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Aerosolized and intravenously administered
leukotrienes: effects on the bronchoconstrictor potency
of histamine in the guinea-pig
M.R. Fennessy, A.G. Stewart' & D.C. Thompson

Department ofPharmacology, University of Melbourne, Parkville, 3052, Australia

1 The effects of leukotrienes C4 and D4 (LTC4 and LTD4), administered intravenously or by aerosol,
on the bronchoconstrictor potency of intravenously administered histamine have been investigated in
anaesthetized, mechanically ventilated guinea-pigs.
2 LTC4 (2 nM) had no effect on either the ECv or the maximum contractile response to histamine on
the isolated trachea of the guinea-pig. At 10 nM, LTC4 induced a rightward shift in the histamine
concentration-response curve without affecting the maximum response.

3 LTD4 (0.05-0.20nmolkg,'i.v.) dose-dependently enhanced histamine (9-36nmolkg-', i.v.)-
induced increases in airways resistance, whereas equibronchoconstrictor doses of LTC4
(0.1-0.4 nmol kg', i.v.), failed to enhance histamine-induced increases in airways resistance.
4 Aerosols of LTC4 and LTD4 generated from solutions of 1-16 JM and administered for 30s,
elicited concentration-dependent bronchoconstrictions comprising decreases in dynamic compliance
and increases in airways resistance. At 20 min after exposure to these aerosols, the potency ofhistamine
(9-36 nmol kg- , i.v. ) was significantly increased on both airways resistance and dynamic compliance.
5 The potentiation induced by LTC4 (4 JiM, 30 s) was maintained up to 60 min after aerosol exposure
whereas that induced by LTD4 (4 gAM, 30 s) was maintained up to 40 min after aerosol exposure but was
not significantly different (P >0.05, unpaired Student's t test) to saline-exposed animals at 60min.
6 LTC4, as has been previously reported for LTD4, does not enhance the histamine-induced
contraction ofisolated airways smooth muscle. In contrast to LTD4, intravenously administered LTC4
does not appear to enhance histamine-induced bronchoconstriction. On the other hand, aerosols of
either LTC4 or LTD4 potentiate histamine in vivo in a concentration-dependent manner. These data
suggest that leukotrienes may contribute to the regulation of airways reactivity to histamine in the
guinea-pig.

Introduction

The sulphidopeptide leukotrienes (LTC4, LTD4 and
LTE4) have been implicated as primary mediators of
anti-histamine-resistant airways smooth muscle con-
striction induced by antigen-challenge (Adams &
Lichtenstein, 1979). In addition, these substances
together with the chemoattractant leukotriene, LTB4,
are considered to be important mediators in inflam-
matory conditions (Samuelsson, 1983). A number of
studies suggest that airways inflammation may be
responsible for the increased airways reactivity which
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is a characteristic feature of asthma (Empey et al.,
1976; Hogg, 1981; Cartier et al., 1982; Malo et al.,
1983; Kaliner, 1984.) Thus, the possibility that leuk-
otrienes may contribute to airways hyperreactivity has
gained attention in recent studies which have provided
experimental evidence for supra-additive interactions
of leukotrienes with: histamine in vitro (Creese &
Bach, 1983; Lee et al., 1984) in the guinea-pig;
histamine in vivo in the guinea-pig (Stewart et al.,
1983); 5-hydroxytryptamine (5-HTI) in vivo in the cat
(Holroyde & Jackson, 1983); prostaglandin F2,, in
human volunteers (Barnes et al., 1984).
Although there is considerable evidence that in-

travenously administered leukotrienes elicit bron-
choconstriction by generating the release of cyclo-
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oxygenase products (Vargaftig et al., 1981; Folco et
al., 1982; Piper& Samhoun, 1982), when administered
by aerosol, they appear to elicit a direct bronchocon-
strictor effect (Hamel et al., 1982; Dahlen, 1983; Leitch
et al., 1983).

In the present study the effects of intravenous and
aerosol administration of LTC4 and LTD4 on the
bronchoconstrictor potency of histamine have been
examined.

