
STUDIES ON THE HENIN ANGIOTENSIN SYSTEM IN HUMAN AND DOG 

WITH SPECIAL REFERENCE TG PRlMARY ALDOSTERONISM AND HEART 

FAILURE. 

Presented by Dr. Pierre Granger, for Ph.~. degree. 
, , .l 

J! , 

Dept. of Investigative Medicine. Chairman:. Dr. J.S.L.' Browne.-

Summary. 

The effects of upright posture and sodium restriction 

on Plasma Renin Activity (PRA) were studied in 60 patient~ 

with essential hypertension. 23%:had a suppressed PRA. Two 

of these patients were not cured by adrena1ectomy. The in­

cidence of adrenocortica1 adenomas, nodules and hyperplasia 

in 2425 autopsied patients further supported the rare occur~ 
~,;; . 

?;' , 
rence (?%) of primary aldosteronism. 

A reproducib1e,and sensitive method for the' determina­

tion of renin activity in small a1iquots of dog'a plasma or 

kidney, using exogenous species specifie substrate free of 

renin and Dowex 5OW-X2 (NH4+) resin, was established. Tbis 

techniqueshowed recoveries of 68%. 

It was extended and applied to the following studies: 

1) Effects of nephrectomy and various medications on substra-

te concentration. 

·2l Normal PRA and renal renin (RH). 

3) PRA and RR of puppies. Effects of peritoneal dialysis o~ 

4) 

5) 

these parameters. 
, y '. 

Effects of changes in atrial pressure on renal v,e,~n PR4-. .j 
, .. 

PRA in dogs with heart failure due to tricuspidectomy. 
. ".',' 

'.'. 
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l - INTRODUCTION 

Eight years ago, the group of, Genest (1-4) demonstrated 

that intravenous infusions of angiotensin consistently increa­

sed aldosterone excretion in normal subjects. This finding, 

soon confirmed by other groups (5-9} together with the deve­

lopment of sensitive and specific methods for measurement of 

renin activity (la), led to a better understanding of two 

main groups of diseases associated with hyperaldosteronism. 

Two striking and contrasting syndromes, each with, increa~ 

sed aldosterone secretion, were seen at the opposite ends of 

the spectrum of plasma renin activity. These conditions were 

referred to as primary and secondary aldosteronism. Primary 

aldosteronism is a diso'rder characterized by an autonomous 

aldosterone-secreting adenoma and suppression of plasma renin 

activity. The demonstration of suppressed renin activity 

added tb an increased aldosteronuria in primary aldosteronism 

was extended to essential hypertension by Conn (lli) and led 

him to suggest that an 1mportant proportion (2Q%) of patients 

with essential hypertension were, in fact, suffering from 

"normokalemic ll primary aldosteronism. In secondar1 aldoste­

ronism, strong evidence suggested an important role of tne 

renin-angiotensin system in the control of aldosterone secre­

tion and, by extension," of sodium balance and edema formation. 

In order to investigate this relationship of aldostero-. 

nism to renin, we have studied the renin-angiotensin system 

in essential hypertension and in experimental cardiac failu­

re. The variations of peripheral plasma renin activity under 
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standard basal conditions and after stimulation by posture 

. and sodium restriction: were evaluated in a case ·ofprimary 

aldosteronisin and in 60 patients with essent±a.l hypenten­

sion. A similar study was also, done in an unusual case of 

"pcimary aldosteronism". To assess the incidence of adrenal 

adenomas in the hypertensive population, we have reviewed 

the autopsy material provided. by the department of patho~ogy 

of the Hotel-Dieu Hospital Œf Montrea1 between the year 1955 

and 1965. 

A sensitive, specifie and reproducible microtechnique 

for the determination of renin activity in rat plasma was 

recently developed by Boucher and coworkers (12). This 

method allows serial determinations of renin activity on 

minute amounts of p~asma and is of great value in assessing 

the role of the renin-angiotensin system. The adaptation of 

this method to dog has enab1ed us to stùd~ the effect of 

raisin~ the right and 1eft atrium venous pressure on renal 

venous blood renin activity, in an attempt to unde!stand the 

mechanism o~ high plasma renin activity and edema in cardiac 

failure. The relationship between right auricuiar pressure 

and peripheral plasma renin activity has also been investi­

gated in dogs with cardiac failure produced by the removal 

of the tricuspid valve. 

Sinee it was possible to measure renin activity on small 

aliquots of plasma in dogs, we have studied, as a side project, 

the plasma renin activity, renal renin content and juxtaglome­

rular inŒex'in newborn dogs. 
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1) Rènin 
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In 1898, Tigerstedt and Bergman (13) ascribeidthe term 

IIRenin lf to the pressor substance obtained from rabbîts' kid­

ney.extracts. Renin rema1ned dormant for ,.6 years until· 

Goldblatt demonstrated experiment~ renaL. hypertension by 

clamping the renal artery (1.4). An increase of interest in 

the relationship of renin to hypertension resulted fro~this 

discovery and this led to a betterunderstanding of the che­

mistry and enzymology of thecomponents of the system. This 

waa achieved mainly by the combined work of Page. and Helmer, 

and Braun Menendez.. 

Renin was identified as a proteine It was found t~be 

heat labile (13, 15-18), non'dialyzable (13, 15-17), acid 

and alkali labile (16) and insoluble in organicsolventa 

(13,15-17). It was salted out with ammonium: sulfate at pH 6 

at concentration between 1.4 and 2.6 M tlB). The resistance 

to acid and alkali was found to be increased in the cold (18) •. 

The molecular weight of hog renin has been estimated on 

Sephadex column to be between 42,0.00 and 47,0.0.0. (19). The 

molecular structure of renin is still unknown. Many attempts 

to purify renin were done and the purification achieved by 

Haas. and coworkers (20.) is worth mentioning as the first 

v~d purification method. The final product was estimated to 

be 65% pure by electrophoresis. This method has not been 
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widely use'd because it is difficults' and tedious. Purity was 

however increased approximately 56,OO~old by this method. 

Peartand coworkera (21) achieved a 44,OOO-fold purification . , 

of hog renin. On starch gel electrophoresis, theirfinal 

product migrated with the pre-a~bumins. Their purification 
. .<., 

product was found to be unstable ev en in the cold. Four 

forms of renin were obtained by chromatography of purified 

hog kidneJrextracts on diethylaminoethyl (DEAE) cellulose by 

Skeggs and coworkers (22). The rate of reaction of each form 

with renin-aubstrate was similar. 

Freezing ~d. thawing several times improved the extrac­

tability of renin from'kidneys and renin can be extracted 

with water (23). 

2) Angiotensin 

The vasoconstrictor substance obtained from incubation 

of. plasma with renin "in vitro III was shown by Page and'Helmer 

(24) to be heat stable, water and alcohol soluble and dialy­

zable. At the same time, Braun Menendez and coworkers (25) 

show~d the presence of a potent pressor substanceiin acetone 

extracts of plasma of animals bearing an ischemic kidney. 

Angiotensin was also found to be highly soluble in acetic 

acid, insoluble in organic solvents, acid stable and alkali 

,labile (24, 26). Strong oxidizing agents were found to des­

troy ~gio'Gensin rapidly (24). 

,Purification of ang~otensin was achieved and its struc­

ture elucidated in horse
i 

(27, 281, hog (29, '30):, beef, (01, 32) 

and human (33, 341. Thi~' product was a decapeptide (angio­

tensin I) and the sequence of ami no acids was identical in 
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horse, hog and human. Beef angiotensin differed only in that 

valine replaced isoleucine in position 5. 

S~nce the abilityof angio,tensin' l to induce vas.ocons­

triction in a perfused rabbit's ear was re~toDed byplasma 

or plasma fraction, Page and Helmer (35) concludedthat an 

angiotensin activator was present in the blood. Skegg& and 

his group (36) confimned this hypothesis, by the isolation 

and purification of angiotensin l, an inae.tive ~ecapeptide, 

and angiotensin II, an active,octapeRtide. They also esta­

blished ~he rapid conversion of the decapeptide into tha oc­

tapeptide after removal of·the last two amine acids by a chlo­

ride ion dependent enzyme contained in the plasma. (36, 37). 

They calledi it converting enzyme. Studies on the effect:of: 

angiotensin on rabbit aortic' strips further demonstrated the 

existence of the two forms of the peptide. (38). When injec­

ted intravenously, angiotensin l and II are equally pressor, 

since angiotensin l is converted to angi~tensin II by the 

presence of converting enzyme in plasma (38-40). 

Natural]y-occurring angiotensins and many of their ana­

logues were synthesized. An extensive review of the ~y,nthesis 

of angiotensin and its analogues was published recently (41). 

One of these anaLogues cx-asparagine-l-valine-5-angiotensin II, 

shown to have identical activity to the'naturaLangiotensin, 

is used by many investigators as a standard •. 

3) Angiotensinases 

When a crude substrate preparation was incubated with 

renin, the amounts of angiotensin found at the end of incuba-
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tion decreased inversely with the tïme of inçubation (24, 42). 
. .... \:' ;' "",, 

: Thifl phe;nomenon wa~ due to th~ destruction of _ angiotensinby· ; ( 

proteolytic enzymes called angiotensinases. The optimal pH of 

angiotensinases found in plasma, red blood cel1s and tissues 

was from 7 to 8 (26, 43-46), whereas the optimal pH of those 

found in- the kidney was4 (46),. The tissue angiotensinases 

are only partially inhibited by EDTA (44). 

An aminopeptidase with a high degree of specific~ty was 

found in the plasma and red cella (47). This enzyme, called 

angiotensinase A, had an optimal pH of 7.5 to 8.0. It was 

completely inhibited by the addition of ethylene diaminote­

tracetic acid (EDTA) and reactivated by the addition "of cal­

cium ions. A second plasma aminop~ptidase was partially 

separated from angiotensinase A by chromatography on Sephadex 

G-200 (48, 49). This enzyme required calcium ions and had an 

optimal pH of 6.8. It was suggested to call this enzyme, angio­

tensinase A2 (49). A third enzyme found in plasma had a chy­

motryptic-like activity (49, 5a) and cleaved angiotensin into 

tetrapeptides. This enzyme called angiotensinase B was inhi­

bited by disopropylfluorophosphate (DFP) and EDTA and had an 

optimal pH of 5.8-6. 

Using various electrophoretic systems, the maximum peak 

of angiotensinase activity was located in the ~-l-globulin 

fraction in normal plasma (51, 52). In plasma with increased 

angiotensinase activity, some was detected in the g2-globulin 

and albumin fractions (52). This further supported the exis­

tence of various enzymes in the plasma. 
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Angiot~nsin wasfoundto be inactivated ,"in vitro".,by. 
, 

trypsin (25, 53, 54)" pepsin (26,,53, 55),,:amine' oxydase' 

and tyrosinase (56). 

The action of the" angJ.otensina:~es can be completely or 

partially overcome by acid treatment at pH 4.0 (26), 1:lse of 

charcoal (57), DFP (58), EDTA (44, 10), and Dowex 50W-X2 

resin (NH4+) (10).. Epsilon ainino caproic acid was found to 

be a powerful inhibitor of pibasma angiotensinase whereas' 

mercury (in the form of meralluride~ izlhibited the angioten­

sinase activity of ,the plasma to a smaller extent. The rever-

se was true for red blood cell angiotensinases (45). So far, 

no specifie inhibitor of angiotensinase has been found. 

4) Renin Substrate (Angiotensinogen) 

Renin substrate waa shown by electrophoresis to be 

co~posed of ~2-g10bulin (59). It was shown to be produced by 

'the liver (60-62). A most extensive study of the purification 

of hog renin substrate was done by Skeggs and coworkers (63, 

64). The plasma was first treated by a modification of the 

ammonium sulfate fractionation and partial acid denaturation 

of Green and Bumpus (65). The product was then adsorbed and 

eluted b.:rter chromatography on a column of DEAE cellulo'se 

at pH values characteristic for each type. A molacular weight 

of about 57,000 was found by'ultracentrifugation. The rate of 

reaction of.the different forms of substrate with hog renin 

appeared to be similar (63, 64). 

Crude renin substrate treated with trypsin produced a 

tetradecapeptide which yielded angiotensin l upon subsequent 
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incubation with renin (66, 67). The first LO amino acids 

w:ere identical, a.r;t~in· the~~Ef sequence, as those fou.nd 

in ailgiotensin I.'Thetètrapeptidewas attached to the ·C..; 

terminal leucine of angiotensin 1. The structure of the 

-- tetradecapeptide was confirmed by synthesis. ~ 67-69), and 

thus established the.~act that renin acted at a leucyl­

leucyl bond of the molecule to liberatè angiotensin 1. 

The substrate concentration in plasma is not necessa­

rily in inverse relation with the renin concentration. 

Pathological conditions, in which a high plasma reninacti­

vit Y is found, could be associated with high, normal or low 

angiotensinogen concentration. In pregnancy, the substrate 

leve!; is increased in humans (43,~ 70-72). The administration 

of anovulatory medications to humans (73) and of diethylstil­

bestrol to rats (",74) has been shown to increase substrate 

concentration. In malignant hypertension and in renovascu­

lar hypertension cases,. Aida and coworkers (75) find normal 

levels of renin substrate. During the terminal phase of 

malignant hypertension" the substrate is found to be increased 

(71, 43). In contrast, angiQtensinogen concentration in dog 

is not significantly altered by narrowing the renalarteries 

(76, 77). A reduction o~ the renin-substrate is r~ported in 

cases of cirrhosis of the liver associated with edema (71). 

Substrate level is altered by nephrectomy and'adrena-' 

lectomy, two experimental procedures which have respectively 

a markedly suppressive and stimulating effect over renin 

concentration in plasma. Substrate concentration, in these 
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conditions, is known to be inversely related to the level 

of 'plasma, renin. Nephrectomizedr~ts.' inèrease"'the~r ,substra-
, ' ' 

te level in the first eight hours after nephrectomy and no 

further increase is dete'cted after 8 hours (?8). Nephrecto­

my increases. by 4- to 15-fold the substrate concentration 

in the rat (79-81). This increase is known to be much less 

important in dogs (82)~ In dogs and rats, adrenalectomy 

reduces considerably the substrate "conce~tration (8;, 84 11 74, 

78). Normal levels of substrate concentration are restored 

by the administration of DCA to adrenalectomized animals 

(84). These facts suggest that the decreased substrate con-' 

centration could be'" due to the exhausting effect on substra­

te of a high circulating renin in the adrenalectomized ani­

mals. Similarly~ low sodium inta~e reduces substrate whereas 

. so.dium load and DCA overdosage increase i t in rats (78). 

5) Renin-Inhibitor 

The response to intravenous injection of renin is 

enhanced after,bilateral nephrectomy (13), and it is overcome 

by large transfusions of blood from intact animals·(35). This 

enhancement of pressor response to renin starts 2 hours after 

bilateral nephrectomy and reaches a plateau within 4 to 8 

hours (85, 86). This increased responsiveness was attributed 

to elevated substrate concentration (80, 81). But, the res­

ponse of blood pressure to exogenous renin was found signi­

ficantly increased 2 hours after nephrectomy, whereas substra­

te concentration augmented only slightly (85). Regoli and 

coworkers (79) found that plasma from nephrectomized rats 
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incubated with a small amount of reriin generated mor~ angio­

tensin than normal rat plasma., By dilu~ion " experiments, .they 
. . . " .,' . , 

observed that this difference was not sol~',due to' the 

increase in substrate concentration following nephrectomy. 

They concluded that plasma from nephrectomiz~d rats contained 

a factor accelerating the angiotensin formation or'converse~ 

ly the plasma from normal rats had an inhibiting factor. The 

presence of a renin inhibitor was also suggested by Boucher 

et al (10) since the addition of a constant amount of renin 

to different plasma samples was found to generate varying 

amounts of angiotensine This finding was confirmed by Pickens 

and coworkers (70) and Bumpus (87). Furthermore, the addition 

ofarelatively àmall amount of dog renin'to dog plasma, ob­

tained at different time intervals after nephrectomy, showed 

that the possibility of generating angiotensin was still 

increasing even siter substrate concentration reached a maxi­

mal value (88). These observations led Sen, Smeby and Bumpus 

(88, 89) to the isolation from dog and hog kidneys of a natu­

rally-occurring phospholipid that inhibited the formation of 

angiotensin by renin in vitro. This compound was found to 

reduce the blood pressure of renal hypertensive rats (88, 89). 

This lipid was termed pre-inhibitor since the active princi­

ple was not ,the phospholipid itself, but rather a lysophos­

pholipid formed by hydrolysis of the phospholipid with 

phospholipase A (88). Schaechtelin and coworkers (90) obser­

ved that renin rat plasma, when incubated at 37° 'C, at a pH 
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of 7.4, lost 70% of its renin activity within 2 hours. They 

sugges:~ed ,the.·PI'esence of .. arat renininactivatingsystem~ 

The ib,cubation system used by these ailthors was,however, 

incompletely protected from angiotensblases and their fin­

dings require further confirmations. 

B - METABQLISM AND FATE OF RENIN AND ANGIQœENSIN 

Only few and incomplete data on the metabolism of renin 

are available and most of them deal with the effect of the 

injection of renin into intact and nephrectomized animals. 

In dogs, 50% of the exogenous renin injected is found after 

10 .minutes (91) and it disappe~ed almost completely within 
( 

30 to 60 minutes (91,.; 92) .. Endogenous renin disappears at a 

similar rate in rats, but injection of large doses of reni~ 

remains in circulation up to 2 hours ~93)., Nephrectomized 

and uremie dogs retain e~ogenous renin for a longer period 

(92). In the intact animals, a part of the injected renin is 

recovered from the urine (92). It is known also that measu­

rable amounts of "renin-like" substances are detected in the 

urine of normal subjects (94)., These findings' point towards 

the importance of the kidney as a factor controlling the 

metabolism of renin. Braun Menendez and his group (83) have 

reported that disappearance of large doses ofexogenous renin 

is delayed in hepatectomized dogs, whereas lower doses are 

not affected. Heacox, Harvey and Vander (95) have measured 

plasma renin activity in an artery and hepati9, portal and 
1 

renal vein of anesthetiz-ed dogs during infusion of renin or 
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of 7.4, lost 70~. of its renin activity within 2 hours. They 

suggest.edthe presence of a rat renin inacti vatirig system~ ... ' 
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(92). In the intact animals t a part of the injected renin is 

recovered from the urine (92). It is known also that measu­

rab1e amounts of I renin-1ike" substances are detected in the 

urine of normal subjects (94)., These findings'point towards 

the importance of the kidney as a factor contro11ing the 

metabo1ism of renin. Braun Menendez and his group (83) have 

reported that disappearance of large doses ofexogenous renin 

is de1ayed in hepatectomized dogs, whereas lower doses are 

not affected. Heacox, Harvey and Vander (95) have measured 

plasma renin activity in an artery and hepati9, port~l and 
1 

renal vein of anesthetiz-ed dogs during infusion. of renin or 
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stimulation of endogenous renin secretion induced b'y intra­

venous injection of chlormerodrin. They have observed no 

difference in the levels of'plasma reninactivity betwee,n 

the artery and portal vein, but a significant difference 

between the arterial and hepatic venous renin during cpntrol 

periods and after stimulation of renin secretion or infusion 

of renin. They have concluded that the liver is the major 

site of renin inactivation. 

Angiotensin is inactivated lIin vitro ll by various tis­

sues and plasma due to the presence of angiotensinases (43~ 

46). The importance of these enzymes has already been dis­

cussed in a previous section;., Their presence' cannot explain 

the short pressor response to angiotensin compared to renin 

in the whole animal (96) •. In normal rats, infusion of a 

large dose of tritiated angiotensin is taken up immediately 

by the adrenals and secondari1~ by the kidney and the uterus 

(97, 44). In nephrectomized rats, the distribution is more 

random, except that a greater concentration is found in the 

liver. The high concentration of the labeled peptide in the 

kidney and adrenals suggests that they may represent the 

target organs o~ that they are involved in the metabolism of 

angiotensin (44). During constant infusion of angiotensin at 

pressor doses, the amounts of angiotensin recovered in venous 

blood are considerably less than those found in arterial blood 

(10,). An important fraction of the angiotensin entering hind 

limb (98, 96),~ kidney, he ad , part. of the body below the 
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diaphragm .(96).and.liver (96, 98,99) is cleared,. whereas 

lung (98, .96)' ret~ns: QnlY's. smalL: fraction~ "~he:1Ung has.' 

been suggested, recently, as an important sitewhere con­

version of angiotensin l to II takes place (100). 

C --SCHEMA OF THE ENZYMATIC REACTION 

The enzyme renin acts upon a leucyli'!"'leucyl bond of a 

substrate, called angiotensinogen or renin substrate and 
, 

.. 

,produced by the liver, to form angiotensin l, a decapeptide. 

The decapeptide, without any known biologicall activit~, 

israpidly transformed to a powerful vasoconstrictive octa-
, 1 

peptide, angiotensin II, by a chloride ion dependent enzyme 
, . 

contained in the' plasma, and known as converting ~nzyme. 

This enzyme removes two amino acids from the C-terminal of 

the decapeptide. Angiotensin II, one of the most potent vaso­

pressors, is the effector hormone of the system. It is inac­

tivated by various peptidases, known collectively as angio­

tensinases, to yield inactive compounds. It seems that rapid 

removal of angiotensin from the blood stream occurs mostly 

in the tissue to which it is carried and there is no evidence 

that plasma angiotensinases play an important role in the 

"in ViVO" destruction of angiotensine 

As the research evolves, the classical representation 

of the enzymatic system is becoming complexe The p~esence of 

accelerator or inhibitor of the reaction has been. suspected 

by many investigators. The existence of a renin-inhibitor 
-' 

was demonstrated by the group of Smeby. This inhibitor would 
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be a lysophospholipid formed by the action of phospholipase 

A on a phospholipide 

Renin 

Angioten- 1 
Converting 

sinogen" t --Angiotensin 

EnZ.1::_ Angio ,ens in as es 

~ ~ Inactive 
1. .. "Angiotensin II· .. Fragments: 

. l<inhibitiOn) 

Lysop ospholipid 

1-. Phospholipase A 

Phospholipid 

It appears thus that the angiotensin formation in under 

the influence of many factors and the importance of each fac­

tor on the formation of angiotensin i8 still unknown. 

~- SOURCE OF RENIN 

Despite the description of renin-like substances in dif­

ferent organs (101-iO,), the juxtaglomerular apparatus seems 

to be the main source of renin. The exact location is still 

debated but the juxtaglomerular apparatus is implicated as the 

site of formation of renin on the basis of the results obtai-

ned with immunofluorescent techniques, microdissection assays 

of renin from different fragments of renal tissue, comparison 

between renin content of the kidney and juxtaglomerular gra­

nulations, and cell culture. 

1) Structure of the juxtaglomerular apparatus 

The juxtaglomerular apparatus is located on the hilar 

region of the glomerulus. It is made of the granular epithe­

loid cells contained in the wall of the afferent arteriole, 
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the macula densa of the distal tubule and the lacis agranular 

celJ.s found between the macula densa and the gloDle~lus • 

. a) Granular juxtaglomerular-cells 
, .,," 

The juxtaglomerular cells were originally described by 

Ruyter '(104) in mice and by Oberling (105) in human~ :·-The jux­

taglomerular cells are recognize~ by the ppesence of staina­

ble granules and by their location in the med~a of the affe­

rent arteriole in close proximity to the glomerulus. 

Goormaghtigh (106) noted the pre~ence of granules in 

these cells· and emphasized their pos~ibl~ "secretory nature. 

Moreover, on the basis of light micr"oscopic studies on rabbit 

ischemic kidney, he suggested a. secretory cycle. The cytolo­

gic characteristics were found to be compatible with such a 

secretory function in electron micro·scopy, by Oberling and 

Hatt (10?). 

b) Maculadensa 

This structure is formed by the. specialized area of the 

distal tubule in close contact with lacis cells and juxta­

glomerular cells. Maculadensa was first described by Peter 

(108) and Zimmerman (109). It was characterized by the tal~ 

columnar epithelial cells and the nuclei lying close together. 

The Golgi apparatus of these cells ·are located on the basai 

side of the nuclei rather than apical as in the other tubular 

cells (110, 10?, 111). An incomplete basement membrane bet­

veen juxtaglomerular and macula densa cells was observed (112, 

107, 113). thus . suggesting a functional relationship between 
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these two types of cells. The evidence pointing toward a 

functionalretationship'between the two types of cells will 

be discussed further in the control of renin secretion. 

c) Lacis cells 

These cells were thought by Goormaghtigh (114) to be 

neural elements. The term Polkissen or upolar cushionu was 

used by Zimmerman (109) to represent the complex formedby 

the juxtaglomerular cells and the lacis cells. The lacis 

cells were originally described as agranular cells and dis­

tinguished by their clear cytoplasm, their small size and 

round shape (114, 109). Electron microscopic studies sugges­

ted a morphologicaI relationship of these cells with mesan­

gial and granular epitheloid cells (10?). Oberling and Hatt 

(lO?) postulated that a transformation into granular epithe­

loid cells occurred. 

2) Localization of Renin in the Kidney 

The role of the juXtaglomerular cells in the eleboration 

of renin was suggested by Goormaghtigh (106) 'on a pure1y 

morphologic basis. In early studies, renin was detected in the 

renal cortex whereas it was absent in the medulla (13,. 16). 

C~ok and Pickering (115) introduced magnetic iron oxide into . . 

the renal artery and removed selectively ground kidney frag­

ments withan elèctromagnet~ The glomerular fraction (magnetic) 

contained nearly all the r~nin whereas the tubular fraction 

was almost free of it. Further studies revealed that the glo­

meruli with attached fragments of the juxtaglomerular complex 

contained more renin that those without. Also, when separating 
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the glomerulus in two parts, these studies showed that renin 

was in the half containing, ,the, vascular polf3. Moreov~r, ,by·, 
. ~ 

selective destruction or isolation of ,the glomerulartufts, 

renin was found located outside the glomeruli (116, 117)., 

Bing and Kazimerczack'(118) were able to separate, by dis­

section, the juxtaglomerular cells from the macula densa. 

Renin was.mainly present in the macula densa and part of the 

distal convoluted tubules. Brown and coworkers (119, 120) 

measured renin in single glomeru~i and showed that the glo­

meruli of the outer part of the cortex contained more renin 

than those of the inner part. They confirmed the results of 

Bing and Wiberg (116) who measured renin on successive layers 

of the ·kidney. 

From an histological point of view, a close correlation 

between the granularity of the juxtaglomerular cells and the 

renin content of the kidney constituted an indirect evidence 

implicating the juxtaglomerular apparatus as the source of 

renin. Marshall and Wakerlin (121) were the first to find a 

good corrèlation between renal renin content and juxtaglome­

rular cell granulations and the y noted similarities in the 

solubility characteristics between canine renin and juxtaglo­

merular cell granules. Juxtaglomerular index and renin content 

of the kidney were found to be increased in ischemickidney 

(122-124) during sodium deficient diet (125), after adrena­

lectomy (126-128), and in dogs having a high titer of renin 

antiobodies (129). Conversely, in the kidney contralateral to 

the clamped one, or after the administration of salt load 

alone or combined to DCA (122-124), or after the injection of 
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renin (13Q), these two parameters were found to be decreased •. 

This··type of eviderice may be considered as indirect or 

'circumstantial, but it is supported by the fluorescentanti~ 

renin antibodies and tissue culture techniques. Studies with 

fluorescent antibodies permitted a more precise localization 

of renin. The first attempt to apply this technique to renin 

was done by Nairn and coworkers (131). Using the "sandwich" 

technique, hog kidney sections were treated with rabbit anti­

hog renin and then with fluorescent goat" anti-rabbit globuline 

They found spe.cific staining almost exclusively in the glome­

ruli but not in the juxtaglomerular area. The use of very 

crude and impure renin extract in the preparation of their 

antibodies invalidated their results (~32). Edelman and 

Hartroft (133), using a modified technique and a purified 

renin preparation, observed a specific fixation of·the antibo­

dies by the granules of the juxtaglomerular cells and not by 

the glomerular tuft nor the macula densa. Warren, Johnson and 

Hoobler (134) also found specific staining only in the gra­

nulated juxtaglomerular and macula den'sa cells. 
.. 

