
REVISTA ESPANOLA DE FISIOLOGIA, 37, 75-82. 1981

Histamine Hr and H2-Receptors in Canine Renal
Artery in vivo and in vitro

E. Morcillo, H. Bedate, A. Moragues and J. Esplugues

Departamento de Farmacologia
Facultad de Medicina

Valencia (Espana)

(Received on August 6, 1979)

E. MORCILLO, H. BEDATE, A. MORAGUES and J. ESPLUGUES. Histamine Ht- and
HrReceptors in Canine Renal Artery in vivo and in vitro. Rev. esp. Fisiol., 37, 75-82.
1981.

The present work investigates (a) the modification by pretreatment with selective
H,- and H2-receptor antagonists on the dose-response curves (DRC) to histamine for
heart rate, blood pressure, renal arterial blood flow and renal vascular resistance in
anesthetized dogs, and (b) the characteristics of the DRC to histamine in canine isolated
renal artery. In vivo, pretreatment with metiamide (10 mg/kg i.v.) did not modify the
DRC to histamine. In contrast, significant rightward shift of the DRC to histamine
for all the hemodynamic parameters was observed after diphenhydramine (5 mg;kg i.v.).
Combined pretreatment with metiamide and diphenhydramine resulted in further right­
ward displacement of the DRC to histamine. Analysis of the DRC to the relaxant
effect of histamine in depolarized (K+ 67 mM) isolated canine renal artery yielded an
ED50 of 3.3 X 10'* M and a Hill coefficient of 1.74. The results demonstrate the
existence of the two types of histamine receptors, H1 and H-, in the renal artery of
the dog, both mediating dilator responses,
dominate.

The discovery by Ash and Schild (4)
of two different populations of histamine
receptors, named Ht and H,, prompted
investigation on their involvement in the
pharmacological and physiological actions
of histamine.

The presence of histamine Hr and
H2-receptors in the cardiovascular system
and their relative contribution to the de­
pressor response to this substance is well
documented since the initial studies by
Black et al. (8, 9), Brimblecombe (11),
Owen (28, 29) and Owen and Parsons

although the H,-receptor appears to pre-

(30). However, the systemic and local he­
modynamic responses to histamine are
very complex in nature and not yet fully
understood as they reflect a complex bal­
ance between direct effects —depending
on the distribution and activity of two dif­
ferent histamine receptors— and reflex
changes in autonomic and renin-angioten­
sin systems triggered by variation in blood
pressure. In addition, important species­
dependent differences have been reported
(2, 14, 20, 21, 27).

Recent experiments by Johnston and
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Owen (21, 23) using radioactive micro­
spheres to study the systemic hemodynam­
ic and regional blood flow responses to
i.v. administration of histamine in anes­
thetized cats indicated that (a) the dose-
related fall in blood pressure caused by
histamine was entirely due to a decrease
in total peripheral resistance, and (b) the
decrease in vascular resistance occurred
predominantly in the heart, stomach and
intestine with little vasodilatation else­
where or even vasoconstriction in the
spleen and skin.

Studies with selective agonists and an­
tagonists of histamine receptors (18, 21-
23) have demonstrated that histamine-
induced coronary and gastrointestinal va­
sodilatation is mediated by both Hr and
H,-receptors. A predominant role for the
H,-subtype in both territories has been
reported by some authors (22, 23, 31) and
for the Hj-subtype by others (18, 19, 25,
34). Less information is available about
histamine receptor distribution in other
regional circulations, probably because of
the smaller magnitude of the histamine
response.

Focussing on renal hemodynamics, the
pharmacological effects of histamine still
remain under investigation. In 1910, Dale
and Laidlaw (15), concluded that, con­
versely to the general vasodilatation caused
by histamine, the kidney vasculature react­
ed with vasoconstriction. In 1928, Mori­
moto (26) also found renal vasoconstriction
regardless of the dose of histamine admin­
istered to anesthetized cats and dogs.
Reubi and Feutcher (33) observed de­
crease in renal plasma flow following
subcutaneous administration of histamine
to human. In contrast, Bell et al. (7),
Blackmore et al. (10) and Sinclair et
al. (39), reported increase in renal blood
flow and decrease in renal vascular resis­
tance after i.v. or i.a. administration of
histamine in conscious and anesthetized
dogs.

