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STIMULATORY AND INHIBITORY HISTAMINE RECEPTORS
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1 The effects of histamine receptor stimulation were assessed on the resistance of the canine cystic
duct in vivo and on the contractility of circular muscle preparations of canine cystic duct in vitro.
2 In anaesthetized dogs, the HI-receptor agonist, 2-pyridylethylamine (0.05 to 151tmol, i.a.),
elicited dose-dependent increases in cystic duct resistance, whereas the H2-receptor agonist,
4-methylhistamine (0.05 to 15Amol, i.a.) decreased cystic duct resistance. These responses were
antagonized by the Hi-receptor antagonist, diphenhydramine, and the H2-receptor antagonist,
cimetidine, respectively.
3 Histamine (0.1 to 3000 nmol, i.a.) also increased cystic duct resistance in vivo. In the presence of
diphenhydramine, the stimulatory effect of histamine was antagonized and slight decreases in cystic
duct resistance became apparent. Cimetidine or prazosin also antagonized the stimulatory effects of
histamine.
4 Histamine (1 to 100 1AM) or 2-pyridylethylamine (1 to 100 I1M) contracted, whereas 4-
methylhistamine (1 to 100 t1M) relaxed, circular muscle preparations of cystic duct. These excitatory
and inhibitory responses were antagonized by diphenhydramine and cimetidine, respectively.
5 These results indicate that the canine cystic duct possesses excitatory Hl- and inhibitory
H2-receptors. The predominant effect of histamine is an Hi-receptor-mediated increase in cystic
duct resistance. Histamine, which may be released in association with cholecystitis, may exert
significant effects on the regulation of bile flow in and out of the gallbladder and may contribute to
gallbladder stasis during biliary disease.

Introduction

The cystic duct is approximately 1.5cm long and
joins the gallbladder to the common bile duct. It
conveys bile to the gallbladder during fasting periods
and out of the gallbladder after meals. There is a thin
layer of muscle in the wall of the duct, and the duct
appears to have sphincter-like properties. Potter &
Mann (1926) observed that the pressures within the
gallbladders and common bile ducts of conscious
dogs could vary independently ofeach other, and this
was confirmed by Doyle & Farrar (1969). Scott &
Otto (1979) found that the resistance to flow through
the canine cystic duct increased after systemic or local
intra-arterial bolus injections of morphine or
cholecystokinin (CCK). Similarly, the flow of con-
trast medium through the human cystic duct, ob-
served by using a cine-radiographic method, was
reduced after systemic administration of morphine or
CCK (Torsoli, Ramorino & Alessandrini, 1970). We
have recently established (unpublished) both in vivo
and in vitro that stimulation of a-adrenoceptors or
muscarinic receptors constricts the canine duct
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whereas stimulation of P-adrenoceptors relaxes the
duct. No information is available regarding the pres-
ence of histamine receptors in the cystic duct.

Histamine is present in mast cells and most connec-
tive tissues throughout the body and its effects are
mediated by two types of receptors. For example,
stimulation of Hl-receptors causes contraction of the
smooth muscle of the gut and bronchi (Ash& Schild,
1966) and stimulation of H2-receptors increases gas-
tric acid output and increases heart rate (Black,
Duncan, Durant Ganellin & Parsons, 1972). Thus,
the overall effects of histamine in a tissue will depend
on the relative numbers and distribution of the two
types of receptors in that tissue. Stimulatory H1- and
inhibitory H2-receptors have been identified in
gallbladder muscle (Waldman, Zfass & Makhlouf,
1977; Gadacz, 1978; Impicciatore, 1978), and his-
tamine acting on H2-receptors is capable of relaxing
the sphincter of Oddi (LaMorte, Gaca, Wise, Birkett
& Williams, 1980) at the terminal end of the common
bile duct. The present investigation examines the
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effects of stimulation of H1- and H2-receptors on
cystic duct resistance in vivo and on the contractility
of cystic duct strips in vitro.

Methods

Measurement ofcystic duct resistance in vivo

Acute experiments were performed on healthy male
or female mongrel dogs, each weighing approximate-
ly 20 kg. They were fasted overnight and then anaes-
thetized with sodium pentobarbitone (30 mg/kg,
i.v.). Body temperature was maintained with warm-
ing pads and a heat lamp. The abdomen was opened
via a midline incision and the gallbladder, cystic duct
and common bile duct were identified. A specially
constructed metal inflow catheter was passed
through a stab-wound in the gallbladder and an-
chored with a tie so that its orifice was 2mm within
the cystic duct (Figure 1). The accurate placement of
this catheter was confirmed at the conclusion of each
experiment. This inflow catheter was connected to a
saline reservoir (Figure 1), the height of which could
be adjusted, via an electromagnetic flowmeter

