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Cooling and Response to Histamine in Calf Cardiac Vein
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Abstract
In the present work we studied the responses of calf cardiac vein to  histamine (10-9-3x10-4M) and effects of moderate cooling (to 28 ˚C) on 

these responses with analysis of the role of endothelial mediators and K+ -ions. Concentration-response curves to histamine were isometrically 
recorded at 37 and 28 ˚C (control). The same procedure was repeated at 28˚C in the presence of NG-nitro-L-arginine methyl ester (L-NAME, 10-4 
M), indomethacin (10-5 M), and also in the K+-free medium. During cooling, the sensitivity, but not the maximal response, was significantly lower 
than 37 ˚C. Cooling to 28˚C after treatment with L-NAME did not modify the effect of cooling, whereas treatment with indomethacin increased, 
significantly. Furthermore, cooling to  28 ˚C after incubation in K+-free solution increased the sensitivity to histamine. The results of this study 
suggest the role of cyclooxygenase pathway  and also K+ ions in the cooling-induced changes of calf cardiac vein treated with histamine.
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INTRODUCTION
The contraction of vascular smooth muscle in 

response to vasoactive substances can be influenced 
by moderate cooling [1-3]. Contrary to the contractile 
responses in cutaneous vessels, the aorta and pulmonary 
artery dilate when exposed to cooling [4]. Since the 
description of the essential role of the endothelium 
in mammalian arteries , it has become  obvious that 
endothelial cells release several relaxing and contracting 
substances [5]. As vascular relaxants, the endothelium can 
produce prostacyclin by the metabolic pathway of cyclo-
oxygenase [6], and nitric oxide the precursor of which is 
L-arginine [7], but little information is available on their 
release during cooling. It has been demonstrated that 
cooling potentiates the production of nitric oxide from 
the endothelium of cutaneous vessels [8,9]. Recently, 
it has been reported that in noncutaneous vessels, 
endothelial nitric oxide does not play a role in cooling-
induced responses [8].  Similarly, we have observed that 
in rabbit aorta, a noncutaneous vessel, the sensitivity of 
α-adrenoceptor agonists decreased during cooling by an 
endothelium-independent mechanism [1]. In addition, 
we also supported this finding in calf coronary artery, 
another noncutaneous vessel [10].

K+ ions are vital for maintaining the functionality of 
K+ channels. In their absence, many K+ channel types 
enter a long-lasting defunct condition characterized by 
the absence of conductance and drastic changes in the 
gating current [11]. In noncutaneous vessels, very little 
was known about the role  of K+ ions underlying the 
effects of cooling [12].

Histamine is present in essentially all tissues. In 
isolated vessels, this agent can produce  contraction 
or relaxation via stimulation of H1 and  H2 receptors, 
respectively, and these effects depend upon the animal 
species and the type of blood vessel within a single 

species [13]. Calf cardiac vein is a noncutaneous vessel 
and the effects of cooling on the histaminergic response 
have not been addressed in this tissue before. Effects 
of cooling on histamine-induced changes were  usually 
studied with airways smooth muscle [14-16].

Therefore, the purpose of the present study was 
to determine the effects of cooling (28 ˚C) on the 
histamine-induced contraction and also the possible role 
of prostaglandin production , the release of nitric oxide 
and K+ ions underlying the effects of cooling  in calf 
cardiac vein.
MATERIALS and METHODS

Tissue preparations
Calf hearts were obtained from a slaughterhouse and 

were immediately placed in Krebs-Henseleit solution. 
Segments of the great cardiac vein were removed and 
cut into rings 2.5 mm in  length. Care was taken not 
to damage the endothelium. Each ring was mounted in 
25 ml organ baths containing Krebs-Henseleit Solution 
(KHS), aerated with 95 % O2 and 5% CO2 . KHS was 
composed of (mM): NaCl 119,  KCl  4.70 ,  MgSO4  1.50, 
KH2PO4 1.20, CaCl2 2.50, NaHCO3  25, Glucose 11. 
The responses were recorded isometrically  by a  force-
displacement transducer (Grass FT04, Grass Instruments 
Co, W. Warwick, RI, USA) connected through amplifiers 
to a polygraph (Grass 7D, Grass Instrument Co).  The 
tissues were allowed to equilibrate for 60 min under a 
resting tension of 1 g  with repeated washing every 15 
min.