Methods

Isolated airways smooth muscle preparations

Guinea-pigs (Dunkin-Hartley) of either sex, weighing
between 350 and 450 g, were killed by a blow to the
head and the trachea was rapidly removed and placed
in Krebs solution of the following composition (mM):
NaCl 118, KCI 4.7, CaCI2 2.5, NaHCO3 25, MgCl2 0.5,
NaH2PO4 1.0 and D-(+)-glucose 11.1. The Krebs
solution used during dissection, and for bathing the
preparation in the organ bath, was maintained at 37°C
and gassed with 95% 02 and 5% CO2. Tracheal strips
were prepared according to the method ofConstantine
(1965) as modified by Emmerson & Mackay (1979).
Each trachea was bisected, giving strips from both the
laryngeal and bronchial ends, which were randomly
allocated to treatments. Each strip was mounted in a
25 ml organ bath under a load of0.5 g and equilibrated
for 60 min, during which time the bathing solution was
exchanged every 15 min and a stable baseline de-
veloped. Responses were measured by use of Ugo
Basile isotonic transducers (Model No. 7006) and
displayed on a 4-channel Grass Polygraph (Model
No. 79D) or a Rikadenki Chart Recorder (R-02).
Following equilibration, all strips were exposed to a
supramaximal concentration of acetylcholine
(0.5 mM) after which a washout period of 60 min was
allowed. Contractile responses to histamine are ex-
pressed as a percentage of the response to the standar-
dizing concentration of acetylcholine. LTC4 (2 or
10 nM) or an equal volume of Krebs solution was
added to either the bronchial or laryngeal end of the
trachea before starting a cumulative histamine con-
centration - response curve.

Measurements of airways function in vivo

Guinea-pigs, weighing between 350 and 550 g, were
anaesthetized with a mixture of sodium pentobar-
bitone (0.3% w/v) and urethane (25% w/v) at a dose of
4 to 5 ml kg- ', i.p. A tracheal cannula, through which
the animals were mechanically ventilated, was then
inserted. The ventilation pump (Palmer) was adjusted
to deliver 0.7 ml ofair per 100 g body weight per stroke
at a stroke rate of60 min- . Blood pressure, measured

from the right common carotid artery, was monitored
on a Grass Polygraph (Model 79D). Heart rate was
derived from the blood pressure signal using a
tachograph. Intravenous injections were given in a
volume less than 0.5 ml kg- , via a cannula inserted in
the left jugular vein, after which the cannula was
flushed with 0.2 ml saline. Following surgical prepara-
tion, gallamine triethiodide (4mg kg-', i.v.) was ad-
ministered to prevent spontaneous respiratory
movements.

Aerosols were generated from a Hudson nebulizer
at a flow rate of 61 min-'. The resulting aerosol was
introduced into the inspiratory line at normal airflow
rate and tidal volume between the pump and the
tracheal cannula. Aerosols were generated from solu-
tions of saline containing (0-16gM leukotriene) for a
fixed period of 30s. In experiments in which the
interaction between intravenously administered leuk-
otriene and histamine was examined, leukotrienes
were injected 20 s before histamine since this pretreat-
ment time had previously been determined to be
optimal for LTD4 (Stewart et al., 1984a). It was
established in pilot experiments that saline adminis-
tered 20s before histamine had no effect on the
ensuing bronchoconstrictor responses. Responses to
histamine were elicited at intervals of not less than
6min.

Breath to breath changes in airways resistance (RL)
and dynamic compliance (Cdyn,) were measured accor-
ding to the principles of Amdur & Mead (1958) as
modified for anaesthetized guinea-pigs by Diamond
(1972). Animals were placed in a perspex whole body
plethysmograph. Transpulmonary pressure (TPP) was
measured by attaching one port of a Pye differential
pressure transducer to the T-junction on the tracheal
cannula and the other port to the interior of the
plethysmograph. This method ofmeasurement ofTPP
is an approximation to the more common but more
invasive method of taking the difference in pressure
between the tracheal cannula and a cannula placed in a
pleural cavity created by pneumothorax. Neverthe-
less, the method used in the present study has been
validated by Diamond (1972) in the guinea-pig. Ins-
piratory and expiratory airflow rates (Q) were
measured across a pneumotachograph attached to the
rear ofthe plethysmograph at one end to a reservoir of
41 at the other end to ensure that the differential
pressure across the pneumotachograph was linear
over the range ofQ. The pneumotachograph consisted
ofa short piece ofcopper tubing filled with 19G needle
shafts to act as an impedance. The difference in
pressure across the impedance of the pneumota-
chograph was measured by attachment of sidearms to
the ports ofa Statham differential pressure transducer.
The inspiratory airflow rate was electronically in-
tegrated to give tidal volume. Following preamplifica-
tion by a Grass Polygraph (79D), the signals from the
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differential pressure transducers were fed into a
modified EAI 180 analogue-hybrid computer for the
on-line computation of RL and Cdyn according to a
modification ofthe programme developed by Mindlin
(1969). In all in vivo experiments, recovery from
bronchoconstriction was facilitated by positive pres-
sure re-inflation of the lungs.