The ability of cella from human renal cortexto release 

renin was observed in tissue culture of human ischemic kidneys 

by Robertson and coworkers (.135). When renin was found in the 

culture medium supernatant, abundant granulated cells, cultu­

red from the diseased kidney, were present but they were una­

ble to confirm this correlation in normal kidneys, Moreover, 

fluorescent labeled anti-renin was found to be localized in 

the cytoplasmic granules of the cultured cells. 



-19-

Before closing this section, we have to stress that 

in certain conditions" juxtaglomerular cell granularity, 

renin content of the kidney and plasma renin activity are' 

not always altered in the same manner. Especially in acute 

experiments, renin release is not always in parallel with 

the renin content of the kidney or juxtaglomerular cell 

granularity. For example, acute sodium depletion induced 

in rats by peritoneal dialysis, hemorrhage or thirst, in-

" creases the pressor activity of the plasma without affec­

ting the renin content of the kidney (86, 136). Fisher (137) 

does not find any significant change in the granulation of 

the juxtaglomerular cells after peritoneal dialysis whereas 

Ménard and coworkers (138) find a marked increase in plasma 

renin activity despite an unchanged juxtaglomerular cell 

granularity." Rosenthal and coworkers (l39) observe a 3-fold 

increase of plasma renin activity, contrasting with an un­

changed juxtaglomerular index in rats injected with fursemide. 

E - METROnS OF MEASUREMENT OF RENIN 

Braun Menendez and his group (83) pioneered the field 

of renin methodology. They measured first the pressor res­

ponse to intravenous injection 'of crude plasma in anesthe­

tized animaIs and later the vasoconstriction of vessels of 

the isolated rabbit ear. They devised another method where 

the renin was measured by the decrease in substrate. Leloir 

et al (140) set up an indirect method where re~in was esti­

mated by the formation of angiotensin,in standardized condi­

tions of incubation. Following this, many research workers 

developed new methods and many of them modified known methods. 
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It is impossible to vover aIl these methods and we shall 

ment~on only the original and most recently described methods,. 

since the older 'ones were neither sensitive nor reproducible. 

The direct methods consist of the injection of partial-

1y purified renin into the test animal. The concentration of 

renin is assessed by the rise in blood pressure induced by 

the "in vivo" angiotensin formation. The most specifie direct 

method was described by the group of Haas and Go1dblatt (141). 

The extract is injected into unanesthetized trained dogs in 

which the femoral blood pressure is recorded. These authors 

defined one unit (Goldblatt unit) (141) as the quantity of 

renin required to produce a rise of 30 mm of Hg of the direct, 

mean, systemic blood pressure about two minutes after the 

injection. Because of the difficulty in maintaining a colony 

of se1ected trained dogs, this method was'used only in a few 

1aboratories. Moreover, since renin concentration is low in 

pla~ma, a large amount of blood is needed to produce a detec­

table effect in' the test animal. 

Indirect methods consist generally of the incubation of 

renin wi th, .some form of subs"Grate, angiotensin being formed 

and assayed as such. Homologous or hetero1ogous substrate 

may be separately prepared and added to the incubation mix­

ture, or the renin may be incubated with the substrate pre­

sent in the sample. This approach has enhanced sensitivity 

considerably. The deficiency of the older indirect methods 

was the failure to inhibit adequately the angiotensinase 

activity. 
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The first simple andsemi-quantitative method for the 

determination of circulating renin was evolved by Helmer and 

Judson (43). Heparinizedoplasma was dialysed against cold 

water for l8~~Ohours. The dialysate was centrifuged and the 

supernatant made isotoniè by the addition of sodium chloride. 
0' 

Samples of 10 ml were then incubated at 37° C °for'one hour 

at pH 5.5. The neaction was stopped by boiling. The angiC!:ten~­

sin formed was assayed on spirally cut strips of rabbit ~orta 

or. by the blood pressure assay in a 2-day nephrectoml.zed 

pithed cat when the plasma had a high renin content. 

The first qu~titative and reproducible method for mea­

surement of plasma renin activity was set Up' by Boucher and 

coworkers (10). They demonstrated that Dowexo 50W~X2 (NH4+) 

resin did not interfere with the.. enz~atic re.action when added 

to the incubation mixture f~r absorption of the angiotensin. 

formed during·the incubation and complete protection from 

diegradation by the angiotensinases •. In Boucher's procedure 

blood wasrapidly cooled (0-5° C) to prevent the ° action of 

renin on the substrate, c9,llected on EDTA andthen centrifu­

ged at 0-5 0 C. Ten mL of plasma were adjusted to pH 5.5 at 

0-5 0 C and then incubated in presence of 4 ml o~ moist Dowex 

50W-X2 (NH4 +) rasin at 37 0 C for 3 _ho.ura. When eno.ugh ploasma 

was available, a 2-hour incubation was carried out. The angio­

tensin formed was absorbed on theresin. Afte.r the incubation 

period, the incubation mixturoe was. transferred to a glass 

col~mn, ana the angiotensin eluted. ~heo eluate w~sthen eon~ 

centrate.d and the dry residue was diluted in 20% athanol and 
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assayed.on a nephrectomized rat. This·s,imp1e method was 

shown to be high1yse~sitive and reproducib1e,and showed 

recoverie~ of 80-85,s.of 2id~ed angiotensine 

Two methods described by Warz~ski, Demirji~. and Roob1er 

(142) andby Yoshinaga and coworkers(143} used an incubation 
. . . 

mixture essEmtially identical·':to the one of· Helmer and :Judson 

(43). They improved the method qy extractingthe angiotensin 

.formed with butano1 (142, 143):, petro1eum ether (143), t:tlen 
j 

the aqueous extract was fractii.ànatad on. a ,column of Do:wex 

resin 50W (H+ form) and the angiotensin. e1uted with sodium 

hydroxide (143)~ Warzynski et al (142) c1aimed that· the bu­

tanoli- extraction exc1uded atypicBJ. pressor substances: 

. Fascio10 etaI (144) improved their first procedure by 

aci4~f'yingthe plasma (pH 3.8 at 25° C for 30 minutas), a 

procedure shown by Leloir .. and coworkers (140) to. inactivate 

the angiotensinases. The p~asmapH was.then adjusted to 5.l. 

One aliquot was not· incuqated and served aa a contro1~ The 

other aliquot was incubated for 2 hours at 37° ·C. In both 
. . 

samples, àngiotensin was purified by the method of Scornick 
. . 

and PaLadini (145) and pressor activity was measured using 

the arterial blood.pressure of .anesthetized rats. 

A most e1aborate.improvement in Helmer's method was 

done by the group of Lever an~Br~wn (146, 147). ~his mathod 

involved the preparation of a aem~-purified extract of the 
. . ~. '.' ~. 

enzyme from the b1ood, a procedur~ which was time-consuming 

and required; a large. amount of heparinized plasma (25 ml). 

One ml of the renin preparationwas; adâed to 4 ml of an ox 
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. . 
substratè 'preparation which provided an excess of substrate 

and the mixture ~a.s incubated at 3?0 C':for periods 0'1: 30. mi':'" 

nut'es up to 96 hours according to the concentration of renin 

in the sample tp be assayed. The pressor activity formed was 
, ! . 

. ' . 
then measured in'a ganglion-blocked rat. This method was des-

cribed originally in the rabbit (146) and was applied to hu­

man (14?). 

A metho'd for determination of renin acti vi ty in the. 

rabbit described by Lee, Cook and Robertson (148)'was essen­

tially similar to that of Lever et al (146). Minor differences 

were encountered in the purification process of plasma obtài­

ned from 4 te 6 ml of b~ood, and in the use of a purified 

rabbit ~enin substrate (149) •. The renin extract was incubated 

wi th the substrate for various time intervals up to 200 hours-. 

The reaction was stopped by freezing and the pressor activity 

was measured in ganglion-blocked rats. 

A simple method, both sensitive and reproducible, was , . . ) 

set up by Pickens and coworkers (?O). Plasma from 20 ml of 

heparinized blood was dialysed in the cold for 24 hours against 

EDT~ and then against distilled water-for another~ 24 liours. 

~ollowing centrifugation in the cold, one drop of a 1:20 so­

lution of DFP in isopropyl alcohol was added and the solution 
;. 

adjusted to pH 5.5. The mixture (10 ml) was then i~?ubated . 

for 4 hours at 370 'C. The reaction was stopped by boiling. 

The 'supernatant was evaporated and then àissolved in distil­

led water and assayed in pentolinium treated rats. 

Recently, Gould, Skeggs and Kahn (71) established a 

method in which serum was treated to remove angiotensinases 
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and incubated with an exogenous substrate. Serum was dialy­

sed overnight at 5° C and pH 7.0 against EDTA. A ~.65 ml 

aliquot of. dialysed serum was incubated with a partially 

purified hog substratein presence of phosphate buffer and 

phenyl-mercuric acetate (used as a bacteriostatic agent) at 

pH 7.5 and 38° C for 16 hours. The incubation mixture was 

then heated in a boiling water bath and the supernatant was 

measured by a direct rat pressor assay. 

In all the methods presented above, except for that of 

Gould et al (71),. a large amount of blood is required and 

they cannot be used for studies involving small animals, or 

for repeated determinations in short intervals. -A method 

permitting the measurement of renin activity in 0.1 ml of 

rat plasma was described, recently, by Boucher and coworkers 

(12). This technique is based on the principle that renin 

contained in 0.1 ml of plasma, when incubated over a 12~hour 

period with anexcess of homologous substrate, will form de~ 

tectable amounts of angioteI;lsin. The latter is protected 

from proteolytic degradation by the addition of Dowex resin 

50W-X2 (NH4+) to the incubation and is measured by the rat 

pressor assay. A rat renin-free substrate, prepared according 

to the procedure of Haas and coworkers (150)from nephrecto­

mized rats, is employed. The procedure is highly reproduci­

ble, sensitive and specifie. 

It is admitted by most workers that the current indi-

rect methods do not measure the renin IIconcentrationll in 

plasma but rather the "effective renin activity" which is a 

summation of known and unknown factors invol ved wi th the 

en~atic reaction. 
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The angiotensinase is one of the factors that has been 

efficient1y contro11ed in the recent methods, by the use of 

EDTA, DFP or Dowex resin. In those'methods'wherethe action 

of angiotensinase was prevented or inhibited, the sensitivi­

ty and recovery were·great1y improved. This fact is i11ustra­

ted by the low recovery of added angiotensin with the method 

of Yoshinaga~et al (143) (30 to 35%) contrasting with those 

foundby Boucher et al (10) (84%), and Pickens et al (70) 

(97%). 

In every method, the bio-assay of angiotensin is time­

consuming. A physico-chemical method wou1d improve and ad­

vantageous1~ replace the bio-assay of angiot7nsin. Radioim­

munoassay shows great promise. Three grou~s of worke.rs suc­

ceeded recent1y in produoing anti-angiotensin and further 

measu~ing the circ~lating angiotensin (151-153). Angiotensin 

al one is too sma11 a peptide to be antigenic, but when the 

peptide is ooup1ed to a protein or po1ymer carrier mo1ecu1e 

br to a mioropartic1e of oarbon, the induction of antibodies 

to angiotensin II takes place (152-154). Antibo~iés produced 

in this way have been shown to oross reaot with native angio­

tensin Ir (152-156) whereas angiotensin l disp1ays much Iess 

affinity for the antibody (151-153). In these methods, anti­

angiotensin is a110wed to reaot with 1abe1ed angiotensine The 

addition of un1abe1ed angiotensin then disp1aoes the 1abe1ed 

one from the oomp1ex and a quantitative re1ationship oou1d be 

demonstrated between the amount of uri1abe1ed angiotensin ad­

ded and 1abe1ed angiotensin re1eased from the comp1ex. Valot­

ton et al (151) extended their assayof angiotensin II to the 
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measurement of plasma renin activity. The plasma was incu­

bated according to Boucher's method (la). The values obtai-

ned in normal subjects as weIl as in various clinical situa­

tions were,much lower than expected. In the indirect methods 

(10), the concentration of converting enzyme is not control­

led, and most probably the angiotensin formed is a mixture 

of both angiotensin l and II. This mixture is not affecting 

the final value of plasma renin activity in the conventional 

methods since, as far as the biological assays are concerned, 

the excess of converting enzyme in test' animal (38-40) will 

convert angiotensin l to II. The application of'the radioim­

munoassay to reniri assay should be possible but one must 

ensure that angiotensin II,is the final product of incubation. 

A preliminary report of a direct renin antiserum assay 

in dog was publishe~ by Keutel and coworker~ (157). The una­

vailability of pure renin makes such a method hazardous. 

Moreover, the fluorescent labeled .tfraction of the antiserum 

used by Keutel et al (157) reacted with antigen located in 

the tubules near the glomerulus but not in the juxtaglomeru­

lar apparatus. 

F - CONTROL OF RENIN SECRETION 

With the paramount importance of the renin-angiotensin 

system in different physiological and pathologicai states 

and because of its major role in the control of aldosterone 

secretion, the identification of the factors controlling 

production and release of renin into the circulation is per­

tinent. 
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1) Baroreceptor Theory 

The early experiments of Go1db1att et al (14) with re­

nal artery·c1amping introduced as a logicai hypqthesisthat· 

ischemia was the main stimulus for renin re1ease. This was 

contradicted by Huidobro and Braun Menendez ·(158). In dogs 

breathing 6-8%02 or ~-5%C02 and in dogs treated with cya­

nide, no increase in rena1 pressor activity wa~ detec.ted. 

This lack of effect of ischemia on renin re1ease was 1ater 

confirmed by Skinner and coworkers (1591. 

Koh1staedt and Page (160) first c1aimed that a decrea-

se in pulse pressure was the stimulus for renin re1ease in 

perfused dog kidneys. Tobian and coworkers (161-163) gave 

strong evidence of the ro1e of the mean renal arterial pres­

sure in renin release and postulated that the juxtag1omeru-

1ar apparatus by its situation in the wall of afferent 

arterio1e would act as a baroreceptor or a stretch-receptor. 

In their experiment, they observed that a high perfusion 

pr~ssure reduced significantly the granulation of the juxta­

glomerular cells in the isolated kidney. Skinner, McCubbin 

and Page (159, 164, 165) produced support for the stretch­

receptor hypothesis. They (159) reported that a reduction 
1 

of pulse pressure without any c~ange in renal mean arterial 

pressure and blood flo~, did not re1ease renin whereas a 

slight reduction (10 mmHg) inmean renal arterial pressure 

was adequate to re1ease renin. They showed that renin re1eas~ 

was not stimulated by virtual abolition of pu~se pressure 

achieved by vagotomy and aortic constriction. Also the admi­

nistration of a gang1ion-blocking agent and stimulation of 

the peripheral end of a severed vagus in order to increase 
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.thepu1se pressure, did.not prevent. the. increase in renin 
.,. " 

re1ease when the méan rena1pressure.was decreased.Tobiàri 

(166) c1aimed that on the basis of the stretch-receptor 

thBory ,he cou1d, exp1ain the conditions characterized by an 

increase or a decrease of renin secretion, but still some 

experimenta1 findings remained unexp1ained. In uni-nephrec­

tomized rats, no increase in renin re1ease and renal renin 

content is found after c1amping the artery of the remaining 

kidney (86, 167-169). Also the 1ack of increase in the jux­

taglomeru1ar index after c1amping the aorta aboveboth renal 

arteries (170) is not exp1ained by the stretch-receptor 

theory. 

In the 1ight of the baroreceptor theory, the role of 

the plasma volume in the regulation of renin re1ease has been 

discussed. With the demonstration that plasma renin activity 

or circulating angiotensin is suppressed in primàry al do ste­

ronism (11, 171-174, 147), the control of renin re1ease by 

the plasma volume became challenging, since in primary·a1dos­

teronism the plasma volume is known to be expanded (175, 176). 

In the same 1ine of evidence, it has been demonstrated in 

man, that stimulation of plasma renin activity induced by 

ethacrynic acid cou1d be prevented by plasma volume expan­

sion (177) and in rats, the expansion of plasma volume pre­

vents the rise in plasma renin activity encountered during . 

peritoneal dialysis with 5% dextrose (138). 

The increase of plasma renin encountered in pregnancy 

(178-181, 144) is difficu1t to exp1ain since plasma volume 
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is increased (182, 183). Similarly, in congestive heart 

failure, the plasma volume is normal or increased and c()~.ld 
. . . . 

not explainthe high values for art.erial angiote~sin or· 

plasma renin activity reported in that disease (144, 184-187, 

179, 180). Experimental evidence against the role of plasma 

volume in controlling renin release has also been produced. 

Recently, it was demonstrated that in volume expanded dogs 

(60 minutes perfusion of 0.85% NaCl at 0.5 ml/kg in the 

suprarenal aorta), it was possible to stimulate the renin 

release by changing the perfusion of physiologicàl saline 

to a 0.42% solution of sodium chloride (188). In this expe­

riment, the plasma volume was not measured although !~hey 

reported the volume expansion to be sufficient to suppress 

the release of ADH. Vander and Miller (189) also demonstra­

ted that the effect of diuretics on renal venous plasma 

pressor activity of a clamped kidney was independent of chan-

ges in plasma volume. 

2) Macula Densa Theory 

We have already discussed the inadequacy of the stretch­

receptor theory in explaining renin release. Moreover, chan­

ges in periusion pressure have an effect on sodium excretion 

unrelated to the variations in glomerul~ filtration rate 

(190-193). The tubular sodium concentration is decreased in 

isolated kidney preparations perfused at low pressure, as 

demonstrated by stop-flow tèChniques (194). The anatomy of 

the juxtaglomerular apparatus soon led Goormaghtigh (114, 

195, 196) to propose that the macula densa fluid was a fac­

tor controlling the rate of glomerular filtration via the 
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juxtaglomerular cells. 

The. findings suggesting the macula densa as the struc- .',:' 

ture responsible for renin secretion are numerous. An inti­

mate anatomical relationship between the macula densa and 

juxtaglomerular cells has been demonstrated by light and 

electron microscopy (107, Ill, 113~ 197). Moreover, an 

incomplete basement membrane between juxtaglomerular and 

macula densa cells was observed (112, 107, 113). A distinct 

separation betwe.en both types of cells was difficul t to find 

in some places, and may have been absent in that infoldings 

of the membrane of both cell types often appeared conti­

nuous. McManus (110, 198) described an unusual location of 

the Golgi apparatus in macula densa cells in that it was 

basal rather than luminal. This peculiar location led him 

to suggest that substances could be transferred from a ma­

cula densa cell to a juxtaglomerular celle In adrenalecto­

mized rats, the presence of dense cytoplasmic bodies in the 

macula densa cells has been described in association with 

an increased juxtaglomerular cell granulation (199). 

Freidberg; (200), studying the distribution of the jux­

taglomerular granules and the macula densa in the renal 

cortex. of the mouse, found an inverse relationship bet~een 

the length of Henle's loops and the number of juxtaglomerular 

cell granules. These granules were more numerous in the 

outer cortex than in the juxt~edullary zone. In a subse­

quent pUblication, Friedberg (201) found, in studying the 

distribution of juxtaglomerular cell granules in mice at 
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different ages, that the adult pattern of distribution of 

juxtaglomerular cell granules is reached at about· the third 

week of extra":uterinelife,.a time which correlates. with the. 

maturation time of the long RenIe loops in rats"(202), and 

the onsetof maximal urinary concentrating ability in humans 
, 

(203). Bing and Kazimi.erczark (204) found renin in the outer 

cortex of newborn hog kidneys despite the absence of juxta­

glomerular cell granules in that area. 

From an histochemicaL point of view, a positive corre­

lation has been established between the granularity of jux­

taglomerular cells, renin content of the kidneys ~<and enzyma­

tic activity of the macula densa cells under different expe­

rimental conditions (205-209).· Such a relation betweenplasma 

renin, glucose-6-phosphate dehydrogenas,e and juxtaglomerular 

index was not observed, however, by Ortega (210.) in adrena­

lectomized rats if sodium chIo ride was not added to the diet. 

In these animals, plasma renin and glucose-6-phosphate dehy­

drogenase increased moderately despite an almost complete 

degranulation of the juxtaglomerular apparatus,. 

The macula densa is ideally located to receive informa­

tion from the tubular urine and thereby, influence the acti­

vit Y of juxtaglomerular apparatus. The anatomical and histo-
, 

chemical evidence, reported above, suggesting a functional 

relationship between the macula densa and the juxtaglomerular 

apparatus led many investigators (19~, 196, 107, 121, 189, 

2Q8, 211,: 212) to propose that renin formation and secretion 

was under control of the macula densa. The macula densa cells 

could be sensitive to the osmolality or to the sodium concen-



tration of the tubular fluid passing through. By mathemati­

cal analysi,s of availablè experimenta1 data from theix-,' ow' 

studies and from others,Guyton and coworkers(213) conclu­

ded that the autoregulation of renal b100d f10w was most 

probab1y controlled b~ an osmotic feed-back at the site of 

the macula densa, a1though they cou1d not rule out the pos­

sibi1ity ofa sodium feed-back as we11. Although renin ap­

pears to be located in the juxtag10merular ce1l granules, 

the possibi1ity that renin cou1d be actually synthesized in 

the macula densa has not been ruled out (see localization of 

renin in the kidney, page 16). 

Strong evidence attesting the role of the macula densa 

in the control of renin re1ease has recent1y been reported. 

Vander and Miller (189) found that osmotic diuretics, aceta­

zolamide and ch1orothiazide reversed or prevented the stimu-

1àting effect of a suprarenal, aortic constriction on renin 

release. They also, demonstrated tbat other osmotic diuretics 

such as mannitol, sodium chloride or sodium sulfate were 

without effect on the base-1ine meve1 of pressor activity in 

the renal venous plasma. In their experiments, they found 

only a positive reciprocal. correlation between the rena1 

venous plasma pressor activity and the sodium and water ex­

cretion, whereas little or no corre1atiôn was found with 
... 

mean arterial blood pressure, plasma volume, plasma osmolali-

ty or sodium concentration, glo~erular filtration rate and 

renal plasma flow. The effect of diuretics or sodium chloride 

infusion in pr'eventing or reversing the usual renin release 
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induced by a decresed renalperfusion has been confirmed by 

White. (214), by Vander and Luciano (215), and by Tobian (216). 

Vander (217) also showed the osmotic diuretics to be effecti­

ve in reversing the ri~a in renin release provoked by intra~ 

venous infusions" o~ adrenaline or nor-adrenaline and in pre­

venting the same rise induced by renal nerve stimulation. 

Vander.(218) proposed that the signal aensed by the macula 

densa would be the sodiUm load and areciprocal relationship 

would exist between the sodium load presented at the macula 

densa and the release of renin. 

Vander and Miller (189) r.eported also that increased 

ureteral pressure stimulated the pressor activity measured 

in the renal veine Vander (218) claimed, howeyer, that the 

increased intrarenal pressure was without effect on renin 

release since both, occ~usion of the ureter and osmotic .. diu­

retics, had an Q~posite effect on.renin release. Leyssac (219), 

on the 6ther hand, postulàted that a decrease in distal 

intratubular pressure might increase production of renin by 

a chemical or electric~ mechanism at the macula densa. This 

was supported by the finding that in a clamped kidney the 

proximal peritubular capillary and intratubulàr pressures 

were identical whereâs the distal intratubular pressure was 

decreased as ~uch as fifty per cent. 

The strongest evidence implicating the macula densa, 

although norenin determinations w~re done, was provided by 

the group of Thurau (220:, 221). They used an original ap­

.proach to study the .autoregulation o:f renal blood flow. They 
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first injected by micropuncture, the early proximal convo­

lution of a nephron wi th lissamine, ~hich permi tted them" 

to idéntify the distal tubule of this same nephron. Although 

the macula densa of the mammalian kidney is not accessible 

to micropuncture; the sodium concentration of its tubular 

fluid was varied by retro grade microinjections of various 

fluids. The effect of these stimuli at the site of the macula 

~ensa was inferred from the quick collapse of the proximal 

convolution of the same nephron. This collapse was interpre­

ted as a sharp constriction of a preglomerular arteriole 

reducing the glomerular filtration. They obtained a positive 

reaction with an inject~on of 150 mM/L of sodium chloride or 

sodium bromide solution. The reaction observed with the RaCl 

solution was present only if the kidneys were rich in renin. 

The renin depleted kidneys showed no reaction to the injection. 

When the concentration of the sodium chloride solutionwas 

progreesively reduced below 15QmM/L, the effect was progres~ 

sively reduced. The effect was specifie in that it did not 
. 

affect the other convolutions notbelonging to the injected 

tubule. Moreover, the reaction was specifie for sodium chlo-
.' 

ride since choline chloride, sodium sulfate or potassium 

salts did not cause the collapse of the proximal tubule., Iso­

tonie mannitol was devoid of effect and the osmolality was 

not considered as the appropriate stimulus. They postulated 

a feed-back mechanism whereby an increased concentration of 

sodium at the site of the macula densa induced .a local renin 

release from the juxtaglomerular apparatus generating angio­

tensin "in situ", and the latter decreasing the glomerular 
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filtration. 

This theory is in completedisagreement with Vander's 

theor.y. Admittedly, both approaches are different. SChnermann, 

and Thurau (220, 221) studied the phenomenon with a single 

nephron whereas, the whole kidney was used inVander's work. 

It is known that renin is mostly located in the outer cortex 

glomeruli (119, 120), but in clipped kidney, renincontent of· 

the deeper glomeruli increases (222). Quantitatively and qua­

litatively, it is possible that the response of the outer cor­

tex juxtaglomerular apparatus differs from that of the deeper 

ones. Renee, when working with a single superficial nephron, 

it becomes difficult to foresee the response of the juxtame­

dullary nephrons. Moreover, too little is known about the 

local rate of angiotensin formation to decide which theory is 

correct. 

At the present time, there is some evidence against the 

role of the macula densa in regulating the granulation of 

juxtaglomerular cells. In some types of fish (teleosts), the 

juxtaglomerular apparatus contains granulated cells despite 

the absence of the distal tubule (223, 224). Atrophy of the 

macula densa and tubular destruction by sodium tartrate do 

not affect the granulation pattern of the juxtaglomerular 

apparatus (225). Similarly, in rats where tubular continuity 

has been interrupted by chronic pyelonephritis or renal 

trauma it is still possible to increase the juxt~glomerular 

cell granularity by adrenalectomy (226). 

Before concluding this discussion on the role of the 

macula densa in controlling renin release, a word must be 
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said about the juxtaglomerular apparatus as a possible 

"osmoreceptor" controllingrenin release.lthasbeen empha.;..' 

sized,that the'juxtagloDierula:r cells could be sensitive to 

plasma sodium:changes. Hartroft (22?) reported that despite 

the administration of vasopressin in order to prevent a 

decrease in blood volume, the juxtaglomerular cells continue 

to develop hypergranularity in response to sodium deficiency. 

In adrenal~ctomized, uninephrectomized rats, made hypertensi­

ve by DCA and cortisone, the jtixtaglomerular cell granula-

rit y and renal renin content were inversely related to sodium 

intake (228). In rats made hypertensive by a clip on one 

renal artery, sodium deficiency increased the granularity 

of the juxtaglomerular cells Of the intact and clipped kid­

ney without affecting the blood pressure (229, 230). An inverse 

relationship b-e:bweenc:.natremia and plasma renin activity was 

claimed by Brown et al (231). But definite and convincing 

evidences against this concept were provided. Meyer et al 

(L??) found a quick increase in plasma renin and 4ematocrit 
,,',. 

within 30 minutes following the intravenous injec:!ïion of 

ethacrynic acid in normal humans. The natremia was not affec­

ted by the 'medication. When ethacrynic acid was administered 

concomitantly with a 3.5% solution of polyvinyl-pyrrolidone, 

the plasma renin activity paralleled the hematocrit values 

which increased in one patient and decreased in the other two 

whereas the natremia remained unchanged., Menard, Boucher and 

Genest (138) found a significant increase in plasma renin 

activity in rats submitted to thirst or peritoneal dialysis. 
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These two stimuli respectively increased natremia to 170 mEq 

of sOdium/Loo and decrea~e~. i~" to +00 mEq of.· s·odium/L. Wi th 

different diuretics, Vander (189)prevented or reversed renin 

reiéase following aortic clamping· and"" produced acute changes 

in plasma sodium which were unrelated to the variations in 

renal venous pressor ~ctivity. Nash et al (188) have demons­

trated that the increased renin release evoked by norepine­

phrine was prevented by i~creasing both intravascular renal 

sodium concentration and sodium filtered load. The effect was 

absent when the intravascular renal sodium concentration was 
.. 

increased without concomittant increase in the sodium load. 