The endothelial cell integrity was determined in each 
ring before all experiments. Relaxation responses to 
acetycholine (10-6 M) in rings preconstricted with 5-HT 
(10-6 M) were used to test endothelial cell integrity. 
Preparations which relaxed by more than 70 % of the 
5-HT-induced tone after addition of histamine were 
considered to have undamaged endothelium.
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Experimental procedure
First, cumulative concentration-response curves were 

determined in calf cardiac vein for histamine (10-9 - 3x10-
4M) at 37 ˚C. Another set of experiments was designed 
to determine the effect of cooling on the histamine-
induced contractile responses.  When preparations 
stabilized (30 min), bath temperature was decreased to 
28 ˚C. Preparations were allowed to equilibrate at this 
temperature for 1 h before a concentration-response curve 
was determined. Only one concentration-response curve 
was generated in each strip to prevent tachyphylaxis to 
histamine. 

In order to analyse the role of endothelial nitric oxide 
in the vascular response during cooling, concentration 
response curves to histamine was obtained in the presence 
of NG nitro-L-arginine methlyl esther (L-NAME, 10-4 
M), a nitric oxide synthase inhibitor [17]. L-NAME was 
added to the organ bath 20 min before concentration-
response curves were started. Endothelium did not 
denude because only the role of endothelial nitric oxide 
was examined in this study.

In another series of the experiments, the tissues were 
preincubated with indomethacin  (10-5 M ) to determine 
the role of cyclooxygenase. The preparations were 
incubated for 30 min with 10-5 M indomethacin at 28 
oC. 

In order to analyse the role of  K+ ions in the cooling 
induced vascular response, concentration-response curves 
to histamine were obtained in the K+-free medium. The 
K+-free solution  was prepared by removing  KCl from 
KHS and replacing KH2PO4 with equimolar NaH2PO4. 
Preparations were equilibrate in K+-free solution for 30 
min. 

Paralel experiments were conducted in separate 
groups of preparations maintained at 37 and 28 ˚C for 
the duration of the experiment to control for changes in 
responses due to time.

Only one agent was tested in each preparation. 
Statistical analysis
Concentrations of histamine causing 50 % of the 

maximal response (EC50) were calculated from each 
individual concentration-response curve and its 95 % 
confidence interval were obtained for each group of 
experiments. Maximal responses and EC50 values for 
curves obtained before and during cooling were compared 
by using Student’s t test. Statistical significance was set 
at p<0.05.   

Drugs
Histamine chloride, NG nitro-L-arginine methlyl 

esther, acetycholine chloride (all dissolved in distilled 
water) and indomethacin (dissolved in ethanol),  were 
used.  All drugs were obtained from Sigma, St. Louis, 
MO, USA.  
RESULTS

Figure 1 shows  the effects of histamine (10-9 - 3x10-
4 M) on calf cardiac vein rings at 37 ˚C, 28˚C (cooling), 

and at  28˚C in the presence of L-NAME ( 10-4 M) , 
indomethacin (10-5 M) , and K+-free  medium. At 
37˚C, histamine produced concentration-dependent 
contractions (EC50 = 4.3 x 10-6 M, 95 % confidence 
interval = 2.5 x 10-6 – 6.1 x 10-6 M) (Table 1).

During cooling (28˚C) , the sensitivity (EC50 =  5.2 
x 10-5 M, 95 % confidence interval = 3.0 x 10-5 – 7.0 x 
10-5 M), but not the maximal response, of the cardiac 
vein   was significantly lower (12 times; p < 0.05)  than 
at 37 ˚C (Table 1).                       

Treatment with L-NAME (10-4 M) did not 
significantly affect  the contractile response to histamine 
during cooling (Fig. 1, Table 1). At  28 ˚C , the sensitivity 
to histamine was significantly higher in the presence of  
indomethacin (EC50 = 5.7 x 10-6 M, 95 % confidence 
interval =  4.8 x 10-6 – 6.6 x 10-6 M ) (9 times; p < 0.05) 
and also  in K+-free solution (EC50 = 5.8 x 10-6 M, 95 
% confidence interval = 5.2 x 10-6 – 6.3 x 10-6 M)  (8.9 
times; p < 0.05) (Table 1). 

