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ABSTRACT 

Dopamine, a neurotransmitter precursor of norepinephrine, produces 

cardiovascular and renal effects including increase of myocardial contractility 

and cardiac output, without changing the heart rate, active and passive 

vasodilatation, diuresis and natriuresis. These cardiovascular and renal effects 

are mediated by the interaction of dopaminergic receptors named D1, D2, D3, 

D4, D5, D6 y D7; the letters of recent description. Actions are attributed to 

Dopamine that controls blood pressure through central and peripheral nervous 

systems and target organs such as kidney and adrenal glands in some types of 

hypertension. Renal dopaminergic deficiency has been related with the 

capacity to excrete salt in some forms of hypertension. Although it has been 

proven that dopamine and its derivatives have antihypertensive actions, 

research continues and for this reason it is important to clarify some 

physiological and pharmacological aspects of dopamine, its receptors and the 

clinical uses that could be important in the management of hypertension. 
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INTRODUCTION 

With the discovery of new dopamine (DA) receptors and the description of 

depressor actions of DA on the vascular system, the research on receptors, 

their interaction and the possible effects on different organs have been 

intensified. Once demonstrated that the pressor action of high doses of 

dopamine could be abolished by a-adrenergic blockers (Goldberg LI, 

Sjoerdsma A. 1959)1 the presence of specific receptors for dopamine was 

suspected and thought they could participate in reducing blood pressure and 

considered that these should be taken into account when treating hypertension. 

Dopamine and its derivatives have been studied during the last four (4) 



decades(2),and described its pharmacological and therapeutic aspects that 

could be of use for clinical application. Furthermore, there are increasing 

evidences for the use of these compounds in the treatment of hypertensio(3,4). 

Despite having proved that dopamine and its derivatives have 

antihypertensive effects, the group as such, still under investigation. The 

mechanism by which the dopaminergic compounds exert their 

antihypertensive action could be attributed to the activation of dopaminergic 

receptors, DA1 postsynaptic or DA2 presynaptic(4). Up-to-date, the 

dopaminergic agonist bromocriptine and its derivatives and also fenoldopam 

and 7-0H-DPAT, represent the typical agonists of DA2, DA1 and DA3 

receptors, which are respectively used in the treatment of high blood 

pressure (5). 

  

DOPAMINE AND DOPAMINERGIC RECEPTORS 

Dopamine (DA) is a catecholamine produced at the terminal end of neurons 

from its precursor the amino acid tyrosine, by two sequential steps carried out 

by the enzymes tyrosine hydroxylase and carboxylase for L-aromatic amino 

acids. At the nerve ending DA travels towards the storage vesicles by action 

of a transport protein (T) related to the vesicle’s membrane (6), Calcium entry 

and cellular depolarization take place allowing dopamine entering in contact 

with dopamine’s postsynaptic receptors (6). There are several different receptor 

types named D1, D2, D3, D4 y D5 (7); more recent studies report the presence 

of receptors D6 and D7 which physiological and pharmacological actions 

similar to those of D1 and D2 (8).These have several common structural 

features, which are among them are the presence of seven a-helicoidal 

segments capable of going through the cell membrane. According to their 

structural and pharmacological properties, the five DA receptors can be 

classified in two groups (7), class D1 including receptors D1 and D5 and class 

D2 integrated by receptors D2, D3 and D4. 

  

DA1 RECEPTOR 

The activation of this receptor produces stimulation of the activity of 

adenylate cyclase with formation of cyclic AMP (9) and hydrolysis of 

phosphatidyl-inositol with release of arachidonic acid. These postsynaptic 

receptors are distributed among the central nervous system (striatum and 

neocortex) and in the periphery including renal arterioles, mesenteric, hepatic, 

pulmonary, splenic, coronary, cerebral, etc. and yuxtaglomerular system (10). 

Dopaminergic stimulation to arterioles induces vasodilatation due to the 



relaxation of smooth muscle fibers. In the kidney there is increase in blood 

flow, natriuresis and increased sodium excretion (10). 

  

DA2 RECEPTOR 

Activation of this receptor produces adenylate cyclase inhibition and 

reduction of cyclic AMP production rising potassium conductance and 

lowering calcium conductance. This receptor is distributed at the presynaptic 

end (in the sympathetic nerve endings) ganglia and central nervous system 

(striatum, dopaminergic neurons of the compact area of the substantial nigra 

and pituitary gland); it is also found in resistance mesenteric, renal and 

coronary vessels (10). Stimulation of dopaminergic DA2 receptor induces 

reduction of release of norepinephrine at the nerve endings. 

