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ABSTRACT 

Maximal inotropic response of electrically driven (0.5, 1 or 2 Hz) rat ventricular tissues in vitro 

to o,-adrenoceptor agonist, methoxamlne, W'lS comparable to that of B,-adrenoceptor 

agonist Isoprenallne up to 2 weeks cf age. The Inotroplc effect of methoxamlne decreased 

to adult levels at 3 weeks 50 that ln tissues from rats 3 weeks and older, ItS Inot,oplC effect 

was slgmficantly less than that of isoprenallne The inotropic effect of Isoprenaline was not 

age-dependent The inotropic effect of methoxamine 'y"as antagonized by prazosin and that 

of isoprenallne by propranolol Treatment of pups at blrth Wlth dexamethasone, 

trllocothyronlne or 6-hydroxydopamine dld not Influence the inotroplc effect of methoxamine. 

Radioligé.nd blndlng studies uSlng 3[H]-prazosin and 3[H]-dlhydroalprenolol as ligands and 

phentolamlne and propranolol as dlsplacers, respectlvely, revealed no age-dependent 

dlfferences in myocardlal a,- and B,-adrenoceptor density or afflnity. As weil the Increase in 

the second mes5enger in05itol triphosphate (IP3) after methoxamlne was less in neonatal 

th an in adult hearts It IS concluded that a greater inotroplc effect of a,-adrenoceptor 

agonists in neonatal rats may be due to unusual receptor-response coupling, which remains 

to be idenllfied 
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RESUME 

La réponse inotropique maximale de tissus ventnculaire de rat stimulé électriquement (0 5, 

1 ou 2 Hz) in vitro a l'agoniste adrénocepteur-al' la méthoxamine, étal! comparable a celle 

de l'agoniste de l'adrénocépteur-f3" l'isoprenaline, jusqu'à \'age de deux semùlnes L'eHet 

inotropique de la méthoxamlne a baissé au niveaux de l'adulte chez les rats de 3 semaines 

et plus. Cet effet Inotropique était significativement moindre que celle de l'isoprenalme 

L'effet inotropique de "isoprenahne n'était pas dépendent de l'age La prazoslne etait 

antagonique a l'effet inotr :'pique de la méthoxamine et la propranolol a celUI de 

l'isoprenaline. Le traitement de rat a la naissance SOit a la dexaméthasone, trllodothyronme 

ou a la 6-hydroxydopamine n'a pas Influencé l'eHet l/lotropique de la méthoxamlnJ Des 

études de liaisons de ligand radioactif utilisant la [JH]prazosine et la ["H]dlhydroalprenolol 

comme ligand et la phentolamlne et la propranolol comme compétiteur, respectivement, ont 

révélé aucune dépendance d'age SOit dans la densité ou l'affllllté des adrénocépteur-a, at 

13,. ['le plus l'augmentation du second messager, \'inosltol triphosphate (IP \), après le 

traitement a la méthoxamine était mOins élevé dans le néonatal que dans IG coeur adulte 

Il est conclus qu'un plus grand effet inotroplque d'agonlste de J'adrénocp.pteur-a, chez les 

rats nouveau-né pourrait être le résultat d'une réponse inhabituel dans l'accouplement entre 

le récepteur et la réponse, qUi reste à ètre identifié . 
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SECTION 1: INTRODUCTION 

Adrenoeeptor. 

1.1 Hlstorleal perspective 

It was first suggested by Dubois-Reymond (1877) that transmission of nerve impulses 

may be produced either electrically by action currents or chemically by exciting substances formed 

at the surface of nerve endings ln 1895, Oliver and Schafer (1895) showed that extracts from 

suprarenal glands had pressor effect. In 1897 the active principle in the suprarenal extract was 

identified as epinephrine (adrenaline) by Abel (Abel & Crawford, 1897). 

ln 1905, Elliot (1905) suggested that an adrenaline-like substance may be the 

neurohumoral transmitter because of the similarity between the effects of adrenaline and stimulation 

of the sympathetic nerves. He also observed that the effector organs responded to the adrenal 

hormone, long after the degeneration of sympathetic nerves. Other researchers such as Dixon 

(1907) proposed that the vagus nerve liberated a muscarine-like substance that acted as a 

chemical transmitter of its impulses. This theory was not accepted until Loewi (1921) demonstrated 

the slowing of the frog heart rate in the recipient heart upon contact with the perfusion fluid of the 

donor heart in which the vagus nerve had been stimulated. He proposed that the slowing of the 

heart rate was due to the liberation of a chemical substance which he referred to as vag us­

substance or vagustoff. "1 1926, Loewi and Navratil (1926) presented evidence that vagustoff was 

acetylcholine. They also demonstrated 'Ihe release of "acceleranstoff" into the perfusion fluid in 

summer, when the action of sympathetic fibers in the frog vagus, a mixed nerve, predominated over 

that of inhibitory fibers. Cannon and Uridil (1921) reported the release of an adrenaline-like 

substance upon stimulation of sympathetic nerves that increased blood pressure and heart rate. 

This adrenaline-like substance was later identified as the chemical mediator liberated by sympathetic 

10 
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nerve impulses at neuroeffector junctions, and named sympathin (Cannon and Rosenbleuth, 1933) . 

Earlier rAsearchers like Barger and Dale (1910) had noted that the effects of 

sympathetic nerve stimulation could be reproduced more closely by sympathomimetic primary 

amines rather than by adrenallne or other secondary amines. Investlgators such as Bacq advanced 

the possibility that demethylated (noradrenaline) might be sympathin. But It was von Euler who, 

in 1946 found that the neurotransmitter in its highly purified form resembled noradrenaline. 

The presence of • receptive substances· in the effector cells was proposed in 1905 

by Langley. He also proposed that the response to adrer.aline depended on the type of substance 

present. Nerves whose impulses act through the release of noradrenaline are called the adrenergic 

nerves and the postjunctional sites acted upon by noradrenaline were inltially called adren0ceptive 

(Dale H.H. 1954) but later they were termed adrenergic receptors or adrenoceptors. 

1.2 Adrenoceptor classification 

Ahlquist (1948) was the first ta suggest the existence of two adrenergic receptor 

populations. He p:oposed two subtypes "a" and "13" based on the basis of relative potency of 

catecholamines in exerting pharmacological effects. The two receptor subtype,~ cou Id be either 

excitatory or inhibitory depending on their ability to recognize and response to different drugs. 

1.2.1 B-Adrenoceptor classification 

This classification was generally accepted only after the discovery of 13 blockers which 

were used to confirm Ahlquist's classification and also to characterile the adrenoceptors 

biochemically. Subsequent work determined the fa ct that l3-adrenoceptors ln different tissues did 

not have identical pharmacological properties. Based on this heterogeneity of tissue response 

Lands et al (1967) proposed a subclassification of B-adrenoceptors into B(adrenoceptors, which 

11 
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mediate the cardiac effects of sympathomimetic drugs and B2-adrenoceptor which !'YIodiate 

bronchodilator and vasodilator effects. Later work has shown that both the subtvpe~ ca.l be 

present on the same tissue and the same cell (Minneman et al.,1981). 

Recently a thlrd type of B adrenoceptor has been cloned, the r~,,-adrenoceptor, which 

has a homology of 50.7% with B1- and 45.5% with B2-adrenoceptor (Emirone et al, 1909). Of the 

11 dassical B-adrenoceptor blockers studied only 2 were repoi1ed to have acted as blockers of this 

receptor, while 2 others acted as agonists. It is suggested to be an atypical B-adrenoceptors, which 

are present in adipocytes, liver, ileum and the soleus muscle. 

1.2.2 a-Adrenoceptor classification 

Anatomical classification 

a-Adrenoceptors in different tissues possess different pharmacological properties. 

Studies with a-adrenoceptor antagonists showed inhibition of noradrenaline effects, but they also 

showed an increase in the release of noradrenaline during the stimulation of sympathetic nerves 

(Cubeddu et ,,1.,1974). Two different hypotheses were proposed for this effect of a-adrenoceptor 

antagonists, one hypothesis suggested that the ab ove mentioned effect could be due to the 

blockade of postjunGdonal a-adrenoceptors which prevented receptor-neuroti,:v"lsmitter interaction 

resulting in an increase of noradrenaline release (Brown and Gillespie, 1957). The other hypothesis 

suggested that the increased release of noradrenaline was due to inhibition of neuronal or 

extraneuronal uptake of released noradrenaline unrelated to a-adrenoceptor blockade (Langer, 

1970). Further studies made it possible to postulate that this was a prejunctional phenomenon 

mediated by a-adrenoceptor blockade (Langer et aL, 1971, Starke et aL, 1971). 

Subsequent work showed that certain agonists like clonidine and antagonists like 

phenoxybenzamine could discriminate between pre- and postjunctional a-adrenoceptors 

12 
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(Dubocovich and Langer, 1974; Starke et al.,1974) led Langer to propose a subclassification of a­

adrenoceptors based on anatomical location into a 1-postjunctional and a2"prejunctional 

adrenoceptors. 

Functional classification 

The presence of postjunctional a 2-adrenoceptors observed by sorne investigators 

(Schimmel, 1976; Pettinger 1977) led to the notion that anatomical classification alone could not 

explain the activity of a-adrl:'!noceptors. Berthelson and Pettinger (1977), then proposed the 

functional classification of a-adrenoceptors based on the type of function mediated by the receptor 

rather th an the anatomical location of the receptor. 

Thus al "adrenoceptors were proposed to be those that mediate excitatory responses 

and a 2-adrenoceptors were those that mediated inhibitory responses. There were instances 

demonstratil'"l9 the excitatory effect brought about by a2-adrenoceptor activation ( Drew and Whiting, 

1979). Recently there are reports of the inhibitory effect brought about by a 1-adrenoceptor 

activation (Murphy et aL, 1991). 

Pharmacological classification 

Therefore, nelther anatomical location nor functional activity could be reliably used 

to classify a-adrenoceptors. A new classification based solely upon the relative affinities of highly 

selective antagonists and to a certain extent agonists to the receptor was then developed and is 

universally accepted (Nichols and Ruffolo, 1991). For example a-adrenoceptors which are activated 

by selective agonists such as methoxamine, ciralozine or phenylephrine and blocked by selective 

antagonists such as prazosin, WB41 01, or corynanthine in a competitive manner and in low 

concentrations, are classified as al-adrenoceptor~. Whereas a-adrenoceptors activated by a­

methylnoradrenaline, UK-14304 or B-HT 920 and blocked by low concentrations of yohimbine, 

13 
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1.3 Structure of adrenor.:eptors 

1.3.1 G-proteln coupled receptors 

Adrenoeeptors (a1ta2,131'132 and 133) are linked to a large family of closely related 

proteins - the guanine nueleotide binding proteins or G proteins. Thus they are structurally and 

functionally related to many hormones and neurotransmitters such as the peptide hormones, 

elcosanoids, visual light receptor rhodopsin and the muscarinic cholinergie receptor (Dohlman et 

al., 1987; Lefkowitz and Caron, 1988). G Proteins are bound to the inner face of the plasma 

membrane. These are heterotrimerie moleC'ules consisting of a, 13 and gamma subunits, and their 

classification is based upon the identity of their a subunit. They have a highly homologous guanine 

nucleotide binding domain. In the inactive state GDP is bound to the a subunit. Activation of the 

G protein due to agonist occupancy of the receptor causes the a subunit to bind to GTP which then 

promotes its dissociation from the "13-gamma" subunit and activat€!s the membrane bound effector 

system. It is common to find several receptors activating a single G protein or even one receptor 
, 

regulating the activity of more than one G protein. 

