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A B S T R AC T

I N T R O D U C T I O N

Amitriptyline, a tricyclic antidepressant used in the treatment of many 
psychiatric, neurological and gastrointestinal diseases, aff ects cardiovas-
cular system functions. The aim of the present study was to examine the 
infl uence of chronically administered amitriptyline on cardiovascular re-
sponsiveness to a histamine vasodilatatory stimulus. 

M AT E R I A L  A N D  M E T H O D S 

The studies were carried out on male Wistar rats pre-treated with am-
itriptyline (2.7 and 5.4 mg/kg, subcutaneously for 7 days). 

R E S U LT S

Histamine (5.0 and 10.0 μg/kg) administered intravenously in a bolus 
injection evoked dose-dependent decreases in systolic and diastolic blood 
pressure as well as in renal (RBF) and skeletal muscle microcirculatory 
fl ow (SMMF), with no signifi cant changes in heart rate (HR) in the con-
trol, saline pre-treated group. Amitriptyline prevented histamine-evoked 
decreases in blood pressure (2.7 and 5.4 mg/kg) and produced increases in 
RBF and SMMF (5.4 mg/kg), but did not infl uence HR dynamics. 

C O N C L U S I O N

We demonstrate for the fi rst time that chronically administered amitriptyl-
ine to rats infl uences the cardiovascular responsiveness to histamine with 
an eff ect on peripheral perfusion.
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AMITRIPTYLINE AND CARDIOVASCULAR REACTIVITY

S T R E S Z C Z E N I E

W S T Ę P

Amitryptylina to trójpierścieniowy lek przeciwdepresyjny stosowany w leczeniu wielu schorzeń 
psychicznych, neurologicznych oraz przewodu pokarmowego, wpływający także na czynność 
układu krążenia. Celem pracy było zbadanie wpływu przewlekle stosowanej amitryptyliny na 
reaktywność układu krążenia na działanie bodźca hipotensyjnego – histaminy. 

M AT E R I A Ł  I  M E T O DY

Badania przeprowadzono na samcach szczurów szczepu Wistar, którym podawano amitryptyli-
nę (2,7 i 5,4 mg/kg) podskórnie przez 7 dni.

W Y N I K I

Histamina (5,0 i 10,0 μg/kg) podawana dożylnie (bolus) w grupie kontrolnej wywoływała zależ-
ne od dawki spadki ciśnienia tętniczego skurczowego i rozkurczowego oraz przepływu w tętnicy 
nerkowej (RBF) i w mikrokrążeniu mięśnia szkieletowego (SMMF), nie wpływając na częstość 
rytmu serca (HR). Amitryptylina zapobiegała wywoływanym przez histaminę spadkom ciśnienia 
tętniczego krwi (2,7 i 5,4 mg/kg), powodowała wzrost RBF i SMMF (5,4 mg/kg), nie wpływając 
na HR. 

W N I O S E K

Przewlekle stosowana amitryptylina wpływa na reaktywność układu krążenia i przepływy 
obwodowe w odpowiedzi na dożylne podanie histaminy u szczurów.

S Ł O WA  K L U C Z O W E

amitryptylina, reaktywność układu krążenia, histamina

I N T R O D U C T I O N

Amitriptyline is a tricyclic antidepressant (TCA) 
used in the treatment of many neurological, 
psychiatric and gastrointestinal diseases, in-
cluding depressive disorders, bipolar disorder, 
anxiety, migraine, eating disorders, insomnia, 
neuropathic pain and abdominal pain-related 
functional gastrointestinal disorders [1, 2, 3]. 
Primarily, it acts as a serotonin-noradrenaline 
reuptake inhibitor, however, it is also an antag-
onist of 5-HT2A, 5-HT2C, 5-HT3, 5-HT6, 5-HT7 
receptors, nicotinic acetylcholine receptors, �1-
adrenergic and histamine H1 receptors [4, 5]. 
Moreover, it is able to activate �1 and neuro-
trophic tyrosine kinase type 1 (TrkA) and type 
2 (TrkB) receptors [6, 7] and block sodium, po-
tassium and calcium channels [8, 9, 10].
In addition to the nervous system, amitriptyl-
ine also infl uences the cardiovascular system 
functions. Initial experimental studies by 

