliding adjustment attachment. By screwing up this attachment the
loop around the cannula could be tightened and the cannula constricted against the
front-side of the metal tube.
Changes in weight of lungs were determined by placing the lungs inside a glass

cylindrical vessel surrounded by a water jacket, where they hung freely on a string.
This string was fastened at its lower end to the vertically bent parts of the cannulae
in the pulmonary artery and the trachea, and its upper end to a Pixie 8101 trans-
ducer (Endevco Laboratories). In these experiments the atmospheric pressure out-
side the lungs was not changed so as to avoid interference with the weighing.
Furthermore, the outflow of the finger pump had to be decreased to 13 ml per
min in order to perfuse the lung vessels at a pressure corresponding to that of the
previous experiments.
The solutions under test were added during 30 s to the perfusion fluid by a

continuous infusion apparatus at a speed of 05 ml/min at 10 min intervals. The
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increases in pulmonary arterial perfusion pressure and in weight, mentioned in
Table 5, are the maximal values obtained during the indicated period.

Tracer preparation, dosing, sampling and counting

[Ring-2-14C]-histamine dihydrochloride and [ring-2-`4C]-L-histidine were used in
a solution of 10 ,ug/ml distilled water, containing 2-9 and 2-8 ,uCi/ml respectively.
According to the dose either 0 05, 0 1 or 0-2 ml of these solutions was added by
means of a standardized syringe and a Hamilton dispenser TB600 over a period of
20 seconds. The cannula was then flushed by administration of 01 ml Krebs solu-
tion in 10 s. When the addition of radioactive histamine was preceded by 01 ml
of a bradykinin solution (250 ng/ml), this volume was injected over a period of
30 seconds. When the effects of repeated doses of radioactive histamine were
studied, the doses were always administered at 10 min intervals. The radioactive

Pressure
transducer

95% 02±
5% C02

Krebs

I v

Starling KWater valve
pump

'FIG. 1. Schematic drawing of perspex cylinder used to suspend isolated guinea-pig lungs by
means of the cannula in the trachea and the pulmonary artery. The tracheal cannula is
attached to a tube with a side-arm through which a polythene cannula with a diameter of
10 mm is pushed to fill the bronchial tree with 5%/o C02 in 02. The main tube is connected
to a pressure transducer. The cannula in the pulmonary artery is attached to a tube with
three connexions: one to the perfusion system and a pressure transducer; the second serving
as an outlet for air and the third with a thin polythene injection cannula. The pressure in
the cylinder was alternately made positive and negative by means of a Starling respiration
pump. The effluent from the lungs was collected once a minute in polythene flasks screwed
on a slide.
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lung effluent was collected in polythene flasks screwed on a slide carrying 8 flasks,
connected to the perspex cylinder as shown in Fig. 1. This slide was moved to
replace the flask at 1 min intervals. Three ml of each fraction was added to 17 ml
of a liquid scintillation fluid consisting of: 10 g 2,5-diphenyloxazole; 500 mg p-bis-
[2-(5-phenyloxazolyl] benzene; 80 g naphthalene; 143 ml toluene; 429 ml dioxane;
and 429 ml ethylene glycol monomethyl ether (Cellosolve). The radioactivity of
each sample was measured in a liquid scintillation counter (Nuclear Chicago). The
mean efficiency (± S.E.M.) of this liquid scintillation fluid estimated by means of
n-14C-hexadecane as a reference, was found to be 709 + 0-25% (n= 6). The radio-
activity remaining in the lungs was estimated by the combustion technique described
by Buyske, Kelly, Florini, Gordon & Peets (1966).

Drugs

The radioactive compounds [ring-2-14C]-histamine dihydrochloride and
[ring-2-14C]-L-histidine were obtained from Philips Duphar, and n-[l-14C]-hexadecane
from the Radiochemical Centre, Amersham. The other substances used were:
histamine acid phosphate (BDH), 5-hydroxytryptamine creatinine sulphate (BDH),
synthetic bradykinin (BRS 640, Sandoz), sodium phenylbutazone (Butazolidin,
Geigy), and papaverine hydrochloride. Unless indicated otherwise the doses are
expressed in terms of their salts.

Statistical analysis

The two-tailed t test for paired differences was used to assess the significance of
the progressive increase in effects after successive doses of a drug. The tests used
for comparing the difference of two means are based on unknown variances which
cannot be assumed equal (Natrella, 1963). The level of significance chosen was
a=005.