1.3.2 Molecular biology of G-protein coupled receptors 

Molecular biology of the G protein-coupled receptors shows that it contains seven 

sequences of 24 to 28 hydrophobie residues which are connected by hydrophillic sequences, N-

linked glycosylated extraeellular sites in the amino terminus, and a cytoplasmic carboxyl terminus. 

These hydrophobie regions are proposed to be the putative transmembrane-spanning domains and 

are conneeted intraeellularly and extracellularly by a series of hydrophillic loops. It is presumed 

that these hydrophobie domains may form a ligand binding pocket in the plasma membrane 
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(Lefkowitz & Caron, 1988) . 

These G-protein coupled adrenoceptors share a conserved structure and membrane 

topography, the greatest conservation of the amlno acid sequence is within the membrane spanning 

do mains. Homology within a subfamily su ch dS between B-adrenoceptors, a-adrenoceptors, 

mUl>t:arinic receptors and the opsins is about 40 - 50 %. Homology among dlfferent subfamilies for 

example adrenergic versus cholinergie receptors is about 20 - 30 %. The regions of variation in 

length in this reeeptor are the third cytoplasmic loop being the longest in 02-adrenoceptor, the 

cytoplasmic carboxyl terminal tai! being the longest in the a,-adlenoceptor and to a lesser extent 

the amino terminal (Lefkowitz et al .,1989). The second and thlrd cytoplasmic loops contain several 

serines and threonines, representing potential sites for protein kinase C ph" sphorylation, and may 

represent a regulatory mechanism for controlling receptor function. This topography has not yet 

been proven but is based upon its analugy with findings obtained by high resolution electron 

diffraction for bacteriorhodopsin (Lefkowitz et al., 1989). 

1.3.3 Cloning of adrenoceptor genes and/or cDNAs 

Recently, the genes and/or cDNAs for ail the subtypes of adrenoceptors have been 

cloned. The three B-adrenoceptor subtypes show many similarities; they share a common signal 

transduction meehanism so that only one or two orders of magnitudes are commonly observed in 

stimulation of adenylyl cyclase and inerease in cAMP accumulation and antagonist selectivity. 

Though they have many similarities they appear to be products of different genes and are not 

produced by alternate mRNA splicing or cell specifie post-translational modifications (Strader et al., 

1987). Repeated exposure to agonists of 13,- and B2-adrenoceptors dlsplay a process of 

desensitization even in the presence of agonists (Hausdorff et al, 1990), the predominant 

mechanism for which is presumed to be the loss of cellular receptors. In contrast, Ba-adrenoceptor 
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unlike the other two is reported to be up-regulated UPOI' ,~hronic exposure to agonists (Thomas et 

al,1992). 

The Q-adrenoceptor subtypes do not share a common signal transduction 

mechanism. o,-Adrenoceptor stlmulates hydrolysis of membrane inositols whereas Q2-adrenoceptor 

inhibits adenylyl cyclase and thereby decreases accumulation of cAMP. Many drugs exhibit 

different selectivity for the two receptor subtypes (Fain & Berridge, 1979). 

1.3.4 Molecular blology of a1-adrenoceptor 

1.3.4.1 Cloning of a1-adrenoceptor 

The Q,-adrenoceptor is a glycoprotein with a molecular weight of about 80 kDa 

(Lundberg et aL, 1984). It '/Jas later purified by Cotecchia et al (1988) from DDT,MF-2 cells by 

detergent extraction from cell membranes followed by affinity chromatography , wheat germ 

agarose chromatography and gel permeation HPLC. The purified receptor was then cleaved by 

cyanogen bromide and amine acid sequence analyzed. This was followed by the construction of 

a radiolabelled oligonucleotide probe which was then used to probe a genomic library. 

Hydrophobicity analysis of the receptor revealed a structure similar to the other G-protein cou pied 

receptors. 

1.3.4.2 Functlonal expression of the a 1-adrenoceptor cDNA 

The cDNAs encoding the Q,-adrenoceptor was ligated to mammalian vectors under 

the control of Rous sarcoma virus promoter. The cDNA was then transfected into CeS-7 cells for 

transient expression. The cells were then harvested. The crude membranes were characterized for 

o,-adrenoceptor expression using radiolabelled o,-adrenoceptor antagonist and phospholipase e 

activity using radiolabelled phosphorus (Cotecchia et aL, 1988) . 
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1.4 Adrenoceptor signal transduction mechanisms 

1.4.1 Coupling to adenylyl cyclase 

The signalling mechanisms for each of the subtypes of adrenoceptors are distinct. 

B,-, B2-Adrenoceptors stimulate adenyl cyclase. The interaction between the receptor and the 

enzyme is mediated by a G protein termed Ga' Stimulation of the receptor leads to generation of 

cyclic adenosine 5'-monophosphate (cAMP), whlch activates cAMP-dependent protein kinase 

leading to the phosphorylation of numerous cellular proteins (Lefkowitz et al., 1983; Jakobs et aL, 

1976). The Gs protein can also act directly to enhance the activation of voltage-sensitive calcium 

channels and may th us provide an additional means of regulation (Brown and Birnbaumer, 1988). 

The 02-adrenoceptors inhibit ad6nylyl cyclase. The interaction between the receptor and the 

enzyme is mediated by G prote," termed G,. Stimulation of the receptor decreases the intracellular 

concentration of cAMP, leading to decreased activation of the cAMP dependent protein kinase. The 

G, proteins can also activate potassium conductance and inhibit voltage-sensitive calcium channels 

(Limbird, 1988). 

1.4.2 Membrane phospholipid metabolism 

Stimulation of o,-adrenoceptors activates phospholipase C through an unidentified 

G protein which leads to the hydrolysis of membrane bound polyphosphoinositides primarily of 

phosphatidyl inositol4,5 bisphosphate (PIP 2)' resulting ln the generation of two second messengers, 

diacylglycerol and inositol 104,5- triphosphate (IP 3) (Michell, 1975). Determination of inosltol 

phosphate accuml..lation has become relatively easy in the presence of lithium, which inhlbits 

breakdown of inositol monophosphates by myo-inositol phospha1ases. 

Although it is generally excepted that IP3 IS associated with mobilization of 

intrace'llular calcium and DAG, which activate protein kinase C leading to phosphorylation of specific 
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cellular protelns, it is not clear if these are the only two second mesGengers. Other inositol 

phosphates have been iden:ified which may act as second messengers. Inositol 1-monCiphosphate 

and inositol 1,4 biphosphate exist in cyclic forms and are the direct product of phospholipase C 

attack on phospholipid precursors (Majerus et al,1986). 

1.4.3 Calcium translocation 

Many of the cellular effects of a 1-adrenoceptor activation are through il1creases in 

intracellular calcium These increases could be caused by release of intracellular calc:ium and/or 

influx of extracellular calcium. The best understood mechanism for the increase in intracellular 

calcium is that IP3 stimulates its release from nonmitochondrial pool which is probably the 

endoplasmic or sarcoplasmic reticulum by the activation of calcium sensitive protein kin,ases (Streb 

et al, 1984). The IPa sensitive pool accounts for about 30 - 50 % of the calcium rE!leased, the 

remainder of calcium release is IP3 insensitive and may be from a separate membrane 

compartment that has calcium pumping characteristics (Thevenod et al., 1989). 

The anatornical location of the IP 3 sensitive pools is not certain but studies 

demonstrated the presence of an IPa receptor on the nuclear envelope and parts of the 

endoplasmic reticulum (Suttapone et al, 1988). The release of calcium depends on the binding of 

IP 3 to receptors that are linked to calcium channels. Evidence for such a channel cornes from 

membrane vesicles located in the sarcoplasmic reticulum of the aortic smooth muscle, which have 

been incorporated into planar lipid bilayers (Ehlrich and Watras, 1988). Classical calcium channel 

blockers do not inhibit calcium release trom these channels but cinnarizine and flUlnarizine can 

inhibit release (Seiler et al,1987). Potassium channel blocker tetraethylammonium is also capable 

of blocking release (Shah and Pant, 1988). IPa is incapable of releasing calcium in the absence of 

pmassium but other monovalent cations can replace potassium, suggesting that this could be a 
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potassium-dependent calcium channel. 

The influx of extracellular calcium is presumed to be by the activation of calcium 

channels located in the plasma membr.,me. There are different types of calcium channels' (a) 

voltage operated channels; (b) receptor operated channels; (c) second messenger operated 

channels; and (d) G-protein operated channels. An alternate hypothesis for the Influx of extra cellular 

calcium is that calcium flrst flows into the endoplasmic reticulum before entenng the cytosol. 

Consistent with the latter hypothesis is the observation that release of calcium from the intracellular 

pool precedes entry of extracellular calcium (see, Berridge and Irvina, 1989). 

1.4.4 Alternate signal transduction mechanism for o,-adrenoceptors 

Though the predominant mechanism for signal transduction by a,-adrenoceptors is 

through IP3, there is some evidence that other mechanisms may also be involved. There are 

reports that in hepatocy1es there is increase in inositol phosphates which requires extracellular 

calcium but there is also an increase in cAMP which is independent of extracellular calcium (Morgan 

et al.1980). Similar results were reported by Johnson and Minneman (1987) in the rat brain. 

Another unusual phenomenon is observed in the braln ln which tissue a 1"adrenoceptor stimulation 

potentiates increases in cAMP accumulation caused by activation of other receptors (Johnson and 

Minneman, 1986). In the heart, activation of a 1-adrenoceptor increases IP3 accumulation (Otani et 

al, 1988, Scholz et al,1988). But there are reports that a 1-adrenoceptor activation can activate 

degradation of cAMP along with increases ln IP3 (Buxton and Brunton. 1985) Thus there may be 

multiple signal transduction mechanisms for the activity of a,"adrenoceptors. 

1.5 Localization of adrenoceptors 

Both Q1- and f3 1-adrenoceptors are Integral membrane glycoproteins They are placsd 

strategically in the immediate vicinity of adrenergic nerve ten ninals in peripheral target organs. This 
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allows thflm to be activated during stimulation of the adrenergic nerves. These al" and BI" 

adrenoceptors can also be present on the nerve terminais. There is evidence that some a2"and 132" 

adrenoceptors are located in postjunctlonal regions remote from sites of release of. The 

physiological role of these adrenoceptors is not weil understood but they may be preferentially 

stimulated by circulating catecholamines such as (Hoffman and Lefkowitz, 1990). 

1.6 Structure-activity relationsNp of sympathomimetic agents 

The affinity of a drug for its receptor and its intrinsic activity are related to the its 

chemical structure. This relationship between structure and actlvity is quite stringent, and minor 

modifications in its structure such as stereoisomerism can result in major changes in its 

pharmacological activity. As changes in molecular structure need Flot alter ail actions and effects 

of the drug completely, It is possible to develop different drugs. An example of this is the 

development of antagonists of hormones and neurotransmitters by modification of the structure of 

physlological agonists (Hoffman & Lefkowitz, 1990). 

