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1 The subtypes of histamine-receptors which mediate dilatation of small human cerebral arteries
have been characterized in vitro using 'selective' agonists and antagonists.
2 Dilator responses were studied after preconstriction with prostaglandin F2., since contraction
was not seen with histamine concentrations up to 1O-M. Histamine caused a concentration-related
relaxation of cerebral vessels with an IC50 value of 5.2 + 1.6 x 10- 8 M.
3 Mepyramine caused a parallel shift to the right of the histamine concentration-response curve
whereas cimetidine was without observable effect. This suggests the presence of histamine
Hl-receptors only. However, combined treatment with mepyramine and cimetidine caused a more
marked displacement of the concentration-response curve to the right. Schild analysis indicated that
in situations of near complete blockade of either of the histamine receptor subtypes, simple com-
petitive antagonism both at H1- and H2-receptors can be revealed with a pA2 value of 8.64 for
mepyramine and a pA2 value of 6.52 for cimetidine.
4 The 'selective' H -receptor agonists pyridylethylamine, 2-methylhistamine (2-Me-histamine) and
thiazolylethylamine, and the H2-receptor agonists dimaprit, impromidine and 4-methylhistamine
(4-Me-histamine) all mimicked the histamine response, but were less potent than histamine. The
order of potency was thiazolylethylamine > dimaprit > impromidine > 2-Me-histamine >
pyridylethylamine > 4-Me-histamine.
5 These results indicate that the histamine-induced dilatation in small human cerebral arteries is
mediated by both H1- and H2-receptors and that the former subtype of histamine receptor pre-
dominates.

Introduction

The potential importance of histamine in the physio-
logical control of the cerebral circulation or in its
involvement in the mediation of cerebrovascular
events in various pathological states, such as vascu-
lar headache or migraneous neuralgia, has been indi-
cated in previous studies (Diamond et al., 1976;
Hardebo et al., 1980; Gross 1982). This is further
supported by the presence of mast cells adjacent to
cerebral vessels (Edvinsson et al., 1977), the non-mast
cell pool of histamine in cerebrovascular smooth
muscle (El-Ackad & Brody, 1974) and the
occurrence of histamine binding sites in cerebral
microvessels (Peroutka et al., 1980).
The cerebrovascular reactions to histamine have
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been studied in animals both in vitro and in situ. In
the rabbit and guinea-pig histamine was found to be
a strong vasoconstrictor agent (Hamel et al., 1985),
whereas it caused dilatation in the cat (Edvinsson &
Owman, 1975; Wahl & Kuschinsky 1979; Gross et
al., 1981b; Edvinsson et al., 1983), monkey
(Duckworth et al., 1976) and rat (Gross et al., 1981a;
Dacey & Bassett 1987). This vasodilatation seems to
be mediated mainly via histamine H2-receptors (see
Gross, 1984). However, it is not known if these
results are applicable to human cerebral arteries,
since there might be differences in the type of recep-
tor stimulated and in the relative amount of receptor
subtypes in different vessels.

Data on human cerebral vessels are indeed sparse
in the literature. Histamine has been demonstrated
to produce a dilatation of precontracted cerebral
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arteries in vitro, whereas contraction appears only to
be weak and occasional (Edvinsson et al., 1976;
Toda, 1977). Effective tools are now available which
may assist in clarifying the role of histamine in the
cerebrovascular bed by the use of selective H1- and
H2-receptor agonists and antagonists (Owen 1977;
Owen et al., 1979). The present study was performed
in order to characterize in detail the histamine recep-
tors mediating the dilator effects in human cerebral
arteries.

Methods

Material was obtained from 8 patients (5 males and
3 females aged 32-58 years) who were undergoing
surgery for brain tumours. None of the patients had
received an H1-antagonist as a pre-medication.
Small pial arteries overlying macroscopically intact
brain tissue were immediately dissected out and
placed in ice-cold Krebs-Ringer solution and kept at
40C during transporatation to the laboratory (about
2 h). Vessels with a diameter of 0.3-0.6mm were cut
into ring segments (approximately 2-4mm in length)
and mounted between two L-shaped metal prongs in
temperature-controlled (370C) 2.5 ml tissue baths.
The baths contained an aerated (95% 02 plus 5%
C02) buffer solution of the following composition
(mM): NaCl 119, KCI 4.6, CaCl2 1.5, MgCl2 1.2,
NaH2PO4 1.2, NaHCO3 15 and glucose 11; pH was
kept at 7.4.
The metal prongs were attached to Grass FT-03C