More recent experiments using radio­
active microspheres demonstrated both 

increase (low doses) and decrease (high
doses) of renal blood flow after i.v. infu­
sion of histamine in anesthetized cats (18,
21). Constriction in kidney vasculature is
probably due to the increased sympathetic
tone and/or renin secretion (23) associated
with the hypotension, whereas vasodila­
tation is a direct effect of histamine. Stud­
ies by the same authors (22, 23) with
selective agonists and antagonists suggest
that stimulation of both H,- and H,-his-
tamine receptors produces renal vasodila­
tation but their relative contribution needs
further clarification.

The present work was undertaken to
investigate: the modification introduced
by pretreatment with selective H,- and
H,-antagonists on the dose-response curv­
es to histamine for heart rate, blood
pressure, renal blood flow and renal vas­
cular resistance in anesthetized dogs, and
the characteristics of the dose-response
curve to histamine in canine isolated re­
nal artery.

Materials and Methods

In vivo experiments. Mongrel dogs of
either sex weighing 12 to 15 kg were
anesthetized with sodium pentobarbital
(30 mg/kg i.v.), intubated and placed on
a positive pressure respirator pump. A
femoral artery was cannulated and a cath­
eter advanced into the abdominal aorta
to measure arterial blood pressure by
means of a HP 1280C pressure transducer
connected to a HP 8805B carrier ampli­
fier. The right external jugular vein was
cannulated for drug administration. Heart
rate was obtained from the pressure pulse
using a rate computer HP 8812A.

A lateral abdominal incision gave ac­
cess to the retroperitoneal space. The left
main renal artery was identified and care­
fully dissected free for approximately
2 cm. Then, an appropriately sized (inside
diameter 3 mm) electromagnetic flow trans­
ducer was placed around the exposed
artery. Zero blood flow obtained period­
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ically during the experiment by occlusion
of the artery distal to the probe. Renal
blood flow was measured with a Nycotron
A/S376 electromagnetic flowmeter.

Renal flow (mean and phasic), arterial
pressure (mean and phasic) and heart rate
were recorded in a HP 7788A multichan­
nel polygraph. Mean renal vascular resis­
tance was calculated according to the for­
mula: resistance (units) = mean aortic
pressure (mmHg) -? mean renal arterial
blood flow (ml/min).

Experimental design and data analysis.
Three separate series of experiments were
carried out. In the group A (6 dogs) con­
trol dose-response curves to histamine for
heart rate, mean arterial blood pressure,
mean arterial renal blood flow and renal
vascular resistance were obtained by suc­
cessive i.v. bolus injections of this drug
from 0.125 to 4 /zg/kg. A 10 min recov­
ery period was allowed after each dose
before the next was given. Thirty min
after completion of the control dose-re­
sponse curve to histamine, diphenhydra­
mine (5 mg/kg) was administered i.v. and
15 min later a complete dose-response
curve to histamine repeated. In group B
(4 dogs) a similar protocol was followed,
administering metiamide (10 mg/kg i.v.)
instead of diphenhydramine. In group C
(6 dogs) histamine dose-response curves
were repeated after combined pretreat­
ment with diphenhydramine (5 mg/kg)
plus metiamide (10 mg/kg).

Peak hemodynamic responses were
measured at each dose level and expressed
as the mean + S.E.M. of the absolute
differences with respect to the resting
value. Student’s r-test was used to de­
termine significance of differences between
paired observations.

In vitro experiments. A segment of
about 2 cm was removed from the main
renal artery of anesthetized dogs (pento­
barbital 30 mg/kg i.v.) and immediately
immersed in oxygenated Krebs-bicarbo­

nate solution at room temperature. The
segment was cleaned of visible non-vas-
cular tissue, cut into small intact cylin­
drical segments (around 7 mm of length)
one of which was mounted between
two metal holders in a 20 ml organ bath
containing modified Krebs-bicarbonate
solution (composition in g/1: NaCl 6.6,
KC1 0.354, CaCI, 0.280, KH,PO4 0.161,
MgSO4.7H,O 0.145, NaHCO3 2.1 and
dextrose 1) at 30° C and bubbled with
5 % CO, in oxygen.

