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l - INTRODUCTION 

The etio1ogy and the physiopatho1ogica1 mechanism of essentia1 hyperten-

sion is, in 1972, still unknown. Many groups of workers, particu1ar1y that 

of Genest, Küche1, Nowaczynski and Boucher, have contributed to a better in-

sight of humoral disturbances in this entity by their studies on renin-angio-

tensin-a1dosterone system, minera1ocorticoids, progesterone, catecholamines, 

and other parameters. 

The secretion and/or action of many of these b100d pressure regu1ating 

substances was shown to be mediated through the system of adeny1 cyc1ase-cyc1ic 

AMP. This mediatory mechanism is a part of more genera1 informationa1 activity 

of cyc1ic AMP. The rapid1y growing area of "second messenger system" was re-

cent1y reviewed by 1eading workers, Robison, Butcher and Sutherland, in their 

monography Cyc.Uc. AMP (221). 

The work presented in this thesis was undertaken as a first approach in 

search for disturbances in the transmission of hormonal information in essen-
/1 

tia1 hypertension. A special attention was given to patients with labile hy-

perkinetic hypertension, since it is be1ieved that they are precursors of sta-

b1e essentia1 hypertension. 'In this study, we were able to distinguish control 

subjects from patients with labile hyperkinetic hypertension because the excre-
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tion of cyc1ic AMP in response to the stimulation by upright posture ot iso­

protereno1 was different for the two groups. The proprano101 treatment tended 

to abo1ish the differencRs in certain patients. 

Thus, the present study i5 concerned with two vast areas, that of hyper­

tension and that of cyc1ic AMP. On1y the investigations with a potentia11y 

interre1ated significance are therefore discussed in the review of 1iterature. 



1 - DEFINITION 

II - REVIEW OF LITERATURE 

A - ESSENTIAL HYPERTENSION 

Essential hypertension is a "disease" representing the consequence of 

raised blood pressure without any evident cause (206). Two major views 

are discussed in the literature: the first one, represented by Pickering, 

suggests that high blood pressure is a disease of degree and not a disease 

of kind, or quantitative not qualitative (206). This conclusion is based on 

the observation that, in a large population, blood pressure values are dis­

tributed continuously without any definite sigu of delimitation between normal 

and abnormal groups (28). The second group of authors, represented by Platt, 

demonstrated evidence for a qualitative character of this disease. This evi­

dence is based on the observation that the distribution of blood pressure va­

lues in siblings of severe hypertensives does not correspond to the Gaussian 

curve, as it should, if high blood pressure was simply a graded characteristic 

with a multifactorial inheritance (208). 

2 - LABILE AND STABLE TYPE OF HYPERTENSION 

Any division of population, normal and abnormal, on the baais·of blood 

pressure, is of necessity highly arbitrary. MOre difficult and controversial 

i8 the separation of a hypertensive population into subgroups. Such separa­

tion nevertheless offers many experimental and clinical advantages. Today 

most workers, for practical purpose, use as a dividing line between normal 

and abnormal the pressure of 140/90 mmHg. It is more difficult to establish 
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a dividing line between labile and stable types of hypertension. Sannerstedt 

et al. defined as labile, or borderline, those hypertensive patients having 

at least one out of five auscultatory readings over 90 mmHg and at least one 

below 90 mmHg diastolic pressure (230). Frohlich et al. defined labile hy-

pertensive patients as those whose arterial pressure was elevated on several 

occasions, with many intervening periods in whichnormal arterial pressure was 

measured (80). 

Genest's group used for the selection of patients with stable and labile 

benign essential hypertension the following criteria: "normal" physical exa-

+ + --mination and absence of retinopathy, normal serum Na ,K and total C02 , 

normal renal function as measured by serum urea and creatinine, normal phe~ 

nolphthalein excretion, creatinine clearance, and rapid sequence intravenous 

pyelography; normal electrocardiogram and renal arteriography; absence of 

any overt signs of arterio-atherosclerosis of large vessels. The patients se-

lected according to the above criteria are then divided into two subgroups: 

one with blood pressure readings always above 140/90 mmHg at the time of study 

is classified as having stable benign essential hypertension. The second group 

with blood pressure readings decreasing to below 140/90 mmHg during hospitali-

zation is classified as having labile essential hypertension. (84). A large 

portion of patients from the latter group present symptoms and signs of hyper-

kinetic circulation such as: palpitations, usually elevated heart rate at 

rest, with a constant exaggerated response to posture or cold, and often some 

degree of correlation between heart rate and blood pressure. These patients 

also showed a high incidence of symptoms of neurovegetative lability with, in 
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decreasing order of frequency: dermographism with or without macular ery­

thema, acrohypothermia and hyperhidrosis, anxiety and emotional lability and 

dyspepsia (137). The above definitions are used throughout the work presented 

in this thesis (refer section of Materials). 

Widimsky et al. showed for the first time in 1957 that juvenile subjects 

with labile essential hypertension, which they considered to be the early sta­

ge of essential hypertension, frequently had high cardiac output (284). Later 

in 1966, Frohlich called this state of elevated cardiac output the "hyperdyna­

mic S-adrenergic circulatory state" (79). In still another study, Sannerstedt 

(230) observed a high cardiac output in patients with hyperkinetic circulation 

as well; however, the cha~ge due to the tilt was of the same magnitude in pa­

tients as in control subjects. Küche1 et al. reported an exaggerated response 

in plasma renin activity to upright posture in this type of patient (137). 

It is debatable whether or not these patients with labile hypertension and 

hyperkinetic circulation present a precursor stage of a stable form of essen­

tial hypertension. Eve1yn analyzed data from the Metropolitan Life Insurance 

Company of Canada containing results of medical examinations carried out over 

periods of 25 to 35 years (67). It is evident from this study of'prolonged 

observations, that one cannot predict the issue of e1evated blood pressure 

which may be present for a period of time in the patient's life. It is obvi­

ous that both issues, a definite hypertension or normotension, are possible. 

In a study of patients with labile hypertension, Eich et al. observed that 

about half of patients with labile hypertension were characterized by a high 

cardiac output and normal or low peripheral resistance (61). When the fo1low 

up in this prospective study was performed fifty months later, the workers ob-

--., 
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served a diminution of cardiac output and an increase in periphera1 resis-

tance, i.e. the tendency toward the state usua11y observed in the stable 

form of essentia1 hypertension (normal cardiac output and high periphera1 

resistance). Since the study was performed on an out-patient basis, they 

cou1d not reeva1uate the "lability" of hypertension after the follow up pe-

riod. The group of Brown a1so suggested that labile hypertension is a pre-

1iminary phase in high b100d pressure physiopathology (29). According to 

this group, the transition from the labile to persistent form of hypertension 

is characterized by a change from increased cardiac output to an increased 

total periphera1 resistance. 

Since S-adrenergic hyperactivity may be an under1ying cause of hemodyna-

mic disturbances in this type of patient , the use of S-blocking agents would 

be a logica1 approach for pharmacotherapy in these subjects. The most popular 

S-b1ocking ager.t, L-propranolo1, has been shown to be useful in the therapy of 

hypertension (81). It diminished cardiac output and increased periphera1 re-

sis tance. Reduction in the mean arteria1 pressure with this treatment appears 

to be direct1y re1ated to the height of resting pretreatment cardiac output 

(80). Proprano101 was proved to be usefu1 in the treatment of anxiety amongst 

patients whose symptoms are due to adrenergic S-receptor stimulation (92). 

This beneficia1 effect was obtained on1y with the L-form of the drug (20). 

3 - EFFECT OF POSTURE ON BLOOD PRESSURE REGULATION 

Many hemodynamic and excretory modifications, secondary to the change of 

body position, were described in the past century. The first report, accredi-

ted to Piorry in 1826, describes the effect of body position on cerebral cir-
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culation in human and bled animaIs (207). The adjustment mechanism for the 

"standing still" position appears to be an increase in vaso-constrictor tone 

in the dependent portion of the body. Thompson (266) studied in 1928 the re­

lation of body position to blood volume. Epstein et al. showed in 1951, that 

the well-known antidiuretic reaction to standing does not require a contrac­

tion of the total plasma volume, and that the volume expansion by hypertonie 

saline was able to reverse this antidiuretic reaction (64). "Quiet standing" 

was also accompanied by a diminution of sodium excretion, glomerular filtra­

tion and, to some extent, changes in the excretion of potassium and urinary 

pH (65). 

Sundin measured urinary excretion of catecholamines (258) in search of a 

mechanism of hemodynamic adaptation during upright posture. The excretion of 

norepinephrine increased substantially in the 75° tilted position, whereas 

that of epinephrine increased only moderately or remained unchanged. This re­

action to posture was largely abolished by a ganglion-blocking agent. 

Plasma renin activity increased significantly during adaptation to the up­

right position (45). This is not surprising if we consider that the regulation 

of renin is related morphologically and functionnaUy to, the.activity of.··s:ympa­

thetic nervous system (225) (91). 

HorkY"et al. studied the sympatho-reno-adrenal system in response to pos­

tural adaptation (109). They observed during upright posture an increase of 

the leg volume, a drop of systolic and a rise of diastolic blood pressure, ac­

companied by an increase in pulse rate, norepinephrine excretion, plasma renin 

activity, aldosterone excretion and a drop in excretion of water and electroly­

tes. These changes could be prevented by bandaging of lower extremities and 
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so preventing the shift of body f1uids. Küche1 et al. performed a qua1ita-

tive ana1ysis of urinary catecholamines during postural adaptation and stu-

died their relation to the renin-angiotensin system.in normotensive and hyper-

tensive subjects (135). (The resu1ts of this study are considered in the dis-

cussion part of this thesis). 

n - CYCLIC AMP INVOLVEMENT IN THE SECRETION OR ACTION 

OF SUBSTANCES REGULATING BLOOD PRESSURE 

1 - GENERAL DEFINITIONS 

The discovery of cyetic AMP in 1956-57 was the consequence of the bioche-

mica1 work of Sutherland and Ra11 and a chemica1 work of Cook, Lipkin and 

Markham (260, 48). The former group identified this nuc1eotide as a heat-

stable factor (formed by particu1ate fractions of 1iver homogenates in pre­

++ sence of ATP, Mg ,and epinephrine or glucagon) stimu1ating the formation 

of phosphory1ase in supernatant fractions of homogenates. The latter group 

iso1ated independent1y this particu1ar nuc1eotide from a barium hydroxide 

digest of ATP and identified the chemica1 structure as being the mononuc1eo-

tide, adenosine-3', 5'-phosphoric acid. 

The formation and metabo1ism of cyc1ic AMP is main1y regu1ated by two 

enzymes. The first one is a membrane bound adenyl cy~e (or, as recent1y 

ca11ed adeny1ate cyc1ase) (220). Thi~ enzyme cata1yzes the conversion of 

ATP to cyc1ic AMP in the presence of magnesium ions. The second is a pho~-

phodi~t~e which cata1yzes the breakdown of cyc1ic AMP to 5'-AMP (33). 

From the work of Sutherland, Ra11, Butcher, Robison and many others, it beca-

me evident that many honnones may be regarded as a first messenger which carries 
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the information to adenyl cyclase. The so-activated enzyme accelerates the 

catalysis of ATP to cyclic AMP. In turn, cyclic AMP serves as the heeond 

meMengeJL transporting the original hormonalinfiormation intothe cel! ma­

chinery. 

It is now quite generally accepted that cyclic AMP itself acts by inter­

action with another enzyme, the p~oteln ~nahe (85). The receptor subunit 

of this enzyme dissociates after the binding of the nucleotide and thus the 

catalityc subunit may realize its function. This function is the phospho­

rylation of various substrates such as histones, ribosomes or caseine. It 

is to be noted that cyclic AMP bound to the protein kinase seems to be pro­

tected from the hydrolysis by the phosphodiesterase (192). There is more and 

more evidence that the regulation of the intra-cellular level of cyclic AMP 

is a complex framework of different mechanisms. We may mention as an example 

the regulatory influence of another natural cyclic nucleotide, cyclic GMP, 

which is able to influence the activity of the phosphodiesterase and so affect 

the catabolism of cyclic AMP (98). Another pertinent example comes from the 

work of Ho et al. and Manganiello et al. (107, 170) who presented the evidence 

that a quick increase of cyclic AMP in cells, resulting from hormonal stimula­

tion, is rapidly followed by the production of an antagonist of cyclic AMP. A 

possibility of a negative feedback loop is so evcked. 

A frequently asked question by general medical public is the so-called 

"unspecificity" of the ubiquitous cyc1ic AMP, contrasting with hormonal "spe­

cificity". The problem is without foundation since adenyl cyclase, the cyclic 

AMP generating enzyme, is in itself a guaranty of specificity. The enzyme of 

J 
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each ce11 acts with different hormones in a specific manner, as shown for 

examp1e. by the interaction with hormones and their antagonists (e.g. S­

b10cking agents) (221). However, as will be discussed 1ater in this chapter, 

a 10ss of this specificity was observed in endocrine neop1asic tissue (190). 

On the basis of the resu1ts of many workers, a tentative schema of the action 

of cyc1ic AMP is presented in an examp1e chosen from th~ transmission of the 

information induced by ACTH (fig. 1). 

2 - CATECHOLAMINES 

a - A~en~gle 4eeepto~ 

The concept of adrenergic receptors is main1y based on the dual receptor 

theory of Ah1quist (3). This concept rep1aced the unsatisfactory termino10gy 

of "excitatory" and "inhibitory" of Cannon (34) with the introduction of terms 

alpha and beta for distinction of receptors. Ah1quist;! s theory received many 

criticisms"but its practica1 use is widespread (8). The practica1 usefu1ness 

of separation of recepbors into a- and S-categories is concernej with pharma­

co10gica1 application of the effects of a- and S-b10ckers. 

During the past de cade , many workers have accumu1ated evidence of the in­

vo1vement of cyc1ic AMP system in the "field" of adrenergic receptors. A cor­

relation between S-activation and the rise of cyc1ic AMP in ce11s of cardiac 

muscle (187), smooth muscle (270), kidney (181) and other tissues was shown in 

many studies. The S-activity and rise in the 1eve1 of cyc1ic AMP may be inhi­

bited by so-ca11ed S-b10cking agents (187, 226). On the basis of these fin~ 

dings, Robison suggested that S-receptors and adeny1 cyc1ase are integra1 com­

ponents of the same system (218, 221). 
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The situation is far more complicated for the a-receptor. It was origi­

nally suggested that the a-activity is related with the fall of cyclic AMP 

level as a consequence of inhibition of adenyl cyclase activity by a-agonists. 

This is true in some tissues such as platelets (218, 229), but other studies 

bring up conflicting results. Alpha-activation may interfere with both for­

mation and action of cyclic AMP (71); in brain tissue, however, cyclic AMP 

may be increased by both a- and a-stimulation (40). It must also be pointed 

out that catecholamines may act elsewhere than on adenyl cyclase. Sheppard 

and Wiggan demonstrated recently that 3,4-dihydroxyphenylacetic acid and apo­

morphine are inhibitors of phosphodiesterase and that therefore, this cyclic 

AMP catabolizing enzyme may be an important component of a "dopamine receptor" 

(243) • 

b - E 6 6 ec.t 0 n heaJtt mU6 cle 

The action of catecholamines on heart muscle is mainly characterized by 

their positive chronotropic and ~notropic effects; the latter was related to 

phosphorylase activation in 1959 by Kukovetz (142). The same author in 1968 

(141), during the perfusion of dibutyryl derivative of cyclic AMP in a guinea 

pig heart, observed the inotropic and chronotropic responses as weIl as phos­

phorylase activation. Many other studies led to the conviction that at least 

the a-component of inotropic response is mediated' through cyclic AMP (157, 54, 

219). Studies on heart muscle metabolism also suggest the regulatory role of 

cyclic AMP (27). Another study on the influence of phosphodiesterase blocking 

agents does not support the concept that cyclic AMP is a common mediator of me­

chanical and metabolic functions in the heart (126). 
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Calcium accumulation by sarcoplasmic reticulum, related with contractile 

activity in the heart, is increased by epinephrine, glucagon and cyclic AMP 

(66, 245). The work of Epstein·'s group is of particular interest: in their 

experience, glucagon and epinephrine required a longer incubation time before 

the calcium accumulation was observed than was required for cyclic AMP it-

self,which was shown to have an immediate effect.This finding, concluded Ep­

stein, might be related to the mechanism of action of epinephrine and glucagon. 

The proposed mechanism would be that an initial increase in concentration of 

cyclic AMP must first be produced through adenyl cyclase stimulation before the 

effect of epinephrine and glucagon on calcium accumulation appears. Further 

observations on effect of glucagon and calcium are discussed in sections II-B-

3 and II-B-7-a. 

Adenyl cyclase activity has also been measured in acute hemodynamic over­

load in perfused guinea pig heart. The total adenyl cyclase activity was si­

gnificantly increased in the particulate fraction obtained from the overloaded 

le ft ventricles (237). This finding is of particular interest especially when 

correlated with a diminution of activity in some specialized receptor areas of 

adenyl cyclase in heart insufficiency (see glucagon, part II-B-5-a). 

The mediatory role of cyclic AMP has been also discussed in relation to 

isoprenaline-induced cardiac necrosis in the rat (172). The dibutyryl deriva­

tive of cyclic AMP induced myocardial les ions of the same type as the S-acti­

vator. Moreover, the tension activity induced by isoprenaline was highly in­

creased in vivo by pretreatment with theophylline which was shown to inhibit 

the degradation of cyclic AMP. 

J 
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c - Eone.c..t 011 Va.6c.ue.aJL .6mooth mU6c1.e. 

Somlyo and Somlyo on the basis of results from many laboratories concluded 

that, with a few exceptions, a rise in intracellular cyclic AMP was generally 

associated with smooth muscle relaxation (251). Some workers, however, were 

unable to influence the aortic adenyl cyclase activity with isoprenaline or 

norepinephrine. It is possible that this failure may be a result of technical 

difficulties (235). Volicer and Hynie, in a more fruitful study, evaluated 

the activity of aortic adenyl cyclase by measuring the enzymatic activity and 

incorporation of labelled cyclic AMP using adenine marker as a precursor (272). 

Their results are consistent with the hypothesis that vasodilatation (through 

a-activation and/or a-blockage) is associated with an increase and vasocon-· 

striction(through a-activation and/or a-blockage) with a decrease in the cyclic 

AMP level in vascular smooth muscle. The a-adrenergic hyperpolarization of the 

main pulmonary artery, mediated through cyclic AMP, was shown to be dependent 

upon a low concentration of potassium (249), (see also part II-B-1-a). 

Papaverine was demonstrated to be a very potent inhibitor of the activity 

of phosphodiesterase (143). Stoclet et al. studied the inhibitory effect of 

papaverine on isotonic contraction of aortic strips induced by barium (253). 

They showed that aortic strips were more sensitive to papaverine in rats with 

DaCA induced hypertension than strips from untreated animaIs. Strips from ani­

mals treated with DOCA which did not develop hypertension, presented a papave­

rine sensitivity situated somewhere between that of normal and hypertensive 

animaIs. Berti et al. (14), in a study of a direct effect of cyclic AMP and 

db-cycl1c .~œ on vascular reactivity, demonstrated that db-cyclic AMP induced 

l 
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relaxation during ~n v~o perfusion of rat caudal artery. Theophylline du­

plicated the effect of db-cyclic ~, and imidazole had an opposite effect 

while infusion of cyclic AMP itself induced an increase in the tonus of the 

smooth muscle. This adenosine like effect may be due to the rapid destruction 

of cyclic ~ by phosphodiesterase during the perfusion procedure. 

Blood pressure is, at least in part, controlled by the central nervous 

system (131, 52). It is important therefore to note that many b.1ood.'~n::essure 

regulating substances have been shown to modify thé activity of adenyl cyclase 

in the central nervous system (93). Adenyl cyclase activity and the level of 

cyclic ~ increase markedly after birthin rat brain (233). Adenyl cyclase 

in cerebral cortex is sensitive to norepinephrine and dopamine (177). Hista­

mine and serotonin were reported having activity which could be considered 

"more than additive" to that of catecholamines (110). Schmidt, studying the 

specificity of brain adenyl cyclase, observed the typical S-adrenergic recep­

tors in cerebellum, while the cerebrum contained the œ-receptors (234). As 

previously mentioned (refer chapter II-B-2-a), both œ- and e-adrenergic sti­

mulation can increase the level of cyclic AMP. Furthermore, the activation 

of cerebellar adenyl cyclase mediated by norepinephrine seems to be also modu­

lated by endogenous prostaglandins (247). 

McAffee showed in superior cervical sympathetic ganglia from rabbits the 

ability of a brief supramaximum stimulation to increase cyclic AMP concomi-

tantly with the synaptic transmission (176). Siggins reported that norepine­

phrine and cyclic AMP are both able to hyperpolarize cerebellar Purkinje cells and 
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elevate transmembrane resistance (248). A suggested conclusion that may be 

drawn from the aforementioned and other observations is that cyclic AMP pro­

vides a molecular basis for integrative actions within the nervaus:"syscem-:{93). 

Krishna measured adenyl cyclase and phosphodiesterase activities conco­

mitantly in many areas of cat brain in order to evaluate the dynamics of neu­

rohormonal control of cyclic AMP synthesis (133). Apparently, in those areas 

of the brain which contain the highest concentration of catecholamines, the 

ratio of adenyl cyclase to phosphodiesterase is lower than in areas which have 

a low concentration of catecholamines such as the cortex, cerebellum and infe­

rior colliculus. The importance of his results remains to be established. 

Circulatory changes induced by various stress stimuli were observed in 

laboratory animaIs as weIl as in humans (75, 25). Paul reported recently a 

significant increase of cyclic AMP in adrenals of rats submitted to immobili­

zation stress (202) and Therriault et al., the stimulatory effect of the cold 

on the adenyl cyclase reactivity to norepinephrine (265). In contrast, hemor­

rhagic shock decreased cyclic AMP in liver (228). 

3 - RENIN-ANGIOTENSIN-ALDOSTERONE 

a - Ren-ln JLe1.ea.6 e oJLom fUdne.y 

The regulation of renin re1ease is, at 1east in par~, contro11ed by the 

sympathetic nervous system. Direct sympathetic innervation was shown by the 

e1ectron microscopic studies of Barajas in monkey and of Ortega et al. in rat 

and human juxtag1omeru1ar apparatus (9, 224, 225). Gordon et al. observed an 

increase of plasma renin activity in response to either the infusion of cate­

cholamines or the stimulation of the sympathetic nervous system by co1d (91). 

A rise in plasma renin activity i8 known to be induced by upright posture (45), 
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a response believed to be mediated by the sympathetic nervous system (258). 

Michelakis et al. studied the effect of catecholamines ln v~o, using a 

system of kidney cell suspension to eliminate any hemodynamic influence, and 

showed that the addition of cyclic AMP had a similar stimulating effect as 

catecholamines on the release of renin (185). 

There are three studies concerned with the effect of cyclic AMP on renin 

secretion ~n V~VO. The first from Winer et al. demonstrates that cyclic AMP 

is a potent stimulant of renin secretion (287). Disturbing is however, that 

both a- and S-blocking agents were able to abolish the stimulation of renin 

secretion induced by the infusion of cyclic AMP. A tentative conclusion would 

be that blocking agents can influence hormonal activity after formation of cy­

clic AMP as well, i.e. by influencing its metabolism and/or act at its site of 

action (protein kinase receptor site 7). The non specifie effect of a- and S­

adrenergic blocking agents on the action of cyclic AMP was also noted by 

Schreibman et al. in adipose tissue lipolysis (238). Tagawa and Vander in a 

study contradictory to that one of Winer (264) reported that they were unable 

to demonstrate the stimulation of renin secretion by cyclic AMP and even ob­

served a diminution of renin with very high doses of cyclic AMP. This dis­

crepancy may be due, as these workers suggest, to the fact that their study 

was conducted in salt-depleted dogs where the renin was already maximally sti­

mulated and therefore a relatively small increase may not have been evident. 

In a thitd study from Hauger-Klevene (99), it was demonstrated that the stimu­

lation of renin in rats was achieved by administration of ACTH. Cyclic AMP 

induced a similar rise in plasma renin level and in addition theophylline po­

tentiated the effect of ACTH on this release. Dexamethasone administration 
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abo1ished the stimu1ating effect of both ACTH and cyc1ic AMP on renin re1ease. 

This inhibitory effect was abo1ished by pretreatment with actinomycin D and 

therefore presumab1y invo1ved RNA synthesis (DNA dependent). 

Angiotensin II has three major effects. The first one is its effect on 

the contractibi1ity of the smooth muscle (30, 56). The second one, described 

for the first time by Geaest et al. (82) and short1y afterward by Laragh et 

a1.(~52), was the stimulation by angiotensin of a1dosterone excretion and se-

cretion rate. The third effect invo1ves the autonomic nervous system and it 

inc1udes the parasympathomimetic effect, the activation of sympathetic ganglia, 

the re1ease of catecholamines by adrena1 medu11a, and the sympathomimetic e~ 

fect due to its action on the brain (167). On1y the first two of the above 

effects of angiotensin have been studied in relation to cyc1ic AMP unti1 now. 

aa- action on the vascu1ar smooth muscle 
------------~-----------------------

Vo1icer and Hynie in 1971 reported for the first time the influence of 

angiotensin on the accumulation of labe11ed cyc1ic AMP in the arteria1 wall 

of rats (272). Angiotensin in presence of theophy11ine produced a significant 

decrease of cyc1ic AMP 1eve1 in the tai1 artery and aorta. The activity of 

aortic adeny1 cyc1ase was significant1y decreased by angiotensin in opposite 

to the rise induced by isoprotereno1. 

In the study of Kaplan, cyc1ic AMP added to the incub.ation media produced 

a rise of a1dosterone biosynthesis in the outer cortex of beef adrenal tissue 

to the same degree as angiotensin (119). The author conc1uded however that 
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angiotensin does not act via cyc1ic AMP, since it does not increase adrena1 

phosphorylase activity. This objection may be irre1evant since other expla­

nations for cyclic AMP action are presently available (221) (see also II-B-

4-b-dd). Aldosterone production was also stimulated ~n v~o by cyclic AMP 

in an incubation of rat adrenal tissue as reported by Shima et al.; however, 

the relation to angiotensin action was not made (244). 

c - VOU the ai.do.6teJr.one ad v~ c.yc..Uc. AMP ? 

The effect of a1dosterone on sodium transport was widely studied in ~n 

v~vo and ~n v~o experiments in kidney and in toad bladder. There is a good 

deal of evidence that aldosterone induces DNA-dependent RNA synthesis. It is 

assumed that the new RNA serves as messenger for de nova synthesis of the so­

called aldosterone-induced protein (59, 70). Edelman and co-workers suggested 

that this protein is an enzyme which enhances the utilization of a substrate 

to provide the energy needed for the active transport of sodium (60). Sharp 

and Leaf suggested in 1966 that this enzyme may work as a permease facilitat­

ing the entry of sodium into the cel! (242). In an effort to specifica1ly 10-

calize the effect of aldosterone on RNA synthesis, Trachewsky studied the chro­

matin activity in kidney of aldosterone treated rats (269) and found that the 

chromatin template activity did not change fol10wing aldosterone treatement. 

However, differences in binding of actinomycin D suggested that the physical 

or chemical state of chromatin was changed by a1dosterone treatment. 

Kirchberger et al. reported recent1y that the stimulation of sodium trans­

port is accompanied by an inhibition of the hexose monophosphate shunt pathway 

(124). The same group in a paralle1 study found similarities between the ef-



20 

fects of a1dosterone and cyc1ic AMP on sodium transport as we11 as oxygen 

and glucose uti1ization (125). Both the dibutyry1 derivative of cyc1ic AMP 

and cyc1ic AMP plus theophy11ine have an effect simi1ar to that of a1doste­

rone. The authors were unab1e to demonstrate a ri se of cyc1ic AMP concentra­

tion in toad b1adder tissue after pro1onged incubation with a1dosterone. This 

fact prec1uded the authors from infering that a1dosterone actua11y acts via 

cyc1ic AMP. Their conclusion may be incorrect however for at 1east two rea­

sons. First, the authors do not mention any precaution taken to prevent a 

possible destruction of increased 1eve1 of cyc1ic AMP during samp1ing. This 

is usua11y achieved by u1trarapid freezing in 1iquid nitrogen and was shown 

to be essentia1 (188). Second1y, the re1iabi1ity of their cyc1ic AMP deter­

mination was based upon the fact that vasopressin cou1d stimu1ate nuc1eotide 

concentration in their preparation, and that a1dosterone did note However, 

the time of incubation with vasopressin was six minutes whi1e it was six hours 

with a1dosterone. Cyc1ic AMP may have been a1ready destroyed by phosphodies­

terase after such a 1engthy incubation. A11 this does not necessari1y mean 

that the observed physio1ogica1 effect was not induced by the initial rise of 

cyclic AMP. 

4 - REGULATION OF ADRENAL STEROIDOGENESIS 

a - Rel.ea.6 e 06 ACTH 

Pituitary tissue was shown to contain adeny1 cyc1ase activity. Both theo­

phy11ine and dibutyry1 cyc1ic AMP stimu1ated ln v~ the re1ease of ACTH in 

the study of F1eischer et al. (74). Dexamethasone inhibited the release of 

ACTH at a site distal to the action of cyc1ic AMP. In another study, Zor et 

al. demonstrated an increased formation of cyc1ic AMP ln v~o by crude ovine 
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hypotha1amic extract in the anterior pituitary gland of rat, but not in the 

posterior pituitary, pineal, adrenal or the liver (289). An ~n v~vo study 

of Hedge, with stereotactic microinjection of db-cyclic AMP or of cyclic AMP 

with theophylline into the hypothalamus and/or the anterior pituitary of rats 

induced an increase of ACTH secretion (103). These findings suggest that cy­

clic AMP tissue level is influenced by a corticotropin releasing factor and 

that the nucleotide is a mediator of ACTH secretion. 

b - ACTH ennect on a~enat eo4tex 

The fact that particulate fractions of adrenal cortex contain adenyl cy­

clase activity and that ACTH is able to enhance this activity, with a subse­

quent increase of cyclic AMP level, has been known from the start of the "cy­

clic AMP era". Between 1958 and 1960, Haynes and his collaborators proposed 

the hypothesis implicating cyclic AMP in ACTH dependent steroidogenesis (101), 

which was based on the following observations: 1) the rate limiting step in 

the steroidogenesis is the phosphorylation, permitting the breakdown of glyco­

gen to glucose-l-phosphate; 2) phosphorylation is required for further forma­

tion of NADPH which in turn is essential for the hydroxylation of steroids; 

3) the phosphorylase activity in the adrenal is dependent on cyclic AMP level. 

This hypothesis, although challenged today, instigated numerous'studies impli­

cating cyclic AMP in the regulation of adrenal steroidogenesis. 

aa- ~~!~~~!_~~~~!_~~~!~~~_~~~_~~~~~~~!~~~~!~~~ 

Recently the adenyl cyclase activity in adrenal cortex was extensively 

investigated. Kelly and Koritz studying the activity of adenyl cyclase in 

particulate fractions of homogenate of adrenal cortex (122) , found that the 

enzyme activity was increased 50 to 100% by ACTH and two to five-fold by so-
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dium fluoride, an unspecific adenyl cyclase activator. In the study of Shima, 

the adenyl cyclase activity was found in both fasciculata and reticularis 

zones of the rat adrenal (244). The activation of the enzyme by ACTH was 

similar in both zones, but corticoids production was more marked in the zona 

fasciculata. This".obser.vation raiSed 'questions. about the involvement of cyclic 

AMP in the regulation of steroidogenesis in zona reticularis. Adenyl cyclase, 

isolated from an adrenal tumor, was made partially soluble by Pastan et al. by 

treatment of a lyophilized preparation of the particulate enzyme in a French 

pressure ce11, a Nossal shaker or by sonication in the presence of both a phos­

pholipid and a f1uoride (198). This purified adenyl cyclase was shown to be 

still responsive to ACTH and sodium fluoride activation. 