Dopaminergic receptors DA3, DA4 and DA5 (11), Ricci et al. 1990(12,13), are 

located predominantly in the central nervous system, olfactory bulbs, 

accumbens nucleus, hypothalamus and brain cortex; however, genetic 

expression (RNAm) for DA4 was found in a concentration 20 times higher in 

the cardiovascular system than in the central nervous system, (Tab. 1). Recent 

studies report location of D3 and D5 in mononuclear circulating cells of 

human blood (14). 

The actions of DA disappear by the sequential action of the enzymes catechol- 

O-methyl-transferase (COMT) and mono-amino-oxidase (MAO), by the 

recovery of this hormone at the nerve ending or by the use of drugs with 

antagonist effect such SCH23390 capable of blocking D1 receptor and 

sulpiride and domperidone that block receptor D2 (6). 

  

DOPAMINERGIC DRUGS 

Selective DA1 agonists: 

Fenoldopam, piribedil 

Selective DA2 agonists: 

Bromocriptine, pergolide, lergotril, lisuride, carmoxirol 

Selective DA1 antagonists: 

Clozapine, SCH-23390 



Selective DA2 antagonists: 

Metoclopramide, domperidone, haloperidol, sulpiride 

  

CARDIOVASCULAR EFFECTS 

Dopamine acts through the ß1-adrenergic and dopaminergic DA1 and DA2 

receptors. With an intravenous dose of 0.5-3 µg/Kg.min blood pressure rises 

by the activation of dopaminergic receptors (15), and the heart rate rises 

slightly. At doses somewhat higher, DA exerts positive inotropic effect on 

myocardium by activation of ß1 adrenergic receptor. Intravenous doses higher 

than de 3 µg/Kg.min activate also the a1adrenergic vascular receptors inducing 

the rise in blood pressure by vasoconstriction. DA usually rises systolic and 

differential blood pressures without producing important changes in diastolic 

blood pressure. In patients pretreated with labetalol, when dopamine is given 

intravenously at a dose of 0.5-3 µg/Kg.min it produces reduction in blood 

pressure without any changes in heart rate (Martin et al. 1993) (3). Goldberg et 

al (15), reported also hypotensive effects in patients with Parkinson’s disease 

and in experiments with animal pretreated with fenoxibenzamine (15). 

  

RENAL EFFECTS 

Dopamine induces increase in renal blood flow, natriuresis and rises renal 

sodium excretion. Induces also vasodilatation of renal arterioles and at the 

same time inhibits the Na+/K+ATP ase, tubular interchange of Na+/H+ and 

blocks the effects of vasopressin in the collecting tubules (15,16,17). The 

presence of DA receptors classes DA1 and DA2 could regulate blood pressure 

influencing the intermediate range mechanisms of blood pressure control (10), 

which include modifications in the interaction relaxation stress of vascular 

structures in the renal arginine-vasopressin system (10). 

Dopamine can have an important part in the long-term mechanisms of blood 

pressure control, promoting the release of water and salts by the kidney and 

increasing renal blood flow. The capacity for of interaction between DA 

receptor D1 to inhibit hypertrophy of renal smooth muscle, suggests the 

importance of this catecholamine in the long-term regulation of blood 

pressure (10). 

Alterations of the kidney’s dopaminergic system in three aspects could 

produce arterial hypertension: 1) Changes in the renal production of 

dopamine. 2) Changes in the transduction effect of dopamine in the renal 



vascular system. 3) Alterations in the transduction effect of dopamine in the 

renal tubular system. Any alteration of the dopaminergic receptor in the renal 

tubular system could be compensated with a rise in DA production (18). 

  

HORMONAL EFFECTS 

Dopamine rises the concentration of insulin in the blood by stimulating 

dopaminergic receptors while metoclopramide blocks this effect (3). 

Dopaminergic activation by the use of bromocriptine lowers plasmatic 

concentration of prolactine in patients with hyperprolactinemia (15). The same 

occurs in the yuxtaglomerular system when stimulated by a dopaminergic 

DA1 agonist [Antonipillani et al. 1989] (19). Dopamine rises plasma renin 

activity. Dopaminergic receptors are also involved in the release of 

aldosterone and in the regulation of circulating potassium (20). 

  

RESPIRATORY EFFECTS 

Preliminary results show that inhaled dopamine induces bronchial relaxation 

in patients with asthma. This bronchio-relaxation is dose dependent but was 

not elicited by intravenous dopamine. The acting mechanism is unknown 

(Cabezas GA et al. 1999) (21). 