Analyses of data

Responses to histamine following leukotriene (i.v.)
pretreatment were preceded and followed by bracket
control responses to histamine alone. The interaction
between histamine and leukotriene was considered to
be overadditive when the magnitude ofthe response to
histamine following leukotriene pretreatment was
significantly greater (P< 0.05, paired Student's t test)
than the addition ofthe magnitudes of the response to
leukotriene alone and the mean of the bracket control
histamine responses.

Contractile responses to histamine in the isolated
trachea were measured from the baseline prior to the
start of the cumulative concentration-response curve.
Histamine concentration-response lines obtained on
the isolated trachea were analysed by linear regression
of log concentration on responses between 20 and
80% of the maximal response obtained in individual
experiments. The log of the concentration producing
50% of the maximal response (log ECm) was obtained
and the results from six experiments were pooled to
give a geometric mean with a standard error of the
mean (s.e.mean). Significant differences (P <0.05)
were determined by the unpaired Student's t test.

Reactivity to histamine in vivo was determined by
estimation of the log of the dose required to increase
airways resistance by 100% (log EDIOORL) or decrease
dynamic compliance by 50% (log ED5OCdyn). These
values were determined by obtaining bronchoconstric-
tor responses less than and greater than 100% in-
creases in RL, respectively, which necessitated using
doses of histamine in the range 9-36 mol kg- '. These
responses corresponded to decreases of Cd,,y of less
than and greater than 50%. A regression line for the
log of the dose on the response was calculated and the
log EDIOORL and log ED5OCdyn values were obtained by
interpolation.
A treatment period between 20 and 60 min foll-

owed, after which the log EDlOoRL and log ED5OCd,,,
values were again determined. Data are presented as
the mean change (Post- minus Pre-aerosol) in log
EDIOORL or log EDMCdyn,, with associated standard
errors of the means.

This method of analysis was chosen since a linear
relationship between the log doses of histamine and
responses was observed for both RL (r = 0.54,
P<0.001, n = 75) and Cd,,, (r = 0.63, P<0.001,
n = 105).

Analyses of leukotrienes

The nominal concentrations of solutions ofLTC4 and
LTD4 were confirmed by u.v. spectrophotometry
(Hitachi UV Spectrophotometer) by relating the
absorbance at 280nm to that indicated by the infor-
mation accompanying each shipment. In addition, a
spectral scan was routinely performed to ensure that
the u.v. spectra corresponded to those published for
LTC4 and LTD4.

Drugs

All reagents were ofanalytical grade: gallamine trieth-
iodide (May & Baker); histamine diphosphate, ureth-
ane (Sigma Chemical Co.); leukotrienes C4 and D4
(Merck Frosst Laboratories, Quebec, Canada, or
Calbiochem); sodium pentobarbitone (Abbott).

Results

Effect ofleukotriene C4 on histamine-induced
contractile responses in vitro

Exposure of the isolated trachea to LTC4 (2 nM) had
no detectable effect on the sensitivity or the maximum
response to that produced by histamine (Table 1). At a
concentration of 1OnM, LTC4, which elicited a con-
tractile response approximately half that of the max-
imum response to histamine, caused a significant
(P< 0.05, unpaired Student's t test) rightward shift in
the concentration-response curve.

In addition, the maximum response to histamine
(alone) was significantly reduced (P< 0.05, unpaired
Student's t test) in the presence of 10nM LTC4,
although the sum ofthe histamine maximum response
and the LTC4 response was not significantly different
(P> 0.05, unpaired Student's t test) to the maximum
response to histamine in paired control (Krebs-
treated) preparations (Table 1).