Two groups of workers studied adenyl cyclase activity in different frac­

tions of cellular membranes from adrenal cortex. Both found that adenyl cy­

clase activity was associated with all particulate fractions, i •• e. mitochon­

drial, microsoma1, nuc1ear and other membranous fractions, and no adeny1 cy­

clase activity was detectable in the soluble fraction. The first group (102) 

observed that the major fraction of the total enzyme activity was associated 

with the mitochondrial membrane while the second (231) concluded that the en­

zyme activity was recovered mainly from the microsoma1 fraction. The latter 

group also found that the highest binding activity for cyc1ic AMP was associ­

ated with the microsomes (see also II-B-4-b-dd). 

The finding of Ney et al. may be of great endocrinologieal importance. 

They first described in 1969 the abnormal regulation of cyclic AMP in adreno­

cortical carcinoma (190). ACTH failed to inerease eyelic AMP and cortieoste­

rone formations in glands ~ v~vo or in sliees ~n v~o unless the tissue was 
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homogenized and the exogenous ATP added. In 1971, they reported an abnorma1 

responsiveness of adenyl cyc1ase from cancerous adrena1 tissue to vario~s 

hormones (236). It is known that normal adeny1 cyc1ase of the adrena1 cortex 

responds to ACTH on1y. In the enzyme preparation from cancerous tissue, cy­

clic AMP formation was unexpected1y increased by epinephrine, norepinephrine 

and thyroid-stimu1ating hormone. This 10ss of specificity of adeny1 cyc1ase 

1eads to the speculation that the so-ca11ed "autonomous" secretion of endo­

crine tumors may in fact be due t~ an abnorma1 stimulation by agents usua11y 

inactive in a given gland, regard1ess of the feedback suppression of the ap­

propriate trophic hormone by the secretion of the tumor. 

A few in v~o studies on phosphodiesterase activity in adrena1 tissue 

permit some speculation about the possibi1ity of effects of pharmaco10gica1 

agents on thi8 enzyme. In these studies (164, 95), the steroidogenic effect 

of both ACTH and cyclic AMP was inhibited by imidazo1e and ch10rpromazine. 

Imidazo1e was shown to be an activator of the phosphodiesterase (43) whi1e 

chlorpromazine inhibited the rise of cyc1ic AMP in other tissues such as 

brain (195). 

bb- =ÉÉ~~~_of_=~2a=~2~~_SlS!!S_~_~~~_~~S!=2~!~=_~2=~!É!~!E~ 

The effect of the addition of cyc1ic AMP was studied in various prepara­

tions. The superfusion technique was used by Schu1ster et al. (239), ce11 

suspension by Sayers et al. (232) and Rivkin et al. (217), monolayer cultures 

by Kowa1 (132), adrenal slices by Bieck et al. (15) and simple quarters of 

glands by Mahaffee and Ney (169). In al1 of these preparations the addition 

of cyc1ic AMP or of ACTH stimu1ated the steroidogenesis. 

Nucleotide specificity was repeatedly confirmed in these experiments. 

In addition to adenosine cyc1ic monophosphate, uridine, cytidine, guanosine 
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and inosine cyc1ic monophosphates were found to stimu1ate ln vltno the pro-

duction of corticosterone in rat adrena1 (169). A simi1ar conclusion was made 

by Bieck and Rivkin (15, 217). TIle most effective cyc1ic nuc1eotides other 

than adenosine were those with inosine and guanine bases. The importance of 

this finding remains to be estab1ished since on1y cyc1ic AMP and GMP were found 

to be wide1y distributed ln vlvo (98). Rivkin et al. demonstrated that the 

most active nuc1eotide is a dibutyry1 derivative of cyc1ic AMP and that a11 

cyc1ic nuc1eotides showed synergism in presence of 5.0 mM theophy11ine. Theo-

phy11ine enhanced the activity of cyc1ic AMP probab1y by phosphodiesterase in-

hibition, whi1e it 10wered the activity of ACTH possib1y by inhibiting the ade-

ny1 cyc1ase (232). 

cc- site of action --------------

We have a1ready discussed the ubiquity of adeny1 cyc1ase within the mem-

brane Qf adrenocortica1 ce11. The fol10wing question may be asked: which 

step of steroidogenesis is main1y dependent on cyc1ic AMP mediation since the 

predilection of specific hydroxy1ations to particular ce11 organe1s is wel1 

known (19) ? 

It is more probable that cyc1ic AMP is invo1ved in themediation of ACTH 

action in the c1eavage of the cholesterol side chain (121). The hydroxy1ation 

of cholesterol to 20-hydroxycho1estero1 and then to 20a, 22-dihydroxycho1es-

tero1 are the first steps in the biosynthesis of pregneno10ne .and are rate-

1imiting reactions in ad~ena1 steroidogenesis (130). In the study of Cohen 

and MOriwaki on the adrena1 desmolase system (46), cyc1ic AMP added to the 

incubation medium of guinea pig adrena1s produced a three-fo1d stimulation of 

the overa11 synthesis of corticoids. The inhibition of steroidogenesis with 
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aminog1utethimide (thought to be a competitive inhibitor of 20-hydroxy1ation) 

could not however be overcome by addition of cyc1ic AMP. This 1ed the authors 

to the conclusion that cyc1ic AMP does not influence the cholesterol transfor­

mation into pregneno1one beyond ; 20-hydroxy1ation. Using the mono1ayer cul­

ture of ACTH-responsive ce11s, Kowa1 augmented the maximum steroidogenic out­

put, in response to pro1onged incubation with ACTH and cyc1ic AMP (132). Pro­

longed incubation was associated with a progressive increase in 11S-hydroxy­

lation of endogenous1y produced steroids. In Kowa1',:s study, cyc1ic AMP did 

not stimu1ate 3S- or 20a-hydroxysteroid dehydrogenases. The author conc1uded 

that the action of cyc1ic AMP increased mitochondria1 enzyme activities (llS­

hydroxy1ase) whereas it had no effect on microsoma1 enzymes (3S- or 20a-hydro­

xysteroid-dehydrogenase). 

Two important observations, the first in rat adrena1 and the second in 

mouse ovary, brought evidence that cyclic AMP enhances the conversion of cho­

lesterol into pregnenolone, and at the same time inhibits the conversion of 

pregneno10ne into progesterone (257, lJ8). This inhibitory activity was ob­

served in both microsomal and mitochondrial fractions. When ~5~3S-hydroxy­

steroid dehydrogenase and ~5-3-ketosteroid isomerase were studied individually, 

it appeared that it was probably the dehydrogenase which was a rate-limiting 

step. The inhibitory effect of cyclic AMP on the conversion of pregnenolone 

to progesterone in adrenal subcellular preparations was also primarily related 

to the action on the dehydrogenase. Another observation of some preferentia1 

pathways in adrenal steroidogenesis came from the relatively early work of 

Péron (205). He showed that ACTH and cyclic ~ stimulate to the same extent 

the l8-hydroxydesoxycorticosterone and corticosterone production, but that 
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the stimulation of a1dosterone production due to ACTH exceeds that induced 

by cyc1ic AMP. These reports le ad to the speculation that some interna1 

regu1ation of different steroid pathways are therefore possible by the in-

tervention of cyc1ic AMP. 

dd- mode of action --------------

Many conf1icting reports invo1ving glucose metabo1ism in the mediation 

of ACTH action by cyc1ic AMP have been pub1ished, since the time of Haynes 

hypothesis. Arsenite inhibition of pyruvate dehydrogenase and 2-deoxyg1ucose 

inhibition of glyco1ysis were used to support the idea that pyruvate produc-

tion was not on1y an important consequence of the glyco1ytic activity of cy-

clic AMP, but that the avai1abi1ity of pyruvate was a1so necessary for the 

steroidogenic activity of cyc1ic AMP (271). In a critica1 study, Bartova and 

Birmingham, using different approaehes, showed the independence of steroido-

genesis on 1actic acid production (10) sinee it was possible to vary both the 

steroidogenesis and glyco1ysis in the same or the opposite direction. The au-

thors suggest that increased glyeo1ysis, occurring as we11 ~n V~VO, may faci-

1itate the steroid secretion due to a rise in b100d f10w caused by its vasodi-

1atator effect. The importance of a specifie ro1e of phosphory1ase in cye1ic 

AMP mediated steroidogenesis was questionned by Coessens (44). In this study, 

the phosphory1ase activity was measured after ACTH injection ~n v~vo and after 

addition of ACTH or cyc1ic AMP to beef and rat adrena1s ~n v~o. The activa-

tion of steroidogenesis was not compu1sive1y accompanied by an increase in the 

phosphory1ase aetivity on one hand, and an increase in the phosphory1ase did 

not necessari1y le ad to steroidogenesis on the other hand. 
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Other workers have suggested the involvement of protein synthesis in the 

control of steroidogenesis by cyclic AMP. Ferguson was able to abolish the 

effects of ACTR and cyclic AMP with puromycin, which is known to block the 

proteosynthesis by removing t-RNA from ribosomes (72). Caution in the inter­

pretation of the data re1ating to puromycin i8 necessary as unspecific effects 

of puromycin, such as a rise of glycogenolysis, were reported (55). Burrow 

brought conflicting findings by observing a discrepancy between the effectsGf 

ACTH and cyclic AMP on proteosynthesis and steroidogenesis in human adrenals; 

ACTR enhanced proteosynthesis but cyclic AMP did not (31). Rowever, it must 

be pointed out that the author worked first with tissue which was already 

hyperplastic (provided from a patient with Cushing disease) and secondly, that 

he used only one concentration of cyclic AMP, which failed to stimulate the 

steroidogenesis. In contrast, Grower and Bransome were able to stimulate the 

steroid biosynthesis in cultures of adrenocortica1 tumor cells with ACTR and 

cyclic AMP within 15 to 60 minutes (94). The stimulation of steroid biosyn­

thesis preceeded any significant increase in overall protein synthesis, as 

verified by [3RJ-leucine incorporation. However, when cytosol proteins were 

fractionated by electrophoresis, rapid changes in the labelling of several 

protein fractions were evident in 1ess than 30 minutes and no longer evident 

after 60 minutes. This finding supports the possibility of an involvement of 

a special protein in induction of ACTR and cyclic AMP regulated steroidogene­

sis. 

Recently, it was demonstrated that the presence of an enzyme, the protein 

kinaSe (EC 2.7.1.37), was necessary for the action of cyclic AMP upon many 

intracellular regulatory systems. This enzyme was isolated from many;:tf.issues 

including the adrena1 cortex (146, 85). Gill et al. were able to dissociate 

1 
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this protein into two subunits one being the receptor and the other the gener-

ator (86). The cyc1ic AMP receptor functions as a repressor of the protein 

kinase; binding of cyc1ic AMP to the receptor causes it to dissociate from 

the generating part of kinase which is then fu11y activated. This generat-

ing subunit of activated protein kinase is able to transfer the gamma phospha-

te from ATP to the substrate. The major substrates in the adrena1 seem to be 

histones (145) and ribosomes (278). Histone phosphory1ation may 1ead to DNA 

derepression (151) whi1e ribosome phosphory1ation may influence the m-RNA 

translation process (278). On the basis of the investigations cited in this 

chapter, a schema has been drawn on the transmission of ACTH informatory effect 

upon adrenocortica1 ce11 (fig. 1). 

5 - OTHER HORMONES 

The cardiovascu1ar effects of catecholamines (discussed in part II-B-2-b) 

and of glucagon were demonstrated in simi1ar type of studies. G1ucagon has 

been shown to produce a positive inotropic effect on normal heart in anima1s 

inc1uding man (196). This activity is thought to be mediated by an adeny1 

cyc1ase-cyc1ic AMP system. Entman et al. showed that cyclic AMP, in the pre­

sence of ATP and Mg++, caused an increase in the rate of accumulation of Ca++ 

in the microsoma1 fraction of canine myocardium (63). This fraction, consist-

ing primari1y of sarcoplasmic reticu1um was shown by the same authors to con-

tain adeny1 cyc1ase activity. ++ Glucagon stimu1ated the Ca accumulation in 

a similar manner, but required a longer period than cyclic AMP. This obser-

vat ion fits well into the hypothesis that glucagon must first increase the 

intracel1u1ar 1eve1 of cyclic AMP before the physiological resu1t becomes ap-
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parent. The same group (159) measured recently changes in the adenyl cyclase 

reactivity to glucagon occurring in heart failure. Increases of adenyl cycla­

se activity by glucagon in various tissue preparations from normal cats, were 

as follows: 80% in the left ventricle, 57% in the right ventricle, and 500% 

in the liver.When tissues from cats with chronic right ventrieular failure Were 

studied, the activation of liver adenyl cyclase was identieal but no activa­

tion was caused by glucagon in the right or the left ventricles. This obser­

vation may be of importance in the search for physiopathologieal mechanism of 

heart failure. 

b - E~~e.ct o~ thyll.old hOJunone. on the. heaJLt 

Levey and Epstein demonstrated the stimulating effects of L-thyroxine and 

L-triiodothyronine on myoeardial adenyl eyelase (158). In their preparation 

of adenyl cyclase, propranolol abolished the activation of the enzyme induced 

by norepinephrine, but it failed to alter the activation caused by thyroxine. 

This observation suggests the presence of at least two adenyl cyclases in 

heart muscle, one sensitive to norepinephrine and glucagon, and the other, to 

thyroid hormone. The hyperdynamic circulatory state of hyperthyroidism, cha-­

racterized by high cardiac output and tachycardia, was for a long time attri­

buted to the increased sensitivity of the heart towards catecholamines (274). 

Several recent observations do not support this hypothesis (156). First, Levey 

failed to demonstrate any difference in norepinephrine stimulation of adenyl 

cyclase in the preparation of papillary muscle obtained from euthyroid and 

hyperthyroid animals (160). Secondly, Klein showed that reserpine do es not 

alter adenyl cyclase activation induced by thyroid hormone in spi te of a be­

neficial circulatory effect of this drug in hyperthyroid patients (128). And 
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finally, unaltered levels of cyclic AMP have been demonstrated in hearts from 

hyperthyroid rats (179). Therefore, the observed increase in adrenergic ac­

tivity in hyperthyroidism must be secondary to a mechanism other than altered 
receptor sensitivity. 

The permissive action of corticosteroids for catecholamine activity has 

been weIl established (212). In the absence of these steroids, the threshold 

for epinephrine and norepinephrine action is raised for every area of their 

effect. On the other hand, the toxic response to the catecholamines is en­

hanced in corticoadrenal insufficiency. The pretreatment of patients with 

ACTH or cortisone results in an increase in pressor response to infused nore­

pinephrine (212). 

In trying to elucidate the mode of action of the permissive and interre­

gulating effects of corticosteroids and catecholamines, the system of the 

second messenger was taken into consideration. Th~ interaction on this level 

is highly complex and rather opposite effects were observed. Ro~ison et al. 

found that liver fram adrenalectomized rats reacted to epinephrine with a 

greater than normal response in the levèlof cyclic AMP and the administration 

of glucocorticoid suppressed the cyclic AMP response to epinephrine (221). 

Another example of reduced response of cyclic AMP to catecholamine stimulation 

came from the work of Weiss and Cray ton (282). The administration of estradiol 

or the endogenous variations of estrogens during proestrus reduced by more than 
80% the activation of rat pineal adenyl cyclase to norepinephrine with a lesser 

effect on base-line activity of adenyl cyclase. 

J 
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An increase in the activity of the second messenger system by glucocorti-

coids has been evoked in both metabo1ic and contractile cardiac functions 

(106). Exton et al., in their study on the permissive action of glucocorti-

coids on glycogeno1ysis, came to the conclusion that the impaired effect of 

epinephrine in adrena1ectomized rats is not due to a defect in the activity 

of adenyl cyclase (68). Since the glycogenolytic response to low concentra-

tions of cyclic AMP was also impaired, it was postulated that the defect was 

beyond the formation of cyclic AMP. An attractive explanation was suggested 

by the work of Senft et al. (241) who observed that an increase in phospho-

diesterase activity lead to an acceleration of cyclic AMP destruction in the 

1iver, the muscle and the kidney of adrenalectomized rats. Glucocorticoids 

decreased phosphodiesterase activity in both ~n v~ and ~n v~vo. In the 

latter experiment this effect may be attributed to a decreased synthesis of 

the enzyme. 

It seems that the effect of steroids may be regulated by catecholamines 

in a way similar to that in which the effects of catecholamines are or may 

be modulated by steroid hormones. Szego and Davis found that the S-adrenergic 

blocking agents precluded the cyclic AMP increase secondary to the administra-

tion of estrogens (262). 

In summary, the interaction between steroids and catecholamines may be 

situated on the level of cyclic AMP formation and/or metabolism, depending 

on the tissue, the animal and the function which is studied. Unfortunately, 

we were unable to find any literature on the involvement of cyclic AMP in 

steroids and vasoactive amines interaction on vascular smooth muscle reac-

tivity. 
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6 - PROSTAGLANDINS 

This group of twenty-carbon fatty acids was shown to be ubiquitous and 

possessing a variety of pharmaco1ogica1 activities. They are not hormones 

in the sense of an endocrine gland-target organ system, but they appear to 

serve as local controllers of cellular function (32). Prostag1andins can 

interact with b10cking agents and agonists, potentia1ize or inhibit smooth 

muscle contraction and antagonize or mimic the action of hormones. They 

have important implications in the control of the reproductive or nervous-sys­

tems and are intimately re1ated to the regu1ation of lipid and carbohydrate 

metabolism (13). In severa1 instances, it was reported that their action 

involved changes in the level of cyc1ic AMP. The first demonstrated effect, 

linked with lipolysis, was the fa11 of the leve1 of cyc1ic AMP in adipocytes 

(32). But the most common effect of prostag1andins is to increase the level 

of cyclic AMP in platelets, thyroid, ovary, heart and kidney medullary tissues 

(32) • 

a - 1 nteJLa.dion wUh c.a.te.c.hoi.artU.nu 

Prostag1andins of the E and F series, app1ied in subthresho1d amounts to 

a variety of smooth muscles, decreased the effect of catecholamines. On the 

other hand, the S-blocking agent, proprano101, prevented the miosis induced 

by PGEI in rabbits (13). In a study of venoconstrictor response, Kadowitz 

observed that the infusion of PGF2a enhanced marked1y the responses of the 

saphenous vein to sympathetic nerve stimulation or injected norepinephrine 

(115). Wennmalm and Hedqvist found, in iso1ated rabbit hearts, that PGEI 

counteracted the i,notropic response as we11 as the outf1ow of norepinephrine 

fol1owing sympathetic nerve stimulation (283). The response to infusion of 
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exogenous norepinephrine was affected by PGEI only slightly and inconsis-

tently. These workers concluded that PGEI in low concentrations interferes 

with the function of the sympathetic neuromuscular system of rabbit heart. 

The additive effect of PGE I and S-adrenergic activation has been demon-

strated on a particulate adenyl cyclase preparation from rabbit ciliary pro-

cess tissue where PGEI and a-adrenergic effects appeared to be antagonistic 

(273). 

Siggins et al. studied interactions between norepinephrine, cyclic AMP 

and prostaglandins on rat cerebellar Purkinje ce Ils using the microiontopho­

retic method (247). The depression of the firing rate of single Purkinje ce Ils 

produced by norepinephrine was mimicked by cyclic AMP and the effect was pot en­

tialized by methyl-xanthines. The iontophoresis of prostaglandins El and E2 

(but not FI , F2 ) known to reduce cyclic AMP in peripheral neuro-effector sys­a a 

tem, blocked the action of iontophoretically applied nor~pinephrine in rat ce-

rebellum. These two agents were unable to antagonize the inhibitory effect of 

cyclic AMP. The authors suggested that PGEI and PGE2 may act as modulators 

of adrenergic transmission by an effect on adenyl cyclase activity. 

b - Involvement ~n blood p~e6~~e ~egutation 

The activity of prostaglandins on blood pressure may be a combination of 

their multiple metabolic effects. A few years ago, Strong et al. purified a 

vasodepressor lipid from renal medullary tissue and presented the evidence of 

identity between this lipid and PGEI (255). In a later study, the same worker 

described the effect of prostaglandins El, E2, Al and Fla on isolated vascular 

smooth muscle (254). The isolated aortic and coronary smooth muscle contrac-

ted in response to these prostaglandins while the smooth muscle of small ar-
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teries from other sites showed a biphasic dose-response relationship. These 

small arteries became relaxed by prostaglandins in low concentration and con­

tracted further with prostaglandins in higher concentration. Since usually 

only low concentrations are obtained in ~n v~vo conditions, the relaxation 

of small blood vessels may be the right explanation for the ~n v~vo observed 

vasodilatator effect of prostaglandins. 

Prostaglandin El can also influence steroid secretion. Prostaglandins and 

cyclic AMP duplicated the ACTH effect by increasing steroidogenesis ~n v~o 

as weIl as ~n v~vo in rats (73). In sodium depleted sheep, Blair-West et al. 

observed a significant fal! of aldosterone secretion rate and an insignificant 

increase in cortisol and corticosterone secretion rates by PGEl. In addition 

Kuehl et al. observed the stimulatory effect of prostaglandins on LH dependent 

steroidogenesis in mouse ovary by establishing a dose-response relationship 

between prostaglandins and the formation of cyclic AMP (140). Kinetic studies 

permitted the same authors to suggest that there is a single luteinizing­

hormone-related prostaglandin receptor in mouse ovaries. The activation of 

this prostaglandin receptor is an essential requirement in the action of LB 

to stimulate the formation of cyclic AMP and steroidogenesis. 

The first human study with prostaglandins was performed in 1959 by Berg­

strom et al. (13). A short infusion of PGE (0.02 to 0.7 ~g/kg/min.) produced 

tachycardia, moderate hypotension and decreased cardiac output. Recently, 

several infusion studies were performed by the group of Lee (154). In their 

latest report, PGAl was infused intravenously for one hour to six patients 

with fixed diastolic essential hypertension. Low infusion rates (0.1 to 2.1 

~g/kg/min.) were not associated with any change in blood pressure, but resul­

ted in a significant increase in effective renal plasma flow, glomerular fil-
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tration rate, urinary flow and sodium and potassium excretion. However, at 

higher infusion rates (2.1 to 11.2 ~g/kg/min.), the blood pressure fell from 

a mean control of 200/112 mmHg to 140/85 mmHg and the previously increased 

parameters of the renal function were reduced to the preinfusion level. 

Therefore, the normotension induced by PGAI in hypertensive patients was as-

sociated with normal renal blood flow and normal sodium excretion. This ex-

tremely interesting observation was unfortunately performed on patients only, 

without a control experiment in normal subjects. Lee cited a personal commu-

nication from Dr Patel who observed that in normotensive subjects low infusion 

rate (1 ~g/kg/min.) of PGAI did not cause any change in blood pressure, uri-

nary output or sodium excretion. Finally, patients in the study of Lee recei­

R ved diazepam (Valium ) 5 to 10 mg intramusculary 15 minutes before the study 

began and there is an evidence in the literature that many centrally acting 

drugs affect the concentration of cyclic AMP in the brain (203, 195). There-

fore, the modulation of the action of prostaglandins may be to some extent in-

fluenced by a premedication. 

7 - ELECTROLYTES 

a - C~on ~nvolvement ~n ~mooth mU6cte ~o~ction 

In 1954, Tobian and Binion reported an increase in sodium and potassium 

content and a decrease in the magnesium content in the aortic wall of hyper-

tensive rats (268). Since 1954, there have been many reports on the involve-

ment of electrolytes in the contraction of vascular smooth muscle in vessels 

of normal and hypertensive animals (250, 251). Friedman proposed the theory 

that peripheral vascular resistance depends upon the sodium transfer system 

(77). The contractile response to physiological vasoconstrictor agents is 

l 
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characterized by a shift of sodium into, and of potassium out of, the "cellu­

lar" phase of the arterial tissue (123). More recent and detailed studies 

of Friedman and Friedman provide evidence implicating the ion-exchange capa­

city of the matrix in the genesis of s sustained increase in peripheral vas­

cular resistance (78). 

probably aIl significant physiological changes in vascular reactivity 

are accompanied by an alteration in the concentration of the calcium ion in 

the environment of the myofilament (123). We have already discussed the rela­

tionship between the accumulation of calcium in smooth muscle and the activa- .. 

tion of adenyl cyclase by norepinephrine, as was reported by Epstein et al. 

(66). Seidel and Bohr showed the existence of a relationship between nore­

pinephrine-induced contraction and reduced calcium efflux, as weIl as between 

isoproterenol-induced relaxation and decreased calcium influx (240). 

It was shown that the chemical changes present in hypertensive vascular 

smooth muqcle are similar, regardless of the cause of the hypertension (18). 

These changes were taken into account in the study of Bohr and Sitrin for the 

explanation of increased excitability to norepinephrine, KCl and CaC12 in vas­

cular muscle from hypertensive animaIs. 

Somlyo et al. showed that the potassium-dependent S-adrenergic hyperpola­

rization may be mediated by cyclic AMP (249). In théir study, db-cyclic AMP 

and theophylline were able to hyperpolarize the smooth muscle of rabbit pulmo­

nary artery, only in the presence of a low potassium concentration. This de­

pendence of activity on low potassium concentration was similar for cyclic AMP 

and isoproterenol. 

Disturbances of vascular reactivity to angiotensin infusion were observed 

in different pathological stages, such as hyper- and hypoaldosteronism, cyclic 
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edema and hypertension, aIl re1ated to a1teration of sodium homeostasis 

(138, 139, 120). Heistad et al. studied the infiliuence of sodium concen­

tration on vascular reactivity ~n v~vo in man (104). The vasoconstrictor 

response of norepinephrine and angiotensin was reduced at low and increased 

at high intravascu1ar sodium concentration. The reflex vasoconstriction, 

activated by 10wer body negative pressure, was simi1arly affected by changes 

in sodium concentration. 

b - r ntake and exCJLe.ilo nOn c.a.:tio n6 

Many authors have studied the relationship between disturbances in so­

dium metabolism in human or experimenta1 hypertension. Genest summarized 

these as follows (83): 

,. Glteatcvr. and malte Jta.p~d ltejec;Uon on ~att .e.oad6. B.e.oc.kage on thM en6ec.t 

by pltopll.a.no.e.o.e.. 

2. Hlghcvr. ~nddenc.e on hypeJLten6~on ~n popui.a.:Uon wUh Mgh ~a.U bltake. 

3. rnCJLe~ed aJt:teJtA..al. ~o~um c.ontent ~n v~ou6 typu 06 hypeJt;ten6~ve ~:ta;tu 

and pltec.eecUng the ltUe on b.e.ood pJtu~wr.e ~n VOCA hypeJt;ten6~on. 

4. A~ypeJLten6~ve e66ec..ti.venu~ 06: 

(al Sevcvr.e .60~um ltu;tJUc.ti.on (Olt Jüc.e-6ltuU ~etl ~n 30 ta 50% 06 

pa.:Uent6 wUh u~enti..a.e. hypeJtten6~on. 

( b 1 Na.tJUwr.e.ilc. ag ent.6 and ~ pM.ono.ea.do ne. 

5. Na:tJUwr.e.ilc. en6ect6 06 ang.i.oten6~n dUpUe al.do~teJtone ~:ti.mui.a;ti.on. 

6. Poten:Ua.:Uon 06 hypeJt;ten6~ve e66ect6 06 .6teJl.O~d6 by a~~.:tJta.t,i.on 06 

.60~um. 

7. Pltoduc..ti.on 06 hypeJt;ten6~on ~n ~a.U-.6en6-i;Uve ~;tJuUn 06 1ta.:t6 Olt by Mgh 

~ aU ~ntake ~n human6. 
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8. Pneventlon 06 toxemLa 06 pnegnaney by low ~odlum ~nta~e and/on thiaz~de 

dJtug.6. 

9. Pnu.6on nupon.6e to eno.6.6-:tJr.a.n.66U6~On 06 blood 6nom a nenal hypeMen.6~ve 

nabbU to a Mgh .6 aU- 6ed nabbU. 

In another study, the restriction of sodium intake lowered norepinephrine 

and sodium contents in a11 vascu1ar tissues, with the exception of the rena1 

artery that showed no change (100). The major sodium regu1ating hormone,-

a1dosterone, was shown to have a decreased metabo1ic clearance rate in pa~ 

tients with benign essentia1 hypertension (191). This fact cou1d account 

for the e1evated plasma concentration of a1dosterone even when the secretion 

rate is ncrma1 or low. In section II-B-3-c, we have a1ready discussed a pos-

sib1e re1ationship between cyc1ic AMP and the action of a1dosterone. 

Thorn was first, in 1938, to suggest an effect of sex hormones on the re-

na1 excretion of e1ectro1ytes (267). The groups of Landau and subsequent1y 

Laid1aw estab1ished that progesterone can counteract by competitive inhibition 

the effects of a1dosterone whether from endogenous sources or exogenous1y ad-

ministrated (149, 150, 147). Laid1aw demonstrated that the natriuretic effect 

of progesterone may be present on1y initia11y since after a period of time, 

progesterone administration promotes a rise in a1dosterone excretion and se-

cretion rates in young normal subjects (147). 

Renal regu1ation of water excretion, inc1uding both control of urine con-

centration and dilution by the action of ADH, are we11 estab1ished (127, 108). 

The activity of ADH is mediated through adeny1 cyc1ase-cyc1ic AMP system (194, 

113, 12) as we11 as the natriuretic effect of vasopressin (171, 183). In ad~ 

dition, Hand1er et al. and Wat1ington (96, 276) studied the action of adrener-

gic agents on the effect of ADH. The former group observed that the water per-
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meability response to toad urinary bladder to ADH was inhibited by catechola-

mines without however inhibiting the response to cyclic AMP. This inhibitory 

effect was counteracted by a-blocking agent but not by S-blocking agent. From 

the study of Watlington it was concluded that the inhibitory effect of a-adre-

nergic stimulation on the ADH mediated sodium transport is due to a decreased 

formation of cyclic AMP. Gill and Casper demonstrated in dogs that the S-adre-

nergic stimulation by isoproterenol depressed the proximal tubular sodium reab-

sorption, possibly through mediation of the adenyl cyclase system (87). 

The excretion of calcium after sodium-load was enhanced in hypertensive 

subjects in the study of Ackerman (2). The regulation of calcium excretion by 

parathormone is also mediated through cyclic AMP (39, 7). In relation to the 

effect of parathormone and.ADH on adenyl oyclase in' the 'l~idriey, it is important 

to nOte that the parathormone has a striking effect in the cortical preparation 

while vasopressin produces a similar effect in the medullary preparation (38). 

c - CatiOn6 and metabo~m 06 cyctic AMP 

The efflux of potassium ions is the first event observed in response to 

epinephrine,glucagqn or cyclic AMP in the liver; it comes even before the lib-

eration of glucose (50). This interesting finding was never elucidated (221). 

The increase in potassium/sodium ratio was shown to stimu1ate the effects of 

1uteinizing hormone and of cyclic AMP on progesterone synthesis in corpus luteum 

of rat (105). 

Bivalent cations are of importance for the metabolism of cyc1ic AMP. The 

magnesium or manganese cations are required for the transformation of ATP to 

cyclic AMP by adenyl cycla~e (211). The effect of calcium ion on adenyl cyclase 

activity is more complexe +t In the cardiac tissue, the remova1 of Ca from in-
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cubation media caused a significant elevation in cyclic AMP and an excess of 

Ca ++ decreased the cencentration of the cyclic nucleotide (189). The inhib­

++ itory effect of Ca on adenyl cyclase may be explained by a competition with 

Mg++, however a possible effect on phosphodiesterase must also be considered 

(see below). ++ In the adipose cells, the presence of Ca is required for the 

formation of cyclic AMP and lipolytic effects of ACTH and of a-lipolytic hor-

mone (144, 165). On the contrary, the effect of norepinephrine was independent 

++ of Ca and the presence of this cation lowered somewhat the basal activity of 

adenyl cyclase (144). Carchman et al. observed that in perfused adrenals, the 

++ presence of Ca in the medium was required for the steroidogenesis but not for 

the formation D~ cyclic AMP (35), the production of which was even ehhanced in 

the absence of calcium in perfusion medium. 

