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The histaminergic system influences various activities of the central
nervous system, including cardiovascular regulation. Histamine administered
intracerebroventricularly (icv) in anesthetized rats produces the increase in
mean arterial pressure (MAP) and heart rate (HR), however, in contrast to
normotensive animals, histamine-induced rises in MAP and HR in critically
hypotensive animals are significantly higher. Similarly to exogenous hista-
mine, inhibition of the central histamine N-methyltransferase (HNMT) ac-
tivity (the enzyme catabolizing histamine in the central nervous system) re-
sulting in the increase in endogenous histamine concentration, also leads to
the pressor effect in normotensive rats. The present study was designed to
determine the role of endogenous central histamine in cardiovascular regula-
tion in a rat model of blood volume-blood pressure controlled hemorrhagic
hypotension. In normotensive animals, HNMT inhibitor SKF 91488 pro-
duced dose-dependent (20–100 �g icv) pressor effect accompanied by tachy-
cardia, similarly as exogenous histamine (0.5–5 �g icv) did. The subpressor
dose of SKF 91488 (10 �g) evoked the increase in blood volumes necessary
to induce hypotension of 40 and 20 mmHg and the action was accompanied
by the rise in histamine concentrations in the hypothalamus (5.18 ± 0.45 vs
4.23 ± 0.41 nmol/g; p < 0.05) and medulla oblongata (0.41 ± 0.05 vs 0.30 ±
0.06 nmol/g; p < 0.05), with no changes in the cortical histamine concentra-
tions (0.84 ± 0.18 vs 0.75 ± 0.17 nmol/g), compared to the control icv
saline-treated group. The effect of SKF 91488 was inhibited by H1 histamine
receptor antagonist chlorpheniramine, whereas neither H2 receptor blocker
ranitidine, nor H3 receptor antagonist thioperamide affected the action.

In conclusion, the study demonstrates that the histaminergic system in-
fluences the central cardiovascular regulation during pronounced hemor-
rhagic hypotension, probably as a result of the activation of compensatory
mechanisms.
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INTRODUCTION

The histaminergic system influences various
activities of the central nervous system, such as
arousal mechanisms, fluid balance, food intake,
temperature regulation, learning, pain perception
and stress [2, 29]. Moreover, histamine belongs to
aminergic neurotransmitters regulating the cardio-
vascular center function both in normotension and
critical hypotension [2, 11–16, 29]. Histaminergic
neurons which are concentrated in the tuberomam-
millary nucleus of the posterior hypothalamus send
innervation to almost all parts of the brain, includ-
ing medulla oblongata, where the cardiovascular
complex is located, which is the possible direct way
to influence central cardiovascular regulation [31].

In normotensive rats, exogenous histamine ad-
ministered to the brain lateral ventricle (icv) evokes
a short-lasting dose-related rise in mean arterial
pressure (MAP) due to central activation of the
sympathetic system [22] and release of arginine va-
sopressin (AVP) [6]. Both central H1 and H2 hista-
mine receptors are involved, since microinjections
of H1 and H2 receptor antagonists icv [7] or into the
posterior hypothalamus [8] inhibit histamine ac-
tion, while selective H1 and H2 receptor agonists
pyridylethylamine and impromidine, respectively,
given icv produce the increase in MAP [26]. Simi-
larly to exogenous histamine, the increase in en-
dogenous histamine concentration, resulting from
the inhibition of the central histamine N-methyl-
transferase (HNMT) activity, the enzyme cataboliz-
ing histamine in the central nervous system, also
leads to the pressor effect in normotensive rats [21].

Previous studies from our laboratory demon-
strate that histamine (100 nmol), when adminis-
tered icv in the early phase of irreversible hemor-
rhagic hypotension, produces a long-lasting pressor
effect, with the increase in MAP, pulse pressure
(PP) and heart rate (HR) up to the prehemorrhage
values [11–16]. Moreover, in contrast to normovo-
lemic animals, the rises in MAP and HR after hista-
mine injection in critical hypovolemia are signifi-
cantly higher, and are associated with the increase in
the survival rate, despite critical hypovolemia [11].