Histamine-induced bronchoconstriction: effect of
leukotriene C4 or D4pretreatment

The resting values of RL and Cdy,, were 0.32 ±
0.OlcmH2Oml'rs', n = 72 and 0.57±0.03ml
cmH20', n = 72, respectively.
LTD4 (0.05-0.20nmolkg-', i.v.), but not

equibronchoconstrictor doses of LTC4
(0.1-0.4nmolkg', i.v.), significantly enhanced the
histamine (9-36 nmol kg-', i.v.)-induced increases in
airways resistance in a dose-dependent manner
(Figure 1, Table 2).

Furthermore, at pretreatment doses of
0.1 nmol kg-', i.v., LTC4 and LTD4 elicited direct
bronchoconstrictor responses that were indistingui-



744 M.R. FENNESSY et al.

Table 1 The effects of leukotriene C4 (LTC4) on
the sensitivity and maximum contractile response to
histamine of the guinea-pig isolated trachea

Maximum
response'

Histamine (response to
Pretreatment n (- log EC"o) LTC4)

Krebs
LTC4 2 nM

Krebs
LTC4 lOnM

6 5.266 ± 0.068 96.6 ± 11.8
6 5.252 ± 0.042 103.2 ± 9.5

(8.4 ± 2.6)
6 5.458 ± 0.019 111.8 ± 9.5
6 5.134 ± 0.066* 108.7 ± 3.2

(56.4 ± 4.9)

n = number of observations. Values are mean-
± s.e.mean.
2Maxima are presented as percentages of the res-
ponse to 0.5mM acetylcholine.
* P <0.05, unpaired Student's t test.

shable from each other. The magnitudes of the
histamine-induced bronchoconstrictions used to test
for augmentation at the pretreatment doses of leuk-
otrienes of 0.1 nmol kg-', i.v., were also indistingui-
shable. Nevertheless, the difference between the in-
crease in RL elicited by the combination of LTD4 and
histamine was significantly greater (P <0.05, un-
paired Student's t test) than that ofthe combination of
LTC4 and histamine (Table 2).

Effects ofaerosolized leukotrienes on airways
reactivity to histamine

LTC4 (1-16 gM, 30 s) and LTD4 (1-16gM, 30 s) each
elicited concentration-dependent increases in RL and
decreases in Cd,,,, (Table 3) which were maximal within
5 min and subsided over a 20 min period (Table 4). At
4 JAM, LTC4 induced a bronchoconstriction greater
than that of LTD4. Reactivity to histamine
(4.5-36 nmol kg ', i.v.) was determined before and up
to 60 min after exposure to leukotriene aerosols at
20 min intervals (Figure 2). The log shifts in the
histamine dose-response curve determined 20 min
after aerosol indicate that both LTD4 (1-16tiM) and
LTC4 (4 and 16 AM) aerosols significantly increase the
reactivity ofthe central airways to histamine (reflected
by changes in RL, Table 5). In contrast, histamine
reactivity was significantly increased on peripheral
airways (reflected by changes in C&,,) only at the
leukotriene concentration of 4 JM.

There was no significant correlation between the
initial reactivity to histamine and the magnitude ofthe
shift induced when the data for 4 and l6JAM were
pooled for either RL (LTC4, r = 0.25, n = 9, P>0.05;

LTD4, r = 0.17, n = 10, P< 0.05) or Cdy. (LTD4,
r = 0.40, n = 10, P>0.05).
However, there was a significant correlation bet-

ween initial reactivity to histamine and the shift in log
Cdy,,, 50 elicited by LTC4 (r = 0.72, n = 9, P <0.05).
There was also no correlation between the bron-
choconstriction induced by the leukotrienes at 4 and
16 JAM and the log shifts for either RL (LTC4, r = 0.40,
n = 9, P >0.05; LTD4, r = 0.003, n = 10, P> 0.05) or
Cdyn (LTC4, r = 0.35, n = 9, P> 0.05; LTD4, r = 0.40,
n = 10, P> 0.05). It is ofinterest to note that the 1 AM
aerosol ofLTD4 which had no detectable bronchocon-
strictor effect caused a small but nevertheless sig-
nificant increase (P <0.01, unpaired Student's t test)
in the potency of histamine on RL-
The time course of the potentiating actions ofLTC4

