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Summary.

The effects of upright posture and sodium restriction

on Plasma Renin Activity (PRA) were studied in 60 patients

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

of these patients were not cured by adrenalectomy. The in-—

cidence of adrenocortical adenomas, nodules and hyperplasia

in 2425 autopsied patients further supported the rareioccurr

rence (7%) of primary aldosteronism.

&

A reproducible and sensitive method for the determina-

tion of renin activity in small aliquots of dog?’s plasma or

kidney, using exogenous species specific substrate free of

renin and Dowex S0OW-X2 (NH4+) resin, was established, This

technique showed recoveries of 68%.

1)

- 2),
3)

4)
5)

It was extended and applied to the following studiés:

Effects of nephrectomy and various medications on substra-

t

te concentration.

"Normal PRA and renal renin (RR).

PRA and RR of puppies. Effects of peritoneal dialysis on

these parameters.

T
Effects of changes in atrial pressure on renal vp%n PRA. _j

PRA in dogs with heart failure due to tricuspidectgmy.



STUDIES ON THE RENIN ANGIOTENSIN SYSTEM
IN HUMAN AND DOG.

Pierre Granger.



~ STUDIES ON THE RENIN ANGIOTENSIN SYSTEM IN HUMAN AND DOG

WITH SPECIAL REFERENCE TO PRIMARY ALDOSTERONISM AND HEART
o FAILURE.

by Pierre Granger M.D.

presented to the Department of Investigaﬁive Medicine.
Faculty'of Graduate Studies and ‘Research.
McGill University.
for a Bh.D. degree.
Febrﬁary 1969.

Chairman: Dr. J.S.L. Browne.

work done in the Clinical Research Institute of qutreal.

Director: Dr. J. Genest.

é ©) Pierre Granger 1949 l



I dedicate this work to my wife.

Her steady support, particularly in the face
of many evening hours, I spent in the labora-
tory has been a source of gratification. Even
though this work has impaired my contribution
as a father and a husband, she has succeeded
in maintaining the joy of daily living for
myself and our children. S



ACKNOWLEDGMENTS .

' T am deeply indebted to Dr. J. S. L. ‘Browne, Chairmen of
the Department of'ihQQSﬁigafive Mediciné for his advice; |
support and continued interest during;the'tenure of this work.

I wish to express my prqfound gratitude to Dr. J. Genest
for initiating me to theAfield of clinical research, for his
interest in.my work, for his constant‘encouragement, for |

providing me all research work facilities énd for devoting

‘much of his time to the supervision and preparation of this

thesis.

I wish also to expfess my profound gratitude to Dr. R,-'
Boucher who greatly contributed to the progress of my work
by his constant interest and invaluable advice, and for giving
so generously of his time during the last three years and
during the preparation of this thesis.

I am much;indebted‘fo my colleégues for their friendly
and invaluable‘collaboration during the tenure of this workj;
especially to Dr. L. Belleau in the study of plaéma renin
activity in'experimental cardiac failure; to Dr. M. Aida in
the study of substrate concentration and'capaéity of angio-
tensin generation in nephrectomiied dogs;qto Dr. K. Hayduk and
Dr. S. Simard in the study of normal values of plasma rgnin
activity in dogs; and to Dr. H. Kurihara for performing the
determinations of oxytocic activity. I am also most grateful
to Dr. J. M. Rojo Ortega for performing the juxtaglomerular

index determinations and for his most stimulating collabora-



tion in the étud& of renin-angiotensin system invnewborn‘

dogs. ‘ ,
I am most grateful to Dr. AavGregOry and Dr. A.'OrZéck'

for their help and advice during the drafting of this thesis.

I am also most grétéful to Mr. E. Koiw for perforqing
the determinations of urinary aldosterone and assuming’thé
'photographlc illustration of thls work.

I w1sh to extend my gratitude to Miss F. Salvail for
her most interested assistance in the clinical part of this
work; and to Miss. L. Dagenais for her kind and most efflclent
help in statistical analysis and in complllng the llterature.'

. I am especially gratgful to Mlss-I. Morin for devoting
much of her time in prgparing'and drawing the figures.

I wish to thank Miss LOpez for preparing the diets.

Many thanks are due to Mr. E. Pierfe for his most skill-
ful technical cooperation, especially.in the Surgical work, and
to Miss C. Labarre for performing a large part of the bio-
-aséayé. I want to extend my gratitude to all the technical
staff of the "Clinical Research Institute" who helped in the
realizafion of my work, especially Miss P, Desrosiers, Mr. C..
Grise, Miss M. Tremblay and Miss S. Olivieri. |

I‘am also most grateful to my wife for assuming the
strenuous task of typing this final manuscript. Thanks are
also due to Miss J. Arseneault for typing part of the manué-
cripte. ‘

I am also most indebted to the Medical Resegrch Council
of Canada for awarding me a Fellowship during'thefjeabs 1966~

1967 and 1967-1968.



INDEX

I<- INTRODUCTION ® & © o & & ° o o o & o o o e o

II - REVIEW OF THE LITERATURE ® e o o o s s 0 o o
A ~ COMPONENTS OF THE RENIN ANGIOTENSIN SYSTEM

1) Renin [ [ [ ] L ® [ ] ® L ® L] L] L ] L L [ ] L] L]

2) ANgiotensin o o o o o o o o o o o o o o

3) AngiotenSinase33. e ® o © ¢ ® o & o o o

4) Renin substrate (angiotensinogen) . . .

5) Renin h'Inhibitor ® & o o o o o o o o o o
B -~ METABOLISM AND FATE OF RENIN AND ANGIOTENSIN
C - SCHEMA OF THE ENZYMATIC REACTION o o o o o .

D - SOURCE OF RENIN‘. e o o o o ® @ o e o o o o

1) Structure of the Juxtaglomerular Apparatus.

a) Grenular Juxtaglomerular Cells « o o o .

b) Macula DensSa e o o o o o o o o o

c) Lacis Cell v« o o o o o o o o o o

2) TLocalization of renin in the kidney

E - METHODS OF MEASUREMENT OF RENIN . . .
F - CONTROL OF RENIN SECRETION « o o o o .

| 1) Baroreceptor TheorY o o o o o o o
2) Macula Densa TheOTY o o o o o o o o

3) Hormonal Control of Renin Release .

8) Angiotensin e« o o ¢ o o o o o o

b) Adrenal Mineralocorticoids . . e

PAGE

R A
G EFEHEEOwUw & uwwuw

W W WD O e R
N I I R I B - I N R



PAGE
Ll') NervouS System ® @ 6 o o & & ¢ o 0 o o e o 39
G - RELATIONSHIPS OF RENIN TO ALDOSTERONISM . . . 43

1) In Essential Hypertension and Primary"
AldosSteronism « « o o o ¢ ¢ ¢ ¢ ¢ o o o o o 43

a) Primary Aldosteronism « o« o o ¢« o ¢ ¢ ¢ o 43
b) Essential Hypertension e e o « o o o o« o 46
2) 1In Congestive Cardiac Failure o o o o o o o 49