Cyclic AMP hydrolysis by phosphodiesterase is highly dependent on the ionic 

environment. A partially purified preparation of brain phosphodiesterase con-

++ ++ ++ tained Ca and Zn (41, 42). The enzyme activity was stimulated by Mg; and 

++ ++ ++ ++ ++ Cu ,whereas Ca ,Mn ,Co and Zn were stimulatory at low concentrations 

and inhlbitory at high concentrations. EDTA exerted a 50% inhibition of phos-

phodiesterase at a concentration of 7 ~M which was completely abolished by ma-

gnesium. 

Rasmussen advanced the hypothesis that the activation of adenyl cyclase, 

leading to the formation of cyclic AMP and the activation of protein kinase, 

consequently stimulates a membrane bound system (214). The role of this system 

is to increase the influx of calcium into the cell. The author -ascribes to ' 

the mobilization of calcium the responsibility for the major part of intracel-

lular, hormonally regulated events such as the action of parathormone, the se-

cretory mechanisms, and the release of synaptic transmitters. 
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The involvement of cyclic AMP, in some responses of hormones participat-

ing in the regulation of blood pressure, is summarized in table 1. 

C - IN VIVO STUDY OF CYCLIC AMP 

1 - METABOLIC STUDIES 

Cyclic AMP was first isolated from human urine by Butcher and Sutherland 

in 1962 (33). More recently, many authors, using different techniques, have 

been able to measure cyclic AMP in human urine with similar results (refer 

to table 2). It has been established by Priee et al. that the only organo-

phosphorus compounds present in the non-lipid fraction of rat urine are cy-

clic AMP and cyclic GMP (209). Cyclic GMP represented about 30% of (32 p) in 

this study involving the incorporation of phosphorus. 

In the study of Chase and Aurbach, the injection of parathyroid hormone 

drastically increased the excretion of cyclic AMP in the urine of rat and 

man (37). The excretion of injected radioactive cyclic AMP was unaffected by 

parathormone while the kidney adenyl cyclase was activated by this hormone. 

These two facts led the authors to the conclusion that urinary cyclic AMP ori-

ginates from the kidneys (38). They attributed to parathormone the major con-

trolling activity of cyclic AMP excretion, based on the observation of the sup­

++ pression of cyclic AMP excretion by the infusion of Ca • It was later dem-

onstrated by the same authors that only a fraction of the total cyclic AMP ex-

creted in human subjects is controlled by the parathormone (39). The inhibi-

tion of parathormone secretion, by calcium infusion into man, caused only a 

slight fall in urinary excretion of cyclic AMP. Broadus et al. measured con-

comitantly the urinary excretion and the plasmatic level of cyclic AMr and the 

inulin clearance in man (23). They established that between one half to two 



HORMONE 

Catecholamines 
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Angiotensin 

Aldosterone 

ACTH 

G1ucagon 

Prostag1andins 
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TABLE 1 

Involvemen:t 06 c.ycLic. AMP .in .6ome JLUpOnlle6 

06 hOJLmone.6 JLegul.aUng blood pJLe6.6U1l.e 

RESPONSE EFFECT ON 
~ CONTENT 

Positive inotropic response + (heart) 
++ + Ca ac.cumu1ation in sarcosp1amic 

reticu1um (heart) 

Smooth muscle contraction (aorta) t + 1 

+ Ce11 po1arization {nervous tissuel 

Renin re1ease (kidney tissue) ? • 
Smooth muscle contraction (aorta) t 
Steroidogenesis (adrena1 cortex) ? • 
S~dium transport (kidney tubule) ? • 
Steroidogenesis (adrena1 cortex) + 
Renin re1easè (kidney tissue) ? 

• 
Positive 'inotropic response + (heart) i 

++ .. Ca accumu1atio~ in sarcosp1asmid + reticu1um (heart) 

Diminution of catecholamine effect t (smooth muscle, heart) 

Steroidogenesis t 
----
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TABLE 2 

f:JOlU1lat pla6ma. a.nd uJUncvr.y levd 06 c.ycU.e AMP 

AUTHOR SPECIES PLASMA nM URINE 

]lM ]lmol/rftty 
_. -. .. . . --- "---- --

Buteher and Sutherland (1962) Man 2-7 
* Priee et al. (1967) Rat 0.050-0.058 

Aurbaeh et al. (1970) Man 1.4-6.0 

Davis et al. (1969) Man 4.4;6.5 

Go1dberg et al. (1969) Man 2.3;3.4 

Hardman etaI. (1969) Rat 0.059-0.066* 

Kaminsky et al. (1969) Man 10-20 

Johnson et al. (1970) Man 0.52-0.66 

Taylor et al. (1970) Man 3.54;0.17 

Broadus et al. (1970) Man 12.5-24.8 3.7-7.2 

Kaminsky et al. (1970) Man 12-25 

Present .study . (1972) . Man. 

* per 100mg of body weight 

]lmol/g 06 
CJtea..:U.u.ne 

~.4-5.4 

1.6-3.1 

1.5-5 

1.1-5.5 

~ 
w 

-' 
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thirds of cyclic AMP excreted in the urine is derived from the plasma by glo­

merular filtration, the remainder being produced by the kidney itself. The 

renal production of cyclic AMP is partly under the control of parathormone. 

Renal production can be suppressed by the infusion of calcium and stimu1ated 

by the infusion of EDTA, a caléium-che1ating agent (118). 

There are conflicting results concerning the effect of ADH on cyclic AMP 

excretion. An increase in cyclic AMP excretion upon ADH infusion was repgrted 

by Davis (51) and Taylor (263), however no change was observed by Chase (39) 

and Kaminsky (117). Another hormone having a pronounced effect on cyclic AMP 

is glucagon. Its injection into rat (97) and human (24) produced a several­

fold increase in plasmatic level and urinary excretion. Administration of epi­

nephrine had a similar although less marked effect. Kaminsky et al. demonstra­

ted an increase of plasma level of cyc1ic AMP by S-stimulation with isoprote­

renol (116). In contrast, a-stimulation was characterized by a rise of plas­

matie cyclic GMP. These workers noted that the S-adrenergic stimulation seemed 

to diminish the nephrogenous cyclic AMP. It means that the actually observed 

increase in cyclic AMP in urine was less than calculated from plasma cyclic AMP 

and inulin clearance. 

Hardman et al. demonstrated in rat that the urinary excretion of cyclic GMP 

is more dependent on the presence of hypophysis than that of cyclic AMP (97). 

The lowering effect of hypophysectomy on the urinary excretion of cyclic nucle­

otides was reversed by hydrocortisone in the case of cyclic AMP, but its combi­

nation with thyroxine was necessary in the case of cyclic GMP. In addition, 

the adrenalectomy decreased only cyclic GMP and thyroparathyroidectomy only cy­

clic AMP excretions. Taylor observed an increase in cyclic AMP excretion at 

the time of ovulation and also during normal pregnancy in human (263). 
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Reports concerning disturbances in cyclic AMP in pathology of the human 

central nervous system were introduced by the findings of Abdulla et al. (1), 

who reported a decrease of cyclic AMP excretion in depressive states and its 

increase in mania. These findings have been contested by some workers (222), 

and seem to be confirmed by others (213, 200, 201). 

In 1970, Broadus et al. performed an extensive study on kinetic parameters 

and renal clearances of cyclic AMP and cyclic GMP in man, using tritium-labelled 

cyclic nucleotides (23). Both cyclic nucleotides were cleared from plasma by 

glomerular filtration. The kidney contributed by about one-third to the total 

amount of the cyclic AMP excreted, while plasma was the only source of cyclic 

GMP excreted. Plasma production rates were also established. Approximately 

85% of the elimination of the cyclic nucleotides was due to the extra-renal 

clearance. 

2 - EFFECT OF EXOGENOUS CYCLIC AMP 

The hormone-like effect of exogenously administrated cyclic AMP is required 

to fulfill one of Sutherland's criteria for acceptance of cyclic AMP mediation 

of hormone action (261). In 1962, Posternak first demonstrated the hyperglyce­

mie effect of exogenously administered db-cyclic AMP in dog (221). 

Cyclic AMP is relatively inert substance when applied to intact cells or 

when injected into intact animaIs (221). Pharmacological doses must be used 

for the demonstration of its activity. Two reasons have been enunciated, one 

is the difficulty of passage of cyclic AMP into the ce Il and the other, its 

rapid destruction by ubiquitous phosphodiesterase. The re~atively high activ­

ity of this cyclic !MF catabolizing enzyme was also observed in plasma by -: . 

Patterson et al. (199). C,tlic ~1œ destruetien in ~lasma, œ~lain3 probably 
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in part a frequent adenosine-like effect of exogenously administered cyclic 

AMP. The preparation of analog and derivatives of cyc1ic AMP, main1y of mono­

and dibutyryl (N6 and 021
-) derivatives, was under"taken in 0rder to solve:" the 

above mentioned problems (69). B1echer demonstrated that the presence of 

substituent groups in N6 and 021 positions of cyclic AMP hinder sterica1ly 

the effect of cyclic nuc1eotide phosphodiesterase (17). 

Dibutyryl derivative of cyclic AMP was used also in human study by Levine 

(163). He demonstrated the chronotropic and hyperglycemic effects in human 

volunteers by intravenous administration of 0.3 to 0.5 mg/kg/min. of db-cyclic 

AMP. In another study by the same author, the administration of the parent 

compound required much" larger doses to demonstrate the activity and was ac­

companied by many side effects (161, 162). 

D - QUANTITATIVE DETERMINATION OF CYCLIC AMP 

The first assay for the determination of minute amounts of cyclic AMP 

present in biological tissues and fluids was described in 1958, two years af­

ter the discovery of the nucleotide by RaIl and Sutherland (210). This assay 

is based upon the ability of cyclic AMP to accelerate the conversion rate of 

the inactive liver phosphorylase to its active forme The procedure requires 

preparation of inactiv~ liver phosphorylase, phosphorylase kinase, and cyc1ic 

nucleotide phosphodiesterase. This assay, with its subsequent modifications 

(221), is still used today at Vanderbilt University and elsewhere, and remains 

an excellent tool in skilled hands. However, its complexity precludes a wide­

spread utilization. Its limitation is seriously accentuated by the quantita­

tive variability of results assayed under identica1 conditions. Without ques-
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tion, the use of this assay permitted many of today classic discoveries of 

hormonal action on cyclic AMP and on metabolical fates of the nucleotide. 

Since the early sixties, a large variety tif methods for the quantitative 

determination of cyclic AMP have been developed and some of them should be 

briefly characterized. In 1964, Breckenridge proposed an assay based on a 

series of enzymatic reactions which convert first cyclic AMP to S'-AMP (by 

phosphodiesterase), then to ADP (by myokinase, using a small amount of ATP 

as a trigger), and finally to ATP (by pyruvate kinase, using the phosphoenol-

pyruvate as substrate) (21). The so-formed ATP is further estimated by means 

of NADPH generation, reflecting the original concentration of cyclic AMP. 
~ 

The same approach for the generation of ATP from cyclic AMP was adopted 

by Aurbach and Houston in 1968 (6). In their assay, the generated ATP is 

estimated by labelling of gamma phosphate of the nucleotide by enzymatic ex-

change reaction with radioactive phosphate. Details of this method are des-

cribed in part III of the present thesis. The ATP generating reaction is also 

used in the assay described by Goldberg et al. (90) and Johnson et al. (114), 

their methods differing only in the mode of ATP estimation. Brooker reported 

an assay of an enEymatic radioisotope dilution, based on specific destruction 

of cyclic AMP by cyclic nucleotide phosphodiesterase to S'-AMP and subsequent 

cobra venom induced release of phosphate from S'-AMP (27a). 

Two recent methods have received widespread attention: the radioimmuno-

assay of Steiner et al. (252) and the protein-binding method of Gilman (88). 

Both are described in detail in part III of this thesis. A comparative table 

(table 3) presents a summary of basic characteristics of some assays of cyclic 

AMP. 
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ASSAY 

RaIl-Sutherland 
(1958) (210) 

Breckenridge 
· (1964) (21) 

'* Aurbach-Houston 
(1968) (6) 

Brooker et al. 
(1968) (27a) 

· Go1dberg et al. 
· (1969) (90) 
: '* · Steiner et al. 

(1969) (252) 

Johnson et al. 
(1970) (114) 

'* Gi1man 
(1970) (88) 

Konijn 
(1970) (129) 

Ebadi 
: (1970) (58) 

· Wa1ton 
(1970) (277) 

Wastila 
(1971) (279) 

TABLE 3 

ChaJr.a.c.teJL.U:Uc..6 06 .the -f.eacUng ct6.6ay.6 60lL c.ycU...c. AMP 

PRINCIPLE RANGE OF LOWEST SAMPLE 
STANDAR9 CURVE SENSITIVITY PURIFICATION 

8 

phosphory1ase activation 1 1-30xlO- M 

enzyme conversion (and 
NADPH generation) 

enzyme conversion (and 
p 32 exchange) 

radio isotope dilution 

enzyme conversion (and 
NADPH generation) 

radioimmunoassay 

enzyme conversion (and 
1uciferase system) 

protein binding (muscle 
protein kinase) 

myxamoebe aggregation 

enzymatic conversion 
(and 1uciferase system) 

protein binding 
(adrena1 protein) 

protein kinase activa­
tion 

8 
2-24x10- M 

0.6-25xlO 
2 

M 

ten fo1d range 

_8 
1 .25-7. 5xlO M 

_9 
2-200x10 M 

9 
7.2-720x10- M 

variety of curves, 
as required. 

9 

0.01-10x10- M 

8 
5 -40x10- M 

_8 

l-7x10 M 

12 
6x10- M 

12 
20x10- M 

12 
0.01x10- M 

_12 
1-2x10 M 

_12 
0.05-0.1x10 M 

12 
10- g 

_14 
5x10 M 

12 
20x10- M 

_13 
5x10 M 

~ requireti 

required 

required 

required 

required 

t..unnecessany 

required 

unnecessary 

required 

unnecessary 

, unnecessary 

'* Used in present study. Refer to part III of this thesis. 

NOTE 

laborious preparations 

day-to-day variation 
(enzyme inhibitors?) 

fIat curve 

1ess sensitivity found 
in other 1aboratories 

antibody preparations 

special instrumenta­
tion 

sim~le and versatile 
assay 

bioassay 

10w sensitivity 

~ 
00 

-.J 



1 - CHOICE OF NORMAL SUBJECTS 

III - METHODS 

A - HUMAN STUDY 

Hea1thy vo1unteer subjects were most1y university students. Exc1uded from 

this study were subjects with history of presence of familial hypertension in 

parents or sib1ings, mental, cardiac, hepatic or rena1 diseases, as we11 as 

subjects under continuo us medication (inc1uding oral contraceptives). In a11 

subjects, complete physica1 examination revea1ed no abnorma1ity. B100d pres­

sure (three measurements in upright and recumbent positions) was a1ways be10w 

135/90 mmHg. Basic 1aboratory data-hemogram, white b100d ce11s count, creati­

nine, b100d urea nitrogen, glycemia, serum calcium, potassium and sodium, total 

proteins and cholesterol, microscopic and bacterio1ogic examination of urine 

were a1ways within normal 1imits in a11 the subjects. 

One'subject (J.P.P.) was origina11y considered as normal on the basis of 

the above criteria; it was noticed however that his mother had high b100d 

pressure in 1ate pregnancy. This subject was 1ater e1iminated frmm the group 

of norma1s, because his b100d pressure measured three times a day during the 

time of the investigation was on severa1 occasions above normal (>150/90). 

He comp1ained of anxiety and emotiona1 palpitations. His physica1 examination 

revea1ed dermographism and he was inc1uded into the group of patients with la­

bile hyperkinetic hypertension. At the time of writing this thesis (i.e. 2 1/2 

years after the initial examination), this subject has sustained high b100d 

pressure with 1eve1s ranging between 160 to 170/90 to 100 mmHg as recorded 

during month1y visits, with a pulse rate exceeding 120 beats/min. on assuming 
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upright posture. The beta-blocking therapy has been recently instituted 

R 
(Inderal , 40 mg q.i.d.) with a resulting normalization of blood pressure, 

pulse rate and subjective relief of anxiety. 

2 - GROUPING OF PATIENTS 

Patients included in this study were divided into two groups. The divi-

sion was based on subjective complaints, physical examination, renal functional 

studies, intravenous rapid sequence pyelography, isotopic renogram and scinti-

photography, and in large majority of patients, on the basis of renal arterio-

graphy. 

The first group consists of 24 patients with labile benign essential hyper-

tension. They are characterized by hyperkinetic circulation, lowering of blood 

pressure at bed rest on hospitaiization, an exaggerated pulse rate in response 

to upright posture, dermographism, dyspepsia, anomalies in blood glucose toler-

ance test, anxiety and/or depression (for a more detailed definition, refer 

part II-A-2). The second group comprises 13 patients with stable benign essen-

tial hypertension. Patients with an accelerated or malignant phase of hyper-

tension, as evaluated on the basis of blood pressure and fundi examination, and 

patients with renal artery stenosis were excluded from the present study. Fe-

male patients receiving oral contraceptives were also not studied. 

3 - PROTOCOL OF INVESTIGATION 

a - ConditlOn6 

The study involving control subjects was performed in the Clinical Research 

Institute of Montreal, while that on patients was conducted in the metabolic 

J 
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unit of Hotel-Dieu Hospital of Montreal, with the help of the same nursing 

staff in both instances. AlI subjects during the period of the study re-

ceived an identical diet, controlled by professional dietitian , containing 

135 mEq of sodium and 90 mEq of potassium per day. Smoking and beverages 

containing xanthines were forbidden for at least twelve hours prior to urine 

collection. AlI subjects adhered to a standard liquid intake consisting of: 

600 ml of liquid between 18:00 hours and midnight the evening preceeding the 

test and 125 ml per hour during the test including the breakfast liquid; this 

meal was administered before the beginning of the collection. 

b - Study on the enneet On body po~Ltlon 

This study was performed on the fourth and fifth day while on controlled 

diet. Subjects were in recumbent position after 23:00 hours since the pre-

ceeding evening. They first voided (miction discharged) at 8:30 hours in re-

cumbent position and then the urine was collected between 8:30 hours and 12:30 

hours. One day the collection was taken with the subject recumbent and at rest, 

and the other day with the subject up and walking leisurely during the entire 

four hour period with only short intervals of sitting. The sequence of posi-

tions was randomized previously for ail subjects. Urine was collected on ice 

and immediately frozen at -90oC to await the determination of cyclic AMP. 

Blood was withdrawn at 12:30 into heparinized tubes precooled to 4°C, then im-

mediately centrifuged at 8000 x g for ten minutes in the refregirated centri­

fuge. The separated plasma was transfered to vials precooled to -40oC and 

o kept at -90 C until the determination of cyclic AMP. 
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c - Study 06 the e66ec.t 06 ,uopJt.oteJLenol -i.n6U6-i.on 

This study was performed on the sixth day on the above standard diet. 

The same condition of bed rest, diet and hydration were applied as in the 

study of the effect of body positions. The infusion of isoproterenol (Isu­

R 
prel ) started after the breakfast and miction at 8:30 hours. The isoprote-

renol was added to 240 ml of 5% glucose and infused by maintaining a rate of 

20 ng/kg of body weight/min. during four hours, unless indicated differently 

(refer results). 

d - Study 06 :the e66ec.t 06 pILopltanolol a.dmLn-U.:tJta.:ti..on 

This study was performed on some subjects included in paragraph (a). The 

conditions of bed rest, standard diet and hydration were as described before. 

The experimental desig~ consisted of two periods of five days, with a study 

of the effect of body position cn the fourth and fifth, and the ninth and 

tenth days respectively. For the entire period of ten days, the subjects re-

ceived continuously either of the two medications, a placebo or a S-blocking 

agent in alternate periods. R The S-blocking agent was propranolol (Inde raI ) 

in form of pills, identical in color and size with its placebo, both kindly 

supplied by Dr M.R. Dufresne from Ayerst Laboratories. The propranolol in do-

sage of 40 mg was administered q.i.d. and its placebo in the same intervals. 

The sequence of administration of the drug or placebo, as weIl as the sequence 

of positions, were randomized and conducted in a double-blind study. 

J 



~ - MEASUREMENT OF CYCLIC AMP CONTENT 

1 - ENZYMATIC METHOD 

The enzymatic method applied in our laboratory, at the beginning of this 

study, was that described by Aurbach and Houston in 1968 (6). 

AlI chemicals were of Analytical Reagent Grade. AlI the water used was 

glass bidistilled. Carrier-free radioactive phosphate in O.lN HCl was pur-

chased from New England Nuclear, Chicago. Both the absence of carrier and 

the presence of acid were essential; the presence of inorganic phosphate 10-

wers the specific activity and results in a fIat standard curve while the acid 

is necessary to avoid the formation of po1yphosphate which in turn impairs the 

precipitation of the phosphate (256). 

Cyc1ic AMP phosphodiesterase (EC 3.1.4.1) was originally prepared in our 

laboratory by the method described by Butcher and Sutherland (33) and 1ater 

purchased from Sigma Co., St.Louis. Pyruvate kinase (EC 2.7.1.40, 425 units/mg 

of protein), 3-phosphoglyceric phosphokinase (EC 2.7.2.3, 1600 units/mg of pro­

tein) and myokinase (EC 2.7.4.3, 640 units/mg of protein) were also purchased 

from Sigma Co. These enzymes, which are supplied as an ammonium sulfate sus­

-3 pension, were origina11y dialyzed against 4000 ml of 10 M Tris-EDTA, pH 7.5 

as is recommended by Aurbach and Houston. The only disadvantage of this pro-

cedure, necessitating quick freezing and storage in microtubes after the dia-

1ysis, is that it is time and materia1 consumming. On suggestion of R.A. 

Johnson (1969, personal communication), an alternative method of purification 
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was tried. This purification has two objectives: 1) elimination of ammonium 

sulfate; 2) elimination of contaminating 5'-AMP from enzymes which raises the 

blank of the standard curve. The procedure requires: a) centrifugation in 

the cold at 20 000 x g; b) separation of the ammonium sulfate which remains 

in the supernatant, followed by one washing with equal volume of a Tris-HCl 

buffer at pH 7.3; c) resuspension in the same volume of Tris-HCl buffer at 

pH 7.3; d) passage through a column of Dowex AG -2-X8 (100-200 mesh, Cl­

form), purchased from Bio-Rad, Richmond. The column was 6.5 cm high in a 

Pasteur pipette, and the elution was performed with the same buffer. The 

recovery of enzyme protein was measured using the method of Lowry et al. (168). 

In our experience, the maximum amount of protein representing nearly 100% of 

its original quantity, was recovered between 0.75-1.5 ml of the eluate. The 

results of the recovery of protein are shown in table 4. This procedure, 

proved to be effective in reducing the experimental blank value, suffered from 

frequent and uncontrollable loss of the enzyme activity. For this reason, in 

the routine work, only the first three steps eliminating the ammonium sulfate 

were retained. Immediately before use, the required quantity of each enzymes 

was mixed and purified as described, permitting to avoid congelation of micro-

amounts. 

3H -Cyclic AMP (14.2 to 16.3 Ci/mmol) was obtained from New England Nu­

clear. The radiochemical purity of this nucleotide was checked by thin-layer 

chromatography in n-heptane-acetone-isopropanol~0.03 M NH~ HCOa, pH 8.3 (4:2: 

8:0.5) (153). All batches used were found to be more than 99% pure. Typical 

results of chromatography are shown in fig. 2. 

Dowex AG 50W-X4, hydrogen forro (100-200 mesh) was purchased from Bio-Rad, 

Richmond. Dowex 50 was extensively washed with bidistilled water before use 

in order to remove fine particles. 
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Experiment l 

Fraction no. 

STANDARD 

1 

2 

3 

4 

Experiment II 

STANDARD 

1 

2 

3 

4 
'--------- - -~ - - - -

TABLE 4 

P~6lcation 06 enzyme by Vowex 2. 

Tris Hel pH 7. 3 Reading 
e1ution Lin m1~ at 640 mU 

* 0.5 (of enzyme "> 0.267 

0.5 0.000 

0.5 0.063 

0.5 0.181 

0.5 0.008 
-

0.5* 0.254 

0.75 0.006 

0.5 0.170 

0.5 0.078 

0.5 0.000 
-~ ---

+ 

)Jg of protein 

130 

0 

28 

90 

4 
-- -

125 

5 

85 

38 

0 

* Enzyme used in these experiments was glycera1dehyd~-phosphate dehydrogenase 

% of recovery 

100 

0.0 

21.5 --

69.2 

3.0 

100 

4.0 

68.0 

30.4 

0.0 

1 

lJ1 
lJ1 

J 
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VERIFICATION OF PURITY OF [3HJ creLIC AMP 

3000 ~ 

2000 . 

1000 ~ 

• J 

0 2 3 4 5 6 7 
cm 

Fig. 2 Thin-layer chromatography of [3H]-cyclic AMP (16.3 Ci/mmol) on silica 

gel glass microfiber sheet (Gelman Instrument Co., Ann Arbor, Mich.). 

Solvent was n-heptane-acetone-isopropano1 -0.03 M NH4HCOa, pH 8.3 

(4:2:8:0.5) and the running time 24 minutes. Un1abe11ed cyc1ic AMP 

(1 ~g/~l) migrated at the same rate as the 1abel1ed materia1. It was 

visua1ized under UV 1ight and the radioactivity of the spot determined 

by cutting the UV absorbing area into 1 cm strips and counting in a li­

quid scintillation counter. Of a total of 3580 CPM app1ied in a single 

spot, 3540 CPM were recovered fol1owing chromatography and e1ution. 
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The enzyme purification procedure used was as described by Butcher and 

Sutherland in 1962 (33), but it was conducted up to heat denaturation step 

only. Imidazole, grade III, was purchased from Sigma Co., St.Louis. Diethyl­

aminoethyl (DEAE) cellulose was purchased from Eastman Organic Chemical,New York. 

It was readied for use by suspending 15 g in one liter of bidistilled wa­

ter and decanting the finer suspended particles five times. The slurry was 

first adjusted to approximately 0.02 M of imidazole buffer at pH 7.0 and 0.08 

M KCl and was then titrated to pH 7.0 by glas~ e1ectrode with 1.0 N HC1. 

Step 1: P~ep~on 06 the extnact. Three fresh beef hearts were obtained 

from a slaughterhouse and kept on ice unti1 preparation commenced (about 30 

minutes later). After clearing of fat and connective tissues, ventricu1ar 

muscle was cut into strips and washed in 0.33 M sucrose. The strips were homo­

genized with tvro volumes of sucrose ina Waring Commercial B1ender at a high 

speed and the homogenate centrifuged at 2000 x g for 45 minutes in the co1d. 

Supernatant f1uid was decanted through glass woo1 prewashed in 0.33 M sucrose. 

Step II: Arnmon.i..wn .6ul6a..te 6tr.a.c.t.i.onmon.6. The extracts, kept on ice, were 

adjusted to half of the saturation concentration with solid ammonium sulfate. 

Neutra1ity was maintainad by adding 1 N KOR as required. After standing for 

30 minutes the extracts were centrifuged in the co1d at 8000 x g for 40 minu­

tes, the precipitate was separated and taken up in 15 % of the initial volume 

of 1 m.~ MgS04 and 1 mM imidazo1e, at pH 7.5 prepared in co1d glass bidisti1led 

water. Neutralized saturated ammonium sulfate was added to give a final con­

centration of 0.45 of the saturation point. After 30 minutes of stirring, the 

precipitate was col1ected by centrifugation at 8000 x g for 40 minutes and fi­

na11y taken up with 5% of the initial volume using as before 1 mM MgS04 and 1 

mM imidazo1e. 
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Step III: V-ialy.6M and nlLeeûng On 0.45 ammon-ium .6ulnate nll.ac.:tion. The re-

sulting solution was dialyzed in the cold in Najac casing, 36/32in in diame-

ter (Visking Corp.) against 20 volumes of the same as above solution of ma-

gnesium sulfate and imidazole. Following the dialysis, the solution contain-

o ing heavy floc culent material was frozen at -20 C until thenext day. Upon 

thawing, the floc was collected by centrifugation for 40 minutes at 20 000 x 

o g with the supernatant being conserved and refrozen at -20 C until the next 

day. 

Step IV: Fll.ac.:tionation -in VEAE eelluto.6e. On the third day, DEAE cellulose, 

prepared as describe above, was packed up into a chromatographie column under 

2 N2 pressure to give a flow rate of between 0.5 and 0.8 ml/min./cm of column 

area. The final cellulose bed was 8 x 0.9 cm. From this point on, all oper­

ations were carried out in a cold room at 4°C. The phosphodiesterase prepar-

ation was adjusted to pH 7.0 in 0.01 M imidazole and 0.08 M KC1. The column 

was first washed with several bed volumes on cold 0.01 M imidazole and 0.08 

M KC1, before the application of the enzyme preparation. Following the seep-

ing in of the sample into the column, two bed volumes of 0.01 M imidazole, pH 

7.0 and 0.08 M KCl were passed through. The elution was accomplished with 

0.02 M imidazole, pH 6.0 and 0.4 M KC1. The first two bed volumes of the elu-

ate were immediately dialyzed in the cold against 20 volumes of 1 mM imidazole, 

pH 7.5 and 1 mM MgS04 with three outside bath changes during 12 hours. After 

dialysis, the enzyme was frozen in micropipettes in a mixture of acetone and 

o dry ice and kept at -90 C until used. 

This preparation of phosphodiesterase was used during the first year of 

our study, until that of Sigma Co. became eommercially available. The activ-
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ity of our preparation or of the purchased enzyme was not measured exact1y, 

but on1y estimated by the chromatography of the product of incubation. This 

was performed with 1 to 5 ~1 of the enzyme preparation di1uted in 10 ~1 of 

Tris-imidazo1e 0.04 M buffer, pH 7.8 fo11owed by an incubation of phospho-

diesterase with tritiated cyc1ic AMP and 100 ~~mo1 of un1abe11ed cyc1ic AMP 

suspended in Tris 5 mM, pH 8.0 and 1.8 mM MgC12. A para11e1 incubation was 

performed with the omission of phosphodiesterase. The experiment was conduc-

o 
ted at 38 C for 20 minutes and stopped by boi1ing. Aliquots of 10 ~1 of each 

incubation, with and without phosphodiesterase, were chromatographed. As 

evident from fig. 3, cyc1ic AMP standard or cyc1ic AMP incubated without phos-

phodiesterase migrates up to 6 cm, whi1e that incubated with phosphodiesterase 

remains on the starting 1ine as does the standard of 5'-AMP. 

c - E~ction 06 eyctie AMP 6~m unlne 

Cyc1ic AMP and cyc1ic GMP are the on1y nucl~otides present in urine (5). 

It seems therefore unnecessary to purify the urine for an enzymatic assay, 

such as that of Aurbach and Houston, when the on1y substances which cou1d possi-

b1y interfére - 5'-AMP and ATP - are not present in urine. These authors, 

however, recommend to purify the urine without providing any exp1anation. It 

was observed, in our study, that it is of primary importance to e1iminate the 

inorganic phosphate from urine to avoid any lowering of specific activity of 

t 32p] trace~ necessary for the radioactive phosphate exchange reaction. 

An extraction procedure of cyc1ic AMP from urine was performed, using a 

modification of the original procedure of Aurbach and Houston. 1.25 ml of 

urine were quick1y thawed and about 40 000 DPM of [3H]-cyc1ic AMP added; 0.25 

ml was separated for counting of the recovery of the standard. The rest of 

Î 
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VERIFICATION OF ACTIVITY OF PHOSPHODIESTERASE 
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Fig. 3 Thin-layer chromatography, performed under the same conditions as 

that in fig. 2. Two incubation mixtures were chromatographed . 

. The first one (unbroken line) contained 100 lJI.lmol of cyclic AMP, 

15 000 CPM [3H]-cyclic AMP and Tris-imidazole buffer, pH 7.8 in a 

total volume of 50 ~l. The second incubation of the same volume 

and composition contained in addition 1 ~l of phosphodiesterase. 

The incubation time was 20 minutes at 380 C and the incubation 

7 

stopped by boiling. 

were chromatographed. 

were run in parallel. 

Aliquots of 10 ~l of both incubation mixtures 

Unlabelled cyclic AMP and 5'-AMP (1 ~g/l ~l) 

Spots of unlabelled nucleotides were visual-.· ~ 

ized under UV and the radioactivity was detected by counting 1 cm 

strips in a liquid scintillation spectrometer. Bg=background. 