It must be stressed that under the experimental conditions 

where the plasma sodium l~vel is altered, àimilar relate~ 

changes in tubular fluid composition occur. For this reason, 

it is difficult to ascribe to the plasma sodium level alone, 

any effect at the·· site of the juxtaglomerular apparatus. 

3) Hormonal C·ontrol of Renin Release 

a:). Angiotensin 

To date, the effect of several physiological substances 

on the release of renin"has been investigated. It seems that 

angiotensin is one of the most potent inhibitors of renin 

secretion., Masson and coworkers (232) demonstrated that the 

i~jection of hog renin into rais for 4 days resulted in a 

decrease in secretion of renal pressor material while the 

renal content remained normal. The administration of angioten­

sin for a period of two weeks resulted in a decrease of jux­

taglomerular cell granularity (2331-235). 
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The most direct approach to this problem was achieved 
," . ,"\ , : . .". 

by two.groups àimultaneously.De Chtpnplain~Ge.n:est and co­

workers (236, 179, 237)showed in'humans that the elevated 

plasma renin concentrations induced by salt depletion, were 

reduced by angiotensin infusion given at pressor as well as 

sub-pressor doses. They also showed that aldosterone and 

pressor doses of norepinephrine infusions were without effect 

on plasma renin activity. Thus, the y attributed a specifie 

role to angiotensin in this negative feed-back control over 

renin release. At the same time, Vander and Geelhoed (238,' 

239) also foùnd t.he. inhibitory effect of angiotensin over 

renin release in dogs with very low rates of renin secretion 

and in dogs with an increased renin release induced by urete­

raI occlusion or aortic clamping during maintenap.ceof cons­

nant reduced renal arterial pressure. Geelhoed and Vander (240)' 

also confirmed the lack of acute effects of aldosterone per-· 

fusion on plasma renin activity in dogs. Bunag and coworkers 

(241) confirmed the inhibitory effect of angiotensin'on renin 

release but they showed.that large do~es of vasopressin, but not 

oxytoc:f,.n, also inh~bited renin releas·e. 

'b) Adrenal mineralocortic6ids. 

Before the description of the inhibitory effect of· 
. 

angiotensin over renin relèase, theadrenal mineralocorticoids 

were suggested by Masson and coworkers (242, 243) as possible 

feed-back substances regulating the activity of the renin-

angiotensin system. Using a very crude method of measurement, 

they showed that the circulating pressor material decreased 

rapidly after the administration of DCA- and salt supplements 
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while the renal renin content remained unchanged. This effect 

was pbserved before the incidence of hypertension. Neverthe­

less, the administration of cortisone or cortisol also decrea­

sed the liberation of pressor material although in a more gra­

dual fashion. The administration of DCA and sodium to rats was 

reported to decrease the renin content of "the kidney (86, l22~ 

124), and the juxtaglomerular index (122-124). Fukuchi and 

coworkers (244) reported a slight decrease in the juxtaglome­

rular index of rats treated with aldosterone for a period of 

two weeks, whereas Fisher and Tamura (245)· reported a more 

pronounced degranulation of juxtaglomerular cells in rats in­

jected subcutaneously with aldosterone dissolved in oil for 

three weeks. 

Similarly, a low or undetectable level of circulating 

angiotensin, or plasma renin activity (11, l71-~74, 147), as 

well as a decreased juxtaglomerular index (246-248) were re­

ported in human suffering from primary aldosteronism syndrome. 

But a suppression of renin release was not found in normal 

humans during acute aldosterone perfusions (179, 236, 237, 

240) •. 

It is difficult to determine to what extent DCA or 

aldosterone alone are involved in the control of renin relea­

se since these hormones do affect the sodium balance and the 

b~ood volume. Thus it would appear that mineralocorticoids 

are practically devoid of any consistent direct effectover 

renin release. 

4) Nervous SY$tem 

There seems to be doubt that an intrarenal 
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control mechanism of renin release is operative. However, 

the innervation·· of the juxtaglomerelar· apparatus hasbeen 

knoWn for. a long timë by t:b.e histologists· (i04, 105). Nilsso'n· ... 

(249), using a sensitive fluorescent method, characterized the 

nerve endings surrounding the afferent arterioles as adrener­

gic. Electron microscopie studies (250" 251) on the juxtaglo­

merularcomplex showed the presence of vesiculated processes 

in the nerve endings located close to the granular juxtaglo­

merular cells. On the basis of the location and content of 

these vesicles, the nerve endings were assumed t·o be adrener­

gic. These "descriptions constitute a more cogent proo*" sup­

porting the evidence accumulated in favor of the existence of 

reflex neural control of renin secretion. 

A decreased renin release was demonstrated in dogs 

by Taquini and coworkers (252)" "following renal denervation. 

Tobian and collaborators (253) observed fewer granules in the 

juxtaglomerular apparatus as weIl as a dècreased renin content " 

in the denervated kidney. Vander (217), bydirect electrical 

stimulation of the renal nerves, evoked an increase in renin 

release. Bunag and coworkers (254) and Hodge and coworkers 

(255). reported respectively an increase in renin release and 

in plasma angio~~nsin during "non~hYPotensivelt hem9rrhage, and 
. " 

this release was prevented by ganglionic blockade or local 

anesthesia of the renal nerves. 

Bozovic and Castenfors (256) demonstrated that the 

increased plasma renin activity produced byexercise (swimming 

until exhaustion) or by pain stress (1 ml of lO~ NaCI intra-­

muscular) in rats could be preve~ted by the administration of 
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pentolinium •. To explore further the role of the nervous sys­

tem in renin release, they (257) studied the effect of blee­

dings in rats in which the spinal .cord was destroyed or tran­

sected. They were able to show that the transection of the 

spinal cord, two hours prior to the bleeding, prevented the 

expected increase in plasma renin activity. Transection 24 

hours prior to bleeding or destruction of the spinal cord was 

without effect. In rats with cannulation of both carotids, 

they (258) showed that· pentolium pretreatment blocked the ex­

pected rise· in plasma renin activity found with bleeding whe­

reas hydralazine did note 

The effect of norepinephrine was tested by Scornick 

and Paladini (259) who showed a·significant increase in cir­

culating angiotensin level following intravenous infusion of 

norepinephrine and an ev en larger increase when the infusion 

was coupled with renal arterial blood pressure reduction. 

'Wathen et al (260) demonstrated a rise in renin release when 

norepinephrine or epinephrine ~a~ injected into the renal ar­

tery of anesthetized dogs. If norepinephrine was infused into 

a peripheral vein, noeffect over renin release was observed. 

Intravenous infusions of epinephrine or norepinephrine during 

maintenance of a constant renal arterial blood pressure by 

means of a suprarenal aortic constriction was shown by Vander 

(217) to increase renal vénous pressor activity in dogs. 

De Champlain et al .(179" 236, 237) did not find any effect 

on plasma renin activity in human subjects on low sodium 

intake infused with pressor doses of norepinephrine. The ab­

sence of effects can be ascribed to the facts that their sub­

jects were already stimulated by sodium depletion and that 



norepinephrine was infused into a peripheral vein and at 

pressor 4os"es. 
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The first evidenceto'correlate the central ner-

vous system activity with the response of renin secretion has 

been reported recently by Ueda ~d coworkers (26l)~ By an 

electrical stimulation ,of mesencephalic areas (central gray 

stratum and adjacent portions), they induced an increased 

renin release in 6 out of 12 dogs. The renal denervation eli-
.' .... 

minated almos,t completely the response. In the' experiments 
, 

where the renin releas'è was increased, the stimulation points 

were clearly localized in the ûorsalportion of the pressor 

area. In this type of stimulation, the renal blood flow was 

first decreased and then returned gradually towards control 

level, whereas the systolic and diastoliq blood pressure rose. 

This suggests that the central nervous system actually plays 

some role over renin secretion and that there exists a reflex 

neural control of renin release. We cannot conclude whether 

this reflex neuronal control is acting directly on juxtaglo­

merular apparatus or indirectly through hemodynamic or elec­

trolyte changes. Further investigations are needed to clarify 

the afferent and efferentpathways of these reflexes and to 

elucidate the effects,of stimulation of other areas in 'the 

brain stem over renin release. The control,of renin release 

is depending mainly on an intrarenal mechanism. The stretch 

exerted on ~he afferent arteriole or the sodium concentration 

sensed by the macula densa may represent thé adequate stimuli 

to release renin. ,Most probably, a summation of both fac,tors 
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is involved. The function of these two structures seems to be 

mod1l1ated by neural 'and hormonal, influences., 

G.- RELATIONSHIPS OF RENIN TC .ALDOSTERONISM 

1) In Essential. Hypertension and Primary Aldostero'nism 

a) Primary Aldosteronism 

Following the original observation of Conn in 1955' 

(262-264), primary aldosteronism was observed in many patients 

and became another curable cause of hypertension. Conn and 

coworkers (265) in 1964 reviewed 145 cases and stressed the 

characteristics of this·syndrome. Benign hypertension,bypo­

kalemic alkalosis and abnormali ties of renal function are the' 

most frequent findings. Malignant hypertension is a rare occu­

rence of the syndrome (266). The symptoms which cou1d be en-

countered are, by order of importance, weakness, nocturnal 

pOlyuria, headache, pOlydipsia, paresth~,sias, visual distur­

bance, intermittent paralysis and tetany. Edema is a rare, 

complaint and has been observed in only 3% of the patients. The 

physical examination reveals benign hyperte.nsion. Tetany is 

observed in about 9% of the cases and the Trousseau sign is 

provoked in l7%~ The latent or manife~t tetany is found main-
• 1 

ly in female pat1ents. The blood findi~gs show a hypokalemic 

alkalosis, hypernatremia,and in m8lly cases increased plasma 
, . 

volume. The absence of ~ypernatremia in many patients could 

be explained on the basis of the escape phenomenon to the 

sodium retàining effect' of aldosterone (176, 267-269). The 

excretion or secretion of aldosterone is increased in most 
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cases, contrasting with normal values for l?-ketosteroids 

and l7-hydroxycorticosteroids. The abnormal renal function 

is reflected mainly by the persistent or intermittent pro­

teinuria of a mild degree, the large volume of urine with 

low specifie gravit y unresponsive to'water restriction or 

to vasopressine Glucose ,tolerance test is also .impaired in 
.. ~. 

54%, and this impairement has b~en ascribed to chronic potas-

sium depr&tion (270). Th~ ~isease is easily recognized and 

cured upon removal of a small adrenocortical adenoma. 
- ' 

Bilateral adrenal hyperplasia or occasionally nor-

mally-appearing glands are found in a few cases (2'?1, 272). 

These patients were tentatively termed "congenital aldoste­

ronism" (27l).but it is impossible to decide w1:Î.ether the 

defect resides within .or outside the adrenals.·' Some of these . 
patients present a·malignant type of hypertension. Generally, 

the younger patients of this group benefit from subtotal 

adrenalectomy whereas the older patients respond poorly to 

the removal of adrenals. 

The diagnostic criteria of primary aldosteronism beca­

me, however, inadequate to differentiate Conn's syndrome 

from aldosteronism secondarw to renal artery obstruction (273, 

274) •. The increased aldosterone secretion observed in the~e 

patients waà found to be due to'th~ large quantity of renin 

poured into the circulatioti by the obstructed kidney. The , 

improvement in sensitivity and specificity of methods for 

determination of renin and angiotensin enabled Genest (172) , 
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Kirkendall (173), Brown (147) and Conn (174) to demonstrate 

the importance of the suppression of circuiatingangiotensin 
'.' . . . . . 

or plasma renirt activity in the differential diagnosis of 

primary aldosteronism. Similarly, a decreased juxtaglomerular 

index. (246-248)was observed. This suppression of plasma re­

nin activity is most probably due to the ~ild but sustained 

increase in extracellular volume, including ~ntravascular vo­

lume (175, 176)," just as it is following the daily adIIiinistra­

tion of aldosterone to normal subjects (176). This suppres­

sion,of renin activity in the plasma may be relieved by spi­

ronolactone (275). 

Following removal of the tumor, the circulating renin 

may remain undetectable for a week and then rebounds to super­

normal values (174) •. ~ypernatremia has been suggested as res­

ponsible for a low circulating renin (231), but it is incons­

tant in primary aldosteronism, since an escape to sodium­

retaining effect of aldost'erone is encountered (176)., The hy­

pokalemia has also been suggested as the, cause of suppressed 

renin activity, but in man under salt restriction, potassium 

depletion induced with a potassium ion exchange resin, increa­

ses the plasma renin activity (276). Conn (174) emphasized the 

degree of suppression of plasma renin activity encountered in 

primary aldosteronism. These patients after 4 hours in upright 

posture failed to increase their plasma renin activity under 

normal and restricted sodium intake ... In normal sUbjects, the 

upright posture was demonstrated t'o produce a significant 
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b) Essential Hypertension. 

-46-

Genest and coworkers (279, 280) were first to report 

a significantly increased aldosterone excretion in essential 

hypertension. This finding was co.rroborated by other workers 

(281-283). In contrast, other investigators (284-287) found 

a normal aldosterone excretion or secretion in patients with 

benign essential hypertension. Despite this controversy, the 

early reports (77, 147, 179) on measurement of plasma renin 

activity in essential.hyp·ertension clearly indicated that, 

despite a normaL mean value, a proportion of these patients 

had a suppressed renin activity. Observing that the increased 

aldosterone excretion was accompanied by a.suppressed plasma 

renin activity in some cases of essential hypertension, Conn 

(11) proposed the bypothesis that 20% of these patients were 

suffering indeed from primary aldosteronism despite the absen­

ce of the usual symptoms and ~okalemic alkalosis. This 

assumption was also b~sed on twq more observations. ~ypokale­

mia could be alate event in primary aldosteronism (265).· A 

prevalence of increased adrenal weight, cortical nodularity 

and adenomas. was found among hypertensive patients examined 

at autop~y (288, 289). 

Special considerationwas given to the report of Shamma, 

Goddard and Sommers (290)', since adenomas were found in 20%! 

of 220 autopsied patients and 21% of 78 adrenalectomized 

patients. This report was probably overestimating the inciden­

ce, sinee the y studied selected patients with hypertension. 
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Furthermore, such a high provalence·was not supported by 

other workers. (288,29:1.). Fllrther suppo~t tothe hypothesis 

of "normokalemic" primary aldosteronism was given by the 

demonstration of the presence of adenomas in the adrenals of 

six patients with lIessential" hypertension in whom plasma 

renin activity was suppressed and aldosterone excretion or 

secretion increased, and who were cured by surgery (292, 293). 

Laragh and his group (287), on the other hand, failed to 

find suppressed plasma renin and increased aldosterone secre­

tion or excretion in selected. patients with essential hyper-

tension. 

Conn et al (292) also suggested that the hypertensive 

patients developing hypokolemia rapidly after thiazide therap~ 

s~ould be the first ones·screened for primary aldosteronism. 

This was not'supported by Kaplan (294). 

Kuchel and coworkers (295) studied the effect of dia­

zo~ide on 29 hypertensive patients. Seventeen responded.by 

an increase in plasma renin activity whereas no change was 

observed in the other 12 p~tients.This last group' of patients 

also faîQed to respond to upright posture and sodium depletion. 
1 

The se~um potassium was àignificamtly lower in the unrespon-

sive patients. Moréover, 4 bf 11 patients,. with suppressed 

ren~n, had an aldosterone secretion rate consistently:eleva-

1 

ted; 2 of these patients were explored .and adenomas were re-

moved. The renin responsive patients had normal aldostérone 

secretion rate. They concluded that primary aldosteronis~ 

might eXplain the suppression of plasma renin activity in a 
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small number of liypertensive patients. 

Gunn.ells and coworkers (296) studied 88 patients from 

a series of 123 selected patients with essential hypertension. 

At least one measurement oÏ plasma renin activity after four 

hours of ambulation under a'sodium intake of 186 mEq Na/day 

was done. Plasma renin was below the normaL control values 

in 11 patients (12%). A careful evaluation of 24 patients 

'~qng th~ 88 was undertaken. They measure~ plasma renin acti-
. . 

vit Y in recumbent. and upright posture. (4 hours) under both 

normal, and low (10 mEq Na/day~ sodium intake. Finally, while 

the patients were still on low sodium diet, ;0 mg of hydro­

chlothiazide were administered orally after the last sample 

for renin activity and repeated 4 hours later~On the follo-
, 

wing day, the patients were asked to walk around for 4 hours 

and then another blood sample was taken for determination of 

plasma renin activity. Renin was clearly suppressed in 4 of 

these 24 patients and a marginal suppression was observed in 

another one. Hypokalemia was present in one and induced by 

diuretic administration in a second. Aldosterone excretion 

was significantly increased in the 5 patients with suppressed 

renin activity. 

It seems that the incidence of normokalemic primary 

aldosteronism has been overestimated. Recent contact with the 

major research group interested in this field would indicate 

the incidence of Itnormokalemiclt primary aldosteronism te be 

around ~to 8~ (297, 297a). 



Any enzymatic defect in". the adrenals (298) establishing a' 

positive sodium b~an,ce will suppress the ac"tivi ty of the 

renin-angiotensin system. The 2 patients of Sutherl.~d~ Ruse 

and Laidlaw (299) deserve special mention. A father and his 

son were investigated for benign hypertension and potassium 

deficiency~ The 17-ketosteroids and 17-hydroxysteroids ex­

crétion was intermittently. elevated~ 'The pregnanediol éxcre­

tion and aldosterone secretion were increased whereas plasma 

renin activity was suppressed. These abnormalities disappea­

rad in both patients on dexaméthasone 2 mg/day. The condition 

recurred upon withdrawal of the medication and was relieved 

by further administration of dexamethasone. The effect of 

dexamethasone is probably not mediated through ACTH since 

aldosterone secretion declined with intramuscular âdministra~ 

tion of ACTH. The response to dexamethasone in thesetwo 

patients differed from that observed in a normal subject and 

in a patient with Conn's syndrome. A nodular cortical hyper-
. 

plasia Ci)f the left adrenal was found in the father and the 

left adrenalectomy failed to improve the hypertension and 
l . 

decreased the aldosterone secret~on rate to half the preope-

rativevalues. 

2) In Congestive Cardiac Failure 

Following the isolation and identification of aldos­

terone in 1953, a series of observations led to the important 

finding of the control exerted by the kidney on aldosterone 

production. The first indirect evidence was provided by Deane " 

and Masson (300) who showed that encapsulation of the kidney 
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or injections of hog reniri into.· rats produced widening of 

the zona g~omërulosa. Genest and coworkers (1-4) fir~t gave 

d~rect evi~en~e o.f the control exerted by renin angiotensin 

system on '·aJ.:dosteIlone produc-tion. They demonstrated that 

intravenous infusions of angiotensin consistently incre.ased 

aldosterone . excretion in normal human suQ~j"ects. This; effect 

appeared· to be independent oZ the presso~ affect of angioten­

sin and was specific since it was not produced by other pres~ 

sor agents",! .This fundamental observation was confirmed by 

other investigators (5-9). Indirect evidence supparting the 

rol~ of the kidney and the renin angiotensin system on the ' 

control of aldosterone secretion was also provided. In hypo­

physectomized dogs, nephrectomy reduced the .a1dosterone secre­

tion rate and pravented the substantial increase in a1doste­

rone. production following acute blood loss (30~). Injection of 

renin also increased the 'aldosterone secre.tion r~te "( 302, 30·3). 

Today, it is accepted that this system is the main 

regulator o~ aldosterone secretion and is an· important factor 

in the maintenance of sodium' balance. An inverse correlation 

is observed between the quantity o·f sodiuml i.nges:ted and th~ 

activity of the renin angiotensin system (179, 14:'(, 287,.304), 

as well as the aldosterone secretion or excre"tioIi (179, '28'7, 

304-306}. 

In normal men (307.;..309) and dogs (310), angiotensin in­

fusion.reduoed sodiumexcretion. In hypertensive ·patients (307, 
. -

308), on the ôther hand, angiotensin enhanced the sodium eXCre-
,. 

tion despite an increased aldosterone excretion. A similar ef-

fect was also observed in cirrhotic patients with ascites (309). 
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The effect of angiotensin (decreased sodium excretion) in 

no~mal men, takes place within minutes. This effect is moèt 

probably due to the reduction in renal blood flow and glome­

rular filtràt~on rate and is not mediated through aldostero-

ne. 

Nevertheless, angiotensin exerts a long-term sodium. 

retaining effect mediated through stimulation of aldosterone 

production. Continuous infusion of angiotensin in normal dogs 

can maintain a sodium retention only for 1. or 2.days but 

afterwards the sodium is no longer retained and an eSQape oc­

·curs (311). Such an escape phenomenon is well documented when 

aldosterone or DCA is administered to ~ormal dogs or humans 

(267-269,,312) •. Infusion of angiotensin to.do~s with a large 

arteriovenous fistula, produces virtually complete'sodium 

retention and edema formation (313). This effect of angioten­

sin is prevented by adrenalectomy when steroid replacement 

: dosage is held constant. The lowering of sodium excretion 

induced by angiotensin in normàJ.. ·subjects and in patients with 

adrenal insufficiency (314, 315) persists for a short period 

after infusion, only in normal subjects'(3l5). 

In certain experimental conditions like vena cava cons­

triction (316) and large arterio-venous fistu1a (313), the 

administration of mineralocorticoids produces a sodium reten­

tion, leading .to edema and no escape phenomenon occurs. The 

major role of aldosterone in the production of edema is sug­

gested by experimental finding. The. incre~seîn aldosterone 

secretion· precedes the edema formation during aminonucleoside 

nephrosis in rats (317) •. In~similar nephrotic rats, aldosterone 
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secretion is closely associated with the development of 

édema an<l adrenalectomyprevents the edemaformation :(:;18). 
~ . , . : 

Moreover, 'these adrenalectomizedrats,given à normal dosage· 

of aldosterone do not develop edema or ascites whereas they 

do when they receive large amounts of aldosterone (318). A 

participation of the renin angiotensin system via aldostero­

ne in the process of edema formation is also suggested by the 

demonstration· of a correlation between the granularity of 

juxtaglomerular cells, and the amount of ascites in rats ren­

dered nephrotic by the administration of aminonucleosise (319). 

Only 50~ of the patients with congestive cardiac fai­

lure have an increased aldosterone secretion or excretion" rate 

(32Q-323). The plasma level of .aldosterone is normal in heart 

patients with stationary edema, whereas it is high in those 

with progressive edema (324,325) .. Aldosterone secretion rate 

was shown by Luetscherand coworkers (326) to be within the 

normaL range in 6 of 7 cardiac patients 'in whom the circula­

tion was considered nrelatively normal" whereas it was high 

in 4 out of 6 with congestive heart failure. The low aldoste-

rone secretion encountered in some cardiac patients could be 

explained by the disturbance encountered in aldosterone meta­

bolism. The plasma lev~l of aldosterone as well as its half­

life was found to be markedly increased in patients (324, 327) 

and in dogs (328) with congestive cardiac failure. The hepatic 

extraction of a1dosterone was shown to fall as low as 50% in 

patients wi th severe cardiac·. fail.ure, whereas i t was almost 

complete in patients wi~h·only mild failure (326, 327, 329, 

330). 

There are only a few studies reported on the renin 
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angiotensin system ·in patients with heart failure. Merrill, 

Morrison and Brannon (lB4) were the first to report an increa­

·se vasoconstrictor ·activity of :renal·venbus bloodin·Sof Il 

patients with chrbnic. congestive heart failure. De'Champlain, 

Genest and coworkers (179, 180, 185) reported very high levels 

of arterial angiotensin in 13 ot 14 patients with congestive 

heart failure. Plasma renin activit~was also found to be 

greatly eleveted. After total or·partial relief of edema by 

digitalis, sodium restriction or natriuretic agen~s, tne le­

vel of arterial angiotensin and,plas~a renin activity decrea­

sed significantly, co~trary to .p.ormal and hypertensive sub­

jects. The .. elevated rate of aldosterone secretion observed in 
.' 

dogs with experimentalcongestive heart failure secondary to 

pulmonic stenosis similarly decreased within 9Q minutes after 

digitalization (331). Fasciolo and coworkers (144) reported 

an increased renin activity in 4 out of 9 cardiac patients. 

Only untreated patients with marked .tema had an elevated 

renin activity. Brown and coworkers (186) reported in a review 

two distinct patterns in untreated patients with congestive 

. heart failure. In one group, the plasma renin was low and 

increased with treatment, whereas in the other group, it was 

high and decreased with treatment. Johnston, Davis, Robb and 

Mackenzie (187) measured the plasma renin activity in expe­

riment al heart failure. Congestive heart failure was produced 

in dogs by tricuspid insufficiency combined to pulmonary 

artery stenosis, and by a large arteriovenous fistula. An 

increase of the plasma renin activity occured in aIl 5 dogs 
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with 'low-output failure and in 3 of 5 animals with high­

output failure. A small arteriovenous fistula,.not large 

enough to produce heart failure, was do ne in 9 dogs and the 

plasma renin activity remained unchanged. 

From our present knowledge of the factors controlling 

renin release, the high peripheral renin activity and angio­

tensin level observed in heart failure and the paradoxical 

pesp'onse to salt restriction are not adequately explained. 

This phenomenon may be of fundamental importance and requires 

further investigation. 

3) In Pregnancy 

Pregnancy is a physiological condition where astate 

of aldosteronism exists (332-335). Renin activity in the plas­

ma of normal pregnant women is increased significantly (144). 

Genest, De. Champlain and coworkers (179,~ 180.);- reported a 

gràdual increase of plasma renin activity during the first 

two trimesters of pregnancy, and they found that renin acti­

vit Y did not increase further, whereas Brown and coworkers 

(1.78) found a high level of renin from the beginning of pre­

gnancy. Following delivery, plasma renin activity decreases 

to normal within 2 to 4 days (336). 

Brown and coworkers (337) measured plasma renin in 

various hypertensive diseases of pregnancy and found an in­

creased level, above the normal pregnancy range, only in the 

cases associated with hydatidiform mole or rhesus incompati­

bility. In contrast, Maebashi and coworkers (338) found 

higher values than normal in pre-eclampsia, but in further 
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studies these workers showed identi4al values in pregnant 

and non pregnant norma~ subjects. Hodari and coworkers (181) 

found a si~ificantly higher plasma renin in gravid dogs 

compared to normal. After experimental productio? of hyper­

tensive disease of pregnancy, plasma reninactivity decrea­

sed towards normal values (181). 

The placenta acts as an important arterio-venous" shunt. 

in ·"the circulation of the mother and could explai~ a decreaserl 

r"ènal perfusion. pressure despi te . the increased plas,ma volume, 

and consequently the secr~tion or renin by t.he juxtaglomeru­

lar apparatus. But renin-like substances were found in the 

placen:ta of cats (339) and rabbits (103) as weIl as in"the 

rabbit uterus (103). This finding was confirmed in placentas 

from normal women and toxemic patients (340). In ~oth cases 

the renin-like content was comparable. Identical resu1ts 

were encountered·with plaGentas from normal gestating and 

toxemic dogs (181). A high concentration 01: renin was found 

in the amniotic fluid and it was generally greaten than,in 

maternaI and umbilica~ vein plasma (34~). The ratio o~ ute­

rine to femoral vein renin activity is increased in nor~al 
, 

gestating and toxemic dogs (181). These findings'suggest a 

fetal, uterine or placental origin of maternaI ranin. Further 

evidence favoring this suggestion was provided. Hodari (342) 

inject.ed renin in the uinbilical vein of a fetus within .the 

intact amniotic sac of a normal gestating animal. Following 

the inje~tion he found a higher renin output in the uterine 

veine 
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In gravid rabbits, Gorden, Ferris and Mulrow (343) 
.J 

showed that DCA and salt load suppressed the renin content 

of kidney and plasma but not the renin content of uterus. 