3) InPregnacy.5.'.......m..... 54

III - INVESTIGATIVE SECTION &« o o ov6.c o o o o .o o« o 58
CHAPTERI—M:ETHODS o‘oooooooooooooqoo 58
A - CIRCULATING ANGIOTENSIN .‘...,. c e e e oe.s 58
B - PLASMA RENIN ACTIVITY 4 o o o o o o o o o« o o 58
l) MacrOtGChHique ¢ o o o o o o o o ® o o o o 58
2) MicroteCh.nique e .+ © o & o @ ©6.06 6 © © o @ 59
C = URINARY ALDOSTERONE &+ ¢ ¢ o o o o o o 5°0o o » 60
D - JUXTAGLOMERULAR INDEX o o o o o o o« o o o o o 60
E hand EI'ECTROLYTES [ ] [ ] L ] [ ] [ ] [ ® L J [ ] * [ ] [ ] L 2 o ® @ [ ] 60
CHAPTER II - PLASMA RENIN ACTIVITY AND INCIDENCE OF
ADRENOCORTICAL ADENOMAS IN HYPERTENSIVE
PATIENTS [ ] o [ ] [ ] * ® K] [ ] [ ] [ g L '. . ® ® -6 61
A - STUDY OF THE VARIATIONS OF PLASMA RENIN ACTIVI-
TY IN ESSENTIAL HYPERTENSION AND PRIMARY ALDO- -
STERONISM SYNDROME « o « « o o o o o o o o o « 61
1) Materials and ProceduUreS o o « « e« « ¢« « o 61

2)Results.................. 62

B - AUTOPSY STUDY OF ADRENALS IN NORMOTENSIVE SUB-
JECTS AND IN HYPERTENSIVE PATIENTS « e e o o s 68

l)Ma‘terlals............_....._ 68

2)RésultSoooooooooooooooooo 70



a)

b)
c)
d)
e)
)

Incidence of hypertension at autopsy |

room ® L ] L ] ) L ] L ] L L J L .» L ® ® [ ® .

"Abnormal® adrehals o 6 ¢ o o o o o
Adenomas o o o o o ¢ o o o o o o v o

NOdules ® * [ ] L J [ ] L ] L] L L) L ] [ ® * L ]

Mixed hyperplasi@ o« o o o« o o o o

Hyperplasia o L [ 4 ® L ® L] [ 4 L] [ [ ] L]

. C - DISCUSSION o [ ] L [ ] [ ] [ ] [ ] L] L] L L L L [ ] L L

1) Essential hypertension e« « « o o o o o «

2) Autopsy mateTial o « o o o o o o o o o o

CHAPTER I1I - DEVELOPMENT OF A MICROTECHNIQUE FOR
DETERMINATION OF PLASMA RENIN ACTIVITY

A - METHOD FOR ASSAY OF PLASMA RENIN ACTIVITY IN

IN DOGS AND APPLICATIONS o o o o o

ONE MILLILITER OF DOG PLASMA . o o o o o o

1) Materials, Reagents and apparatus . . .

2) ProcedUre o e o o o o076 o o o o o o o o

3)

2

b)

c)
d)

Substrate preparation . « o o o o .
Incubation mixture for plasma renin
activity and renal renin content

determination .« « o« « o ¢ o o o o .
Elution of angiotensin formed . . .

BioaSsSay o« o o o o o o ¢ o o o o o o

Experimental data concerning the renin-
substrate preparation . . . c o o e o .

a)

b)

c)

Pentobarbital anesthesia o« o « o o o o

Effects of Enovid (zﬁ Searle) angioten-
esthesige ¢« o ¢ o

sin and chloralose

Effects of various medications on the
substrate level and capacity of plasma
to generate angiotensin in nephrectomized

dogs L] [ ] L 4 L) L ) L] L] o o ® L e [ ] L L ] L

PAGE

70
71
71

71

71
72
72
72
74

75
75
76
78
78

79
81

82
83
83

85



4)
a)

b)

c)

d)

e)

£)

g)

h)
i)
5)
a)
b)
6)
a)
i)

ii)

b)

B - RENI
1)
2)
3)

Optimal conditions of the procedure . . .
Effect of pH on renin activity « « « o«

Effect of substrate concentration on
reaction veloCity e« ¢ ¢ o o s o o o o o

Effect of time on the formation of
angiotensin « « ¢« o o o o o o o o o o o

Effect of the concentration of renin on
the angiotensin formabtion « « o o« o «

Effects of different incubation media
on the formation of angiotensin . « «

Endeavours to eliminate possible -
interfering substances < ¢ ¢ ¢ ¢ o o &

Verification of the techniques of
washing, elution and freeze-drying
of the angiotensin « « o o o ¢ o o « &
Recovery of added angiotensin « « « « »
Reproducibility « o o ¢ o o o o o o o o
Results . ... e e o o o o o s o o o s o
Plasma renin SCtivity o o o o o o o o o
Renal renin content « o « o ¢ o ¢ ¢ o o
DiscusSsion o« o« ¢ o o o ¢ o o o o o o ; .

Sub Strate ] L . L] L) L] L [ ] L - L ] L L ) L] L ]

Kinetics of renin-angiotensinogen
reaction [ ] [ L [ ] [ ] o [ ] [ ] [ [ ] L ] * L ] ® [ ] L]

Studies on substrate concentration and
"capacity of angiotensin generation". . .

ProcedUre . « « o o o o o o o o o o o »
N ANGIOTENSIN SYSTEM IN NEWBORN DOGS < o
Materials and procedures e« o« o o o o o o
ReSultS o o« o o o.¢ o o o o o ¢ o o o o o

DiSCUSSIiON o« o o ¢ o « ¢ o & o o o o o =

PAGE
89
89

90
90
91
91

23

95
96
97
97
97
99

100

100

100

102
103

106

106
107

109



CHAPTER IV - STUDY OF ACUTE CHANGES IN RIGHT AND
ON RENAL VEIN
IN DOGS

LEFT ATRIAL PRESSURES
PLASMA RENIN ACTIVITY

A - MATERTIALS AND PROCEDURES .
1) Right atrium experimeﬁts

2) Left atrium expériments

a) Balloon « « o o o o o

D) Dilator ¢ o« o o o o o

B ~ARESULTS c o o0 o o o o o o
1) Right atrium experiments

2) Left atrium experiments

a) Balloon e o o o o o o

b ) Dil ator L ] [ ] L] L J L) L ] L4

C - DISCUSSION

CHAPTER V - STUDY OF PLASMA RENIN ACTIVITY
CARDIAC FAILURE IN DOGS

A - MATERIALS AND PROCEDURES

B - RESULTS &« ¢ o &

C - DISCUSSION . .

GENERAL DISCUSSION . .
CONCLUSIONS o o o o @

CLAIMS TO ORIGINALITY
BIBLIOGRAPHY o o « o o

PAGE

112
112
113
114
114
116
117
117
118
118
119
120

122
122

123
123

126
130

132
134



I5.

LIST OF FIGURES

FIGURE NO.
l. Follow-up of a 51 year old patient (V.H.)
for a period of 44 years « « « o o o « o «
2. Effects of posture, sodium restriction
and spironolactone on plasma renin
activity in a patient (V.H.) with "essen-
tial hypertension" . « o« o ¢ ¢ ¢ ¢ ¢ o o o
3. Cross-section of right and left adrenals
from a patient (V.H.) with "essential
hypertension” .« « o« o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o«
4, Effects of posture and sodium réstriction
on plasma renin activity in a patient
(L.L.) with "essential hypertension" . . .
5. Cross-section of right adrenal gland from
a patient (L.L.) with "essential hyperten-
Sion" ® & o e & & & o o © o S o o =& o o =
6. Renal angiogram of patient J.C. . . . . -
7. Schematized set-up for incubations of
renin activity determinations ... e.e o o »
8. Effect of substrate concentration on
angiotensin formation . « o« « o o o o o o
9. Effect of substrate concentration on
angiotensin formation .« « ¢ ¢ o ¢ o o o »
10. Effect of kidney extracts on substrate
Preparations o « o o ¢ ¢ ¢ o o o o ¢ o o o
11. Effect of hog renin on dog plasma < « « »
12. Effect of nephrectomy on substrate
concentration <« « « ¢ ¢ o e o o o o o o o
13. Effect of nephrectomy on substrate
concentration and capacity of angiotensin
generation.....v...........
14, Effect of pH on angiotensin formation . .