The parent structure of sympathomimetic amines is 13"phenylethylamine. The 

structure of l3-phenylethylarnine consists of a benzene ring and an ethylamine side chain and 

permits substitutions to be made on the aromatic ring, a- and l3-carbon atoms and the terminal 

amino group to yield a vanety of agents with sympathomlmetic activity. Since 3,4" 

dihydroxybenzene is also known as catechol, sympathomimetic agents with catechol nucleus are 

also called catecholamines. 

The structure of sympathomimetic agents influences their activity. Many of the dlrectly 

acting sympathomimetic agents activate both a and 13 adrenoceptors but the ratio of activity 

depends on the structure of the agent. Substitutions made in its structure can considerably change 

the activity of the agent from an almost pure a activity to an almost pure 13 activity: 
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Separation of aromatic ring and amino group: Sympathomlmetlc activity 15 greatest when two 

carbon atoms separate the benzene nng from t:le amlno group. 

Substitution on the amino group. Substitutions on the amino nng can alter the spectrum of activity 

of an agent. For example addition of a methyl group to noradrenaline converts It to adrenaline and 

also increases the (3 adrenoceptor activity. ln general selective (3-adrenoceptor activity requires a 

large amino substitution and the less the substitution, the greater the a-adrenoceptor activlty. 

Substitution on the aromatic nucleus: Maximal Q- and f3-adrenoceptor activlty depends on the 

presence of OH group in the 3 and 4 positions. Absence of these groups wlthout any other 

aromatlc substitution can reduce the overall potency. Substitutions of the polar groups on the 

phenylethylamine structure makes the agent less lipophilic, thus unsubstituted or alkyl substituted 

agents cross the blood-brain barner more easi/y, for example ephedrine and amphetamine. 

Phenylethylamines that lack both hydroxy groups on the nng ami f3 hydrü.<y group on the side 

chain act by causing the release of noradrenaline trom adrenergic nerve terminais and are classified 

as indirectly acting. 

Substitution on the a-carbon atom: This substitution, for example in amphetamine, blocks 

oxidation by monoamine oxidase, thus prolonging their duration of action. Compounds with Q­

methyl substitution can persist in the nerve terminal and are more likely to release noradrenaline 

from sites of storage. 

Substitution on the 8-carbon ring: Substitution of the hydroxy group on this ring makes the 

compound less lipophilic and thereby decreasing its actlvity in the CNS. However, this substrtution 

greatly enhances a and f3 actlvity e g ephedrine which is less potent in the CNS but more potGnt 

in the periphery . 
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Absence of the benzene ring: The substitution of the benzene ring with a saturated ring or by a 

dlfferent unsaturated ring, for example propylhexedrine, reduces CNS activity without decreasing 

a and 13 actlvity. 

1.7 Structure-function relationship of adrenoceptors 

To understand the structure-function relationship of these receptors different 

approaches have been taken. Techniques such as the creation of deletion mutants in which one 

or another segment of the reeeptor gene has been deleted (Dixon et al., 19B?), sittl directed 

mutagenesis ln whlch the codons for individual amino aeids or stretehes of amino aeids of the 

reeeptor gene are altered (O'Dowd et al., 1988, Strader et al 1987) , and construction and expression 

of ehimerie reeeptor genes, have ail inereased our understanding of strueture-funetion relationships 

of these receptors (Lefkowitz et al., 1989). The information obtained from the construction and 

expression of a chlmene a2-r32-adrenoceptor suggests that the membrane spanning ragions appear 

to be important for ligand binding and the third cytoplasmic loop appears to be important for the 

interaction between the receptor and the appropriate G proteln (Lefkowitz et al., 1989). 

1.8 Function of adrenoceptors 

1.8.1 Myocardium 

Inotropic effect 

The inotropic effect is produced predominantly through the activation of B,­

adrenoceptors (Dukes and Vaugham Williams, 1984; Lands et al, 1967). Both 13,- and 132-

adrenoceptors are reported to coexist in many tissues. Radioligand binding studies have also 

demonstrated the presence of B2- along with B,-adrenoeeptors in the hearts of many species (Ablad 

et al, 1974, Brodde, 1989). Only at very hlgh concentrations is a small r32-adrenoceptor component 
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detected, th us B2-adrenoceptors can mediate inotroplc effect but to a lesser extent when compared 

to B,-adrenoceptors (WIlson and Lincoln, 1984). 

a,-Adrenoceptors were flrst reported to mediate positive Inotroplc effect in the heart 

in 1966 by two groups (Govier et al ,1966, Wenzel and Su, 1966) Unlike the r3-adrenoceptors, 

radioligand studies found a,- but not a2-adrenoceptors ln the heart of many specles (Corr et al, 

1981; Ferry and Kaumann, 1987) 

a,-Adrenoceptor mediated Inotroplc effect dlffers from 8,-adrenoceptor mediated 

effect in many aspects. a,-Adrenoceptor medlated InOtroplC effect develops relatlvely slowly, results 

in increase of the slow Inward current, is accompanled by prolongation of contraction, and is 

dependent upon the frequency of stimulation, and on ternperature (Kunos and Nickerson, 1977, 

Ledda et al., 1975, Scholz et al., 1986) 

Chronotropic effect 

As wlth the inotropic effect, chronotropic effect is predominantly through the activation 

of B,-adrenoceptors. B2-Adrenoceptors are thought to be more abundant ln the atria th, m the 

ventricles (Baker et aL, 1980). However, the physlologieal role of the myoeardial r3,,-adrenoeeptors 

is not completely understood, although they have been reported to produee positive chronotrople 

effects (Yabuchl, 1977). Stimult:tlon of a-adrenoceptors can also produce chronotroplc eff 'ets 

Nakashima and Haglno (1981) have reported positive ehronotroplc effects ln the rat atna, whereas 

Shah et al (1988) have reported negatlve chronotroplc effects followlng a-adrenoceptor stimulation 

in the canine purkinje fibers 

Arrhythmogenic effect 

Both a- and B- adrenoceptor agonists are known to produce arrhythmias Rosen et al , 

(1977) have reported that the development of automaticlty following exposure to catecholamines 
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is more frequent in the neonatal than in adult hearts . 

1.8.2 Smooth muscle 

ln general, stimulation of a-adrenoceptors causes contraction of ail types of smooth 

muscles including the vascular smooth muscles but relaxation of muscles of the gastrointestinal 

tract. This relaxation is thought to be due to the stimulation of presynaptic o2-adrenoceptors. 

Stimulation of B ·adrenoceptors causes relaxation of most types of muscles. 

1.8.3 Skeletal muscle 

o-Adrenoceptor stimulation cause an increase in the release of the neurotransmitter. 

This inerease eould be due to enhanced calcium influx (Snider and Gerald, 1982). Ba-Adrenoceptor 

agonists can produce tremors probably due to an increase in the muscle spindle discharge, 

cou pied with an effeet on the contraction kinetics of the fibers. 

1.8.4 Brain and nerve terminais 

a,-Adrenoceptors are abundant in the brain. Though their precise funetion is not 

clear, they may play an important role. Specifie agonists and antagonists have marked effects in 

the membrane eurrents in neurons (Aghajanian, 1985) and on animal behavior (Agrawal et al., 

1984). Presynaptic 02-adrenoceptors play an inhibitory role and are present on both the adrenergic 

and cholinergie nerve terminais. They inhibit the release of excitatory transmitters . 
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1.8.5 Effects on metabollsm 

• Adrenoceptor agonists promote glycogenolysis and mobilize glucose in response to 

• 

hypoglycemia. This is thought to be predominantly due to the stimulation of B .. -adrenoceptors but 

a-adrenoceptor agonists can also produce glycogenolysis. B-Adrenoceptor agonists can produce 

lipolysis, which is thought to be due to the activation of hormone-sensitive lipase (Hoffman and 

Lefkowitz, 1990). 

1.9 Development of Innervation to the heart 

Mammalian heart develops trom a tubular connection between extraembryonic and 

intraembryonic blood vessels. The heart is richly innervated by the autonomie nervous system. 

Sympathetic innervation is from the cardiac branches of the plexus formed on the common carotid 

artery by nerve fibers trom the superior cervical ganglion and/or the cervical sympathetic trunk. 

Parasympathetic innervation is by the cardiac branch of the vagus The parasympathetic 

innervation is mainly to the S-A node and to the atria, whereas the sympathetic nerves innervate S-A 

node, atria and the ventricles (Burnstock, 1969). In studies on the rat, innervation to different areas 

of the heart develops at different periods of growth (Gomez, 1958). Sympathetic and vagal fibers 

have been observed at the base of the heart in the 12 day old rat embryo, innervation to right 

atrium, sinus venosus and the aortic arch on day 14, innervation to S-A node and A-V node on days 

15 and 16. The density of innervation increases from the day after birth and the innervation pattern 

approaches that of the adult animais on day 22 (Schiebler and Heene, 1968). 

1.10 Modulation of myocardial adrenoceptors 

The proportion of a,- and B,-myocardial adrenoceptors differs in different species 

(Mukherji et al, 1983; Wagner and Brodde, 1978). This proportion can be altered by different drugs 
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and treatments. Administration of propranolol in rats is reported to increase myocardial a,· 

adrenoceptor density without a change in receptor affinity, while the density and affinity of 

myocardial B,-adrenoceptors remains unaffected (Mugge et al, 1985). The increase in a,· 

adrenoceptor density l'an be noticed as early as 2 days of treatment with propranolol and can be 

reversed within 2 days after cessation of treatment (Steinkraus et al, 1989). On the other hand, long 

term administration of phenylephrine in rats decreases both a,· and B,-adrenoceptor density without 

affecting their respective affinities (Gengo et al, 1988). 

Treatments such as application of clips to the renal arteries of rats can induce 

hypertension, which reduces o,-adrenoceptor density (Hanna and Kh ai rail ah , 1986). Chemical 

sympathectomy produced by the injection of 6-hydroxydopamine increases a,- and B,-adrenoceptor 

density ln rats (Yamada et aL, 1980 a,b). Diet can also alter the proportion of adrenoceptors e.g. 

increased salt uptake induces hypertension which leads to a decrease in B,·adrenoceptor density 

but does not affect a,-adrenoceptor density (Tsuji et al., 1987). 

Various metabolic diseases such as diabetes, hypertension, hyper- or hypo- thyroid 

and pituitary functions, and other factors such as species, temperature and frequency of stimulation 

can influence the relative importance of a,- and B,-adrenoceptors in the inotropic effects of 

sympathomimetic agents. Injection of streptozotosin induces acute diabetes. In rats, this 

experimental diabetes is reported to decrease a,-adrenoceptor density but increases affinity and 

r.onsequenUy causes an increased responsiveness to methoxamine (Wald et al., 1987). In 

spontaneous hypertension there is a reduction of both a,- and B,-adrenoceptor density during 

development of hypertension along with decreased responsiveness to isoprenaline (Yamada et al., 

1984). 

ln euthyroid and hyperthyroid animais inotropic adrenoceptors are predominantly B, 

where as in the hypothyroid animal there are significantly less (3- and more a-adrenoceptors and 
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a-adrenoceptors contribute significantly to the inotropic effect of sympathornimetic agents (15hac 

et aL, 1983). HypophY5ectomized rats show a decrease in B response and an increase in a 

response similar to the changes seen in hypothyroid rats (Kunos et aL, 1980) Species dependent 

difference in the balance of a- and B-adrenoceptors is suggested by the fact that adrenergic 

response pattern in the euthyroid rabbit is similar to that of the hypothyroid rat (Kunos et aL, 1978). 