They also demonstrated that the plasma renin activity and . 

the renin content of uterus was not affected by nephrectomy. 

Ferris and coworkers (344) measured the renin content of gra­

vid rabbit.kidneys and uterus. They found a comparable con-

centration in these two organs. 

Although renin has been found in organs other than 

kidney, it is not clear whether the renin sequestered in 

these org·ans is reactive or available for systemic use. If 

renin is produced and released by extrarenal sites sucp as 

uterus, it could tentatively be theorized that smooth muscle 

cells cao produce renin without storing it under the form of 

granules such as it is encountered in juxtaglomerular cells. 

These extrarenal sites may also represent only storage sites 

in an organ having the capacity to concentrate renin •. The 

fetal kidney contribution to uterus, placenta, .amniotic fluid 
. 

and maternaI circulating l"enin, is also not excluded in these 

investigations. 

In mouse, Ruyter (104) described the appearance of 

juxtaglomerula~ cells about one week after birth and a good 

differentiation in mice 2 or 3 weeks old. Friedberg (2.01) : 

showed that the adult distribution of juxtaglomerular granu-

lations was achieved in mice between the second week and the 

first month of extra-uterine life. Initially, the granules 

appeared mainly in the juxtamedullary zone of the kianey. 
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Similarly, Dauda and Endesl(345) were not able to demonstra­

te the presence,ofjuxtaglomerular granulated cells'in rats 

before the 14th day.,of extra-uterine life, and they observed " 

a progressive rise in total juxtaglomerular index between the 

14th and 60th day of life. Despite the absence of juxtaglome­

rular cell granules, renin was found in newborn hog kidneys 

(204). Hodari and coworkers (lBl, 342) detected a measurable 

amount of renin in normal newborn dog kidneys. Furthermore, 

he showed that the renin content of the kidney was much higher 

in fetuses fro~ gravid dogs with hypertensive disease produ­

ced byLcpronic uterine ischemia than in those from normal 

gravid :dog·g. Tb,~~~~~.data are by far too incomplete to assess 

any role of the renal renin during intra-uterine and early 

extra-uterine life. 



-58-

III --INVESTIGATIVE SECTION 

CHAPTER l - METHODS 

A - CIRCULATING ANGIOTENSIN 

Circulating arterial angiotensin was measured by the 

procedure of Boucher et, al (10.). Fifty to -75 ml of blood were 

sampled from the femoral artery and rapidly (4-8 seconds) 

cooled to 0-5 0 C. Blood was drawn on EDTA (1 m1 of ~5~ solution 

of the ammonium salt of EDTA/50 mL ot blood). After centrifu­

gation at 0-5 0 C, 30 ml of plasma were adjusted to pH 6 and 

the sample transferred .to a Dowex. 50\ll.-X2 (NH4 +) resin co-

lumn aquilibrated at pH 6: and maintained to U-5~ c. After 

washing with 15 mL.of ammonium acetate {~.2 N, pH 61, 20 ml of 

acetic acid (lO%'v/v) and 20 ml of distilled water, the angio­

tensin was eluted with 25 ml of U.l N diethylamine and 25 ml 

of 0.2 N ammonium hydroxide intoa conical flask already con­

taining concentrated acet~c acid. After evaporation and subli­

mation, the fraction obtained was chromatographed on paper. 

The ascending chromatographie separation was achieved with a 

solution of n-butanol-water-acetic acid (45 :.50: 10). The 

strips were eluted with a mixture of ethanol {95%)-water­

hydrochloric acid (1 N) {500 :495.:-5}, evaporated to dryness 

and assayed in nephrectomized rats. The results were expressed 

in ng per 100 ml of plasma (ng%). 

B - PLASMA RENIN ACTIVITY 

1) Macrotechnique 

Plasmarenin activity was measured on 10 ml of plasma 
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acco·rding to Boucher's procedure (.10). Blood was sampled trom 

a peripheral vein in the same manner as for determination of 

circulating .. angiotensin. Alter centrifugation at e-5° C, the 

plasma was adjusted to pH 5.5 bythe slow addition of l N 

hyd.rochloric acid. Alter filtration, 10 ml of plasma were in­

cubated for 3·hours at 370 C in presence of 4 ml of moist 

Dowex 50W-:-,X2 (NH4+) resin. The angiotensin produced during 

the incubation was absorbed on the resin •. Alter incubation, 

the mixture was transferred to a glass column already contain­

ing l ml of Dowex resin. The column was washed successively 

with 15 ml of ammonium acetate (0.2 N, ·pH 6), 20 ml of ace­

tic acid (10~) and 15 ml of distilled ·water. Finally, ang"io­

tensin was eluted from the ~olumn with i5 ml of diethylamine 

(0.1 N) followed·by 15 ml of ammonium hydroxide (0.2 N). The 

eluate was collected in a conical flask already containing 

0.5 ml of concentrated acetic acid. After evaporation and 

sublimation the dry residue was dissolved in a 2Q%:solution 

of aqueous ethanol and assayed on nephrectomized rat. The 
. . 

results were expressed in :ng of angiotensin formed per liter 

of plasma per minute: of incubation (ng/L/min.). 

2) Microtechnique 

The method for the determination of reÏlin activity in 

1 ml of dog plasma, renal renin content, substrate concentra­

tion and capacity of plasma to generate angio:tiensin was deve­

loped by the author and will be rep9rted in detail in chapter 

III. 
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C - URINARY ALDOSTERONE 

Urinary aldosterone excretion was determined in pat'ients ; , 

with essential hypertension by the method'of Nowaczynski, 

Koiw and Genest (346).·· This method involves the purification 

of aldosterone in three different chromatographie systems. 

The determination of aldosterone is made with the isonico-

tinic hydrazide reaction and ultraviolet light absorption 

at 240 m~. Results are exprèssed in ~g/24 hours and 'the nor­

mal values range between 2 and ]2. 

D - JUXTAGLOMERULAR INDEX 

Kidney slices about 3 mm in thickness were fixed in 

Helly's fluid and stained by the Bowie technique as modified 

by Ortega (210.). The juxtaglomerular index was measured semi­

quantitatively by the method of Hartroft and Hartroft (347,). 

E - ELECTROLYTES 

Sodium and potassium were measured in urine and peri­

toneal dialysate by flame photometry (Unicam Mode~ SP-900). 
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CHAPTER II -PLASMA RENIN·ACTIVITY AND INCIDENCE OF 

ADRENOCORTICAL ADENOMAS IN HYPERTENSIVE PATIENTS 
~ .. 

In the differential diagnosis of hypertension;associa~ 

ted with hyperaldosteronism, the determination of plasma re­

nin.activity has become an important diagnostic tool. Conn 

(11). recently stressed. the interest of such determinations to 

detect "normokalemic ll primary aldosteronism among patients 

with "essential hypertension". In order to appreciate the in­

cidence of this syndrome, ~~ hav~ studied the variations of 

plasma renin activity' in 60 unselected. ,patients with lIessen­

tial hypertension" under upright posture and by severe sodium 

restriction, and the incidence of adrenocortical adenoma in hy­

pertensive and normotensive patients examined at autopsy"'·room. 

A -STUDY OF THE VARIATIONS OF PLASMA HENIN ACTIVITY IN 

ESSENTIAL'HYPERTENSION AND PRIMAR~ ALDOSTERONISM 

SYNDROME 

1) Materials and Procedures 

The .' variations of the plasma renin acti vi ty were studied 

in 8 normotensive s~bjects and 60 patients with essential hy­

pertension in response to upright posture and low sodium in­

take. The age of the normal subjects ranges between 17 and 

32 years, except for one who was 52. Essential hypertension 

was diagnosed after elimination of known causes and was based 

upon the following criteria; 

- Diastolic blood pressure above '90 mm Hg. 

_. Absence of retinopathy. 

-Renal function within the normal limits. 

- Normal intravenous pyelography and renal angiogram. 
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- Natremia, kalemia and total CO2 within the normal 
limits. 

Most of the patients were not taking, any medication ' 

before the investigation. Otherwise, treatment was stopped 

at least 15 days prior to the investigation. The patients 

'and normal subjects were maintained on a standard diet (135 

mEq of sodium and 90. mEq of potassium per day) for 3 days at 

least prior to the study.On the morning of the fourth day, 

before arising (between 8 ,and 9.30 AM) fasting peripheral 

blood sample was taken for determination of the plasma renin 

activity. A second sample of blood was taken 4 hours after 

the patients were ampulant. Thirty of these patients were 

then given for at least 3 days, a low-sodium diet consisting 

of 10 mEq of sodium and 90 mEq of potassium per day. At the 

end of this period, the determination of peripheral plasma 

renin activity was repeated in similar conditions as those 

described above (recumbent and after 4 hours in upright pos­

ture). One determination was obtained in each patient when he 

was recumbent and under normal sodium intake. At least another, 

determination was done in each patient under one of the ab ove 

mentioned conditions, known to stimulate the release of renin. 

Fifteen determinations of the urinary excretion of aldostero­

ne were obtained in 9 patients after :; days at least of nor­

mal sodium intake (135 mEq sodium and 90 mEq of potassium 

per day). Values for plasma sodium, plasma potassium and fas­

ting blood glucose were obtained during the hospitalisation 

in the patients with essential hypertension. 

2) Results 

In 8 normotensive subjects, the mean plasma renin acti-



-63-

vit y was 9.8 ng/L/min (:b S.D. 12.9) andwas increased by 

upright posture to 3l~3 ng/Iii/min (= S.D. 1.7.5). After three 

days of low sodium intake, the mean plasma renin activity 

was l8.ng/L/min (± S.D. 2.7) in recumbent posture and 48 

ng/L/min (~ S.D. 18) after 4 hours i~ upright posture. 

Of the 60 patients with essential hypertension, 34 had 
.' . 

plasma renin activity rèsponses to .upright pO$ture and low 

sodium diet similar to the group of normotensive subjects. 

In the other group of 26 patients, plasma renin aétivity in 

recumbent position and normal sodium intake was completely or 

almost completely suppressed. This last group was subdivided 

into two sub-groups according to the 'presence or absence of 

stimulation by upright postùre and low sodium intake. This 

stimulation was partial in 12 patients and very low ~r absent 

in the other 14. In a given condition of stimulatio~ (y.g. 

upright posture'and normal sodium intake), the values of each 
. . . . 

group or sub-group were statistically different from tha 0-

ther, except when' comparing the two sub-groups of patients 

with a partial or completa suppressi0n of plasma renin activity 
. . 

under normal sodium intake and recumbent posi,tion (Table 1). 

A slightly older age with a lower serum potassium and 

higher blood sugar were observed in the group of patients with 

essential hypertension in whom plasma renin activity was to­

tally suppressed. But these variations were not statistically 

significant when compared to the twoother g'roups (Table II). 

Urinary aldosterone excretion was measured in four 

patients who responded to stimulation and in five patients, 
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TABLE-I - Plasma renin activity inresponse to posture. anQ. 

sodium restriction in 8 normotensivesubjects and 

60 patients with essentia1 hypertension. 

NORMOTENSIVES 

PATIENTS WITH 

ESSENTIAL 

HYPERTENSION 

1) STIMULATION 

2) SUPPRESSION 

a) partial. 

b) complete 

PRIMARY 

ALOOSTERONISM 
(patient R.B.) 

PLASMA HENIN ACTIVITI (ng/L/min) 

Na. Intake 

135 mEq/day+ 10 mEq/day+ 

Recumbent Upright ~ecumbent Upright 

'9.8 31.3 18.0 48.0 

12.9 (8) 17.5 (7) 2.7 (7) 18.0 (6) 

10.922.0 23.8 42.4 

11.5 (34) 14.1 .(31) 13.6 (16) 20.6 (16) 

2.0 7.5 6.2 16.0 

2.7 (i2) 3.1 (6) 6.0 (8) 6.4 (7) 

1.0 1.4 0.8 7.4 

1.8 (14) 2.3 (13) 1.6 .(9) 6.8 (8) 

o o o 6.4 

+ :- K Intake : 90 mEq/day. 

Mean plasma renin activ~ty fo1lowed by standard deviation. 

Figures in brackets represent the number of determinations. 
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TABLE II - Age, plasma sodium· and .potassium, and. fasting. 

b100d glucose in patients.with lIessentia1 hy­

pertension. 

-
Mean MeanpJLasma Mean fasting 

--
age Na .K B100d 

(mEq/L) (mEq/L) GlucOse (m~) 

PATIENTS WITH 
ESSENTIAL 
HYPERTENSION 

1) STIMULATION 37.7 142.2 4.21 95.0 ' 

11.7 9~7 0.46 12.3 

2) ,SUPERESSION 

a) partial 39'.0, 142.9 4.08 94.5 

9.4 2.4 0.31 13.9 
- -

,-

b) complete 45.0 143.3 4.05 107.9 

11.6 4.1 0.55 37.1 

Mean values with standard deviation. 
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with suppression of plasma renin activity (Table III). In 2 

out of the t;ive patients, unresponsive to sodium restriction 

and posture, aldosterone 'excretion was above normal range 

(Table III, patients R.R. and V.H.). 

Two patients of the sub-group presenting a complete 

suppression of peripheral plasma renin activity were submit­

ted to an adrenal exploration. The first one (V.H.) was a 

55-year-old female known to be hypertensive since 1954. In 

1961, she was noted to have hypokalemia, aggravated by the 

administration of natriuretic agents. She had a normal renal 

arteriography and urinary aldosterone excretion was 21 and 

30. Jlg/24 hours (Figure 1) .• 

She was admitted for evaluation of the renin-angioten­

sin system (Figure 2). With a normal sodium intake (135 mEq 

per day), the peripheral plasma renin activity was 2 ng/L/min 

in recumbent position and showed no or only minimal response 

to upright posture (4 ng/L/min). On low sodium diet (10 mEq/ 

day), the plasma renin activity was 0 when recumbent and re­

mained 10w after 4 hours of ambulation (4 ng/L/min). With 

a standard di et (135 mEq Na and 90. mEq K/dayl she was given 

150 mg of spirono1actone (Aldactone A) per day during 15 days 

and 20 mEq potassium per day during 13 days. The plasma renin 

activity in recumbent position increased progressively to 

5 ng/L/min after 6 days of treatment and 7 ng/L/min after 12 

days. 

At operation, the adrenal glands in situ showed no 

gross abnormalities. It was then decided to excise the left 



'::.>r;f~.; ;:~ ~l~j; }<, 
. ':: .. .'';i 

~-i . 

. -, 
", ~-> . ~.: '. 

:', , . 
- . ~ . " 

.... ".;<- .Ii-
.',' 

V. H. 2 5/YRS 845554 ESSENT/AL HYPERTENSION 

HOSP. HOSP. 
"'"Ho 260 f f 

/220 

: 1180 

B. P. 
140 

100 

60 

SERUM 1< 3.3-2.8 3.3 4.4 3.8 3.7 4.8 
(mEqtL) 

BICARBONATES 32 31 28 
tmEqtLl 

URINARY ALDOSTERONE 30 21 
!Pg/D.) 

THERAPY 

KCI-GUANETHIDINE -HYDRALAZINE­

RESERPINE 

4.5 

26 

[ ALDACTONEf] 

4.2 2.5 

GUANETHIDINE - RESERPINE - THIAZIDE _ 1 

·li 
r ~ i i 1 i i i i i i i i. i i i i i i i i i i i i :1/ 
1961 19621 \ 1963 1964 ~65' , 



V. H. 2 55YRS 845554 ESSENTIAL HYPERTENSK)N 
~ 

ft t~. A1IIIt.. 
100 

60 

SERUM K.;..Eq/L 2.9 4.1 

29 

3.3-3.8 4.2-41-4.5 5 4.1 4.5-5.8 3.8' 

TOTAL C02 _ IaEq/L 

RENIN ACTIVITY RECU_NT 2 
'ng 1 L '.11.1 UPRIGHT 4 

PlASMA ALDOSTERONE R. 19 
' .... 1 u. sa 

o 
4 

10 
ri 

INTAKE Na: •• Ise ~ • • 10 , • 
K, 80 80 

35 

5 1 22 16 0 

1.t.. t.t .. 
HtIIIIOCœTISIIIE PEIICOTEII 

ALDAC'Tt:II'IE-A 'BO_m.1 
K- ao ... ~m. 

• Ise .. _/D. F' 
1 8O .. !!/D. 

MOA20 221117 2M/106 

./ 

• 

i. i ".1 Il ,. , _. 
28 4 Il.f '18 25 1-' . è' . . . . - 15 

DEC:65 JAN.' FEB. MAlOt MAY '66 

. 1 



... 64ë.-

TABLE III - Plasma renin activity and U:t-inary Aldostero.ne 

Patient 

L.M. 

M:.R. 

M.S. 

S.L.O. 

R.R. 

o.s .. 

R.V. 

R.O. 

V.H. 

+ 

+.+ 

~ 

Excretion (UAE) in patients with "essential 

hypertension" • 

. , 

PLASMA RENIN AOTIVITY (ng/L/min) 

!Age Sex Na Inta.k:e 

135 mEq/day+ 10 mEq/day+ 

Re cumbent Upright Recumbent Upright 

0' 

25 F 15 38 32 ~9 , 

28 F 5 12.5 24 -
50 F 0 ' - 0 65 

21 F 7.8 46.7 - -
25 F 0 2.6 0 10.3 

38 M 0 0 0 11 

: 

35 F 0 0 3.5 -
63 F 0 - 0 20 

55 F 2 4 0 4 
~ 

:. Klntake : 90 mEq/day. 

The urinary aldostarone was determined after 

three days, at 1east, of normal sodium diet 

(135 mEq Na and 90 mEq K/day) •. 

UAE++ 

}lg/day 

10 
13 
11 
15 

7 

8 
7.5 

13 

23 

9 
11 

10 

6 

30 
21 
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adrenal. No tumor was demonstrated on this side but an in­

creased thickness of the cortex as weIl as several microno­

dules were seen. Seventy per cent of the right adrenal was 

also removed (Figure 3). Bilateral kidney biopsies were also 

taken and showed a marked renal arteriolosclerosis. The Bowie 

colo~ation of the juxtaglomerular apparatus showed an absence 

of granular cells. 

The surgical treatment failed to lower the blood pres­

sure and the peripheral plasma renin activity measured in 

two instances within two years after the operation remained 

suppressed. These values were obtained without dietary con­

trol. 

The second patient (L.L.) was a 62-year-old female 

treated with antihypertensive medication since 1954. Serum 

potassium was found to be normal. Two determinations of plas­

ma renin activity under normal sodium intake in 1964 showed 

a suppression. The plasma renin activity was ieDermined twi-

ce afterwards on an out-patient basis between 1964 and 1966. 

Since plasma renin was still suppressed, the patient was ad­

mitted for investigation under standard conditions (Figure 4). 

Plasma renin activity was suppressed and showed only minimal 

response to upright posture on low sodium diet (10.6 ng/L/min)~ 

On surgical exploration, the adrenal glands were macros­

copically normal. The left adrenal was excised and minute 

sections were done. The right one was also partially removed 

(60%). Both glands were normal, except for the finding of an 

extracapsular nodule of 2.5 mm in diameter, close to the 
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surgical section on the right adrenal (Figure 5). The his­

tological examination revealed that both glands were normal 

and that the micronodule was encapsulated and contained aIl 

the normal three zones encountered in the adrenal cortex. A 

bilateral renal biopsy showed marked renal arteriolosclerosis 

and a degranulation of the juxtaglomerular apparatus. The 

plasma renin activity of the left renal vein prior to adrena­

lectomy was completely suppressed. 

On the ninth post-operative day, while the patient was 

on a regular diet, the plasma renin activity was also suppres­

sed. No improvement in the blood pressure was encountered 

and the plasma renin activity measured 4 and 8 months post­

operatively remained completely suppressed. 

For comparison, the response of a patient with Conn's 

syndrome to upright posture and sodium restriction are given 

in Table l. He was a 32-year-old (R.B.) male admitted for 

hypertension discovered Il months previously. Headaches, pa­

resthesias, and nocturia were also part of the picture. An 

hypokalemic alkalosis was found. The glucose tolerance curve 

was abnormal and the plasma volume was increased. The renal 

function was within the limits of normal. The renal angiogram 

was also normal. 

Under normal sodium intake (135 mEq Na/day), the plasma 

renin activity and the arterial circulating angiotensin were 

completely suppressed in recumbent as weIl as in upright pos­

ture. Under sodium restriction, (10 mEq Na/day), the plasma 

renin activity remained suppressed in recumbent position and 
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acletect'able l~vel,t 6. 4;ng!L/rit:i.Ïi )'wasDleasllr~d ··41~).ours: atter'"" ; 
. ,,'; '. ' .. , ' . ',.' . \.' .... - ,'" 

assuming uprightposture~ : Under n(,rmaisôdiumintak~ .thé' <: 
"~-'i .',.~·:'U;\':' \ \~,.: ."; .. \;'1 ":':~\.~':" . ,' •. ";"';'f" ~'(r ';.. . :'~ :;:"\'1'::\:;] ;';êITr';:~,~\{ 
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.cureq.··.aiter -~lie ·;c-emoval. o:rt~e left::~d~~~:~lgiand inwliii.ch.:" 
. '~." . ',. '" '. . ",'- . :, . t:,~ ... ~.:,' " ,- :~' , .. ' '''. ,:;.' , ' .. ;:. 

a typica.l· adrenocorticaladeno:~aof 2 'cm'bY'I.5,çm"'wa.sfoUnd. 

Bilateral r.enal biopsies, were' normal' and à éomplete :'~bsênc~ . 

of granuiar cèlIs in juxtaglomerUl~apparatuswas6bser\i~d~. 

Beside these studies of the variations ofplasma'renin'> . .. ," .' .' 

. @.ctivityi~ ~ssentialhyp~rt~n~ion,.weha~e invèstigatedait' " , 
, , , ... ',... ,.,. . . ' 

'. unusu~lcase of a 24-yèar~01dpatient (Jic.lsuffering from 

hypertension, hypokalemicalkalosis and, ~octu:ria sirice .. five' .'. . , .' " . . , 

months. The administration of: natriureti,c·. agents ,( chiortha'" 

lidone) induced tetanic crisis with carpo-inetacarpal spasIIls' .. 

and a positive Trousseau. Spontaneoustetany occurred twice ... 
l ' , . , 

long after the medication was stôpped. In two', inst,ances during 

the hqspitalisation, periodsof 40 to 50 seconds of llYPer­

ventilation reslil ted in tet~y'; The }:'enal angiogram showed 
. . '. . ' '. ' 

a tight intra-hilar renalartery.stenosis (decreasing the 

lumen diameter by 75%) with,post-stenotic' <l:ilatation, locàted 

on thesuperio,rbr~ch of "the left· renai artery (Figure,' 6). 

Repeated determinations of serum calcium werenormal. The 

renal function was also normal. ~he urina.ryaldo~~erone ex-' 

cretion was 34,26, and 27 )lg/24 hours~:'. Th:e plasma volume 

determine,d with iqdine 13ltagged albumin (RISA)was also 

elevated (44.3 and 51.9 ml/Kg comparedto a normal value of 
'. 

37 ml/Kg for the patient body weight) • 

Blood from each-renal vein showed a complete suppres-. 

sion of .th~ plasma renin activity.The peripheral plasma re~ 
, . 

nin activity, as weIl as the cir"èulating arterial angiotensin, 
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FigUre6~ Re~a1' angiogram ~t patient 
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A tight~iJ?:tra-hilar stenosis of the superio.r::br~h.of 

the 1eft renal artery wi~h pOst-stenotic dilatation was ob-, 

• I, __ ~. 

se~ed. .An ':arterio-venous fistula of about 0.5 cm .·in diame-.. 

ter was also found in th~.superior pole of the right 19-dney~ 
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were suppressed under normal sodium intake (135.mEq Na/day) 

and were not stimulated by assuming J.lpright" p"osture and by 

sodium restrictibn" (10: uŒq:"N"a/day).:" 
; ; 

"At the lap~at.ômy, a biop~y of ·both adrenai"· glands" 

(15%) and of the right kidney were done and the .left kidney 

was re~oved. The adrenals were macroscopically and micros­

copically normal. The. Bowie coloration of thejuXtaglomeru­

lar apparatus. ~howed the absence of granul~r cells. The 

surgical treatment cured her hyperten~ion and biochemical 

disturbànc.e.s. This cure has persisted now for an l8-month 

fo.llow-up. 

B - AUTOPSY STUDY OF ADRENALS IN NORMOTENSIVE SUBJEC~S 

AND IN HYFERTENSIVE PATIENTS 

1) "Materi:als 

The records of 2425 consecutive autopsies from Hotel­

Dieu Hospital of Montreal done between January lst, 1955, 

and January lst, 1965, were studied. These autopsied patien~s 

w~re classified as bypertensive upon. one of the following 

cri teria by order of importance:. 

1. Established diagnosis of . hypertension. 

2. Pre~morte·m " systolic pressure reading oyer 140/90. 

3. Pre-mortem systolic blood pressure reading of 160 or 
-

more and diastolic blood pressure of less than90 when the 

heart weight was over 350 gramsfor men and over 300 grams 

for women. 

4. When no pre-mortem blood pressure reading was avai­

lable, or. when the patient was admitted in shock, he was 

considered hypertensive if the heart we~ght was exceeding 

400 grams for mèn and 350 grams for women. (In less then 7% 

. 1 

i 
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of the cases, it, was necessary to use heart weight as the 

determiningfacto~). 

AlI the histol~gicai slides of the cases of adrenalcor1:icaI' 

,adenoma, nodules, byperplasia,. or combinations of these 

lesions provided by the records were examined. Most of these ... 

sectio'ns werè s,tained with hematoxilin-Eosin, and at least 

two slides were obtained from the adrenals of each p'atient. 

Special typ~s of hypertension such as Cushing's syndrome and 

pheochromocytoma were excluded from this series. 

After histological examination ot the available, materi­

aIs, only the cases presenting one of the following lesions 

were considered: 

- Adrenal adenomas. Adenomas were defined as encapsula­

ted spherical or ovoid homogeneous tumors of the adrenal cor_ 

tex tissue, over 0.8 cm in diameter, without identifiable 

zonation composed of cords of cells. Microscopically, some 

ofe the cells contained in the adenoma were of a clear ,t'ype 

with vacuolated cytoplasm and the architecture resembled 

that of the zona fasciculata, Scattered throughout the tumor 

were small groups of gi~t cells. 
.. 

- Nodules. The same type of lesions found, located 

either in the cortex or the capsule, but with a diameter in­

ferior to 0.8 cm were defined as nodules. The "nodules u pre­

senting an architectur§l orientation resembling the normal, 

adrenal cortex with a clear zonation into a glomerulosa, fas­

ciculata and reticularis zones, were excluded since they c~ 

be found in normal humans with a high frequency and their 

meaning is controversial (289, 290). A clear delineation 

between adenomas and nodules is missing. We have arbitrarily 
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chosen 0.8 cm based on Conn's report (265) that in only 4 

out of: 54 cases of "~okalemicn primary ald-os~eronism the 

adenoma size was ranging fromÔ.5 to 1 ème 

- Hyperplasia. The glomerulas~ was considered hyper­

plastic when, by simple microscopical obsèrvation, there was 

evidence of increased thickness. 

2) ~esults 

a) Incidence of hypertension at autopsy room. 