Although the influence of histamine on central
cardiovascular regulation in normotensive animals
has been known for about 20 years, the present
study was undertaken in view of recent findings
concerning histamine action in hemorrhagic shock.
The aim of the study was to examine the circula-

tory effects of endogenous histamine, using HNMT
inhibitor SKF 91488, in anesthetized rats in the
model in which the blood pressure-blood volume
relationship can be assessed. By using this model,
the histamine-evoked influence on the regulatory
cardiovascular mechanisms during controlled, step-
wise hemorrhagic hypotension can be determined
by the measurement of blood amounts which have
to be withdrawn to induce hypotension. Further-
more, concentrations of histamine in the cerebral
cortex, hypothalamus and medulla oblongata were
measured to confirm the role of the histaminergic
system in cardiovascular control mechanisms. Fi-
nally, histamine receptor antagonists were used to
study the involvement of receptor types in the effect.

MATERIALS and METHODS

Animals

Male Wistar rats weighing 230–250 g (5–6
months old) were used in all experiments. The ani-
mals were housed five per cage, in controlled con-
ditions of temperature (20–22°C), humidity (60–
–70%), lighting (12 h light/dark cycle) and pro-
vided with food and water ad libitum. The Ethics
Committee of the Silesian Medical University ap-
proved all procedures.

Chemicals

The following drugs were used: SKF 91488,
histamine dihydrochloride, (±)-chlorpheniramine
maleate, ranitidine hydrochloride, thioperamide ma-
leate (Research Biochemicals Incorporated, USA),
ketamine (Gedeon Richter, Hungary), heparin (Polfa,
Poland). To maintain isoosmolarity and to avoid
stimulation of central osmoreceptors, icv injected
agents were dissolved in hypotonic solutions of
NaCl. Osmolarity was measured using osmometer
Marcel OS 3000 (Marcel, Poland). The dosage was
calculated as a free form. All drug solutions were
prepared fresh on the day of the experiment.

Surgical protocol

After induction of general anesthesia with keta-
mine (150 mg/kg ip, supplemented as required),
heparinization (Heparinum, 600 IU/kg iv) and clean
dissection, rats were implanted with catheters in the
right femoral artery and vein. MAP and HR were
recorded by the pressure transducer RMN-201 (Te-
med, Poland) and electrocardiograph Diascope 2
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(Unitra Biazet, Poland), respectively. For icv treat-
ment, the rats were prepared 5–7 days before the
experiment as previously described [11] using keta-
mine anesthesia. Animals were then kept in indi-
vidual cages until the time of the experiment. All
icv injections were made in 5 µl of vehicle. Cor-
rectness of icv administration was verified as de-
scribed earlier [11].

Experimental protocol

To study cardiovascular effects of endogenous
histamine in normovolemic animals, MAP and HR
changes produced by SKF 91488 (10–100 �g) were
monitored within 1 h after icv treatment. Since SKF
91488 (4-[N,N-dimethylamino]butylisothiourea di-
hydrochloride) does not cross blood-brain barrier, it
was administered centrally. Similarly, exogenous
histamine (0.5–5 �g icv)-induced MAP and HR ef-
fects were measured.

To produce standardized hemorrhagic hypoten-
sion, according to the modified method of Sándor
et al. [27], blood was withdrawn from the right
femoral vein into the calibrated cannula to stepwise
reduce MAP to 60, 40 and 20 mmHg. Each bleed-
ing period lasted for 5 min and MAP was then kept
constant at the predetermined level for 5 min by
taking more blood away or reinfusing some. At the
end of each period, the bleeding volume was deter-
mined with an accuracy of 0.1 ml.

Five minutes before beginning of bleeding, rats
were injected icv with SKF 91488 (10 �g) or saline
5 min after icv pretreatment with chlorpheniramine
(100 nmol), ranitidine (300 nmol), thioperamide
(100 nmol) or saline. The dose of 10 �g of SKF
91488 was chosen since it did not produce any
changes in MAP in normotensive animals. Body
temperature was monitored by a rectal thermome-
ter and maintained at 36.5–37.5°C using the heat-
ing lamp throughout the experiment. All the experi-
ments were performed between 12.00 and 16.00.

Histamine assay

After decapitation of rats at the end of the ex-
periment 35 min after SKF 91488 or saline icv in-
jection, their brains were rapidly removed and the
cerebral cortex, hypothalamus and medulla oblon-
gata were quickly dissected on a glass plate chilled
on ice, according to the procedure of Glowinski
and Iversen [9]. The samples were homogenized –
the hypothalamus in 0.3 ml, the cerebral cortex and
medulla oblongata in 10 volumes (w/v) of ice-cold

0.9% NaCl. After centrifugation, 100 �l of the su-
pernatant was used for measurement of histamine
concentration by commercially available enzyme
immunoassay (Immunotech, France) without modi-
fications. The sensitivity of the method was 0.2
nmol/l. The mean recovery of standard histamine
was 96% (ranging from 92 to 107%).