Effect of pH on angiotensin formation . .

PAGE

ola

e4b
65a
65b
66a
6”7a
8la
86a

86b

86¢
87b

89a
89b

90a
90b



FIGURE NO. PAGE

le. uEffect of substrate concentration on
the angiotensin formation « « o« ¢ o o o o 90c

1l7. Effect of time of 1ncubat10n on
angloten51n formabion o« o« o ¢ o ¢ ¢ o o o 91a

18. .Effect of increasing amount of crude
kidney extracts on the angiotensin
formabion o ¢ o « ¢ ¢ o ¢ o ¢ o o o o o @ 91b

19.. Effects of peritoneal dialysis on °
: plasma renin activity in newborn dogs.. . 109a

20. Effects of peritoheal dialysis on
renal renin content and Jjuxtaglomerular
index of uninephrectomized newborn dogs.. 109b

2l1. 4Exper1mental preparatlon for the study
of the effects of changes in right -
atrial pressure on renal venous plasma
renin 8Ctivitye o o o e o e o o o o o o o 113a

22. Apparatus devised for atrial dila-
tatione o o« o ¢ o o o ¢ ¢ 6 o 6 o 0 o o o 117a

23, Effects of changes in the right atrial
pressure on renal vein plasma renin
activity. . [ BN [ ] ® [ ] [ ] . *® ® ® [ ] L ] '. [ J [ ] [ ] 118a

24, Effects of changes in the right atrlal
pressure on renal vein plasma renin
BCEIVItYe o o ¢ o o e o o o o o o o o o @ 118b

25. Effects of changes in the right atrial
' pressure on renal vein plasma renin
acthlty.................‘ 1180

26. Effects of changes in the right atrial
pressure on renal vein plasma renin
actiVityo [ L] ® L] L J L J * L] [ ] * L] [ ] ® [ ] L ] [ ] 118d

27. Effects of changes in the right atrial
pressure on renal vein plasma renin
actiVityo e o ® e o e e ® e o o o o o o o 1183

28. Effects of changes in the right atrial
pressure on renal vein plasma renin
ac‘bivi‘by......‘......{.‘....' 118f



FIGURE NO.

. 29 e

50.

3.

32,

55

34,

55

360

37.

38.

39..

40.

. Effects of changes in the right atrial

pressure on renal vein plasma renin

wdactlv:.ty....ooo.'ocoooo'o.

Effects of changes in the right atrial
pressure on renal vein plasma renin
ACEAVIEY o « o ¢ ¢ o o o o o o o o o o o

Effects of changes in the right atrial
pressure cn renal vein plasma renin .
act iVity [ ] [ ] ) * [ ® [ ] [ ] [ J [ ] ® e L L] ® ‘.

Effects of changes in the left atrial
pressure on renal vein plasma renin
act iVity ] - L] L ] [ ] ® [ ] [ L ] L ] [ ] [ ] L J *® [ ] [ ]

-Effects of changes in the left atrial

pressure on renal vein plasma renin ,
BCHIVIEY o o« ¢ ¢ ¢ ¢ o ¢ o ¢ o o o o o o

Effects of changes in the left atrial
pressure on renal vein plasma renin-
actiVity L ] L J ® L *® L J L J . ® * * [ ] * * * ®

Effects of changes in the left atrial
pressure on renal vein plasma renin
act iVity [ ] [ ] ® L L] L ] [ ] L L o [ ] [ 4 L4 L] L] ®

Effects of changes in the left atrial
pressure on renal vein plasma renin
activity [ ] [ ] [ ] L J [ ] L J L ] * - [ ] L] [ ] L ] [ L ] ®

. Effects of dilatation of the left atrium

on renal vein plasma renin activity. . .

Effects of dilatation of the left atrium
on renal vein plasma renin activity. « »

Effects of dilatation of the left atrium
on renal vein plasma renin activitye. « o«

Effects of dilatation of the left atrium
on renal vein plasma renin activity. . .

PAGE

118g

118h
118i
119a
119b
11%¢c
1194

119e
120a
120b
120c

1204



' LIST OF TABLES

TABLE NO. ' - PAGE
. I - Plasma renin activity in response to

posture and sodium restriction in 8
normotensive subjects and 60 patients
with essential hypertension « « o « o o 63a

II - Age, plasma sodium and potassium, and
fasting blood glucose in patients with
essential hypertension . « e« o« o o o & 63b

III - Plasma renin activity and urinary
aldosterone excretion in patients with
essential hypertension . ¢« o o o o o o 6idec

1V - Incidence of "abnormal" adrenals in
hypertensive patients vs normotensive
patients at autopsy during 10 years . . 728

V = Sex distribution of "agbnormal® adrenals
found at au'bopsy ® ¢ o 0 ¢ o o o o o o 72b

VI - Plasma renin activity and arterial.
angiotensin level in nephrectomized dogs. 84a

VII - Stability of substrate preparation . . 87a

VIII - Effect of dilution on angiotensin

forma‘bion L] ® e o © [ L ] L] L] [ L ] [ ] L e L 92a .

" IX - Effect of sodium chloride and heparin o
on angiotensin formation e« ¢ « o o o o 92a

X - Effect of sodium chloride on angioten-
8in formabtion ¢ « ¢ ¢ ¢ ¢ ¢ ¢« o o o o o 92b

XI - Effect of sodium chloride, Tris-chlory-
drate, Tris-citrate and Tris-phosphate

on angiotensin formation « ¢ « ¢ o ¢ o 92¢

11 - Treagment of plasma with Dowex 50W-X2
(NH4 ) resin before incubation o« « o o 95a

. XIIT - Effect of soy-bean trypsin inhibitor
on angiotensin formation .« e o o o o 95b



TABLE NO. PAGE

XIV - Effect of soy-bean trypsin inhibitor
on the recovery of added angiotensin . 95¢

XV - Effect of the addition of EDTA and
acetic acid washing on the recovery

of added angiotensin « v« o o o o o o o | 96a
XVI - Recovery of added angiotensin in

incubations carried out at pH 5.5 . . 9%a
UII - Reproducibility . ® O o e ¢ o o e o e 97b

XVIII - Plasma renin activity of normal
CONSCious AOZB o o o o o o o o o o o o 97¢

XIX - Plasme renin activity in normal
conscious dogs under metabolic
balance and the effect of anesthesia . 98a

XX - Effect of light intravenous
anesthesia on peripheral plasma renin
actiVity [ ] L ] L ] [ ] * ® L ] L ] L ] [ ] ® L J [ ] L J .. 985

XXI - Renal renin content of normal 4ogs . . 99a

XXIT - Zonal distribution of renal renin
content in normal and angiotensin-
treated dogS o o o ¢« o ¢ ¢ o ¢ o o o 100a

XXTII - Various parameters before and after
peritoneal dialysiS e e « o o o o o o 107a

XXIV - Plasma renin activity, renal renin
content, juxtaglomerular index and
substrate concentration in newborn
dogs (12 - 48 hours 01d) v o o « o o » 108a

XXV - Plasma renin activity, renal renin
content, juxtaglomerular index and
substrate concentration in newborn -
dogs (8-15day801d)o.oooooo 108b

XXVI - Plasma renin activity in experimental
heart failure€e « o« « o o o ¢ o o o o 123a



I — INTRODUCTION

Eight years ago, the group of Genest (1l-4) demonstrated
that intravenous infusions of angiotensin consistently increa;'
sed aldosterone excretion in normal subjests. This finding,
goon confirmed by other groups (5-9) together with the deve-
lopment of sensitive and sSpecific methods for measurement of
renin activity (10), led toAa 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 disorder characterized by an autonomous
aldosterone~secreting adenoma and suppression of plasma renin
activity. The demonstration of suppressed renin activity
added to an increased aldosteronuria in primary aldosteronism
was extended to essential hypertension by Conn (11) and led
him to suggest that an important proportion (20%) of patients
with essential hypertension were, in fact, suffering'from
"normokalemic" primary aldosteronism., In secondary aldoste-
ronism, strong evidence suggested an important role of the
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 systém )
in essential hypertension and in experimental cardiac failu-

re. The variations of peripheral plasma renin activity under



standard basal:conditions and after stimulation by posture

-and so@ium};estfiction;were evaluated in a case of primary .
aldosteronism and in 60 patients with eséentiéi.hypénféh-

sion. A similar study was also done in‘an unusual case of
"primary aldosteronism". To assess the incidence of adrenal
adenomas in the hypertensive population, we have reviewed

the autopsy material provided by the department of pathoelogy

of the Hotel-Dieu Hospital of Montreal between the year 1955
and 1965.