There was no significant difference in the maximum 
responses to histamine in the presence of each one of the 
agents used or in  K+-free medium (Table 1) and  time 
had no effects on the responses to histamine (p> 0.05, 
data not given).

Figure 1 ) Contractile response to  histamine at 37 and 28  
°C and in the presence of L-NAME, indomethacin and 
also K+ free medium at 28 ˚C, in calf cardiac vein. Each 
point is the mean ± of  6 experiments.
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DISCUSSION
In the present work, we studied the responses of calf 

cardiac vein to histamine, and the effects of cooling on 
these responses, paying special attention to the role of 
nitric oxide, prostaglandin and also  K+ ions. The cardiac 
vein is an easily accesible  noncutaneous blood vessel and 
the effects of cooling on histamine-induced contractions 
on this vessel has not been studied before. Investigations 
with histamine during cooling were mostly  in airways 
smooth muscle [14-16]. Coronary venous system 
(cardiac veins) collects one-third blood of the coronary 
circulation and is considered to be an important site for 
the blood-tissue exchange of water and nutrients, as well 
as a possible determinant of ventricular distensibility. 

The temperature utilized in this study; 28 ˚C, for 
cooling was considered to be “moderate cooling” 
temperature accordingly to our previous studies [1-3,10].

The results of the present study indicate that 
histamine-induced concentration-dependent contractions 
at 37 ˚C. As we know, histamine produces contraction by 
stimulating H1 receptors located in the smooth muscle 
[18-20].  Compared with the control responses at 37 
˚C , cooling  decreased the sensitivity, but not maximal 
contraction, to histamine in this vessel. Our results with 
histamine in the calf cardiac vein are in line with our 
previous findings with different contractile agents in other 
noncutaneous vessels [1,10]. Based on similar findings 
by other investigators, it is now generally accepted that 
although cutaneous vessels constrict on exposure to cold, 
deeper blood vessels dilate allowing transfer of blood 
from the superficial to the deep circulation [21]. On the 
other hand, Fernandez et al. [21]) suggested that cooling 
reduced the sensitivity of the contraction of the rabbit 
central ear artery (cutaneous vessel), but it did not affect 
the response of the femoral artery (noncutaneous vessel) 
to histamine. Moreover, Allen et al. [22] reported that  
cooling of the arteries from 37 ˚C to 28 ˚C produces a 
heterogeneous responsiveness to various agonists. Their 
data showed that there was an increased sensitivity of 
isolated rabbit mesenteric artery vessels to exogenous 
noradrenaline during cooling to 28 ˚C, in contrast a 
decreased sensitivity to the same agent in the aorta. Allen 
et al. [22] also reported that cooling had no affects on the 
sensitivity of either the mesenteric artery or abdominal 

aorta segments to histamine. This discrepancy with our 
findings may be related to differences between arteries 
and veins, and perhaps species. As a matter of fact, 
cooling specifically alters the vascular sensitivity to 
various drugs in different parts of the vascular system.  It 
is accepted that cooling depresses the contraction of both 
cutaneous and noncutaneous vessels to direct activation 
of the smooth musculature with potassium chloride or 
BaCl2 [21]. This feature has been also observed before 
in our laboratory with this vessel (unpublished data). 