The autopsy records of the Hatel-Dieu ,Hospital of 

Montreal (1955-1965) provi~ed:, 2425 cases of which 55.8% 

were male. The me an , age was 57'.1 years (= S.D. 15,.1) with 

extreme ranges from birth to 87 years old. According to the 

dia~nostic criteria of hypertension, 45.5% of the, male, and 

42.7% of the female patients, were hypertensive. Both male 
1 

and female hypertensives represented' 44.2% of the whole 

group and the mean age of the hypertensives was 58.2 years 

(~ S.D. 13.8). The data af autopsy material are illustrated 

in the, following table. 

Autopsied Hypertensive patients 

patients 
number percentage 

, , 
" 

'Male 1354 617 45.5% 

Female 1071 457 42.7% 
" 

Total 2425 1074 44.2% 
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b) ":Abnormal tl adrenals 

Ade;nomas, nodules or hyperplasia were found in 96 

autopsied pati.ents, (mean age : 59.7 + S.D.12.8) 75- of 

whom were hypertensive (Table IV). Of these 75.hyperten'sive 

patients, 41 were male and 34 were female (TableV~. The 

incidence' of "abnormal" adrenals in the hypertensive popu­

lation was 7% and they were more frequent among hypertensi­

ve females (7.4%) than hypertensive males (6.6%L. The pre­

valence among the normotensive population was much less 

(1.9%). 

c) Adenomas 

The most frequent abnormality encountered was t~e pre­

sence of single or multiple adenomas. They were found in 61 

p.atients, 45 of whom were hypertensi ve. The' incidence of 

these single or multiple adenomas in the hypertensi vè P'QPU­

lation was 4.2% compared to 1.1% in the normote~sive one. 

Theywere also more frequent in the hypertens.ive females (4.4%) 

than in hypertensive males (4.2%}. 

d) Nodules 

The findings of nodules in autopsied patients was a 

rare event compared to adenomas. Single or multiple nodules 

were observed in 14 hypertensive patients and in only one 
i 

normotensive. Nina of the hypertensive patients with nodules 

were female and five male. 

e) Mixed hyperplasia 

The coexistence of hyperplasia (mixed hyperplasia~ 

with single or multiple'adenomas or nodules was obs~rved 
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f) Hyperplasia 
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Hyp~rplastic glands were:found in·16 hypertensive· 

patients. ·Their incidence among the hypertensive popula­

tion waslow (1.4%) and ~lmost identical to that observed 

for nodules .(1.3%).-

Tables IV and V give further details respectively 

about the incidence of "abnormalll . adrenals innormotensive 

and hypertensive patients, and their sex distribution. 

C - DISCUSSION 

1) Essential Hypertension 

The variations of plasma renin activity obtained in 

unselected patients with essential hypertension showed a 

complete suppression in 23.3%. This propor~ion was similar 

to that reported by Conn (11) for the incidence of "normo­

kalemic" primary aldosteronism. W~ were incl~ned to consider 

the group of patients with a partial suppression as normal, 

since the percent stimulation was similar to that obtained 

in normal subjects or stimulated hypertensive patien~s. This 

sub-group differed only by low basal level of renin activity 

in recumbent position under a "normal" salt intake .. ,The 

study of one case of primary aldoste~onism confirmed the 

suppression (172-:1.74,. 147) and the absence of stimulation 

of plasma renin activity encountered in that disease (li74). 

Aldosterone excretionwas found to be normal in four 

patients with normal renin activity and elevated in 2 out 

of 5 patients with essential hypertension and suppressed 

'; " 



---

TABLE IV - Incidence.. of .iabnormal"+ adrenal.s in hypertensive 

patients vs normotensive 'patients at autopsy du­

ring lQyears (January 1955 to January 1965). 

Il Abno rmaJ." S~ngle or multi~1e Hyperplasia 

Adrenals Jdenoma Nodule+++ mixed++ alone 

Ç>0.8cm) (<O.8cm) 

Hypertensive 
.' 

'Patients 75 ,45 14 12 16 
, 

Normotensive 

Patients 21 16 1 l 4 

TotBJ. 96 61 15 13 20 
1 

~ of incidence 

in hypertensi~ 

ve patients 7.0 4.2 1.3 1.1 1.4 

1 

~ of incidence 

in normotensi-

ve patients 1.9 1.1 0 0 0.3 

+ "Abnormal" means the presence of adenoma, nodule or 

hyperplasia. 

++ ~ Hyperplasia was found concomitantly with single or 

multiple adenomas or nodules. 

+++: Bee definition of nodules. 
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TABLE V - B.ex distribution of "'abnormal"+ a.Elrenalis. f.ound·. 

at autopsy. 

-
Il Abnormai"i. S1:.ng~e or multiple Hyperplasia 

. -- .. 
AQirena};s Menoma No ciiu];e+++ ndxed'++ alone 

MALE 

Normctensive 

Patients 12 10 .. O. lL 2 

IiyP-ert e;ns ive 

Patients 41 25 5 9 Il 

Total 53 35 5 10 1.3 
-

FEMALE 

Norma:tensive 

Eatients 9 6 l cr 2 

Hyp.ertensi ve 

Eatienta 3~ 20 ., ;9 :; 5 
-

To..taJ.; 4:;: 26 :l0' 3" 7-

+- UlAbnormaL means the presence. of adenomas, nociul.es; or 

hyperplasia. 

++::. Hyperplasia was found. concomitantly with single or 

multiple adenomas or nodules. 

+++: See. definition ai nodu~es. 

, 
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renin activity. In these patients with normal aldostérone 

excretion,. the supp:ression of plasma renin activity remains 

.di~ficU:lt to· explain. 

In an attempt to characterize the different groups of 

hypertensive patients, we compared the meàn values of natre­

mia, kâlemia and glycemia. A minimal tendency towards hyper­

glycemia and hypokalemia was. enco1,lntered from stimulated to 

completely suppressedhyPertensives. But these values were 

not statistically different. 

In the two patients with essential hypertension and 

totally suppressed renin activity, the surgical exploration 

diclosed a micro-nodular adrenal in the first patient (VlH.) 

and an extracapsular nodule presenting an architectural ori­

entation resembling the normal adrenal cortex. in the second 

one (L.là.). This last nodule was of the type we have exclu-. 

ded from the autopsy study. In both patients, the adrenalec­

tomy failed to improve the hypertension and·to increase the 

level of renin activity in the blood. The persistence of hy­

pertension could be explained by the arteriolosclerotic le­

sions due to long-standing hypertension. 

The suppression of. plasma renin activity and arterial 

angiotensin and an increased aldosteronuria werè also ob­

served in a young female patient with severe renal artery 

branch stehosis. The clinical picture suggested the diagno­

sis of Conn's syndrome. The adrenals were normal and the 

18-month follow-up excluded the possibility of an heteroto­

pic adrenal adenoma. The physiopathology of the renin angio-
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tensin $ystem, in our present state of knowledges, cannot 
", :" 

explain the pathogenesis of this uriusual case.· . 

2) Autopsy Material 

-. " 

In the autopsied patients, the incidence of hyperten­

sion was i~portant (44.2%). This prev.alence was probably 

related to the age of these patients. The incidencec~f ~­

pertension varies with the diagnostic criteria used (288, 

348). But using a pressure of 140/90 or over as a d~marca­

tion line between normotensive and ._hypertensive patients, 

similar incidience was reported (291, 348). 

The'incidence of "abnormal" adrenals (7%) in our 

study is inferior to the figure of 20% obtained for adenoma 

only by Shamma et. al (290) in adrenalectomized ani autopsied 

patients. In our study, only 5.5~ of the hypertensive pa-' 

tients at autopsy room disclose an adenoma or a nodule. This 

percentage is close to the evaluation of an incidence of 

2 to 8% of "normokalemic" primary aldosteronism, by most 

of the research groups i.nterested inthis matter (297, 297a). 

The sex distribution is in contrast with the high ratio of 

female to male patients (2.6 to 1) reported for "hypokalemic" 

primaryaldosteronism,(265). 

We recognize the disadvantage of such a study mainly 

for the assessment of a diagnosis of high blood pressure 

on one pre-mortem reading in many patients, and for theo ad"!;" 

vanced age of the patients. But, these inconvenience~ fur­

ther support the conclusion of a low incidence of "normoka­

lemic" primary aldosteronism. 
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A - METHOD FPR ASSAY OF PLASMA HENIN 'ACTIVITY IN ONE 

MILLILITER OF DOG PLASMA 

It is admitted that presently no method permits the 

determination of renin "concentration" in plasma or kidney. 

The currently used methods measure rather an "effective renin 

acti vi ty" 'which is a summation of known and unknown factors 

involved with the enzymatic system. Those methods are of 

great value in assessing the role of the renin-angiotensin 

system. 

Boucher et al (12) have establishe~, recently, a mi-· 

crotechnique for the measurement of plasma renin activity con­

tained in Q.l ml. of rat plasma. 

The application of this method to dogs is of great 

interest and importance. Previous findings of renin measure­

ments in this species were based mostly on the vasopressor 

activity of crude plasma and yielded conflicting results. 

In this chapter, we would like to describe first the 

study done in order to prepare a substrate for the assay of 

minute amounts of renin and the effect of nephrectomy and 

various medications on the substrate concentration in dog 

plasma •. Secondly, we would like to report the work done in, 

order to adapt Boucher's micromethod (1.2) to dogs. 
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1) Materials, Reagents and Apparatus 

Dowex 5QW-X2 resin (100~200 mesh; Baker's'ana1yzed 

reagent) is first mixed with distilled water. After settling, 

the ,resulting suspension of very fine partic1es is decanted. 

The procedure is repeated~2 or'3·times unti1 the,resin sett1es 

rapidly, 1eaving a c1ear aqueous suspension. Before use, 

500 g. of resin is washed with two 'liters of 4 N sodium by­

droxide. The sodium salt of the resin is then washed -with 

1 liter of water and l liter of 2 N hyd~och1oric acid and 

again with 2 1iters of water. Then 0.2 N ammonium acetate 

solution, pH 6, is used to wash the resin cake, unti1 the pH 

of the e1uate reaches 6. The final form obtained is the ammo-
, + 

nium'sa1t of the resin, Dowex ;oW-X2 (NH4 l. The resin is 

stored'in 80~ ethano1 at 0-50 C. It is washed three to five 

times with distilled water just before use. 

Synthetic Va1ine-5 angiotensin II,, aspartic E-amide 

(hypertensin, Ciba Company) is used as standard angiotensine 

'It is prepared by disso1ying 0.5 mg of the synthetic angio­

tensin in 1 liter of a 0.9% sterile solution of sodium chlo­

ride. The standard solution is stored at 0-50 C and prepared 

every two weeks. In order to check the uniformity of each 

new solution, a b100d pressure assay in 18-24 hours nephrec­

tomized rats is performed comparing the old and the ,new 

solution. 

A 15% (w/v) solution of the ammonium salt of EDTA (Ethy-

1ene-Diamine- Tetraacetic Acid) is prepared by the addition 

of concentrated ammonium hydroxide'to EDTA. When the EDTA is 
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almost dissolved, the pH of the solution is adjus~ed to 6.5 

wi th l N ammonium hydroxide and then, the volume o~ the solu-, 

tion'is ,completedwith distilled'water. 

Three different solutions of TRIS-phosphate (0.3 M, 
" 

O.2,M'and 0.15 M) are preparedby dissolving almost comple-
.: . 

tely the required amount of'TRIS (2-~ino-2-(Hydroxymethyl)-

1,3- propanediol) in disti11ed water. Then 0.04 ml of a 15% 

solution of the ammonium salt of EDTA and 0.04 ml of sodium 

azidè l~ (w/v) solution are added for every 2 mli (in the case 

of 0.3 M TRIS solution) or every 3 ml (in the case of 0.2 M 

an~ 0~15 M TRIS-solutions) of the final solution. The pH of 

these TRIS solutions is th en adjusted to 5.5 with concentra­

ted phosphoric acid. The volume of the solution is then com­

pleted with distilled water. The solution is allowed to set­

tle i:ç. the col,d (4 0 C) for 2, to 4 days. The pH is checked and 

readjusted if necessary to 5.5 with concentrated phosphoric 

acid. For convenien~e in the text, henceforth, the solution 

of TRIS-phosphate buffer with EDTA and sodium azide will be 

denoted as TP-EN!"followed by the molarity of the TRIS. 

Other materials and instruments used are: 

- Silicone (SC ,87 drifiLm G.E.) in 10~·carbon tetrachloride. 

- Clear poLystyrene plain tubes, disposable and sterile 

(Falcon 16 x 150 mm, 2040). 

- Disposable 5 mL plastic syringes (B.D.). 

- Rotary evapo-mix (Buchler Instrume~t). 

- Freeze-dryer (Model FDC2, Thermovac Industries Co.). 

- Sorvall superspeed, automatic refrigerated Centrifuge 

, (Model RC2-B). 
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--Micro-syringes (Starrett Co.). 
. . ~,. . ,,' , 

. .'." 

- PolyethYlene, 't~bing, s'iz~ "PE-IO and.'PE-200 {Intr.amed:ic" 

,Clay-Adams Co.). 

- Grass Polygraph (Grass Instruments) or Bird kymograph 

(Phipps and Bird, Inc~). 

- Homogenizer (Virtis Model 45). 

Plasma from severely bled, diuretic treated or normal 

dogs, and kidneys from humans and dogs, as well as hog renin 

(Lyophilized, Nutritional Biochemicals ,co.) are used as sour­

ces of renin. The kidneys are frozen (at -20 0 C) and thawed 

three times and then homogenized in distilled water. 

2) Procedure 

a) Substrate preparation 

The substrate is prepared with plasma of male dogs 

nephrectomized 24 ho urs previously after an infusion of an­

giotensin.-This is done by a constant intravenous inf~si9n 

of valine-5 angiotensin II, aspartic E~amide (Hypertensin, 

Ciba, 0.5 mg/liter of 0.9% saline) at a constant rate of 

200 ng/kg/min. The infusion is begun half an hour before 

anesthesia (by a saturated solution of a.-chloralose in 0.9% 

saline) and continued until both kidneys are removed. Twenty­

four hours later, a polyethylene catheter (PË-200) is intro­

duced into the femoral artery up to the thoracic aorta and 

blood is collected on EDTA (h ml of a 15% solution of the 

ammonium salt of EDTA/50 ml of blood) at 0-50 C and then 

centrifuged in the cold (0-5 0 C). 



~79-

The method of substrate preparation used' up to this' 

stage is basically that d~scribed by Haas (150). As an ex­

ample of the procedure, 19 g .. of solid ~DTA is added to 500 

ml of plasma obtained from a nephrectomized dogand filtered 

on glass wool. The solution is adjusted to pH 8 by dropwise 

addition'of 5 N sodium bydroxide and stirred slowly at room 

temperature for one ~our. The solution is then coc~ed at 

0-50 C and adjusted to pH 5.3. ~~en 200 g. of solid ammonium 
" 

sulfate are slowly added (2.3 M). After centrifugation,' ~he 

precipitate is ~uspended in 120 ml of disti~led water and 

centrifuged again. The supernatant is dialyzed against cold 

distill~d'water for 18 hours. The ,formed precipitate is remo­

ved by filtrati,on or centrifugation. The solution is freeze-
< ' 

dr,ïed and stored at ';"20 0 C. About 11: g~ of substrate is ob':'" 

tained from such a preparation, and the quant1ty needed to 

,realize conditi6~ of excess substrate is determined bY,i~­

cubating'the freeze-dried substrate preparation in increa­

sing amount (50 to 300 mg) in the presence of a constant, 

~uantity o~ dog kidney extracts. At the same time, 150 mg of 

substrate preparation :Ls incubated without added renin as 

a control for spontaneous vasopressor substances gene;t'ation. 

b} Incubation mixture for plasma renin activity 

and renal renin content determination 
, " 

\ 

The amount of freeze-dried substrate necessary to pro-
~. 

. . 

vide an excess of substrate for a minimum formation of 400ng 
. 

of angiotensin (usually'150 mg ~f freeze-dried sUbstrate), is , 
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dissolved in 2 ml of TF-EN 0.,3 M or 3 inl of TF-EN '0.2 M. 

The plasma to be assayed is collecte~ in a5 mliis-
, 1 

, ! 

posable syringe cooled at 0-5° C and containing already 0.1 

ml of a'15% solution of the ammonium salt of EDTAper 5 ml of 

blood. The blood is then c'entrifuged in the cold (0-5° C). 

Plasma (1 ml) is plaa.e.d in a dispos able Fi!lcon plastic tube 

and Ibo pL of hydrochloric acid (0.2 N) are added slowly. 

while shaking the tube. Then l ml+ of moist Dowex 50W-:-X2 

(NH4+) resin and 3 ml of substrate dissolved in TF-EN 0.2 M, 

pH 5.5, are added. The tube is covered with parafilm paper and 

incubated. When 2 ml of plasma are incubated, 200 pL of bydra­

chloric acic1 (0~'2 N) are added to the plasma, and then 2 ml 

of substrate dissolved in a solution of TP-EN 9.3 M, pH 5.5, 

and l ml, 'of resin are added. In alL c.ases, whether l or 2 ml 

of plasma are incubated, the volume of the liquid incubated 

is a]ways 4 ml· and the final molarity of the TRISis 0.15 M. 

The time of incubation is usually 12 hours, although it could 

be extended to 18 or 24 hours: for plasma with low renin acti­

vity. The incubatian is perf~rmed at 37° C with cons~ant vi-

gorous agitation. 

For the measurement of renal renin content, the kidney 

is removed from a dog under light chloralose or pentobarbital .. 

anesthesia, by a flank incision. A slice o~ 0.5 cm width 

passing through the long axis of the k~dney and'including 

+ A 5 ml plastic disposable syringe (B.D.) is cut at the 0 

mark to give the full opening of the cylinder. This syringe 

is used to measure the amount of resin. 
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the medial ~spect of the pelvis is obtained, and the medul-

1ary tissue is~ut out. This slice is placed in a beaker 

which is stoppered with parafilm paper, and then frozen at ., 

·~20OC. After freezing, the tissue is :left at room temperatu­

re for 30 minutes. ·This sequence (freezïng and thawing) is 

repeated two more.times to increase cell rupture and the 

amount of renin rel·eased from the tissue (23). Water (50 ml 

of distil1e.d water/g. of tissue) is then added to the renal 

tissue which is homogenized. The solution is centrifuged at 

0-5~ C and a proper dilution of the supernatant is dons (usu-
.' 

ally 1 g. of original kiq.ney /100 -:- 300 ml .of disti1led wat~r). 
1 

Then 100~ pL of this érude extract is added to an excess of 

dog··substrate dissolved in 3 ml of TP-~ 0 .• 15 M pH 5.5, and 

1 ml. of Dowex 50W-X2 (NH4+) resin and incubated for one hour 

at 3?0~C,:pH.5.5. 

When either plasma or. kidney extracts are incubated 

(see. Figure 7) a constant vigorous agitation is provided by 

a Rotary evapo-mix (Buch1er Instru~ent). If incubations have 

to:proceed for 12 hours, they may be started at the end of 

the afternoon. The enzymat.ic reaction is stopped by cooling 

to 0-50 C. This is done by an automatic system in which a 

timer stops the agitation and heating of the incubation mix­

ture and starts circulation of· water at 0-5 0 C until proces­

sing the morning after. 

c) Elution of Angiotensin formed 

After incubatiQn, the mixture is transferred to a 
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glasscolumn (10 cm x lem) containing 1 ml of Dowex 5OW-X2 

(NH4 +) resin. The column is washed first withlO ml of. 0;2.N:· .. 

ammonium acetate (pH 6), ,'and' 'th~n with l5ml'of. aceti~·acid ... ' 
(lO~v/v) and 20 ml of distilled water. These eluates are 

discarded and angiotensin is then eluted wi th ? ml 'of' diethy­

lamine (0.1 N), followed by 7 ml of. ammonium hy~roxi~e (0.2 N), 

into a siliconized polypropylene Erlenmeyer flask (50,ml). 

This eluate i6 then lyophilized. 

The dry resîdue is dissolved in 1 ml of a solution of 

sterile saline (0.9%), and is then assayed. 

d) Bioassay 

Male, albino rats of the, Sprague-Dawley strain (lOO~ 

150 g.) are bilaterally nephrectomized under ether anesthesia 

18 hours,before use, in order to provide a more stable blood 

.,pressure baseline. After pentobarbital sodium anesthesia (3 mg 

intraperitoneally and 4 mg subcutaneously) a tracheostomy is 

performed. Both jugular veins are cannulated with PE-IO poly­

ethylene tubing, for injection of unknown and standard angio­

tensin with micro-syringes. The carotid artery is also cannu­

lated and connected to a mercury manometer, the blood pres­

sure being registered on a kymograph, or to a Statham trans­

ducer (P23AO) connected to a Grass Polygraphe ,When it is nee­

ded, subséquent doses of pentobarbital sodium (usually 1.2 '-

1.8 mg) are injected subcutaneously. 

Only rats responding by at least a 10-' mm Hg rise of 

their blood pressure to the injections of 2.5 ng of standard 

angiotensin, are used. The volume of injected unknown ranges 
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glass.column (10 cm x 1 cm) containing 1 ml of Dowex 5OW-X2 

(NH4+)res.in~ The column is washed first with 10 ml of 0.2 N 
. . 

ammonium acetate: (pH 6) ,and thenwith l5ml of acetic acid 

(lO~v/v) and 20 ml of distilled water. These eluates are 

discarded andangiotensin is then ~luted with 7 ml of diethy­

lamine (0.1 N), followed by 7 ml of. ammonium hy~roxide (0.2 N), 

into a siliconized polypropylene Erlenmeyer flask (50-ml). 

This eluate is then lyophilized. 

The dry residue is dissolved in 1 ml of a solution of 

sterile saline (0.9%), and is then assayed. 

d) Bioassay 

Male, albino rats of the· Sprague-Dawley strain (lOO~ 

150 g.) are bilaterally nephrectomized under ether anesthesia 

18 hours.before use, in order to provide a more stable blood 

,pressure baseline. After pentobarbital sodium anesthesia (3 mg 

intraperi toneally and 4 mg g·ubcutaneously) a tracheostomy i8 

performed. Both jugular veins are cannulated with FE-IO poly­

ethylene tubing, for injection of unknown and standard angio­

tensin with micro-syringes. The carotid artery is also cannu­

lated and connected to a mercury manometer, the blood pres­

sure being registered on a kymograph, or to a Statham trans­

ducer (P23A.C) connected to a Grass Polygraphe .When it is nee­

ded, subséquent doses of pentobarbital sodium (usually 1.2 -

1.8 mg) are injected subcutaneously. 

Only rats responding by at least a lO:mm Hg rise of 

their blood pressure to the injections of 2.5 ng of standard 

angiotensin, are used. The volume of injected unknown ranges 
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between 0.08 and 0.00ll. ml: .. If the ~lood pressure is not 

affected by the injection of 0.08 ml of unknown, the renin 

activity is reported as zero. When a suitableresponse to 

the injection of the unknown is obtained, it is bracketed 

between known doses of standard angiotensin at two different 

levels. According to our own experience, the best results are 

obtaine.d when the assay is performed at doses bracketed bet­

ween 0.7 and 2 ng of standard angiotensine 

The results obtained are expressed as ng of angioten­

sin formed per ml of plasma after 12 ho urs of incubation 

(ngiml/12 hours) for plasma renin activity and ng of angio­

tensin f~rmed per mg·of kidney extracts after 1 hour of incu­

bation (ng/mg/n hour) for the renin content of the kidney. 

3) Experimental data concerning the renin-substrate 

preparation 

a) Eentobarbital anesthesia 

Preliminary experiments were done to adapt Boucher's 

micromethod (12) to dogs by stuying the kinetics of the en­

zymatic reaction. Henin substrate was prepared according to 

Haas')procedure (150), from plasma of dogs bilaterally ne­

phrectomized through laparotomy under pentobarbital anesthe­

si.a. Substrate concentration was studied by incubating the 

substrate preparation in increasing amounts (50 to 500 mg 

of freeze-dried substrate) with a constant amount of kidney 

extracts. 

The rate of angiotensin formation was found to be de­

pendent on substrate, prepared from the plasma of dogs ne­

phrectomized 24 hours (4 dogs), 48 hours (2 dogs) and 72 hours 



-84-

(3 dogs) previously. Two of the three dogs in which' the plasma 

",was coilect~d 72. hours ,'post-nephrectomy. were salt~loa:d'ed, . 
. '. , ) . '" 

(240 mE~ Na/dey) 3 and 5 deys'~riôr' to'"nephrêctomy'procèdûre. 

Plasma renin activity and/or arterial angiotensin level 

were measured according to -Boucher'a method (10) in six of 

these dogs (Table VI). It was possible to me'asure detectable 

renin activity 2~ hours post-nephrectomy in 4 out of 5 dogs 

whereas circulating angiotensin was found i,n two dogs, '24 hours 

after nephrectomy and in, one, 72 hours after nephrectomy. 

Moreover, when performing kinetic studies, five subs­

trate preparations were incubated without added kidn~y-extract 

as control-~ Three of these incubations generated vasopressor 

substances. 

Bince it was ~ot possible te achieve zero-order kinetics, 
/ 

studies involving time of incubation and possible 10ss of an­

giotensin in substrate preparation were done. The time of in­

cubation was reduced to three and-six hours in one experiment. 

The angiotensin was found to be proportional to the substrate 

concentration (up to 300 mg of sUbstrate), even by reduc~ng 

the time of incubation to 3 hours. 

Angio,tensinase-inactivation in,_ the first step of sub­

strate preparation is done by alkalinisation of plasma at 

pH 8 in presence of EDTA for one hour at room temperature. In 

opder to check if any important losses of substrate were en­

countered in this part of the procedure, plasma was <divided 

in two equal pai,ts. One of them was processed through the ori­

ginal Haas' procedure (150) and the second par~ was submitted 
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TABLE VI - P1.asm~ Renin Activity, (~) ând. arterial. angio­
tensin "leve1 in: nephrèctomizecLd6gs'. ", 

+ 

++ 

,-

Dog No. Time after PRA+ Arterial+ 
, " 

Nephrectomy (ng/.L/min) Angiotensin 
, (hours) (ng ~) 

1 0, 40 
24 8 100 . -, 

!~, . 

2 24 12 

3 0 10 
24 3.1 
48 0 0 

4 0 JL8 
24 0 
48 0 
72 0 

5++ 0 12.5 
24 3 
72 0 6 

6+++ 0 12 
24 7 
72 0 Q; 

: PRA and arteria1 angiotensin ievel were measured accor­
ding to Boucher's procedure (10). 
Fed 240 mEq Na/iay during 3 days prior to nephrectomy. 

+++ : ,Fed 240 mEq Na/Glay during 5/ dBY.s prior to nephrectomy. 
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to the seme procedure but the angiotensinase-inactivation 

step was omitted. Such preparatio~s were done in three ~ns­

tances, andkinetiostùdie,s èompariJl.g bath preparat:loI.ls wer~ 

carried out. In every case, the activity of the substrate pre­

pared with or without angioterisinase-inactivation was crompa­

rable. 

b) Effects of Enovid (RX Searle), angiotensin 

and chloraloae anesthesia 

Since substrate preparations reported above were not 

suitable, attempts to increase the substrate level in nephrec­

tomized dogs were undertaken. The plasma of eight consecuti-' 

ve dogs pre-treated with angiotensin before and during the 

anesthesia procedure for nephrectomy, was processed, ,for sub­

strate preparation. Nephrectomy was performed through lapa­

rotomY.. The angiotensin pre-treatment was done by a constant 

intravenous infusion of valine-5 angiotensin II aspartic 

B-amide, at 200 ng/Kg/min. The infusion was begun half an hour 

before ~-chloralose anesthesia and continued until'the se-

cond kidney was removed. The total duration of angiotensin 

infusion was a minimum of 90 minut,es. Three other dogs were 

given Enovid (40 mg of Norethynodrel/day, per os) for periods 

of 15-18 days.'On the last day of treatment, they were ne­

phrectomized after laparotomy under chloralos:e anesthesia 

and one of them was infused' with_angiotensin before anesthe­

sia as described above. 