A sensitive, specific and reproducible microtechnique
for the determination of nenin'activity in rat plasma was
recently developed by Boucher and coworkers (12). This
method allows serial determinations of renin activity on
minube amounts of plasma and is of great value in éssessing
the role of the renin-angiotensin system. The adaptation of
this method to dog has enablied us to stﬁdx the effect of
raising the right and left atrium venous pressufe on renal
venous blood renih activity, in an attempt to understand the
mechanism of high plasma renin activity and edema in cardiac
failure. The relationship between right auricular pressure
and peripheral plasma renin activity has also‘beeﬁ'investi-
gated in dogs with cardiac failure produced by the removal
of the tricuspid valve.

Since 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 index "in newborn dogs.



II - REVIEW OF THE»LITERATURE 

A - COMPONENTS OF THE RENIN—ANGIOTENSIN SYSTEM
l) Renln

In 1898, Tlgerstedt and Bergman (13) ascrlbnéathe term

'"Renln“ to the pressor substance obtalned from rabbits’ kid-

ney extracts. Renin remalned:dormant'for_56 years until
Goldblatt demonstrated expériméntay!renaﬁ;hﬂpertension by

clamping the renal artery (14). An increase of interest in

.the relationship of renin to-hypertension resulted from: this -

dlscovery and this led to a better understandlng of the che~

‘mlstry and enzymology of the components of the system. This

was: achieved mainly by the combined work of Page and Helmer,
and Braun Menendez. | )

Renin was identified as a proteln. It was found to,be
heat labile (13, 15-18), non dialyzable (13, 15-17), acid
and alkali labile (16) and insoluble in organic solvents
(13, 15-17). It was salted out with ammonium: sulfate at pH 6
at concentration between l.4 and 2.6 M CiB). The resiétaﬁce
to acid and alkali was found to be increased in the cold (18).
The moleéular weight of hog renin has been estimated oh
Sephadex column to be between 42,000 and 47,000 (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

valid purification method. The final product was estimated to

be 65% pure by electrophoresis. This method has not been



widely used because it is difficults and tedious. Purity was
however increased approximately 56,000—fold by this method.
Peart and cowerkera.(al) achieved a 44?Ood;fold purification
of hog renin. On starch gel electrophoresis, their final
product migrated with the pre-albumins. Their purification
preduct was found to be unstable even in the cold. Four
ferms of renin were obtained by chromatography of purified
hog kidney extracts on diethylahinoethyl (DEAE) cellulose by
Skeggs and coworkers (22).‘The rate of reaction of each form
with renin-substrate was similar.

Freezing and thawing severel times improved the extrac-
tability of renin from kidneys and renin can be extracted
with water (23).

2) Angiotensin

The vasoconstrictor substance ebtained from incubation
of plasma with renin}"in vitro™ was shown by Page and Helmer
(24) to be heat staﬁle, water and alcohol soluble and dialy-
zable. At the same time, Braun Menendei and coworkers (25)
showed the presence of a potent pressor substanceiin acetone
extracts of plasma of animels bearing an ischemic kidneye.
Angiotensin was also found to be highly soluble in acetic

aeid, insolﬁble in organic solvents, acid stable and alkali

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

troy angiotensin rapidly (24).

Purification of angiotensin was achieved and its struc-
ture elucidated in horse (27, 28), hog (29, '30);, beef (31, 32)
aﬁd human (33, 34). Thig proﬁuct was a decapeptide (engio-

tensin I) and the sequence of amino acids was identical in
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horse, hog and human. Beef angiotensin differed ohly in that»
valine replaced isoleucine in position 5. o

‘Since thevabiliﬁyiof angiotenéin‘I tb induqevaspcéns; ;
triction in a perfused rabbit?’s ear was restored by'plasﬁa
or plasma fraction, Page and Helmer (35) cdncluded.that an
angiotensin activator was present in the blood. Skeggs and
his group (36) confirmed this hypothesis. by the isolation
and purification of angiotensin I, an inactive @ecapeptide,
and angiotensin II,_an active. octapeptide. They also esta-
blished thé.rapid conversion of the decapeptide into the oc-
tapeptide after removal of-fhe last two amino acids by a chlo-
ride ion dependent enZyme contained in the plasma (36, 37).
The& dallediit'converting enzyme. Studies on the effect: of
angiotensin on rabbit aortic strips further demonstrated the
existence of the two forms of the peptide.(58), When injec-
ted intravenously, angiotensin I and II are equally pressor,
since angiotensin I is converted to angiotensin II by the
presence of converting enzyme in plasma (38-40).

Naturally-occurring angiotensins and many of their ana-
logues were synthesized. An extensive review of the synthesis
of angiotensin and its analogues was published recently (41).
One of these analogues a-asparagine-l-valine-5-angiotensin II,
shown to have identical activity to the natural: angiotensin,
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-



tion decreased 1nversely w1th the tlme of 1ncubatlon (24, 42).

QThls phenomenon was due to the destructlon of angloten51n'bv

proteolytic enzymes called angloten81nases. The optimal pH of

angiotensinases found in plasma, red blood cells and tissues

was from 7 to 8 (26, 43-46), whereas the optimal pH of those
found in the kidney was 4 (46). The tissue angiotensinases
are only partially inhibited by EDTA (44). |

An eminopeptidase with a high degree of specificity was
found in the plasma and red cells (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-
tracefic acid (EDTA) and reactivated by the additien'of cal-
cium ions. A second plasma aminopeptidase was partially
separated from angiotensinase A by chromatography on Sephadei
G-200 (48, 49). This enzyme required calcium ions and hed an
optimal pH of 6.8. It was suggested to call this enzyme, angio-
tensinase A, (49). A third enzyme found in plasma had a chy-
motryptic-like activity (49, 58) 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-b.

Using various eleetrophoretic systems, the maximum peak
of angiotensinase activity was located in the a-l-globulin~
fraction in normal plasma (51, 52). In plasma with increased
angiotensinase activity, some was detected in the B2-globulin .
and albumin fractions (52). This further supported the exis-

tence of various enzymes in the plasma.



Anglotensln was found to be 1nact1vated “1n v1tro" by

'.tryp91n (25, 53, 54), pep81n (26, 53, 55), amlne oxydase x

and tyr081nase (56).

The action of the angloten51nases can be completely or
partially overcome by acid treatment at pH 4.0.(26),'939 of
charcoal (57), DFP (58), EDTA (44, 10), and Dowex SOW-X2
resin (NH4+) (10). Epsilon amino ceproic acid was found to
be a powerful inhibitor of phasma angiotensinase whereag'
mercury (in'the form of meralluride@\iﬁhibited 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 specific inhibitor of angiotensinase has been found.