1 

J 
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R the urine was passed through a Millipore filter 0.45 ~m, sterile form, to 

separate solid particles, cells and bacteria. Then, 0.24 ml of 0.3 N B~(OH)2 

and 0.16 ml of 0.3 N ZnS04 (quantities that were found to neutralize each 

other) were added to the filtrate. After centrifugation at 10 000 x g for 

5 minutes, the supernatant was applied on a 3 cm high column of Dowex 50 

mounted in a Pasteur pipette. The column was eluated with water and the frac-

tion contained between 1 and 4 ml of the e1uate conserved and lyophilized. 

The lyophilized powder was dissolved in 0.4 ml of Tris-MgC12 buffer and 50 ~1 

were separated for the recovery counting. 

Krishna reported that the inorganic phosphate can be eliminated by Zn-Ba 

precipitation (134). We verified the efficacity of this procedure by a semi-

quantitative method, based on the precipitation of inorganic phosphate by tri-

ethylaunnine . and annnonium molybdate (256) This reaction produced 

a white cloudy precipitate containing only 3 mg% of P04-- A yellow better 

formed precipitate is produced with higher concentration of phosphate. Our 

results, as shown in table 5, confirmed that the interference from the physi-

ologically present concentration of inorganic phosphates in human urine will 

be quantitatively eliminated with only one Zn-Ba precipitation. 

d - Recov~y 06 U4inany cyctic AMP 

As previouslymentioned, [3HJ-cyc1ic AMP was added to the urine without 

any preliminary purification procedure. The recovery of the standard was 

measured by liquid scintillation counting of an aliquot of 0.25 ml of urine 

R in 15 ml of Aquasol scintillation liquor (purchased from New England Nuclear) 

in a Tri-carb liquid scintillation spectrometer, Packard model 3375. Another 

aliquot of 50 to 100 ~l of resuspended lyophilized powder obtained at the end 



TABLE 5 

Ellmlnation ob ~o~ganie pho~phate by Ba(OH)2-ZnS04 p~eeip~on 

phy~-<..o.e.og-<..c.a1. 
,,- < .lUUtse. • --P04 dilution 0.75 1.5 3.0 6.0 7.5 9.0 10.5 12.0 13.5 15.0 

(g/liter) 

Before Ba-Zn c1ear c1ear c10udy heavy ye110w precipitation 

precipitation* .< -

After Ba-Zn c1ear clear c1ear c1ear c1ear c10udy heavy ye110w precipitation 

precipi tation* 
- _ .. - - - - --

----- - ._- - -- -- -

* To each different phosphate dilution in 5 ml, before and after Ba-Zn precipitation, 1.75 ml of the 

fo11owing mixture were added: 1 N HD.I03, 0.08 M NH4Mb and triethy1amine 0.2 M (4:2:1/vo1) (256) 

and the resu1ting turbidity was estimated 10 minutes later 

0' 
N 

~ 
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of the purification procedure was checked for the content of radioactivity in 

the same manner. An interna1 standard was provided by addition of 10 000 DPM 

of [sH]-to1uene to each samp1e for the correction for high quenching due to 

the ye110wish color of urine (204). Resu1ts were ca1culated in DPM using the 

fo11owing equations (216): 

(7) 
EtSn-tc-i.enc.y :=: CPM ,Ln.teJLYUtt IdctndaJuJ. + .6ampie - CPM .6ampie 

VPM ,Ln.teJtl'!al .6:ta.ndaJtd * 

(2) VPM .6ampie =CPM .6ampie - bctc.kglLOund 

EtSMdenc.y 

The Aurbach and Houston method is based on a series of enzymatic reactions, 

transforming first cyc1ic AMP into ATP, then estimating the ATP formed by the 

radioactive phosphate exchange reaction. The first part, i.e. the enzymatic 

transformation of cyc1ic AMP into ATP, was originally described by Breckenridge 

(21) and the second part, by G1ynn and Chappe11 (89). The enzymatic steps are 

as follows: 

(7) 3', 5'-c.yc.llc. AMP 

(2) 5'-AMP + pho.6pho-enoi­
pyJLuva.:l:e 

5'-AMP 

_____________ ~(~AT_P~) ________ ~ .. __ ·ATP 
myofUnct6e + pyJLuvate fUnct6e 

* DPM of interna1 standard were ca1culated by estimating the efficiency of the 

machine which was verified every four months by estab1ishing a curve with the 

R company tritium standards (Packard ). 
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(3) ATP + 3-pho.6phoglyc.e.Jl.cLte. + [ 32 p] glyc.eJtai.de.hyde. pho.6pha.:te. de.hydJtoge.nct6e. IATp 32 

E pho.6phoglyc.ihdte kInct6e 

After the comp1etion of enzymatic reactions, the 1abe11ed ATP is in eqoi1i-

brium with un1abe11ed ATP, radioactive phosphorus and un1abelled phosphates. 

The 1abe11ed phosphates must be e1iminated by precipitation. 

In this study, the precipitation by triethy1ammine hydrochloride and am-

monium mo1ybdate under acid conditions was used as recommend by Aurbach and 

Houston. This precipitation, separating inorganic phosphates from phosphoric 

acid esters, 1ike ATP, was described by Sugino and Miyoshi in 1964 (256). 

During the initial stage of the adaptation of this method, we were unab1e 

to reproduce the entire sequence of reactions. Initia11y, the conditions neces-

sary for 1abe11ing of ATP (reaction 3) and for the separation of free radioactive 

phosphate were estab1ished and on1y then, the conditions for the second and fi-

na11y the first reaction. This rather comp1icated approach was necessitated 

by the fact that'it was quite impossible to find commercia11y avai1ab1e enzymes 

with the sarne activities as reported by the authors of the original methad. The 

use of 1arger quantities of enzymes reau1ted in an increase in blank value due 

to the contamination of the enzymatic preparation by 5'-AMP (114, 90). An effort 

was made to set up the reactions in such a way that the maximum efficiency was 

obtained with the minimum quantity of the enzyme. Standard curves for each reac-

tian with dilutions of ATP, 5'-AMP and fina11y cyclic AMP were established and 

are represented in fig. 4. 

Severai types of b1anks w.ere studied to establish the effects of omission 

of: 1) phosphodiesterase, 2) other enzymes, 3) cyclic AMP, 4) radioactive phos­

phate, 5) incubation mixture.with the exception of [32p]. It was found that the 
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omission of phosphodiesterase permits the evaluation of the specificity of 

the reaction; the omission of other enzymes and that of cyclic AMP estab-

lishes the importance of the unspecific binding of [32p} o~:proteins and the 

importance of the contamination of enzymes by 5'-ANF; the omission of (32pJ 

is useful for the reading of background radioactivity; and the omission of 

the incubation mixture with the exception of [32pJ establishes the efficien-

cy of the precipitation of phosphates (radioactive and unlabelled). The rel-

ative importance of these blanks is shown in table 6. The blank with the 

omission of phosphodiesterase was considered to be the most important and 

was therefore used for routine work (refer to calculations). 

The enzymatic reactions were realized in two consecutive incubations. 

The incubation mixtures for routine work were of the following composition: 

~t incubation rnixt~e contained 1 ~l of phosphodiesterase in 50 ~l of 

50 mM Tris-HCl at pH 8.0, containing 1.8 mM MgC12and 0.1 mg/ml of albumine. 

The incubation started with the addition of 25 to 50 ~l of a standard or an 

unknown dilution of cyclic AMP. The 4econd incubation rni~e consisted of 

a total volume of 50 ~l containing Tris-HC1, pH 8.0, 160 mM; albumine, 0.1 

* mg per ml; EDTA, 0.2 mM; pyruvate kinase, 8 ~g per ml; phosphoglycerate 

* * kinase ,.1 20 ~g per ml; myokinase, 60 ~g per ml; glyceraldehyde phosphate 

* dehydrogenase , 200 ~g per ml; phospho-enol-pyruvate, 0.18 mM; 3-phospho-

glycerate, 0.4 mM; cystein-free base, 4 mM; magnesium chloride, 9.6 mM; 

potassium chloride, 80 mM; ATP, 2 x 10- 10 M; and [32PJ, 2 x 106 CPM per 

ml. 

o The first incubation lasted for 20 minutes at 37 C in ~ Dubnoff shaking 

incubator. Samples were then boiled for 3 minutes and kept on ice for 5 mi-

nutes. Then the second incubation mixture was added and after an incubation 

* The quantity of enzymes must be determined for each batch. 
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for 30 minutes at room temperature, the reaction was ended by coo1ing on ice. 

The precipitation of phosphate was carried out simi1ar1y as described by Aur-

bach with the following modification: the "carrier" solution of 0.32 mM 

inorganic phosphate (0.95 ml) was first added to the samp1e separate1y and 

we11 mixed. When this was fo11owed by the addition of 0.35 ml of perch10ric 

acid, 570 mM, ammonium molybdate, 23 mM, triethy1amine hydroch1oride, 29 mM, 

pH 5.0, and we11 mixed again, a heavy ye110w precipitate appeared immediate1y. 

At this point, samp1es were 1eft on ice for 10 minutes te complete the pre-

cipitation. After centrifugation in the co1d for 10 minutes at 8000 x g, 0.2 

ml of the resu1ting supernatant were added to 12 ml of scinti11ating solution 

R R (Permab1end II (Packard) 6.6 g, to1uene, 667 ml and Triton X , 333 ml) for 

the measurement of the unprecipitated portion of radioactivity. In our modi-

fication of the procedure, the acid-mo1ybdate-triethy1amine precipitating 

solution is able to e1iminate 99.66±0.08% SE (mean of 14 experiments) of inor-

ganic phosphate. 

The standard concentrations of cyc1ic AMP (from 5 to 200 ~~mo1 per tube) 

were used in dup1icate in each experiment. B1anks (in dup1icate) without 

phosphodiesterase and with 100 ~~mo1 of cyc1ic AMP per tube were a1so used 

in every run. The purified samp1es of urine were resuspended in 0.4 ml of 

a mixture consisting of 40 mM Tris-Hel, pH 7.4, 40 mM imidazo1e and 1.8 mM 

magnesium sulfate. 50 ~1 of the above solution were run in dup1icate with 

and without phosphodiesterase. Another control was routine1y done by incu-

batiug a mixture of ha1f of the volume of the unknown (25 ~1) with ha1f volume 

of the standard (25 ~1). 
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f,- Calc.ue.a..tion 

Samples were counted by liquid scintillation as described above for 10 

minutes and the mean count per minute was used for calculations. The first 

step in calculations was the computation for the means of duplicates of stand-

ards and of unknowns with a subsequent subtraction of blanks and so obtain-

ing the net count. The later value was then traced versus concentration 

using ordinary millimetric graph paper. Standard curves of 5 to 250 ~~mol 

per tube of cyc1ic AMP, i.e. concentration of 5 to 250 X 108 M project a 

straight 1ine. This characteristic permits computerization of the resu1ts 

using a linear regression method of 1east squares with the equation y=kx+c. 

R on Programma 101 (Olivetti). Our program gives as a resu1t the intercept 

y and slope k of the regression equation. The unknowns may be directly com-

puted after the standard curve is registrated in the machine memory. The pro-

cedure and theprogram are presented in tables 7 and 8. The eva1uation of the 

error may not be calcu1ated automatically and the procedure used is a1so out-

lined in table 7. 

Results in ~~mol per tube are corrected for a dilution factor and for a 

recovery factor. The excretion of cyclic AMP during the four hour period of 

our experiment is obtained from a multiplication by the volume and, when in-

dicated, corrected for excretion per g of creatinine. 

2 - RADIOIMMUNOASSAY 

a - Ma.tvUa.R. 

In order to simplify the procedure, the radioimmunoassay described by 

Steiner et al. in 1969 (252) was adopted for the measurement of cyclic AMP. 
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.TABLE 7 

PM gJta.mma. 10 1 pM c.ecluJte nolt.. c.ompu;Ung the 1t..e6 uU:6 On enzyma;Uc. me.a.6 WLement 
On c.ycU.c. AMP. 

1.0 Compute the mean CPM of standard duplicates, unknown sample duplicates 
and blank duplicates from Tricarb scintillation sheet. 

1.1 Subtract the value of standard blank from CPM of standards and a partic­
ular blank from each unknown. 

2.0 Load Program l (table 8) on the machine. Set the decimal wheel at "4". 
2.1 Press "V". 
2.2 Enter y of the first standard (in CPM). Press "S". 
2.3 Enter x. of the first standard (in 11ll1I1ol). Press "S". 
2.4 Repeat step 2.2 and 2.3 for aIl y andx. of standard dilutions. 
2.5 Press "Z". 
2.6 Machine prints out ydntercept as A 0 and k. slope as B O. Enter them on 

Tricarb scintillation sheet. 

3.0 Press "y". 
3.1 Enter again the y (in CPM) of al! standards. Machine·prints out the con­

centration X. as found on computerized standard curve. Compare the relia­
bility of various regions of curve between computerized and measured re­
sults. Proceed to the next step when differences are "acceptable". 
(An arbitrary limit of a 10% difference was adopted as "acceptable"). 

4.0 Enter y (in CPM) of unknowns. Results are in llllmoi per tube. 

5.0 Calculate concent~ation per ml, correct for recovery and calculate the 
excretion per volume excreted and/or per gram of creatinine. 
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The 2'0-succinyl derivative of cyclic AMP, following its binding to human 

serum albumine, was prepared in our laboratory and used as an antigen to de-

velop the antibody in the rabbit. Since the study on the properties of this 

antibody was not termin~ted at the time of writing of this thesis, a detailed 

description of the procedure which was identical to that described by Steiner 

et al., will be omitted. The antibody ultimately used for the determination 

of cyclic AMP presented in this study was purchased from Collaborative Re­

search, Waltham. This material was dispatched on dry ice in a 1/200 to 1/3000 

titer. The competitor, the radioactive [125 I ]-succinyl cyclic AMP-tyrosine 

methyl ester, was also purchased from Collaborative Research. The goat anti­

rabbit IgG was purchased from Miles, Kankakee, Ill. 

b - Antigen-antibody ~eaction 

The reaction between the antibody and the labelled antigen is as follows: 

(1) [Ab] + [Ag*] --------- [AbAg*] 

The reaction represents the binding of the antibody, With the radioactive 

antigen, in this case [125I ]-succinyl cyclic AMP-tyrosine methyl ester; the 

antibody is a gamma globulin obtained from rabbits after immunization with 

succinyl derivative of cyclic AMP. The complex [AbAg*] is in equilibrium 

with [Ab] and [Ag*]. This basic relationship has been established in 1907 

when Arrhenius applied the Lœw 06 Ma6~ Action to the reaction between the 

combining sites of an antibody and its specific antigen (112). The term "avid­

ity" is used to denote the energy of this reaction and is essentia11y the same 

as the association constant [K] in physical chemistry: 

(2) K = [AbH] 
[Ab] [H] 
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where [AbH], [Ab] and [H] refer to the molar concentration of the antibody 

hormone complex, free antibody and free hormone respectively. When we add 

to the reaction medium (1) the unlabelled hormone, in our case cyclic AMP 

(as a standard or unknown), the competition for antibody binding sites es­

tablishes a new equilibrium: 

(3) [Ab] - [ 1251-e-AMP] - [e-AMP] [Ab 1251-e-AMP] - [Abe-AMP] 

The standard immunoassay procedure was as follows: anti-succinyl cyclic 

AMP rabbit antibody (globulin fraction) was diluted sufficiently to retain 

at least 30% of the radioactivity of the iodinated derivative of cyclic AMP 

after precipitation in presence of an excess of goat anti-rabbit IgG. 100 

~l of the diluted anti-succinyl cyclic AMP antibody was added to 300 ~l of 

either a diluted urine sample or 0.05 M sodium acetate buffer, pH 6.2, con­

taining a nonradioactive standard dilution of cyclic AMP. A 100 ~l aliquot 

of a solution of [125I ]-succinyl cyclic AMP tyrosine methyl ester diluted to 

contain 4000 to 8000 CPM (0.05 to 0.1 ~~mol) were then added to bring the to-

tal reaction volume to 0.5 ml. The tubes were incubated for three hours at 

o 4 C for complete equilibration of the competitive reaction. 

c - Se.pa.Jz.a:Uon 06 "61te.e. and bound" 6Jta.clion 

Several modes for separation of "free and bound" antigen are described in 

the literature (111). A very simple procedure, described by Weinryb et al., 

consisting in a separation without precipitation of antibody using Millipore 

filter was first tried in this study (281). The separation of bound and un-

bound fractions by cellulose ester filters, reported by these authors, re­

quires, .unfortunately, a high concentration of the predous antibody for the 
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adsorption on the fi1ter. More satisfactory resu1ts were obtained when the 

bound antigen was separated by ammonium sulfate precipitation as described 

by Chard et al. (36). In this method, a ha1f saturated solution of ammonium 

sulfate precipitates the bound fraction in the presence of horse gamma glob-

u1in as a "carrier protein". The procedure was fair1y satisfactory but,the 

instabi1ity of the bound comp1ex and a poor reproducibi1ity were the draw-

backs. Therefore, the original mode of separation by second antibody pre-

cipitation described by Steiner et al. was retained. 

After the first incubation (described in the preceeding section), an ex-

cess of a second antibody (goat anti-rabbit IgG serum) was added and it was 

o fo11owed by an incubation overnight at 4 O. The optimal quantity of the se-

cond antibody (titer) must be determined for each lot of purchased prepar-

ation. A satisfactory precipitation was usua11y obtained with 5 to 25 ~1 of 

an undi1uted anti-IgG. After the second incubation period, samp1es were cen-

trifuged at 7000 x g in co1d for 20 minutes and the precipitate was washed 

once with 0.5 ml of co1d 0.05 M sodium acetate buffer, at pH 6.2 and then the 

radioactivity was counted in a gamma spectrometer (Packard, mode1 3003). 

~Urine samp1es were ana1yzed without any preliminary purification. In 

fact, no difference was observed between the samp1es purified as described 

above for the enzymatic assay and those where the purification was comp1ete1y 

omitted. Urine samp1es were however di1uted 5 to la times with 0.05 M sodium 

acetate buffer, at pH 6.2, in an effort to a110w the use of the straight seg-

ment of the standard curve. Al1 analyses were performed in quadrup1icate, 

each samp1e representing a different dilution, usua11y 1/100, 1/200, 1/250, 

and 1/500 of 1 ml of the original urine samp1e. 
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d - Calc.ui.a:Uon 

The graphica1 representation of our standard curves is simi1ar to those 

described by Weaver and Cargi11e (280). These authors showed that: 1) stand-

ard eurves p10tted as P (percentage of bound) versus X (concentration) on a 

linear sca1e are hyperbolic; 2) wheu P is p10tted against X on a logarith-

mic sca1e (semi1ogarithmic paper), the shape of the curve becomes sigmoid; 

3) and fina11y, a straight 1ine is obtained when the percentage is trans­

formed into log~ sca1e. An examp1e from our experiment is shown in f~g. 

5a). Ekins recommended an a1ternate mode of representing the data resu1t­

ing in a straight 1ine curve (62). In this modification, the radioactivity 

R i9 p10tted on the ordinate in log sea1e after the computation of (R free/ 

bound - R free/bound 0) against the concentration p10tted a10ng the abscissa 

which is in log sca1e as we11. In our adaptation the formula is: 

St-b St-b n 0 ---
bn bD 

where St - total CPM of standard stock dilution of [125 I ]-cyclic AMP deriv­

ative;bn - net CPM of bound fraction of standard dilution or unknown; bD 

net CPM of bound fraction or samp1e with no competitor added; net CPM mean-

ing after b1ank subtraction. The equation is computed with the he1p of Pro­

gramma 101 and the resu1ts are p10tted on a graph in a 6ui.l-log sca1e ldth 

3 x 3 cycles resu1ting in a standard curve having a progressive character. 

An examp1e of the standard curve is shown in fig. 6 and the routine procedure 

for the ca1cu1ation is presented in table 9 and programs in tables 10 and 11. 

The four dilutions of each samp1e are read on the standard curve renewed dai1y 

and then readjusted for 1 ml. The resu1t is the mean obtained from the four 

above dilutions. 
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TABLE 9 

Pltoc.e.duJte. nolt c.omputeJÛzlng ;the. 1te6uU6 On Jr.a.cUohnmunoct6.6a.y. 

1.0 Compute the mean of standard dilutions in CPM. 

2.0 Press genera1 reset. 
2.1 Load Program II (table 10) on Programma 101. Set the decima1 whee1 at "4". 
2.2 Press "V". 
2.3 Enter b1anks (dilution without binding protein) of standard curve in CPM. 

Press "S". 
2.4 Enter the mean of standard dilution in CPM. Press "S". 
2.5 Enter "0" (result of incubation without un1abelled competitor) in CPM. 

Press "S". 

3.0 Press "l'l". . 
3.1 Enter CPM of bound fraction for the lowest standard dilution. Press "S". 
3.2 Repeat step 3.1 for a11 standard dilutions. 

4.0 Press "y". 
4.1 Enter b1ank (dilution without binding protein) of unknown samp1e. 

Press "S". 
4.2 Enter CPM of first dilution of unknown. Press "S". 
4.3 Repeat step 4.2 for otherdi1ution of same unknown. 

5.0 Repeat steps 4.0 to 4.3 for a11 unknowns. 

6.0 From resu1ts of steps 3.1 and 3.2 draw a standard curve on nutt-log sca1e 
paper. 

6.1 Read on this curve resu1ts for unknown values from steps 4.2, 4.3 and 5.0. 

7.0 Load Program III (table 10) on Programma 101. 
7.1 Press "V". 
7.2 Enter values of unknowns as read on standard curve for each dilution. 

Obtain resu1ts of each dilution per ml. 

8.0 Load Program IV (table 11) on Programma 101. 
8.1 Press "V". 
8.2 Enter values per ml. Press "l'l". Obtain mean and coefficient of variation 

between dilutions. 

.J 
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TABLE 11 

PROGRAM IV 
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3 - PROTE IN BINDING ASSAY 

This assay was recently adopted in our laboratory in order to further 

simplify the measurement of cyclic AMP, increase the sensitivity and the 

accuracy of measurement in the plasma and lower the cost of materials. The 

protein binding" assay was adopted in the form described by Gilman (88). 

Cyclic AMP-dependent protein kinase was prepared by the simplified pro­

cedure recommended by Gilman. This method involves acid precipitation fol~ 

lowed by ammonium precipitation and separation on DEAE-cellulose column as 

originally recommended by Miyamoto et al. and Walsh et al. (186,275). 

Fresh rabbit muscle was obtained, immediately after bleeding of the 

animal, by cutting dorsal and leg muscles. About 250 g of muscle was homo­

genized in a Waring Commercial Blender with the pH adjusted to 5.5 and the 

precipitate removed by centrifugation. The supernatant was adjusted to pH 

6.8 with 1 M potassium phosphate buffer at pH 7.2 and then fractionated by 

the addition of 32.5 g of ammonium sulfate per 100 ml of protein solution. 

The precipitate, collected by centrifugation, was dissolved in 25 ml of 0.005 

M potassium phosphate buffer at pH 7.0, containing 0.002 M EDTA and dialyzed 

extensively against the same buffer. The protein solution was centrifuged at 

78 000 x g for one hour and the precipitate discarded. This fraction was ap­

plied to a column of DEAE-cellulose (Whatman DE Il, 1 mEq/g; 24 x 4.5 cm) 

which was previously equilibrated with 5 mM potassium phosphate at pH 7.0 

and then the column was washed with the s~e buffer. The first eluate was 

600 ml of 100 mM potassium phosphate at pH 7.0 followed by 300 mM potassium 
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phosphate. The second e1uate was collected in fifty 12 ml-fractions whiëh 

were dia1Yzed against a 5 mM potassium phosphate buffer at pH 7.0 and then 

assayed for cyc1ic AMP binding activity. Fractions containing the highest 

activity (sixth to fourteenth) were pooled and used for the assay of cyc1ic 

AMP. The binding activity of various fractions is shown in fig. 7 and the 

effect of different quantities of this preparation on the binding of cyclic 

AMP on fig. 8. 

The protein kinase inhibitor was prepared from rabbit muscle by homog­

enizing the tissue in 10 mM Tris-HC1 at pH 7.5 and boi1ing it for 10 minutes. 

After the remova1 of the solid by filtration, the activity was precipitated 

with 1i9 volume of 50% trich10roacetic acid. The precipitate co11ected at 

15 000 x g was disso1ved in water and the pH adjusted to 7.0 with 1 N NaOH. 

This fraction was dia1yzed against disti11ed water at room temperature, and 

the formed precipitate discarded. The inhibitor preparation was used at this 

stage of purity. The effect of different quantities of this preparation on 

binding activity of protein kinase is shown in fig. 8. 

[3H]-cyc1ic AMP at a high specifie activity of 24.3 Ci/mmo1 was obtained 

from New Eng1and Nuc1ear. The radiochemica1 purity was verified as described 

in part III-B-1-a and shown in fig. 2. Glass fiber fi1ters with a porosity 

of 0.45 ~m and a diameter of 24 mm, were obtained from Mi11ipore, Montreal. 

b - PlÜncUpl.e and pJtoc.edwz.e 06 :the OJJ~a.y 

The theoretica1 princip1e of the protein-binding assay is ana10gous to 

that of radioimmunoassay (refer part III-B-2-b). The important difference 

however is that the protein, binding cyclic AMP, is a natura1, ubiquitous 

protein kinase. Binding of the nuc1eotide to the receptor part of this en­

zyme is enhanced in the presence of an acid-resistant protein first described 
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by Appleman (4). The effector part of the protein kinase is inhibited by 

this acid-resistant protein, but this inhibition of the enzyme activity is 

irrelevant for the assay. The second important difference in this assay, 

as compared to radioimmtmoassay, is that the separation of "bound" and 

"free" material can easily be achieved by adsorption on a Millipore filter. 

The principle of adsorption on a Millipore filter was described before by 

Yarus and Berg in 1970 (288). Finally, assuring safety and low cost of this 

method, an adequate competitive reaction is achieved with tritiated nucleo-

tide. 

The standard binding reaction was conducted in a volume of 50 to 200 ~l 

in 50 mM sodium acetate/acetic acid at pH 4.0. The other compoaents of the 

incubation mixture were: [3H]-cyclic AMP, 0.5 to 1.0 ~~mol per 50 ~l, with 

a protein titer sufficient to bind less than 30% of labelled nucleotide (usu-

ally 50 to 120 ~l of our preparation), and where indicated, the maximum ef-

fective concentration of the protein kinase inhibitor preparation. Dilutions 

of standards and of the unknown samples of cyclic AMP were added following 

dilution in the same buffer. The reaction was initiated by the addition of 

the binding protein and blanks established by incubating the incubation mix-

ture and the nucleotide with the omission of binding protein. After incuba-

o tion for 60 minutes at 0 C, the samples were diluted to 1 ml with co1d 20 mM 

potassium phosphate at pH 6.0 and 4 to 5 minutes later, they were placed onto 

a Mil1ipore filter previously rinsed with the same buffer. After deposition 

of samp1es, the filters were washed with 10 ml of the same buffer and placed 

R in counting vials containing 12 ml of scintillating solution (Aquasol , New 

England Nuclear). Th~ content of radioactivity was estimated in a Tri-carb 
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scintillation spectrometer. The blanks, in the absence of binding protein, 

were 50 to 75 CPM. The presence of a fil ter in the scintil1ating solution 

does not alter significantly the efficiency of counting. 

c - Ca1.cui.a.:tio n 

Similar1y to the radioimmunoassay, the graphical representation of the 

standard curve of protein binding corresponds to an hyperbola, a sinusoid or 

a straight line, depending on which scale or mathematica1 transformation are 

applied. An example is given in fig. Sb). The computing procedure was based 

on the equation suggested for saturating assays by Rodbard (223) 

Y, - 100 1)' - --:v--

and corresponding to the characteristic of a rectangular hyperbola. For the 

ca1culation of the slope and data interpolation by this equation, we used 

the program kindly supplied by Dr D. Rodbard (program VI, table 13). With 

this method of computation, which agrees very well with the graphical repre-

sentation, we were able to program all calculating procedures (manual daily 

drawing of standard curve was unnecessary). The routine procedure for calcu-

1ation is presented in table 12 and programs in tables 13, 10, 11. 

4 - COMP ARISON OF THE THREE METHODS 

The intra-assay variation was established by calculating the coefficient 

of variation between duplicates, in the case of the enzymatic assay, and bet-

ween different dilutions (four) in case of radioimmunological and protein bind-
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TABLE 12 

PJto c.eduJte Ô OJt c.omputeM.z-Lng the Jte6 u.U.6 0 n pJtotun b-Lnd,(.ng 0..6.6 ay. 

1.0 Press genera1 reset. 
1.1 Load ProgramV (table 13) on Programma 101. Set the decima1 whee1 at "4". 
1.2 Press "V". 
1.3 Enter b1ank (dilution without binding protein) of standard curve in CPM. 

Press "S". 
1. 4 Enter standard dilution in CPM. Press "S". 
1.5 Enter "0" (resu1t of incubation without un1abelled competitor) in CPM. 

Press "S". 

2.0 Press "W". 
2.1 Enter CPM of bound fraction for the 10west standard dilution. Press "S". 

Obtain the percentage of bound fraction (Y). 
2.2 Repeat step 2.1 for a11 standard dilutions. 

3.0 Press "y". 
3.1 Enter b1ank (dilution without binding protein ) of unknown samp1e. Press "S". 
3.2 Enter CPM of first dilution of unknown. Press "S". Obtain the percentage 

of bound fraction (Y). 
3.3 Repeat step 3.2 for other dilutions of the same unknown. 

4.0 Repeat steps 3.0 to 3.3 for a11 unknowns. 

5.0 Load Program VI (table 13) on Programma 101. 
5.1 Press "V" (c1ears). Press "y" (read for use). 
5.2. Enter YI (percentage of bound fraction) of standard curve. 
5.3 Enter Xl" (dilution of un1abe11ed cyc1ic AMP in ~~mo1/tube). 
5.4 Repeat 5.2 and 5.3 for a11 Y and X of standard curve. 

6.0 Press "W". Get slope k. 
6.1 Enter 1 F t (or other multiplier constant). 

7.0 Press "Z". (ready for interpolation). 
7.1 Enter Y of standard, get X from machine standard curve. Check the re1ia­

bi1ity of various regions of curve between computerized and measured re­
sults (refer step 3.1 from table 7). 

7.2 Enter Y of unknowns. Obtain X in ~~mol/tube for each dilution. 

8.0 Load program III (table 10) on Programma 101. 
8.1 Press "V". 
8.2 Enter X of unknowns obtained in step 7.2. Obtain resu1ts of each dilution 

per ml. 

9.0 Load Program IV (table 11) on Programma 101. 
9.1 Press "V". 
9.2 Enter values per ml. Press "W". Obtain mean and coefficient of variation 

between dilutions. 
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TABLE 13 
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ing assays. It is important to note that the mean of duplicates or dif­

ferent dilutions are presented as a result, actually decreasing the real 

error due to sample to sample variation. The respective intra-assay vari­

ations of the three methods are presented in table 14. 

The inter-assay variations are established by calculation of the coef­

ficient of variation between the results obtained by different methods for 

the same sample. From this evaluation, presented in table 15, it is evident 

that the lowest variation and the highest correlation exist between radio­

immunological and protein binding assay. The absolute values measured by 

these three methods are however different, mainly because of a high coeffi­

cient of variation of the enzymatic method. Reasons for variations with :this 

method are discussed below (presence of ~ enzymatic inhibitor in urine). 

Since the correlations between the three methods are significant, the results 

obtained by each individual method can be considered as reliable. 

Many possible interferences must be taken into account in the measurement 

of urinary cyclic ~ with the enzymatic assay. The first is the presence of 

phosphates in urine, which can substantially lower the specifie activity of 

[32p ] in the exchange reaction. Phosphates were therefore eliminated by Zn­

Ba precipitation and Dowex chromatography. Secondly, when the enzymatic me­

thod was used, it was observed that higher results were obtained, for the 

same sample, with a higher dilution. The inhibitory effect of concentrated 

urine was not abolished either by Zn-Ba precipitation or Dowex column chro­

matography. The inhibitory factor was absent when the standard dilution of 

cyclic AMP was purified, involving that this effect was not due to different 
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TABLE 14 

...... --1 n:(Jta.a.64 a.y c.oenQ.Lc..Lent 06 vaM.a.:UOY/. On fL64a.y4 U6ed 
n04 c.y~c. AM? deteromlY/.a.:UoY/. 