Results

Tracheal pressure fluctuations and pulmonary arterial pressure

Four successive additions of 1 ,ug of '4C-histamine dihydrochloride caused
markedly increasing effects both on the amplitude of the tracheal pressure fluctua-
tions and on the pulmonary arterial perfusion pressure (Fig. 2). Moreover, the
tracheal pressure fluctuations did not completely return to their original amplitude.
Figure 2 shows that this partial irreversibility was even more marked when a dose
of 25 ng of bradykinin was given before the histamine. It was suppressed to a
large extent by the addition of phenylbutazone (10 ,ug/ml) to the perfusion fluid.
Table 1 shows the mean increase in the effects after four successive doses of
histamine, with and without a preceding low dose of bradykinin (25 ng); the effects
of repeated doses of 5-hydroxytryptamine are also shown. Under these conditions
the increase in the histamine effects was not changed by the low dose of bradykinin.
There is a great difference in the duration of the inhibition of tracheal pressure-
fluctuations induced by histamine and 5-hydroxytryptamine. This duration was-
measured from the injection of the substance under test until the pressure fluctua-
tions had returned to a steady level. After the fourth addition of histamine, with
or without bradykinin, the duration of the inhibition of tracheal pressure fluctua-
tions lasted respectively on an average 191 and 171 s longer than after the first
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Histamine, 5-HT and bradykinin on lung vessels

addition, whereas this difference averaged 29 s with 5-hydroxytryptamine (Table 1).
This increase in duration of the histamine effect, in particular, was significantly
suppressed by phenylbutazone (10 ,ug/ml).
A significantly greater difference in increase of arterial pressure between the

fourth and first dose was found for histamine than for 5-hydroxytryptamine (Table
1). The pressor effect of histamine as well as its progressive increase after succes-
sive doses, was suppressed by phenylbutazone, whereas that of 5-hydroxytrypt-
amine remained essentially unaltered.

Bradykinin causes a bronchoconstrictor effect in guinea-pig lungs in vivo (Collier,
Holgate, Schachter & Shorley, 1959; 1960), while responses to repeated doses of
bradykinin decline (Collier & Shorley, 1960). In the present investigation on
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FIG. 2. Tracheal pressure fluctuations (TP) and the pulmonary arterial perfusion pressure
(PAP) of isolated lungs of the guinea-pig, to which four successive doses of 1 ,ug of histamine
dihydrochloride (H) alone (upper curves), and in combination with a preceding dose of
25 ng bradykinin (B) (middle and lower curves) were given at 10 min intervals. In the third
experiment (lower curves) phenylbutazone (10 ug/ml) had been added to the perfusion fluid.
Time scale, 1 min.

TABLE 2. Mean effects (±S.E.M.) of repeated administration (6x) of bradykinin on tracheal pressure
fluctuations (TP) and the pulmonary arterial pressure (PAP)

Decrease in TP
(%)

Increase in PAP
(cm H20)

n I II III IV V VI

4 49 ±9-2(ir) 44 ±13-7 23 ±10-2 35 ±16-2' 42 ±17-6 53 ±16-9

4 1-7±0-85 0-5± 0-04 0-5± 0-17 0-4± 0-09 0-8± 0-32 1-7+ 0-80

The successive doses are indicated by roman numerals. The percentage decrease in TP is based on
the amplitude measured in the last min before each addition. The case where this inhibition was

irreversible is indicated by (ir).
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isolated lungs with vascular perfusion, the first addition of 25 ng bradykinin caused
a small vasoconstrictor effect without any change in the amplitude of the tracheal
pressure fluctuations. Therefore, the effect of repeated doses of 75 ng bradykinin
was studied. The mean results of 4 experiments, in which 6 doses of bradykinin
were administered at 10 min intervals, are summarized in Table 2. The standard
errors indicate that there was a great variation in the sensitivity to bradykinin. The
mean vasoconstrictor effect fell after the first dose and rose after the fourth dose
but none of these differences were statistically significant. The changes in tracheal
pressure fluctuations were also not statistically significant.