4) Renin Substrate (Angiotensinogen)
Renin substrate was shown by electrophoresis to be

composed of ae-globulin (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 wag 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 Lfter chromatography on a column of DEAE cellulose
aﬁ PH values characteristic for each type. A molecular 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 I upon subsequent



incubation with renin (66, 67). The first 10 amino acids

B were 1dent1ca1, and- in the same sequence, as those found

in angloten31n I. The tetrapeptlde was attached to the G-
terminal leucine of angiotensin I. The structure of the
tetradecapeptide was conflrmed by synthe81s,g67-69), and
thus established the fact that renin acted at a leucyl-
leucyl bond of the molecule to libefaté angiotensin I,

The substrate concentfation in plasma is not necessa;
rily in’inverse relation with the renin concentration,
Pathological conditions, in which a high plasma renin acti-
vity is found, could be associated with high, normal or low
angiotensinogen concentration. In pregnancy, the substrate
level 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 cf renin substrate. During the terminal phase of
malignant hypertension, the substrate is found to be increased
(71, 43). In contrast, angiotensinogen concentration in dog
is not significantly altered by narrowing the renal arteries
(76, 77). A reduction of the renin-substrate is reported 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 ahd 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., Nephrectomized rats increase their substra- -

te level in the first eight hours after nephrectomy and no
further inérease is detected after 8 hours (78). 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 substratelbondeﬁtration (83, 84, 74,
78). Normal levels of substrate concentration aﬁe 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-

nals. Similarly, low sodium intake reduces substrate whereas

'sodium load and DCA overdosage increase it 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 renin generated more angio-
tensin than normal rat plasma. By dllutlon experlments, they
observed that this difference was not soleLy due to the . |
increase in substrate concentration following nephrectomy.
They concluded that plasma from nephrectomized rats contained
a factor accelerating the angiotensin formation or converses
1y 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 angiotensin. This finding was confirmed by Pickens

and coworkers (70) and Bumpus (87). Furthermore, the addition
of a relatively small 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 after 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 1lipid 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

suggested the presence of .a rat renin“inactivating systeﬁ;'zj”

" The incubation system used by these authors was, however,’

incompletely protected from angiotensinases and their fin-
dings require further confirmations.
B ~ METABOLISM AND FATE OF RENIN AND ANGIOTENSIN
Only few and incomplete data on the metabolism of reniﬁ
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 disappeared almost completely within
30 to éo minutes (91, 92). Endogenous renin disappears at a
similar rate in rats, but injectibn of large doses of renin
remains in circulation up to 2 hours (93%).. Nephrectomized
and uremic dogs retain exogenous renin for a longer period
(92). In the intact énimals, 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 of exogenous 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 hepatic, portal and

renal vein of anesthetized dogs during infusion of renin or
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rable amounts of "renin-like" substances are detected in the
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the importance of the kidney as & factor controlling the
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plasma renin activity in an artery and hepatic, portal and

|
renal vein of anesthetized dogs during infusion of renin or
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stiﬁulation of endogenous,renin secretion induced by intra-
venous 1naect10n of chlormerodrln. They have observed no_v
dlfference in the levels b; plasma renln act1v1ty between ;l;;'
the artery and portal vein, but a significant difference
between the arterial and hepatic venous renin during control
periods and after stimulation of renin secretion or infusion
of renin. They have concluded that the liver is the major
site of renin inactivation.

Angiotenein is inactivated "in vitro" 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 shorﬁ pressor response to angiotensin compared to renin
in the whole animal (96). In normal rats, infusion of a
large dose of tritiated engiotensin is taken up immediately
by the adrenals and secondarily 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 cencentration of the labeled peptide ih the
kidney and adrenals suggests that they may represent the
target organs or 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, head, part of the body below the
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~diaphragm . (96) and llver (96, o8, 99) is cleared, whereas
lung (98, 96). retalns only a small: fractlon. The lung has -
| been suggested, recently, as an important slte where con-
version of angiotensin I to II takes place (190).

C - SCHEMA OF THE ENZYMATIC REACTION |

The enzyme renin acts upon & leucylrleucyl bond of a
supstrate, called angiotensinogen or renin substrate and
lpreduced by the liver, %o form angiotensin I, & decapeptide.

The decapeptide, without any known biological.activity,
is rapidly transformed to a powerful vasoconstrictive octa-
peptide, angiotensin‘II, by a chloride ion dependent'enzyme
contained in the plasma, and known as convertlng enzyme.
This enzyme removes two amino acids from the C-termlnal of
the decapeptide. Angiotensin II, one of the most potent vaso-
pressors, is the effector hormone of the system. It is inac-

tiveted 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 eangiotensinases play an important role in the

"in vivo" destruction of angiotensin.

As the research evoives, the classical representation
of the enzymatic system is becoming complex. The presence 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 phospholipid. |

P - Converting
Renin Enzyme Angiotensinases
Angioten- 1 ) ) -lCl ] ) Inactive
sinogen f Angiotensin I »——Angiotensin I'.E--——»Fragments

L(inhibition)
Lysophospholipid
<«————Phospholipase A

Phospholipid - |

It appears thus that the angiotensin formation in under
the influence of many factors énd the importance of each fac-
tor on the formation of angiotensin is still unknown.
D. - SOURCE OF RENIN

Despite the description of renin-like substances in dif-
ferent organs (1014105), 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, comparisoh
between renin content of the kidney and juxtaglomerular gra-—
nulations, and cell culture. |

1) Structure of the juxtaglomerular apparatus

The juxtaglome:ular apparatus is located on the hiiar,’
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
cells found between the macula densa and the glomerulus.
i a) Granular auxtaglomerulafhcells | _

The juxtaglomerular cells were‘orlglnally‘deeeribed by
Ruyter (104) in mice and by Oberling (105) in humen;‘The jux-
taglomerular cells aﬁe recognized by the presence of staina-
ble granules and by their location in the media of the affe-
rent arteriole in close proximity to the glomerulus.

Goormaghtigh (106) noted thevpreeence of granules in
these dells'and emphasized their poseible;secretory nature.
Moreover, on the basis of light microscopic studies on rabbit
ischemic kidney, he suggested a;secietory cycle. The cytolo-
gice characteristics were found to be compatible with such a
secretory function in electron microscopy, by Oberling and
Hatt (107).

b) Macula densa

This structure is formed by the specialized area of the
distal tubule in close contact with lacis cells and Jjuxta-
glomerular cells. Macula .densa was first described by Peter
(108) and Zimmerman (109). It wes characterized by thewtall
columnar epithelial cells'and the uuelei-lying close together.
The Golgli apparatus of these cells are located on the basal.
side of the nuclei rather than apical as in the other tubular
cells (110, 107, 111). 4An incomplete'basement membrane bet;
ween juxtaglomerular and macula densa cells was observed (112,

107, 113), thus suggesting a functional relationehip between
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these two types of cells, The evidence p01nt1ng toward a
'functlonal relatlonshlp between the two types of cells w111
be discussed further in the control of renin secretlon.
¢) Lacis cells

These cells were thought by Goormaghtlgh (114) to ve
' neural elements. The term Polkissen or "polar cushion® was
used by Zimmerman (109) to represent the complex formedAby
the jﬁxtaglomerular cells and the lacis cells. The lacis
cells were originally described as agranular cells and gis-
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 (107). Oberling and Hatt
(107) 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 purely
morphologic basié. In early studies, renin was detected in the
renal cortex whereas it was absent in the medulla (13, 16).
: Cook and Pickering (115) introduced magnetic iron oxide into
the renal arter& and removed selectively ground kidney frag-
ments with an eléctromagnet. The glomerular fraction (magnetic)
contained nearly all the renin whereas the tubular fréction
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 contalnlng the vascular pole. Moreover, by
selectlve destructlon or 1solatlon of ‘the glomerular tufts,
renin was found located outside the glomeruli (116, 117).
Bing and Kaziméfczack'(lls) were sble to separate, by dis-
section, the Jjuxtaglomerular 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 glomeruli and showed that the glo-
meruli of the outer part of the cortex contained more renin
than those of the inner part. Thej 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 juxtéglomerular apparatus as the source of
renianMarshall and Wakerlin (121) were the first to find.a
good corrélation between reﬁal renin content and juxtaglome;
rular cell granulations and they noted similarities in the
solubility characteristics between canine renin and Jjuxtaglo-
merular cell granules. Juxtaglomerulér index and renin content
of the kidney were found to be increaséd in ischemic kidney
(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 (130), these two parameters were found to be decreased..