ASSAY CALCULATED FROM NUMBER OF COEFFICIENT OF 

89 

MEASUREMENT VARIATION (in %) 

ENZYMATIC DUPLICATES 78 22.35 

RADIOIMMUNOASSAY FOUR DILUTIONS 85 8.49 

PROTEIN BINDING FOUR DILUTIONS 30 6.84 



ASSAYS COMP ARED 

Number 1 

Coefficient of 
variation 

Coefficient of 
correlation 

Z of coefficient 
of correlation 

TABLE 15 

çompaJù.60n6 be;tween. ct6.6a.y.6 U6ed 

nOIL c.yc.tLc. AMP mea..6WLement 

ENZYMATIC ENZYMATIC 
BADIOIMMUNOASSAY PROTEIN BINDING 

17 15 

43.12% 40.55% 

0.71 0.59 

* * 3.86 2.53 

1 Number of samples measured by the two methods compared 

* Significant at the 1evel of 95% 

***SignificanOt at the 1evel of 99.9% 

90 

RADIOIMMUNOASSAY 
PROTEIN BINDING 

30 

14.62% 

0.98 

*** 25.09 
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stages of purification. Boiling and filtration through 0.45 ~m Millipore 

established that the inhibitory factor is heat stable and not particulate. 

It is probable that the observed inhibitor of the enzyme activity is simi­

lar to those described by Wilkinson and by Mattenheimer (285, 174). The 

dilution of urine samples up to 32-times was necessary to diminish tlle ef­

fect of tbis enzymatic inhibitor. Unfortunately, this unpublished fa ct was 

realized only late in our study and for a technical reason, the analysis of 

a part of samples could not have been repeated. 

No such difficulties were encountered during the use of two assays with 

competitive binding principle. Since micro-organisms are able to pro duce 

their own cyclic AMP (197), urine samples for cyclic AMP measurement by any 

of the methods must be protected against bacterial contamination and growth. 

This was achieved by collecting urine samples on ice and keeping them frozen 

until the determination. 

The difficulties encountered in setting up of the three assays are proba­

bly best reflected by the time required which was several months, weeks and 

days for the elaboration of the enzymatic method, the radioimmunoassay and 

the protein binding assay respectively. The routine procedure of measure­

ment was also simplified by competitive assays. The most important simpli­

fication is the omission of the purification of urine involving Zn-Ba pre­

cipitation and Dowex col~ chromatography in both competitive methods. 

The cast involved in these three methods showed the same decreasing char­

acter: enzymatic method > radioimmunoassay > protein binding assay. The pro­

tein binding assay cost is limited to the purchase of Millipore filters and 

tritiated cyclic AMP. 
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~ - MEASUREMENT OF URINARY CREATININE 

The procedure used in this study was a modification of the method of 

Fo1in, as described by Cooper and Biggs (49). Reagents used comprise three 

standard solutions: a solution of creatinine made by disso1ving 1 g of dry 

creatinine in l 1 of 0.1 N HC1; a 1.175% solution of picric acid; 10% v/v 

NaOH. 

The routine procedure was as fo110ws: dup1icates representing samples of 

urine of 0.25 ml and 0.5 ml were first made up to 1 ml with distilled water 

and placed in 100 ml volumetrie flasks. Then, 10 ml of 1.175% picric acid 

was added, followed by 1.5 ml of 10% NaOH. The contents of the flasks were 

thoroughly mixed and allowed to stand for 15 minutes before dilution to 100 

ml. After the contents have been thoroughly mixed again, the absorbancies 

of the co10red solution were measured with a Coleman spectrometer at 520 m~. 

Reagent blanks were prepared in the same manner except that water replaced 

the test solution. A standard curve was established by measuring the optical 

density of 0.1 to 1 ml (0.1 to 1 mg) standard solution of creatinine. The 

curve obtained is a straight line. The effect of standard solution on crea­

tinine measurement in urine is shown in table 16. AlI samp1es were measured 

in duplicate and the mean resu1t is considered. The coefficient of variation 

between dup1icates was 2.86 t 0.36% (SE) for 79 samples measured. 

Urinary sodium and potassium were measured by flame photometry as a rou­

tine hospital procedure. 



SAMPLE 

* :Urine l 

Urine II 

Urine l + 
standard ** 
Urine II + 
standard 

TABLE 16 

E66e.c.t 06 .6tandaJtd .6olution 06 cJLe.a.ti..u.ne. 
on cJLe.ati.u.ne. me.a.6U1l.e.me.nt -in uM..ne. 

OPTIC DENSITY CONCENTRATION 
PER VOLUME 

ml1 mg_ 

.122 0.15 

.24 0.31 

.15 0.20 

.3 0.40 

93 

CONCENTRATION 
PER ml 

mg 

0.60 

0.62 

0.80 

0.80 

* Urine l and II represent 0.25 ml and 0.5 ml respectively 

** 5 ml of urine were mixed with 5 ml of the standard dilution of creatinine 

(cane. l mg per ml); then 0.25 ml and 0.5 ml of mixture are processed. 
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D - STATISTlCAL ANALYSIS 

Ana1ysis of variance by randomized b10cks was used for the study of diffe­

rences due to body position orisoprotereno1 infusion in the excretion of crea­

tinine, e1ectro1ytes, pulse rate and b100d pressure; each patients being con­

sidered as a b10ck. 

In the first part of our study, where a group of control subjects and two 

groups of patients were inc1uded, the Dunnett·'s test was used for multiple 

comparisons with a control (57). Different correlations were ca1cu1ated by 

the Pearson'·s 1east-squares method. Paired or unpaired Student t test per­

formed on the ratio of two dependent values may 1ead to bias resu1ts (166). 

Since the cyc1ic AMP excretion has a 1inear correlation with the creatinine 

excretion (refer resu1ts), our resu1ts were ana1yzed by a covariance analysis 

using the method of reduced Y (166). 

An important prob1em was first to determine whether the difference in cy­

clic AMP excretion in recumbent and upright positions was itse1f significantly 

different between the two groups of subjects. Since this difference was posi­

tive in some subjects and negative in others, an arbitrary value had to be ad­

ded to each of the differences to give thema11 the same signe The so-modified 

data were subsequent1y submitted to Dunnett's test or Student t test as indi­

cated. The same device was used with the pulse rate and the mean'b100d pres­

sure. The same approach was used to compare the excretion of the nuc1eotide, 

pulse rate and mean b100d pressure fol1owing isoprotereno1 infusion in rec1in­

ing subjects with the same recumbent contro1s (refer tables 19, 25, 28, 50). 

The data of cyc1ic AMP excretion were in addition ana1yzed by nonparametric 

statistica1 test, which is appropriate for theana1ysis of sma1l samp1es or to 
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treat observations obtained from two possibly different populations regardless 

of the shape of distribution of the population (246). The tests used were 

thosê of Wilcoxon,one for two samples and the other for paired differences 

(246, 53). These methods utilize the information from the relative magni-

tude as well as from the direction of differences. 



IV - RESULTS 

A - CYCLIC AMP MEASUREMENT BY ENZYMATIC METHOD 

l - EFFECT OF POSTURE 

Individual data on pulse rate and cyclic AMP excretion are shown in ta­

bles 17 and 18. The analysis of mean pulse rate by randomized blocks showed 

a highly significant increase in the upright position for each group. 

Individual values of cyclic AMP excretion showed wide variations, from 

0.1 to 6.7 ~mol/g of creatinine. The response to upright posture was diffe­

rent in the three groups studied. In aIl control subjects, the excretion of 

cyclic AMP was lower during upright position (for differences in mean values, 

p < 0.01), but in most patients with labile hyperkinetic hypertension it was 

higher in the same position (p < 0.01). In patients with stable benign hyper­

tension, the response was mixed; the mean response was near zero. 

Table 19 demonstrates differences in two groups of patients, as compared 

to control subjects, studied by comparison of the amplitude of change in pulse 

rate and cyclic AMP excretion in upright position. 

2 - DISCUSSION 

This study provides us with a screening method for the detection of pos­

sible abnormalities in the "second messenger system" in human hypertension. 

The differences observed may seem unrealistically significant if large varia­

tions between individual results are considered. Many results seem also un­

usually low, in spite of the fa ct that the mean excretion with confidence lim­

its in control subjects (refer table l7)correlates with the values reported by 

other workers (refer table 3). 



TABLE 17 

CUnlc.al data. and WÛYl.CUty e.x.C/C.e:UoYt 06 c.yc.Uc. AMP tU 
me.tU Ulte.d by :the e.nzyma.:të.c. a6.ôay. 

97 

CONTROL SUBJECTS 

RECUMBENT UPRIGHT 
'. 

AGE 'SEX PRt MBptt ,c.AMp§ ·t PR MBptt 

21 'M 84 106 0.9 116 95 
21 :M 87 76 2.2 92 83 

· zi :M 91 97 1.5 101 85 
22 :F 82 69 4.9 74 76 

· 22 :M 78 93 2.3 74 84 
22 :M 64 83 3.9 71 85 

· 22 :M 52 73 1.3 57 78 
23 :M 60 87 1.1 84 99 
24 'F 69 82 6.7 78 85 
24 'F 74 72 4.8 85 78 

, 25 'M. 66 104 4.2 86 89 
27 M 68 82 1.2 72 88 
.27, M 55 72 0.8 65 80 

Mean 72 2.7 :81 
,CL95 , . , 7.4 1.0 9.3 

t'Mean pulse rate per minute during 4 hours of study. 

':l 

cAMP§ 

0.7 
1.8 
0.2 
3.4 
1.3 
1.5 
1.0 
0.1 
5.0 
3.9 
2.1 
0.3 
0.3 

1.7 
0.8 

tt Mean of b100d pressure in mmHg (diasto1ic + 1/3 of pulse pressure during the 
same period). 

§ Urinary excretion of cAMP, expressed in micromo1es per gram of creatinine, 
co11ected during the same periûd. 



TABLE 18 

CUnie.a! da.:ta. a.nd uJUnaILy excJte.ti.o nOn c.y eUe. AMP a.6 

mea.6U/ted by .the enzyma;Uc. a.6.6ay. 

LABILE HYPERKINETIC HYPERTENSION 

AGE SEX SYMPTOMS* RECUMBENT UPRIGHT 

PRt ;MBptt cAMP§ PRt " ·'MBptt 

18 M 1,3,5 81 87 1.3 108 93 
20 M 1,3,5 71 91 1.5 85 93 
22 M 1,3,4,5 71 79 0.7 99 102 
22 M 1,5 58 92 0.5 85 83 
23 F 1,2,5 87 104 1.3 96 94 
23 M 5 78 95 1 111 88 
25 M 1,4,5 89 103 1.7 108 89 
27 M 1,5 76 87 0.6 104 104 
27 M 1,3,4,5 68 108 0.4 96 121 
28 F 1,2 85 129 2.3 110 126 
37 F 1,2,4,5 97 121 0.7 97 135 
45 F 1,5 74 101 2.8 73 91 
50 F 4 102 94 1.5 134 ~92 

Mean 80. 1.2 101 
:'CLg 5 7.4 0.4 9.1 

STABLE HYPERTENSION 

26 M 1,5 64 113 2.6 70 112 
31 M 2,5 83 112 1.5 95 110 
33 F 80 149 3.1 80 150 
39 M 5,6 70 94 3.0 81 96 
41 M 4 92 116 2.3 108 132 
42 F 1 72 112 1.5 72 99 
45 F 4,5 91 118 1.4 108 121 
46 F 5 ,78 113 3.3 99 113 
47 F 6 66 132 6.0 81 115 
50 M 1,5 80 120 0.7 90 130 
52 M 75 118 3.1 79 125 
54 M 2,5 90 109 1.8 88 111 
55 M 6 58 110 1.3 81 117 

Mean 74 2.4 84 . :CL95 , , , , ' . . . . . . , , ... ' , .5.7 ...... ... ' , , , 0'.7 ' , , , , ,', , , '5'.7' , ' . 
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:'cAM1J§ 

2.6 
1.4 
2.2 
1.3 
1.7 
1.9 
2.8 
0.9 
1.2 
2.0 
1.2 
2.6 
2.7 

1.9 
0.3 

2.4 
3.7 
4.6 
2.2 
1.9 
2.6 
2.5 
4.0 
4.3 
1.5 
2.6 
0.8 
0.7 

2.6 
0.6 

* 1, dermographism; 2, dyspepsia; 3, proven gastroduodena1 u1cers; 4, neurovegatative 
pattern of glucose to1erance test; 5, anxiety and/or depression; 6, suppressed 
plasma reriin activity. (!or exp1anations refer table 17) 
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TABLE 19 

Changu 06 pul.6e JUtte a.nd cAMP eXCJl.e:Uon wlth cha.nge to upM.ght pO.6twr.e, 

mocUMed ta eti.rrWta;te nega.;Uve vatuu. 

PULSE RATE MEAN CL 95 P 

Healthy subjects 90*' 5.3 -
Hypertension: labile 79 5.7 0.05 

stable 90 4.0 N.S. 
cAMP EXCRETION 

Healthy subjects nt 0.34 -

Bvpertens:i.on: labile : :.9.3 0.23 0.01 

stable 9.8 1.3 0.01 

* Difference (pulse rate recumbent minus pulse rate 
upright) beats/minutes, plus 100. 

t Difference (recumbent cAMP excretion minus upright 
cAMP excretion). micromoles per gram creatinine, 
plus 10. 
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Since the enzymatic method used showed an intraassay coefficient of vari­

ation of 22.35% (refer part III-B-4-a), the above reported results must be 

regarded with caution. Another bias is introduced by the fact that the pre­

sence of enzymatic inhibitors in urine was not taken into consideration at 

the beginning of this study. Fina11y, samp1es were not randomized before 

measurements of cyc1ic AMP to avoid the influence of day to day variation due 

to the variabi1ity of the procedure itse1f. It may so happen that these .tech­

nica1 defects coù1d have an additive character and therefore increase tae ex­

pœri~rital error (166). 

In spite of a11 these difficulties, the importance of the finding in the 

first stage of the study, showing the decrease of cyc1ic AMP excretion in con­

trol subjects and its increase in patients with labile hyperkinetic hyperten­

sion in response to upright position, encouraged to continue this work. These 

pre1iminary resü1ts were further supported by findings obtained with a more 

precise procedure, the radioimmunoassay, for cyc1ic AMP determination. They 

are presented in the next chapter. 

B - CYCLIC AMP MEASUREMENT BY RADIOIMMUNOASSAY 

1 - STUDY OF POSTURE 

a - Ennec;t on pul6e Jr.a.te, b.f.ood plte6.6Wl.e, excJte.tion on c.ycUc. AMP a.nd elec...,. 

tJr.olytru • 

Individua1 data obtained from control subjects and patients with labile 

hyperkinetic hypertension are presented in tables 20 and 21. These data showed 

that the upright position increased the pulse rate in both groups of subjects, 

but statistica1 ana1ysis demonstrated high1y significant difference in pa-' 
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CONTROL SUBJECTS 

NAME AGE SEX 
* ** ,PR ,MaP 

E.S. 21 M 87 76 
M.E. 21 M 82 71 
N.Y. 21 M 91 97 
M.D. 21 M 57 72 
P.s. 22 M 78 93 
J.D. 22 F 82 69 
R.D. 22 M 52 73 
P.B. 23 M 60 87 
N.T. 24 F 14 72 
Y.D. 24 M 84 94 
A.S. 25 M 66 104 
M.G. 25 F 72 60 

Mean' 73.6 81.2 
± SE 3.7 3.9 

TABLE 20 

Ba.6.i.c. da:ta. a.nd c.ycLi.c. AMP eXC/Le;t(.on­

ennec.t on po~~e 

RECUMBENT 

* ** VOLUMEt CREATtt cAMP /m.i..n§ cAMP/CJL§§ .'PR MaP 

3.04 1.55 3.95 2.54 92 83 
1.50 0.68 :',1;96 2.86 58 90 
0.98 1.09 2.57 2.37 100 85 
6.42 1.17 1.94 1.67 65 ' 80 
1. 75 1.26 4.50 3.57 74 84 
3.60 0.76 3.92 5.17 74 76 
4.67 1.58 1. 74 1.10 57 78 
2.35 1.20 2.83 2.36 84 99 
3.60 0.82 3,.32 4.00 85 78 
2.50 1.24 3.98 3.20 82 90 
4.12 2.37 11.94 5.02 86 89 
3.16 0.76 3.03 4.10 92 79 

3.14 1.20 3.81 3.16 79.2 84.2 
0.43 0.14 0.78 0.36 4.0 1.9 
--- -- - -

* MHan pulse rate per minute during four hours of study. 

VOLUMEt 

0.83 
1.02 
0.17 
1.90 
0.58 
1.23 
0.79 
0.25 
1.96 
1.47 
1.15 
2.87 

1.18 
0.22 

** Mean of b100d pressure in mmHg (diasto1ic + 1/3 of pulse pressure) during the same periode 

',t Volume of urine in ml per minute during the same periode 
tt Creatinine excretion in ~g/min. 

§ Cyc1ic AMP excretion in nanomo1/min. 
§§ Cyc1ic AMP excretion expressed in ~ol and corrected per g of creatinine. 

UPRIGHT 

CREATtt cAM' / m.i..n§ 

1.58 5.72 
0.91 2.58 
0.55 1.98 
1.00 1.48 
1.40 4.22 
0.64 3.69 
1.29 0.30 
0.83 0.54 
0.64 2.45 
1.25 2.65 
1.66 6.53 
0.80 2.89 

1.05 2.92 
0.10 0.54 

cAMP/C~§§ 

3.61 
2.84 
3.62 
1.48 
3.01 
5.72 
0.23 
0.65 
3.85 
2.12 
3.93 
3.59 

2.89 
0.44 

1-' 
o 
1-' 

Z 

~ 



LABILE HYPERKINETIC HYPERTENSION 

NAME AGE. SEX 
*. PR . ttr3P"'''' VOI.:UMEt 

J.G. 12 F 82 81 3.25 
N.F. 15 M 81 96 3.56 
A.C. 21 M 81 96 1.48 
J.P.P. 21 M 84 106 2.16 
P.D. 22 M 58 92 2.98 
P.c. 27 M 68 108 6.70 
J';L. 28 F 78 97 3.34 
L.L. 29 F 68 121 4.48 
G.P. 30 M 69 104 3.52 
A.H. 30 M 67 100 3.29 
G.L. 31 F 97 121 0.76 
C.L. 37 F 77 93 3.04 
J.C.A. 39 M 70 94 4.06 
F.L. 40 M 84 109 1.83 

Mean 76.0 101.3 3.17 ± SE 2.6 2~ 0._38 
-

For exp1anations refer;·tab1e 20. 

l'ABLE 21 

BlU-iC. da.:ta. and c.ycLLc. AMP eXCJLet;[on-

e66ec.t 06 po~~e. 

RECUMBENT 

CREATtt cAMP/m<.n§ c.AMP / CIL § ~ '* PR MBP** 

0.94 4.36 4.66 96 84 
1.41 3.89 2.90 93 73 
0.90 1.96 2.16 93 104 
1.27 1. 76 1.38 116 95 
1.31 5.48 4.17 85 83 
1.41 2.67 1.88 96 121 
1.37 6.03 4.41 92 101 
0.94 4.94 5.25 84 111 
2.08 5.44 2.64 96 112 
1.14 1.32 1.16 76 101 
0.82 3.91 4.77 97 135 
0.95 2.49 2.61 18 88 
1.30 2.64 2.03 81 .. 96 
1.83 7.13 3.89 91 103 

1.26 3.86 3.13 91.0 100.5 
_O.O~ _ _Q~41 

- _"---0.36 2.7 4.3 

UPRIGHT 

VOLUMEt CREAïtt 

0.19 0.86 
0.57 1.24 
1.18 0.96 
1.26 1.00 
0.42 0.66 
3.06 1.22 
0.58 1.14 
3.54 2.05 
1. 79 0.61 
0.41 0.60 
0.36 0.59 
0.86 0.69 
2.14 1.24 
1.11 1. 74 

1.24 1.04 
0.27 0.11 

cAMP/mik§ 

2.35 
4.46 
2.46 
3.16 
3.59 
2.30 
6.51 
9.82 
5.06 
2.72 
3.64 
2.17 
4.53 
6.97 

4.27 
0.59 

cAMP/C!§§ 

2.71 
3.60 
2.55 
3.13 
5.47 
1.88 
5.69 
4.78 
8.26 
4.53 
6.15 
3.12 
3.65 
4.01 

4.26 
0.45 

..... 
o 
1'-) 

1 

-J 
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tients only (refer table 22). Creatinine excretion decreased slightly in 

both groups. The excretion of cyclic AMP in the upright position demonstrated: 

a small decrease (when corrected for the decrease of creatinine excretionin 

upright position) in control subjects, while a significant increase was ob-

served in patients (refer table 23). 

The following conclusion may be drawn from the analysis of the intergroup 

postural changes (table 24): 1) the pulse rate is slightly higher in recum-

bent patients, and a significant difference is oberved when the subjects as-

sume the upright position; 2) the mean blood pressure is significant1y higher 

in patients in either of the two positions; 3) the amount of cyclic AMP ex-

creted in upright position is significantly higher in patients (with no dif-

ference between "baseline", 1. e. recumbent values). 

The results of the pulse·.rate, mean blood pressure and cyclic AMP excretion 

were ana1yzed with respect to the "amplitude of change" due to postural adap-

tation (data obtained by subtraction of upright values from the recumbent ones) 

(refer table 25). This analysis showed that the only significant difference 

induced by postural change is observed in the excretion of cyclic AMP. 

Individual data of sodium and potassium excretion, as well as their ratio, 

summarized in tables 26 and 27, showed a high1y significant decrease in the 

upright position in both groups of subjects (table 28). When the electr01ytes 

excretion is compared between the two groups, it is evident that the sodium 

excretion is higher and the potassium excretion lower in patients when recum-

bent; differences are, however, statistica1lynot significant(tab1e 29) but 

the resulting sodium/potassium ratio shows a significant increase (p < 0.02). 



TABLE 22 
St:a.:tudi .. c.ai. a.naR..y/,-u 06 :the e66ec..t 06 po/,:tuJte on btud .. c. dai:a.. 

Analysis of variance by randomized blacks. 

CONTROL SUBJECTS LABILE HYPERKINETIC HYPERTENSION 

Source of variation Source of variation 

SUBJECTS POSTURE SUBJECTS POSTURE 

f f f P F P F P 
PULSE RATE . 2.76 N.S • 2.12 N.S. 2.99 <0.05 31.4 <0.01 
MEAN BLOOD PRESSURE 3.28 <0.05 1.10 N.S. 6.1 <0.01 0.07 N.S. 
VOLUME 2.24 N.S. 26.06 <0.01 4.13 <0.01 ·42.43 <0.01 
CREATININE EXCRETIO~ 8.30 <0.01 3.89 N.S. 1.31 N.S. 2.25 N.S. 

1 

TABLE 23 

St.a;ti.ld:i .. c.a1!.. a.na1!..y/'-U 06 the e66ec.t. o~ pO.6twz.e on c.ycU..c. AMP eXcJl..mon. 

CONTROL SUBJECTS LABILE HYPERKINETIC HYPERTENSION 

Analysis of covariance (cyclic AMP per minute, reduced for creatinine excretion) 

o .~6 1 N.~. 
F 1 .... 1 . P 

4.32 <0.05 

~ 

Paired Student t. test (cyclic AMP per g of creatinine) 

1.~7 1 N.~~ 1 E"it341 <0.55 

Wilcoxon matched-pairs test (cyc1ic AMP per g of creatinine) 

'-2r-l- N.~. 1 1; 1 <-oTI 

L.. 

, .~ 

..... 
o 
,ç:.. 

J 
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TABLE 24 
St;a,;tUÜc.at at'litly~.u 06 the e66ea 06 po~tuJr.e on ba6-ic. da.ta. 

and cAMP eXCJtetion be;tween .the :two glLoup6 

Unpaired Student Z test 

RECUMBENT UPRIGHT 

Z p :t P 

PULSE RATE -0.54 N.S. -2.51 <0.05 
MEAN BLOOD PRES SURE -4.17 <0.01 -3.24 <0.01 
VOLUME -0.05 N.S. -0.17 N.S. 
CREATININE -0.33 N.S. 0.01 N.S. 
CYCLIC AMP (PER g CREAT) 0.05 N.S. -2.12 <0.05 1 

1 

Analysis of covariance (cyclic AMP per minute, reduced for creatinine excretion) 

br -l p 11 F-- ~-p--I 
0.09 N.S~ -9.22 <0.01 

Wi1coxon test for two samp1es (cyc1ic AMP per g of creatinine) 

FiT iJu P1 1 r--'-p' î88 ~.·S. 128 N.S. 

j 

1-' 
o 
ln 

J 



TABLE 25 

st:a:tU:ticai. anai.yûA 06 c.ha.ngu 06 bCl6-i.C. da.t:a. and CJjc..Uc. AMP eXCJl.e.:tton wLth 

change ;to upJU.gh-t pO.6-tu1z.e (on da.t:a. modi6-i.ed ;to e,Umina;te nega;Uve vaf.u.e.6). 

* ,tt PULSE RATE ·Mean S2 p ** Mean S2 MEAN BLOOD PRESSURE ,tt 

CONTROL versus 94.41 184.81 2.03 N.S CONTROL versus 96.91 113.5 -0.93 
PATIENTS 85.00 100.3 PATIENTS 100.7 108.2 

L-.-.--- ~ 

CYCLIC AMP§ Mean S2 ,tt p. 
CONTROL versus 10.27 0.79 

PATIENTS 8.88 3.18 2.45 <0.005 
1 

rTt 
fJ 1 

214 <0.01 
1 

* Difference (pulse rate recumbent minus pulse rate upright) beats/min. plus 100. 

** Same proce~ure as for pulse rate. 

P 

N.S. 

§ Difference (cAMP excretion recumbent minus cAMP excretion upright), micromo1es/g of creatinine, 
plus 10. 

t Unpaired Student ,t test 

tt Wi1coxon test for two samples. 

1-' o 
0\ 

.-1 



CONTROL SUBJECTS 

TABLE 26 

Sodium and potah~ium ex~etion­
e66eet 06 po~tune 

RECUMBENT UPRIGHT 
NAME * ** Kt VOLUME Na 

E.S. 3.04 180 98 
M.E. 1.50 103 36 
Y.N. 0.98 72 67 
M.D. 6.41 164 77 
P.s. 1. 75 108 67 
J.D. 3.60 119 43 
R.D. 4.67 173 87 
P.B. 2.35 210 61 
N.T. 3.60 105 68 
Y.D. 2.50 85 80 
A.S. 4.12 165 124 
M.G. 3.17 92 60 

Mean 3.14 132.2 72.3 
± SE 0.43 12.~ 6.8 

* Volume of urine in ml/min. 
** Sodium excretion in ~Eq/min. 

Na/Ktt 

1.84 
2.86 
1.07 
2.13 
1.61 
2.77 
1.99 
3.44 
1.54 
1.19 
1.33 
1.53 

1.94 
0.21 

t Potassium excretion in ~Eq/min. 
tt Ratio of sodium over potassium excretion. 

* ** Kt VOLUME Na. 

0.83 42 42 
1.02 98 35 
0.16 4 17 
1.90 32 21 
0.58 21 54 
1.23 17 30 
0.79 42 26 
0.25 8 25 
1.96 - -
1.47 62 72 
1.15 33 88 
2.87 75 52 

1.18 39.4 42.0 
0.22 8.7 6.JL 

-
1 

Na./Ktt 

1.00 
2.80 
0.24 
1.52 
0.39 
0.57 
1.62 
0.32 
-

0.86 
0.38 
1.44 

1.01 
0.23 

1-' o 
....... 

~ 
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TABLE 27 

Sodium and po~~ium ex~etion-

enneet 06 po~~e. 

LABILE HYPERKINETIC HYPERTENSION 

RECUMBENT UPRIGHT 

NAME * ** Kt Na/Ktt * ** 
VOLUME Na VOLUME Na 

J.G. 3.25 227 54 4.2 0.19 1 

N.F. 3.56 260 .·68 3.82 0.57 46 

A.C. 1.48 88 45 1.96 1.18 53 

J.I'.J~. 2.16 162 34 4.76 1.26 54 

P.D. 2.98 161 112 1.44 0.42 9 

J.L. 3.34 240 80 3.0 0.58 55 

L.L. 4.48 193 54 3.57 3.54 120 

G.P. 3.52 239 78 3.06 1. 79 90 

A.H. 3.29 148 50 2.96 0.41 13 

G.L. 0.76 48 31 1.51 0.36 1 

C.L. 3.04 118 37 3.19 0.86 23 

J.C.A. 4.06 190 63 3.02 2.14 40 

F.L. 1.83 121 99 1. 22 1.11 45 

Mean 3.18 168.8 61.9 2~90 1.25 42.3 

± SE 0.38 17.2 6.9 ·0.30 0.28 9.6 

For exp1anation refer table 26. 

Kt 

10 
39 
44 
33 
37 
39 
78 
43 
20 

8 
21 
51 
87 

39.2 
6.5 

Na/Ktt 

0.1 
1.18 
1.20 
1.64 
0.24 
1.41 
1.54 
2.09 
0.65 
0.13 
1.10 
0.78 
0.52 

0.98 
0.17 

'>: V 

1 

1 

1-' 
o 
00 

-.J 



'l'ABLE 28 

St:tLtUtlc.ai. anai.Yll-iA On the ennec.;(; On pOll:twLe on 1l0cUwn and po;(;a..611-i..um exC/Le.:Uon. 

Ana1ysis of variance by randomized b1ocks. 

CONTROL SUBJECTS LABILE HYPERKINETIC HYPERTENSION 

Source of variation Source of variation 

SUBJECTS POSTURE SUBJECTS 

F P F P ~. 

SODIUM 0.58 N.S. 27.53 <0.01 
1 

1.88 
POTASSIUM 1.99 N.S. 20.1 <0.01 2.89 
Na/K RATIO 1.72 N.S. 11. 77 <0.01 2.27 

----- -- -- -

l'ABLE 29 

S:ta.:ti..6tlc.ai. anai.y!:J-iA 0 n thi!.. en n ec.;(; 0 n pO!:JtuJr.e 

on .60~ and po;(;a..611-i..um eXC/Le;t(.on 

be;tv.Jeen the ;{J))o gltoupll. 

SODIUM 
POTASSIUM 
Na/K RATIO 

RECUMBENT UPRIGHT 

Unpaired Student t test 
-y P 

-1.65 N.S. -0.31 N.S. 
1.07 N.S. 0.29 . N.S. 

-2.56 <0.02 0.15 N.S. i 

P 

N.S. 
<0.05 
N.S. 

POSTURE 

F P 

51.80 <0.01· 
.10.2 <0.01 
50.75 <0. 01

1 

1-' 
o 
1.0 

_1 
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The observed differences between subjects disappeared in the upright position. 

The resu1ts of this study are summarized in table 30. 

b - V-Uc.U6.6-i..on 

Patients presented in this study are interesting from severa1 points of 

view. They are re1ative1y young with a mean age for the group of 27.7 years, 

which compares very we11 with the mean ,age of 23.5 years for the group of con­

trol subjects. It is remarkab1e, asevident from table 21, that the majority 

of patients had, atthe time of the study, their mean b100d pressure within 

or near to the·, .norma1 limit (the higher limit of the "norma1i • range being 

106 mmHg of mean b100d pressure). This fact, together with postural tachy­

cardia, is the principal characteristic ~f these patients and is in accordance 

with the observation of Widimsky et al. (284), Eich et al. (61), and Froh1ich 

et al. (80). The definition of this disease and the criteria used in the se­

lection of our patients were discussed in part II-A~l and part III-A-2. 