Thorstrand [11] demonstrated that intrave-
nously injected amitriptyline (0.5–2 mg/kg) 
induces a decrease in the mean arterial pres-
sure (MAP) and heart rate (HR) with a sig-
nifi cant prolongation of QRS and PQ duration 
in rats. In further placebo-controlled double 
blind studies in humans, amitriptyline given in 
a single oral dose (100 mg or 150 mg) caused 
a decrease in blood pressure, particularly, in the 
upright position, an elongation of electrome-
chanical systole, an increase in HR, especially 
under orthostatic stress and a reduction in to-
tal peripheral resistance [12]. Interestingly, the 
study by Kopera [13] demonstrated amitriptyl-
ine-induced postural hypotension in humans, 
which may suggest its eff ect on cardiovascular 
responsiveness.
There are many pharmacological methods 
used to study cardiovascular responsiveness 
in vivo. Usually, endogenous or exogenous 
vasodilatatory/vasoconstrictive agents are ad-
ministered intravenously and then, direct 
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and refl ex-induced changes in cardiovascular 
parameters, such as HR, MAP, systolic (SBP) 
and diastolic blood pressure (DBP) as well as 
peripheral blood fl ows, are measured [14]. In 
our previous experimental studies concerning 
cardiovascular responsiveness with a vasodi-
latatory stimulus histamine, we showed that 
a single dose of amitriptyline and the selective 
serotonin reuptake inhibitor citalopram, re-
duce the histamine-induced infl uence on MAP 
and pulse pressure (PP), and this eff ect was 
greater in amitriptyline- than in citalopram-
pre-treated animals [15]. In contrast to arte-
rial pressure changes, pre-treatment with both 
antidepressants did not infl uence HR [15]. 
Since amitriptyline is usually used chronically, 
the aim of the present study was to examine 
the eff ect of amitriptyline given for 7 days on 
the cardiovascular responsiveness to histamine 
in rats.

M A T E R I A L  A N D  M E T H O D S

The studies were carried out  on male Wistar 
rats weighing 247–293 g (5–6 months old). 
The animals were housed individually in cages 
in the animal colony, under controlled condi-
tions of temperature (20–22°C), humidity (60–
70%) and a 12 h light/dark cycle. Throughout 
the experiment, the rats were provided with 
food and water ad libitum. All the studied 
groups consisted of fi ve animals. All the pro-
cedures were performed in accordance to EU 
directives, after acceptance by the Local Ethics 
Committee, Katowice, Poland (notifi cations 
No 7/2011, 70/2011, 71/2011 and 27/2012).
The animals divided into groups were subcu-
taneously (sc) pre-treated with amitriptyline 
(2.7 and 5.4 mg/kg) or saline (0.2 ml) for 7 
days.  On the 8th  day, after the induction of 
a general anaesthesia with ketamine/xylazine 
(100 mg/kg + 10 mg/kg intraperitoneally [ip], 
supplemented if required), the rats were im-
planted with catheters fi lled with heparinised 
saline (100 IU/ml) in the right femoral artery 
and vein. SBP, DBP and HR were measured us-
ing a TAM-A transducer amplifi er module and 
ECGA amplifi er (Hugo Sachs Elektronik, Ger-
many), respectively.  A electromagnetic perivas-
cular probe (type 1RB, Hugo Sachs Elektronik, 
Germany) was implanted around the right re-
nal artery to monitor renal blood fl ow (RBF) 
using a TTFM transit time fl ow-meter module 