The inotropic response mediated through a 1-adrenoceptors are reported to be significantly higher 

at 17"C than at 31°C (Kunos and Nickerson, 1977), and at stimulation frequency of 1 Hz than at 2.5 

Hz (Ledda et aL, 1975). 

1.11 Ontogeny of myocardial adrenoceptors 

It has been proposed that during the development of autonomie neuromuscular 

relationships, the postsynaptic component such as the receptors and the membrane conductance 

mechanisms develop before the presynaptic component (Mackenzie and Staden, 1976; 

Pappano,1977). Adrenoceptors are reported to appear on day 10 in rat embryos concomitant with 

the onset of heart function and before the appearance of adrenergic nerves (Robkin et al.,1974). 

Most investigators found a higher adrenoceptor density in the neonate wh en 

compared to the adult heart. Roeske et al (1981) have reported a significantly higher density of B1-

adrenoceptor density in the neonatal than in adult mouse heart. A similar high ol-adrenoceptor 

density in neonatal heart is reported by Yamada et al. (1980). Ishii et al (1982) have reported a 

developmental decrease in sensitivity to noradrenaline in the atria but not ventricle of the rat. 

However, chemical and immunological sympathectomy produced a postjunctlonal supersensitlvity 

in both tissues. Other investigators have reported that administration of triiodothyronine in neonatal 

rats produce enhanced vesicular uptake of noradrenaline, increased l3-adrenoceptor binding along 

with supersensitivity of the chronotropic response to isoprenaline (Lau and Siotkin, 1980). The 
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same investigators have also 1 ~ported that injection of dexamethasone in neonatal rats did not alter 

• the vesicular uptake of noradrenallne, nor the B-adrenoceptor density, but altered the chronotropic 

responses to isoprenaline (Lau and Siotkin, 1981). 

• 

1.12 Objectives of the present study 

ln the adult mammalian heart inotropic responses to sympathomimetic agents are 

contributed predominantly by the activation of B,-adrenoceptors (Dukes and Vaughan Williams, 

1984; Endoh and Blinks, 1988; Lands et al.,1967) though there is a small but definite contribution 

by the a,-adrenoceptors (Benfey and Varma,1967; Govier, 1966; Wenzel and Su, 1966). In a recent 

study from our laboratory (Varma, 1991), it was found that an a,-adrenoceptor agonist potentiated 

the B,-adrenoceptor mediated inotropic effect on atria of young but not adult rabblts, possibly 

because of some functionallink between the two receptors during development. Other investigators 

have also reported that the cardiac response to many drugs including neurotransmitters changes 

with age (Adolph,1971, Freidman,1972). 

The work of this thesis is oriented towards characterizing ontogenic differences in the 

inotropic response of the rat myocardium lJsing methoxamine as a,- and isoprenaline as B,-

adrenoceptor agonists and finding out the underlying mechanism. 

On the basis of preliminary work, the following working hypothesis was formulated: 

A greater Inotroplc effect of o,-adrenoceptor agonists in neonatal than ln adult rat myocardlum 

Is due to a higher density in myocardial ol-adrenoceptors and/or a more eificlent receptor-

second messenger coupling in neonatal hearts. 

To test the above hypothesis, inotropic effect of methoxamine and isoprenaline was 
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determined on ventricular preparations from 0.5 to 10 week old rats. Attempts were made to modify 

adrenoceptor functions by using triiodothyronine, dexamethasone and 6-hydroxydopamine. Both 

a," and B,"adrenoceptor concentrations and effects of methoxamine second messenger, 1P3' were 

measured in hearts from selected age groups of rats . 
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SECTION 2: MATERIALS AND METHODS 

2.1 Matarlala 

D-Myo-inositoI1,4,5-triphosphate-3 [H] assay system was purchased from Amersham, Mississauga, 

Ont. 3[H]-Dihydroalprenolol HCI (107 Cil mmol) and 3[H]-prazosin HCI (76.2 Cil mmol) were 

purchased from Dupont NEN, Mississuaga, Ontario. Dexamethasone, 6-hydroxydopamine, 

isoprenaline bitartrate, lidocaine, methoxamine, noradrenalinebitartrate, phenylephrine HCI, prazosin 

HCI, propranolol HCI and triiodothyronine were ail purchased from Sigma Chemical Co, St. Louis, 

MO. Ali other high purity chemicals were purchased from Fisher or BDH, Montreal, Ouebec. 

2.2 Animais and treatments 

The protocol for the use of animais was approved by the McGiII University Animal Care Committee. 

Adult sprague-Dawley male and female rats were purchased from Charles River, St. Constant, 

Ouebec. Rats were maintained in environmentally controlled rooms at the Mclntyre Animal 

Resource Center at 22-25°C, 50-70% humidity and a 12 hour light-dark schedule (Iights on 0700-

1900 hl. Rats were housed in plastic cages with wood chip bedding. Purina rat chow and tap water 

was available ad libitum. The maximum number of animais per cage was limited to four. 

Pregnant rats: 

Virgin female rats weighing between 200 to 225 9 were mated overnight with male 

rats weighing 250 to 275 g. Smears were prepared the next morning from vaginal washing and 

examined under microscope. The presence of sperm in the vaginal wash designated day zero of 

pregnancy. Pregnant rats were housed individually approximately 1 week before delivery under the 

above mentioned conditions . 
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• Selection of rat pups: 

• 

The usuallitter consisted of 13 - 15 rat pups. Male pups were selected by identifying 

the external genitalia and were confirmed by identifying the testes after dissection. Sorne male pups, 

picked trom different litters were used to study the responses in the same age group. Other male 

pups were allowed to grow and used for the study at different ages. 

6-Hydroxydopamine (6-0HOA) treatment: 

6-0HDA was freshly dissolved in 0.9 N saline and 0.1% ascorbic acid. Rat pups were 

in je ,ted i.p. with 150 mg/kg 6-0HDA starting on the first day after birth and th en daily for 3 days. 

Some pups were studied on day 7 and others were allowed to grow to be 3- and 6-weeks old The 

3-week old rats were injected once more at 2 weeks and 6-week old rats were injected at 2 weeks 

and at 4 weeks with 150 mg/kg 6-0HOA. 

Dexamethasone treatment: 

Rat pups were injected Lp. with 1 mg/kg dexamethasone dissolved in 0.9 N saline 

starting on the same day as birth, and thereafter injected daily for 3 days; pups were studied at the 

age of 1 week. Adult rats were also inJected with dexamethasone for 3 days and studied 3-4 days 

after stopping the treatment. 

Triiodothyronine treatment: 

Rat pups were injected i.p. with 0.1 mg/kg triiodothyronine dissolved in 0.9 N saline 

solution starting on the same day as blrth and thereafter injected daily for 6 days and were studied 

24 hours after the last injection (7 days old) . 
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The rationale for the use of the ditterent treatments was to determine if ontogeny of 

adrenoceptors was under neuronal and/or hormonal control. Chemical sympathectomy by 6-0HOA 

was performed to determine if this treatment could possibly delay maturation of the a1-adrenoceptor 

mediated functions. Oexamethasone and triiodothyronine were injected to determine if these 

treatments could possibly enhance maturation .. 

2.3 Methods 

2.3.1 Functional studies: 

Sprague-Oawley male rats aged 0.5, 1, 2, 3, 6 and 10 weeks were decapitated. Chest 

was opened and hearts were quickly removed and placed in oxygenated Krebs buffer of the 

following composition (mM): NaHC03 25, NaCI117, KC14.7, CaCI2 1.8. MgSO .. 1.18, KH2 PO .. 1.18, 

dextrose 10. and ethylenediamine tetraacetic acid 0.03, as previously described (Varma and Vue, 

1986). Whole ventricles from 0.5 and 1 week old pups and right ventricular strips from older rats 

were set up in 50 ml tissue baths at 32°C containing Krebs butter aerated with 95% O2 and 5% CO2• 

The reason for using 1.8 mM instead of the usual 2.5 mM calcium and 32°C instead of the usual 

3rC temperature was to prevent a very high basal contraction, which reduces the magnitude of 

maximal responses to inotropic agents. 

ln most studies, preparations were electrically stimulated at 1 Hz, 5 ms pulse duration 

and 1.5 times the threshold voltage by bipolar platinum electrodes. Tension was adjuster.f in each 

preparation to yield maximal basal contraction. Preparations were allowed to equilibrate for 60-90 

min during which time they were washed with fresh Krebs butter every 15-20 min. Since a majority 

of neonatal hearts exhibited automaticity, lidocaine (1 0 ~M) was added to ail preparations before 

the addition of drugs. Isometric contractions were recorded by means of a Grass force-displacement 
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transducers (FT03e) on a Grass polygraph (Model 7). 

• Dose-response curves were determined cumulatively by increasing drug 

• 

concentration by a factor of approximately 3; the next higher dose was added after the effect of the 

preceding concentration had reached a plateau (Varma and Yue, 1986). One preparation was used 

for only one dose-response curve. Sorne studies were done with the 1 week old and adult rat 

ventricle in the presence of 1 JlM prazosin or 1 JlM propranolol, which was added to the bath 20 mins 

prior to the addition of methoxamine. A similar study was done with isoprenaline. In ail experiments, 

the maximal inotropic response to calcium was determined after the completion of dose-response 

curves. 

ln sorne studies ventricular preparations trom 1- and 10-week rats were stimulated 

at different frequencies (0.5, 1 and 2 Hz) and inotropic responses to methoxamine were determined. 

This was do ne to determine if dlfferences in the inotropic effects of methoxamine in young and adult 

hearts were due to differences in frequency-tension relationship. 

ln other studies, pups were injected i.p. with dexamethasone (1 mg/kg), 6-

hydroxydopamine (150 mg/kg) or triiodothyronine (0.2 mg/kg) starting from the day of birth. Control 

pups were injected with the same volume of saline. On the seventh day pups were sacrificed and 

ventricles utilized for the determination of dose-response curves. 

Quantitation of the response: 

Basal contractions of different preparations were variable. Therefore inotropic effects 

of drugs were not calculated as absolute values. Instead, inotropic responses to sympathomimetic 

amines were calculated as percent increase over basal contraction (contraction before starting 

determination of dose-response curves) as follows: 
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% Increase = [(maximal contraction after a given drug concentration - basal contraction) 1 (basal 

contraction)) x 100. 

Potency (ECso) was ca!culated as -log Molar concentration of the test agent causing 

50% of the maximal response where the maximal response of each preparation was treated as 

100%. EC50 was derived trom the regression line of the probit of the percent response versus -log 

molar concentration of the drug as previously described (Potvin and Varma, 1990). 

Inotropic efficacy was the maximal increase over basal contractions. In addition to 

these calculatiClns, maximal response to methoxamine and isoprenaline were also calculated relative 

to the maximal effect of calcium, usually 4 mM. Since in many experiments the maximal response 

to methoxamine as a percent of maximal response to calcium was less than 50%, EC25 

(concentration causing 25% of maximal response to calcium) instead of ECso was calculated. 