The patients are a1so interesting by their high incidence of associated 

symptoms (table 31). The presence and the frequency of these symptoms have 

a1ready been reported by our group (137). We may emphasize the frequency of 

gastrointestina1 symptoms and u1cers a1so noted ear1y by our group (136) con­

trasting with the observation of 10w incidence of duodena1 ulceration in pa­

tients with stable essentia1 hypertension reported by other workers (180). 

Some implications of this wide range of symptoms are considered in relation 

to possible disturbances of the cyc1ic AMP system in the genera1 discussion. 

Attention must be drawn to the fact that for the purpose of simp1ication 

on1y the means of mean b100d pressure(diasto1ic plus one third of pulse pres-

l 
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TABLE 30 

SummCVLy 06 ob.6eJLva;UOn6 ln :the .6:tudy 06 :the e66ec..t 06 pO.6:tu1l.e. 

l CHANGES DURING UPRIGHT POSITION (AS COMPARED TO RECUMBENT) WITHIN 
~CH GROUP. 

CONTROL SUBJECTS 

PULSE MBP CREAT VOLUME eAMP Na K MaiK 

LABILE HYPERKlNETIC HYPERTENSION 

II DIFFERENCES OBSERVED IN LABILE HYPERKINETIC HYPERTENSION 
(AS éOMPARED TO CONTROL SUBJECTS) 

RECUMBENT 

UPRIGHT 

- No difference observed; {f' insignificant dierence; 

~ difference significant at the level of 95%; difference 

significant at the level of 99% (considered as significant, 

when established as such with at least one of the statistical 

tests used). 
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TABLE 31 

Â6hocUa:ted hymptOI1UJ ObheJl.ved -in paUenh wUh 

~b-i.le hypenk-i.netie hype4tenh-ion 

Total number of patients 24 

Dermographism 17 

Dyspepsia 8 

Proven gastroduodena1 u1cer 5 

Neurovegetative pattern of 
glucose to1erance test* 7 

Anxiety and/or depression 22 

* Characterized by asteep increase over 

160 mg% in the first 30 minutes of glucose 

to1erance test with the remaining part of 

the curve being normal. 
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sure) have been reported in this thesis, resu1ting in some 10ss of informa­

tion, our iÏlterest being main1y centered on cyclic AMP data. 

The decrease in creatinine and e1ectro1ytes excretion, accompanying pos­

tural antidiuresis is in accordance with recognized physio10gica1.adaptation 

to posture (64, 65). In this respect, the postural adaptation is simi1ar in 

both groups of subjects studied. It is however interesting to note the higher 

sodium and 10wer potassium excretion in patients with labile hyperkinetic hy-. 

pertension, leading to a significant increase of Na/K ratio. It was demon­

strated that patients with stable essentia1 hypertension show a greater and 

more rapid rejection of salt loads (83), our subjects, however, were maintained 

on a ca1culated diet and the study was performed when the equi1ibrium between 

electrolytes intake and excretion was reached. Our observation may therefore 

be specific to patients with labile hyperkinetic hypertension. 

Cyclic AMP present in urine is known to have a double origine A large part 

derives from plasma by glomeru1ar filtration and about a third originates from 

kidney (23). Kaminsky et al. demonstrated a good correlation between urinary 

cyc1ic AMP and creatinine excretion in normal subjects (118). When precaution 

against "labi1ity" with correlation tests are taken, it is possible to state 

that,in our study, a··corre1ation between creatinine and cyclic AMP in the re­

cumbent position is observed in control subjects, whi1e this correlation in pa­

tients is poor (table 32). In the upright position, subjects react in an oppo­

site way - the correlation l~ses its significance in control subjects and be­

comes significant in patients. We prefer to avoid any speculation on this find­

ing. Unfortunate1y, the glomerular filtration rate was not measured exactly 

in this study and so, on1y the creatinine excretion is considered as an.approx­

imate indicator of kidney function, with aIl its known limitations (plasma crea-

tinine values being within normal range in both groups) (11, 26). 



TABLE 32 

COIVLe1.a..ti.on be.twe.e.n cJl.e.a:UMne. 

and c.ycUc. AMP e.XcJl.W.On6. 

1 - STUDY OF POSTURE 

CONTROL SUBJECTS PATIENTS 

JI. ;t /0 JI. ;t ~ .. 

RECUMBENT 0.7418 3.49 ' <0.01 0.4916 1.96 N.S. 
UPRIGHT 0.5670 2.14 N.S. 0.7575 4.02 <0.005 

2·-- STUDY OF THE EFFECT OF ISOPROTERENOL 

CONTROL SUBJECTS PATIENTS 

RECUMBENT 0.8726 4.37 <0.005 0.2807 0.65 N.S. 
ISOPROTE- 0.4940 1.39 N.S. 0.0875 0.19 N.S. 
RENOL 

3 - STUDY OF THE EFFECT OF PROPRANOLOL IN PATIENTS 

PLACEBO PROPRANOLOL 

RECUMBENT 0.6842 2.09 N.S. 0.8425 3.49 <0.02 
7UPRIGHT 0.4194 1.15 N.S. 0.6257 1. 79 N.S. 

1 
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The response to upright posture in cyclic AMP excretion, considered by 

the covariance or expressed per gram of creatinine, was significant1y diffe­

rent in both groups of subjects under'study. Cyclic AMP excretion decreased 

in control subjects while it increased in patients; possible reasons for this 

opposite reaction are considered in the general discussion. 

2 - STUDY OF ISOPROTERENOL INFUSION 

a - Enoec..t on pui.6e JUtte, blood p1l.e6.6WLe, eXCJLruon on c.yUc. AMP a.nd ei.e.c.­

:tJr.oR..yte6 _ 

Individual data from this study are presented in tables 33 and 34 for con­

trol subjects and patients respectively. The two groups of subjects responded 

differently to a stimulation by isoproterenol. The c1inical observations, con­

trast somehow with objective measurements. Control subjects frequent1y com­

p1ained of palpitations {in five of the eight cases) and even anxiety was a 

spontaneou6 ~omplaint, especia11y during the first 30 minutes of infusion (in 

four of the eight cases). In some subjects, it was necessary to slow down 

the initial infusion rate for a few minutes, however aIl of them received the 

total dose within the four hour period. On1y one out of seven patients com­

p1ained of subjective adverse reactions and in one other case (p.n.) disori­

entation and behaviora1 changes during the eight hours fo110wing the end of 

infusion were observed. The latter reaction was fortunately on1y transitory. 

A peculiar observation was that two thirds of subjects from both groups were 

asleep after the first hour of infusion. 

Isoproterenol infusion, increased the pulse rate in both groups, but the 

significant;' level of 99% was reached in patients only. Mean b100d pressure 

(mean of aIl recordings during the four hour infusion) showed large variations 
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CONTROL SUBJECTS 

NAME AGE SEX PI* 
30 ' 4hrs 30 ' 

Y.N. 21 M 89 89 70 
E.S. 21 M 101 98 64 
P.s. 22 M 87 77 112 
J.D. 22 F 72 74 66 
P.B. 23 M 91 81 82 
N. T. 24 F 92 89 59 
Y.D. 24 M 82 97 100 
A.S. 25 M 92 97 96 

Mean·· :88.5 87.75 81.12 
:t SE 2.99 3.35 6.90 

-- - ---

:rABLE 33 

B~~e data and eyelle AMP ex~etion­

en6eet On ,uoplLo:teJLenol.. 

** VOLUMEt CREATtt cAMP/mi..n§ MBD 
.4hrs 

74 1.20 0.91 1.94 
80 3.17 1.33 2.86 

114 1.46 1.40 3.69 
63 4.30 1.58 3.81 
86 3.54 1.25 2.61 
60 3.33 1.17 2.23 

113 5.17 1.90 4.07 
94 3.37 1.45 7.53 

85.50 3.19 1.37 3.59 
7.27 __ 0.47 _~.10 0.62 

---- ----- --

c.AMP/CIL§§ RECUMBENT.1 -;cAMPICIL 
2.14 2.37 
2.15 2.54 
2.64 3.57 

- 2.04 1 5.17 
' 2.05 1 

1.90 1 

2.36 
4.00 

2.14 3.21 
5.19 5.03 

2.53 3.53 
0.39 - _Q.40 __ 

* Mean pulse rate per minute for the first 30' and for the complete 4 hour period of isoprotereno1 infusion. 
** Mean of b100d pressure in mmHg (diasto1ic + 1/3 of pulse pressure) for the first 30' and for the complete 

4 hour period (refer method). . 
t Volume of urine in ml per minute during the four hour infusion period. 

tt Creatinine excretion in ~g/min. during the four hour infusion period. 
§ Cyc1ic AMP excretion in nanomo1/min. 

§§ Cyc1ic AMP excretion expressed in ~mo1 and corrected per g of creatinine. 
1 Cyc1ic AMP excretion (in ~mo1/g of creatinine) in recumben1z:p9sition without infusion, showed for direct 

comparison. 
.... .... 
~ 
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LABILE HYPERKINETIC HYPERTENSION 

* NAME AGE SEX PR 

30 ' ·4hrs 

N.F. 15 M 90 97 
J.P.P. 21 M 103 105 
P.D. 22 M 83 93 
J.L. 28 M 104 110 
G.L. 37 F 84 92 
C.L. 37 F 98 102 

·30 ' 

74 
81 
82 
76 
83 
94 

TABLE 34 

Ba..6,tc. da:ta a.nd c.yet.Lc. AMP eXMe.Zi.on­

e66ec:t 06 -UopJto~eJtenol. 

** VOLUME
t 

CREAT
tt c.AMP /m-i.n § MBP 

4hrs 

72 3.42 1.43 4.45 
94 5.22 1.09 7.04 
84 3.39 1.53 6.53 
78 3.01 1.17 5.06 
79 2.89 0.89 5.68 
90 4.39 1.00 2.99 

J.C.A. 39 M 117 115 106 101 5.70 1.31 3.48 

Mea.n 97.00 102.00 85.14 85.43 4.01 1.20 5.03 
± SE 4.63 3.26 4.23 3.82 0.42 0.09 0.57 

- - - --

For exp1anation refer table 33. 

c.AMP /C/t..§ § 

3.10 
6.43 
4.27 
4.31 
6.34 

1 

2.99 1 

2.65 

4.30 
0.59 

RECUMBENT 

c.AMP/C/t..1 

2.89 
1.38 
4.18 
4.40 
4.77 
2.61 
2.03 

3.18 
0.49 

1-' 
f-I 
-..J 

~ 
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within the group of control subjects, but total changes were insignificant. 

Mean'blood pressure in patients decreased primarily because of a diminution 

in diastolic pressure. The systolic pressure demonstrated a state of alert­

ness irt'cpatients - various stimuli such as a visit of persons outside of the 

team'or noises had frequently an immediate effect on the systolic blood pres­

sure, increasing it by 50 to 100 mmHg. 

The creatinine excretion increased significantly in control subjects while 

high variability with no significant change was observed in the group of pa­

tients (table 35). Cyclic AMP excretion showed an opposite response in con­

trol subjects and patients - decreasing significantly in the former and in­

creasing significantly in the latter group (table 36). The degree of corre­

lation between creatinine and cyclic AMP excretions is highly lowered by iso­

proterenol infusion (table 32). 

When the intergroup differences of the reaction to isoproterenol infusion 

are considered, a significant increase of pulse rate and cyclic AMP excretion, 

as compared to control subjects, is observed (table 37). The "amplitude of 

change" due to isoproterenol infusion is significantly different between the 

two groups of subjects in cyclic ~~~exeretion_ (table 38)~ 

Individual data of the effect of isoproterenol infusion on the excretion 

of sodium and potassiUm is presented in table 39 ior both groups of subjects. 

No change in sodium excretion was observed in either of the two groups (as 

compared to corresponding data in recumbent position without infusion). In 

contrast, potassium excretion decreased in both groups: this change was si­

gnificant in control subjects only and resulted in an increase of the sodium/ 

potassium ratio (table 40). When the intergroup differences of sodium, potas­

sium and creatinine excretion are cons1dered, no evident change 1s observed 

(table 41). 



TABLE 35 
li 

st:a.:ti..h tic..a.1. ana1.tj.6-U 0 6 :the e66ed 06 -U oplLo:teJl.eno.e. ht 6U6-<.0 non ba6-<.e. da.:ta..-

Ana1ysis of variance by randomized b1ocks. 

CONTROL SUBJECTS LABILE HYPERKINETIC HYPERTENSION 

Source of variation Source of variation 

SUBJECTS ISOPROTERENOL 'SUBJECTS ISOPROTERENOL 

F p F P F p F P 

PULSE RATE 1.39 N.S. 4.72 N.S. 
MEAN BLOOD PRESSURE 4.06 <0.01 0.03 N.S. 
VOLUME 3.89 <0.05 1.37 N.S. 
CREATININE EXCRETION 1.44 N.S. 15.14 <0.01 

--

0.75 N.S. 16.58 <0.01 

1 

0.63 N.S. 3.56 N.S. 
1.5 N.S. 3.28 N.S. 

1 

9.08 <0 .. Q1 0.0 N.S. 

TABLE 36 
* S:to.:tjAtic..a.1. anaR..y.6-U 06 :the e66ed 06 -UoplLO:teJl.eno.e. -<.n6U6-<.on on e.yme. AMP eXc.lLeti.on 

CONTROL SUBJECTS LABILE HYPERKINETIC HYPERTENSION 

Ana1ysis of covariance (cyc1ic AMP per minute, reduced for creatinine excretion) 

F ! P !! F P 5.99 <0.05 2.71 N.S. 
Paired Student :t test (cyc1ic AMP per g of creatinine) 

1- 2~56 1 <0~05 1 1 -~.631 N~S. 
Wi1coxon matched-paris test (cyc1ic AMP per g of creatinine) 

T!PIRTIP 1 <0.05 ~ <0.05 

* As compared to corresponding data in recumbent position without infusion in respective subjects. 

....... 

....... 
\0 

J 



TABLE 37 

st:at.i6iUcai. anai.y.6-U on .the ennect on -Uop1l;o.te/l.enol -i..n6U6-<-on on btU-<-c. data. 

and c:.ycLic. AMP eXCJte:ti..on between .the two gILOUp.6. 

PULSE RATE 
MEAN BLOOD PRESSURE 
VOLUME 
CREATININE EXCRETION 

Unpaired Student .t test 

RECUMBENT 

;(; .P 
0.31 N.S. 

-1. 78 N.S. 
-0.18 . N.S. 

0.40 N.S. 
CYCLIC AMP (PERg CREAT) -0.59 N.S. 

ISUPREL 

t:. P ! 

-3.02 <0.01 
0.01 N.S. 

-1.28 N.S • 
1.23 N.S. 

-2.56 <0.05 

Ana1ysis of covariance (cyclic AMP per minute, reduced for creatinine excretion) 

1--K.o~[;~~1 14~1~ f -N.t l 
Wilcoxon test for two samples (cyclic AMP per g of creatinine) 

E ;;---51~-! r-T-i=f- P -, 
4~<O:01 

~ 
t-,) 

o 

~ 
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TABLE 38 

S:t.a.:t.i.Â:ttcai. analy.6iA On c.ha.nge.6 On ba.6-tc. d.a:ta a.nd c.yc.Li.c. AMP exCJr.e:UoY/. 

by -i.6opllo;(;eJLenol -tnnU6-toY/. (on da.:ta.. mocUn-<.id ;(;0 e.UmLna.;(;e nega.:Uve valUe6:i 
-' • 

* Mean S2 ;(;t 
P PULSE RATE ** ';'Mean MEAN BLOOD PRESSURE 

1 

CONTROL versus 90.00 169.43 1.88 N.S. 1 

CONTROL versus 101.00 ' 

PATIENTS 75.86 256.81 
1 ~- - - - -- -- -I--!: -- -----=- --

PATIENTS 114.43 

CYCLIC AMPs Mean .S2 .tt .10 
1 , 

CONTROL versus 10.999 1.223 2.59 <O·@I 
PATIENTS 8.883 3.925 

rtt Q 

. 90_ ,---"<O.gl 

For exp1anations refer table 25 

S2 ;(;t 

231.43 -1.67 
251.61 

P 

N.S. 

..... 
N 
f-I 

..-l 
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CONTROL SUBJECTS 

• ** NAME -VOLUME"' ,Na 

J.N. 1.21 63 
E.S. 3.16 212 
P.s. 1.46 117 
J.D. 4.29 77 
P.B. 3.54 174 
Y.D. 5.17 186 
A.S. 3.37 88 

Mean 3.19 131.0 
± SE 0.47 22.4 

MEAN 1 2.74 131.7 
± SE '0.37 16.9 

'TABLE 39 

Sodlum and pO~hium ex~etlon­

e66ec.t 06 -Uop!l.oteJtenol -in6U6-ion 

LABILE HYPERKINETIC HYPERTENSION 

,Kt ,Na/Ktt * ** Kt ,NAME VOLUME Nd. 

25 2.52 N.F. 3.42 113 82 

29 1 

7.31 1 

54 2.17 1 

J:.P.P. 5.33 230 63 
P.D. 3.39 102 41 

17 - 4.53 J.L. 3.01 226 39 

57 3.05 G.L. 2.89 58 15 

25 7.44 C.L. 4.39 183 13 

40 2.2 J. C.A. 5.70 120 29 

35.2 4.17 Mean 4.00 147.4 40.3 

5.8 0.88 ± SE 0.42 25.0 9.5 

76.0 1.84 Mea.n1 2.84 168.4 60.7 

8.8 0.29 ± SE 0.41 27.2 11.1 
" 

For exp1anations refer ta~le 26. 

Na/Ktt 

1.38 
3.65 

::2.49 
5.79 
3.87 

14.08 i 

, 

4.14 

5.05 
1.59 

2.96 
0.44 

Mean and standard errors of f~ta obtained in recumbent position without infusion in 

respective subjects (for ind~vidua1 data refer tables 26 and 27). 
1 

...... 
N 
N 

, 
~ 



TABLE 40, 

S:l:a:ti .. ld.i .. c.a.l aJ'lD.i..Y.6,u 06 :the e66ec.t 06 ,uopJLoteJLenol -in6U6-ion on .6ocüum and po:ta.6.6-ium eXClLe"t(.on. 

,Ana1ysis of variance by randomized b1ocks. 

SODIUM 
~'POTASSIUM 

Na/K RATIO 

·CONTROL SUBJECTS LABILE HYPERKINETIC HYPERTENSiON 

Source of variation Source of variation 

SUBJECTS ISOPROTERENOL SUBJECTS ISOPROTERENOL 

F P F .P F ~ F -~ 

1.54 N.S. 0.04 N.S. 2.18 N.S. 0.51 N.S. 

1.19 N.S. 14.14 <0.01 1 

0.91 N.S. 5.61 N.S. 1 

L _________ 
1 

1.63 N.S. 2.57 N.S. 
1.07 N.S. 1.65 ,N.S. 

- -- - -

TABLE 41 

St:.a.t;Uüc.a.l a.nai.Y.6,u 06 the e66ec.t 06 ,uopILoteJLenol .i.nnU6-ion 

·cm·6odium 'and po:t:a.&ûu.m exCJUU:i..on. be:t:ween the :two gJLou..p.6. 

Unpaired Student t test 

:t P 

SODIUM -0.48 - N.S. 
POTASSIUM -0.44 N.S. 
Na/K RATIO -0.48 N.S. 

1 

1 

1 

f-" 
N­
U)-

-' 



124 

The summary of aIl the above observations is presented in table 42. 

b - V~eU6~lon 

Isoproterenol infusion in the study of Frohlich et al. induced a rise of 

cardiac index and ventricular ejection rate in patients with labile hyperten­

sion more markedly than in patients with stable hypertension (80). In our 

experience, a higher increase of heart rate was obtained in patients with 

labile hyperkinetic hypertension, than in control subjects. 

The effect of isoproterenol, a a-adrenergic agonist, was shown to be me­

diated by cyclic AMP. This is supported by the fact that isoproterenol in­

creased the accumulation of cyclic AMP in aortic tissue (272) and exogenous 

cyclic AMP mimicked the effect of isoproterenol in smooth msucle (148).Volicer 

and Hynie demonstrated a direct relationship between vasodilatation induced 

by isoproterenol and a simultaneous increase in the formation of cyclic AMP 

(272). Kaminsky et al. reported an increase in plasma 1eve1 of cyclic AMP 

during the infusion of isoproterenol in human (116). In addition, they stated 

that this S-adrenergic stimulation leads to a reduction of nephrogenous cyc1ic 

~, resu1ting in urinary 1eve1s which do not correspond to those reached in 

the plasma. Our results in control subjects are in accordance with this ob­

servation. In our study, a real decrease in cyclic AMP excretion during iso­

p~oterenol infusion in control subjects, as compared to the excretion in recum­

bent position was observed. In contrast to this finding, the excretion of cy­

clic AMP was·increased by isoproterenol infusion in patients with labile hyper­

kinetic hypertension. Thus, the behavior of the two groups in their response 

in the excretion of cyc1ic AMP during isoproterenol infusion is simi1ar to the 

reaction in upright position; possible reasons for this opposite response are 
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TABLE 42 
,SummaJLy 06 ob.6 eJ!.vaUon!.J ,Ln. .6:tu.dy 06 the. e.66e.c.:t 06 -i...6op1LoteJLe.n.ol ,Ln.61L6,Lon.. 

,l,CHANGES INDUCED BY ISOPROTERENOL INFUSION (AS COMPARED TO RECUMBENT 

(POSITION) 

'CONTROL SUBJECTS 

'PULSE 'MBP 'CREAT 'VOLUME 'cAMP 'NA K Net//( 

l 'If 1- 1. 1 {} 1 • I-ffî 1f 1 
LABILE HYPERKINETIC HYPERTENSION 

Il DIFFERENCES INDUCED BY ISOPROTERENOL INFUSION IN PATIENTS WITH 

LABILE HYPERKINETIC HYPERTENSION (AS COMPARED TO CONTROL SUBJECTS) 

--- No difference observed. 

~Insignificant difference; ~difference significant at the 1eve1 of 95% • 

• Difference significant at the 1eve1 of 99% (considered as significant 

when estab1ished as such with at 1east one of the statistica1 tests used). 

l 
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considered in the genera1 discussion. Comparison of the effect of upright 

posture and isoprotereno1 infusion in the two groups of subjects are made 

in fig. 9. 

The effect of isoprotereno1 infusion on different renal parameters has 

been extensively studied. Gill and Casper recent1y,after.infusing isoprote­

renol into the renal artery, demonstrated the increase of the urinary volume 

and the free water clearance in hypophysectomized dogs (87). A similar effect 

on urinary volume was observed in our human subjects. In an extensive study 

in humans, Meurer observed a1so that S-adrenergic stimulation induced an in­

crease of the urinary volume (184). Furthermore he noted a decrease in the 

clearance of potassium beginning at the end of the first hour of infusion. 

Our results are also confirmatory in this respect. Induction of hypokalemia 

by adrenergic stimulation was demonstrated nearly fort y years ago (173). Beta­

adrenergic receptors may play a part in this mechanism since Massara et al. 

abo1ished the epinephrine-induced decrease in plasma potassium in man by a 

pretreatment with propranolol (173). The explanation for the changes in plasma 

and urinary potassium are missing, but some interrelation with the release and 

metabo1ism of cyc1ic AMP was evoked (50, 221) (refer part II-B-7-c). 

3 - STUDY OF PROPRANOLOL ADMINISTRATION 

a - E66e.ct on pui.6e. 1La;te., blood plLe.6.6uJte., e.x.cJtetion 06 c.yeUc. AMP and e.le.c.­

btolyt.e.6 • 

This study was conducted with seven out of a total of fourteen patients 

with labile hyperkinetic hypertension. Individua1 data of pulse rate, blood 

pressure, cyclic AMP and creatinine excretion are presented in tables 43 and 

44 for periods during the administration of placebo and propranolol respec-

1 
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CONTROL SUBJECTS 

UPRIGHT ISUPREL 

50, 
-MEAN 

-20 

-30 

-40 

79 
-50 

LABILE HYPERKINETIC HYPERTENSION 

+40 

+30 

+20 

+/0 

o 
-10 

-20 

-30 

-40 

-50 

ISUPREL 
336 
~ 

Fig. 9 Percentage of change of cyclic AMP excretion from value in recumbent position. 
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:rABLE 43 

Ba6-ic. da;ta and c.yc.U.c. AMP ex.CJl.e:tion 

enneet on pOI>WJLe and pR.a.c.ebo admJinudJr.a:tion 

* LABILE HYPERKINETIC HYPERTENSION (ON PLACEBO ,) 

NAME ,AGE SEX 'RECUMBENT 

* ":** 
IVOLUMEt CREATtt PR 'MBP 

N.F. 15 M 81 96 3.56 1.41 
A.C. 21 M 81 96 1.48 0.90 
P.D. 22 M 58 92 2.98 1.31 
J.L. 28 F 78 97 3.24 1. 37 
G.P. 30 M 69 104 3.52 2.08 
A.H. 30 M 67 100 3.29 1.14 
C.L. 37 F 77 93 3.04 0.95 

Mean 73.00 96.86 3.03 1.31 
± SE 3.26 1.55 0.27 0.15 

* LABILE HYPERKINETIC HYPERTENSION (NO MEDICATION ) 

J.P.P. 21 M 84 106 2.16 1.27 
P.C. 27 M 68 108 6.70 1.41 
L.L. 29 F 68 121 4.48 0.94 
G.L. 37 F 97 121 0.76 0.82 
J. C.A. 39 M' 70 94 4.06 1.30 
F.L. 41 M 84 109 L83 1.83 

Mean 78.5 109.83 3.33 1.26 
± SE 4.82 4.16 0.88 0.15 

For exp1anations refer table 20. 

* Same data as in table 21. 

c.AMP/min§ c.AMP / CIL § § 
* ** 

'PR MBP 

3.89 2.90 93 73 
1.96 2.16 93 104 
5.48 4.17 85 83 
6.03 4.41 92 101 
5.48 2.64 96 112 
1.32 1.16 76 101 
2.49 2.61 78 88 

3.81 2.86 87.17 94.57 
0.72 0.42 3.01 5.16 

1. 76 1.38 P.16 95 
2.67 1.88 96 121 
4.94 5.25 84 III 
3.91 4.77 97 135 
2.64 2.03 81 96 
7.13 3~89 91 103 

3.84 3.20 94.17 110.17 
0.80 0.67 5.08 6.37 

'UPRIGHT 

VOLUMEt 'CREATtt 

0.57 1.24 
1.18 0.96 
0.42 0.66 
0.58 1.14 
1. 79 0.61 
0.41 0.60 
0.86 0.69 

0.83 0.84 
0.19 0.10 

1.26 1.00 
3.06 1.22 
3.54 2.05 
0.36 0.59 
2.14 1.24 
1.11 1. 74 

1.91 1.31 
0.50 0.21 

cJ\MP/min§ 

4~46 
2.46 
3.59 
6.51 
5.06 
2.72 
2.17 

3.85 
0.59 

- --

3.16 
2.30 
9.82 
3.64 
4.53 
6.97 

5.07 
1.15 

cl\MP/CIL§ § 

3.60 
2.55 
5.47 
5.69 
8.26 
4.53 
3.12 

4.75 
0.73 

3.13 
1.88 
4.78 
6.15 
3.65 
4.01 

3.93 
0.59 

/-' 
t-l 
co 

J 



,TABLE 44·' 

BC16-LC. da;ta. and c.ycU.c. AMP exClte.-tA.on-

eHec.t on pO.6twr.e dwung plLOpJta.n.Ol.Ol. ac:Jm<.tU6-tJta.;Uon -Ln i.a.bUe hypeJtfUne.-tA.c. hypeJLten6-i.on. 

NAME .AGE SEX 
RECUMBENT UPRIGHT 

* ** VOLUMEt CREATtt cAMP / mln § cAMP/CJL§§ * ** VOLUMEt CREATtt 'cAMPI ,. ,~, 
PR MBP PR MBP , m.tn .. 

N.F. 15 M 64 71 4.21 1.26 5.55 4.40 91 87 0.77 1.24 5.60 

A.C. 21 M 64 85 2.67 1.17 2.41 2.05 79 76 0.86 1.03 2.00 

P.D. 22 M 62 89 3.69 1.33 4.14 3.12 102 90 0.27 1.20 3.98 

J.L. 28 M 77 110 4.35 1.39 5.36 3.85 84 85 2.01 0.90 3.44 

A.H. 30 M 56 85 1.47 1.17 1.82 1.55 53 94 0.37 1.07 0.55 

G.P. 30 M 81 73 4.50 1.98 7.18 3.62 65 93 1.72 1. 76 5.44 

C.L. 37 F 63 81 4.17 1.00 2.30 2.28 66 85 3.54 1.14 2.73 

Mean 66.71 84.86 3.58 1.33 4.11 2.98 77 .14 87.14 1.36 1.19 3.39 

± SE 3.4. 4.9 0.42 0.12 0.76 0.39 6.4 2.3 0.44 0.10 0.69 

For exp1anations refer table 20. 

L 

cAMP/CJj. §§ 

4.51 
1.94 
3.30 
3.81 
0.52 
3.12 
2.38 

2.80 
0.50 

1-' 
N 
\0 

~ 
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tively. Table 43 shows in addition results in patients receiving no medi­

cation whatsoever to permit consideration of possible effects of placebo. 

The first statistical analysis was performed to determined the latter effect. 

Results presented in table 45 demonstrate that placebo had no effect, the 

only exception being a difference in the mean blood pressure in recumbent 

position between groups recéiving no medication and placebo. The total analy­

sis of variance clearly indicates (table 46) that there is a significant dif­

ference in cyclic AMP excretion between the three groups, i.e. receiving no 

medication, placebo and propranolol. The Newman-Keuls test:was performed on 

these data in spite of the fact that the "no medication" group inëluded six 

subjects which were different from seven others included in the groups of 

"placebo" and "propranolol". A modified Newman-Keuls test for unequal groups 

was therefore used (286). The results show that cyclic AMP excretion is dif­

ferent (p < 0.05) during the administration of propranolol and that there is 

no difference between "no medication" and "placebo" groups. 

The reaction to upright position is characterized by a highly significant 

rise of pulse rate in the group x:eceiving the placebo, while it was practi­

cally nonexistent in the group receiving propranolol (table 47). The~excretion 

of cyclic AMP (table 48) was significantly increased by upright position in pa­

tients when receiving placebo and again, this increase was abôlished by the ad­

ministration of propranolol. 

When an:,.analysis is performed between the data from periods of placebo and 

propranolol administration in the two respective positions (table 49), it is 

evident that the mean blood pressure is significantly different in the recum­

bent position, while the excretion of cyclic AMP and creatinine change only 



TABLE 45 

St:tLt.U:Ucd anaf.y.6,u on .the enneet on plac.ebo on dA.nneJLent pa/LameteJL.6 

(46 c.ompa/Led ~o pa.tle~ with no medic.a.:Uon) 

Unpaired Student ~ test 

RECUMBENT UPRIGHT 

1; .10 t; P. 

PULSE RATE ·0.96 N.S. 1.15 N.S. 
~AN BLOOD PRES SURE 3.09 <0.02 1.92 N.S. 
VOLUME 0.34 N.S. 2.13 N.S. 
CREATININE EXCRETION -0.21 N.S. 2.06 N.S. 
CYCLIC AMP (FER g CREAT) 0.58 N.S. 0.84 N.S. 

TABLE 46 

An.ah.J.6,u on vaJLi.a.nc.e on the en neet on no mecUc.a.:Uon, plac.ebo and pftOpJc.a.nolol 

-in pa.:Uen;l:,6 wLth la.bUe hypeJrlU.ne:Uc. hypeJLten.6-ion on c.ycLi..c. AMP eXClLe:Uon. 

SOURCE OF VARIATION d..j{. 1\f~-. -T }:) 

DIFFERENT TREATMENT 2 7.5325 4.55 <0.05 

ERROR 17 1. 6577 

Newman-Keu1s test: "No medication"and "Placebo" do not differ from each other; ''Proprano101'' 

differs from both with the value of the F =: 6.13, critica1 value for 1-(l0.95 4.45 30 Oc < ·0 05 
1-(l 0.99 i:8.33<I l..e. p • 

t:;& 
w.> 
1-' 

-.f 



TABLE 47 

St:aUcSÜc.ai. a.na.ey.6,u 06 :the e66ec.t 06 pO.6:twLe on ba.6.ic. da;ta. dwung :the a.d.m.inud:Jc.o;U.on 

06 cU66eJLen.t mecUc.a.:tion -in pa.:tien:t& w.i..:th .labile hypeILlUne.:tic. hypeJLten.6-ion 

Ana1ysis of variance by randomized b1ocks. 