(Transonic Systems Inc., USA). Skeletal muscle 
microcirculatory fl ow was measured after the 
implantation of a needle electrode (OxyFlo XP 
probe 19, Oxford Optronix Ltd., United King-
dom) in the middle part of the right femoral 
muscle using an Oxylab Microvascular Perfus-
sion Monitor (Oxford Optronix Ltd., United 
Kingdom). Microcirculatory blood fl ow was 
expressed in relative blood perfusion units 
(RBPU). All the measurements were started 
after a 30 min adaptation period to avoid the 
infl uences of probe implantation. The doses 
of amitriptyline and histamine were taken from 
the literature [14, 15]. The haemodynamic pa-
rameters were measured after intravenous (iv) 
injections of histamine (5.0 and 10.0 μg/kg). 
The rats were given both doses of histamine, 
allowing enough time for the measured param-
eters to return to baseline levels between each 
injection. A similar protocol was used previ-
ously to study cardiovascular responsiveness in 
rats [16]. All the experiments were performed 
between 8:00 am and 2:00 pm.
The following drugs were used: amitriptyl-
ine hydrochloride, histamine dihydrochloride 
(Sigma-Aldrich, USA), ketamine hydrochlo-
ride, xylazine (Biowet Sp. z o.o., Poland) and  
heparin (Polfa, Poland). All the drug solutions 
were freshly prepared on the day of the experi-
ment.
All the values are given as means ± the stand-
ard deviation (SD) with p < 0.05 considered as 
the level of signifi cance. The statistical evalu-
ation was performed by analysis of variance 
(ANOVA) and the post-ANOVA test of Stu-
dent-Newman-Keuls.

R E S U L T S

There were no diff erences in the initial (be-
fore histamine treatment) SBP, DBP and HR 
between the groups, the values being in the 
control saline-pre-treated group: 115.4 ± 9.5 
mmHg, 70.4 ± 4.5 mmHg and 274 ± 24 beats/
min, respectively. Similarly, the RBF and SMBF 
did not diff er between the groups before the 
histamine injections (in the control saline-pre-
treated group: 4.9 ± 0.7 ml/min and 710 ± 96 
RBPU, respectively).
In the control saline pre-treated group, the bo-
lus injection of histamine (5.0, 10 μg/kg) in-
duced decreases in SBP up to 77.8 ± 6.3 and 
69.2 ± 5.8 mmHg, respectively, and in DBP up 
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to 44.2 ± 3.9 and 38,6 ± 3,5 mmHg, respective-
ly, with no infl uence on HR (fi g. 1A–C). The 
eff ects were accompanied by decreases in RBF 
from 4.9 ± 0.7 to 1.92 ± 0.61 ml/min and from 

Fig. 1. Minimal SBP (A), DBP (B) and maximal HR (C) after hista-
mine (5.0 and 10.0 µg/kg) bolus injection in rats pre-treated with 
saline (0.2 ml) and amitriptyline (2.7 and 5.4 mg/kg) for 7 days; 
means ± SD; fi ve animals per group; * p < 0.05 vs. saline-pre-
treated control group.

Ryc. 1. Najniższe wartości SBP (A), DBP (B) oraz najwyższe 
wartości HR (C) po dożylnym podaniu histaminy (5,0 i 10 µg/kg) 
u szczurów, którym przez 7 dni podawano 0,9% roztwór NaCl 
bądź amitryptylinę (2,7 i 5,4 mg/kg); wyniki przedstawiono jako 
średnie ± SD; n = 5; * p < 0,05 w porównaniu z grupą, w której 
podawano w 0,9% roztwór NaCl.

Fig. 2. Maximal changes in RBF (A) and SMMF (B) after histamine 
(5.0 and 10.0 µg/kg) bolus injection in rats pre-treated with saline 
(0.2 ml) and amitriptyline (2.7 and 5.4 mg/kg) for 7 days; means 
± SD; fi ve animals per group; in all groups, initial values of RBF 
and SMMF were taken as 100%; in the control saline-pre-treated 
group, basal RBF and SMMF were 4.9 ± 0.7 ml/min and 710 ± 96 
RBPU, respectively; * p < 0.05 vs. saline-pre-treated control group.