Reservoir

(Zapeda SWF-1M), which recorded the flow of
saline, and a heating coil (37°C). The inflow catheter
(2.5mm i.a.) contained a separate fine metal cannula
(0.5 mm i.d.) which was connected to a pressure
transducer (Statham P23 10) for the measurement of
perfusion pressure of the saline solution.
A metal outflow catheter (3.5 mm i.d.) was in-

serted through a stab-wound into the common bile
duct and positioned so that its tip was adjacent to the
end of the cystic duct. This catheter provided a low
resistance outflow for the saline solution plus the bile
which was being secreted continuously by the liver.
The cystic duct perfusion pressure was initially ad-
justed to zero and then slowly raised (to 5-7 cmH2O)
until a perfusion flow of 11 ml min-I was obtained.
This flow rate was determined initially to be optimal
for the measurement of changes in cystic duct resis-
tance.
The gastroduodenal artery was cannulated retrog-

radely to permit the administration of drugs into the
hepatic artery. Changes in flow through the cystic
duct were taken to reflect changes in cystic duct
resistance and responses were assessed as the maxi-
mal change in flow (ml min-') from control
(11 ml min-1). Perfusion flow was allowed to return

Flgure 1 Diagrammatic representation of the method used to determine drug-induced alterations in the resistance
of the canine cystic duct. See text for details.
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to control values between doses. Recordings were
also made of systemic arterial pressure (via a cannu-
lated femoral artery), duodenal motility (duodenal
strain gauge transducer) and respiratory movements
(pneumatic cuff). Graded doses of the various his-
tamine receptor agonists were administered into the
hepatic artery in unblocked (control) dogs and then,
in the same animal, following the intravenous ad-
ministration of the appropriate receptor antagonist.
In an initial series of experiments (n = 3), a second
dose-response curve prepared in the same, unblock-
ed animal was not significantly different from the
initial control. This indicated that there were no
time-dependent changes in the responsiveness of the
cystic duct during the course of an experiment.

Measurementofcystic duct motility in vitro

Gallbladders and cystic ducts were removed from
dogs anaesthetized with pentobarbitone. Tissues
were opened along their longitudinal axes and
washed in oxygenated Krebs solution. Each cystic
duct was divided transversely into four portions
(2 x 8 mm) and these were suspended in organ baths
(5 ml) containing Krebs solution at 37°C and gassed
with 95% 02/5% CO2. The resting tension was ad-
justed to 500 mg and strips were allowed to stabilize
for 30 min. Contractions of the tissues were recorded
isometrically with force displacement transducers
(Grass FT. 03C) and displayed on a polygraph recor-
der. Concentration-response curves were prepared
for the various histamine receptor agonists. His-
tamine receptor antagonists, where appropriate,
were usually added 30 min before determination of
agonist concentration-effect curves. Responses are
expressed as a percentage of the maximal contraction
or relaxation of each strip in response to a supramaxi-
mal concentration of acetylcholine (ACh 1 mM) or
isoprenaline (100 pM), respectively.

Chemicals and drugs

The Krebs solution had the following composition
(mM): NaCl 116, KCl5.4, CaCI2 2.5, MgCl2, 1.2,
NaH2PO4 1.2, NaHCO3 22 and D-glucose 11.2. The
solution (pH = 7.4) was equilibrated with 95% 02
and 5% CO2 and maintained at 37°C.
Drugs used, and their sources, were: acetylcholine

chloride, atropine sulphate, diphenhydramine hyd-
rochloride, histamine diphosphate (purchased from
Sigma Chemical Co.); cimetidine hydrochloride,
2-pyridylethylamine dihydrochloride, 4-
methylhistamine dihydrochloride, (donated by
Smith, Kline & French (Canada) Ltd); prazosin hyd-
rochloride, (donated by Pfizer, Canada); sodium
pentobarbitone, (purchased from MTC Pharmaceut-
icals Ltd).
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FIgure 2 Effect of different doses of histamine on the
resistance of the cystic duct of pentobarbitone anaes-
thetized dogs under control conditions (0) and follow-
ing treatment with (a) diphenhydramine (0) or
cimetidine (0) or (b) with prazosin (0). Histamine was
injected in a retrograde manner through the gas-
troduodenal artery into the hepatic artery and antagon-
ists were given intravenously. Changes in the flow of
saline, perfused at constant pressure, were taken to
reflect changes in cystic duct resistance. Points represent
the mean for curves obtained from 6-8 dogs; vertical
lines indicate s.e.mean.