(4 AM) and LTD4 (4 gAM) was investigated up to 60 min
after exposure to aerosol (Figure 3). At 20, 40 and
60 min post-aerosol, LTC4 significantly increased the
potency of histamine on RL, whereas LTD4 poten-
tiated histamine at 20 and 40 min but the shift
obtained was not significantly different from that
obtained in saline-exposed animals at 60 min.
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Figure 1 The effect leukotriene D4 (LTD4,
0.025-0.lOOnmol kg', i.v.) pretreatment on histamine
(36nmolkg-', i.v.)-induced increases in airways resis-
tance in anaesthetized, mechanically ventilated guinea-
pigs. The effect of LTD4 is compared to that of bracket
control responses to histamine. The doses of LTD4 used
had little effect on airways resistance when injected alone.
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Table 2 The effects of intravenously administered leukotriene C4 (LTC4) or LTD4 on histamine (9-36 nmol kg- ',
i.v.)-induced increases in airways resistance (RL)

Increase in RL
n (cmH20 ml I)

16
16
16
16
16
16
6
6
6
4
4
4
3
3
3
3
3
3

0.536 ± 0.060
0.054 0.019
1.029 0.141
0.601± 0.092
0.116 0.028
1.841 ± 0.211
0.505 ± 0.086
0.245 ± 0.080
2.322 ± 0.231
0.628 ± 0.120
0.118 ± 0.013
0.897 ± 0.051
1.301 ± 0.130
0.088 ± 0.010
1.598 ± 0.317
1.937 ± 0.225
0.175 ± 0.020
2.065±0.387

Mean difference'

+ 0.440 ± 0.128*

+ 1.137 ± 0.196**

+ 1.571 ± 0.170**

+ 0.151 ± 0.109

+ 0.210 ± 0.207

- 0.047 ± 0.327

UP< 0.01; **P< 0.001, paired Student's t test for comparison of the addition of the increases in RL elicited by the
separate administration of histamine and LTC4 or LTD4 and that elicited by the combined administration of these
bronchoconstrictors
IThe mean difference represents the increase in RL elicited by histamine, 20 s after pretreatment with either LTD4 or
LTC4, and that elicited by their separate administration.

Discussion

Either LTC4 or LTD4, administered by aerosol, in-
creases the bronchoconstrictor potency of histamine
in a concentration-dependent manner. LTC4, as has
been previously reported for LTD4 (Stewart et al.,

Table 3 Effects of aerosols of leukotriene C4
(LTC4) or LTD4 on airways resistance (RD and
dynamic compliance (Cdyj)

1983), did not enhance histamine-induced contrac-
tions of airways smooth muscle. LTD4 dose-depen-
dently enhanced histamine-induced increases in RL,
confirming earlier findings (Stewart et al., 1983; 1984a,
b), whereas under the same conditions, LTC4 did not
possess a similar bronchoconstriction enhancing ac-
tion.
Two previous studies have shown that leukotrienes

enhance histamine-induced contractile responses of
airways smooth muscle. This occurred (i) under
conditions of lowered Ca2" concentration (0.1 mM),
but not where Ca2+ (2.5 mM) was used (Creese& Bach,

n RL1

15 101±3
4 121 ± 6*
3 215 ± 32*
6 388 ± 1 10*
14 107 ± 2
5 125 ± 6**
5 222 ± 34*

C I
tyx

91 ± 2
80 ± 6*
46±9*
37 ± 8**
91 ±2
75 ± 5**
50 ± 8*

'Data are presented as peak post-aerosol values as

percentages of the values before aerosol treatment;
mean ± s.e.mean values are shown.
*P< 0.05; **P< 0.001, unpaired Student's t test
compared to saline aerosol-treated group.

Table 4 Time-course of leukotriene C4 (LTC4,
4pFM) and LTD4 (4 pM) aerosol-induced increases in
airways resistance (Rd)

RLI
Aerosol n Time after aerosol (min)

2 5 10

Saline
LTC4 4pM
LTD4 4pM

20

4 105±4 105±4 99±3 97± 1
3 123± 12 189±39 165±29 123±7
5 107±2 123±6 114±6 106±4

'Data are expressed as the post-aerosol values as

percentages of the values before aerosol treatment.