Uptake of 'IC-histamine in the tissues

The level of radioactivity found in the effluent of the experiments referred to
in the three upper rows of Table 1 is shown in Figs. 3a, b and c. The radio-
activity in cpm/ml effluent of each fraction collected after the 1st, 2nd, 3rd and
4th doses of '4C-histamine is plotted against time. Most of the added '4C-histamine
appeared in the lung effluent within the first min after commencing injection. The
mean fractions of added radioactivity remaining in the lung after this first min
following the first and fourth additions are summarized in Table 3. None of these
values differ significantly from each other. Therefore the progressive increase in

cpm/ml

104

(a)

103

102h

1o1 -

(b) (c)

5 10 5 1io 5 t 10
Time (min)

FIG. 3. Radioactivity per ml effluent from isolated vascular perfused lungs of the guinea-pig
after four successive doses of 1 gg '4C-histamine (a) without, and (b) and (c) with a preceding
addition (indicated by arrow) of 25 ng of bradykinin. In (c) 10 ,ug of phenyl-
butazone per ml was added to the perfusion fluid. The curves after the 1st, 2nd, 3rd and
4th doses of '4C histamine are numbered 1, 2, 3 and 4 respectively. Each point in (a) and (c)
is the mean of 3 experiments, in (b) of 6 experiments.
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effect after repeated doses of histamine on the one hand and the suppressing in-
fluence of phenylbutazone on this increase on the other hand cannot be ascribed
to changes of the amounts of histamine 'extracted' by the tissues within the first
minute of the determination. In agreement with this is the finding that the mean
amount of "IC recovered from the lungs by combustion at the end of the experi-
ment, was 1P0 and 1-1% of the total load, respectively, in experiments with and
without phenylbutazone in the perfusion fluid. A further finding was that the
outflow of radioactivity per min increased considerably after addition of 25 ng of
bradykinin. This increase was neither significantly influenced by successive ad-
ministrations nor by phenylbutazone (Figs. 3b and c). Amidopyrine (10 .g/ml)
was also found ineffective in 3 experiments.

Outflow of 'IC from the lungs

Since in the preceding experiments the dose of bradykinin was followed at
once by radioactive histamine, the duration and course of the effect of bradykinin
on the outflow of radioactivity could not be studied. Therefore, in a further 6
experiments, the lungs were loaded with 2 ,ug of '4C-histamine in both the 1st and
21st min; while 25 ng of non-labelled bradykinin was added in the 11th and 31st
minute. Table 4 shows that the mean ( ± S.E.M.) radioactivity present in the effluent
collected during the min before the administration of bradykinin (control period)
was 83+6-2 cpm/ml, i.e. 0-245+0'017% of the amount of radioactivity added 9
min before. During the min when bradykinin was injected the outflow increased
up to 2,168 + 81-6 cpm/ml effluent, that is about 26 times more than in the control
period. This increase was short-lasting; within 3 min the outflow of radioactivity
had returned to its original value. To exclude a possible vasomotor influence of
bradykinin on this increase in outflow of radioactivity, the experiments were re-
peated in the presence of papaverine (25 ,ug/ml). This had no significant influence
on the outflow of radioactivity induced by bradykinin (Table 4). Moreover, the
influence of bradykinin was studied in the same way on the outflow of the acid
dye phloxin (sodium salt of tetrabromotetrachlorofluorescein, mol wt 829-7). After
addition of 0 1 ml of a 1% solution of this dye the effluent was colourless to the
eye within 1-5 s; after 9 min, less than one-thousandth of the dose could be
detected spectrophotometrically. This trace was not increased by addition of
bradykinin. Therefore it was concluded that the most likely explanation for the
increase in outflow of radioactivity caused by bradykinin was an increased leakage
of radioactivity from the interstitial spaces, and not a liberation of radioactivity
remaining in recesses of the vascular system. Moreover. histamine and 5-hydroxy-
tryptamine, two other substances known to increase vascular permeability, also
increased the outflow of radioactive material (Table 4). On a molar basis brady-