2.3.2 Radioligand binding studies: 

Membrane preparation 

Rats aged 1 week and 10 weeks were decapitated. Hearts were quickly removed and 

dissected tree of pericardium, atria, fat and large vessels. Crude membrane preparations were 

made according to Baker et al (1980) as previously used in our laboratory (Varma & Vue, 1986; 

Benfey et al., 1983). Ventricles were blotted and weighed, washed in saline and placed in 15 ml 

10 mM Tris-HGI buffer (pH 7.8). Tissues were then minced and homogenized by a Polytron 

homogenizer (speed set at number 10, for 1 x 10 sec bursts). The homogenate was diluted with 

an equal volume of 1 M KCI, left on ice for 15 minutes and centrifuged at 48,000 x 9 at 4°C for 15 
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min in a Beckman L8-M ultracentnfuge. The supernatant was discarded and the pellet was 

resuspended in 30 ml buffer containing 50 mM Tris-HCI, MgCI2 , and EDTA (pH 8), passed through 

4 layers of cheese cloth and recentrifuged at 48,000 x 9 at 4°C for 15 min and this pellet was 

suspended in sufficient buffer to yleld membrane preparations of 500 ~g/ml protein. 

a1-Adrenoceptor binding assays: 

Assays were done in duplicate using [3H]-prazosin to label a,-adrenoceptor binding 

sites. Phentolamine was used as displacer. Aliquots of membrane preparations (20 J,l9 protein) 

were inC:-'Jbated in a total volume of 200~.d wlth [3H]-prazosin (2-20 nM) in the presence or absence 

10 IJ.M phentolamine for 20 minutes at room temperature. 

B-Adrenoceptor binding assays: Assays wele done in duplicate using [3H]-dihydroalprenolol as 

ligand and propranolol as displacer. Aliquots of 20 ~g of m'3mbrane preparations were incubated 

in a total volume of 200 IJ.I with [3H]-d ihydroalprenolol (2-20 nM) in the presence or absence of 10 

IJ.M propranolol for 20 minutes at room temperature. 

Incubation was terminated by rapid vacuum filtration through "Nhatman glass fiber 

filters (GF/C) and 5-6 washes wlth ice cold incubation buffer. Fllters were presoaked wlth the 

incubation buffer to reduce blanks. Afttlr the filtration, fllters were dried under warm air and th en 

placed in counting vials and 0.5 ml of water was added; vials were vigorously shaken for 30 min 

in a shaker-bath after which 4.5 ml of scintillation fluid (Beckman Readysafe) was then added for 

counting the radioactivity (LKB Rackbeta Model 1290). 

The ~pecific binding was calculated by subtracting non speciflc blndlng (binding in the 

presence of excess of the competitor) trom the total binding (binding ln the absence of 

competitors). Proteins were determined by the dye-binding technique (Bradford, 1976) using bovine 

serum albumin as the standard . 
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Analyses of the binding data for the maximum number of binding sites (BmaJ and the 

apparent dissociation constant (kD) were done by Scatchard plot using the non-linear regression 

LUNDON program. 

2.3.3 Measurement of Inosltol triphosphate (IP3) accumulation: 

Accumulation of IP3 induced by the a1-adrenoceptor agonist methoxamine was 

studied in 1 week old and adult rat ventricles. Ventricular pieces (wet weight 2-5 mg) were 

preincubated for 10 minutes at 32°C in Krebs butter with 1.8 mM CaCI2 and 10 mM LiCI and aerated 

with 95% 02 and 5% CO2• Tissue3 were then incubated with increasing concentrations of 

methoxamine for 7.5 minutes. It was previously determined in time-course studies that maximallP3 

accumulation occurred between 7-8 min. Reaction was terminated with the addition of 100 Jll of 

20% perchloric acid and tissues were left on ice for 20 minutes. Tissues were homogenized with 

two 20 second bursts and centrifuged at 2,000 x 9 for 10 min. The pH of the supernatant was 

adjusted to 7.5 using a solution containing 1 5 mM KOH and 60 mM HEPES. The supernatant was 

then recentrifuged and the resultant supernatant was freeze-dried. Samples were reconstituted 

using a butter containing 1 M Tris-HCl, 4mM EDTA and 4 mg/ml BSA (pH 9). The IP3 levei was 

measured for each sample using a competitive binding assay kit (Amersham, Mississauga, Ont.), 

which uses a bovine cerived adrenal binding protein specific for IP 3' Protein content of samples 

was determined by the dye-binding technique (Bradford, 1976) using bovine serum albumin as the 

standard . 
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2.4 Statlstlcs 

Multiple means were analyzed by one-way analysis of variance followed by 

comparison of each pair in the group (Bonferroni) and the two means were compared by student's 

t-test for unpaired data. A probabllity of less than 0.05 was assumed to denote significant 

differences. Throughout this paper, means ± S.E. are presented . 

37 



• 

• 

SECTION 3: RESULTS 

3.1 Inotropic effacts of sympathamlmatlc agants 

The majority of ventricular preparations tram neonatal rats exhibited automaticity. 

Automaticity was rare in ventricular preparations trom 3 weeks and aider rats. In order to perform 

studies under uniform conditions, lidocaine (10 JLM) was added to ail preparations approximately 

10 minutes prior to the start of the experiments. Lidocaine did not alter the basal contractions nor 

did it alter the inotropic effects of other agents, which was tested in preparations not exhibiting 

automaticity . 

3.1.1 Inotroplc affects of Methoxamlne: 

Methoxamine, a selective a,-adrenoceptor agonist, produced a concentration­

dependent inotroplc effect on the rat ventricular preparations (Ftg. 1). The inotropic effect was 

induced at bath concentrations ranging from 1 "M to 0.1 mM. The maximal inotropic effect 

produced by methoxamine on ventricular preparations trom rats aged 0.5-, 1- and 2-weeks was 

119± 11, 169± 16 and 109±21 respectively (Table 1). In preparations trom rats aged 3-, 6- and 10-

weeks, the maximal inotropic effects of methoxamine were 71 ±11, 49±7 and 35±3 respectively. 

The maximal inotropic effect of methoxamine on preparations from rats aged 0.5-, 1- and 2-weeks 

was significantly greater (p<0.05) th an on preparations trom 3·,6· and 10·weeks old animais. The 

inotroplc potency of methoxamine in preparations from 0.5 and 1 week old pups was greater than 

in tissues from older rats (Table 1). Thus, the inotropic effect ot methoxamine progressively 

decreased with age and reached adult levels at ~ weeks (Table 1) . 
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Figure 1. Inotropic concentration·response curves to methoxamine on electrically driven (1 Hz) 

ventricular preparations from ra~s of different age groups. The response is expressed as percent 

increase over basal contraction. Vertical bars represent standard error of the means (n=7-12) . 
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Table 1. Inotropic efficacy and potency of methoxamine on electrically driven (1 Hz) ventrlcular 

preparations from different age groups of rats 

Age 

(weeks) 

0.5 

1 

2 

3 

6 

10 

n 

8 

11 

12 

7 

5 

9 

Data are mean ± S.E.M 

Maximal 

effect (%) 

118±8* 

169±16* 

109±21 * 

71 ±11 

49±7 

35±3 

ECso 

(-log M) 

6.21 ±O.20** 

5.88±O.O5** 

5.30±O.25 

5.22±O.15 

5.25±O.O5 

5.54±O.19 

*Different (p<0.05) trom the bottom three values. 

** Different (p<O.05) from the bottom four values . 
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• Table 2. Inotropic efficacy and potency of methoxamine on electrically driven (1 Hz) ventricular 

preparations from different age groups of rats 

• 

Age 

(weeks) 

0.5 

1 

2 

3 

6 

10 

n 

8 

11 

12 

7 

5 

q 

Maximal Effect EC25 

(-log M) 

72±5* 5.69±O.10* 

59±4* 5.87±0.12* 

48±12 5.36±O.39* 

48±4 4.99±0.17 

27±4 4.78±0.16 

28±5 4.97±0.28 

Maximal response to calcium was taken as 100%. 

Different (p < 0.05) from ail the bottom values without the asterisks . 
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The maximal inotropic effect of methoxamine relative to that to calcium was also 

• greater in preparations from rats aged 0.5 to 3-weeks; the potency of methoxamine based on 

• 

maximal response to calcium treated as 100% was greater on preparations from rats aged 0.5, 1, 

and 2 weeks than on preparations from 6 and 10 weeks old animais (Table 2). 

3.1.2 Inotroplc effects of Isoprenaline: 

The inotropic effects of B-adrenoceptor agonist isoprenaline were observed at 

concentrations ranging Ilom 1 nM to 0.1 IlM (Fig. 2). Isoprenaline produced concentration-

dependent increases in ventricular cor.tractions. Inotropic efficacy of isoprenaline on ventricular 

preparations from rats of different age grouils t;;id not differ significantly (Table 3). No significant 

difference was found in the inotropic potency of isoprenaline in the different age groups. The 

maximal inotropic effects of methoxamine and isoprenaline were comparable in ventricular 

preparations from rats aged 0.5-, 1- and 2-weeks. However, the maximal inotropic effect of 

isoprenaline was greater than that of methoxamine in tissues from rats 3 weeks of age or older. 

There was no significant age-dependent difference in the potency of isoprenaline (Tables 3 and 4). 

3.1.3. A comparison of inotropic efficacy of methoxamine and Isoprenaline 

The maximal inotropic effect of methoxamine both as increase over basal (Table 5) 

and as percent of maximal to calcium (Tuble 6) were comparable to that of isoprenaline in 

ventricular preparations from rats up to 2 weel.s of age. In preparations from older rats, the inotropic 

efficacy of methoxamine, as expected, was significantl~ less than that of isoprenaline (Tables 5 and 

6) . 
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Figure 2. Inotropic concentration-response curves to isoprenaline on electrically driven (1 Hz) 

ventricular preparations from rats of different age groups. The response is expressed as percent 

increase over basal contraction. Vertical bars represent standard error of the means (n=5-11) . 
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Table 3. Inotropic efficacy and potency of isoprenaline on electrically driven (1 Hz) ventricular 

preparations from different age groups of rats 

Age 

weeks) 

0.5 

2 

3 

6 

10 

n 

8 

11 

10 

6 

5 

11 

Maximal 

effect(%) 

120±10 

170±15 

192±33 

139±31 

137±12 

116±9 

Data are mean ± S.E.M 

ECso 

(-log M) 

8.70±0.16 

8.00±0.10 

7.79±0.07 

8.00±0.18 

8.01 ±0.08 

7.88±0.10 
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Table 4. Inotropic efficacy and potency of isoprenaline on electrically driven (1 Hz) ventrlcular 

preparations from different age groups of rats. 