Pretreatment
(nmol kg- l)

LTD4 0.05
LTD4 0.05

LTD4 0.10
LTD4 0.10

LTD4 0.20
LTD4 0.20

LTC4 0.10
LTC4 0.10

LTC4 0.20
LTC4 0.20

LTC4 0.40
LTC4 0.40

Treatment

Histamine

Histamine
Histamine

Histamine
Histamine

Histamine
Histamine

Histamine
Histamine

Histamine
Histamine

Histamine

Aerosol
(JAM)

Saline
LTC4 1
LTC4 4
LTC4 16
LTD4 1
LTD4 4
LTD4 16
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Figure 2 The effect ofaerosolized leukotriene C4 (LTC4,
16I1M, 30 s) on sensitivity to histamine
(4.5-36nmolkg-', i.v.)-induced increases in airways
resistance in anaesthetized, mechanically ventilated
guinea-pigs. Recovery from the direct bronchoconstric-
tor effect of LTC4 was facilitated by positive pressure

reinflation of the lungs to maximum lung capacity at
approximately 5 min intervals during the 20 min pretreat-
ment period.

Table 5 Effects of aerosols of leukotriene C4
(LTC4) or LTD4 on the potency of intravenously
administered histamine on airways resistance (RL)
and dynamic compliance (Cdy.) determined 20 min
after aerosolization of saline or leukotrienes

Aerosol
treatment
OUM)
Saline
LTC4 1

LTC4 4
LTC4 16
LTD4 1

LTD4 4
LTD4 16

log shifts'
n RLI

15 - 0.038 ± 0.017
4 - 0.062± 0.026
3 -0.433±0.045**
6 - 0.324 ± 0.045**
14 - 0.140± 0.020**
5 -0.298±0.016**
5 - 0.371 ± 0.050**

Cdyn

- 0.083 ± 0.037
- 0.108 ± 0.055
- 0.333 ± 01074*
- 0.288 ± 0.102
- 0.139 ± 0.026
- 0.267 ± 0.050*
- 0.204 ± 0.059

' Data are presented as the change in the log of the
dose of histamine (post-aerosol minus pre-aerosol)
required to elicit a 100% increase in RL or a 50%
decrease in Cdyn. Values are mean ± s.e.mean.
*P<0.05; **P<0.01, unpaired Student's t test
compared to the shift obtained in the saline aerosol-
treated group.
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Figure 3 Time-course of the potentiation of histamine
by leukotriene C4 (LTC4, 4 FM, 30 s, n = 3, *) and LTD4
(4 FM, 30 s, n = 5, 0) compared to saline (30 s, n = 5, A.
Data are presented as the post-aerosol changes in log
EDIOO RL values from those determined for histamine
during the control period, i.e., before the respective
aerosol treatments. *P<0.05, unpaired Student's t test,
comparing saline aerosol-treated guinea-pigs with those
exposed to leukotrienes.

1983); (ii) following removal of, and recovery from,
contractile concentrations of LTE4 but not LTC4 or
LTD4 (Lee et al., 1984).

It may be concluded that, under physiological
conditions, neither LTC4 nor LTD4 induces increased
responsiveness to histamine on airways smooth mus-
cle. However, the sensitivity oftracheal smooth muscle
to histamine determined by Lee et al., (1984) was
considerably less (approx. 0.7 log units) that that
determined in the present study and by other workers
(cf. Drazen & Schneider, 1978; Schreurs & Nijkamp,
1984). Nevertheless, synergistic interaction between
leukotrienes and histamine have been observed in
cardiovascular smooth muscle (Hand et al., 1983) and
in cardiac muscle (Levi & Burke, 1980).
The higher pretreatment concentration of LTC4

(10 nM), which elicited a response approximately equal
to the contractile response at the EC5o, shifted the
histamine concentration-response curve to the right.
This observation suggests that LTC4 and histamine
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are not independent agonists i.e., there is an overlap in
the mechanisms by which these agonist contract
tracheal smooth muscle, as has been previously repor-
ted for acetylcholine and histamine in this preparation
(Stewart et al., 1984c).