Ryc. 2. Maksymalne zmiany RBF (A) i SMMF (B) po dożylnym po-
daniu histaminy (5,0 i 10,0 mg/kg) u szczurów, którym przez 7 dni 
podawano 0,9% roztwór NaCl bądź amitryptylinę (2,7 i 5,4 mg/
kg); wyniki przedstawiono jako średnie ± SD; n = 5; we wszyst-
kich grupach za wartości początkowe RBF i SMMF przyjęto 100%; 
w grupie kontrolnej wyjściowe wartości RBF i SMMF wynosiły 
odpowiednio 4,9 ± 0,7 ml/min i 710 ± 96 RBPU; * p < 0,05 
w porównaniu z grupą, w której podawano w 0,9% roztwór NaCl. 

4.64 ± 0.51 to 1.52 ± 0.6 ml/min, respectively, 
as well as in SMMF from 710 ± 96 to 398 ± 
125 RBPU and from 617 ± 157 to 359 ± 75 
RBPU, respectively (fi g. 2A–B).

Pre-treatment with amitriptyline (2.7 and 5.4 
mg/kg) reduced the histamine-induced eff ects 
on SBP and DBP (Fig. 1A-B), with no infl uence 
on HR (fi g. 1C). Interestingly, amitriptyline-
treated rats (5.4 mg/kg) showed signifi cant 
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increases in RBF after a histamine (5.0, 10 μg/
kg) injection from 4.42 ± 0.52 up to maximal-
ly 5.4 ± 0.45 ml/min and from 5.04 ± 0.48 up 
to 6.08 ± 0.76 ml/min, respectively. A similar 
eff ect was observed in respect to SMMF, the 
values before and after histamine treatment 
being 689 ± 156 vs. 951 ± 146 RBPU and 726 
± 121 vs. 942 ± 135 RBPU, respectively. Fig. 2 
demonstrates the maximal changes in RBF and 
SMMF after histamine (5.0, 10 μg/kg) injec-
tion in the studied groups.

D I S C U S S I O N

In the present study, we demonstrate for the 
fi rst time that chronic treatment (7 days) with 
amitriptyline infl uences the cardiovascular 
responsiveness to histamine in rats. Further-
more, we show that amitriptyline signifi cantly 
aff ects peripheral perfusion in response to his-
tamine.
The present paper is a continuation of our 
previous studies concerning the infl uence of 
tricyclic antidepressants on the cardiovascular 
system [15]. Using the in vivo model, direct 
and refl ex-induced changes in cardiovascular 
parameters (arterial pressure, HR, peripheral 
vascular blood fl ows and resistances) can be 
measured after the injection of vasoconstric-
tive/vasodilatatory agents [16]. As in the ear-
lier studies, we used histamine which acting 
peripherally via H1 and H2 receptors, induces 
a direct vasodilatatory eff ect [15]. Our present 
results confi rm that under normal conditions, 
histamine given in a bolus iv injection evokes 
a prompt short-lasting decrease in SBP and 
DBP associated with a reduction in RBF and 
SMMF. The decreases in peripheral perfusion 
after histamine treatment can be explained by 
a dramatic drop in blood pressure due to gener-
al vasodilatation, despite a decrease in periph-
eral vascular resistance in the studied region.   
The lack of signifi cant changes in HR after his-
tamine injection is in accordance with our ear-
lier results [15]. We suggest that HR dynamics 
can be a result of a simultaneously occurring  
(1) refl ex-induced increase in the sympathetic 
nervous system activity and (2) direct action of 
histamine on cardiac H1 and H2 receptors.
In our previous study we demonstrated that 
amitriptyline and citalopram given alone did 
not aff ect the cardiovascular parameters [15]. 
In contrast, a single-dose pre-treatment with 