Changes in tone of circular smooth
muscle layers were recorded by an iso­
metric transducer HP FT A 1001 connect­
ed to a carrier amplifier HP 8805B. A
60 min equilibration period under a rest­
ing tension of 1.5 g was permitted. Then,
the cylinders were exposed to submaxi-
mal concentrations of potassium (67 mM)
and after achieving a plateau level of
muscle tone, cumulative dose-response
curves to histamine were obtained. Doses
of histamine ranged from 6.8 X 10~6 to
4 X 10-3 M. Histamine was freshly dis­
solved in Krebs-bicarbonate-potassium so­
lution and added to the bath in volumes
less than 10 % of the total volume of the
bath. Only one dose-response curve was
obtained from a single preparation.

The inhibition of the potassium-induced
tone produced by each concentration was
measured and expressed as the percent­
age (mean + S.E.M.) of maximum rela­
xation elicited by histamine. An iterative
procedure based on the modified Gauss-
Newton method and the elimination of
linear parameters (5) was applied to cal­
culate the theoretical maximum effect and
the 50 % effective dose (ED50).

Results

In vivo experiments. Histamine 0.125
to 4 /zg/kg i.v. produced (fig. 1) dose­
dependent increases in heart rate and de­
creases in blood pressure. Histamine re­
sponses in renal arterial blood flow were
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Fig. 1. Influence of Hr and H2-receptor blockade on the responses to histamine in ane­
sthetized dogs.

Responses were obtained in a control situation (•), after metiamide 10 mg/kg i.v. (A), after
diphenhydramine 5 mg/kg i.v. (♦), and after combined pretreatment with metiamide 10 mg/kg

i.v. and diphenhydramine 5 mg/kg i.v. (■). Abscissa is histamine dose in jug/kg.
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Fig. 2. A typical recording showing heart
rate, blood pressure and renal arterial blood

flow changes after histamine.

usually biphasic having an initial increase
followed by a depression. A second peak
in flow could be observed in some exper­
iments (fig. 2). A similar pattern of chang­
es in renal flow has been previously
described (7).

The time-course of the events in renal
blood flow after histamine may help to
separate direct from reflex effects of this
drug. The initial increase in flow (first
peak in fig. 2) occurred before any change
in heart rate or blood pressure and it
can be considered as a direct effect of
histamine. Conversely, only the initial di­
rect increases in renal flow will be con­
sidered for the purpose of performing
dose-response curves to histamine.

Pretreatment with metiamide (10 mg/kg
i.v.) introduced no statistically significant
modification of the dose-response curves
to histamine (fig. 1). In contrast, a signif­
icant (p < 0.01) rightward shift of the
dose-response curve to histamine for all the
parameters considered was observed after
diphenhydramine (5 mg/kg i.v.). Combined
pretreatment with metiamide (10 mg/kg
i.v.) plus diphenhydramine (5 mg/kg i.v.)
resulted in further rightward displacement
(p<0.01) of the dose-response curve to
histamine.
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Fig. 3. Theoretical log dose-response curve
tor relaxation by histamine in depolarized

(K* 67 mM) isolated canine renal artery.
Experimental points (mean ± S.E.M.) are also

plotted.

Separate or combined i.v. administra­
tion of the selective H,- or H2-receptor
antagonists produced slight non-sustained
decreases in arterial pressure and renal
flow (probably secondary to the fall in
perfusion pressure) and increases in heart
rate (probably of reflex origin).

In vitro experiments. Analyses of the
dose-response curve to the relaxant effect
of histamine in isolated canine renal ar­
tery previously depolarized to a plateau
by K+ 67 mM yielded the following re­
sults (mean + S.E.M. of 8 experiments)
(fig. 3): ED50 = 3.3 X 10~4±0.5 X 10~4 M,
n (slope of the Hill plot) = 1.74 + 0.22.