transducers and a Grass polygraph for measurement
and recording of circular vasomotor effects following
exposure to various agents (Hogestatt et al., 1983).
After mounting the vessels were subjected to a
passive load of 4mN and allowed to stabilize at this
tension for 90 min. Concentration-response data
were derived by cumulative addition of histamine or
other agonists to the tissue bath. Full concentration-
response curves were run for all agents tested.
Dilator effects were studied after the arteries had
been precontracted by addition of prostaglandin F2.
(PGF2.) 3 x 10-6M; this concentration yielded a
stable level of contraction of long enough duration
to allow for analysis of relaxant responses (i.e. up to
30min). Antagonists were given into the baths
20min before the responses to histamine were tested.
The values for relaxation are expressed as percentage
of the level of contraction induced by 3 x 10-6M
PGF2,. The responses were characterized in terms of
I.. (maximum effects of the drugs) and IC50
(concentration eliciting half maximum response)
values. Vessel reactivity was tested with a modified
buffer solution containing 124mm potassium which
was achieved by equimolar substitution of NaCl for
KCI. At the end of each experiment a potassium-

induced contraction was used as an indicator of the
reactivity of the vessel. When appropriate mean
values + s.e. mean are given. The n values (the
number of vessel segments) cited in Figures 1-5
never include more than two vessel segments from
the same patient.

Quantitation ofantagonism

Concentration-response curves to histamine were
obtained in the absence and presence of various con-
centrations of either cimetidine or mepyramine, or
both. The IC50 values for histamine were calculated
as well as the concentration-ratios (IC50 after
antagonist/IC50 before antagonist). The dextral dis-
placements of the concentration-response curves
were utilized in an analysis according to the
Gaddum-Schild equation: log(concentration-
ratio - 1) = log B - log KB, where B is the concen-
tration of the antagonist and KB is the apparent dis-
sociation constant for the receptor antagonist
complex. For each experiment with antagonist the
pA2 value was determined according to: pA2 =
-log KB. Data are presented as calculated mean
pA2 ± s.e. mean. The slope of the Schild plot is an
indication of the nature of the antagonism. The slope
should ideally be 1 if the response involves a simple
competitive antagonism at one type of receptor only.
When the slope departs significantly from 1 other
mechanisms are probably involved.

Drugs

Histamine dihydrochloride (Sigma Chemical Co, St
Louis, MO, U.S.A.), mepyramine maleate (May and
Baker Ltd, Dagenham, U.K.), cimetidine, 2-
pyridylethylamine (PEA), 2-methylhistamine, 2-
thiazolylethylamine (TEA), tele-methyl-histamine,
impromidine, dimaprit and 4-methylhistamine (kind
gifts from the Smith, Kline & French Laboratories,
Welwyn Garden City, U.K.). The drugs were dis-
solved in 0.9% w/v NaCl solution (saline). All con-
centrations are expressed as the final molar
concentration in the bath.