  

COLD PRESSOR TEST 

Gomez et al. (1.995) (22) showed that during the cold pressor test (CPT) 

performance dopaminergic receptors are stimulated. Metoclopramide given 

intravenously at a dose of (7.5 µg/Kg.min) induces a rise in blood pressure 

during the CPT; this blood rise is blocked by bromocriptine. This effect is 

related to gender [Blanco et al. 1996] (23). 

  

TREADMILL EXERCISE TEST 

Recent results from our laboratory show that dopamine is also released during 

the exercise test in a treadmill (2). Fourteen (14) subjects (normotense and 

hypertense) were studied with placebo, domperidone and metoclopramide and 

requested to exercise in a treadmill (24). Our results suggest the presence of an 

excitatory influence modulating the dopaminergic receptor acting on the 

sympathetic activity during exercise [Velasco et al. 1995] (2). 



  

CLINICAL APPLICATIONS OF DOPAMINERGIC DRUGS 

1. Hypertension 

2. Shock 

3. Hypertension associated to renal failure 

4. Hypertension associated to cardiac failure 

5. Cerebrovascular insufficiency 

6. Cerebral subarachnoid hemorrhage 

7. Asthma 

8. Parkinson’s disease 

9. Hyperprolactinemia 

10.Psicosis 

11.Reflux esophagitis 

12. Irritable colon syndrome 

13. Hepatic cirrhosis 

  

CLINICAL USE OF DOPAMINE IN HYPERTENSION 

The therapeutic effect of dopamine and its derivatives is secondary to the 

activation of dopaminergic receptors: 1. Postsynaptic DA1 induces relaxation 

of smooth muscle and vasodilatation of arterioles in kidney, liver, spleen, 

mesentery and heart. Secondary to the activation of the baro-receptors appears 

a slight rise in the heart rate. 2. Presynaptic DA2 induces reduction in the 

norepinephrine release at the sympathetic endings and reduces sympathetic 

activity (reduction of the heart rate and activity of the renin-angiotensin 

system). Kollock et al. (1980) (25), studied the effect produced by 

bromocriptine in patients with essential hypertension and concluded that 

bromocriptine can reduce blood pressure reducing at the same time plasmatic 

noradrenaline and renin-angiotensin. Luchsinger et al. (1992)(26), compared 

bromocriptine, a DA2 agonist, and piribedil, a DA1 agonist, in patients with 



low degree hypertension and concluded that both drugs can lower blood 

pressure to the same extent, but through different hemodynamics mechanisms. 

Recently, Luchsinger et al. (1995)(4), demonstrated that the hypotensive effect 

induced by bromocriptine could be blocked by metoclopramide and 

domperidone, both dopaminergic compounds. Pergolide and lisuride, DA2 

agonists, produced antihypertensive effects in rats with normal blood pressure 

and with hypertension(27, 28). 

Carmoxirol is a new dopaminergic DA2 agonist. At a dose by mouth of 0.5, 1 

and 2 mg a day this drug produced reduction of blood pressure in patients with 

essential hypertension; also, "in vitro" and "in vivo" inhibits platelet 

aggregation(29). They conclude that carmoxirol has antihypertensive effect 

with potential antithrombotic properties. 

Intravenous dopamine at a dose of 0.5-3 µg/Kg.min produces reduction in 

blood pressure in patients with pretreatment with labetalol a1 and b adrenergic 

blocker without producing changes in heart rate (3). Also, it was demonstrated 

a rise in blood insulin. Other dopaminergic compounds are being investigated 

(propildopamine, butilpropildopamine). Fenoldopam, dopaminergic DA1 

agonist, has been used for the treatment of hypertension and during acute 

hypertensive emergencies. White and Halley (1989)(30), concluded that 

fenoldopam is an antihypertensive compound that concomitantly induces 

diuresis and natriuresis. This pharmacological effect is secondary to the 

activation of DA1 receptor and blocked by SCH-23390, a dopaminergic 

blocker. 

  

Table 1: Characteristics and Distribution of Receptors for Dopamine 

  Class D1 Class D2 

Receptor 

name 
D1 D5 D2 D3 D4 D6 D7 

Number of 

Aminoacids 
446 477 443 400 387 446-

443 
? 

More 

important 

Sites of 

action 

Striatum 

Neocortex 

Kidneys 

And 

mesenteric 

arterioles 

Limbic 

structures, 

Hypothalamus 

and 

Lymphocytes 

Striatum, 

Resistance 

vessels in 

Kidneys 

and 

mesentery 

Coronary 

vessels 

CNS 

Monocuclear 

cells 

CNS 

Cardiovascular 

system 

Similar 

to D1 

and D2 

Similar 

to D1 

and D2 
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