Age 

(weeks) 

0.5 

1 

2 

3 

6 

10 

n 

8 

11 

10 

6 

5 

11 

Maximal effect 

(% of Ca2+) 

83±5 

64±6 

71±10 

89±2 

93±4 

98±2 

EC25 

(-log M) 

8.85±0.17 

8.22±0.11 

8.13±0.18 

8.86±0.09 

8.77±O.12 

8.35±0.09 

Maximal response to calcium was taken as 100% . 
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Table 5. A comparison of the maximal inotropic activity of methoxamine and Isoprenaline on 

• electrically driven (1 Hz) ventricular strips from different age groups of rats 

Age Maximal increase in contractility over basal (%) 

(weeks) n Methoxamine n Isoprenaline 

0.5 8 118±8 8 120±10 

1 11 169±16 11 170±15 

2 12 109±21 10 192±33* 

3 7 71 ±11 6 139±31 * 

6 5 49±7 5 137±12* 

10 9 35±3 11 116±9* 

* Different (p < 0.05) from the corresponding value for methoxamine . 
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Table 6 • A comparison of the inotropic efficacy of methoxamine and isoprenaline relative to 

that to calcium on electrically driven (1 Hz) ventricular strips from different age groups of rats 

Age 

(weeks) 

0.5 

1 

2 

3 

6 

10 

n 

8 

11 

10-12 

6-7 

5 

9 

Maximal response (% of maximal to calcium) 

Methoxamine Isoprenaline 

72±5 83±5 

59±4 64±6 

48±12 71 ±10 

48±4 89±2* 

27.:4 93±4* 

28±5 98±2* 

Different (p < 0.05) from the corresponding value for methoxamine . 
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3.1.4 Inotroplc effects of phenylephrine: 

The inotropic effects of another a ,-adrenoceptor agonist, phenylephrine, were studied 

on 1- and 10-week old rat ventricular preparations. Concentration-dependent increases in its 

inotropic effect were observed from 10 nM to 0.1 ~M on 1-week old rat ventricular preparations. In 

the 10-week old rat ventricular preparations, concentrations causing inotropic effects ranged from 

100 nM to 1 ~M (Fig 3) The maximal inotropic effects in 1- and 10-week old rat ventricular 

preparations were 113± 12% and 39± 7% respectively, and significantly different from each other 

(Table 7). Also, the inotropic potency (EC50, -log molar) was significantly (p<0.05) greater in the 

1-week old rat ventricular preparations than in ventricular preparations from 10-week old animais 

(7.45±0.30 and 6.11 ±0.10, respectively). The EC25 of phenylephrine based on maximal response 

to calcium in l-week old rat ventricular preparations was significantly lower th an in the 10-week old 

(Table 8) again indicating that phenylephrine was more potent in neonatal than in adult rat 

ventricles. 

3.1.5 Inotroplc effects of noradrenaline: 

Noradrenaline exerts its inotropic effect via B,-adrenoceptors. In the present 

experiments noradrenaline behaved like isoprenaline with respect to inotropic effects in young and 

old rat hearts. Noradrenaline produced concentration-dependent inotropic effect both in 1- and 10-

week old rat ventricular preparations (Fig. 4). The maximal inotropic effect of noradrenaline was 

138± 17 and 144± 19, respectively, in the 1- and 10-week old rat ventricular preparations and the 

ECso was 7.45±O.30 and 6.11 ±O.l 0 respectively (Table 7). Unlike isoprenaline, noradrenaline was 

more potent on preparations from 1 week old than on preparations trom 10-week old rats (Table 

7 and 8) . 
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Figure 3. Inotropic concentration-resjJonse curves to phenylephrine on electrically driven (1 Hz) 

ventricular preparations trom 1- and 1 Q-week old rats. The response is expressed as percent 

increase over basal contraction. Vertical bars represent standard error of the means (n=4-5) . 
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Table 7. Inotropic efficacy and potency of methoxamine, phel1,;eplli:m:. noradrenaline and 

isoprenaline on electrically driven (1 Hz) ventricular preparations from 1- an~ 10-wdek old rats 

Agent Maximal effect (%) 

Methoxamine 

Phenylephrine 

Noradrenaline 

Isoprenaline 

1-Week 

169±16 

113± 12 

138±17 

120± 11 

Data are mean ± S.E.M 

Adult 

35±3* 

39±7* 

144±19 

116±9 

EC50 (-log M) 

1-Week Adult 

5.88±O.05 5.54±O.19* 

7.45±O.30 6.11±O.10* 

7.62±O.13 6.52±O.06* 

8.00±O.10 7.88±O.10 

*Different (p<O.05) from corresponding values on the left; n= 4-11. 
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Table 8. Inotropic efficacy and potency of methoxamine, phenylephrine, noradrenaline and 

isoprenaline on electrically driven (1 Hz) ventricular preparations from 1- and 10-week old rats, 

based on maximal response to calcium 

Agent 

Methoxamine 

Phenylephrine 

Noradrenaline 

Isoprenaline 

Maximal effect 

(% of Ca2+) 

1-Week 

72±5 

60±2 

80±7 

Adult 

28±5* 

29±7* 

88±8 

83±5 98±2* 

Data are mean ± S. E. M 

EC25 

(-log M) 

1-Week 

5.69±O.10 

7.34±O.21 

8.13±O.29 

8.85±O.17 

Adult 

4.97±O.28 

5.25±O.31* 

6.87±O.O7* 

8.35±O.09 

*Different (p<O.05) from corresponding values on the left; n=4-11 
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3.2.1 Effect of frequency of stimulation on the Inotroplc actlvlty of methoxamlne: 

Concentration-response curve to methoxamine on preparations from 1 week and 10 week 

old rats stimulated at 0.5 (Fig. 5), 1 (Fig. 6) and 2 (Fig. 7) Hz indicated that methoxamine was more 

effective on ventricles from 1 week old than 10-week old rats at ail fre'~uencies. The maximal 

inotropic effect of methoxamine in preparations driven at 0.5, 1 and 2 Hz from the 1-week old rat 

ventricle was (%) 124± 16, 78± 12 and 73± 12 respectively where as that trom the 10-week old was 

(%) 92±15, 35±3 and 35±7 respectively (Table 9). 

Inotropic effects of methoxamine based on the maximal response to calcium in the 

l-week old rat ventricular preparations driven at 0.5, 1 and 2 Hz were 65±9, 68±7 and 64±7 

respectively (Table 9). The inotropic effects of methoxamine based on the maximal response to 

calcium were 38±6, 28±5 and 41 ±10 (Table 9). The inotropic responses of the l-week old rat 

ventricular preparations driven at the three frequencies was significantly higher than those of the 

10-week old rat preparations. It should be pointed out that many preparations from neonatal 

animais driven at 0.5 Hz were discarded because of automaticity despite the presence of lidocaine 

in the bath . 
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Figure 6. Inotropic concentration-response curves to methoxamine, based on the percent of 
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Table 9. Frequency-dependent inotropic effect of methoxamine from 1- and 10-week old rats . 

Frequency 

(Hz) 

0.5 

1 

2 

Maximal 

effect (%) 

1-Week 

124±16 

78±12 

73±12 

10-Week 

92±15 

35±3* 

35±7* 

% of Ca2+ 

response 

l-Week 

65±9 

68±7 

64±7 

10-Week 

38±6* 

28±5* 

41 ±10* 

* Different (p < 0.05) from the corresponding value for l-week. Data are means ± S.E.M. of 6-12 

experiments . 
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3.3 Effects of adrenoceptor antagoniste 

• 3.3.1 Effect of adrenoceptor antagonlsta on the Inotroplc affect of methoxamlne: 

• 

The effect of propranolol, a nonselective B-adrenoceptor antagonlst and prazosin, a 

selective a l-adrenoceptor antagonist were studied on the inotropic effect of methoxamine on 

ventricular preparations trom 1 week-old (Fig 8) and 10-week old (Fig. 9) rats. The bath 

concentrations of propranolol and prazosin were 0.1 l'M. They were added to the bath 20 minutes 

prior to the addition of the agonist. 

The effect of methoxamine was not blocked by propranolol on ventricular strips both 

from 1 week and 10-week old rats (Fig. 8). On the other hand, prazosin, the selective a,-

adrenoceptor antagonist, caused a parallel shift of the concentration-response curve to the right 

on preparations both from l-week old (Fig. 8) and 10-weeks old (Fig. 9) rats. 

3.3.2 Effect of adrenoceptor antagoniste on the Inotroplc effecte of Isoprenallna: 

Effect of prtk.osin (0.1 J.LM) and propranolol (0.1 l'M) were studied on the inotropic 

effect of isoprenaline on ventricular preparations from rats aged 1 week and 1 0 weeks. The 

antagoni"'ts were added to the bath 20 minutes before starting the constrlJction of concentration-

response curves to isoprenaline. 

Prazosin did not block the inotropic effect of isoprenaline (Fig. 10). In contrast, 

propranolol, the nonselective B-adrenoceptor antagonist, caused a parallel shift to the right of the 

concentration response curves to isoprenaline on preparations from both l-week old (Fig. 10) and 

10· .. ..,gaks old (Fig. 11) rats . 
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Figure 8. Effect of prazosin (0.1 J.lM, 20 min contact) and propranolol (0.1 J.lM, 20 min contact) on 

the inotropic effect of methoxamine on electrical/v driven (1 Hz) ventricular preparations from 1-

week old rats. Vertical bars represent standard error of the means (n=4). 

• 59 



• 

100 A-~ Il-Il ...., 

ri u 
Cl) ,-.. 

'f- ..... 
'f- «' Cl) e 
u ..... 

x ..... cu • Control 0- e 50 0 
il Prazosln '- N ...., 

0 
......,; 

C 
~ 

o~~~-+~~--.--.--~ 

-8 -7 -6 -5 -4 -3 -2 
methoxamine.{log M) 

Figure 9. Antagonism by prazosin (0.1 "M, 20 min contact) of the methoxamine-induced positive 

inotropic effect on electrically driven (1 Hz) ventricular preparations from 10-week old rats. Vertical 

bars represent standard error of the means (n=4) . 
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Figure 10. Effect of propranolol (0.1 ~M, 20 min contact) and prazosin (0.1 ",M, 20 min contact) on 

the inotropic effect of isoprenaline on electrically driven (1 Hz) ventricular preparations trom 1-week 

old rats. Vertical bars represent standard error of the means (n=4) . 
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Figure 11. Antagonism by propranolol (0.1 "M, 20 min contact) of the isoprenaline-induced 

positive inotropic effect on electrically driven (1 Hz) ventricular preparations from 10-week old rats. 

Vertical bars represent standard of the means (n=4) . 
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3.4 Influence of different treatments on the lnotroplc activlty of methoxamlne and Isoprenallne 

3.4.1 Influence of 6-hydroxydopamlne (6-0HOA) treatment: 

The effect of 6-0HOA treatment on inotropic activity of test agents was studied in 3 

age groups. The maximal inotropic effect and potency of methoxamine were not significantly altered 

by injections of 6-0HOA (Table 10). On the other hand, the inotropic activity of isoprenaline was 

significantly (p<0.05) increased by 6-0HOA treatment (Table 11). 

3.4.2 Influence of dexamethasone treatment: 

Treatment with dexamethasone did not alter the maximal inotropic effect or the 

potency of methoxamine when compared to the control group (Table 12). Aiso dexamethasone 

administration to newborn rats did not alter the responses of the ventricular preparations to 

isoprenaline (Table 13). 

3.4.3 Influence of triiodothyronine: 

Treatment of newborn rats with triiodothyronine did not alter the responses of the 

ventricular strips to methoxamine (Table 12) an,'j isoprenaline (Table 13) . 
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Table 10. Influence of 6-hydroxydopamine (6-0HDA) treatment on the inotropic activity 01 

methoxamine on electrically driven (1 Hz) ventricular preparations from different age group of rats 

Treatment 

None 

6-0HOAa 

None 

6-0HOAb 

None 

6-0HOAc 

Age 

(weeks) 

1 

1 

3 

3 

6 

6 

Maximal 

effect (%) 

169±16 

188±16 

71 ±12 

71±5 

35±3 

59±15 

EC50 

(-log M) 

5.88±O.O5 

5.51±O.10 

5.22±O.15 

5.50±O.25 

5.54±O.19 

5.55±O.O7 

Rat pups injected i.p. with 6-0HDA according ta the following protocol: a days 1-3; b days 1-3 and 

again at 2 weeks; c days 1-3 and again at 2 and 4 weeks. 

