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GENERAL DISCUSSION 

There exists substantial evidence that ROS are 
produced in a variety of disease states and that 
ROS may display several direct or indirect 
cardiovascular activities. In the present study the 
influence of ROS on the contractility and contractile 
responses to external stimuli of cardiac and vascular 
tissues has been investigated. 
In the experiments described, ROS were generated 
by means of electrolysis of the organ bath fluid. This 
method offers several advantages compared to 
other ROS-generation systems using certain 
enzymes or chemicals. Firstly, this system produces 
a variety of ROS such as hydroxyl radicals, 
hydrogen peroxide, superoxide anions and 
hypochlorite for a short period, which resembles the 
situation occurring for instance during 
ischaemia/reperfusion. Secondly, the electrolysis 
procedure does not require enzymes and/or 
chemicals that themselves could influence the 
results. 
ROS generated in this way induced a decrease in 
contractile force in the isolated atrium, which can be 
partially prevented by specific hydroxyl radical and 
hydrogen peroxide scavengers. However, the 
precise mechanism of this decrease in contractile 
force remains to be elucidated. ROS exposure leads 
to a decreased responsiveness to non-receptor-
mediated positive inotropic stimuli such as elevation 
of extracellular calcium ions and sodium withdrawal. 
This decreased responsiveness may be due to a 
deteriorated contractile apparatus and/or to 

damaged enzymes and proteins responsible for 
cellular ion handling. However, the positive inotropic 
responses caused by lowering of stimulation 
frequency proved largely intact, which suggests that 
the calcium sequestration capabilities of the 
myocytes are preserved. 
In addition to a decreased contractile potential of 
cardiac preparations, ROS can influence the 
receptor-mediated contractile responses by 
changing the binding characteristics of the receptor 
itself or by inducing alterations in signal 
transduction mechanisms. The investigations 
described in the present thesis have shown that 
receptor-mediated responses are mainly affected by 
alterations in the signalling cascade of the receptor 
systems investigated. 
In particular the a,-adrenoceptor system proved 
hypersensitive to oxidative stress when compared 
to other receptor systems, such as for instance ß-
adrenoceptors and endothelin-1 receptors. In the 
isolated rat left atrium the positive inotropic 
responses to ^-adrenoceptor agonists proved, 
surprisingly, reversed into negative inotropic 
responses when the atria are exposed to ROS. This 
phenomenon is most likely the result of a protein 
kinase C-mediated activation of the N a + / K + 

ATPase in atria exposed to ROS. In the rat heart 
exposed to hydrogen peroxide the inotropic 
responses to ^-adrenoceptor stimulation were 
completely suppressed. However, since ouabain and 
calphostin C were unable to substantially 
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CHAPTER 8 
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Proposed signal transduction 

cascade for the contracti le 

effects of the (^-adrenoceptor. 

Contractile effects are largely 

mediated via the mitogen-

activated protein kinase pathway. 

For details see chapters 3 and 6 . 

R = Receptor, PLC = Phospholipase 

C, PKC = Protein kinase C, PLA2 = 

Phospholipase A 2 ERI\ = Extra 

Cellular Regulated Kinase (a 

MAPK), MEK = MAPK kinase, Raf 

= MAPKK kinase, Ras = low molec 

weight GTPase. 

counteract the reduction of the inotropic response, 

this phenomenon is l ikely to be caused by a 

mechanism dif ferent from that occurring in the 

atr ium. The use of a dif ferent oxidant "procedure" 

(hydrogen peroxide versus e lect ro lys is) or a 

dif ference in t issue (atr ium versus whole heart), 

may also have played a role. The negative inotropic 

e f fec t caused by M 2 -muscar in ic receptor 
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GENERAL DISCUSSION 

stimulation proved substantially potentiated by 
ROS as a result of an enhanced inhibition of 
adenylyl cyclase (a negative inotropic component) 
and an attenuated phospholipase C activity (a 
positive inotropic component). 
The a,-adrenoceptor signal transduction pathway is 
complex and not understood in full detail. So far, it 
was believed that the contractile responses to a,-
adrenoceptor stimulation are evoked by a 
phospholipase C-mediated formation of inositol 
trisphosphate and diacyl glycerol, followed by 
protein kinase C activation. In this study it was 
shown that the N a V K + ATPase can be a substrate 
for protein kinase C under pathophysiological 
circumstances in vivo, and that phosphorylation 
leads to an activation of this enzyme. In addition, 
the inotropic effect of a,-adrenoceptor stimulation 
is largely dependent on the activation of a mitogen-
activated protein kinase (MAPKXsee figure 1). 
Interestingly, MAPK can be activated by ROS. 
We also studied the influence of ROS on isolated 
vascular preparations. In the isolated aorta 
electrolysis-generated ROS induce a pronounced 
vasoconstriction. This vasoconstriction can be 
blocked by cyclooxygenase/lipoxygenase inhibition 
and by DMSO (a hydroxyl radical scavenger), 
indicating an eicosanoid-mediated constriction 
induced by hydroxyl radicals. ROS influence the 
functional integrity of vessels in a biphasic manner. 
Exposure to low concentrations or short periods of 
ROS, will induce endothelial dysfunction as 

characterized by a diminished vasorelaxation to 
muscarinic agonists but an intact response to 
potassium ions. Higher concentrations ROS or 
longer exposure times will induce an additional 
damage to the smooth muscle cells as indicated by 
an attenuated response to potassium ions. In this 
connection it appears to be of interest that the 
vasoconstriction induced by ROS is partially 
mediated by mitogen-activated protein kinases. 
Taken together, the experimental data imply that 
ROS interact with specific cellular targets (that are 
more susceptible to ROS) rather than causing a 
"random" deterioration of molecules and cellular 
structures. Furthermore, our investigations indicate 
that ROS decrease cardiac contractility, attenuate 
or even inverse positive inotropic responses into 
negative inotropic actions, and potentate negative 
inotropic stimuli. This might point towards a so far 
unknown role for the cardiodepressant activity of 
ROS in disease states such as congestive heart 
failure or diabetes. In addition, ROS possess the 
potency to increase peripheral resistance by 
inducing vasoconstriction and to cause endothelial 
dysfunction. 

Numerous factors directly or indirectly involved in 
the progressive deterioration of cardiac contractility 
and vascular damage in these disease states have 
already been identified. However, our recent 
findings might suggest that the ROS-induced 
injuries can provide new targets for pharmacological 
interventions in such diseases. 
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