Results

Cystic duct resistance in vivo

Histamine (0.1 to 3000 nmol, i.a.) caused dose-
related increases in cystic duct resistance (Figure 2).
Responses were rapid in onset (usually within 20 s);
recovery varied from 30 s with low doses to 3-4 min
with higher doses. As expected, histamine stimulated
duodenal motility. However, changes in arterial pres-
sure were evident only with the higher doses and
these never preceded changes in cystic duct resis-
tance.
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Following treatment with the HI-receptor an-

tagonist, diphenhydramine (2mg/kg, i.v.), the in-
crease in cystic duct resistance produced by histamine
(Figure 2) was antagonized and slight decreases in
cystic duct resistance became apparent at the lower
doses of histamine (0.1 to 30 nmol, i.a.). Diphenhyd-
ramine also antagonized the effects of histamine on

duodenal motility and arterial pressure (data not
shown). Histamine-mediated increases in cystic duct
resistance were also antagonized by the H2-receptor
antagonist, cimetidine (10 mg/kg i.v.) or by the a-
adrenoceptor antagonist, prazosin (1 mg/kg i.v.). In
contrast to diphenhydramine, no histamine-
mediated decreases in resistance were observed with
these antagonists (Figure 2).
The Hl-receptor agonist, 2-pyridylethylamine

(PEA, 0.05 to 15ytmol, i.a.) also produced dose-
dependent increases in cystic duct resistance (Figures
3 and 5) whereas the H2-receptor ago'nist, 4-
methylhistamine (MH, 0.05 to 15;Lmol, i.a.) pro-

duced dose-dependent decreases (Figures 4 and 5) in
cystic duct resistance (Figure 2). As has been re-
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MH produced dose-dependent increases in cystic duct
flow indicating a decrease in cystic duct resistance.
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Figure 3 Portions of a typical recording of the effects of
the administration of several doses of the HI-receptor
agonist, 2-pyridylethylamine (PEA), into the hepatic
artery of anaesthetized dogs. Traces represent (top to
bottom) cystic duct perfusion pressure (cmH20), flow of
saline through the cystic duct (ml min 1), arterial pres-
sure (mmHg), duodenal motility and respiratory move-
ments (arbitrary scale). PEA produced dose-dependent
decreases in the flow of saline through the cystic duct.
The spontaneous oscillations in flow can be correlated
with respiratory movements.
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FIgre 5 Effect of cimetidine (0) or diphenhydramine
(A) on the changes in cystic duct flow (ml min-') pro-
duced by different doses of 2-pyridylethylamine (A) or
4-methylhistamine (U), respectively, in dogs anaesthet-
ized with pentobarbitone. Points represent the mean for
experiments performed in 6 animals; vertical lines indi-
cate s.e.mean.

W4--^V-4 A4-V)N-



HISTAMINE RECEPTORS IN CYSTIC DUCT 721

histamine receptors as the H2-receptor antagonist,
T cimetidine (10 pM), significantly potentiated the con-

-S tractile response of histamine, whereas the Hl-recep-
tor antagonist, diphenhydramine (1 pM), trans-
formed the effect of histamine from stimulatory to
inhibitory. The muscarinic antagonist, atropine
(0.1 pM), had no effect on the action of histamine.
Following Hi-receptor blockade, histamine pro-
duced concentration-dependent inhibitory responses
(Figure 6) presumably via an action at H2-receptors.
These inhibitory responses were evident in the ab-
sence of drug-induced smooth muscle tone. That
stimulation of H1- and H2-receptors produced
stimulatory and inhibitory responses, respectively,
was confirmed by the demonstration that the H1-
receptor agonist, PEA (1 to 100 pM) contracted the
cystic duct strips, whereas the H2-receptor agonist,
MH (1 to 100 Mm) relaxed the muscle (Figure 7). The
specificity of these effects was shown by the antagon-
a
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FIgure 6 Effect of cimetidine (10piM, *) or
diphenhydramine (1 pM, A) on histamine-mediated (0)
contractions of isolated strips of canine cystic duct.
Contractile and relaxant responses are expressed as a
percentage of the maximum response obtained to sup-
ramaximal concentrations of acetylcholine and isop-
renaline, respectively. Points represent the mean of
n= 8; vertical lines indicate s.e.mean.

receptor antagonist, diphenhydramine (2 mg/kg,
i.v.), respectively (Figure 5). These doses of antagon-
ists had no direct effects on cystic duct resistance.