Thes,e eleven dogs were bled 48 hours ,after nephrectomy, 

and the plasma processed separately according ta, the proce-



dure of Haas (150). Kinetics of the renin substratereaction 

in angiotensin-treated dog~' :showed,tha:t angiotensin 'formation 
, '.;' , . .. . 

reached a plateau with 150-200 mg of freeze-dried substrate 

preparation in ?out of 8 dogs. Similar results were found 

with'the substrate preparation obtained from the dog trea~ed 

with angiotensin and Enovid. In contr~st, substrate from 

four control dogs that received the same dose ofchloralose 

and a control infusion of isotonie saline, formed angioten­

sin in amounts parallel to the substr~te concentration (up 

to 300 mg), when incubated with dog.kidney extracts. The 

results of these four control dogs are presented in figure 8. 

As with the control dogs, .the substrate from the two dogs, 

given Enovid, also failed to demonstrate zero-order kinetics 

(Figure 9).-

Further evidence of the reproducibility of dog substra­

te obtained from dogs treated with angiotensin or with angio­

tensin and Enovid are reported in figure 10 where incubations 

with a large amount (1 mg) pr an excessof kidney extracts 

(10 mg) were carried out in presence of 150 mg of different 

substrate preparations. 

Substrate obtained from dogs pre-treated with angio­

tensin as weIl as from control dogs (ch1oralose anesthesia) 

failed to generate vasopressor substances when incubated alo­

ne without added renin. 

Because of the disadvantages of keeping' dogs alive 

for 48 hours after nephrectomy, and since it is known that 

maximal substrate concentrations are achieved 24.hours after 
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nephrectomy, we decided to process plasma obtained from 

24-hour nephrectomized, angiotensin pretreated dogs. When 

acquiring further experience with these preparations, it 

became obvious that they were reproducible and no real dif­

ferences were encountered when comparing them to the pre­

parations from 48-hour nephrectomized dogs. 

The freeze-dried substrate preparation was also ~ound 

to be stable and reproducible after a long storage in the 

cold (_20° C). Two substrate preparations were used after' 

one year of storage and they were still suitable for deter­

mination of renin. activity. One substrate preparation was 

assayed under controlled conditions on 3 different occasions 

through 16 days of storage. Table VII shows. the reproduci­

bility of the results obtained by incubating this substrate 

preparation with the same kidney extracts at different times. 

c) Effects of various medications on the substrate 

level and capacity of plasma to generate angio­

tensin in nephrectomized dogs ("Capacity of 

angiotensin generation") 

Preliminary experiments were done in order to deter­

mine the rate of angiotensin formation when'incùbating hog 

renin with dog plasma. As shown in figure 11 the substrate con­

tained in O.L ml of dog plasma was completely exhausted with 

one unit of lyophilized hog renin, after 12 hours of incuba­

tion at 37° C. Plasma from nephrectomized dogs .. was used in 

that experiment to provide a maximal concentration of subs­

trate. 
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TABLE VII - Stability of substrate preparation. 

Date of Dog subs.trate Dog kidne~ Angiotensin 

experiment (JIlg ) extracts <pg) found (ng) 
. , 

Day 1 100 1125 40 

300 0 0 

300 125 120 
, 

Day "li 100 l25 ' 50 

300 125 11.0 

Day 16 LOO :L25 50 

300 12.5 110 

The same batch of kidney extracts was used for each experiment. 

Incubations were carried out at 37°0, pH 6.5 for 12 hours .• 
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According to this experiment, 2 units of hog renin 

were used to measure the substrate contained in 0.1 ml of 

dog plasma. The results were expressed as ng angiotensin 

formed per 0.1 ml of plasma for 12 hours (ng/O.l ml/12 hours). 

Since with 0.01 and 0.1 units of hog renin (Figure Il) 

the angiotensinformation was proportional to renin,. 0.02 

units were arbitrarily chosen to be incubated with 0.5 ml 

of plasma in orde·r to evaluate the capaci ty of plasma to 

generate angiotensin (or "capacity of angiotensin generation")·. 

The results were expressed as ng of angiotensin formed per 

0.1 ml of plasma after 12 hours of incubation (ng/O.l ml/12 

hours). 

For the determinations of substrate concentration and 

"capacity o,f angiotensin generation", 0.04 ml of a 15% so­

lution of the ammonium salt of EDTA and 0.04 ml of a 1% so­

lution of sodium azide were added to plasma (respectively 

to 0.1 ml and 0.5 ml) and the volume was brought up to 2 ml 

with phosphate buffer (0.25 M), pH 6.5. After adding the 

required amount of hog renin, the mixture was incubated in 

presence of 1 ml of Dowex resin 50W-X2 (NH4+) for 12 hours 

at 37° c. 
Normal values for substrate concentration were deter-

mined in 27 dogs. The mean was 15.9 ng/O.l ml/12 hours 

(+ S.D. 6.7 ng) with extreme values of 3 and 37.5 ng. 

Substrate concentration was determined before, 24 and 

48 hours after nephrectomy performed under pentobarbital 

(6 dogs) or ~-chloralose anesthesia (5 dogs). They were com-

pared to similar determinations done in 13 dogs infused with 
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angiotensin (20~ ng/kg/min) prior to chloralose anesthesia 

and nephrectomy (Figure 12). In this series of experiments, 

both kidneys were removed through a flank incision. The in­

crease found in renin substrate was 1.5 to 3.2-~01d and it 

was maximal after 24 hours. The substrate concentration 48 

hours after nephrectomy was measured only in 8 of the 13 

dogs infused with angiotensine The increase in renin ,subs­

trate 24 and 48 hours after nephrectomy was higher i~ angio~ 

tensin-treated dogs. But, the mean substrate concentration 

24 hours after nephrectomy in angiotensin-treated dogs was 

'statistically different'only from that obtained at a similar 

interval after nephrectomy in dogs anesthetized with chlora­

lose (0.002 < p< 0.005). 

Substrate concentration and "capacity of àngiotensin 

generation" were determined simultaneously in 9' dogs' before, 

24 and 48 hours after nephrectomy. The "capacity of angio­

tensin generation ll
. as weIl as, substrate concentration did 

not increase further from 24 to 48 hours after nephrectomy 

except in one dog (Figure 13l. In that dog, both substrate 

concentration and the "capacity of angiotensin generation'~ 

continued to increase from 24-48 hours. In this experiment, 

the nephrectomy was performed through a flankincision under 

pentobarbital in 5 dogs and under ~-chloralose in 4 dogs, 

two of which were infused with angiotensin ,(200 ng/kg/min) 

prior to anesthesia. 

4) Optimal conditions of the' procedure 

a) Effect of pH on renin activity 

In dogs, a maximum yield of angiotensin was obtained 
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at pH 5.5, 6.0 and 6~9.when kidney extracts (Figure 14) 

were incubated. Similar results were obtained with dog 

plasma (Figure 15). An identica1 curve of pH was found in 

both cases with high or low renin activity •.. A maximum yield 

of angiotensin at pH 5.5 was obtained with human kidney 

tissue (Figure 14). 

b) Effect of substrate concentration on Reaction 

Velocity 

The effect of a constant amount of dog renin (from 

kidney) on increasing amount of dog substrate was studied 

extensively (cf •. supra). Usually the angiotensin formation 

reached a plateau with 150 mg of dog substrate, after 12 

hours at 370 o. The reaction velocity, when a constant 

amount of dog plasma was incubated with dog substrate, was 

also studied. The angiotensin formation reached a plateau 

when 50, 75 and 100 mg of dog substrate were incubated with 

three plasmas of different renin content (Figure 16). Usual-

1y, a maximal yield of angiotensin up to 400 ng was obtained, 

in condition of excess substrate, with 100 to 200 mg of free­

ze-dried dog substrate. A substrate preparation requiring mo­

re than 250 mg of freeze-dried dog substrate to provid~ a 

zero-order reaction was discarded. 

c) Effect of time on the formation of angiotensin 

When a constanti amount of dog substrate was incubated 

in presence: of a constant amount of dog renin (from plasma 

or kidney) the angiotensin formation showed a linear relation 
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in function of time, up to 18 hours with large quantities 

of renin and up to 48 hourawith low renin activity (v.g. 

10 ng angiotensin/12 hours). The studies were not extended 

over 48 hours. ·.Figure 17 illustrates a typical incubation 
' .. 

progress curve of the reaction of dog renin (plasma) with 

dog substrate as a function of time. ·A l2-hour incubation 

period was therefore chosen for the determination of plasma 

renin. An 18- or 24-hour incubation period could be perfor~ 

med for plasma with low renin activity. 

d) Effect of the concentration of renin on the 

·angiotensin formation 

The influence of different amounts of dog kidney ex­

tracts on the liberation of angiotensin was stu~ied.· The 

incubations were carried out in presence of a constant amount 

of dog substrate. The angiotensin formation showed a linear 

relationship over a large range of dog renin concentration. 

Figure 18 shows a linear formation of angiotensin up to 500 ng. 

In two.other experiments of this type, conditions of excess 

substrate were realized with a maximal yield of 600. ng in 

one instance and 700 ng of angiotensin in the other. These 

results support our conviction that conditions of excess sub­

strate are realized when less that 400 ng of angiotensin are 

formed in the incubation mixture. 

e) Effects of different incubation media on the 

formation of angiotensin 

When the incubation mixture contained identical portions 
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of renin (dog plasma or dog kidney extracts) and of substra-
1. 

te preparation, ~ three-fold dilution decreased the angioten-
.', - . 

sin formation (Table VIII). The addition of sodium chloride 

to the incubation mixture had no effect on the angiotensin 

formation,if less than 150 mg was added as shown in table IX 

and X. The addi~ion of 19 mg,pf heparin was also without ef­

fect on the incubation mixture (Table IX). 

In Boucher's original micromethod.(12), the substrate 

was dissolved in water and incubated with 0.1 ml of rat plas­

ma or rat kidney extracts. But in the incubation mixture con­

taining dog substrate d~ssolved in water and dog plasma or 

dog kidney extracts, a slight precipitate generally formed 

after12 hours. The formation of angiotensin was not affected, 

however, when that precipitate was found in the incubation 

mixture. MQreover, to measure detectable amount of angioten­

sin formed by dog plasma, one or two ml were required. In 

order to avoid the problem of adjusting the pH on a small 

aliquot of plasma, it was prefered to use a'buffer. Tris­

citrate+, Tris-chlorhydrate+ and Tris-phosphate were employ­

ed to dissolve the substrate. The molarity of the Tris solu-

tions ranged from 0.05 to 0.5 M. 

These buffers did not interfere with the angiotensin 

formation (Table XI) and the precipitation'encountered when 

dissolving substrate in water was preve~ted. The Tris-phos-

+ Tris-citrate and Tris-c~lorhydrate. solutions were prepa­

red in the sarne way as described for Tris-phosphate in 

the section of materials, reagents and apparatus. 
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TABLE VIII -Effect of dilution on angiotensin formation. 

No. Dog substrate Dog plasma Tris-phosphate lmgio;tensin 

(1.50 mg) 0.25 M, pH 6.5 found (ng) 

1- 2inl :L,m~ Oml 200 

2 2 ml 1. ml 2 ml 200 

3 2 ml. Iml 4 ml 200 

4 2 m~ ~ ml.. 6 m:l 1.50 

Incubations were'carried out at 37°0, pH 6.5 for 12 hours. 

TABLE !X,--Effect of sodium chloride and heparin on 

angiotensin formation. 

No. DOg Dog kicfiiney Hep.arin NaOl .Angiotensin 

substrate ext~acts (mg) (mg) found (ng) 

(~50 mg) (pg) 
.. 

lL 3 ml 10.0 - - 320 

2 3 ml, 100 10. - 300 

3 3 ml 100, - 430 200 

4 3 ml, 1;00 lO 430 '180 
, 

Inaubations were carrieq.' out at 37°C, pH 6.5 for 12 hours. 



TABLE X - Effect of sodium chloride on angiotensin 

formation. 

No). Dog substrate (.150. mg) Angiotensin 

dissolved in NaCl found (ng) 

35.7% 15% 5% L.5% 0.9% O.5jS 

1 3 ml a 
2 3 ... 1 ,0 W.I. 

3 3 ml 80 

4 3 ml 100 

5 3ml 100 

6 ,ml 1~0 

Dog substrate was incubated in presence of a constant 

amount of dog kidney extracts (125 ~g). Incubations 

were carried out at 37°C and pH 6.5 for 12 hours. 

-92b-



et 

·e 

-92c-

TABLE XI - Effect of sodium chloride, Tris-chlorhydrate 

(T-Cl), Tris-Citrate (T-Ci) and Tris-phospha­

te (T-Ph) on angiotensin formation. 

No. Dog substrate (~OO mg) Dog Dog kidney Angiotensin 

T-Cl T-Ci T-Ph NaCl plasma extracts found (ng) 

0.25M 0.25M 0.25M 0.9% (Jlg") 

l 3 ml lm!. 0 130 

2 4ml 0 ~?O 320· 

; + ; ml,. 1 ml. 0 12.5 

4 ; ml. 1.m1. 0 120 

5 4 ml 0 1?0 ;00 

6 3 ml+ 1 ml. 0 12.5 

7 ;ml 1 ml 0 120 

8 4ml 0 170 300 

9 3 ml+ Iml 0 20 

10 3 ml Iml 0 120 

Il 4 ml 0 170 250 

12 ; ml+ 1 ml 0 20 

+: Substrate was not added to the solution. 

Incubations were carried out at 37°C and pH 6.5 for 12 hours. 
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phate (0.15 M) was chosen. 

The addition of chIo ride ions to the incubation mix­

ture wàs also shown to have no effect on the angiotensin 

formation in the system used. 

f) Endeavours to eliminate possible interfering 

substances. 

The formation of angiotensin reached a plateau with a 

pH between 5.5 and 6.5 when incubating dog plasma with dog 

substrate. pH 6~5,w~s~chosen. Recovery experiments were un­

dertaken and consisted in the addition of'a known amount of 

standard angiotensin into the incubation mixture just before 
, -4 

carrying out the incubation.., After incubation, the samples 

were processed and measured in the usual way • The re'sul ts 

were expressed as the percentage of angiotensin rècovered~ 

The very first recovery experiments wereperformed ~t pH 6.5, 

and the percentage of recovery of added angiotensin varied 

from a low value of 45% to 60%. For ,this reas.on, different 

attempts to eliminate possible, interfe.ring 'substances were 

tried. 

Moreover, in some sampl,es obtained after, incubating 

plasma at pH 6.5, the oxytocic activity +(determined on iso­

lated 'rat uterus) was shown to exceed the values found by 

rat blood pressure assay whereas a relaxation of the isola­

ted colon+ was induced by these samples. For determination 

+ We are most grateful to Dr. Hiroshi Kurihara and Mr. 

Claude Grise who kindly performed rat uterus and colon 

assays on our samples. 
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of the oxytocic activity, the time to induce a contraction 

of the uterus after the injection o~ unknown was measured 

and compared to a similar resporise obtained after standard 

angiotensine However, such high values for oxy~ocic acti­

vit Y were not found wl?-en dog kidney extracts were incubated 

with dog substrate, and'the oxytocic activity was comp~rable 

to the values found with the rat blood pressure assay or 

lower (see Table XIII). 

In nine experiments, plasma was submitted to salt~ng 

out with ammonium sulfate before incubation. One ml of plas­

ma was placedin a disposable Falcon plastic tube and a' 

solution of ammonium sulfate was added in order to obtain 

a 2.4 M solution. A suitable period (30 minutes) was then 

allowed to' obtain pre'c1pi tation. After c'entrifugation, 'the 

supernatant was discarded and'the precip~tate was dissolved 

in the substrate solution. The incubation was carried out 

after adding one ml of resin. In one of 9 experiments, the 

valuesobtained for renin activity a~ter salting out the 

plasma were comparable to the control values. In 6 of them, 

the values obtained were lower than the ,control values. In 

the last two experiments, when the precipitate was dissol­

ved in the substrate solution, the proteins precipitated and 

the incubations were not carried out. M<?reover, the salting 

out of plasma was without effect on the oxytocic activity 

measured after 12 hours of incubation. 

Another attempt to remove interfering substances was 

achieved by treating plasma with resin Dowex 50W-X2 (NH4+) 

before incubation. This was achieved by adding 0.5 ml of 
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resin to 1.5 ml of plasma. After shaking for 5 minutes at 

0~5° C, the solution was centrifuged in the cold. One ml of 

p~asma obtained from the supernatant was added to substrate 

and resin and a 12-hour incubation was carried out at 37° C. 

The above mentioned 0.5 ml of resin was immediately trans­

fered to a column for washing and elution. As shown in Table 

XII, the resin treatment" did not affect the angiotensin for­

mation, as evaluated by"rat blood pressure assay. The oxyto­

cie activity was also not affected despite the fact that the 

resin used to treat the plasma had absorbed a large amount of 

oxytocic substances. 

Two enzyme-inhibitors were also used to reduce the 

oxytocic activity of incubated plasma aliquote Sodium bi­

chromate was added to the incubation mixture (75" mg) and was 

found to decrease the angiotensin formation, and less than 

40% of the added angiotensin was recovered. Soy-bean trypsin 

inhibitor was added to the incubation mixture, the amount 

used varying between 0.01 mg and O.~OOl mg. The soy-bean did 

not affect the" rate of angiotensin formation (Table XIII), 

nor the measured ocytocic activity (Table XIV). The recovery 

of added angiotensin was also not improved (Table XIV). 

g) Verification of the techniques of washing, 

elution and freeze-drying of the angiotensin 

Verification o"f the techniques of purification and 

extraction of the angiotensin formed or added to the incuba­

tion mixture was also done. The same amount of angiotensin 



et 
e 

-95a-

TABLE XII.- Treatment of plasma with Dowex 5OW-X2 (NH4+) 

resin before. incubation. 

No. 

1 

2 

:3 

4 

5 

6 

7 

8 

9 

10 

+ 

++ 

Dog plasma Resin++ Angiotensin found (ng) 

intact treated+ Rat uterus Rat b100d 

pressure 
. 

l ml. 750 120 

1 ml. 1600 100 

1 ml 720 120 

0.5 ml 200 0 

1 ml 900 120 

0,,5 ml 600 0 

1. ml 1250 100 

0.5 ml 500 0 

1 ml 2100 100 

0.5 ml - 0 

1.5 ml of dog plasma was. shaken during 3 minutes in 

presence of 0.5 ml of Dowex 50W-X2 (NH4+) resin at 4°0. 

After centrifugation in the co1d, 1 ml o~ supernatant 

(dog plasma} was incubated with substrate and 1 ml of 

Dowex 5o.W-X2 (NH4+) resin. 

The resin used to treat the plasma (0.5 ml), was imme.­

diately washed and eluted as usual. 

Dog supstrate (.150 mg) was incubated with dog plasma at 

37°0 and pH 6.5 for 12 hours. 
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TABLE XIII - Effect of soy-bean trypsin inhibitor 

on angiotensin formation. 

, : 

No. Dog Dog kidney Soy-bean Angiotensin found (ng) 

Substrate extracts (0.1. ml) 
Rat uterus Rat blood 

(150 mg) (J;lg.) pressure 

1 2ml 140 120 120 

2 2ml 140 110" 120 
: 

3 2 ml 140 0.0l. mg 90 110 

~: 2 ml 140 0 .. 01. mg 100 100 

5 2 ml. 140 0~.001 mg - 100 

6 2 ml 140. 0.001. mg - 80 

? 2 ml 140. 0.000l. mg .- 120 

8 2. ml 140 0.0001 mg - 100 
" 

Incubations were carried out at 37° C and pH 6.5 for 12 

hours. 
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TABLE XIV -·Effect of soy~bean trypsin inhibitor on the 

recovery of added angiotensine 

No. Soy-bean Angiotensin Angiotensin found (ng) Recovery 

(0.1 ml) added Rat uterus Rat· B10ôd % 

(ng). pressure 
. - .. .. 

1 0.01 mg 50 
". - - 25 

2 0.01 mg 50 - 19 . 40 

3. 0.01 mg 50 - 17.5 

4 0.0.1 mg 100 - 50 

5 0.01 mg 100 - 70 60 

6 0.01 mg 100 - 60 

7 0.01 mg 200 _. 100 
62.5 

8 O.<ll mg 200. - 150 

9 0.01 mg a 2000 a 
la 0.01 mg a 2000 a 
11 0.01 mg a 1500 0 

Dog substrate (150 mg) was incubated with dog plasma (~ ml) 

at 370- C and pH 6.5 for 12 hours. 
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formed was found after washing the resin column with 15 to 

40 ml of acetic acid.The recovery of added angiotensin was not 

improved when the technique of elution of angiotensin was 

slightly modified. 

Recovery of added angiotensin in unincubated samples 

(Table XV) was not affected by the addition of EDTA to the sam­

ples. Less arigiotensin"was recovered in two unincubated samples 

when doubling the usual 15 ml of acetic acid washing (Table 

XV). Identical samples without added angiotensin were processed 

through ammonium acetate and acetic acid washing. After washing, 

the angiotensin was then added directly into the column and 

eluted (Table XV). The recovery was essentially the same when 

angiotensin was added before or after washing the column. 

A comparison between two different techniques of con­

centrating the angiotensin fraction obtained after elution 

was done by submitting samples to freeze-drying and duplicate 

of these samples to evaporation to dryness and sublimation in 

siliconized conical flask. The results obtained were essen­

tially the same although the angiotensin me~sured was slightly 

higher in the samples submitted to freeze-drying. Lyophiliza­

tion was preferred to the other technique mainly for practical 

reasons. 

h) Recovery of added angiotensin 

It was finally possible to avoid partially the pro­

blems encountered with recovery of added angiotensin by 

carrying out the incubation at pH 5.5. At this pH, the reco­

very experiments were more stable. The main values in three 

successive experiments averaged 68%. The oxytocic activity 
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TABLE XV - Effect of the addition of. EDTA and acetic acid 
washing on the recovery of added angiotensine 

No. 

1 
2 

3 

4 

5 
6 

7 
8 

9 
10 

11. 

12 
13 

14 
15 

+ 

EDTA+- AA++ Acetic acid AA+++ Angiotensin Recovery 
(ml) (ng) washing (ng) found (ng) % 

0.04 0 15 ml 0 0 
0.04 0 15 ml 0 0 

- 0 15 ml 0 0 

0.04 0 15 ml 100 75 
0.04 0 15 ml 100 80 78.3 
0.04 0 :L5 ml 100 80 

- 0 15 ml 100 85 82.5 
~ 0 15 ml 100· 80 

- 0 30 ml 100 80 80 
- 0 30 ml 100 80 

0.04 100 15 ml. 0 80 80 

- 100 15 ml 0 80 77.5 
- 100 15 ml 0 75 

- 1.00 30 ml 0 55 62.5 - 100 30 ml 0 70 

Solution of the ammonium salt of EDTA (15%) was added 
directly to the substrate preparation. 
Angiotensin was added in the tube containing substrate 
and plasma. 

AA+++: Angiotensin was added directly into the column after 
washing with ammon~um acetate and acetic acid. 

Each sample contained dog substrate (100 mg) and heparinized 
dog plasma (1 ml). The pH of t~e mixture was 6.5. The sam­
ples were not incubated, and the manipulations were perfor­
med in the cold room (0-5°0). 
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measured in 3 plasma samples incubated at pH 5.5 was still 

as high as the samples incubated at pH 6.5. Nevertheless, if 

one compares the values obtained by rat ~god pressure assay 

with those obtained by rat uterus assay in table XII, it is 

obvious that the oxytoc'ic activity bears no relation to the 

vasoactive response. Recovery experimen.ts performed at pH 5.5 

are reported in table XVI. 

i) Reproducibility 

The results obtained from incubations of identical 

aliquots of plasma and kidney extracts ,were found to be re­

producible (Table XVII). 

5) Results 

a) Plas~à,renin activit~ 

Blood from the forelimb -of 43 conscious mongrel dogs 

fed Purina dog Chow and drinking tap water ad libitum, were 

taken. After centrifugation, 0.5 ml, l ml or 2 ml of plasma 

were incubated for 12 hours in presence of excess substrate 

(Table XVIII). One and two ml of plasma from one animal and 

two aliquots of one ml of plasma from another one were pro­

cessed separately at the same time (Dog No. l and 12, Table 

XVIII). The results of these duplicate experiments were re­

producible. The mean plasma renin activity was 12 ng/ml/12 

hours. (± S. D. 11 •. 9) wi th a range from 0 to 40 ng. Fourteen 

female mongrel dogs were fed by gavage, a diet containing 

58.4 to 66.3 mEq Na/day and 40.7 to 42.5 mEq K/day in a vo­

lume of 800 ml. The diet was prepared by homogenizing in a 

"Waring" blender, a commercial meat preparation (Dr.Ballard) 



-97a-

TABLE XVI Recovery of added. angiotensin in incubations 
carried out at pH 5.5. 

No. Angioten~in Angiotensin Recovery 
added (ng) " '. found (ng) % 

Exper~ment A 

1. .0 30 

2 0 25 

3 0 30. 
4 0 20 

5· 100 100 

6 100 100 71.3 
7 100 90. 

8 100 100 

9 200 170 
la 200 160 67 
11 200 160 

12 200 150 

Experiment B 

1 a 12 

2 a .12 

3 a 20 

4 50 40 

5 50 . 50 e7.3 
6 50 55 

7 100 75 
8 100 100 70 

9 100 80 

Experiment A: Dog substrate (100 mg) was incubated with 
dog plasma (1 ml). 

Experiment Bt.. Dog substrate (150 mg) was incubated with 
dog plasma (1 ml). 

The plasma used in each experiment was sampled from two 
different normal dogs. Incubations were carried.out at 
37°0 and pH 5.5 for 12 hours. 



TABLE XVII - Reproducibility. 

No. Dog Dog kidney Angiotensin 

plasma extracts found (ng) 

(}lg) 

1 1 ml 70 

2 Iml 60 

3 1 ml 65 

4 1 ml 60 

5 250 240 

(:) 250 260 

7 250 260 

8 250 280 

9 250 240 

10 250 225 

Il 125 150 

12 125 130 

13 125 110 

14 125 160 

15 125 140 

Dog substrate (150 mg) was incubated ,with 

dog plasma or' kidney extracts at 37°0 and 

pH 6.5, for 12 hours. 
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TABLE XVIII - Plasma renin activity of normal 
coriscious dogs. 

Dog Plasma PRA++ Dog Plasma PRA++ 

no. (ml)+ no. (ml)+ 

1 1 40 21 1 40 

1 2 35 22 1 6 
2 1 o. 23 1 8.7 
3 1 25 24 1. 5 
4 2 5 25 1 25 
5 1 25 26 1 15 
6 2 .0 27 1 12 

7 1 15 28 i 15 
8 0.5 15 29 1 40 

9 0.5 10 30 1 6.2 
10 0.5 0 31 1 6.2 
11 1 6.2 32 1 11.2 
12 1 :;0 33 1 37.5 
12 1 10 34 1 8.7 
13 1 37.5 35 1 0 
14 1 5 36 1 3.5 
15 1 15 37 1 0 
16 1 6.2 38 1 3.1 
17 1 0 39 1 3 
18 1 0 40 1 12.5 
19 2 20 41 1 10 
20 2 0 42 1 17.5 

43 1 0 

Mean ± S.D. = 12 ± 11.9 

+ Volume of plasma incubated 12 hours. 
++ Plasma reninactivity (ng/ml/12 hours). 

-97c-
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and Purina dog chow. The diet was given in twçequal por-
, ' 

tions àt 9'and 15 hours for at,least.3 days. After samj;>ling 

peripheral blood for plasmavrenin activity, the dogs were 
1 

anesthetizedwith pentobarbitah sodium. Plasma renin acti­

vit Y was repeated 90 minutes later, after infusing Ringer's 

solution, P.A.H. and creatinine for renal clearance studies.+ 

The mean renin activity on met'aboli.c balance was 13 ng/ml/12 

hours (± S.D. 9.8) with extrem~ values ranging between 3 and 

37 ng. After pentobarbital anesthesia and renal clearance, 

study, the plasma renin activity increased in 10" out of 13 

animals whereas a decrease was found in one doge In 2 dogs, 

the plasma renin activity remained essentially the same 

(Table XIX). 