Statistics

All data are given as means ± standard error
with p < 0.05 considered as the level of signifi-
cance. Statistical evaluation was performed by one-
-way analysis of variance (ANOVA) followed by
Student-Newman-Keuls test.

RESULTS

The prehemorrhage MAP and HR values in the
control saline-treated group were 89.3 ± 4.5 mmHg
and 331 ± 16 beats/min, respectively. There were
no differences in initial MAP and HR between all
groups.

Cardiovascular effects of SKF 91488 and

exogenous histamine in normotensive rats

The influences of SKF 91488 (10–100 �g icv)
and exogenous histamine (0.5–5 �g icv) on MAP
and HR in normovolemic animals are presented in
Figure 1. The dose of 10 �g of SKF 91488 did not
produce any significant MAP and HR changes,
whereas higher doses (20–100 �g) revealed dose-
related significant increases in MAP and HR which
started within 5 min after treatment, reaching the
maximum within 10–20 min, and lasting up to
20–40 min.

Similarly, exogenous histamine (0.5–5 �g icv)
produced dose-dependent increases in MAP and
HR which began within 1 min after injection,
reaching the maximum within 5–10 min and lasting
up to 15–20 min. Animals injected icv with saline
vehicle demonstrated no significant changes in
MAP and HR (data not shown).

Influence of SKF 91488 and histamine

receptor antagonists on bleeding volumes

necessary for stabilization of graded

hypotension of 60, 40 and 20 mmHg

Bleeding volumes necessary to induce hypoten-
sion of 60, 40 and 20 mmHg after SKF 91488 and
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histamine receptor antagonists administration are
presented in Table 1.

In the control icv saline-treated group, bleeding
volumes required to reduce MAP to 60, 40 and 20
mmHg were 0.64 ± 0.19, 1.13 ± 0.23 and 2.53 ±
0.30 ml/100 g body weight, respectively. A dose of
10 �g of SKF 91488 significantly increased the
bleeding volumes necessary to induce hypotension
of 40 and 20 mmHg, while it did not influence the
bleeding volume required to reach hypotension of
60 mmHg. Pretreatment with H1 histamine receptor
antagonist chlorpheniramine completely inhibited
SKF 91488 action and the bleeding volumes re-
quired to reduce MAP to 60, 40 and 20 mmHg in
this group did not differ from those in the control
saline-treated rats. Both, H2 receptor blocker raniti-
dine and H3 receptor antagonist thioperamide did
not influence SKF 91488-induced effect. In all
histamine antagonist-pretreated and saline-treated
groups, there were no differences in blood volumes
necessary to induce graded hypotension in com-
parison to the saline-injected group.

In all groups, the consecutive bleeding periods
were associated with the decrease in HR, the values
being in the saline-treated control group 282 ± 14,
248 ± 17 and 189 ± 14 beats/min, respectively.
However, there were no differences in HR between
all groups (data not shown).

Concentrations of endogenous histamine

in the cerebral cortex, hypothalamus and

medulla oblongata after SKF 91488

administration

In the saline-treated group, after induction of
critical hypotension of 20 mmHg the concentra-
tions of endogenous histamine were 0.75 ± 0.17
nmol/g in the cerebral cortex, 4.23 ± 0.41 nmol/g in
the hypothalamus and 0.30 ± 0.06 nmol/g in the
medulla oblongata (Fig. 2). In the SKF 91488 (10
�g)-treated group, there were increases in hista-
mine concentrations within the hypothalamus (5.18
± 0.45 nmol/g; p < 0.05 vs the control group) and
medulla oblongata (0.41 ± 0.05 nmol/g; p < 0.05 vs
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Fig. 1. Maximal increases in MAP and HR induced by histamine (0.5–5 �g icv; A-B) and SKF 91488 (10–100 �g icv; C-D) in normo-
volemic rats; 6 animals per group; initial MAP and HR values: 89.5 ± 4.5 mmHg and 331 ± 16 beats/min, respectively; for SKF 91488
(from a dose of 20 �g) and for histamine (from a dose of 0.5 �g) p < 0.05 vs the values in the control icv saline-treated groups



the control group), while the cortical histamine
concentration (0.84 ± 0.18 nmol/g) was not changed
(Fig. 2).