Cystic duct contractility in vitro

Under the experimental conditions employed, the
cystic duct displayed no spontaneous oscillations in
tone. Histamine (1 to 100pM) produced
concentration-dependent contractions of cystic duct
(Figure 6). These responses were small compared to
responses elicited by ACh; the maximum response to
histamine was approximately 20% of that obtained
to ACh. These responses to histamine seemed to be
the result of stimulation of both H1- and H2-
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Fige 7 Effect of diphenhydramine (1 pM, *, 0) or
cimetidine (10Mm, A, A) on the responses of isolated
strips of canine cystic duct to 4-methylhistamine (closed
symbols) and 2-pyridylethylamine (open symbols).
Contractile and relaxant responses are expressed as a
percentage of the maximum response obtained to sup-
ramaximal concentrations of acetylcholine and isop-
renaline, respectively. Points represent the mean of
n= 6; vertical lines indicate s.e.mean.
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ism of the effects of PEA and MH by diphenhyd-
ramine and cimetidine, respectively, and lack of an-
tagonism of PEA and MH by cimetidine and
diphenhydramine, respectively (Figure 7).

Discussion

H1- and H2-receptor agonists and antagonists have
been widely used to map the distribution of the two
receptors in mammalian tissues. Our findings indi-
cate that both H1- and H2-histamine receptors are
present in the canine cystic duct, stimulation of which
can influence cystic duct resistance. Both PEA (H1-
agonist) and MH (H2-agonist) are relatively specific
for their respective receptors (Durant, Ganellin &
Parsons, 1974). PEA increases cystic duct resistance
in vivo and contracts cystic duct strips in vitro which
indicates that H1-receptors are stimulatory. H2-
receptors appear to be inhibitory as suggested by the
observation that MH decreases cystic duct resistance
in vivo, and relaxes cystic duct strips in vitro. The
predominant effect of histamine on the canine cystic
duct is Hi-receptor-mediated stimulation as evi-
denced by diphenhydramine-sensitive increases in
resitance in vivo and contractions in vitro. However,
histamine is probably also exerting some effect via
H2-receptors as cimetidine enhances its contractile
effects in vitro. Following blockade of HI-receptors,
histamine is capable of eliciting effects via stimula-
tion of H2-receptors; it could then decrease resis-
tance in vivo and relax strips in vitro. A second
component to the histamine-mediated increase in
cystic duct resistance was observed in vivo which was
sensitive to blockade by cimetidine. This was an
unexpected finding as the results obtained using iso-
lated cystic duct strips would suggest that cimetidine
should have potentiated the histamine-induced in-
crease in cystic duct resistance in vivo. The mechan-
ism of this effect remains unclear. It cannot be exp-
lained by the presence of stimulatory H2-receptors as
the H2-receptor agonist, MH, produced only
cimetidine-sensitive inhibitory responses, both in
vitro and in vivo. An a-adrenoceptor component is
also indicated as prazosin inhibited the stimulatory
effects of histamine in vivo, but not in vitro. Conse-
quently, histamine may have induced a facilitation or
a reflex activation of noradrenergic nerves or a stimu-
lation of catecholamine release from the adrenal

medullae (Bum & Dale, 1926; Staszewska-Barczak
& Vane, 1965) which produced an a-adrenoceptor-
mediated stimulation of the duct.

Stimulatory Hl- and inhibitory H2-receptors have
been identified in vascular smooth muscle (Wood &
Simkins, 1973; Ercan, Bokesasy & Turker, 1974), in
the pulmonary vasculature in dogs (Turker, 1973), in
oesophageal smooth muscle (Cohen & Snape, 1975;
deCarle, Brody & Christensen, 1976) and more re-
cently in the gallbladder (Waldman et al., 1977;
Gadacz, 1978; Impicciatore, 1978).

Histamine exerts significant effects on gallbladder
and, as we have shown, also on cystic duct. However,
the role of histamine-mediated responses in the ex-
trahepatic biliary system remains uncertain. The
paradoxical occurrence of contraction of both
gallbladder and cystic duct smooth muscle in re-
sponse to histamine may be analogous to our similar
finding in dogs in vivo (Courtney, Clanachan & Scott,
unpublished) that both these tissues were stimulated
by CCK. Although CCK caused dose-related in-
creases in gallbladder intraluminal pressure, it also
caused dose-related increases in cystic duct resis-
tance. Such an increase in resistance would act to
prevent the normal process of gallbladder evacua-
tion. However, comparison of the sensitivities of the
gallbladder with cystic duct in vivo and in vitro re-
vealed that the gallbladder displayed the greater
sensitivity to CCK, suggesting that contraction of the
gallbladder is not necessarily accompanied by an
increase in cystic duct resistance. A similar difference
in sensitivity of gallbladder and cystic duct to his-
tamine probably also exists.
The presence of histamine receptors in the cystic

duct is of clinical interest. Histamine is probably
released locally as part of the inflammatory reaction
which accompanies gallstone disease. The inflam-
matory reaction with acute cholecystitis is usually
very marked in the region of the cystic duct. Second-
ly, patients with duodenal ulceration are now very
commonly treated with H2-receptor antagonists to
reduce gastric acid secretion. This therapy might
produce constriction of the cystic duct, but this possi-
bility has not yet been investigated.
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