any of these antidepressants (15 min or 1 h 
prior to histamine) leads to signifi cant inhibi-
tion of cardiovascular responsiveness to hista-
mine [15]. The present results also demonstrate 
that chronic pre-treatment with amitriptyline 
reduces the decreases in SBP and DBP evoked 
by histamine. Similar to the previous studies, 
we did not fi nd signifi cant changes in HR. 
The mechanism of the histamine-induced de-
pressor eff ect is related to a decrease in the to-
tal peripheral vascular resistance, despite local 
vasoconstrictive action in the coronary circula-
tion [17]. We demonstrate here that a bolus in-
jection of histamine evokes a critical decrease 
in renal and skeletal muscle perfusion. It can 
be hypothesized that the eff ect results from 
pronounced systemic hypotension, despite the 
decrease in peripheral vascular resistance in 
the local vascular beds. Interestingly, we show 
for the fi rst time that amitriptyline (at a dose 
5.4 mg/kg) completely reverses peripheral per-
fusion changes evoked by histamine: it induced 
increases in RBF and SMMF. These results are 
in line with a previous in vitro study, which 
showed that amitriptyline and citalopram in-
hibit histamine-induced contractions of an iso-
lated porcine coronary artery [18].
The direct, vascular mechanisms of amitriptyl-
ine action can be explained by (1) H1 receptors 
antagonism, (2) the infl uence on histamine 
degrading enzymes and (3) post-receptor in-
fl uences. The fi rst pathway can be related to 
the well-known antagonistic properties of am-
itriptyline to the H1 receptor demonstrated in 
vitro [19]. On the other hand, amitriptyline 
and citalopram reduce an increase in plasma 
histamine levels after its bolus injection [15, 
20]. These fi ndings support the hypothesis 
concerning the changes in histamine degrad-
ing enzymes activity. Indeed, Rajtar and Irman-
Florjanc [21] demonstrated that amitriptyline 
enhances the activity of diamine oxidase and 
histamine-N-methyltransferase, the two main 
enzymes responsible for histamine catabolism 
in mammals. The restriction of the increase in 
plasma histamine concentrations may be re-
sponsible for the inhibited cardiovascular re-
sponsiveness to histamine, however, we have 
to take into consideration the earlier suggested 
amitriptyline-induced functional modulation 
of the structure of cellular membranes and 
post-receptor changes [15,20].
Additionally, we  cannot exclude other possi-
ble pathways involved in the amitriptyline in-
fl uence on the cardiovascular system function, 
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since it easily crosses the blood-brain barrier. 
To verify the hypothesis concerning the cen-
trally-mediated eff ects of amitriptyline on the 
cardiovascular centre neurons, we previously 
injected icv amitriptyline and citalopram into 
rats [22]. We have demonstrated that central-
ly acting amitriptyline, but not citalopram, 
infl uences the vascular resistance regulatory 
mechanisms and reduces histamine-induced 
MAP and PP changes [22]. These eff ects were, 
however, signifi cantly lower in comparison to 
those observed after peripheral pre-treatment 
with both antidepressants [15]. 
Finally, we demonstrated previously the infl u-
ence of amitriptyline on the central histamine-
induced resuscitating eff ect in haemorrhage-
shocked rats [23]. We showed that histamine 
administered icv to haemorrhage-shocked rats 
evokes long-lasting rises in MAP and HR, with 
an increase in the survival rate [23]. Pre-treat-
ment with amitriptyline increases central his-

tamine-induced rises in MAP and HR, with 
no infl uence on survival. Interestingly, am-
itriptyline given alone (10, 20 nmol; icv) also 
evokes rises in MAP and HR, with increases in 
the survival rates in rats subjected  to haem-
orrhagic shock [23]. On the other hand, the 
study by Richardson and Chiu shows that 
a high dose (0.9 μmol) of amitriptyline given 
icv evokes  a hypotensive eff ect in anaesthe-
tised rats, which is probably related to the in-
hibition of noradrenaline re-uptake and its ac-
tion in the anterior hypothalamus [24]. Thus, 
we summarized that amitriptyline aff ects the 
reactivity of the cardiovascular centre to hypo-
tensive stimuli and infl uences the central his-
tamine-induced resuscitating eff ect. 
In conclusion, our present results demonstrate 
for the fi rst time that chronically adminis-
tered amitriptyline infl uences cardiovascular 
responsiveness and peripheral perfusion after 
histamine injection in rats.
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