Data are mean ± S.E.M. (n = 4-6). No significant difference was found between the control and 

treated groups . 
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Table 11. Influence of 6-hydroxydopamine (6-0HOA) treatment on the inotropic activity of 

isoprenaline on electrically driven (1 Hz) ventricular preparations in different age groups of rats 

Treatment 

None 

6-0HOAa 

None 

6-0HOAb 

None 

6-0HDAc 

Age 

(weeks) 

1 

1 

3 

3 

6 

6 

Maximal 

effect (%) 

170±15 

249±60* 

139±31 

163±35* 

137±12 

320±60* 

ECso 

(-log M) 

8.00±0.10 

8.62±O.13* 

8.00±O.18 

9.22±O.12* 

8.01 ±O.O8 

8.57±O.16* 

Rat pups injected Lp with 6-0HOA according to the following protocol: a days 1-3; b days 1-3 

and again a~ 2 weeks of age; C days 1-3 and again at 2 and 4 weeks of age. 

Data are means ± S.E M. (n= 4-6). 

*Oifferent (p<O.05) from the corresponding values for the untreated controls of the same age group . 
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Table 12. Influence of dexamethasone (Dexa) and triiodothyronine (T3) treatment on the inotropic 

activity of rnethoxamine on electrically driven (1 Hz) ventricular preparations trom 1 week-old rat 

Treatment 

Saline 

Dexa 

T3 

n 

6 

8 

8 

Maximal 

effect (%) 

134±24 

150±26 

112± 12 

Data are mean ± S.E.M. 

ECso 

(-log M) 

5.96±O.12 

6.05±O.09 

5.91 ±OO.08 

Neither treatments exerted significant effect. 
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Table 13. Influence of dexamethasone (Dexa) and triiodothyronine (T3) on the inotroplc effect of 

isoprenaline on electrically driven (1 Hz) ventricular preparations from the 1-week old rat 

Treatment 

None 

Dexa 

T3 

n 

11 

5 

4 

Maximal 

effect (%) 

170±15 

136±23 

135±24 

Data are mean ± S.E.M 

EC50 

(-log M) 

8.00±O.10 

7.96±O.11 

7.95±O.10 

Neither treatments exerted signifieant effeets . 
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3.5 Adranoceptor blnding assay • 

Binding assays were done to compare the density and affinity of the adrenoceptors 

in the heart. Specifie binding increased in proportion to the concentration until saturation was 

reached. Bmu and Ka were ealeulated from scatchard plots using LUNDON program. 

3.5.1 o,-Adrenoceptor Baaay: 

!..abelling of a,·adrenoceptors using (3H]-prazosin as ligand and phentolamine as 

displaeer revealed a single high affinity binding site. Maximal binding (Bmax) expressed as fmol/mg 

protein ln ventricular membrane preparations trom 1- and 10-week old rats was 600± 120 and 

640±230, respectively, and not different from each other (Table 14). Similarly there was no 

signifieant difference in the apparent disassociation consta"t (Ka) texpressed in nM in ventricular 

membranes trom 1- and 10-week old rats (2.S± 1.0 and 3.S± 1.1 re!lpectively). Figures 11 and 12 

show saturation curves and Scatchard plots (inset) of representative experiments trom [3H]-prazosin 

binding on 1- and 10-week old rat ventricles. 

3.5.2 B-Adrenoceptor assay: 

The binding of B,-adrenoceptor ligand, [3H]-dihydroalprenolol, was with high affinity 

and to a single binding site. Bmax for [3H]-DHA binding to ventricular membranes, respectively, from 

1- and 10-week old rats was (fmol/mg protein) 640± 150 and 91 0±21 0 and ~ (nM) was 3.6±1.0 

and 3.8±1.2. Bmax and ~ did not change with age (Table 14 and 15). Figures 13 and 14 show 

saturation curves and Scatehard plots of representative experiments from [3H]-DHA binding on l­

and 1 O-week old rat ventricles . 
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Figure 12. Representative curve for the specifie binding of [3H]-prazosin to ventricular membranes 

from the 1-week old rat. as a function of increasing concentrations of [3H]·prazosin. Inset: Scatchard 

plot of specifie [3H]·prazosin binding to rat ventricular membranes . 
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Figure 13. Representative curve for the specifie binding of [3H]-prazosin to ventricular membranes 

from the 1 Q-week old rat, as a function of increasing concentrations of [3H)-prazosin. Inset: 

Seatchard plot of specifie [3H]-prazosin binding to rat ventricular membranes . 
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Figure 14. Representative curve for the specifie binding of [3H)-dihydroalprenolol to ventricular 

membranes from the 1-week old rat, as a function of increasing concentrations of eH)­

dihydroalprenolol. Inset: Scatchard plot of specifie eH)-dihydroalprenolol binding to rat ventricular 

membranes . 
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Figure 15. Representative curve for the specifie binding of 13H]-dihydroalprenolol to ventricular 

membranes from the 10-week old rat, as a function of increasing concentrations of 13H]­

dihydroalprenolol. Inset: Scatchard plot of specifie [3H]-dihydroalprenolol binding to rat ventricular 

membranes . 
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Table 14. Specifie binding of [3H)-prazosin to ventrieular membranes from 1- and 10-week old rats 

Age (weeks) Bmu 

(fmol/mg protein) (nM) 

1 

10 

600±120 

640±230 

Da!a are mean ± S.E.M. 

2.5±1.0 

3.5±1.1 

No signifieant difference was found between the l-week and 10-week old rat ventricular membranes. 

n=4. each in duplicate. 
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Table 15. Specifie binding of [3H]dihydroalprenolol to ventricular membranes from 1-week and 10-

weeks old rats 

Age 

(weeks) 

10 

BINIC 

(fmol/mg protein) 

640±150 

910±210 

3.6±1.0 

3.8±1.2 

Data are means ± S.E.M.; n =4, each in duplicate. 

No age-related significant difference in specifie binding was found. 
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3.6 Effects of methoxamlne on Inositol 1,4,5 triphosphate (IP:J: 

Basal IP 3 expressed as pmol/mg protein was 219±29 in the 1-week old rat ventrlcle 

and î45±66 in the 10-week old rat ventricle. No significant difference was found ln the basallP3 

production in the above two groups. 

Methoxamine induced concentration-dependent increases in the accumulation of IP3 

in the ventricular tissue from the 1 Q-week old rat (Fig 15.). On the other hand, methoxamlne­

induced increases in IP 3 accumulation were not observed in the ventricular tissues from the 1-week 

old rat (Fig 15.). 
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Figure 16. Effect of increasing concentrations of methoxamine on IP3 accumulation in ventricles 

from the 1- and 10-week old rats. Vertical bars represent standard error of the means. Each value 

is derived from 4 separate experiments, each in duplicate. 
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SECTION 4: DISCUSSION 

4.1 General discussion 

The positive inotropic effect of catecholamines is primarily produced by an activation 

of B,-adrenoceptors; a-adrenoceptors play a much smaUer role. Consequently isoprenaline and 

endogenous catecholamines such as adrenaline, dopamine and noradrenahne increase myocardial 

contractility to a much greater extent than selective (J-agonists such as methoxamine and 

phenylephrine. Noradrenaline, which is a pote nt a-adrenoceptor agonist produces its inotropic effect 

by activating B,-adrenoceptors (Hoffman and Lefkowitz, 1990). However, the relative importance of 

myocardial a,- and f3,-adrenoceptors in inotropic activity of sympathomimetic amines is subject to 

numerous factors such as the species (Kunos et aL, 1978), temperature (Kunos and Nickerson, 

1976) and thyroid state (Kunos et al., 1974, Ishac et al., 1983). 

It was previously reported from our laboratory (Varma, 1991) that the B-adrenoceptor 

agonist isoprenaline did not exert its full inotropic effect on neonatal rab bit ventricles. The a,­

adrenoceptor agonist, phenylephrine, too exerted little effect. However, the inotropic activity of 

isoprenaline in neonatal rabbit myocardial tissue in the presence of subeffective concentrations of 

phenylephrine was comparable to its activity in the adult rab bits On the basis of these observations, 

it was hypothesized that there might exist some functionallink between a and B-adrenoceptors in 

early life such that both need to be activated in order to elicit full effects of f3,-adrenoceptor agonists 

(Varma, 1991). The present study was undertaken using a more convenient rat model to extend 

these observations (Varma, 1991) made in rabbits. 
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However. the inotropic response of the neonatal rat myocardium was quite different 

trom that of the rabbit. The principal difference was found with respect to a1-adrenoceptor agonists. 

Methoxamine. a highly selective a,-adrenoceptor agonist was comparable to the B,-agonist. 

isoprenaline. in causing positive inotropic effect on myocardium of rats up to 2 weeks of age. This 

was an unusual observation since the maximal inotropic effect of a,-adrenoceptor agonists is 

generally considerably smaller than that of B1-adrenoceptor agonists (Hoffman and Lefkowitz. 1990). 

This thesis reports studies to characterize these age-dependent differences in the inotropic effects 

of a,- and B,-adrenoceptor agonists. 

More commonly encountered ontogenie differences exemplify relative lack of 

maturation of a system in early life. Such lack of maturation is also known for cardiovascular 

system. For example PG~ and PGF2a, which are potent vasoconstrictors exert Uttle effect on the 

cerebral blood vessels of newborn pigs (Chemtob et al .• 1989). Isoproterenol exerts little inotropic 

effect on neonatal rabbit myocardium (Artman et al .• 1988; Varma. 1991). On the other hand. a 

decrease in vasorelaxant effect with age in rabbit (Chemtob et al.. 1991) as weil as in chronotropic 

and inotropic effects of noradrenaline and isoprenaline in rat hearts ha~ also been reported 

(Standen. 1978; Shigenobu et al.. 1988; Mackenzie and Standen. 1980; Tanaka and Shigenobu, 

1990). However. ontogeny of responses to selective a,-adrenoceptor agonists have not been 

studied in any detait. 

Although a,-adrenoceptor agonists are known to cause inotropic effects (Govier et 

aJ., 1966). the relative efficacy of these agents is small compared to that of B,-adrenoceptor agonists 

such as isoprenaline and noradrenaline (Varma, and Vue. 1986). In this sense the finding that the 

a 1-adrenoceptor agonist, methoxamine, was as effective as the B-adrenoceptor agonist isoprenaline 
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in rats up to 2 weeks of age was surprising. A progressive decrease in the response to 

• methoxamine with age denotes that the maturation of a l "adienoceptor mediated inotropic functiom~ 
is characterized by a decrease rather than an increase. 

Methoxamine was used as an a l -agonist in most studies. However, the conclusion 

that activation of a l "adrenoceptors produces inotropic effects comparable to that produced by 

activation of 8l "adrenoceptors was supported by the observation that phenylephrine behaved like 

methoxamine and noradrenaline was similar to isoprenaline. A significantly greater inotropic effect 

of methoxamine on neonatal rat myocardium than on ventricles of adult rats seems to be related 

to receptor functions and not a change in the tension-rate relationship ln neonatal hearts. The 

inotropic efficacy of methoxamine was similar at stimulus frequency of 0.5, 1 and 2 Hz. Moreover, 

cardiac rate in r(lts from birth to adulthood does not differ significantly and is approximately 300 " 

400 beats/min (Seidler & Siotkin, 1979). 