’ Thls type of ev1dence may be consldered as indirect or
'clrcumstantlal,_but it is supported by the fluorescent anti~
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 antl-rabblt globulln.
They found specific staining almost exclu51vely 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 (132). 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 (;54)valso found specific staining only in the gra-
nulated juxfaélomerular and macula densa cells.

The ability of cells from human renal cortei to 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, abundanf 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.
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Before closing this section, we have to stress that

in certain condltlons, auxtaglomerular cell granularlty,‘,:.
renin content of the kldney and plasma renin act1v1ty are
not always altered in the same manner. Especlally in acute
experiments, renin release is not always in parallel with
the.renin content of the kidney or juxtaglonerular cell
granularity. Fcr example, acute sodium depletion induced
in rats by peritoneel dialysis, hemorrhage or thirst, in-
- creases the pressor activity of the plasma without affec-
‘ting'ﬁhe renin content of the kidney (86, 13%6). Fisher (137)
dccs not find any significant change in the granulation of
the Jjuxtaglomerular cells after peritoneal dialysis whereas
Ménard and coworkers (138) find a marked increase in plasma
renin activity despite an unchanged Jjuxtaglomerular cell
granularity. Rosenthal and coworkers (13%9) observe a 3~-fold
increase of plasma renin activity, contrasting with an un-
changed juxtaglomerular index in rats injected with fursemide.

E - METHODS 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 animals 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 renin 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 over all these methods and we shall
mention only;the_original,and most recently described methods, .
since the older ones were neither sehsitive nor reproducible.
The direct methods consist of the injéétion of partial-

ly purifiéd renin into the test animal. The concentration of
renin is assessed by the rise in blood pressure induced by
the "in #ivo" angiotensin formation. The most specific direct
method was described by the group of Haas and Goldblatt (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 selected trained dogs, this method was used only in a few
laboratories. Moreover, since renin concentration is low in
plasma, 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 with. some form of substrate, angiotensin being formed
and assayed as such. Homologous or heterologous 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 and semi-quantitative method for the
determination of circulating renin was evolved by Helmer éhd
Judson (43). Heparinized plasma was dialysed against cold
water for 18f20_hours.,The dialysate was centrifuged and the
supernatant made isotoni¢ by the addition of aédium'chloride.
Samples of 10 ml were-then incubated at 37° C'for‘oné'hour
at pH 5.5. The reaction was stopped by boilipg.'Tﬁe angioten=--
sin formed was assayed on spirally cut strips of rabbit aorta
or by the blood pressure assay in a 2-day nephrectomized
pithed cat when the‘plasma had a high renin content. |

The first quantitative and;reproducible method for mea-
surement of plasma renin activity was set up by Bouchér and
coworkers (10). They démonstrated that Dowex450W3X2'(NH4+)
resin did not interfere with the enzymatic reaction when added
to thé,incubatiog mixture for absorption of the angiotengin.
formed during  the ingubation and complete.pnotectién from
degradation by the angiotensinases. In BQucher?é procedure
blood was rapidly cooled (0-5° C) to prevent the'action of
renin on the substrate, cgilected on EﬁTA and then centrifu-
ged at 0-5° C. Ten ml of plasma were adjusted to pH 5.5 at
0-5° C and then incubated in presence of 4 ml of moist Dowex
50W-X2 (NH4+) resin at 37° C for 3 hours. When enough plasma
was available, a 2-hour incubation was carried out. The angio-
tensin formed was abéorbed on the,resin; After"the incubation
period, the incubation mixture was.transferfed to a glass
column, and the angiotensin éluted. The eluate was then con-

centrated and the dry residue was diluted in 20% ethanol and
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assayed on 2 nephrectomiéed rat. This simple method was

shown to be highly sensitive and reproducible, and showed

' ,recoveries of 80-85% of added angioten51n.

Two methods described by Warzynski, Demiraian and Hoobler
(142) and by Yoshinaga and coworkers (143) used an incubation
mixture essentially 1denticalrto the one of Helmer and Judson
(43). They improved the method by extracting the angioténsin
{formed with butanol (142, 145), petroleum ether (143), then
the aqueous extract was fractionated on . a column of Dowex
resin 50W (H+ form) and the anglotenSin eluted with sodium"'
hydroxide (143) Warzynski et al (142) claimed that ‘the bue
tanol.extraction excluded atypical pressor substances.

' Fasciolo et al (144) 1mproved their first procedure by i
acidifying the plasma (pH 3.8 at 25° G for 30 minutes),
procedure shown by Le101r,and coworkers_(l40) to .inactivate
the angiotensinases., The plasma:pH Was.then adjusted to 5.1.
One aliquot was not—inCubatea and served as a controlJ,The
ofher aliquot was incuhated for 2 hours at 37° Co In both
samples, anéiotensih was purified by the method_of Scornick
and Paladini (145) and pressor activity was measured'using:
the arterial bloodepressure of,anesthetized rats.

A most elaborate improvement in Helmer’s method was
done by the group of Lever an%/Brown (146, 147). This mehhod
involved the preparation of a semifpurified'extraot of the
enzyme fromjthe blood, a procedure which was time-consuming
and required’ a large amount of heparinize& plasma €25 ml).

One ml of the renin preparation'was'ad@ed to 4 ml of an ox
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substrate preparatlon which provzded an excess of substrate
and the mlxture was 1ncubated at 37° C for perlods of 30 ml-?f,
nutes up to 96 hours accordlng to the concentratlon of renln”
in the sample tp be assayed. The pressor activity formed was
then measured iﬁ”a gangiion-blocked rat. This method was des-
cribed orlglnally in the rabbit (146) and was applied to hu-
man (14?)

A method for détermination of renin activity 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‘procesé of plasma obtai-
ned from 4 to 6 ml of blood, and in the use of a purlfled
rabbit renin substrate (149). The renin extract was 1ncubated
with the substrate for various time 1ptervals up to 200 hours-
The reaction was stopped by freezing and the pressor activity
was meésured in ganglion-blocked rats.

A simple method, both sensitive and reproducible, was
set up by Pickens and coworkers (70). Plasma from 20 ml Of-‘
heparlnlzed blood was dialysed in the cold for 24 hours against
EDTA and then against distilled water.for another 24 hours.
_Follow1ng centrlfugatlon 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 igggpat;d‘
for 4 hours at 37° -C. The reaction was stopped by boiling.

The supernatant was evapofated and then éissolved in distil-
led water and asséyed 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_0365‘ml‘v
aliquot‘bfidialysed se:umVWas incubated with a partially
purified hog substrate in presence of phospﬂate buffer and
phenyl-mercuric acetate (used as a bacterlostatlc agent) at
PH 7.5 and 38° C for 16 hours. The 1ncubatlon mixture was
then heated in a boiling water bath and the supernatant was
measured by & direct rat pressor assay.