Discussion

The present results support the exis­
tence of two separate types of histamine
receptors in the canine renal circulation
and systemic vasculature.

The depressor response to histamine
has been extensively studied. Staub (40)
and Folkow et al. (17) observed that the
hypotensive response to large doses of his­
tamine was refractory to Hj-antagonists.
Black et al. (8) showed that refractory
responses could be blocked by H2-recep- 

tor blockers indicating involvement of
both Hr and H2-receptors in these de­
pressor responses.

In the present study, diphenhydramine
caused a rightward shift of the dose-re­
sponse curve to histamine for blood pres­
sure, whereas metiamide alone failed to
introduce any modification. However,
combined pretreatment with diphenhydra­
mine and metiamide further displaced to
the right the dose-response curve to his­
tamine. The failure of metiamide alone to
displace the dose-response curve to his­
tamine may be explained by applying (9)
the theoretical model developed for an
agonist (histamine) that interacts with two
independent receptor systems (Hr and
H2-histamine receptor populations) with a
common effector system (vascular system)
(3). Under these circumstances, Ariens et
al. (3) demonstrated that if the dissocia­
tion constant for the H,-receptor is greater
than the value for the Hj-receptor, the
response to histamine is mainly determined
by the interaction with Hj-receptors. The
influence of H2-receptor stimulation is
unmasked after H2-receptor blockade.
This would explain both the failure of
metiamide alone to modify histamine dose­
response curves and the further displace­
ment by metiamide of the blockade by
diphenhydramine.

In consequence, the experimental evi­
dence presented, along with other studies
(8. 9, 11, 28-30), confirm the involvement
of both Hj- and H,-receptors in the fall
of total peripheral resistance during intra­
vascular administration of histamine, A
predominant role in this response may be
assigned to the H,-receptors. Only Albi-
nus and Sewing (1) and Tucker et al. (41)
reached the opposite conclusion although
the interpretation has been criticized by
Johnston and Owen (22).

Modifications in the heart rate dose­
response curve to histamine in the pres­
ence of Hj-and/or H,-antagonists closely
resemble those observed for blood pres­
sure. Similar results have been previously 

6
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reported (24, 32, 41). Caution is needed
before interpreting these results as simply
as activation of Hr and H,-receptors in
the sinus node. An excellent linear rela­
tionship has been demonstrated by Loc-
khandwala (24) between decreases in
blood pressure and increases in heart rate
for histamine. Cardiac autonomic blockade
cancels out positive chronotropic re­
sponses to histamine but not hypotensive
responses (24). It is reasonable to con­
clude that the antagonism of the tachycar­
dia produced by histamine in the presence
of histamine receptor blockers reflects an
attenuation of the reflex autonomic dis­
charge due to the Hj-antagonist (16) or,
simply, to the smaller hypotensive re­
sponse.

With respect to the effect of histamine
administration on renal circulation we
found dose-dependent increases in renal
arterial flow and decreases in renal vas­
cular resistance although the pattern of
the response after histamine i.v. bolus is
complex (fig. 2) (7).

Experiments with selective antagonists
support the conclusion that both types of
histamine receptors participate in the re­
nal vasodilatation elicited by this drug.
However Hj-receptors appear to predom­
inate since its blockade produced a sig­
nificant and important rightward shift of
the control dose-response curve. Bell et
al. (7) also observed substantial reduc­
tions in the dilator responses to histamine
after mepyramine but no investigation was
made with selective H2-antagonists or
combined pretreatment with Hj- plus H2-
receptor blockers.

Johnston and Owen (21-23), who stud­
ied in anesthetized cats the modifications
caused by histamine and its selective
agonists and antagonists on regional blood
flow and distribution of cardiac output,
did not reach clearcut results in the renal
area. In their study, 2-(2-aminoethyl-pyri-
dine caused renal vasodilatation whereas
4-methyI histamine did not. Mepyramine
alone or the combination of mepyramine 

plus metiamide —but not metiamide
alone— antagonized the decreases in re­
nal vascular resistance produced by a
single preselected dose of histamine.
Although the above suggests the partici­
pation of both types of receptors with a
predominant role of the H,-type, a care­
ful appraisal of these data should take
into consideration that the renal vascular
response to histamine reflects a complex
balance between direct (receptor mediat­
ed) vasodilatation and reflex (autonomic
and humoral) induced vasoconstriction,
and a meaningful comparison of the selec­
tive agonists would require similar falls
in blood pressure which is not the case in
the experiments of Johnston and Owen
(21-23).