TABLE 3. Mean fractions (+S.E.M.) of added amounts of radioactivity remaining in the lungs one min
after starting the injection of 14C-histamine; the injection lasted 30 sec. The roman numerals indicate

the number of the addition

Fraction remaining
Treatment n in lungs in % of added dose

I IV

Histamine (I ug) 3 18-1 110 13 7±9 8
Histamine (1 ,ug) +bradykinin (25 ng) 6 19'7±l107 17-4±5-3
Histamine (1 ,ug)+bradykinin (25 ng) in

the presence of phenylbutazone 3 22-0± 4-1 18-0±5-0
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Histamine, 5-HT and bradykinin on lung vessels

kinin was about 33 times more active than histamine. In our experiments the
sensitivity of the guinea-pig lungs to histamine and 5-hydroxytryptamine was of
the same order in contrast to the findings of Wilhelm (1962). In three series of
experiments the lungs were loaded with "4C-histidine instead of "IC-histamine. No
explanation can be given for the smaller amount of radioactivity in the effluent in
these experiments (Table 4), even though 2 ug of the "C-histidine solution used
contained 002 ,uCi less than the same dose of "IC-histamine solution.

Effects on the weight of the lungs

A marked increase in effect is seen after repeated doses of histamine, but such
an increase does not occur after repeated doses of 5-hydroxytryptamine. If the
increasing effect of histamine is caused by accumulation of fluid in the lungs, then
a gain in weight should be found. The effect of repeated doses of these amines on
the weight of the lungs and on the perfusion pressure was therefore investigated.
In 6 experiments histamine and 5-hydroxytryptamine, both in a dose of 1 ,g base,
were compared, as shown in Figure 4. After the successive doses of histamine
the increase in perfusion pressure rose progressively, as did the duration of the
effect. The progressive effect on the weight was even more pronounced; after the
3rd and 4th dose the weight did not return to its original level within the interval
of 10 min between the doses. In contrast, the effect of 5-hydroxytryptamine was
not increased. Although the rise in perfusion pressure after the first dose was not

Weight 6.9 t X
(g) 6-4

5.9
PAP A3l
(cm H20) 23

_ . .* *. .* *. . . . . . . . . . . . . . -

Weigght 6*0

PAP 20[ r. .I I II
(cm H20) 10 I

Weight 6 [+
(9) 6.0 __ _ _IsaXr

PAP 20
(cm H20) 10 s Iv t § [ B,| | II ~~~~~~min

FIG. 4. Changes in weight and pulmonary arterial perfusion pressure (PAP) of isolated
lungs of the guinea-pig, to which four successive doses of 1 ,ug of histamine base (H) (upper
tracings); 1 ,ug of 5-hydroxytryptamine base (5-HT) (middle tracings), and 75 ng of brady-
kinin (B) (lower tracings) were added. Time scale, 1 min.
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much different from that after the first dose of histamine, this rise remained practically
unaltered after subsequent additions of 5-hydroxytryptamine. The results of the
experiments are summarized in Table 5. In agreement with the previous experi-
ments, phenylbutazone (10 jug/ml perfusion fluid) strongly suppressed the progres-
sion of the effects of histamine, whereas the small progression found after repeated
doses of 5-hydroxytryptamine was not significantly influenced by phenylbutazone
(Table 5). Bradykinin in a dose of 25 ng caused a small vasoconstrictor effect
only after the first addition and had hardly any effect on the weight of the lungs.
A dose of 75 ng of this polypeptide produced a considerable vasoconstriction of
the lung vessels, which decreased upon successive additions as shown in Fig. 4.
In three experiments the mean rise in perfusion pressure was successively: 7-3;
4 0; 2 7 and 2 2 cm water. The influence of the first dose of 75 ng bradykinin on
the weight was biphasic; in all 3 experiments a slight decrease in weight (0 05 g
on average) was followed by an increase (0-27 g on average). Subsequent additions

TP +10 r
(cm H20)

PAP 30 r A-20- -(cm H20) ,0L i
H H H

TP t'0-
(cm H20) [

PAP A0
20

(cm H20) 20L -
5-HT S-HT 5-HT

TP +10r-
(cm H20) 0 L

-10-

(cm H20) 120
I min

FIG. 5. Tracheal pressure fluctuations (TP) and pulmonary arterial perfusion pressure (PAP)
of isolated lungs of the guinea-pig perfused with Krebs solution, to which phenylbutazone (10
,ug/ml) was added. The left atrial outflow was restricted to approximately the same extent
during 3 periods of 1 min at 10 min intervals, as indicated by the horizontal bars. This
restriction of outflow was combined with the administration of 1 ,ug of histamine base (H)
(upper tracings); or with 1 Ag of 5-hydroxytryptamine base (5-HT) (middle tracings). No
drug was added in the control experiments (lower tracings). Time scale 1 min.