In éil’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 detérminations‘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 0.1l ml of plasma, when incubated over a 12-hour
period with an excess of homologous substrate, ﬁill form de#
tectable amounts of angiotensin. The latter is protected
from proteolytic degradation by the addition of Dowex resin
50W-X2 (NH4+) to the incubation and is measured by the rét
pressor assay. A rat renin-free substrate, prepared according
to the procedure of Haas and coworkers (150) %rom nephrecto-
mized rats, is employed. The procedure is highly reproduci-
ble, sensitive and specific,

It is admitted by most workers that the current indi-
rect methods do hot measure the renin "concentration" in:
plasma but rather the "effective renin activity" which is a
summation of known and unknown factors involved with the

engymatic reaction.
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, The angiotensinase is one of the factors that has been
efflclently controlled in the recent methods, by the use of
EDTA DFP or Dowex resin. In those methods where the action |
of angloten31nase was prevented or 1nh1b1ted the sen31tiv1-.
"ty and recovery were greatly improved. This fact is 111ustra-
ted by the low recovery of added angiotensin with the method
of Yoshinaga et al (143) (30 to 35%) cohtrasting.with those
found by Boucher et al (10)'(84%), and Piekens et al (70)
(97%).

In every method, the bio-assay of angiotensin is'timeé
consuming. A physico-chemieal method would improve and ad-
Vantageouslg replace the bio-aseay of engiotensin. Radioim-
munoassaj shows greet ﬁfomise. Three groups of workers suc-
ceeded recently in producing anti-angiotensin and fﬁrther
meesuring the circulating angiotensin (151-153), Angiotensin
alone'is too small a peptide to be antigenic, but when the
peptide is coupled to a protein or polymer carrier molecule
or to a microparticle of carbon, the induction of antibodies
to angiotensin II takes place (152-154). Antibodies produced
in this way have been shown to cross react with.native angio-
tensin II (152-156) whereas angiotensin I displays much less
affinity for the antibody (151-153). In these methods, anti-
angiotensin is allowed to react with labeled angiotensin. The
addition of unlabeled angiotensin then displaces the labeled
one from the complex and a quantitative relationship could be
demonstrated between the amount of unlabeled angiotensin ad-
ded and labeled angiotensin released from the complex. Valot-

ton et al (151) extended their assay of angiotensin II to the
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measﬁrement of plasma renin activity. The plasma was incu-~
bated according to Boucher’s method (10). The values oﬁtai—
ned in normal subjects as well as in various clihical situa-
tions were. much lower than expected. In the iﬁdirect methods
(10), the éoncentration of converting enzyme is not control-
led, and most probably the angiotensin formed is a mixture
of both angiotensin I and II. This mixture is not affecting
the final value of plasma renin activity in the conventional
methods since, as far aé the biological assays are concerned,
the excess of converting enzyme in test animal (38—40) will
convert angiotensin I to II. The application of the radioim-
munoéssay to renin’asséy'should be possible but one>must
ensure tﬁat angiotensin II is the final product of incubation.

A preliminary report of a direct rénin antiserum asgssay
in dog washpublished by Keutel and coworkers (157). The una-
vailability of pure rénin makes such a method hazafdous.
Moreover, the fluorescent labeled y¢fraction of the antiserum
used by Keutel et al (157) reacted with antigen located in
the tubules near the glomerulus put not in the juxtaglomeru-
lar apparatus.

F - CONTROL OF RENIN SECRETION

With the paramount importance of the renin-angiotensin
system in different physiological and pathological statés
and because of its major_réle 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 Thedry | \

The early experiments of Goldblatt et al (14) with re-
nal artery clamplng 1ntroduced as X loglcal hypothe31s that~;-z
1schem1a was the main stlmulus for renin release. This was
contradlcted by Huldqb:o and Braun Menendez (158). In dogs
Bregthing 6-8%»02 or 2-5%4002 and in dogs treated with cya-
nide, no increase in renal pressor activitj was detected.
This lack of effect of ischemia on renin release was later
confirmed by Skinner and coworkers (159)..

Kohlstaedt and Page (160) first claimed that & decrea-
se in pulse pressure was the stimulus for renin release in"
perfused dbg kidneys. Tobian and coworkers (161-163)‘gave
strong evidence of the role of the mean renal arterial pres-
sure in renin release and postulated4that'the Juxtaglomeru-

- lar apparatus by its situation in the wali of afferent
arteriole would act as a baroreceptor or a stretch-receptor.
In their experiment, fhey observed that a high perfusion
pressure reduced significantly the granulation of thé Jjuxta=-
giomerular cells in the isolated kidney. Skinner, McCubbin
and Page (159; 164, 165) produced supporﬁ for the stretch-
receptor hypothesis. They (159) reported that a reduction

of pulse pressure witﬁout any éhange in renal mean arterial
pressure and blood floﬁ, did not release renin whereas a
slight reduction (10 mmHg) in_mean renal arterial pressure
was adequate to release renin. They showed that renin releaéé
was not stimulated by virtual abolition of pudse presSure
achieved by vagotomy and aortic constriction. Also the admi-
nistration of a ganglion-blocking agent and stimulation of

the peripheral end of a severed vagus in order to increase
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‘the pulse pressure, d1d not prevent the 1ncrease 1n renln
arelease when the mean renal pressure was decreased. Toblan
(166) claimed that on the basis of the stretch-receptor
theory,. he could,explain the conditiohsﬂeharacterized by an
increase or a decrease of renin secretion, but still some
experimental findings remained unexplained. In uni-nephrec-
tomized rats, no increase in renin release and renal renin
content is found after clamping the artery ofvtheiremaining
kidney (86, 167-169). Also the lack of increase in the jux--
taglomerular index after clamping the aorta above both renal
arteries (170) is not explained by the streteh-recepfor
theory. | |

In the light of the baroreeeptor theory, the role of
the plasma volume in the regulation of renin release has been
discussed. With the demonstration that plasra renin activity
or circulating angiotensin is suppressed in primary aldoste-
ronism (11, 171-174, 147), the control of renin release by
the plasma volume became challenging, since in primary aldos-
teronism the plasma volume is known to be expanded (175; 176).
In the same line of evidence, it has been demonstrated in
man, that stimulation of plasma renin activity induced by
ethacrynic acid couid be prevented by plasma volume expan-
sion (177) and in rate, the expansion of plasma volure pre-
vents tﬁe 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 difficult to explain since plasma volume



29—

is increased (182, 183). Similarly, in congestive heart
_fallure, the plasma volume 1s normal or increased and could
not explain the hlgh values for arterial angloten51n 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 physiological saline
to a 0.42% solution of sodium chloride (188). In this expe-
riment, the plasma volume was not measured although they
reported the volume expansion to be sufficient to suppress
the release of ADH. Vender 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 perfusion pressure have an effect on sbdium excretion
unrelated to the variations in glomerular filtration rate |
(190-193). The tubular sodium concentration is decreased in
isolated kidney prepérations perfused at low pressure, &as
demonstrated by stop-flow techniques (194). The anatomy of
the juxtaglomerular appamatus sdon 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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juxtaglomeruaar cells.