DISCUSSION

Results of the present study reveal for the first
time that in the blood volume-blood pressure mo-
del of stepwise hemorrhagic hypotension in rats,
endogenous histamine influences the central car-
diovascular regulation by producing the increase in

blood volumes necessary to induce hypotension of
40 and 20 mmHg. Moreover, it is demonstrated that
the effect is associated with the increase in the con-
centrations of histamine in the hypothalamus and
medulla oblongata, and central H1 histamine recep-
tors are involved.

The studies by Klein and Gertner show that in-
hibition of central HNMT activity with SKF 91488
(10–100 �g icv) in normovolemic conscious rats
leads to a rise in central histamine concentration
and produces a dose-related increase in MAP ac-
companied by bradycardia [21]. Our results con-
firm that also in anesthetized animals SKF 91488
(20–100 �g icv) produces dose-related increases in
MAP and HR, similar to those of exogenous hista-
mine (0.5–5 �g icv). In contrast to conscious ani-
mals, however, the effects are observed from a
minimum dose of 20 �g of SKF 91488, despite the
fact that icv administration of 10 �g of SKF 91488
produces an increase in central histamine concen-
tration [21]. The differences in the response to SKF
91488 may be explained by differences in experi-
mental protocol, since anesthesia alters cardiovas-
cular effects to centrally administered histamine
and, as previously described [2, 11, 29], tachycar-
dia is observed after icv histamine administration in
anesthetized rats.

The volumes of blood which have to be with-
drawn to stabilize graded hypotension in the con-
trol group are similar to those obtained earlier by
van den Berg et al. [30]. The present study shows
that SKF 91488 (10 �g) does not produce signifi-
cant changes in initial cardiovascular parameters in
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Table 1. Effects of pretreatment with histamine receptor antagonists and SKF 91488 treatment on the bleeding volumes required to
reduce MAP to 60, 40 and 20 mmHg in rats; 6–9 animals per group; * p < 0.05 vs saline-treated control group

Pretreatment (icv) Treatment (icv)

Blood volume (ml per 100 g of body weight)
required to reduce MAP to:

60 mmHg 40 mmHg 20 mmHg

Saline (5 �l) Saline (5 �l ) 0.64 ± 0.19 1.13 ± 0.23 2.53 ± 0.30

Saline (5 �l) SKF 91488 (10 �g) 0.68 ± 0.11 1.61 ± 0.19* 3.05 ± 0.28*

Chlorpheniramine (100 nmol) SKF 91488 (10 �g) 0.60 ± 0.15 1.28 ± 0.14 2.46 ± 0.29

Ranitidine (300 nmol) SKF 91488 (10 �g) 0.76 ± 0.26 1.67 ± 0.23* 3.12 ± 0.22*

Thioperamide (100 nmol) SKF 91488 (10 �g) 0.68 ± 0.20 1.51 ± 0.31* 2.91 ± 0.31*

Chlorpheniramine (100 nmol) Saline (5 �l) 0.73 ± 0.10 1.31 ± 0.24 2.65 ± 0.28

Ranitidine (300 nmol) Saline (5 �l) 0.76 ± 0.2 1.31 ± 0.36 2.62 ± 0.21

Thioperamide (100 nmol) Saline (5 �l) 0.63 ± 0.15 1.25 ± 0.25 2.60 ± 0.32
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Fig. 2. Concentrations of histamine in the cerebral cortex, hypo-
thalamus and medulla oblongata of the control (�) and SKF
91488-treated (�) rats; 6 animals per group; * p < 0.05 vs the
corresponding value in the control group



anesthetized normotensive rats and does not influ-
ence the volume of blood which has to be with-
drawn to stabilize MAP at 60 mmHg, while the ef-
fect occurs only in more pronounced hypotension.
Moreover, it is demonstrated that the action is asso-
ciated with the increase in histamine concentration
in the hypothalamus and medulla oblongata, simi-
larly to the results obtained by Klein and Gartner
in normovolemic conscious rats [21], whereas there
is no rise in the cortical histamine concentration.
These findings may suggest that the increase in en-
dogenous central histamine concentration after SKF
91488 administration, even at a subpressor dose of
SKF 91488 for normovolemic anesthetized ani-
mals, influences cardiovascular regulation in the
state of disturbed circulatory homeostasis.