In contrast to intravenously administered LTD4,
LTC4 at equibronchoconstrictor doses did not aug-
ment histamine-induced increases in RL. There is
increasing pharmacological (Fleisch et al., 1982;
Gleason et al., 1982; Lee et al., 1984) and biochemical
evidence (Hogaboom et al., 1983; Cheng & Townley,
1984) of multiple receptors for the leukotrienes. The
lack ofenhancement by LTC4 may be explained by the
existence ofa receptor for LTD4 which is not activated
by LTC4. Alternatively, the abilities of LTC4 and
LTD4 to elicit pulmonary vasoconstriction may differ
as has been reported in the rat (Voelkel et al., 1984) in
which species, LTC4, but not LTD4, causes pulmonary
vasoconstriction. LTC4, by constricting the pulmon-
ary artery and thereby reducing pulmonary blood
flow, may reduce the access of histamine to airways
smooth muscle. This action could be expected to mask
an enhancement ofthe bronchoconstrictor response to
histamine. Nevertheless, LTD4 is reported to constrict
guinea-pig isolated pulmonary arteries (Hand et al.,
1983) and may be equipotent with LTC4 in this species
(Hand et al., 1981).

Both LTC4 and LTD4 aerosols potentiated his-
tamine in a concentration-dependent manner, the
effect of LTC4 being of longer duration. The potentia-
tion induced by LTC4 or LTD4 did not correlate with
their direct bronchoconstrictor activity which was also
concentration-dependent over the range ofconcentra-
tions (1-16 AM) tested. It appears that the enhancing
action of the leukotrienes may be independent of their
bronchoconstrictor activities. In addition, there was
no detectable relationship between the preleukotriene
sensitivity to histamine and the ability of either LTC4
or LTD4 to potentiate histamine on RL. However,
there was a negative correlation between the initial
potency ofhistamine on Cdyn and the magnitude of the
potentiation induced by LTC4, but not that induced by
LTD4. Thus, there appears to be no consistent re-
lationship between the initial potency of histamine on
RL or Cdyn and the magnitudes ofpotentiation induced
by LTC4 or LTD4.
The bronchoconstrictor actions of intravenously

administered leukotrienes are inhibited by cyclo-
oxygenase inhibitors, whereas aerosolized leuk-
otriene-induced bronchoconstriction is unaffected or
enhanced (Hamel et al., 1982; Dahlen, 1983; Leitch et
al., 1983) leading to the suggestion that the mechanism
of bronchoconstriction may differ between these
routes of administration.

Thus, the difference in activity of LTC4 between
these routes of administration may be related to
differences in the involvement of cyclo-oxygenase

products. Alternatively, it is possible that LTC4, when
administered by aerosol, is converted to LTD4, as has
been observed in the guinea-pig isolated ileum (Piper
et al., 1982), during the 20 min pretreatment period. As
a consequence, the enhancement induced by
aerosolized LTC4 may be due to the formation of
LTD4. This suggestion is consistent with the longer
duration of action of LTC4 and its failure to enhance
when administered intravenously 20 s before his-
tamine, during which time little conversion could be
expected. However, further studies using inhibitors of
y-glutamyltranspeptidase are required to determine
whether aerosolized LTC4 acts directly or via conver-
sion to LTD4.

Intravenously administered LTD4 enhances his-
tamine-induced bronchoconstriction by a mechanism
which is, at least partly, dependent on vagal choliner-
gic nerves (Stewart et al., 1984b). Whether a similar
mechanism is responsible for the present observations
on aerosolized LTC4 and LTD4 remains to be inves-
tigated. Nevertheless, there is evidence in support of
the possibility that aerosolized leukotrienes also
activate cholinergic nerves. It has been reported that
aerosols ofLTD4 enhance 5-HT-induced bronchocon-
striction in the cat by a vagal-dependent mechanism
(Holyroyde & Jackson, 1983). Furthermore, the hy-
perreactivity ofBasenji-Greyhounds to LTD4 is repor-
ted to be blocked by atropine-pretreatment (Hirshman
et al., 1983).
The lack of an enhancing action of LTC4 in the

present study, or LTD4 on contractile effects of
histamine on the isolated trachea (Stewart et al., 1983)
suggests that aerosols of leukotrienes potentiated
histamine in vivo by indirect mechanisms.

In conclusion, the present study provides evidence
that is consistent with the hypothesis that leukotrienes
may contribute to the regulation of airways reactivity
to histamine in the guinea-pig. The previously repor-
ted failure ofLTD4 to enhance intravenously adminis-
tered acetylcholine (Stewart et al., 1984b) together
with the failure of sub-threshold concentrations of
leukotrienes to enhance histamine-induced bron-
choconstriction in healthy human volunteers (Barnes
et al., 1984) preclude the possibility that leukotrienes
are the sole, or even the major, mediators of the
phenomenon of non-specific bronchial hyperreac-
tivity.
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