The plasma renin ac~ivity was me~sured in three dogs 

under light pentobarbi tal anesthesia and in three dogs ùnder, 

light chloralose an~sthesiâ. These animals were still reacting 

to painful stimuli and. plasma reIiin act,?-vi ty was de'termined at 

different time-intervals after the induction of aneathesia. In 

each case, the last sample was taken when the animals had al-
" 

most completely recuperated from anesthesia. In all, except one 

dog ùnder chloralose anesthesia, there was an increase in plas­

ma renin activity (Table XX). This increase was found ,within 

+ We are most grateful to Dr. L. Belleau who permitted us to 

sample blood for plasma renin activity on his animaIs kept 

on metabolic balance. 
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TABLE XIX - Plasma Renin Activity (PRA) in normal conscious 

dogs under metabolic balance and the effect of 

anesthesia. 

+ 

Dog no. PRA .(ng!ml/12 hours) 

Conscious Anesthetized+ 

1 10 3 

2 10 15 

3 3 -
4 25 50 

5 6 200 

6 19 19 

7 3 30 

8 6 30 

9 :15 35 

10 6 60 

11 37 60 

12 15 30 

13 6 100 

14 22 45 

Mean ± S.D. ;1.3 ± 9.8 46.5 ± 53.1 

Dogs were main.tained under perntobarbital anesthesia for 

90 minutes before sampling blood for PRA. 
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TABLE XX - Effect of light intravenous anesthesia on peripheral Plasma 

Renin Activity (PRA). 

Dog no. Weight Anesthesia PRA (ng/ml/12 hours) 

(Kg) 
Agent+ Volume Time-interval (minutes') 

(ml) 
a la ,30 45 60 80 '120 

1 7.7 P' 3 37.5 50 3Q 

2 15.4 P 8 5 18.7 5 5 

3 la P 5.5 a a la 6.,2 6'.2 

4 14 e 200 15 6.2 5 a 

5 la e 150 6.2 la 15 25 15 

6 10.9 e 185 a 6.2 15 
, 

+ E: pentobarbital, 60 mg/ml. 

e:, ~-chloralose, saturated solution in NaC1 0.9%. 

ft e 
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30 minutes; following pentobarbital anesthesia. In the dogs 

where plasma renin activity did not increase under chloralose 
.. 

anesthesia, there was on the Qontrary a disappearance ·of 

plasma renin activity. 

b) Renal renin content 

The lieft kidney and then the right one were removed 

by a flank incision from 4 normal dogs under pentobarb~tal 

anesthesia and assayed for renal renin éontent. Individual 

values as weIl as the mean and S.D.· are presen~ed in table 

XXI. The mean renal renin content was found to be essential-

ly the same in both .~idneys. 

To evaluate the effect of angiotensin on the zonal 

distribution of renal renin, kidneys were removed by a flank 

incision under chloralose anesthesia in 8 dogs. In aIl the 

animaIs used, the left kidney was the first one to be remo­

ved. In four of them, the left kidney was +e.moved after an­

giotensin (200 ng/Kg/min) infusion of 60 minute·duration 

and the infusion was begun 30 minutes prior to chloralose 

~nesthesia. Two slices of the left kidney were obtained as 

described previously (see procedure}. After freezing, a 

section, passing through the middle of· the kidney and exclu­

sing the medulla, was done on one slice. The late·ral part 

of the organ was called the medial zone. Each pole was also 

separated from the medullary tissue. The second slice was 

dissected and the renal renin content was measured separate-

ly on the outer cortex, the corticomedullary junction, the 

medulla and the pelvis. The results of this study are given 



TABLE XXI - Renal renin content of normal dogs+. 

Renal renin content 

(ng/mg/l hour) . 

Dog no. Right' kidney Left kidney 

l " 45 75 

2 30 56 

3 60 37.5 
4' 30 22.5 

Mean :1: S.D. 41.2 ± 14.3 47.7 ± 22.7 

,44.5 :i: 17~9 

+ The kidneys were removed by a flank incision 

under pentobarbital anesthesia. 

-99a-
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in table XXII. In normal dogs, the renin content of the 

superior pole and the medial zone was compaFable, but that 

of the inferior pole was generally lower. The greatest con­

centration of renin was observed in the outer cortex, whereas 

about 75% less was found in the corticomedullary junction. 

Very low values were found for the medulla, and some acti­

vit Y was detected in the pelvis. After angiotensin infusion, 

the renin content increased significantly in every zone 

studied, but the pattern of distribution remained the same. 

6) Discussion 

a) Substrate 

i) Kinetics of renin-angiotensinogen reaction 

Dog plasma contains 50% less substrate than that of'~ 

humans (41). Nephrectomy is known to increase the substrate 

concentration to a lesser extent in dogs (82) than in rats 

(79- 81). The variations of substrate concentration encoun­

tered in dogs deeply anesthetized with pentobarbital or 

chloralose, werethought to be explained by the stimulating 

effect of anesthesia and laparotomy on the release of renin. 

Subsequently, the levei of available substrate in plasma 

would decrease. This effect of anesthesia was previously 

shown in our laboratory by Strong and Tremblay (349). In dogs 

deeply anesthetized with pentobarbital, they freque~tly ob­

served a 2.5 - to 3 - fold increase in plasma renin activity. 

Similar elevations were found in anesthetized humans by these 

same workers. The results obtained in anesthetized dogs 

(Table XIX and XX) confirm these findings. Moreover, McKenzie 
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TABLE XXII - Zona1'distribution of rena1 renin content in normal and angiotensin­

treated dogs. 

Dog no 1 2 3 4 Mean ± B.D. A-1 A-2 A-3 A-4 Mean z B.D. 

0.0. 50 40 165 150 101.3 65.4 450 180 200 260 272.5 123.1 

O.M. 5 12.5 37.5 41.5 24.1 18.1 37.5 90 120 24.5 68.0 44.8 

Med. - - 0 10 0 - 5 0 

Pel. 0 18.7 0 - 30 7.5 0 0 

S.P. 25 30 75 60 47.5 24.0 150 100 100 60 102.5 36.9 

M.Z. 25 25 50 60 40.0 17.8 300 100 100 100 150.0 100.0 
. . 

I.P. 20 ·25 50 40 33.8 1~.8 - 60 200 120 126.7 70.2 

R.K. 40 20 75 85.8 55.2 30.5 - - - -
-

Q.C.= outer cortex. O.M.= cortico-medu11ary junction. Med.= medu11a. 
Left ki~ey 

e 

1 

1 

Pe1.= pelvis. S.P.= superior pole. M.Z.= media1 zone. I.P.= inferior 
pole. 

R.K.= right kidney. 

Dogs no. 1 to 4: Kidneys were removed by f1ank incision after ch1ora1ose anesthesia. 

Dogs no. A-1 to A-4: Leit kidney was removed by f1ank incision after angiotensin 

infusion and chloralose anesthesia. 

1 
1-' o o 
f 
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and coworkers (350) observed that 4 hours aftèr laparotomy, 

the plasma renin' àctivity was"'increased on a 3-fold ave,rage. 

This effect on renin rel'ea.se was emphasized by the presence 

of detectable' amounts of renin and angiotensin in the plasma 

of,some nephrectomized dogs (Table VI). This f:lnding may 'be 
• 1 

explained be the presence ?f renin-lik.e substances in organs 

other th~ the kidney (102 j 103). 

From these observations, it· could be tentatively theo~ 

rized that anesthesia and'laparotomy increase renin release 

before the completion of nephrectomy. A large amount of renin 

may be taken up and stored in an extrarenal site and explains 

thereafte:r; that the usual increase in substrate is prev,ented .... 

ordiminished. Carretero and Gross (,85) observed that infu­

sion of renin (0 .• 4, 2 and 8 units) into nephrectomized rats 

decreased the substrate concentration' whereas in intact ani­

mals the substrate was not decreased except when large doses 

(8 units) were infused. 

These pO,ssibili ties persuaded us to treat the ahimals 

before nephrectomy, in,order to completely suppress renin 

release. Salt loading in two dogs; was unsuccessful for pro-
, 1 1 

ducing a sui table substrate pre!paration. Infusions of· angio-" 

tensin" known as a potent suppressor of renin release ,in both 
1 

humans (179" 180,. 236, 237) and dogs (238, 239) ,allowed us 

to obtain a sUbstrate prepa~ation sufficiently abundant for 

providing a zero-order reaction when incubated with dog kid­

ney extracts. 
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Since progestative medications:. were reported to in­

crease.substrate concentration in ~umans (73}.and rats (74), 

Eriovid (RX Searle) was administered by gavage. in 2 dogs. 

Two weeks treatment failed to increase substrate concentra~ 

tion as reflected by kinetic stu~ies. 

ii) Studies on' substra·te concentrati'on and "capaci ty 

of angiotensin generation" 

Substrate concentration, as measured on 0.·;1. ml of plas­

ma, increased 24 hours after nephrectomy by 3.2-fold in an­

giotensin-treated dogs and 2.4-fold in dogs anesthetize"d with 

pentobarl?ital. The absence of statistical significance bet- . 

ween these two groups was difficult.to.explain. Two possible 

explanations may be pointed out. In'that series'of experiments 

where the substrate concentrat'ion was me.asured on. 0.1 ml 'of 

plasma the nephrectomy was performed by a flank incision and 

we have avoided as much as possible opening the peritoneal 

cavity. In the fir~t series of experiments, where the subs­

trate concentration was assessed from kinetic studies, tHe 

kidneys were re~oved through ·~aparotomy. Secondly, Boucher et 

al (12) observed that during summer months, substrate con­

centration was decreased in nephrectomized rats. This finding 

could explain the first series of experiments (kinetic stu­

dies) performed mostly during summer months, whereas.the s~­

cond series (substrate concentration} was done during spring­

time. The importance of temperature on renin release was 

stressed in rats by Rosenthal and coworkers 0.39). A 3-fold 

increase in plasma renin activity was found in rats exposed 
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to high environmenta1 temperature (88 0 F) for one week. 

Moreover, tl:tese w9rkers produced, by the injection of fur­

semide, a 6-fold increase in plasma renin activity of these 

rats compared to a 3-fold one in ~ontrol rats kept at 72 0 F. 

Simultaneous determinations of substrate concentration 

and ·"capaci ty of angiotensin generation" showed that both 

parameters "increased and reached a maximal value 24 hours 

after nephrecto~y and did not increase further from 24 to 

48 hours after nephrectomy. This pattern was observed in" 

angiotensin-treated as weIl as control (pentobarbi"tal" or 

chloralose anesthesia) nephrectomized dogs. A dissociation 

between these two parameters was observed in dogs from 24 

to 48 hours after nephre"ctomy by Smeby et al (88'. The major 

source of the differences "between our resul ts and theirs re­

sides in our use of hogrenin instead of dog renin to measure" 

the "capaci ty of angiotensin generati~n Il. 

Finally, it seems that angiotensin infusion prior to 

anesthesia and nephrectomy, by preventing the liberation of 

renin due to deep anesthesia in some dogs, permits a maximal 

increase"in substrate concentration after nephrectomy. 

b) Procedure 

The method described has the advantage of measuring 

renin on a relatively small amount of dog plasma (1 ml). It 

is based on the incubation of whole plasma in presence of an 
. - + 

excess :of h~mologous substrate and Dowex 50W-X2 (NH4 ) resin 

for a long periode 
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~he' substrate obtàined from one d0g nephrectomized 

after angiotensin infusion:permits 50 to 90 determinations 
. , 

of renin activity. The purification of substr~te according 

to Haas et al (l50) is easy to perform and the absence of 

renin in that preparation is obtaine~ by the use of plasma 

from nephrectomized and angiotensin pre-treated dogs .,' The, 

substrate concentration necessary to provide a zero~order 

reaction'is determined on each new batch. At the same time, 

substrate is incubated alone without renin to ensure the ab­

sence, of spontaneous pressor substances. 

When zero-order kineti,cs apply, the rate of formation 

of angiotensin is proportional to the amount of renin. These 

conditions are satisfie4 in our incubation system when the 

angiotensin formation is not exceeding 400 ng, a value above 

the physiological range.'When one is interested in studying 

changes at minimal levels, the time of incubati~n may be pro­

longed from 12 to 24 hours or conversely 2 ml of plasma may 

be incubated. 

The presence of "kinin-like" substances was found, in 

the samples when plasma was incubated with substrate. The 

origin of these substances was unkp.own, but they were, not 

interfering with the, amount of angiotensin measured by rat 

blood pressure assay. 

The optimal pH for the hydroiysis of dog substrate with 

dog renin is 5.5 to 6.5. The recovery experiments, done at pH 

6.5 werevariable. Such a pH is close to the optimal pH of 
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angiotensJ.nases in the plasma (26, 43-46)" and may explain 

the variability encountered. A mean recovery of 68% in 3 

experiments was found when the incubations were carried out 

at pH 5.5. On the basis of these results, a pH of 5.5 was 

chosen for the incubation mixture. Tris-phosphate' is used in 

the medium to provide a better pH control,specially when 

plasma is incubated. 

The pressor product obtained from our incubations in­

creased the blood pressure of nephrectomized rats in the same 

manner as standard angiotensin and is most probably angio­

tensin l" since the converting enzyme is funhibited when the 

incubation is carried out at pH 5.5 in prese~ce of EDTA (351). 

The mean normal plasma 'renin activity in dogs eating 

Purina"dog chow and drinking tap water ad libitum was not 

different from that obtained in doga under metabolic balance, 

despite the smaller standard deviation found in the "last group. 

The wide range of values for plasma renin activity enco~te-
, 

red in normal dogs could not then be explained solely by va-

riations in sodium intake. Such a range of plasma renin ac­

tivity in normal dogs is weIl known (187}. 

The zonal distribution 10f renin was measured in normal 

kidneys and in kidneyso~tained from dogs infused with angio­

tensin. Renin was mainly located in the outer cortex of kid­

ney of normal dogs. This finding confirmed results obtained 

by other workers (116, 119, 120). Angiotensin infusion in­

creased significantly the renin content in each part of the 

kidney, and supported the suggestion that angiotensin might 
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act by a "feed-back" mechanism (179, 236-239! ·to suppress 

renin release. 

B - RENIN-ANGIOTENSIN SYSTEM IN NEWBORN DOGS 

1) Material and Procedures 

Plasma renin activity, renal renin content, substrate 

concentration and juxtaglomerular index were studied in new­

boin dogs. Twenty-one normal dogs from four gestating mongrel 
~ 

"dogs were studied after 12 hours (ll)~ 48 hours (3)~ 8 days 

(1), 12 days (2), 14 daya (2) and 15 days (2) of life (Table 

XXIV and XXV). AIl the newborn dogs were separated from the 

mother, only a few minutes before performing the experiment. 

A small incision (0.5 cm) was done above the internaI 

third of the clavicle and 2.5 to 4 ml of blood were rapidly 

withdrawn from the jugular veine Six out of·the 21 newborn 

dogs were anesthetized and uninephrectomized (left kidney) 

before sampling blood. The plas~a obtained after centrifuga­

tion was processed for plasma renin ·activi.ty" One ml of plas­

ma was incubated for each experiment and a second aliquot of 

O.5ml.was incubated when~the.angioterisin formed with one ml 

of plasma exceeded 400 ng for 12 hours of incubation. Venous 

blood was also sampled from the forelimb of three mothers, 

at the time of delivery.'- and processed for plasma renin ac­

tivity. The renal renin content and juxtaglomerular inde~ 

were determined after removing.the kidney under light pento­

barbital anesthesia. The renal renin·content was measured on 

whole kidney,. in l5newborn and the jUxtag~omerular index in 

13. 
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Eleven of 2~ n~wborn dogs were subsequently used to 

study the effect·s of. ·peri toneal dialysis on plasma renin 

activity (6 dogs 12 hours old, 4 dogs 12-14 days old), re­

nal renin content (4.dogs 12 hours old and 2'dogs 12-14 dàys 

old) and the juxtaglomerular index (1+ dogs 12 hours old). 

Each parameter was measured before and 30 minutes after re­

moving the liquid from the abdomen. Peritoneal dialysis ex­

perimen.t was performed after left uninephrectomy in four 

l2-hour-old and two 14-day-old dogs. Table XXIII gives de­

tails about the parameters measured before and after perito­

neal dialysis. 

The peri t01;leal d.ialysis was performed by injecting the 

animal intraperiton~ally with 10 ml of a 5% glucose solution 

per 100 grams of body weight. The solution was left in the 

peritoneal cavity for 60 minutes. Then 18 gauge needle was 

placed in the lower left quadrant and the peritoneal dialy­

sate was allowed to flow freely without applying any pres­

sure to the abdominal wall. Between 80 and 95%. of the in-

jected volume was withdrawn. Sodium and potassium were de­

termined in the dialysate and the values were reported in 

mEq per kg of body weight~ 

2) Results 

The plasma.,renin activity was found to be very high 
, 

in newborn dogs 12 and 48 hours old. The mean value was 307 

ng/ml/12 hours (S.D. + 205). ranging from 50-800 ng. In these 

animaIs, the re~al renin content was slightly higher (Mean 

65.1 ng/mg/l ho ur s.n. ± 24.1) than ~n normal adult dogs. 
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TABLE XXIII -. Various parameters before and after . . ... 

peritoneal dialysis. 

Age Dog no. PRA RRC JGI 

12 H 36 G + + 

36 D + + + 

36 GD+ + +-

36 G2+ +. +. 

36 D2 + 

36 S +. 

41 D . + 

12 D 23 G + 

23 D + 

14 D 42 GD+ + + 

42 G2+ + +. 

PRA: Plasma r.enin acti vi ty • 

RRC: Renal renin content. 

JGI: Juxtaglomerular index. 

+-

+ 

+-

+ 

+ The experiment was performed 

in uninephrectomized dogs. 
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Despite these high values of renal renin content as compa­

red to adult dogs, the juxtaglomerular index (Mean Q.3, S.D. 

± 0.5) was significantly lower than in adult dogs. The subs­

trate concentration as determined in three 4S-hour-old pup­

pies was in the range of normal values encountered in the 

adult doge The juxtaglomerular cell granules observed in the 

puppies from mother C were located mostly in the juxtamedul­

lary cO:r;'tex. In all the animals studied, non granulated cells 

as well as macular segments were obse±-ved mainly in the dee­

per parts of the cortex. 

In the older group (S to 15 days old), the plasma 

renin activity was still high with a mean of 2S5 ng (S.D. + 

lS6) and the renal renin content with a mean value of 6S.? ng 

was comparable to the younger group. In the two dogs 15 days 

old,. the juxtaglomerular index was higher than in the first 

48 hours of life. Substrate concentration in the two l5-day 

old puppies was found to be normal in one and slightly abo­

ve the normal range in the other one. The plasma renin acti­

vit y, renal renin content, juxtaglomerular index and subs­

trateconcentration values in the early~uterine life are 

reported in Tables XXIV and XXV. 

Statistical analysis relating plasma renin activity 

to renal renincontent showed an absence of correlation bet­

ween both parameters in the first fifteen days of extra­

uterine life, with a correlation coefficient, r=0.3. 

The plasma renin activity determined at the time of 

delivery in three out of four mothers was within the normal 

range. 
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TABLE XXIV - Plasma Renin Activity (PRA), Renal Renin Content 
(RRC) , 'Juxtag1omerular Index .(JGI) and Substrate . :-' 
Concentration (SC) in newborn dogs (12-48 hours 
old). 

Mother Newborn dogs 

Age No. Sex Weight PRA RRC JGI SC 

A 12 H 22G M 426 333 38 0 
22D F 408 266 43 0 
22GD' F ~30 200 50 0 

C 36G M 540 500+ 70 1.5 
36D M 530 100+ 50 0.5 
36GD F 515 400+: 70 0 
36G2 F 570 500+ 120 1 
36D2 F 534 800 - -
36S F" 547 400 - -

D 41G F 184 65 - -
41D M 232 200 - -

B 48 H 15G M 380 50 85 0 20 
15D F 338 320 70 0 25 
15GD M ,366 166 55 0, 20 

,Mean 307 65.1 0.3 21.6 . 
± S.D. 205 24.2 0.5 

Normal adu1t dogs 
Mean .. 12 44.5 Il.6 15.9 
± S.D. 1 Il.9 17.9 2.1 6.7 

+ : PRA was determined immediate1y after 1eft n~'p~ectomy 
under pentobarbital anesthesia. 
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-
TABLE XXV - Plasma ReninActivity (PRA), Renal Renin Content 

Mother 

Age 

A 8 D 

A 12 D 

D 14 D 

B 15 D 

(RRC) , Juttag1omeru1ar Index (JGI) and Substrate 

Concentration (SC) in newborn dogs. (8-15 'days old). 

Newborn dogs 

No. Sex wei~ht PRA RRC JGI .SC 
Cg , 

- -
42G2 M 600 333 113 0 

.. 

23G M 950 560 - -
23D M 1050 320 - -
42GD M 570 300+ 40 -
42G2 M 483 400+ 50 -
16G2 M 1125 50 65 3 25 

16D2 'M 1200 37 75 3 50 

Mean 285 68.6 2 37.5 

± S.D. 186 28.2 1.7 

Normal adult dogs 

+ 

Mean 12 44.5 11.6 15.9 

:f.: S.D. 11.9 17.9 ' 2.1 6.7 

PRA 'was determined immediately after left nephrect,omy 

under pentobarbital anesthesia. 
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In the peritoneal dialysis" experiments, a mean of 

7.8 mEq (± S.D. 1.3,7) sodium and 0.3 mEq (.± S.D. Cl .. 07) 

potassium per Kg of body weightwere removed with the dia­

lysate. In the 12-hour-old puppies, peritoneal dialysis ef­

fected a 1.5-to 6-fold increase in plasma renin activity 

(Figure 19)., A tw~-fold mean increase was found in that 

group. The animal presenting the 6~fold increase, started 

from a relatively low control value of plasma renin activi­

ty (100 ng) •. In the 12 to 14-day-old dogs, the, plasma renin 

activity increased from 2- to 3-fold following peritoneal 

dialysis (Figure 19). 

This increase in plasmarenin activity following pe­

ritoneal dialysis was consistent in each experiment despite 

the removal of the left kidney before peritoneal dialysis 

in 5 of the animaIs studied. Renal renin content was decrea­

sed by dialysis in four l2-hour-old and two 14-day-old pup­

pies (see Figure 20). The leit kidney removed in three dogs 

after peritoneal dialysis showed a renal renin content com­

parable to the values found in theright kidney after peri_ 

toneal dialysis (40, 40 and 70 ng/mg/I. hour). In the 12-

hour-old dogs where renal renin content was measured before 

and after peritoneal dialysis, the juxtâglomerular index 

was not found to be altered by this experimental procedure 

as shown in figure 20. 

3) Discussion 

The role and importance of the fetal kidney in the 

elaboration of renin is not weIl defined. The granulated 
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juxtaglomerular cells are absent, at least in the first 

week of extrauterine life, in mice (104, 201) and rats (345). 

Recently, Hodari and coworke·r (181, 342) detected a measu­

rable amount of renin in normal dog fetal kidneys. 

The main purpose of this investigation was to present 

a more complete evaluation of the renin-angiotensin system 

in newborndogs, during the first fifteen days. of life. The 

plasma renin activity values were much higher than those 

found in adult dogs, and they were not related to the renal 

renin content. The·renal renin content values were compa­

rable· to those found in adult animals, whereas the juxta­

glomerular cell granules were either few or absent .•. The. 

pattern of distribution of juxtaglomerular granulation found 

in the first two weeks of extrauterine life in mice and rats 
J 

(104, 201, 345) was als.o observed in our newborn dogs. The 

finding of such high values of plasma renin activity raised 

the question of, the origin of the circulating renin in the .. . 

newborn. Since .. renin has been found in placenta (103, 181, 

339, 340) and ut~rus (103, 343, 344), and since it can pass 

the p1acental·barrier (342), it could possibly originate 

from the mother or the.placental-uterine unit. The first 

possibility seems impro~able since the plasma renin activi-

.ty measured in 3 mothers at the time of delivery wa.s w:l.thin 

the normal range. Moreover,.the relatively short ha]~ life 

of renin in dog (91,92) does not.support a maternal ute­

rine or placental contribution to the renin activity of 

newborn dogs after 12 hours of extrauterine life or more. 
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The renal,origin o"f the circulating renin found in 

our newborn dogs is suggested by the important amount of 

renin measured in the kidney. Supportive evidence to con­

firm this suggestion was b~ought by the stimulation of 

renin release by sodium depletion in the peritoneal dia-
1 

lysis experiments. These have been shown to be a potent 

stimulus for renin release in aduTIt animaIs (86, 136, 138). 

The peritoneal dialysis increased plasma renin activity 

and decrea~ed the renal renin content whereas no concomi­

tant changes were encountered in juxtaglomerular index. 

The decrease found in renal renin content is suggestive 

of a storage and release of renin or renin precursors by 

the kidney despite the absence of juxtaglomerular cell gra­

nules. 

The existence of such a system cannot be discounted 

in the adult and could possibly explain the discrapancies 

encountered between plasma renin activity and the juxta-

glomerular index or renal renin content in sorne experimen-

tal conditions (86, 136-139). 
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CHAPTER ·IV - ?TUDY OF ACUTE CHANGES IN RIGHT ANDLEFT ATRIAL 

PRESSURES ON RENAL VEIN PLASMA.RENIN ACTIVITY IN 

DOGS 

The suppre~sion of plasma renin activity in primary 

aldosteronism is most probably exp~ained by th~ sustained 

increase in plasma volume·. In patients with congestive car­

diac failure,.· the acti vi ty of renin angiotensin systemis 

itlcreased despite a normal or incre.ased plasma volume. Although 

it is postulated that in such patients the lI effèctive .. circula­

ting volume ll is reduced (352), the decrease in plasma renin 

activity or arterial angiotensin observed in tpese·patients 

after treatment remained unexplained. 

Since one of the earliest and most reliable signs of 

cardiac failure is increased~venous pressure, we have inves­

tigated the effects of changes in the right and 19ft auricu-

lar pressure on renal venous renin activity. 

A - MATERIALS AND PROCEDURES 

Mongrel dogs were ?Iles;thetized with intravenous pento-
... 

barbital sodium (30 mg/kg).- After performance of the surgical 

techniques, isotonic saline was infused (5-10, ml/kg) to re­

pl"ace the bl09d loss and provide a positive fluid balance. 
1 

A1L the experiments w~re begun 60 minutes after the comple-

tion of the infusion"! Pentobarbital was then repeated if n'e­

cessary at least 45 minutes beforethe beginning of the expe­

riment and was not repeated afterwards except in one dog (Fi-

gure 27). 
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1) Right atrium experiments 

In 9 dogs weighing from 10-18~2 kg, a polyethy~ene 

catheter (PE-200) and a Foley catheter (Bardex 30 cc) with 

its lumen tied off were introduced through the right exter­

n'al jugular vein up to the right atrium. The PE-200 cathe­

ter was used to measurethe venous pressure. A tracheostomy 

was also performed. The femoral vein and femoral artery were 

isolated by dissection of ,the inguinal area. A polyethylene 

catheter (PE-200)'was introduced into thefemoral artery and 

guided, in the aBdominal aorta just above the level of the re­

nal arteries. Two PE-200 polyethylene catheters were bent in 

order to fit intothe r~nal veins for blood sampling,. They 

were inserted into the femoral vein and guided by hand, one 

in the right renal vei~ and the other in the left one, after 

laparotomy. Another (PE-200), ,catheter was also introduced 

into the femoral vein and guided in the abdominal vena cava 

just aboye,the level of the renal veins, for registering ve­

nous, ,pressure (Figure 21)-. 

Arterial pressure and the different venous pressures 

were moriitored on a Statham Gauge (Model P23AC) and measured 

with a Grass, Polygraphe The 'calibration of the channels used 

for venous pressure measurement was done with a water column. 