Results

Application of the 124mm potassium-containing
buffer invariably resulted in a strong and stable con-
traction amounting to 9.7 + 1.3mN (mean + s.e.
mean) which rapidly disappeared on washout.
Cumulative application of histamine did not induce
any constriction in the majority of vessels, but in a
few there was a weak constriction at concentrations
of and above 1O-4M. Neither of the antagonists in
the concentrations used had any direct effect on the
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Figure 1 Relaxant effect of increasing concentrations
of histamine on small human cerebral arteries precon-
tracted with prostaglandin F2.. Studies were performed
without mepyramine (0) and in the presence of mepy-
ramine in concentrations of 1 x 10-7M (@) and
1 x 10-6M (M). Mean values are shown, n = 10; verti-
cal lines indicate s.e. mean.
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Figure 2 Relaxant effect of increasing concentrations
of histamine on small human cerebral arteries precon-
tracted with prostaglandin F2,.. Responses to histamine
before treatment with antagonist are indicated by (0).
The concentration-response curves were unaltered by
cimetidine 1 x 10-6M (0) and 1 x 10-5M (U). Mean
values are shown, n = 8; vertical lines indicate s.e.
mean.
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Figure 3 Relaxant effect of increasing concentrations
of histamine on small human cerebral arteries precon-
tracted with prostaglandin F2g. (a) Responses to hista-
mine in the presence of cimetidine 1 x 10- M are
indicated by (0). Mepyramine 1 x 10-M (0) and
mepyramine 1 x 10-6M (U), both in the presence of
cimetidine 1 x 1O- M, caused a further dextral dis-
placement of the histamine concentration-response
curve as compared to mepyramine alone. (b) Responses
to histamine in the presence of mepyramine 1 x 10-6 M
are indicated by (0). Cimetidine 1 x 10-6M (U) and
cimetidine 1 x 10-5M (0), both in the presence of
mepyramine 1 x 106M, caused a dextral displacement
of the histamine-induced concentration-response curve.
In (a) and (b) mean values are shown, n= 10; vertical
lines indicate s.e. mean.
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Figure 4 Schild plots for: mepyramine in the presence
of cimetidine 1 x 1O-5M (0) (y = 8.73 + 1.01x); mepy-
ramine without simultaneous H2-receptor blockade (0)
(y = 3.37 + 0.40x) and cimetidine in the presence of
mepyramine 1 x 1O-6M (0) (y = 6.92 + 1.06x). [B] is
the antagonist concentration and CR is the
concentration-ratio.

vessel segments. Dilator responses were studied in
vessel segments in which a preconstriction had been
produced by 3 x 10-6M PGF28. The mean effect of
PGF28 was calculated from 21 vessel segments (3
segments from 5 patients and 2 segments from 3
patients) and amounted to 5.4 + 0.7mN. In these
precontracted arterial segments, histamine invariably
produced concentration-related relaxations with an
In of 5.0 + 0.2 mN or 93 + 5% inhibition of the
PGF28-induced level of precontraction. The IC5o for
histamine was 5.2 + 1.6 x 10-8M.
The histamine-induced response was shifted in

parallel to the right by mepyramine in concentra-
tions between 1 x 10-7M and 1 x 10-6M, without
any reduction in the maximum response (Figure 1).
Administration of cimetidine up to a concentration
of 1 x 1O-M did not significantly alter the
histamine-induced concentration-response curve
(Figure 2). Combined treatment with mepyramine
and cimetidine caused a more marked displacement
of the histamine-induced concentration-response
curve to the right than that achieved by H1-receptor
blockade alone. In the presence of cimetidine
1 x 10-5M a mepyramine concentration of
1 X 10-7M caused a dextral shift with a
concentration-ratio of 61.4 + 8.2, and mepyramine
1 X 10-6M caused a further parallel shift to the right
with a concentration-ratio of 295.5 + 38.2
(Figure 3a). The concentration-ratio was only
8.8 + 1.3 for mepyramine (10-6 M) alone (Figure 1).

Administration of cimetidine in the presence of
mepyramine 1 x 10-6M now caused a parallel shift
to the right with a concentration-ratio of 2.8 + 0.5 at
a cimetidine concentration of 1 x 10-6M and
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Figure 5 Relaxant effects of increasing concentrations
of (a) histamine (0) and the histamine agonists 2-
methyl-histamine (V) (n = 4), pyridylethylamine (A)
(n = 5) and impromidine (El) (n = 4), and (b) the hista-
mine agonists (2-thiazolylethylamine (0) (n = 4),
dimaprit (V) (n = 6), 4-methyl-histamine (A) (n = 5) and
tele-methyl-histamine (U) (n = 5) in small human cere-
bral arteries precontracted with prostaglandin F2a.
Mean values are shown with vertical lines indicating s.e.
mean.

28.3 + 3.2 at a cimetidine concentration 1 x 10-5M
(Figure 3b).