In consequence, further research in vivo
under controlled conditions is still needed
in order to precisely characterize the rel­
ative contribution of H,- and H2-receptor
stimulation to the renal vascular response
to histamine.

In the isolated canine renal artery, his­
tamine (10“5 to IO-3 M) produced a dose-
related decrease in the potassium (67 mM)
induced tone. It is of interest to point out
the difference between the administered
doses of histamine in vivo (in the order
of 10-6 M) and histamine concentrations
in vitro. Both correlate well with those
reported in other studies (14, 24). Im­
portant differences may occur between in
vitro and in vivo actions of a drug. In
the latter case the drug action may be
affected by nervous reflexes, endogenous,
hormones and other chemical substances
which regulate the tone of the vascular
smooth muscle. This seems to be the
case of histamine (36). The difference be­
tween in vivo and in vitro concentrations
observed in this study warrants further
investigation.

The results obtained in the isolated ca­
nine renal artery indicated the presence
of histaininergic receptors whose activa­
tion produced vasodilatation. Previous
studies from this laboratory using several 
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isolated preparations demonstrated that
dose-response curves to Remediated his­
tamine effects follow a second-order ki­
netics (slope of the Hill plot equals two)
whereas the H,-mediated responses follow
the usual first-order kinetics (35). Territo­
ries with a mixed population of hista-
minergic receptors gave Hill coefficients
between 1 and 2 (6). In the present study
the Hill coefficient was calculated (5) to
be 1.74 suggesting, the existence of both
Hj- and H,-receptors in the canine renal
artery, and the prevalence of the Hrsub-
type. Further research using selective ago­
nists and antagonists is needed to confirm
these preliminary results.

A physiological role for histamine in
regulating renal blood flow as suggested in
systemic circulation (12, 13, 37, 38) seems
unlikely giving the relative high concen­
trations needed to obtain responses. Such
a physiological role has also been denied
in other systemic (42) and regional (20,
21-23) circulations.

In conclusion, the present study indi­
cates the existence of two classes of his-
taminergic receptors in the renal artery
of the dog, both mediating dilator re­
sponses, although the H,-subtype appears
to predominate.

Acknowledgment

The authors thank A. Crespo and P. Santa­
maria for their technical assistance and J. M.
Gallego for making the drawings. Metiamide
was kindly supplied by Smith, Kline & French
Limited.

Resumen

Se esludia la modificacion, tras pretrata-
miento con antagonistas selectivos y Ha,
de la curva dosis-respuesta (CDR) a la hista-
mina para la frecuencia cardiaca, presi6n ar­
terial, flujo arterial renal y resistencia vascu­
lar renal en perros anestesiados, y las caracte-
risticas de la CDR a la histamina en arteria
renal aislada de perro. In vivo, cl pretrata-
miento con metiamida (10 mg/kg i.v.) no mo- 

difica la CDR a la histamina. En contraste, se
observa un desplazamiento significative hacia
la derecha de la CDR a la histamina para to-
dos los parametros hemodin^micos tras trata-
miento con difenhidramina (5 mg/kg i.v.). El
pretratamiento combinado con metiamida y
difenhidramina produce desplazamientos adi-
cionales hacia la derecha de la CDR a la hista­
mina. El an&lisis de las CDR para el efecto rela-
jante de la histamina en arteria renal aislada
de perro previamente despolarizada (K+ 67 mM)
permite obtener una DE50 de 3,3 X 10-4 M y
un coeficiente de Hill de 1,74. Se demuestra
que los dos tipos de receptores histaminergi-
cos existen en la arteria renal del perro me-
diando respuestas vasodilatadoras, aunque el
subtipo H, parece predominar en la produc-
cion de dicha respuesta.
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