The polyethylene catheters (PE-200) were connected with a 

three-way stopcock to a Grass Polygrà.ph,. (right atrium, abdo­

minal aorta and inferior vena cava catheters) or to a syringe 

for sampling (renal vein catheters), and to a bottle of glu­

cose 5%. Glucose was infused at a constant flow rate (0.1 ml/ 

. min) in order to avoid clotting. Each ,catheter was siliconi-
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zed before every experiment. "" 

In five animals, a"cutaneous electrode was installed" 

at the apex and an electrocardiogram taken. Vènous pressure 

in the inferior ven a cava just above the level of the renal 

veins was registered in ~ive dogs. The plasma renin activity 

was measured" ih the left renal vein of each animal and in the 

right renal vein of 6 dogs. The arterial blood pressure and 

the right atrial venous pressure were obtained in every ani­

mal studiéd. 

. ~ollowing a control period, the b~loon (Foley Cathe­

ter) was inflated by injectio~ pf water. The differen.t venous 
" . 

pressures and th~ arterial pressure were monitored and simul­

taneous sampling of blood from renal veins were obtained at 

various intervals during the periods of higher right auricu­

lar pressure as well as before inflation and after deflation. 

A gradu~ inflation of the ba1loon without deflation was done 

on~ in experiment 1. (Figure "23). 

At'the end of the experiment, the animal was killed by 

the injecti9n of a lethal dose. of pentobarbital. An autopsy 

was performed to check the·: proper position of every catheter 

and the macroscopic aspect of the kidney. The right atrium 

waa Qpened after inflating the balloan of the Foley catheter 

to ensure that.it was not obstructing the flow of the infe-

rior or superior yena cava. 

2) Left atrium experiments 

a) balloon 
\ 

In five dogs (18.5-24.6 kg), the right external jugular 
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vein, ,the femoral vein and artery were dissected. A FE-200 

catheter was introduced into the right atrium via the jugu­

lar vein for measurement of venous pressure. Another polye­

thylene catheter (FE-2001was introduced into the femoral 

artery and pushed in the abdominal aorta just above the emer~ 

gence of renal arteries. This catheter served to measure 

arterial blood pressure. A third polyethylene catheter (PE-200) 

bent in order to fit into the left renal vein., was inserted 

in the femoraI and inferior cavaI vein and guided by hand 

into the left renal vein after laparotomy and it was used 

for renal vein blood samples. The left ureter was also ca­

theterized before closing the abdomen. Urine flow rate (pL/min) 

and natriuresis (~Eq/min~) were determined. 

After opening the trachea, an occlusive intratracheal 

tube was inserted and the lungs were ventilated artificially 

with a Harvard respiration pump (Model 607D). The rate and 

stroke of the ventilator were adjusted according to the ani­

mal's spontaneous respiration under anesthesia. The respira­

tor circulated air taken from the room. On the outlet, an 

intermittent hyperinflation valve was intercalated and was 

used only during the thoracostomy in order to provide maxi­

mal lung expansion. 

The chest was then opened through the fourth left in­

tercostal space. After retraction of the lung, the pericardium 

was opened at l cm above the left phrenic nerve. The edges 

of opened pericardium were fixed by silk (3-0) to the thora-

cic wall. After taking a part of the origin of left atrial 
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appendage in the tip of a gall duct forceps, a 3-0· silk 

was sutured in an O-shape around the forceps. An incision 

of 0.·5 cm in the atrial tissue retainec:l by the forceps was 

done. A Foley catheter with its lumen tied off and a PE-200 

polyethylene catheter were inserted into the left atrium. 

Withthe heLp of a second assistant to tie off the O-shape 

sutura, it was possible to open the forceps and introduce 

the two catheters into theleft atriUm with minimal blood 

108S (10-30 mL). The,~~200 catheter was used to register 

venous pressure~' The pericardium was then freed from his 

suture and the thorax elosed. 

Right and left atrial pressure, arterial blood pres­

sure,urine flow rate, sodium and potassium in the urine,. 

left renal vein renin activity and heart rate were measured 

at different intervals before, during and after inflation 

of the balloon. Venous and arterial pressures were measured 

with a Grass Polygraph. 

b) dilator 

We designed a water-tight apparatus which could dis­

tend the wall of the atrium with minimal obstruction to the 

flow. It consisted of a copper tube of 13 cm long c.overed 

with tygon tubing and sealed with epoxyresin. The copper 

tube plus the covering Tygon had an external diameter of 6 mm. 

Eight 'stainless steel wires we're fixed on the tip of. the . 

tube and entered the tube at 3 cm from the extremity. At the 

other end' of the tube, these metallic··' threads could be mmiLi­

pulated in order to open or close the dilator. The intensity , \ 
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of the stimulation was defined by the outside diameter in 

cm C' stretch diameter") of the opened dilator (Figure 22) • 

The experimental preparation was exactly ~he same as 

in the preceding experiment except that right and laft atrial 

pressures were not registered and the Foley catheter in the 
1 

" 

laft atrium was replaced by the dilator. Urine was obtained 

from the left ureter in 2 dogs. This experiment was perfor­

med in four dogs ranging in weight from 21 to 37.7 kg. 

B - RESULTS 

1) Right atrium experiments 

The inflation of the balloon had only transient effects 

on systolic blood pressure and heart rate. It did not. increa-

" se significantly the venous pressure in inferior vena cava 

(Figure 24-26, 30, 31). In the first experiment, the balloon 

was inflated progressively. A fall in blood pressure (115 

to 60 mm Hg) was noted after 20 ml inflation as well as a 

further fall in blood pressure (40 to 20 mm,Hg) and a heart 

block after 30 ml inflation (Figure 23). Although the degree 

of stimulation used in the other experiments was not affec­

ting the heart rate and the blood pressure level, the: in­

CFease in the right atrial venous pressure was not propor­

tional to the inflation of the balloon. This was observed in 

experiments 1,2,3 and 4 (Figure' 23-26). Despite the absence 

of correlation between the stimulus used and the response 

observed in venous'pressùre, the application of the stimulus 

induced at least a two-fold increase in right atrial venous 

pressure. ' 
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In five out of nine' dogs (Figure 23-25, 2'(, 30), 

,renal vain plasma renin activity increased following arise 

in the right atriumvenous pressure. In these5 experiments, 

it was po·ssible to observe a decrease in renal venous renin 

. activity after deflation when right atrial pressure returned 

to normal. The stimulus appeared to be short-lived specially 

in experiment 2 and 3 (Figure 24,25)~ In experiment 8 (Fi­

gure 30) an unexplained change in·the base line level of 

renal venous renin activity appeared on the 60th minute. 

Only a slight increase in r~nal v~nous renin activity was 

observed in experiment 4 (Figure 26) following stimulation, 

but afterwards t~is activity parallele~ the changes observed 

in venous pressure.- Inexperiments 6,7 and 9 (Figure 28,29, 

~), the renal vein renin activitY,was not stimulated and 

did not parallel the changes in right atrialL venous pressure .. 

2) Left atrium experiments 

a): Balloon 

The body weight of five animaIs used in this exper~ment 

was superior to that of animaIs used in the preceding exp a­

riment, but the balloon in the left atrium ·was inflated with 
. 

5 ml of water and the increase in left atriaEvenous pressu-

re was comparable to the right atrium experiments. The left 

r~nal vein plasma renin activity during the inflation period 

was not different from the pre-inflation or post-deflation 

periods, excapt in experiment 2 (Figure 33) where two values 

out of four werehigher than the controls.· The increase in 

the right atrium venous pressure after the inflation of the 

balloon. in the left àtrium was minimal. 
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The urine output measured from the 1eft ureter in­

creasedsignificantlY only in ,the first experiment (Figu-

re 32) passing from 50 to 500 pL/min. after inflation of'the 

balloon.All the 5 individual experiments are reported in 

figure 32-36. 

The stimulation had no effects on the +evel of arte­

rial blood pressure ,. al though the heart rate increased sligh-

tly. 

b) dilator 

In four dogs, the non-hypotensive dilatation of the 
" 

1eft atrium had no effects on the left renal vein plasma 

renin acti vi ty" except in experiment 3" (Figure 39), where 

the plasma renin activity tended to de~rease following the 

first stimulation. The dilatation of the left atrium was 

- devoid of effects on the level of arterial blood pressure 

excep~ in experiment 2 (Figure 38). In that experiment, the, 

first dilatation (atretch diameter : 5.5) lowered the blood 
- -

pressure -from 135 to 95 mm Hg and the second ona (stretch 

diameter : 4.5) lowered the bloodp'ressure for a second time 

from 130 to 70 mm Hg. A decrease in-the heart rate was ob­

served during these two dilatatioQs (~3B to 120 and 126 to 

110). The hypotension and the bradycardia encountered in 

this animal had most porbably a neural reflex origin, and 

it disappeared almost immediately after withdra~ing t~e sti­

mulation. In the other animals, the dilatation produced 

on1y a slight increase or had no effect on the heart rat~. 
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·In two animaIs (Fi~pe ~9, 40), the diuresis and natriure­

sis weremeasured from the left ureter and were not increa-

sed by stretching the left atrium. 

C· _. DISCUSSION 

By manoeuvres which increased the volume and the pres­

sure of the left atrium, a diuresis and a decrease in the 

plasma level of antidiuretic hormone was observed respecti­

vely by Henry, Gauer and Reeve (353) and by Share (354). 

The diuresis was not a constant phenomenon in al~ the dogs 

studied, following distension of left atrium. In these ex­

periments,·a large degree of distension was employed~ The 

balloon in the left atrium was inflated with water to a 

volume of L ml/Kg of body weight.'This stimulation increa­

sed the left atrial pre·ssure by 1.5 to 20 cm of water. Such 

a distension increased the heart rate and the· cardiac out-

put measured in twodogs was found to be decreased (353). 

Nevertheless, the level of arterial blood pressure was not 

affected. 

Smaller degrees of distension of the right and left 

atrium were employed in our experiments. Thus, sodium ex­

cretion was not increased in four out of five dogs following 

inflation of the balloon in the left atrium •. 

We assume that the increase in renal venous renin 

activity observed by distending the right atrium in five 

out of nine dogs is probably not due to a reduction in renal 

perfusion pressure. A similar effect, if present, would have 

probably been observed following the inflation of the balloon 
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in the lef.t atrium. From our r.esul ts i, the response to the 

stimuli in the right atrium experiments appeared to be short­

lived. 

The resp~ratory rate in the .right atrium experiments 

was not contro"lled' . but this factor was minimized. by perfor­

. Ming the experiments on tracheostomized animais. Moreover, 

the respiratory ratewas not altered significantly following 

the inflation of the balloon in the right atrium. 

An~ncrea~e in ·renal venous pressure does not seem to 

be involved in the release of renin. Following the inflation 

of the ballqon in ~he right atri~, the.pres~ure in the abdo­

minal ven a cava (above thelevel of renal veins).did not in­

crease significantly. Skinner et al (159) showed also ·that 

partial renal venous constriction did not··àlter renin release. 

The response of renin release.to a change iri'right 

atrial venous pressure May be effected through stimulation of 

receptors located in the right atrium. Evidence has accumula­

ted to indicate a possible reflex neural control of renin re­

lease along with a complete intrarenal control mechanism. The 

effect of atrium distension on renin secretion could be ex-

plained by ~ucft a neural pathway. 

Before d~awing~y conclusion on the existence of a 

neural path~ay involved with renin release ·following atrial 

distension, .. further studies are required with experimental 

preparations .. s"llc:t:t as vagotomy and renal denervation. 
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A correlation b~tween the right atrial. press~re and the 
.. 

:penaJi. venous ren:iin acti vi ty has bean previously' dis.cussed.. Ex-

tending this observation,we have investigated the'ef'fect of 
. . 

tricuspidectomy on peripheral plasma renin activity in dogs 

with congestive cardiac failura. 

A - M!TERIALS AND PROCEDURES 

The tricus~id valvewas completely removed from 9 fema­

:Le mongrel dogs (14.9-20..4 .. kg). The tricuspidectomy was per­

formed by open heart surgery. The operation was done asepti­

cally under sodium pentobàrbital (..30 mg/kg). an,esthesia. The 

operated 'dogs were divided into two groups' according to the 

presence or absence of aS'cites and edema evaluated by.the cli­

nical examination and gain in body weig~t. AlI the studies 

were performed before the qperatfon and between 3 to 17'weeks 

~fter valvulectomy. The dogs were maintained under metapolic 

balance during 3 days ~t least before the stud~. They were 

fed by gavage with a diet containing 58.4 to 66~'3 mEq of so­

dium and 40 ... 7 to 42.5 mEq of potassium in 800 IIÜL. The diet 

was prepared by h~mogenizing in a "Waring" blender, a commer­

cial meat preparation (Dr. Ballard) and Purina dog chow. The 

diet was gi ven in two equal .. portions at 9 and 15 hours. One 

e.;f the dogs who became ·edematous was given hydrochlorothiazide 

(50 mg/day) during 5 days. 'This last study was achieved Under 

metabolic balance+. 

+ These experimentswere performed by Dr. Louis Belleau. We are 
: ': .' 

most grateful to him for the blo.od samples he supplied us. 
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B~- RESULTS 

The remova1 of the tricuspidvalveincreased the ~en,":" . 

~ral venous pressure from 3 to 7-fold (Table XXVI). Five out 

of nine animals presented the symptoms of congestiveheart 

failure". All five dogs had'pronounced ascites. and edèma. The 

mean central venous pressure (18.4 cm H20) was higher in the 

group with congestive heart failure compared to the group wit­

hout ascites or peripheral edema (l4.6.cm H20). 

In dogs with increased central venous pressure but wit­

hout congestive heartfailure, the plasma renin activity in­

creased in one and decreased in the other three (Dog No. ~ to 

4). The dog No •. 4 became edematous and was studied a second 

time in the l?th week following the valvulectomy. Plasma,renin 

activity was still low. The other 5 dogs (Dog No. 5' to 9,. 

TabJ:e XXVI) developed congestive heart failure and the deter­

minations were done within 3 to 8 weeks àfter the operation. 

The plasma renin activity increased significantly in dogs No. 

5 and 9. A small increase wa~ Qbserve,d in dog No. 6 and 7, 

whereas the plasma renin level remained unchanged in dog No 8. 

In dog No. 5, hydrochlorothiazide was given during 5 

days in order to decrease the central venou$pressure. The pe-
, 

ripheral plasma renin activity decreased significantly. after 

treatment whereas the central venous pressure passed from , 

22 to 15.3 cm H20. 

C) DISC!1SSI<P.N 

In this preliminary experiment, each dog served as its 

own control. This was necessary because of the restricted num-
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Dog 

.. 
No. 

1 
2 
3 
4 

5 

-. 6 

7 
8 

9 

+ 

e e • 
TABLE XXVI - Plasma Renin Acti vi ty (PRA:) in experimental heart fai1ure. 

.. 

CONTROL TRICUSPIDECTOMY 

(pre-surgery~ Without: CHF With CHF 
. 

PRA CVP· BP BW PRA CVP 
1 

10.0 - 160 17.4 0 ·9.0 
6.2 2.3 128 19.2 15.6 16.5 

19.0 4.5 15? 18.? 6.2 14.5 
3?5. 6.5 160 17.7 2.5 18.5 . 
10.0 5.0 148 20.4 

3.1 3.0 142 14.9 
25.0 2.7 147 16.6 
6.2 3.0 133 19.0 
6.2 3.3 159 19.? 

CVP: Central Venous Pressure (cm H20). 
BW: Body Weight (kg). 

BP El&. PRA CVP BP BW 

122 -
136· 22.9 
141 . ·22.5 
159 19.8 5 18·5 17? 22.4 1 

120 . 22.0.. 132 . 21.0 ! 

! 

25+ 15.3 153 -
1 

6.2 19.2 132 . 24.5 
32.5 19.8 150 20.9 
?O 15.0 160 24.3 ' 

.. 

26.0 15.9 ... 151 . 24.2 

BP: Systo1ic B100d Pressure (mm Hg). 
CHF: Congestive Heart Fai1ure. 

Uydroch1orothiazida (50mg/daY.) was administered during 5 days under metabo1ic 
balance. 

1 
1-' 
1\) 
\).1 

~ 
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ber of animaIs used and the variability of normal vaIues for 

plasma renin activity in dogs. Signs of congestive heart fai­

lure occurred following theremov:al of the tricuspid 'valve in 

6 ~ut of'9 dogs. Plasma renin activity was significantly in­

creas~d in only 2 of the~e 6 dogs who developed edema •. ln 2 

other a slight . al though not. significant increase was ri.oted'~ 

In dog number 5, the higJ:lest experimental values for 

central venous pressure and plasma renin activity were found. 

,When gi ven hydrochlorothiazide, both. parameters decreased s1-

gnificantly. Tl1e level of arterial.. blood,; pressure in this ani­

mal.was also inversely related to the peripheral p1asma ren1n 

activity. Such a corr'elation be.tween renin aetivit;J. and, arte­

rial, blood pressure was observed. in the. othem dogs with con­

gestive ~ardîa~ failura but it was. no~ obvious in the 4 non­

edematous: dogs studied after remova1 of the tricuspid valve. 

Renin acti vi ty was. found to be increas.ed in humana suffe-

. r;ng from. congestive heart failura. In doga, the lesion ,un~er- . 

l~ing the syndrome of conge.ative heart failure seems to have 

an importanc.e in the rele.as.e of renin since Johnston et al. (18?) 

founœ a high renin activity in aIL the 5 dogs; with tricuspid 

insufficiency combined to Rulmonary steno sis whereas only 3 

out of 5 dogs with·, a l..a.rge arteriovenous fistula· pres;ented 

hypereninemia. Accompanying this, underl~ing mechanism, th. 

release of renin may be influenced by suddle~ elevation::of .the 

right atrialL. venous preasure •. O'ccasionall stimulation of renin 

re~eaae may explain a parallel increase in aldoate.rone pnoduc­

tion. Thia. factor combined to the long half-life of aldoste.rone 
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in congestive cardiac failure (324, 327, 328) due to hepatic 

venous · congestion and decreased hepatic clearance of aldoste'-­

rone (326, 327, 329, 33Q), mayexplairi the occurrence of'ede-

ma •. 
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GENERAL DISCUSSION 

',An aldosterone secreting adenomaédrfèctsan important:" " 
. , '.. 

, degranulation of ji.lxtaglomerular apparatus ,', and: thus sùppresses' ,: 

totally plasma renin activity. This suppression is most pro-, 

baplydue to the sustained expansion of intravascular volume 

encountered in primary aldosteronism. The suppression and.ab­

sence of stimulation of plasma renin activity was observed in 

a case of "hypokaleniic Il primary aldosteronism. 

Establishment of diagnosis of prim'ary aldosteronism is 

ofgreat importance since most of ,the'~atients withthis di­

sease ,are cured or'improved upon removal of an adrenal,adeno­

m~. Sùppression of renin activity in these patients is a most 

imyortant additionaldiagnostic criteria. It' was suggested in 

1964 tha~ primary aldosterQnism could be diagnosed despite the 

~bsence of kypokalemia by finding suppressed renin activity 

and high aldosterone secretion or excretion rate in hyperten­

sive patients. On the basis of indirect evidence, it was sug­

gested that 20% of the patients wath essential hypertension 

might really have primary aldosteronism. 

A complete suppression was observed in 23% of our pa­

tients with essential hypertension. In five patients with sup­

pression of renin activity,i the aldosterone excretion was a­

bove the normal in only 2 patients. It appears thus that in 

essential hyperten,sion, suppression of ren1n activity is not 

necessarily accompanied by·kupernormal values for Sldosterone 

excretion and the basis of this suppression remains obscure. 
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Failure to correct or improve b~ ~drenalectomy 2p~­

tients-with essential h;n>ertension and' suppressed renin aeti­

vit Y , illustrates the Limiteœ values, of nenin assay for screen­

ing "normokalemic" primary aldosteronis.~. 

A low incidence of primary aldo'ste:ronism1 amang hyper""": 

tensive population waa further aUPP'or~ed by the finding of a 

low incidence (5%) of adenomaa and nodulea in hypertansive 

patients at autopsy room. 

The renin- angiotensin system was studied in dogausual~ 

ly by adlapting current methods described for man. Thes-a me­

thods- requiDe a large amount of plasma. If renin ia measured 

on a small amount, the time of incubation m~ be proIonged. 

Sinc.e substrate concentration is known to be,; inferior in diog 

compared to man, ~t is of tan risky to assume that zaro-order 

kinetics apply when the substrate. contained in: plasma. ia ·used. 

We have described a sensitive and re.p'roducible method for de­

termination of p~sma renin activity in dogs .• This method con­

sista in the incubation of ~mL of dog pLasma with an excess 

o~ exogenous dog substrate preparation'freeof renin. 

Hayduk (355) using this technique to study perip~era1 

plasma renin activity in dogs following clamping of one rena1 

artery, showed as preliminary resul.ts, an incre:ase in. renin 

activity during the first week after clamping and then a gra­

duaI decrease in the. following daySi. 

This method has also been extended to me.asurement of' 

renin content of kidney_ Renin can be measured in les a than 
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.10 mg of kidney,tissue. 

'Since;, thia... procedure.,perm~ts seria! 'dètéi'minations 
, , ' 

on a sni~l a;tiquot ,of plasma, plasma ren:i.n activity,has been', . '" '" 

used to measure renin activity in newborn dogs and to' study 

the effects of changes in right and left atrial pressure on 

renal venous renin actîvity. 

._ .. 

In newborn dogs, an evaluation of the renin-angioten­

sin system was provided by measuring simultaneously plasma 

renin activity, renal renin content and:jUxtaglomerular index. 

A complete' absence of juxtaglomerular cell granules w'às ob­

served. Thè plasma renin acti vi ty was high despi te ·.la normal 

renal renin'content during the first 15 days of extra uterine 

life. Stimulation effected by peritoneal dialysis showed an 

important release of renin. A storage and release· of renin 

by the kidney seemed possible in the absence of juxtaglome­

rular cell granules, since peritoneal dialysis decr,eased re­

nal renin content. This observation May ,suggest that in vas­

cular structures where renin-like substances were found, a 

similar storage.and release in the smooth muscle cells devoid 

of granules May occur. 

Study of the effects ~f right atrial pressure on renal 

venous re~in activity showed that an acute rise in the right 

atrial pressure May .induce a release of renin. This effect 

was absent when the left atrial pre.ssu~e was increased or 

when the leftatrium was dilated. There exists a possibility 

that this effect on renin release is modulated by a neural 
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or neurohumoral pathw~. In dogs with experimental heart 

failure, an increase ~n plasma renin activity was found only 

in a small proportion of animals rendered edematous. Despite 

the absence of a· oorrelation between rightatrial venous pres­

sure and peripheral plasma renin activity following' tricuspi­

dectomy in dogs, a control of renin release by distension of 

the right atrium is not excluded. 

It seems that renin release is influenced mainly by 

renal perfusion pressure and composition ~f tubular urine'at 

the macula densa level.These two mechanisms are not exclusi-

ve and m~ influence each other. Both m~ be al tered and thus 

explain the low or high renin activity found respectively in 

Conn's syndrome or secondary aldosteronism due to heart fai­

lure. We have previously discussed the inadequacy of barore­

ceptor and macula densa theories to explain renin release in 

congestive heart f'ailur-e.'· 

Bince increased venous pressure is one oI: the :', earliest 

signs of heart fail~re, we have sought the presence of' atrial 

receptors sensitive to changes in venous pressure. The res­

ponse to right atrial distension was sometime of' short dura­

tion and wa~ present in 5 out of 9 dogs studied. The occu­

rence of'. edema in heart failure m~ be explained 6n the basis 

of temporary increase in renin-angiotensin-aldosterone due 
" ' 

to sudden rise in venous pressure, an.d the decreased hepa:tic 

extraction of' aldosterone encountered in that disease. 



CONCLUSIONS 

~. . Measurements of plasma renin aot.ivity' in patients with 

essential.hypertension showed that a large proportion of this 

group has a suppressed renin activity and i~ 23% reniri acti­

vit Y cannot be stimulated by upright p~sture and low sodium 

intake. 

ln three out of five patients with compiete suppression 
. . . 

. of renin activity, ald9sterone excretion was normal. The ba-

.. sis of the suppression in these patients. remains obscure. 

Despite its l~mitation as a scre~ning 'procedure for 
, .. 

"normokalemic" primary ald6steronism, ·the'renin assay may be 

considered of importance in the differential diagnosis of 

"hypokalemic" primary a~dosteronism. 

Circumstantial evidence of the low incidence of "nor-

mokalemic" primary aldosteronism among hypertensive patie~ts 

was provided by an autopsy study of the adrenals in normoten-

sive and hypertensive patients. 

2. We have described a sensitive and reproducible method 

for determination of plasma renin activity on a small aliquot 

of plasma or extracts of renal tissue. 

This method is based on th~ priciple that a small amount 

of renin may be detected when incubated with an excess of ex­

ogenous renin-free dog substrate, for a 'long period o~ incu-

bation. 

The recoveries of added angiotensin average 68%. 

Normal values were determined in a large series of dogs 

and showed a great variability. 
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.3. The application .of~this method .to newborn ~ogssho\t1ed 
.' • ". .'. '. l . 

'a'highlevel of circulating reninand a norma1reni'~'~oritènt 
when compared to adult dogs. These newborp. dogs were also 

characterized by the absence of juxtaglomerular cell granules. 

'Henin release was stimulated by peritoneal "dialysis and a 
-~ .. 

storage of renin in the kidney despite the absence of granular 

cella was suggested by th,is experiment. 

4. The effects of changes in right and left atrial pres-

sure on renal venous renin activity were studied. The results 

suggest that' a rise in right atrial pressure produces by 

ways, undetermined at present, an increase in renal venous 

renin activity. 

In dogs with congestive cardiac failure due to removal 

of tricuspid valve, plasma renin activity was not consistently 

increased. 

In the light of these two findings, the possible role 

of the renin-angiotensin-aldosterone system in edema forma­

tion has been discussed. 
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CLAIMSTO ORIGINALITY. 

The major contribution of this thesis to the field of 

renin-angiotensin 'system, consisted in the establishnlent o'f 

a simple, sensitive and reproducible method for the determi­

nation of renin activity on a small amount of dog's plasma 

(n ml) or kidney. 

In the past, plasmarenin activity was measuredin dogs 

by adapting the current methods descr~bed for humans. Gene­

rally the substrate contained in the plasma sample to be 

assayed, was used fO;r ,the' sub@equent formation of angiotensine 

Since the substrate concentration in dog plasma is relatively _ 

low, the results obtained with large quantities of renin were 

not always consistent with a zero order reaction. In our me­

thod, an exogenous but species specific substrate preparation 
., 

wasused and zero order kinetics were shown to appl~ for values 

of renin activity weIl abovathe physiological range. 

, Dete~mination of plasma r~nin activity on small aliquots 

of plasma provided a possibi1ityto study renin-angiotensin 

syste~ in newborn dogs. Plasma renin activity was measured 

and compared to juxtaglomerular index and renal renin content 

in the first 15 days of extrauteriné life. This study showed 

that despite the absence of juxtaglomerular ye1l,granu1es, 

the amount of renin contained in the kidney was 'comparable to 

that found in adult dogs, whereas the plasmarenin activity 
, , . 

was much higher. The circulating ,'renin' was shown to originate 

most probably from the kidneys of the newborn dogs as suggested 
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by peritoneal dialysis experiments. These findings seemed to 

indicate that the kidneys of newbornpuppies maystore and 

release renin in the absence of juxtaglomerular cell granules. 

This work is the first to give such a complete evaluation of 

the renin-angiotensin system in early extra-uterine life. 

The study of the e~fects of changes in right or left 

atrial pressures on renal vein plasma renin activity consti­

tuted another original contribution. This investigation showed 

that an increase in the renal vein plasma renin activity may 
~ 

be produced in half of· the experiments when the right atrial· 

pressure is increased. The same stimulation when applied to 

left atrium, was without effects on plasma renin activity. 
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