294



Histamine, 5-HT and bradykinin on lung vessels

usually caused only a small decrease in weight. In the presence of phenylbutazone
the effects of bradykinin on both the perfusion pressure and the weight were
completely abolished.

Effect of increased atrial pressure

Since the progressive, partly irreversible increase in effects caused by repeated
doses of histamine were related to an increase in weight and were suppressed by
phenylbutazone, it was assumed that an accumulation of fluid in the lungs took
place caused by a rise in hydrostatic pressure induced by histamine. To obtain
evidence for this assumption the influence of an artificially increased pressure on
the responses to repeated additions of histamine and of 5-hydroxytryptamine in the
presence of phenylbutazone (10 ,ug/ml perfusate) was investigated. Phenylbutazone
was added to suppress the vasomotor effects of the amines. The atrial pressure
was increased four times for one minute, starting at the moment the drug under
test was added. In three control experiments, in which neither histamine nor
5-hydroxytryptamine was added, the increased atrial pressure in itself did not affect
the tracheal pressure fluctuations (Fig. 5, lower curves). Combination of elevation
of atrial pressure with the administration of either 1 ,ug of histamine base or 1 ,ug of
5-hydroxytryptamine base in the presence of phenylbutazone caused a progressive
increase in the height and duration of the effect on the tracheal pressure fluctua-
tions. Furthermore, this inhibition was partly irreversible. In four experiments
the mean increase in the duration of the inhibitory effect on the tracheal pressure
fluctuations was 207 s after 3 administrations of histamine and 228 s after 3 ad-
ministrations of 5-hydroxytryptamine. In spite of the fact that the impairment of
the left atrial flow was approximately the same in all experiments, the rise of the
pulmonary arterial pressure was increasing during each successive treatment, es-
pecially when either histamine or 5-hydroxytryptamine was added (Fig. 5). This
progression after successive treatments is probably a secondary effect due to a
decrease in compliance caused by fluid accumulation.

Discussion

Histamine, 5-hydroxytryptamine and bradykinin cause broncho- and vasocon-
striction in isolated lungs, and furthermore, increase the vascular permeability.
However, upon repeated administration of these substances to isolated guinea-pig
lungs performed through the pulmonary artery, a difference between these com-
pounds was observed. The effect of histamine on both the tracheal pressure
fluctuations and the pulmonary arterial pressure increased progressively and be-
came partly irreversible; this progression of the histamine effects as well as the
vasoconstrictor action of histamine, was suppressed by phenylbutazone. The effect
of 5-hydroxytryptamine, on the other hand, was not progressive and the vasocon-
striction was not affected by phenylbutazone.

After successive administrations of bradykinin the lung vessels seemed to be
most sensitive to the first dose and less sensitive to subsequent doses. The tracheal
pressure fluctuations decreased slowly and gradually and did not return to their
original height after the first dose. From the second (sometimes the third dose)
up to and including the sixth dose, the inhibitory effect on the tracheal pressure
set in more rapidly and became completely reversible. This pattern of responses
is more or less the opposite to that found after repeated doses of histamine, and
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thus it is concluded that the reversible decrease in amplitude is probably due to a
bronchoconstrictor effect. This conclusion assumes that another causal factor
must be involved in the slow irreversible decrease in amplitude, found after the first
addition of bradykinin.

Experiments with '4C-histamine demonstrated that the fractions of added radio-
activity remaining in the lungs after 1 min were similar for the successive doses of
histamine alone or combined with a preceding small dose of bradykinin. However,
bradykinin itself caused a large increase in the outflow of radioactivity which was
not affected by either phenylbutazone or papaverine. Non-labelled histamine and
5-hydroxytryptamine also had a similar effect on lungs loaded 10 min earlier with
either "4C-histamine or '4C-histidine. This effect seems to be more or less similar
in magnitude for the 3 compounds in the concentrations used and was not affected
by papaverine. Since the lung vessels were perfused with about 200 ml of salt
solution during this period of 10 min and since most of an intra-arterial addition
of 1 mg of phloxin passed the vascular bed within 15 s, the increased outflow of
radioactivity is probably due to an induced increase in leakage of radioactivity
from the interstitial spaces.