Schild analysis using the concentration-ratios for
mepyramine alone yielded a line with a slope of 0.40
indicating that there was not a simple competitive
antagonism for the agonist at only one receptor
subtype (Figure 4). When using the concentration-
ratios for mepyramine in the presence of 1 x 10- M
cimetidine, Schild analysis yielded a line with a slope
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Table 1 Concentrations of histamine agonists eliciting half maximum relaxation (IC50), maximum effects of the
agonists (Qm.x) and agonist potency relative to that of histamine

Agonists

Histamine
TEA
2-Me-Histamine
PEA
Tele-Me-Histamine
Dimaprit
Impromidine
4-Me-Histamine

ICso

5.2 + 1.6 x 10-8
2.7 + 0.6 x 10-7
6.5 + 4.0 x 10-7
1.1 + 0.6 x 10-6
2.5 + 0.9 x 10-5
3.4 + 1.4 x 10-7
3.8 + 2.4 x 10-7
3.0 +0.8 x 10-6

I.. (mN)

5.0 + 0.2
5.0 ± 0.1
5.0 + 0.3
4.9 + 0.4
5.1 + 0.1
4.9 ± 0.6
3.5 + 0.6
5.3 + 0.1

Relative potency (histamine = 100)
Human cerebral Guinea-pig ileum* Guinea-pig atrium*

artery (H1) (H2)

100
19.3
8.0
4.7
0.2
15.3
13.7
1.7

100
26
16.5
5.6
0.4

< 10-4
< 10- 3

0.2

100
2.2
4.4
2.5

<0.1
71

4810
43

Data are given as mean + s.e. mean, n = 4-6.
* Adapted from Ganellin (1982). TEA = 2-thiazolylethylamine, PEA = 2-pyridylethylamine and 2-Me-
histamine = 2-methylhistamine.

of 1.01. This suggests simple competitive antagonism
at a histamine Hl-receptor site. The resulting pA2
value for mepyramine was 8.64 + 0.23. Similarly,
Schild analysis using the concentration-ratios for
cimetidine in the presence of mepyramine
1 x 10-6M yielded a line with a slope of 1.06 and a
pA2 value of 6.52 + 0.20 (Figure 4).
The relatively selective H,-receptor agonists TEA,

2-Me-histamine, PEA and tele-Me-histamine and the
relatively selective H2-receptor agonists dimaprit,
impromidine and 4-Me-histamine all relaxed PGF2.
precontracted arterial segments in a concentration-
dependent manner (Figure 5a and b). Maximum
effects of both H1- and H2-receptor agonists were
equal to that of histamine, with the exception of
impromidine which showed an ImuA of 68 + 9% of
the histamine-induced relaxation. The potency of all
agonists tested was considerably lower than that of
histamine itself; the most potent being TEA, fol-
lowed by dimaprit, impromidine and 2-Me-hista-
mine (Table 1).

Discussion

The administration of histamine to human pial
arteries pre-contracted with PGF2. resulted in dila-
tation of the vessels. In most other species investi-
gated (Edvinsson & Owman, 1975; Wahl &
Kuschinsky, 1979; Brody, 1980; Gross et al.,
1981a,b; Edvinsson et al., 1983, Dacey & Bassett,
1987), there is a predominance of H2-receptor par-
ticipation in the vasodilator responses to histamine
in cerebral arteries. However, in human cerebral
arteries this response seemed mainly to be mediated
via HI-receptors. Thus, Hl-receptor blockade with
mepyramine caused a parallel displacement to the
right of the histamine concentration-response curve,
whereas H2-receptor blockade with cimetidine was

without effect. Combined treatment with both H1-
and H2-receptor antagonists resulted in further
dextral displacement of the histamine-induced
concentration-response curve. This indicates that the
H1-receptor predominates in mediating dilatation in
this vascular region. With increasing Hl-receptor
blockade the H2-receptor mediated dilatation can be
unmasked, as shown by the additional dextral dis-
placement of the histamine-induced concentration-
response curve by mepyramine in the presence of
cimetidine. This also explains why no simple com-
petitive antagonism at one receptor type by Schild
analysis was seen with HI-receptor blockade alone
(Figure 4), because the dilator response here was
influenced by the effect of histamine on the
H2-receptor population. On the other hand, in the
presence of effective H2-receptor blockade
(cimetidine 1 x 10- M) the experiments revealed a
simple competitive antagonism at the HI-receptor
site. Effective Hl-receptor blockade (mepyramine
1 x 10-6M) in the same way indicated simple com-
petitive antagonism at the H2-receptor.
For mepyramine, pA2 values of 8.0-9.3 have been