Our results with Isoprenaline are in conformity with those of other workers (Shigenobu 

et al., 1988; Standen, 1978) who al 50 found that the potency of isoprenaline did not dlffer ln the 1-

week old and adult rat ventric/es. Because basal contractions of neonatal and adult hearts were 

different, this study also analyzed data on inotropic response as a percent of the maximal Inotropic 

effect of calcium. Data so analyzed also reveal that the response to isoprenallne does not change 

with age. A lack of age-dependent change ln the inotroplc effects of isoprenahne and noradrenahne 

is consistent with the observation that the density of I3 l -adrenoceptors also did not differ at 1 week 

and 10 weeks of age. Other workers also found that major dlfferences in f3-adrenoceptor densltles 

occur during fetallife and remain relatlvely unchanged at least after the first post-natal week in rats 

(Tanaka and Shigenobu, 1990; Cros et aL, 1988). 

79 



• 

~. 

nIe rnajor finding of this study was the marked inotropic effect of methoxamine on 

ventricular stri;')s from rats up to 2 weeks of age relative to that found in tissues from rats 3 weeks 

of age and older. Moreover, the inotropic efficacy of methoxamine was comparable to that of 

isoprenaline on tissues from 0.5, 1 and 2 weeks of age. This is surprising as numerous studies 

have demonstrated that the inotropic efficacy and potency of full B-adrenoceptor agonists such as 

isoprenaline, adrenaline and noradrenaline are greater than those of selective a1-adrenoceptor 

agonists (Endoh and Blinks, 1988, Govier 1967, Ishac et aL, 1983). 

An unexpectedly high a 1-adrenoceptor mediated inotropic effect as observed in this 

study on ventricles of rats up to 2 weeks of age cou Id be due to several factors. First, methoxamine 

might not be acting through BI- and not a 1-adrenoceptors although no clear example of this 

phenomenon has been reported in the literature. However, the inotropic effect of methoxamine was 

blocked by the selective a1-adrenoceptor antagonist prazosin but not by the nonselective B­

adrenoceptor antagonist propranolol. This implies that the effects of methoxamine on neonatal 

myocardium was exerted through an activation of al- and not B1-adrenoceptors. As expected the 

inotropic effect of isoprenaline was antagonized by propranolol but not by prazosin. Studies with 

another selective a1-adrenoceptor agonist phenylephrine also suggested that a1-adrenoceptor­

mediated effects were greater on veniricles from young rats relative to that on tissues from adult 

animais 

There is some evidence, however, that a-adrenoceptor agonists can sensitize tissues 

to the effects of B-adrenoceptor agonists. For example, stimulation of a-adrenoceptors by 

phenylephrine markedly potentiated the effect of isoprenaline in stimulating pineal serotonin N­

acetyltransferase (Klein et aL, 1983). Potentiation of the inotropic effect of isoprenaline by 

phenylephrine on neonatal rabbit myocardial tissues has been reported trom this laboratory (Varma, 
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1991). It is thus possible that methoxamine somehow increases the effects of noradrenaline belng 

spontaneously released from the nerve endings in the cardiac tissues. Moreover, rat myocardium 

can also synthesize adrenaline (Kennedy and Ziegler, 1991). Methoxamine could also act by 

potentiating the effects of adrenaline, which is more potent than noradrenaline on the heart 

(Ahlquist, 1948). However, several factors suggest that this is highly unlikely. 

First of ail sympathetic innervation to rat myocardium is less complete by two weeks 

of age and during this period it is continuously increasing (Seidler and Siotkin, 1979; Lau and 

Siotkin, 1979; Pappano, 1977). The source of spontaneously released noradrenaline could only be 

sympathetic nerve endings. Therefore the inotropic effect of methoxamine would be expected to 

be greater in myocardium of adult than of neonatal rats if it acted by sensitizing the tissue to 

endogenously released catecholamines. Furthermore, if the effects of methoxamine were indirect 

in this sense, propranolol should have been able to antagonize its effects, whlch was not the case. 

Methoxamine is known to be a directly acting sympathomimetic amine and its effects are not 

reduced by depletion of noradrenaline stores (Hoffman & Lefkowitz, 1990). It is therefore safe to 

conclude that a greater inotropic effect of methoxamine on myocardium of young than of adult rats 

was due to direct activation of a,-adrenoceptors. 

Ontogeny of the myocardium is a complex phenomenon involving the development 

of myocardial cells, blood vessels, interstitial ceUs and neural elements. Of these the development 

of neural elements is of particular signlflcance with respect to sensltivity to autonomie drugs 

(Friedman et al., 1968; Friedman, 1972; Adolph, 1971; Hall 1957, Roeske and Wildenthal, 1981). 

Therefore attempt was made to modify the time-course of cardiac innervation and receptor 

ontogenesis to find out if these manipulations could modify the inotropic effects of methoxamine. 
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ln order to investigate if the pattern of maturation of "he a,-mediated effect could be 

• altered by neuronal or hormonal treatments, influence of chemical sympathectomy by 6-

hydroxydopamine (6-0HOA) and the influence of injections of glucocorticoid and triiodothyronine 

to newborn rats on inotropic activity of methoxamine was studied. There are reports in the literature 

suggesting an increase in o,-adrenoceptor density and sensitivity after chemical sympathectomy 

by 6-0HOA treatment (Vamada et aL, 1984; Ishii et aL, 1982). In the present study, short or long-

term administration of 6-hydroxydopamine did not exert any significant effect on the inotropic 

response of the ventricles to methoxamine; however, the response to isoprenaline was potentiated. 

It would thus seem that sympathetic innervation might modify inotropic responses mediated by B-

but not a-receptors. This would seem logieal if it is assumed that endogenous neurotransmitter 

does not function as a natural ligand for cardiac a-adrenoeeptors. 

Glucocorticoids and the thyroid hormone are Important in cellular and neuronal 

growth (Lau and Siotkin, 1979; Kennedy and Ziegler, 1991; Siotkin et al., 1992). The present study 

determined if dexamethasone and triiodothyronine could perhaps enhance the maturation of the 

a,-adrenoceptor-mediated functions. It was found that neither dexamethasone nor triiodothyronine 

altered the maturation pattern of myoeardial inotropic responses to autonomie drugs. Our results 

differ form those of Lau and Siotkin \1981) who reported that dexamethasone treatment suppresses 

sympathetic cardiac responses in the neonatal rat but not in the adult rat. The same investigators 

have also reported that neonatal triiodothyronine trealment enhances the development of the 

noradrenergic synapse resulting in the premature appearance of functional sympathetic 

neurotransmission (Lau and Siotkin, 1979). On the other hand, our resulls are in conformity with 

those reported by other investigators (Benfey and Varma, 1963, Ishae et al., 1983) who found that 

the maximal inotropic effect to agonists is not altered by the administration of triiodothyronine. 
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As mentioned above, hormonal treatment or sympathectomy did not transform 

inotropic response to methoxamine on neonatal hearts to adult javel. Studies were done to find out 

if the greater effect of methoxamine on neonatal than adult rat ventricles was due to a higher density 

or affinity of a 1-adrenoceptors in the myocardium of young than of adult animais. The working 

hypothesis was that the decrease in the a1-adrenoceptor mediated effects in older animais could 

be due to an age-dependent decrease in the density and/or affinity of adrenoceptors and/or a 

decrease in the efficiency of the receptor-second messenger coupling. 

We did not find any significant difference in the density and affinity of a1- or B1-

adrenoceptors in ventricles from 1-week and 10-weeks "Id rats. Several workers have investigated 

age-dependent changes in myocardial adrenoceptors. A lack of age-dependent difference in a 1- and 

B1-adrenoceptors found in this study is in conformity with data of some workers (Chen et al., 1979; 

Yamada et al., 1980; Roeske et al., 1979). Data of this study suggest that receptor concentration 

reaches adult level within a few days after birth in rats. In any case, a slight albeit significant change 

in receptor numbers does not necessarily imply change in response since only a small proportion 

of receptors are normally needed for a full expression of effects (Nickerson, 1956). 

The age-dependent difference in the inotropic effect of methoxamine cou Id be due 

to differences in receptor-response coupling. The second messenger for a,-adrenoceptor is 

primarily inositol 1,4,5 triphosphate (IP3)' A greater methoxamine-induced increase in IP3 in 

ventricles of 1 week old than of adult rats could explain the supersensitivity of the neonatal heart 

to a 1-adrenoceptor agonists. However, the results were quite the opposite. Although the basallP3 

in the 1-week old rat ventricle was higher than in the 1 Q-week old rat ventrrcle, methoxamine 

produced a concentration dependent increase in the IP3 accumulation in the adult rat ventricle but 
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was without effect on the myocardium of 1 week-old rats. 

The assay technique used in this study could measure accumulation of IP3 and not 

the rate of its formation. It is thus possible that IP3 was being degraded at a faster rate in the young 

than in the adult rat myocardium leadlng to false negative results. On the other hand, a significantly 

higher basal level of IP3 in the heart of 1 week old than of adult rats would suggest that a faster 

degradation of IP3 in neonatal heart is unlikely. This latter phenomenon that is a relatively high basal 

IP3 in neonatal heart may itself be the reason that methoxamine failed to increase it further. 

However, methoxamine did increase the myocardial contractility over basal and hence would be 

expected to also increase IP 3 over basal regardless of the basal value. 

ln any case, results of this study fail to explain the underlying mechanism of the 

enhanced inotropic effect of methoxamine on ventricular preparations from rats up to 2 weeks of 

age. One possible explanation could be that in the young rat ventricle, the receptor is coupled to 

another second messenger such as cAMP. There are reports in the literature that in the adult heart 

protein kinase C is not involved in the o,-adrenoceptor mediated inotropic effect (Endou et al., 

1991). An alternate mechanism could be that probably in the young heart the a,-adrenoceptor 

mediated inotropic effect is through the activation of diacylglycerol (DAG). Also, a,-adrenoceptor 

agonists could directly act as calcium ionophores in hearts of young rats without involving the 

classical adrenoceptors. These possibilities need to be studied. 
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4.2. Concluslona 

This study found that there is an age-dependent decrease ln the a, -adrenoceptor 

mediated inotropic effect in rats as revealed by responses to methoxamine and phenylephrlne. On 

the other hand, there is no significant age-dependent change in the response to B,-adrenoceptor 

agonists such as isoprenaline and noradrenaline. The work presented in this thesis failed to 

delineate the underlying mechanism of the enhanced inotropic effect of methoxamine and 

phenylephrine in ventricles of 0.5 to 2 week old rats, relative to adult rat ventricles. Treatments with 

6-hydroxydopamine, dexamethasone and triiodothyronine did not alter the pattern of maturation of 

myocardial inotropic responses. The differences in the inotropic effects of methoxamine on 

neonatal and adult myocardium could not be attributed to difference in adrenoceptor density or 

generation of known second messenger for a,-adrenoceptor, namely, inositol 1,4,5 triphosphate 

(IP3)' It is, however, possible that a,-adrenoceptors recruit alternate second messenger in early Iife 

and maturation restores the coupling of these receptors to IP3. This possibility needs to be studied . 
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