Histamine, in contrast to both 5-hydroxytryptamine and bradykinin, caused a
progressive increase in both the weight and pulmonary arterial pressure. Thus,
repeated doses of histamine probably cause an accumulation of fluid in the lungs,
an effect that is suppressed by phenylbutazone. If the accumulation of fluid is
caused essentially by an increased pressure in the blood vessels the permeability
of which has been increased, these results can only be explained if histamine acts
on different sites in the pulmonary vascular bed from 5-hydroxytryptamine and
bradykinin. Gilbert, Hinshaw, Kuida & Visscher (1958) demonstrated, using iso-
lated perfused dog lungs, that histamine usually caused a greater increase in the
venous resistance than in the arterial resistance, whereas 5-hydroxytryptamine
usually increased the arterial resistance more than the venous resistance. They also
found a good correlation between the change in lung weight and the change in
venous resistance.

With bradykinin the reaction of the lung vessels to the first dose was found to be
quite different from that to succeeding doses. The first dose caused a marked
vasoconstriction and had a biphasic effect on the weight; a short decrease followed
by a longer lasting increase. This indicates that the first dose of bradykinin may
cause vasoconstriction at two sites in the vascular bed. The succeeding doses, only
causing a decrease in weight, may then act on a precapillary site in the vascular bed
as Hauge, Lunde & Waaler (1966) concluded from their experiments on the rabbit.
The determination of weight does not differentiate between different causes of

the weight changes, e.g. it is impossible to obtain an estimate of the part of the
increase in weight due to increased filling of the vessels. The magnitude of this
filling capacity depends on the distension of the vessels, which in its turn may be
counteracted by the hydrostatic pressure in the interstitial spaces due to an influx
of fluid. Lunde & Waaler (1969) demonstrated, using isolated perfused lung pre-
parations, that an increase in venous pressure in the left atrium up to about 15
mmHg caused a rapid increase in weight up to a stable level, indicating a trans-
vascular flux of fluid until a new transvascular fluid equilibrium was reached.
When the pressure in the left atrium, and hence the capillary hydrostatic pressure,
was elevated above a certain level and maintained long enough then the weight
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gradually increased, leading to visible oedema formation. When the elevated pres-
sure was decreased again Lunde & Waaler (1969) saw first a rapid fall in weight
followed by a slowly diminishing decrease. However, in this case the weight did
not return to its original level. This first phase was thought to reflect a reduction
in vascular capacity and the second a gradual, incomplete reabsorption of trans-
vascular fluid.

In the experiments on weight presented in this paper the increase induced by
histamine in both weight and vascular pressure fell quite slowly and in most cases
returned to the original levels after the first and second dose (Fig. 4). To what
extent this gradual decrease in weight is due to a reduction in vascular capacity is
unknown. However, after the third and fourth doses the changes in weight did
not correspond to the changes in vascular pressure. The pulmonary arterial pres-
sure now rose to an average of 24-7 and 28-6 cm H20 respectively. By this increase
the critical level for irreversible fluid accumulation in interstitial spaces may have
been passed since the weight did not return to its original level. It should be noted
that this did not lead to visible fluid accumulation in the trachea.
From these findings the following conclusions can be drawn; first, the steady

progress and irreversibility of the effect of histamine is caused by an accumulation
of fluid in the interstitial spaces caused by a combination of increased permeability
and increased intravascular pressure. Second, the effect of phenylbutazone on the
accumulation of fluid in the lungs occurring after repeated administration of
histamine is due to its inhibitory activity on the vasoconstrictive action of histamine.
These conclusions are supported by the finding that, in lungs continuously treated
with phenylbutazone, short-lasting artificial venous pressure elevations concomitant
with repeated administrations of histamine could reproduce the progressive increase
in inhibitory effect on the tracheal pressure fluctuations. Although 5-hydroxy-
tryptamine and bradykinin cause changes in vascular permeability similar to those
produced by histamine, they do not cause an accumulation of fluid in the inter-
stitial spaces, possibly because their vasoconstrictor effects, reflected in an increase
in pulmonary arterial pressure, are located more in the arterial part of the vascular
system, than are the vasoconstrictor effects of histamine. The fact that the response
to 5-hydroxytryptamine also increased progressively, when the atrial outflow was
restricted is another indication that the vasoconstriction of these substances
normally did not result in a predominant increase in venous pressure.

We should like to thank Prof. Dr. C. van der Meer for his advice and helpful criticism
during the investigation and the preparation of this manuscript.
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