Cooling can generally alter vascular function and 
this seems to be the result of effects on many different 
mechanisms regulating smooth muscle cell tone. We 
know that vascular endothelium has an important role 
in the regulation of vascular tonus through the release 
of endothelium-derived vasoactive substances such 
as prostaglandins and nitric oxide in various tissues 
[22]. These mediators are important in controlling 
local vascular tone [23], including venous tone [24]. A 
variety of vasoactive substances and stimuli; for example 
temperature, may promote the release of PGI2 and nitric 
oxide from endothelial cells.  However, despite the well-
established role of nitric oxide in the pulmonary [25,26] 
and saphenous [27] vein, release of nitric oxide in the 
coronary venous system has not been reported [28]. 
It’s reported that nitric oxide synthase inhibition by 
L-NG –nitro-arginine methyl ester (L-NAME) does not 
affect histamine-induced contraction whereas inhibition 
of cyclooxygenase induces hyper-responsiveness to 
histamine in guinea pig trachea [29]. In this study, prior 
treatment of the cardiac vein with L-NAME was found 
to be ineffective because the sensitivity of the cardiac 
vein to histamine was similar in the presence or absence 
(control) of L-NAME  at 28 ˚C. It has been reported that 
cooling facilitates the stimulated release of nitric oxide 
from the endothelium in cutaneous, but not in deep vessels 
[30]. Fernandez et al. [18] reported that the reduced 
contraction of ear arteries to histamine during cooling 
was reversed by treatment with L-NAME, suggesting 
that nitric oxide released from the endothelium could 
be involved in these effects of cooling. Furthermore, 
the investigators suggested that changes in temperature 
might affect the production of nitric oxide in a different 
way depending on vascular beds [30,31]. Furthermore, 
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Table 1)  EC50  values  for histamine   in  calf cardiac vein  at  37, 28 °C and in the presence of  L-NAME, 
indomethacin and also in K+ free medium at 28 ˚C. Maximum responses (Emax)  for histamine at 28 °C and at 28 °C 
in the presence of each one of agents. 
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Simonet et al. [31]  determined that relaxations of human 
saphenous veins to moderate cooling were independent 
of the endothelium and not related to the release of 
vasoactive substances such as nitric oxide. We have 
previously observed that cooling (to 28 ˚C) induced 
subsensitivity to α-adrenoceptor agonists in rabbit aorta 
[1], and to KCl, 5-HT and carbachol in calf coronary 
artery [10] and  endothelial nitric oxide has no role in 
these effects. Similarly, it has been demonstrated that 
the treatment of isolated segments of coronary arteries 
with cardioplegia at different temperatures (7 ˚C or 37 
˚C ) does not alter the production of nitric oxide or the 
ability of the vascular smooth muscle to contract or relax 
[32]. The results of this study agree with this finding and 
others in different noncutaneous vessels [8,33].  

A cyclooxygenase  inhibitor, indomethacin was used to 
determine whether prostaglandins played a functional role 
in the cooling-induced decreased sensitivity to histamine. 
Cooling to 28 ˚C  after treatment with indomethacin 
increased the sensitivity to histamine suggesting that 
endothelial cyclooxygenase products of arachidonic acid 
(presumably prostacyclin) are involved in this effect. 
Evora et al.[34] reported that in dog coronary, renal and 
femoral arteries, indomethacin pretreatment  blocked the 
cooling-induced  relaxation, and were more pronounced 
below 30 ˚C. Furthermore, it is reported that in ovine 
trachea pretreatment with indomethacin potentiated the 
cooling induced contractions [16]. These results support 
our observation.

In another part of this study, we examined the role 
of potassium ions in histamine-induced responses during 
cooling. The Na+/K+ pump plays an essential role in 
the maintenance of a relatively low intracellular sodium 
and high potassium concentration. In smooth muscles 
this pump can directly contribute to the cell resting 
membrane potential by actively pumping more sodium 
ions out than potassium ions into the cells [35,36]. 
K+-depletion is known to inhibit the Na+-K+-ATPase 
coupling Na+- Ca2+ exchange system  reversibly [37]. In 
this study,  cooling to 28 ˚C  after incubation in K+-free 
solution  increased the sensitivity to histamine, indicating 
that  Na+ / K+ and Na+ /  Ca2+ exchange mechanisms 
were important on cooling-induced changes of histamine 
contractions in calf cardiac vein. In a different study, 
we also observed that cooling to 28 ˚C after incubation 
in  K+-free solution  increased the sensitivity to both 
coronary artery and cardiac vein to carbachol [12]. It is 
known that inhibition of the Na+ / K+ pump potentiates 
contractions elicited by a variety of activating agents 
[38]. Furthermore, it is reported that depression of the 
Na+-pump results in hypersensitivity and hyperreactivity 
of the airway smooth muscle to cooling [39]. These 
results support this observation.
CONCLUSIONS

In conclusion, the present results indicate  that cooling 
decreases the sensitivity to histamine in calf cardiac vein 

and suggest a role for cyclooxygenase pathway, and also  
K+ ions in cooling-induced changes. 
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