Severe hypovolemia, as demonstrated previ-
ously [11–16], is associated with the reduction in
HR due to the stimulation of left ventricular un-
myelinated nerve fibres causing an increase in
parasympathetic and a decrease in sympathetic ac-
tivity. Also in the present study, consecutive bleed-
ing periods are accompanied by significant de-
creases in HR. Since there are no differences be-
tween groups, it may be suggested that endogenous
histamine-induced cardiovascular effects in graded
hypotension mainly result from the changes in the
peripheral vascular resistance.

The present study demonstrates that H1 recep-
tors participate in the central cardiovascular effects
of endogenous histamine, since chlorpheniramine
completely inhibits the action. In contrast, pretreat-
ment with ranitidine and thioperamide, H2 and H3
receptor antagonists, respectively, fails to influence
SKF 91488-induced effect. Similarly, only H1 his-
tamine receptors are involved in the resuscitating
action of exogenous histamine administered cen-
trally in the model of irreversible hemorrhagic
shock in rats [11]. Surprisingly, previous studies
have demonstrated that ranitidine itself adminis-
tered icv in critical hypovolemia can produce the
pressor reaction [11] probably due to the blockade
of brain stem H2 histamine receptors, which mediate
the hypotensive action [10], its agonistic properties
to H2 receptors, or the affinity of H2 antagonists to
H3 receptors controlling histamine biosynthesis and
release [24]. Also the blockade of presynaptic cen-
tral histamine H3 receptors with thioperamide in
hemorrhagic shock results in the pressor reaction
[11], which may be associated with the autoregula-
tion of endogenous histamine release [19]. On the

other hand, however, SKF 91488 itself is a reversi-
ble competitive H3 receptor antagonist [20].

Similarly to normovolemic animals, the mecha-
nisms of central histamine action in hemorrhagic
hypovolemia include, via the central noradrenergic
system [18], activation of the sympathetic system
[13] and secretion of AVP [12], since both are es-
sential in the maintenance of blood pressure in
hemorrhagic shock, causing an increase in vascular
resistance as well as mobilization of blood from ve-
nous reservoirs, and leading to centralization of the
circulation [28]. Indeed, previous studies from our
laboratory have demonstrated that central histami-
ne-induced reversal of critical hemorrhagic hypo-
tension in rats occurs due to the rise in the cardiac
index [15]. Cardiovascular effects are accompanied
by a long-lasting rise in respiratory rate and almost
a complete recovery of blood gas and acid-base pa-
rameters to the prebleeding values at the end of the
experiment (2 h) [14]. Furthermore, previous re-
sults have clearly demonstrated that early icv treat-
ment with histamine and primary central stimula-
tion of compensatory mechanisms is as effective as
volume resuscitation of hemorrhagic shock [16].

Studies of recent years have revealed that in
preterminal conditions of hemorrhagic shock, en-
dogenous analgesic (opioidergic) and anti-analge-
sic (melanocortinergic, cholecystokininergic, thy-
reoliberininergic) systems in the central nervous
system become activated [1, 17, 23]. Interestingly,
the resuscitating effects of many anti-analgesic
(non-opioid) neurotransmitters, including adreno-
corticotrophic hormone (ACTH) and many ACTH-
-fragments, cholecystokinin-derived peptides, and
thyrotropin-releasing hormone, at doses which show
little or no activity under normal conditions, are
confirmed in hemorrhagic shock [1]. On the other
hand, studies by Philippu et al. demonstrate the ac-
tivation of the histaminergic system and the in-
crease in endogenous histamine release from the
posterior hypothalamus as a result of the decrease
in blood pressure after intravenous injection of
sodium nitroprusside or hemorrhage in cats [25].
Since central histamine increases the secretion of
AVP and CRH, the peptides which are activators of
the pituitary-adrenal system and stimulate synergis-
tically the release of ACTH [3–5], also this mecha-
nism may be involved in endogenous histamine-
-induced activation of compensatory mechanisms
during controlled stepwise hemorrhagic hypoten-
sion.
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In conclusion, the present results demonstrate
the involvement of the endogenous histaminergic
system in the central cardiovascular regulation
during pronounced hemorrhagic hypotension. The
study shows that the increase in histamine concen-
tration in the hypothalamus and medulla oblongata
which does not influence cardiovascular regulation
in normovolemic animals leads, via stimulation of
H1 receptors, to the rise in blood volumes neces-
sary to induce critical hypotension, probably as
a result of the activation of compensatory mecha-
nisms.
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