PLACEBO PROPRANOLOL 

Source of variation 'Source of variation 
SUBJECTS 'POSTURE 'SUBJECTS POSTURE 

'F J9 F P f. P f Ji> 

PULSE RATE 2.08 N.S. 16.58 <0.01 1.07 N.S. 2.52 N.S. 
MEAN BLOOD PRESSURE 2.28 N.S. 0.3 N.S. 0.71 N.S. 0.18 N.S. 
VOLUME 0.72 N.S. 37.79 <0.01 3.31 N.S. 28.58 <0.01 
CREATININE EXCRETIO~ 0.79 N.S. 5.92 N.S. 

- -
8.30 <0.01 4.09 N.S ____ 

- - ------

TABLE 48 
S:l:.ati .. ld:.ical. a.nohj.6,u 06 :the e66ec..t On pO.6:twLe on c.ycU..c. AMP eXCll.e.:tion dwung 

:the a.dmbu/d:Jc.a.ti..on 06 cU66e1Len.t mecUc.a.uon -in pa.:tien:t& wU:h .labile hypeILlUne:Uc. hypeJLten.6-ion. 

PLACEBO PROPRANOLOL 
Ana1ysis of covariance (cyc1ic AMP per minute, reduced for creatinine excretion) 

F 1 pli f" 

2.34 N.S. r 1 p 1 0.01 N.S. 
paired Student .t test (cyc1ic AMP per g of creatinine) 

1· -2~58 1<0.fi5 1 --ri. 731 N~s.l. 
Wi1coxon matched-pairs test (cyc1ic AMP per g of creatinine) 

r-] <0~011 T 1 -
10 N]. 

f-' 
W 
N 

J 



TABLE 49 

StlLtUUc.ai. anai.y.6.i6 06 the e66ect On p!LoplUlno.eo.e a,cfm,ë,tü6:tJr.a.tLon 

1a..6 c.ompCVLed hl pla.c.ebo) on ba..6i..c. d.a:ta. and c.ycLic. AMP eXcJLeüon 

Unpaired Student ~ test 

RECUMBENT UPRIGHT 

t; P :li P 
PULSE RATE 1.34 N.S. 1.47 N.S. 
MEAN BLOOD PRESSURE 2.35 <0.05 1.31 N.S .. 
VOLUME -1.09 N.S. -1.12 N.S. 
CREATININE -1.10 N.S. -2.41 <0.05 
CYCLIC AMP (PER g CREAT) -0.20 N.S. 2.20 <0.05 

- - --~- - ----~ 

Wi1coxon test for two samples (cyclic AMP per g of creatinine) 

'-1; -t- IsJ 1 ;U"STI 

f-\ 
W 
w. 

-.J 
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in the upright position. The "amplitude of change" due to upright position 

(table 50) is significant1y different between "placebo" and "proprano101" 

periods for the cyc1ic AMP excretion only. 

Individua1 data of sodium and potassium excretion, as we11 as their ratio 

in both positions during pDoprano101 administration, are presented in table 

51. The excretion of sodium and potassium decreased high1y significant1y 

in the upright position, independent1y of what the patients received either 

the placebo OJ: the 1?'t'oprano101; the decrease in sodium excretion lieingmore 

important, the sodium/potassium ratio decreased high1y significant1y (table 

52). When the excretion of e1ectro1ytes in each position is compared bet­

ween periods of "placebo" and "propranolol", no significant change is found, 

but a small increase in sodium and potassium in both positions is observed 

(table 53). 

The summary of the above observations is presented in table 54. 

The S-blocking effect of propranolol is well established, particularly 

that of its L-form; it was active in antagonizing the response to isoprote­

renol infusion in man (22) and in relief of anxiety (92, 20). This agent was 

a1so able to reduce gastric secretion and the frequency of stress-induced gas­

tric ulcer in rats (193) and to reduce the rise of syst01ic b100d pressure 

during human coitus (76). Propranolol showed no effect on b100d pressure in 

intact, unstimulated animals, but caused a reduction of catecholamine content 

of the rat heart (175). Its usefulness was demonstrated in the treatment of 
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TABLE 50 
.st;a;t,U:tica.i. anaty.6-t.6 06 c.ha.ngu .in bll6.ic. da:ta. and c.yd.l.c. AMP excJte:Uon .in Il.UpOYl.6e. t:.o uplÜgh:t pO.6:twr.e 

(on mocU6.ied da.ta. t:.o eU..mi.nat.e nega.:tive vai.uu) 

; 

* ,Mean S2 .t;t ** Mean S2 ~t PULSE RATE .~ MEAN BLOOD ~RESSURE 

PLACEBO versus 85.42 89.61 -0.52 N.S. PLACEBO versus 102.28 123.90 0.63 
PROPRANOLOL 89.57 352.61 PROPRANOLOL 97.71 237.23 

CYCLIC AMP§ Mean S2 .t:.t P 

PLACEBO versus 8.11 3.73 -2.76 <0.02 
PROPRANOLOL 10.18 0.19 

:rtt p 
0 <0.05 

For exp1anations refer table 25. 

'f 

P 

N.S. 1 

1-' 
CA 
ln 

j 
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'EABLE 51 

Sodium and po~~~um ex~etion-
e66eet 06 po~~e d~ng p~~nolol a~tnation ~n lab~e hyp~klnetie hyp~e~~on. 

RECUMBENT UPRIGHT 
NAME * ** K t Na/Ktt * ** Kt Na/Ktt VOLUME Na VOLUME Na 
N.F. 4.21 253 101 2.50 0.77 55 85 0.65 
A.C. 2.67 147 61 2.41 0.86 65 52 1.25 
P.D. 3.69 173 78 2.22 0.27 4 25 0.16 
J.L. 4.35 296 100 2.96 2.01 71 50 1.42 
A.H. 1.47 72 34 2.12 0.37 18 33 0.55 
G.P. ~ 4.50 306 95 3.22 1.72 116 67 1. 73 
C.L. 4.16 142 50 2.84 3.54 57 21 2.71 

Mean 3.58 198.4 74.1 2.61 1.36 55.1 47.6 1.21 
:t SE 0.42 33.3 10.0 0.15 0.44 13.8 8.8 0.32 

Mean 1 3.03 179.1 67.1 2.77 0.83 41.3 34.7 1.21 
:t SE 0.27 25.4 9.7 0.30 0.19 10.8 3.8 0.24 

- -- ,-- --- --

For exp1anations refer table 26. 

Mean and standard error of data from eight patients receiving the placebo 
during the study of posture (for individua1 data refer table 27). 

1 
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TABLE 52 
s.ta.U6.üc.ai. ana1.yh,u, Oft :the eUect Oft pOh:tuJz.e on hOCÜUJn and po-ta.hh-iwn eXcJl.ruon 

duJLi..ng :the admin.U:t:Jz.a.;tion Oft cU.ftfteJLe.nt mecU.c.a;UOn6 ,Ln. pa;Uen;t6 wLth labile hypeJLlUne:ti..c hypeJL:ten6-Lon 

Analysis of variance by randomized blocks. 

PLACEBO PROPRANOLOL 

Source of variation Source of variation 

SUBJECTS POSTURE SUBJECTS POSTURE 

F P F P F r.> F p. 

SODIUM 2.09 N.S. 38.43 <0.01 2.95 N.S. 36.39 <0.01 
POTASSIUM 1.9 N.S. 13.95 <0.01 5.39 <0.05 14.85 <0.01 
Na/K RATIO 4.79 <0.05 47.1 <0.01 3.575 N.S. 40.62 <0.01 

TABLE 53 

S:ta;ti.6:UecLt al'l.af.y.6,u on :the enneet on pO.6:tUlte on .6ocUwn and po:t:a..6.6-i.wn eXCltetion 
between peJL-ê.od6 On placebo and ~op~olol adminl.6tnat-ê.on 

-Ln pa;Uen;t6 wLth labile hypeJr.fUne:ti..c hypeJLten6-Lon 

Unpaired Student :t test 

;t P t:. Yr' 

SODIUM -0.46 N.S. -1.07 N.S. 
POTASSIUM -0.50 N.S. -1.34 N.S. 
N.a/K RATIO 0.48 N.S. 0.01 N.S. 

-- ----- -- -

..... 
w 
" 
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'l'ABLE 54 
SummaJty on ob.6eJtvatiotU> ,LY/. Id.u.dy on :the. enne.ct on plLoplUtY/.olol 

l PLACEBO EFFECT (AS COMPARED TO PATIENTS RECEIVING NO MEDICATION) 

RECUMBENT 

PULSE MBP CREAT V,OLUME . cAMP Na. /( Na./K 

1-1.1 1-1-1 
UPRIGHT 

',,---1 ~---,-I ~----a.I_{}--,--1 _{} ....:.---.1 _1-1-1 
Il C.HANGES DURING UPRIGHT POSITION (AS COMPARED TO RECUMBENT) DURING 

THE ADMINISTRATION OF THE TWO MEDICATIONS 

PLACEBO 

PROPRANOLOL 

'III ,DIFFERENCES OBSERVED DURING PROPRANOLOL ADMINISTRATION 

(AS COMPARED TO PLACEBO) 

RECUMBENT 

1 11 ! !11!11! 
UPRIGHT 

, 
For explanations refer table 42. 

l 
138 
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hyperkinetic heart syndrome, idio;athic hypertrophic subaortic stenosis, and 

systemic hypertension (227). Its effect in the reduction of high blood pres­

sure is paradoxical if its capacity to rise the peripheral resistance is con­

sidered (81), but Frohlich was able to demonstrate that its capacity to reduce 

the mean blood pressure is directly related to the height of resting pretreat­

ment cardiac output (80). The capacity to reduce cardiac index in patients 

with borderline hypertension was demonstrated by Conway with a single intra­

venous dose of propranolol (47). 

The present study confirms the efficiency of propranolol treatment in 

reducing the circulatory hyperkinesis in patients, in addition ta its effect::. 

on a biochemical parameter, cyclic AMP excretion. This efficiency becomes 

evident when statistical results presented.in tables 22, 23, 24, 25 and 47, 

48, 49, 50 are compared. It is obvious from this comparison that the treat­

ment with propranolol renders patients with labile hyperkinetic hypertension 

comparable ta control subjects in the following respects: 1) pulse rate is 

highly significantly increased in patients whether on placebo or without me­

dication; this characteristic is absent in both control subjects and patients 

during propranolol administration; 2) blood pressure is significantly elevated 

in patients with placebo or without any medication as compared to control sub­

jects or patients during propranolol administration; 3) cyclic AMP excretion 

is significantly increased in untreated patients and this characteristic is 

also absent or abolished in control subjects or patients receiving propranolol. 

The "amplitude of change" of cyclic AMP was as significantly different between 

patients during the "propranolol" compared ta the "placebo" period, as it was 

in control subjects compared to patients. Finally, propranolol administration 
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renders the correlation between creatinine and cyclic AMP excretion as sig­

nificant in patients as it was in control subjects (refer table 32). 

A graphical comparison of effects of upright posture on cyclic AMP ex­

cretion in patients during placebo and propranolol administration is presen~ 

ted in fig. 10. 

C - CYCLIC AMP MEASUREMENT BY PROTEIN BINDING ASSAY 

1 - EFFECT OF POSTURE AND ISOPROTERENOL INFUSION 

Individual data of cyclic AMP excretion in the two groups of subjects 

studied in both positions and during isoproterenol infusion are presented in 

table 55. The statistical analysis of these data (table 56) shows that the 

only statistically significant change is induced by isoproterenol infusion: 

it lowers cyclic AMP excretion in control subjects while it causes an increase 

in the nucleotide excretion in labile hyperkinetic hypertension. 

2 - DISCUSSION 

This part of the study differs from the ~receeding one only by the method 

used, since urinary samples were identical to those measured by the radioi~ 

munoassay. The protein binding method was demonstrated in our hands to be 

presently the most reliable method of cyclic AMP measurement. (refer tables 

14 and 15). The results concerning the effect of posture are however diffe­

rent; the increase of cyclic AMP excretion in patients i8 still present, but 

the excretion of the nucleotide tends to be higher in the upright position 

also in control subjects. 

1 



141 

LABILE HYPERKINETIC HYPERTENSION 

UPRIGHT - PLACEBO 

+70 

+60 

UPRIGHT - PROPRANOLOL 

Fig. 10 Percentage of change of cyc1ic AMP excretion from values observed, in 

recumbent position in the sam~ patients receivit.g either the placebo 

. or the proprano101. 



TABLE 55 

EXcJr.e.tlon 06 c.yc.U.c. AMP a6 mea6u!l.ed by plLo.tUn b,t.ncUng a6.6ay 

CONTROL SUBJECTS 

RECUMBENT UPRIGHT ISOPROTERENOL 

NAME cAMP/min§ eAMP / CIL § § cAMP/min§ .cAMP / CIL § § cAMP/m-i.n§ .c.AMP / CIL § § 

P.S. 5.27 4.03 4.53 4.21 4.31 2.88 
J.D. 4.00 5.28 3.97 6.14 5.46 3.45 
Y.D. 5.25 4.23 4.18 3.33 3.67 1.93 
N.T. 2.28 2.75 1 2.39 3.69 2.07 1. 76 
A.S. 10.45 4.40 1 7.16 4.31 5.68 3.92 
Mean 5.27 4.03 

1 
± SE 1.38 0.43 

4.53 4.20 
0.78 0.51 

4.31 2.88 
0.66 0.43 

LABILE HYPERKINETIC HYPERTENSION 

N.F. 4.84 3.44 4.77 3.69 5.33 3.72 
J.P.P. 2.50 1.89 4.33 4.13 4.70 4.29 
J.L. 6.06 4.25 5.55 4.65 5.97 5.08 
C.L. 3.02 3.17 2.77 3.98 3.90 3.90 
G.L. 4.45 5.21 3.65 5.92 5.70 6.37 
J.C.A. 4.00 2.96 2.45 1.89 4.37 3.33 
Mean 4.15 3.49 3.92 4.04 1 4.99 4.45 
:f:"SE 0.52 0.46 0.49 0.54 

! 

0.33 0.45 
-- -- ---- -_._-- -

§ Cyclic AMP excretion in nmol/min. 
§§ Cyclic AMP excretion in ~mol/g of creatinine 

1 

1-' 
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TABLE 56 

S:t.a.t..i.6:ti.cai. anai.y.6,u 06 :the e66ec.t 06 pO.6twLe a.nd ,uopltOteJLenol on c.ycUc. AMP exCJLe:ti..on 

Paired Student t test within two groups of subjects 

·UPRIGHT ISOPROTERENOL 

:t p, t P 

1 CONTROL SUBJECTS -0.52 N.S. 2.85 <0.05 

LABILE HYPERK~TIC HYPERTENSION -1.28 N.S. -3.04 <0.05 
-- ------

Unpaired Student :t test between two groups of subjects 

RECUMBENT ,UPRIGHT ISOPROTERENOL 

1 t 1 0.84 0.2 -2.46 
P N.S. N.S. <0.05 

1-' 
~ 
li,) 

~ 
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The results of cyclic AMP excretion measured by the protein binding 

are slightly higher than the results obtained by the radioimmunoassay. A 

possible explanation for this difference is that our urine samples (ori-

ginally 5 ml) became concentrated with repeated freezing and thawing - some 

of them having been measured repetitively by aIl three methods used within 

a period of two and half years. It is~herefore important to emphasize that 

the stimulation of isoproterenol (urine samples thawed infrequently) leads 

to the same conclusion as drawn from the study using radioimmunoassay. 

v - GENERAL DISCUSSION 

The work described in this thesis was part of a larger study of the 

group of Genest on the relationship between the adrenergic nervous system and 

renin in labile hyperkinetic hypertension. The study was realized in collab-

oration with Drs Kuchel, Cuche, Boucher, Barbeau and Genest (137). The experi-

mental design, in the previously reported and present studies, was similar in 

Most aspects. A part of patients and control subjects were also identical for 

these two works. The general discussion of the present results must therefore 

be introduced by some observations from this reported study. Patients under 

the latter investigation presented hypertension over 140/90 mmHg, but their 

blood pressure decreased with physical and emotional reste One of the main 

clinical characteristic of thèir hyperkinetic circulation was tachycardia ac-

centuated by upright position and co Id-pressure test. Remodynamic studies* 

, .. - ... 
~ . *Remodynamic studies were performed by Dr G. Dagenais, Rotel-Dieu Hospital. 
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performed in half of the patients showed an elevated cardiac index (4.3 

± SE 0.39 1/min./m2
) accompanied by normal or low peripheral resistance. 

These characteristics agree with observations of similar patients reported 

by other groups (61, 284, 80). 

The above patients with labile essential hypertension, compared to con-

trol subjects, presented a significantly higher response in plasma renin 

activity to upright posture. Urinary catecholamines showed a significant 

increase in the excretion of epinephrine and norepinephrine in recumbent 

position (when compared to control subjects) with a further increase in re-. 

sponse to upright posture. The urinary dopamine excretion in patients was 

significantly lower lihen related to norepinephrine. In response to S-adre-

nergic stimulation by isoproterenol, the patients presented an excessive and 

prolonged increase in plasma renin activity. It may be therefore concluded 

that these patients are characterized by qualitative and quantitative diffe-

rences in catecholamines excretion as weIl as by an increased responsiveness 

of. -the renin-angiotensin system to several stimuli. 

High plasma renin activity in patients with labile hypertension, as com-

pared to normal subjects or patients with mild essential hypertension, has 

also been reported by another group (80). The S-adrenergic stimulation of 

renin release was demonstrated ~n v~o and ~n v~vo (185, 286). An indirect 

hemodynamic as weIl as a direct sympathetic regulation of renin release was 

recently confirmed by Reid et al. (215). 

Adrenergic receptors in patients suffering from essential hypertension 

were shawn ta have increased responsiveness to stimulation in several studies 
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of the groups of Goldenberg, Raab, Judson, Doyle, Mendlowitz and others (123). 

A similar increased responsiveness to angiotensin infusion in labile and 

stable essential hypertension was demonstrated by Kaplan and Silah (120). 

There is no doubt, at the present time, that adrenergic receptors or at 

least their a-component are part of adenyl cyclase (220). The results pre­

sented in this thesis may therefore be analyzed in relation to the above men­

tioned facts. 

No differences in the baseline values (i.e. in recumbent position) for 

the excretion of cyclic AMP in patients with labile hyperkinetic hyperten­

sion were observed, but after the action of two stimuli, differences became 

evident. The first one was a mild physiological stimulus, assuming of the 

upright position. The two g~oups studied showed opposite responses: a slight 

decrease of the nucleotide excretion in control subjects contrasted with an 

increase in patients. The second stimulus used was of pharmacological nature, 

namely isoproterenol infusion. Here aga in the response of the two groups was 

contrasting and more pronounced. Graphical summary of our observation. is 

presented in fig. Il. 

These results leave little doubt that differences exist between the groups 

of stibjects studied;' their interpretation is difficult however at the present 

time. First of aIl, it is impossible to localize the origin of differences 

in cyclic AMP excretion without the possibiiity of evaluating the nephrogenous 

component of this excretion. The only way to achieve this would involve knowl­

edge of the plasma levels of cyclic AMP; however, these measurements have not 

been completed at the time of writing this thesis. 



EFFECT OF POSTURE AND ISOPROTERENOL ON CYCLIC AMP EXCRETION 

CONTROL SUBJECTS LABILE HYPfRKINErlC HYPERTENSION 
pmol/g creat. 

5 

4 

3 

2 

, 
N= 

NO MEDICATION OR PLACEBO . \ RECUMBENT 1 

UPRIGHT 
ISOPROTERENOL(RECUMBENT) 

t MEAN±SE 
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~~ 

PROPRANOLOL 
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Fig.ll Excretion of cyclic AMP in ~mol/g of creatinine as measured by radioimmunoassay. The effect of the two positions and iso­
proterenol infusion is demonstrated in control subjects and patients receiving no medication or placebo. Normalization of the ef­
fect of posture on cyclic AMP excretion is evident in the same patients after propranolol administration. 

J 
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Some possible explanations can be proposed. 1) The observed de~ea6e of 

cyclic AMP excretion in eo~ol ~ubject6, especially evident after isoprote­

renol infusion, contrasting with the reported increase in plasma level (116), 

may be due to a decrease of the nephrogenous component of urinary cyclic AMP. 

This possibility has already been raised by Kaminsky in a similar study with 

normal subjects (116). The degree of decrease of cyclic AMP excretion, after 

prolonged isoproterenol stimulation in our study, is however so important in 

some of the subjects, that the possibility of tubular reabsorption must also 

be considered. The absence of tubular reabsorption of cyclic AMP was repor­

ted (23), but no study was performed under conditions of physiological or 

pharmacological stimulation. 2) The observed ~n~ea6e in cyclic AMP excre­

tion during upright position and during isoproterenol infusion in patie~ (as 

compared to the decrease in control subjects) characterizes their opposite res­

ponse to the same stimulation. These differences in response may be seeondary 

to a disturbance in the mechanism regulating the exeretion of eyclie AMP, or, 

rather in a more general sense, to a disturbanee in the reactivity of adenyl 

cyelase in response to a hormonal stimulation, or, to a change in the metabol­

ie fate of eyclic AMP in patients with labile hyperkinetic hypertension. 

Patients in this study, and some other studies by our group (137, 136), 

presented a large variety of associated symptoms such as anxiety, dyspepsia, 

neurovegetative type of hyperglycemic eurve and dermographism. AlI these symp­

toms and signs may be directly of indireetly related to target aetivity of ca­

techolamines and/or other hormones. Since cyclic AMP was demonstrated to be 

a mediator for the activity of many of these hormones (221), it is conceivable 

that some more generalized abnormality in the cellular regulation, situated 

at the level of the adenyl cyclase - eyclic AMP-system, may be common to aIl 

these patients. 
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Mendlowitz stated that " ••• the phenomenon of increased vascular res­

ponsiveness in essential hypertension must,iin;'part at least, be considered 

to be of biochemical rather thanstructural origin". (182). We belie.ve that 

results in this thesis, demonstrating some differences in cyclic AMP excretion 

in patients with labile hyperkinetic hypertension, present further evidence 

of biochemical disturbance in essential hypertension. The selection of pa­

tients with this particular type of hypertension was done purposely, as their 

clinical manifestations were compatible with the hypothesis involving an ab­

normality of the "second messenger"-::system. Any general implication for the 

role of this system in the pathogenesis of essential hypertension cannot 

however be made at the present time. 

It will be the purpose of further studies, to which the author of this 

thesis feèls dedicated, to elaborate upon the possible mechanism of defect 

in the transmission of hormonal information in hypertension. 
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VI - CLAIMS TD DRIGINALITY 

A - Three methods based on different princip les for the measurement of cyclic 

AMP were adopted and compared. They have been evaluated with respect to 

precision, simplicity.and low cost. The protein binding assay was consi-

dered to be the best, secondly the radioimmunoassay and the enzymatic assay 

having the lowest grading. 

B - The effect of posture and of isoproterenol infusion on cyclic AMP excretion 

was studied for the first time in control subjects and hypertensive patients, 

particularly those presenting labile hyperkinetic hypertension. 

C - Both stimuli applied lowered cyclic AMP excretion in control subjects, 

while an increase was noted in patients. The correlations between the 

creatinine and cyclic AMP excretions were different in control subjects 

and patients in both positions; the infusion of isoproterenol led to a 

disappearance of the previously positive correlations. 

D - The administration of propranolol rendered the postural reactivity of pa-

tients similar to that of control subjects with respect to the excretion 

of cyclic AMP and its correlation with urinary creatinine. 

E - The presented results suggest the possibility of an abnormality localized 

at the level of S-adrenergic receptor - adenyl cyclase system in patients 

with labile hypertension. 

~J 
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VII - SUMMARY 

Labile hyperkinetic hypertension is characterized by S-adrenergic hyper­

activity accompanied by increased responsiveness of renin to upright posture. 

Beta-adrenergic receptors are related to the cyclic AMP generating enzyme, 

adenyl cyclase. 

In order to evaluate a possible relationship between the cyclic AMP and 

the circulatory hyperactivity, urinary excretion of cyclic AMP was measured 

using three different methods in a total of 15 control subjects and 24 pa­

tients with labile hyperkinetic hypertension. Urines were collected during 

ttwo four hour periods in recumbent and upright position and after S-adrenergic 

stimulation with isoproterenol. The excretion of cyclic AMP decreased in 

upright position with control subjects and increased in patients. The same 

divergent response was observed after isoproterenol infusion in both groups 

of subjects. The treatment by propranolol normalized the response in urinary 

cyclic AMP to upright posture in patients. 

The different response to stimuli in patients with labile hyperkinetic 

hypertension may be secondary to 1) a disturbânçe in the mechanism regulating~ 

the excretion of cyclic AMP, or, in a more general sense, to 2) a disturbance 

in the reactivity of adeny1 cyclase to hormonal stimulation, or to 3) a defect 

in the metabolic fa te of cyclic AMP. 
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VIII - RESUME 

L'hypertension labile hyperkinétique est caractérisée par une hyperacti­

vité a-adrénergique, accompagnée d'une augmentation de la réaction posturale 

de la rénine. Les récepteurs (3-adrénergiques font partie de l';'adény1 cyë!Lase, 

l'enzyme génératrice de t~AMP cyclique. 

Afin d'établir les relations possibles entre l'AMP cyclique et l'hyper­

activité circulatoire, l'excrétion de l'AMP cyc1iqqe a été mesurée par trois 

1Iiêthêdes.différentes chez 15 sujets de",contrô1e et 24 patients avec hyperten­

sion labile hyperkinétique. Les urines ont été recueillies lors de deux pé­

riodes de quatre heures dans les positions couché et debout et après une sti­

mulation (3-adrénergique avec l'isoprotéréno1. Tandis que l'excrétion de l'AMP 

cyclique a diminué debout chez les sujets de contrôle, elle a augmenté chez les 

patients. La même réaction opposée a été observée chez ces deux groupes lors 

de l'infusion d'isoprotéréno1. Le traitement au proprano101 a normalisé la 

réponse posturale de l'AMP cyclique chez les patients. 

Les réactions anormales des patients aux deux stimuli étudiés peuvent être 

dues à 1) une perturbation du mécanisme excrétoire de l'AMP cyclique ou 2) 

à un défaut généralisé de l'activité de l'adény1 cyc1ase en réponse à la sti­

mulation hormonale ou 3) à un défaut dans la régulation du métabolisme de 

l'.AMP cyclique. 

J 



153 

IX - BIBLIOGRAPHY 

1. Abdu11a, Y.R. and L. Hamadah, Lancet 1: 378, 1970. 

2. Aekerman, G.L., J Lab Clin Med 77: 298, 1971. 

3. Ah1quist, R.P., Amet J Phy4lol 153: 586,1948. 

4. App1eman, M.M., L. Birnbaumer and H.N. Torres, AlLch 'BA..ochem 1.16: 39, 1966. 

5. Ashman, D.F., R.Lipton, M.M. Me1ieow arid T.D. Priee, Blochem Biophy4 Re4 
Commun 11: 330, 1963. 

6. Aurbaeh, G.D. and B.A. Houston, J Blo! Chem 243: 5935, 1968. 

7. Aurbaeh, G.D., R. Mareus, R.N. Winiekoff, E.R. Epstein, Jr. and T.P. Nigra, 
Metabo~m 19: 799, 1970. 

8. Axe1sson, J., Ann Rev Phy~lo! 33: 1, 1971. 

9. Barajas, L., Lab rnve4~ t3: 916, 1964. 

10. Bartova, A. and M.K. Birmingham, Endo~ology 88: 845, 1971. 

Il. Bennett, W.M. and G.A. Porter, ~ Med J 4: 84, 1971. 

12. Bent1ey, P.J., Endo~no!ogy 87: 1367, 1970. 

13~ Bergstrom, S. L.A. Carlson and J.R. Weeks, Ph~acol Rev 20: 1, 1968. 

14. Berti, F., V. Bernareggi and V. Mande11i, AlLch rnt Pharomaeodyn 192: 247, 
1971. 

15. Bieek, P., H. Vapaata10 and E. Westermann, Acta Phy4lol Seand 80: 28A, 
1970. 

16. Blair-West, J.R., J.P. Cogh1an, D.A. Denton, J.W. Funder, B.A. Seoggins 
and R.D. Wright, Endo~nology 88: 367, 1971. 

17. B1eeher, M., Metabo~m 20: 63, 1971. 

18. Bohr, D.F. and M. Sitrin, ~c Re4 26-27: II - 83, 1970. 

19. Bondy, P.K., in Bondy, P.K. (ed.), Vu.ncan'4 ~ea4e4 on metabo~m, W.B. 
Saunders Company, Philadelphia-London-Toronto 1969, p. 827. 

20. Bonn, J.A. and P. Turner, Lancet 1: 1355, 1971. 



154 

21. Breckenridge, B. MeL., Pnoc Nat Acad Sel USA 52:~1580, 1964. 

22. Brick, l., K.J. Hutchinson and I.C. Roddie, l~h J Med Sel 3: 123, 1970. 

23. Broadus, A.E., N.I. Kaminsky, J.G. Hardman, E.W. Sutherland and G.W. 
Lidd1e, J Clin Inve6t 49: 2222, 1970. 

24. Broadus, A.E., N.I. Kaminsky, R.C. Northcutt, J.G. Hardman, E.W. Suther-
land and G.W. Lidd1e, J C~n Inve6t 49: 2237, 1970. 

25. Brod, J., Un Med Canada 97: l, 1968. 

26. Brod, J. and J.H. Sirota, J Clin Inve6~ 27: 645, 1948. 

27. Brody, T.M. and J.H. McNei11, Fed P~c 29: 1375, 1970. 

27a. Brooker, G., L.J. Thomas, Jr. and M.M. App1eman, Biochemiht4, 7:4177, 1968. 

28. Brown, J.J., R. Fraser, A.F. Lever and J.I.S. Robertson, Ab~t4a~ 06 
Wo~d Medicine 45: 549, 1971. 

29. Brown, J.J., R. Fraser, A.F. Lever and J.I.S. Robertson, Ab~t4a~ 06 
Wo~d Medielne 45: 633, 1971. 

30. Bunag, R.D., F. Gross, P.A. Khaira11ah and J.C. McGiff, in Page, I.H. and 
J.W. McCubbin (ed.) Renal hypente~ion, Year Book Medical Pub1ishers, 
lnc., Chicago 1968, p. 134. 

31. Burrow, G.N., Pnoc Soc Exp Biol Med 134:'870,1970. 

32. Butcher, R.W., in Greengard, P. and E. Costa (ed.) Role 06 cyellc AMP in 
cett 6unetion, Raven Press, New York 1970, p. 173. 

33. Butcher, R.W. and E.W. Sutherland, J Biol Chem 237: 1244, 1962. 

34. Cannon, W.B. and A. Rosenb1ueth, Autonomic ne~0-e66eeton ~y~tem6, Mac­
Millan, New York 1937. 

35. Carchman, R.A., S.D. Jaanus and R.P. Rubin, Molec Pharomacol 7:.491, 1971. 

36. Chard, T., M. Martin and J. Landon, in Kirkham, K.E. and W.M. Hunter 
(ed.), Radioimmunoa6~ay metho~, Churchill Livingstone, Edinburgh and 
London 1971, p. 257. 

37. Chase, L.R. and G.D. Aurbach, Pnoc Nat Aead Sel USA 58: 518, 1967. 

38. Chase, L.R. and G.D. Aurbach, Science 159: 545, 1968. 

39. Chase, L.R., G. Le1andMe1son, G.D. Aurbach, J C~n Inve6t 48: '1832, 1969. 



155 

40. Chasin, M., 1. Rivkin, F. Mamrad, S.G. Samaniego and S.M. Hess, J BLoi 
Chem 246: 3037, 1971. 

41. Cheung, W.Y., in Greengard, P. and E. Costa (ed.), Roie on eyetie AMP Ln 

eete nunction, Raven Press, New York 1970, p. 51. 