obtained in different test preparations (9.0-human
brain tissue, Chang et al., 1979; 9.07-cat extra-
cranial arteries, Edvinsson & Owman, 1975; 9.3-
guinea-pig ileum, Arunlakshana & Schild 1959;
8.2-guinea-pig brain tissue, Palacios et al., 1978;
9.3-rabbit detrusor muscle, Fredericks, 1975;
8.01-mouse brain tissue, Quach et al., 1980; 8.7-
mouse neuroblastoma cells, Richelson, 1978). For
cimetidine, pA2 values of 6.1-7.0 have been obtained
in different test preparations (7.03-cat cerebral
arteries, Edvinsson et al., 1983; 6.55-guinea-pig
atrium, Bradshaw et al., 1979; 6.10-guinea-pig
atrium, Angus et al., 1978; 6.40-guinea-pig papil-
lary muscle, Bertaccini & Coruzzi, 1981; 6.2-
guinea-pig ventricle muscle preparation, Johnson
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1977; 6.25-rat peripheral vascular resistance, Owen
et al., 1981; 6.68-rabbit atrium, Polanin et al.,
1980). Thus, the pA2 values found in the present
study (mepyramine 8.64 and cimetidine 6.52) are well
in accordance with those found in histamine receptor
subtype characterizations carried out by others.
The dextral displacement of the histamine

concentration-response curve by H1-receptor block-
ade, the lack of effect of H2-receptor blockade alone
and the pronounced dextral displacements obtained
with combined Hj- and H2-receptor blockade have
been observed in previous experimental models.
Such effects with histamine agonists and antagonists
have been seen following examination of systemic
blood pressure in the cat and dog (Black et al., 1975),
and in peripheral resistance vessels of the hind-limb,
mesentery and stomach of the cat (Flynn & Owen,
1975). There are, however, exceptions such as pial
arteries of the cat, where Wahl & Kuschinsky
(1979) obtained no additional dextral displacement
upon combined H1- and H2-receptor blockade. Here
the histamine receptors have been shown to be of the
H2-subtype, and there is no indication of the pre-
sence of H1-receptors (Edvinsson et al., 1983).
The present result is an example of a drug recep-

tor interaction where a single agonist (histamine)
interacts with two independent receptor subtypes
(H1 and H2) to produce a common physiological
effect (dilatation). In their theoretical consideration
of such concentration-receptor interactions, Ariens et
al. (1959) suggested that the slope of the
concentration-response curve is determined pri-
marily by the interaction of the agonist (histamine)
with the receptor to which it binds with greater affin-
ity (H1). The interaction with the other receptor (H2)
would be concealed until unmasked by a competitive

antagonist (mepyramine) for the interaction of the
agonist with the first receptor. According to this, the
receptor having the lower dissociation constant
determines the shape of the concentration-response
curve, which is well in accordance with our findings
for the H1-receptor. However, the dominance of a
given receptor will not only depend on the relative
dissociation constants of histamine for H1- and
H2-receptors but will also depend on the spare
receptor reserve for each response.

Further support for the involvement of both H1-
and H2-receptors in the vasodilator response of
human pial arteries to histamine was obtained by
using relatively selective receptor agonists. All agon-
ists, both HI- and H2-receptor agonists, mimicked
the histamine-induced response and all, except
impromidine, equalled the I. of histamine. The
potency of the agonists was assayed and the values
for the relatively selective Hl-receptor agonists in
pial arteries are similar to the values obtained for
H,-receptors on guinea-pig ileum (Table 1). The
potencies of the selective H2-receptor agonists
dimaprit and impromidine were only slightly lower
than that of the most potent H,-receptor agonist
TEA. This may be taken as a further indication for
the presence of H2-receptors in human pial arteries.

In conclusion, the effects of relatively selective HI-
and H2-receptor agonists and antagonists revealed
that histamine-induced dilatation -of human pial
arteries is mediated by both H1- and H2-receptors,
but the Hl-receptor mediated relaxation is predomi-
nant.

Supported by the Swedish Medical Research Council (grant
no 014x-05958) and The Faculty of Medicine, Lund Uni-
versity.
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