42. Cheung, W.Y., B~oehim ~Ophy4 Acta 242: 395, 1971. 

43. Cheung, W.Y. and J.R. Wi11iamson, N~e 207: 979, 1965. 

44. Coessens, R., A4eh Int Phy4~oi 79: 45, 1971. 

45. Cohen, E.L., D.R. Rovner and J.W. Conn, JAMA 197: 973, 1966. 

46. Cohen, M.P. and K. Moriwaki, P40C. Soc. Exp B~oi Med 13.1: 1267, 1969. 

47. Conway, J., Cine Re4 26-27: 1 - 43, 1970. 

48. Cook, W.H., D. Lipkin and R. Markham, J Ame4 Chem Soc. 79: 3607, 1957. 

~9. Cooper, J.M. and H.G. Biggs, C~n Chem 7: 665, 1961. 

50. Craig, A.B •. and C.R. Honig, Ame4 J Phy~~oi 205: 1132, 1963. 

51. Davis, B., U. Zor, T. Kaneko, D.H. Mintz and J.B. Field, C~n Re4 17: 

458, 1969 (abstract). 

52. Dickinson, C.J., Cinc. Re4 26-27: suppl II - 69, 1970. 

53. Diem, K. and C. Lentner (ed.), SeLentlnLc. tabie4, Seventh Edition, J.R. 

Geigy, S.A., Basle 1970, p. 192. 

54. Drummond, G.I., L. Duncan, J B~oi Chem 245: 976, 1970. 

55. Dubovsky, J., Moiekui~ni endok4Lnoiog~e, Stâtn! zdravotnické nak1adate1-

stv!, Praha 1968, p. 57. 

56. Ducrot, H. and M. Astoin, Un Med Canada 97: 1233, 1968. 

57. Dunnett, C.W., B~omebUC1> 20: 482, 1964. 

58. Ebadi, M.S., B. Weiss and E. Costa, J Neu40ehem 18: 183, 1971. 

59. Ede1man, I.S., in McKerns, K.W. (ed.), FunctiOn6 00 the adtenai eo4tex, 
App1eton-Century-Crofts, New York 1968, p. 79. 

60. Ede1man, I.S. and D.D. Fanesti1, in Litwack, G. (ed.), B~oeh~cai a~on6 

on ho~one4, Academic Press, New York and London 1970, p. 321. 



; 

" y 

156 

61. Eich, R.H., R.D. Cuddy, H. Smu1yan and R.H. Lyons, CLtculation 34: 299, 1966. 

62. Ekins, R.P., in Kirkham, K.E. and W.M. Hunter (ed.), Radio~muno~4ay me­thod6, Churchill Livingstone, Edinburgh and London 1971, p. 607. 
63. Entman, M.L., G.S. Levey and S.E. Epstein, C~e Re4 25: 429, 1969. 
64. Epstein, F.H., A.V.N. Goodyer, F.D. Lawrason and A.S. Re1man, J CUn t", Ihve6t 30: 63, 1951. 

65. Epstein, F.H., C.R. K1eeman, E.Lamdin and M.E. Rubini, J cUn Invu:t 35: 308, 1956. 

66. Epstein, S.E., C.L. Ske1ton, G.S. Levey and M. Entman, Ann In:t~n Med 72: 561, 1970. 

67. Eve1yn, K.A., TJLan4 M4 Une In4UJt Med V~Am~ 78: 84, 1970. 

68. Exton, J.H., T.B. Miller, Jr. and C.R.Park, Exp~entia 26: 685,1970. 
69. Fa1briard, J.G., Th. Posternak and E.W. Sutherland, B~oehim B~ophy4 Acta 148: 99, 1967. 

70. Fanesti1, D.D., Ann Rev Med 20: 223, 1969. 

71. Fe1dman, J.M. and H.E. Lebovitz, V~abe:te6 J9: 480, 1970. 

72. Ferguson, J.J., J B~ol Chem 238: 2754, 1963. 

73. F1ack, J .D., R. Jessup and P.W. Ramwell, Suenee 1.63: 691, 1969. 

74. F1eischer, N., R.A. Donald and R.W. Butcher, P~og~am on the 51~t meeting On the Endo~ne Sou~ty, June 1969, p. 128 (abstract). 

75. : Forsyth, R.P. and R.E. Harris, ~c. Re6 26-27: suppl l - 13, 1970. 
76. Fox, C.A., J Rep~od F~ 22: 587, 1970. 

77. Friedman, S.M. and C.L. Friedman, Canad Med M~ J 90: 167, 1964. 

78. Friedman, S.M. and C.L. Friedman, in Fishman, A.P. and H.H. Hecht (ed.), The pulmo~y ~culation and ~n:t~~ ~paee, University of Chicago 1969, p. 173. 

79. Frohlich, E.D., H.P. Dustan and I.H. Page, Meh In:t~n Med 1.1.7: 614, 1966. 

J 



157 

80. Froh1ich, E.D., V.J. Kozu1, R.C. Tarazi and H.P. Dustan, ~e Reh 26-27: 
suppl l - 55, 1970. 

81. Frohlich, E.D., R.C. Tarazi, H.P. Dustan and loH.-Page, C.uc.eul.a..:Uon 37: 
417, 1968. 

82. Genest, J., E. Koiw, W. Nowaczynski and T. Sandor, Acta Endo~ 35: 413, 
1960. 

83. Genest, J. and W. Nowaczynski, J Roy Coll Phyen6 Lond 5: 77, 1970. 

84. Genest, J., W. Nowaczynski, O. Küchel and C. Sasaki, in Genest, J. and E. 
Koiw (ed.), Hyp~en6ion 1972, Springer Ver1ag, Heidelberg 1972 (in 
press). 

85. Gill, G.N. and L.D. Garren, Biochem B~ophy~ Reh Commun 39: 335, 1970. 

86. Gill, G.N. and L.D. Garren, P~oe Nat Aead Sei USA 68: 786, 1971. 

87. Gill, J.R. Jr. and A.G.T. Casper, J Clin Inveht 50: 112, 1971. 

88. Gilman, A.G., P~oe Nat Aea.d Sei USA 67: 305, 1970 •. 

89. G1ynn, I.M. and J.B. Chappe11, B~ochem J 90: 147, 1964. 

90. Go1dberg, N.D., J. Larner, H. Sasko and A.G. O'Too1e, Anal Biochem 28: 
523, 1969. 

91. Gordon, R.D., O. Küche1, G.W. Lidd1e and D.P. Island, J Clin Inveht 46: 
599, 1967. 

92. Granvi11e-Grossman, K.L. and P. Turner, La.neet 1: 788, 1966. 

93. Greengard, P. and E. Costa (ed.), Role on eyctie AMP ~n eet! nunetion, 
Raven Press, New York 1970. 

94. Grower, M.F. and E.D. Bransome, Jr., Seienee 168: 483,1970. 

95. Haksar, A. and F.G. P~ron, Bioehem Biophy~ Reh Commun 44: 1376, 1971. 

96. Hand1er, J. S ., R. Bensinger and J. Orloff, Am~ J Phy~iol 2.15: 1024, 
1968. 

97. Hardman, J.G., J.W. Davis and E.W. Sutherland, J Biol Chem 244: 6354, 
1969. 

98. Hardman, J.G., G.A. Robison and E.W Sutherland, Ann Rev Phy~iol 33: 311, 
1971. 

l 



1 "'., 

158 

99. Hauger-K1evene, J.H., Acta Phy~~ol Lat Am~ 20: 373,1970. 

100. Hayduk, K., H.M. Brecht, A. V1adutiu, J.M. Rojo-Ortega, R. Boucher and J. Genest, P~oe Soe Exp Biol Med 135: 271, 1970. 

101. Haynes, R.C., E.W. Sutherland and T.W. RaIl, Reeent P~og~ Ho~one Reo 16: 121, 1960. 

102. Hechter, O., H.-P. Bar, M. Matsuba and D. Soi fer , Li6e Sei 8: 935, 1969. 

103. Hedge, G.A., Endoe4lnology 89: 500, 1971. 

104. Heistad, D.D., F.M. Abboud and D.R. Ballard, J Clin Inv~t 50: 2022, 1971. 

105. Hermier, C. and M. Jutisz, Bio~ B~ophy~ Acta 192: 96, 1969. 

106. Hess, M.E., C.E. Aronson, D.W. Hottenstein and J.S. Karp, Endo~nology 84: 1107, 1969. 

107. Ho, R.-J. and E.W. Sutherland, J B~ol Chem 216: 6822, 1971. 

108. Ho1ecek, V., V~opt~~in, Stâtn! zdravotnické nak1adate1stv!, Prague 1968. 

109. Horky, K., O. Küche1, J. Marek, D. Gregorova, J. Kopecka and M. Ascher­mann, C~ Lek C~k 108: 1557, 1969. 

110. Huang, M., H. Shimizu and J. Da1y, Molee Ph~aeol 7: 155, 1971. 

111. Hunter, W.M. and P.C. Ganguli, in Kirkham, K.E. and W.M. Hunter (ed.), Radioimmuno~~ay method6, Churchill Livingstone, Edinburgh and London 1971, p. 243. 

112. Hum, B.A.L. and J. Landon, in Kirkham, K.E. and W.M. Hunter (ed.), Radio­immuno~~ay method6, Churchill Livingstone, Edinburgh and London 1971, p. 121. 

113. Hynie, S. ~d G.W.G. Sharp, Bioehim Biophy~ Acta 230: 40, 1971. 

114. Johnson, R.A., J.G. Hardman, A.E. Broadus and E.W. Sutherland, Anal Bloehem 35: 91, 1970. 

115. Kadowitz, P.J., C.S. Sweet and M.J. Brody, J Ph~aeol Exp Th~ 776: 167, 1971. 



159 

116. Karoinsky, N.I., J.H. Bo11, A.E. Broadus, J.G. Hardman, E.W. Sutherland and 
G.W. Lidd1e, TMn6 ÂIJ.6 AmeJl. Phy.6-i.ùa.n6 83: 235, 1970. 

117. Kaminsky, N.I., A.E. Broadus, J.G. Hardman, H.E. Ginn, E.W. Sutherland and 
G.W. Lidd1e, J Ctln Inve6t 48: 42a, 1969. 

118. Kaminsky, N.I., A.E. Broadus, J.G. Hardman, D.J. Jones, Jr., J.H. Ba11, 
E.W. Sutherland and G.W. Lidd1e, J Ctln Inve6t 49: 2387, 1970. 

119. Kaplan, N.M., J Ctln Inve6t 44: 2029, 1965. 

120. Kaplan, N.M. and J.G. Si1ah, N~ Eng J Med 271: 536, 1964. 

121. Karaboyas, G.C. and S.B. Koritz, B-i.ochem-i..6~y 4: 462, 1965. 

122. Kelly, L.A. and S.B. Koritz, B-i.oehlm B-i.ophy.6 Acta. 237: 141, 1971 

123. Khaira11ah, P., D.F. Bohr, A.E. Doyle, S.M. Friedman, J.C. McGiff and M. 
Mend1owitz, in Page, I.H. and J.W. McCubbin (ed.), Renal hype4ten6lon, 
Year Book Medical Pub1ishers, lnc., Chicago 1968, p. 160. 

124. Kirchberger, M.A., L.C. Chen and G.W.G. Sharp, Bloehlm B-tophy.6 Acta. 241: 
861, 1971. 

125. Kirchberger, M.A., P. Witkum and G.W.G. Sharp, B-i.oehlm B-i.ophy.6 Acta. 241: 
876, 1971. 

126. Klaus, W., R. Krebs and N. Seitz, Naunyn Sehm-i.edebekB A~ch Ph~ 267: 
99, 1970. 

127. K1eeman, C.R. and H. Vorherr, in Bondy, P.K. (ed.), Vunea.n'.6 dl.6ea.6e.6 06 
Metabotl.6m, W.B. Saunders Company, Phi1ade1phia-London-Toronto 1969, 
p. 1103. 

128. Klein, 1., G.S. Leveyand S.E. Epstein, P~oe Soe Exp B-i.oi Med 137: 366, 
1971. 

129. Konijn, T.M., Exp~entla. 26: 367, 1970. 

130. Koritz, S.B., B-i.oehlm B-i.ophy.6 Acta. 56: 63, 1962. 

131. Korner, P.I., ~e Re6 26-27: suppl II - 159, 1970. 

132. Kowa1, J., B-i.oeheml.6tny 8: 1821, 1969. 

133. Krishna, G., J. Forn, K. Voigt, M. Paul and G.L. Gessa, in Greengard, P. 
and E. Costa (ed.) Roie 06 eyetle AMP -i.n eel! 6unetlon, Raven Press, 
New York 1970, p. 155. 

l 



160 

134. Krishna, G., B. Weiss and B.B. Brodie, J Pharomacol Exp Th~ 163: 379, 
1968. 

135. Küche1, O., J.L. Cuche, A. Barbeau, M. Brecht, R. Boucher and J. Genest, 
in Barbeau, A. and F.H. McDowel1 (ed.), L-Vopa and p~kln6o~m, F.A. 
Davis Company, Philadelphia 1970, p. 293. 

136. Küche1, O., J.L. Cuche, P. Ramet and J. Genest, Lancet 1: 652,1971. 

137. Küchel, O., J.L. Cuche, P. Hamet, R. Boucher, A. Barbeau and J. Genest, 
in Genest, J. and E. Koiw (ed.), Hyp~en6~on .1972, Springer Verlag, 
Heidelberg 1972 (in press). 

138. Küchel, O., K. Horky, J. Kapito1a and K. Mbt1!k, Lancet 2: 1341, 1964. 

139. Küchel, O., K. Horky, M. Pazourek and 1. Gregorova, La.ncet 2: 1316, 1964. 

140. Kueh1, F.A., Jr., J.L. Humes, J. Tarnoff, V.J. Ciri110 and E.A. Ham, 
Sc,Lence 1.69: 883, 1970. 

141. Kukovetz, W.R., Naunyn Schmledebekg ~ch Pharom 260: 163, 1968. 

142. Kukovetz, W.R., M.E. Hess, J. Shanfe1d and N. Hangaard, J Pharomacol Exp 
Th~ 727: 122, 1959. 

143. Kukovetz, W.R. and G. Poch, Na.unyn Sehmiedebekg ~ch Pharom 267: 189, 
1970. 

144. Kuo, J.F., B~o~ B~ophy4 Acta 208: 509, 1970. 

145. Kuo, J.F. and P. Greengard, B~chlm B~ophy4 Acta. 212:434, 1970. 

146. Kuo, J.F., B.K. Krueger, J.R. Sanes and P. Greengard, B~oc~ B~ophy4 
Acta 212: 79, 1970. 

147. Laid1aw, J.C., J.L. Ruse and A.G. Gorna11, JeUn EndoCJL 22: 161, 1962. 

148. Lamble, J.W., L~6e Sc,L 9: 463, 1970. 

149. Landau, R.L., D.M. Bergenstal, K. Lugibih1 and M.E. Kascht, J CUn EndoCJL 
75: 1194, 1955. 

150. Landau, R.L. and K. Lugibih1, JeUn EndocJt 1.8: 1237, 1958. 

151. Langan, T.A., in Greengard, P. and E. Costa (ed.), Role 06 cycUc AMP ~n 
cel! 6un~on, Raven Press, New York 1970, p. 307. 

152. Laragh, J.H., M. Angers, W.G. Kelly and S. Lieberman, JAMA 174: 234, 
1960. 

J 



( 

161 

153. Lech, J.J., J C~omatog~ 42: 136,1969. 

154. Lee, J.B., J.C. McGiff, H. Kannegiesser, Y.Y. Aykent, J.G. Mudd and T.F. 

Fraw1ey, Ann Intenn Med 74: 703, 1971. 

155. Lee, T.P., J.F. Kuo and P. Greengard, B~oehem B~ophyh Re6 Commun 45: 
991, 1971. 

156. Levey, G.S., Amen J Med 50: 413, 1971. 

157. Levey, G.S. and S.E. Epstein, ~e Re6 24: 151, 1969. 

158. Levey, G.S. and S.E. Epstein, J Clin Inve6t 48: 1663, 1969. 

159. Levey, G.S., K.H. Prind1e, Jr. and S.E. Epstein, J Mo! Cet! CaAdlol 1: 
403, 1970. 

160. Levey, G.S., C.L. Ske1ton and S.E. Epstein, Endo~nology 85: 1004, 

1969. 

161. Levine, R.A., J CUn Inve6t 44: 1068·, 1965. 

162. Levine, R.A., MetaboUhm J7: 34, 1968. 

163. Levine, R.A., CUn PhaAm~eo! Th~ 11: 238, 1970. 

164. Linare11i, L.G. and R.V. Farese, P~~eology (B~ell 4: 33, 1970. 

165. Lis, M., C. Gi1ardeau and M. Chrétien, P~oe Soe Exp B~ol Med, in press 

1972. 

166. Lison, L., S;ta.t,(.6:Uque ~ppUquée à ~ b~olog~e expéM.men.tale, Gauthier­

Villars, Paris 1968. 

167. Lowe, R.D. and G.C. Scroop, Am~ Hea4t J 79: 562, 1970. 

168. Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randa11, J ~ol Chem 
793: 265, 1951. 

169. Mahaffee, D. and R.L. Ney, Metaboll4m 19: 1104, 1970. 

170. Manganie110, V.C., F. Murad and M. Vaughan, J B~ol Chem 246: 2195, 1971. 

171. Martinez-Ma1donado, M., G. Eknoyan and W.N. Suki, Amen J Phyh~ol 220: 
2013, 1971. 

172. Martorana, P.A., 1. phaJun Phaltmaeol 23: 200, 1971. 

173. Massara, F., A. Tripodina and M. Rotunnp,Eunop J Phakm~eol 10: 404, 1970. 



162 

174. Mattenheimer, H., Med Clin N Am~ 55: 1493, 1971. 

175. Mazurkiewiez-Kwi1eeki, r.M. and A. Romagno1i, J Phanm Ph~acol 22: 
235, 1970. 

176. McAffee, D.A., M. Sehorderet and P. Greengard, Sclenee .171: 1156, 1971. 

177. McCune, R.W., Th.H. Gill, K. Von Hungen and S. Roberts, Li6e Sei 10: 
443, 1971. 

178. MCCune, R.W., S. Roberts and P.L. Young, J B~ol Chem 245: 3859, 1970. 

179. MeNei11, J.H., L.D. Musehek and T.M. Brody, Canad J Phy~~ol P~aeol 
47: 913, 1969. 

180. Meda1ie, J.H., H.A. Kahn, H.N. Neufe1d, E. Riss, U. Go1dbourt and D. 
Oron, Laneet 2: 1225, 1970. 

181. Me1son, G.L., L.R. Chase and G.D. Aurbaeh, Endo~nology 86: 511, 1970. 

182. Mend1owitz, M., R.L. Wolf and S.E. Git1ow, Am~ He~ J 79: 401, 1970. 

183. Mendoza, S.A., J.S. Hand1er and J. Or1off, Am~ J Phy~~ol 219: 1440, 
1970. 

184. Meurer, K.A., Klin W~e~ 49: 1001, 1971. 

185. Miehe1akis, A.M., J. Caud1e and G.W. Lidd1e, P~oc Soc Exp B~ol Med 130: 
748, 1969. 

186. Miyamoto, E., J.F. Kuo and P. Greengard, J B~ol Chem 244: 6395, 1969. 

187. Murad, F., Y.M. Chi, T.W. Ra11 and E.W. Sutherland, J B~ol Chem 237: 
1233, 1962. 

188. Namm, D.H. and S.E. Mayer, Molee P~aeol 4: 61, 1968. 

189. Namm, p.H., S.E. Mayer and M. Ma1tbie, Molee Phanmaeol 4: 522, 1968. 

190. Ney, R.L., N.J. Hoche11a, D.G. Grahame-Smith, R.N. Dexter and R.W. 
Butcher, J Clin Inv~t 48: 1733, 1969. 

191. Nowaczynski, W., O. Küche1 and J. Genest, J Clin Inv~t 50: 2184, 1971. 

192. O'Dea, R.F., M.K. Haddox and N.D. Go1dberg, J B~ol Chem 246: 6183, 1971. 

193. Okabe, S., R. Saziki and K. Takagi, Jap J Ph~aeol 20: 10, 1970. 

194. Or1off, J. and J.S. Hand1er, Am~ J Med 42: 757, 1967. 



163 

195. Palmer, G.C., G.A. Robison and F. Su1ser, Bio~hem P~a~ol 20: 236, 
1971. 

196. Parmley, W.W., G. G1ick and E.H Sonnenb1ick, New Eng J M~d 279: 12, 
1968. 

197. Pastan, I. and R. Per1man, Scl~n~~ 169: 339, 1970. 

198. Pastan, I., W. Pricer and J. B1anchette-Mackie, Metabo~m 19: 809, 
1970. 

199. Patterson, W.D., J.G. Hardman and E.W. Sutherland, F~d P~o~ 30: 151, 
1971 (abstract). 

200. Paul, M.I., H. Cramer and W.E. Bunney, Jr., Scl~n~~ 171: 300, 1971. 

201. Paul, M.I., H. Cramer and F.K. Goodwin, Lan~et 1: 996, 1970. 

202. Paul, M.I., R. Kvetnansky, H. Cramer, S. Si1berge1d and I.S. Kopin, 
Endo~nology 88: 338, 1971. 

203. Paul, M.I., G.L. Pauk and B.R. Ditzion, Phanma~ology 3: 148, 1970. 

204. Peng, C.T., in Bransom~,E.D. (ed.), Th~ c.uNt~n:t .6ta.tem~n:t on Uqu.-i.d 
.6cl~on ~ounting, Grune and Stratton, New York 1970, p. 283. 

205. péron, F.G., J B~ol Chem 236: 1764,1961. 

206. Pickering, G., H~gh blood ~e.6.6uft~, Second ed., Grune and Stratton, 
New York 1968. 

207. Piorry, P.A., A~~ G~n M~d 3: 527, 1826. 

208. P1att, R., Ann In:t~n Med 55: l, 1961. 

209. Priee, T.D., D.F. Ashman and M. Me1icow, B~o~~ B~ophy.6 Acta 138: 452, 
1967. 

210. Ra11, T.W. and E.W. Sutherland, J B~ol Chem 232: 1065, 1958. 

211. Ra11 , T.W. and E.W. Sutherland, J B~ol Chem 237: 1228, 1962. 

212. Ramay, E.R. and M.S. Go1dste i n, Phy.6~ol R~v 37: 155, 1957. 

213. Ramsden, E.N., Lan~et 2: 108, 1970. 

214. Rasmussen, H., Scl~n~~ 170: 404, 1970. 

215. Reid, I.A., R.W. Schrier and L.E. Ear1ey, in Assaykeen, T.A. (ed.), 
Co~ol On ~~~n .6~~~on, Plenum Press, New York-London 1972, 
p. 49. 



164 

216. Reudina, G., Exp~ental method6 ln modenn bloehemlh~y, W.B. Saunders 
Company, Philadelphia 1971, p. 250. 

217. Rivkin, l. and M. Chas in , Endo~nology 88: 664, 1971. 

218. Robison, G.A., A. Arnold and R.C. Hartmann, Pharomaeol Re6 Comm 1: 325, 
1969. 

219. Robison, G.A., R.W. Butcher, 1. 0ye, H.E. Morgan and E.W. Sutherland, 
Molee Phanmaeol 1: 168, 1965. 

220. Robison, G.A., R.W. Butcher and E.W. Sutherland, Ann NY Aead Sel 139: 
703, 1967. 

221. Robison, G.A., R.W. Butcher and E.W. Sutherland, Cy~e AMP, Academic 
Press, New York and London 1971. 

222. Robison, G.A., A.J. Coppen, P.c. Whybrow and A.J. Prange, Jr., Laneet 
2: 1028, 1970. 

223. Rodbard, D., W. Bridson and P.L. Rayford, J Lab C~ Med 74: 770,1969. 

224. Rojo-Ortega, J.M. and J. Genest, C~n Re6 17: 646, 1969 (abstract). 

225. Rojo-Ortega, J.M., P.Y. Hatt and J. Genest, Path Blol 16: 497, 1968. 

226. Rosen, O.M., J. Er1ich~an and S.M. Ros en , Molee Phanmaeol 6: 524, 1970. 

227. Rosenb1um, R. and A.J. De Iman , Amen Heatt J 79: 134, 1970. 

228. Rutenburg, A.M., M.L. Bell, R.W. Butcher, P. Po1gar, B.D. Dorn and R.H. 
Egdah1, Ann Sung 174: 461, 1971. 

229. Sa1zman, E.W. and L.L. Neri, N~e 224: 609, 1969. 

230. Sannerstedt, R., S. Julius and J. Conway, C~eutation 42: 1057, 1970. 

231. Satre, M., E.M. Chambaz and P. Vignais, FEBS Letten4 12: 207, 1971. 

232. Sayers, G., R.M. Ma and N.D. Giordano, P~oe Soc Exp Blol Med 136: 619, 
1971. 

233. Schmidt, M.J., E.C. Palmer, W.D. Dettbarn and G.A. Robison, Vevetop 
Phyehoblol 3: 53, 1970. 

234. Schmidt, M.J. and G.A. Robison, Llne Sel 10: 459, 1971. 

235. Schonhofer, P.S., l.F. Skidmore, J. Forn and J.H. F1eish, J Pharom 
Phanmaeol 23: 28, 1971. 

236. Schorr, 1. and R.L. Ney, J C~n Inve6t 50: 1295, 1971. 



, 

( 

237. 

238. 

239. 

240. 

241. 

242. 

243. 

244. 

245. 

246. 

247. 

248. 

249. 

250. 

251. 

252. 

253. 

254. 

255. 

165 

Schreiber, S.S., I.L. Klein, M. Oratz and M.A. Rothschild, J Mol Cel! 
Catdlol 2: 55, 1971. 

Schreibman, P.H., D.E. Wilson and R.A. Arky, V~abete6 20: 146, 1971. 

Schu1ster, D., S.A.S. Tait, J.F. Tait and J. Mrotek, Endocnlnology 86: 
487, 1970. 

Seidel, C.L. and D.F. Bohr, C~~ Re6 28-29: II - 88, 1971 

Senft, G., G. Schultz, K. Munske and H. Hoffmann, V~abetolog~a 4: 330, 
1968. 

Sharp, G.W.G. and A. Leaf, Phy~~ol Rev 46: 593, 1966. 

Sheppard, H. and G. Wiggan, B~o~em Pharoma~ol 20: 2128, 1971. 

Shima, S., M. Mitsunaga and T. Nakao, Endocnlnology 88: 465, 1971. 

Shinebourne, E. and R. White, C~dlova6~ Re6 4: 194, 1970. 

Siegel, S., Nonpanametnl~ ~~ti~, First Edition, McGraw-Hi11 Book 
Company, New York-Toronto-London 1956, p. 75. 

Siggins, G.R., B.J. Hoffer and F.E. B1oom, B~n Re6 25: 535, 1971. 

Siggins, G.R., A.P. Oliver, B.J. Hoffer and F.E. B1oom, Seien~~ 171: 
192, 1971. 

Somlyo, A.V., G. Haeus1er and A.P. Somlyo, Seien~e 169: 490, 1970. 

Somlyo, A.P. and A.V. Somlyo, Pharoma~ol Rev 20: 197, 1968. 

Somlyo, A.P. and A.V. Som1yo, Pharoma~ol Rev 22: 249, 1970. 

Steiner, A.L., D.M. Kipnis, R. Utiger and C. Parker, P40~ Nat Acad Sei 
USA 64: 367, 1969. 

Stoc1et, J.C., M.F. Peguet and G. Wae1de1e, J Pharoma~ol 2: Il, 1971. 

Strong, C.G. and D.F. Bohr, Ame4 J Phy~~ol 213: 725, 1967. 

Strong, C.G., R. Boucher, W. Nowaczynski and J. Genest, Mayo C~n P40~ 
41: 433, 1966. 

256. Sugino, Y. and Y. Miyoshi, J B~ol Chem 239: 2360, 1964. 

257. Su1imovici, S. and B. Lunenfed, Horom and Metab Re6 3: 114, 1971. 



166 

258. Sundin, T., Ac:ta. Med Sc.a.nd 161: suppl 336 - 1, 1958. 

259. Suther1ana, E.W., JAMA 214: 1281, 1970. 

260. Sutherland, E.W. and T.W. Ra11, J Am~ Chem Soc. 79: 3608, 1957. 

261. Sutherland, E.W., G.A. Robison and R.W. Butcher, CiJLc.ula.-ti.o n 37: 279, 
1968. 

262. Szego, C.M. and J.S. Davis, Motec. Pharoma.c.oi 5: 470, 1969. 

263. Taylor, A.L., B.B. Davis, L.G. Paw1son, J.B. Josinovich and D.H. Mintz, 
J Clin Endo~ 30: 316, 1970. 

264. Tagawa, H. and A.S. Vander, C~c. Re6 26: 327, 1970. 

265. Therriau1t, D.G., J.F. Mbrningstar, Jr. and V.G. Winters, Ll6e S~ 8: 
1353, 1969. 

266. Thompson, W.O., P.K. Thompson and M.E. Dai1ey, J Clln Inve6t 5: 573, 
1928. 

267. Thom, G.W. arld L.L. Enge1, J Exp Med 68: 299, 1938. 

268. Tobian, L. Jr. and J. Binion, J Clin Inve6t 33: 1407, 1954. 

269. Trachewsky, D. and A.M. Cheah, Ca.na.d J BLoc.hem 49: 496, 1971. 

270. Triner, L., Y. Vu11iemoz, M. Verosky and G.G. Nahas, Ll6e S~ 9: 707, 
1970. 

271. Tsang, C.P.W. and F.G. Péron, St~o~ 17: 453, 1971. 

272. Vo1icer, L. and S. Hynie, Eunop Pha.roma.c.oi 15: 214, 1971. 

273. Waitzman, M.B. and W.D. Woods, Exp Eye Re6 12: 99, 1971. 

274. Waldstein, S.S., Ann Rev Med 17: 123, 1966. 

275. Walsh, D.A., J.P. Perkins and E.C. Krebs, J B.i..ot Chem 243: 3763, 1968. 

276. Wa1tington, C.O., &oc.1Um BLophy.6 Acta. 193.: 394, 1969. 

277. Wa1ton, G.M. and L.D. Garren, B.i..oc.hemi.6~y 9: 4223, 1970. 

278. Wa1toa, G.M., G.N. Gill, I.B. Abrass and L.D. Garren, P~oc. Nat Ac.a.d S~ 
USA 68: 880, 1971. 

279. Wasti1a, W.B., J.T. Stu11 , S.E. Mayer and D.A. Walsh, J BLoi Chem 246: 
1996, 1971. 

) 



167 

280. Weaver, C.K. and C.M. Cargi11e, J Lab Clin Med 77: 661, 1971. 

281. Weinryb, r., r.M. Michel and S.M. Hess, In preparation. 

282. Weiss, B. and J.W. Cray ton , in Greengard, P. and E. Costa (ed.), Roie 
06 cyellc AMP ~n cele 6unction, Raven Press, New York 1970, p. 217. 

283. Wennma1m, A. and P. Hedqvlst, ~6e S~ 9: 931, 1970. 

284. Widimsky, J., M.H. Fejfarova and Z. Fejfar, C~dioiog~ 31: 381, 1957. 

285. Wilkinson, J.H., in Dubach, U.C. (ed.), Enzyme6 ~n ~ne and kidney, 
The Williams & Wilkins Company, Baltimore 1968, p. 207. 

286. Winer, B. J ., Sta.:U...6tA..cal pM.nupie6 ~n expeM.men:tal de6~gn, McGraw-Hill 
Book Company, New York 1971. 

287. Winer, N., D.S. Chokshi and W.G. Walkenhorst, ~c Re6 29: 239, 1971. 

288. Yarus, M. and P. Berg, Anal B~ochem 35: 450, 1970. 

289. Zor, U., T. Kaneko, H.P.G. Schneider, S.M. McCann and J.B. Field, 
J ~oi Chem 245: 2883, 1970. 