The. flndlngs suggestlng the macula densa as the struc- .-

ture responslble for renin secretion are nUMErous. An 1nt1-:*
mate anatomical relationship between the macula densa and
juxtaglomerular cells has been demdnsﬁrated by light and
electron microscopy (107, 111, 113, 197). Moreover, an
incomplete basement membrane between jﬁxtaglomerular and
macula densa cells was observed (112, 107, 113). A distinct
separation between both types of cells was difficult to find
in some places, and may have been absent in that 1nfold1ngs
of the membrane of both cell types often appeared conti-
nuous. McManus (110, 198) described an uﬁusual location of
the Gdlgi 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 cell. In adrenalecto-
mized rats, the presence of deﬁse cytoplésmic 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 invefse relationship between
the length of Henle’s loops and the number of Jjuxtaglomerular
cell granules. These granules were more numerous in the
outer cortéx than in the juxtamedullary 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
juxtaglomerularvcell graﬁules is reached at about the third
week of extré;utefiﬁé;iife?.a timéwhigh;cqrﬁelatéégﬁifﬁ fheﬂj:
matﬁiatioh time‘of the long Henle lgops in.rats“(202); énd” |
the onset of maximal urinary concentrating ability in humané
(203). Bing and Kazimierczark (204) found renin in the ouﬁer
cortex of newborn hog kidneys despite the absence of Juxta-
glomerular cell granules in that area.

From an histochéhical ﬁoint of view, a positive corre-
lation hag been established between the granularity of Jjux-
tdglomerular cells, renin content of the kidneys:and enzyma-
tic activity ofAthe macula densa cells under different expe-
rimental conditions (205-209). Such a relation between'plasma
renin, glucose-6-phospﬁate dehydrogenase and juxtaglomerular
index was not observed,xhowever, by Ortega (210) in adrena-
lectoﬁized rats if sodium chloride was not added to the diet.
In these animals, plasma renin and glucose-6-phosphate dehy-
drogenase increased moderately despite an almost complete
dégranulation of the juxﬁaglomerular apparatus.

The macula densa is ideally located to receive informa-
tion from the tubular urine and thereby, influence the acti-~
vity of juxtaglomerular apparatus. The anatomical and histo-
chemical evidence, repérted above, suggesting a functional
relétionship between the macula densa and the Jjuxtaglomerular
apparatus led many investigators (195, 196, 107, 111, 189,
208, 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-~
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tration of fhe tubular fluid passing through. By mathemati-
cal analy31s of avallable experlmental data from thelr own
studles and from others, Guyton and coworkers ‘(213) conolu-
ded that the autoregulatlon of renal blood flow was most
probably controlled by an osmotic feed-back at the site of
the macula densa, although they could not rule out the pos~-
8ibility of a sodium feed-back as well. Although renin ap-
pears to be located in the juxtaglomerular cell granules,
the possibility that renin could be actually synthesized in
the macula densa has not been ruled out (see 1ocalization of
renin in the kidney, page 16). |
Strong evidence attesting the role of the macula densa
in the control of renin release has recently been reported.
Vander and Miller (189) found that osmotic diuretics, aceta-
‘iolamide and chlorothiazide reversed or prevented the stimu-
lating effect of a_suprarénal-aoitio constriction on renin
rélease. They also demonstrated that other osmotic diuretics
such as mannitol, sodium chloride or sodium sulfate were
without effect on the base-~line lievel of pressor activity in
the renal venous plasma. In their experiments, they found
only a positive reciprocal. correlation between the renal
venous plasma pressor activity and the sodium and water ex-
cretion, whereas little or no correlation was found with
mean arterial blood pressure, plasma volume, plasma osmolali:
ty or sodium concentration, glomerular filtration rate and
renal plasma flow. The effect of diuretics or sodium chloride

infusion in preventing or reversing the usual renin release
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induced by a decresed renal perfusion has been confirmed by
White (214), by Vander and Luciano (215), and by Tobian (216).
Vander (217) also showed the osmotic diuretics to be eifecfi-
ve in reversing the rise in renin release provoked by intra;
venous infusions-of gdrenaline or nor-adrenaline and in pre-
venting the same rise iﬁduced by renal nerve stimulation.
Van@en_(2l8) bropbsed that the signal sensed by the macula
densa would be the sodium load and a reciprocal relationship
would exist between thé sodium load presented at the macula
densa and the release of renin.

Vander and Miller (189) reported also that increased
ureteral‘pressure stimulated the pressor activity measured
in the renal vein. Vander (218) claimed, however, that the
increased intrarenal pressure was without effect on renin
releasé since both, occlusion of the ureter and osmotie.diu-~
reticé, had an opposite effect on renin release. Leyssac (219),
on the other hand, postulated that.a decrease in distal
intratubular pressure might increase production of renin by
a chemical or electrical mechanism at the macula densa. This
was supported by the éinding that in a clamped kidney the
proximal peritubular capillary and intratubular preséures
were identical Whereés the distal intratubular pressure was
decreased as much &s fiftj per cent.

The strongest evidence implicating the macula densa,
although no renin determinations wgre.done, was provided bj
the group of Thurau (220, 221). They used an original ap-
.proach to study the:autoregulationlof renal blood flow. They
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first 1njected by mlcropuncture, the early prox1ma1 eonvo-
‘lutlon of a nephron with llssamlne, whlch permltted them |
to 1dent1fy the distal tubule of this same nephron. Although
the macula densa of the mammallan kidney is not accessible

to micropuncture, the sodium concentration of its tubular
fluid was varied by retrograde microinjections of various
fluids. The effect of these stimuli at the site of the macula
densa was inferred from the quick collapse of the proximal
convolution of the same nephron. This cellapse waé interpre-
ted as a sharp consﬁriction of a pregloﬁerular arteriole
reducing the glomerulér filtrapion.’They obtained a positive
reaction with an injection of 150 mM/L of sodium chloride or
sodium bromide solution. The reaétion observed with the NaCl

- 8olution 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 solution was
'ﬁrogressively reduced below 150 mM/L, the effect was progres-
sively reduced. The effect was specific in that it did not
affect the other convolutions ndf'belonging to the injected
tubule. Moreover, the reaction was specific for sodium chlo-
ride since choline chloride, sodium sulfate or potassium
salts did not cause the collapse of the proximal tubule. Iso-
tonic mannitol was devoid of effect an& 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 completevdisagreement with Vander’s
theorye. Admiftedly, both approacheavare differént. Schnerménn,_
and Thurau (220, 221) studied the phenomenon with a single |
nephron whefeas, the whole kidney was used in Vander’s work.
It is:known that renin is mostly located in fhé.guter cortex
glomeruli (119, 120), but in clipped kidney, renin content of
the deeper glomeruli increases (222). Quanfitatively and quaé
litatively, it is possible that the response of the outer coro
tex juxtaglomerular apparatus differé from that of the deeper
ones. Hence, when working with a single superficiél nephron,
it becoﬁes 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‘soﬁe 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 stili péssible to increase the juxtaglomerulgr
cell granularity by adrenalectomy (226).

Before concluding this discussion‘on the role of the

macula densa in controlling renin release, a word must be



*36?

said about the juxtaglomerular apparatus as a possible
"osmoreceptor" controlling;renin‘:eleése.'It’hasfbeen empha~"
sized that the'juxtaglom“e‘rdlar cells cOu'ld“ be sensitive o
plasma sodium changes. Hartroft (227) 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 adrenalectomized, uninephrectomized rats, made hypertensi-
ve by DCA and cortisone, the‘juxtaglomerular cell granula-
rity 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 éranularity'

of the juxtaglomerular cells of the intact and clipped kid-
ney without affecting the blood pressure (229, 230). An inverse
relationship between:natremia gnd plasma renin activity was
claimed by Brown et al (231). But definite and convincing
evidences against this concept were provided; Meyérvet al
(177) found a quick increase in plasma renin and hematocrit
within 30 minutes following the intravenoﬁs injeqt;onwof
ethacrynic acid in normal humans. The natremia was not affec-—
ted by the medication. When ethacrynic adid was administered
concomitantly with a 3.5% solution of polyviny}-pyr&olidone,
the plasma renin activity paralleled the hemaﬁocrit values
which increased in one patient and decreased in the other two
whereas the natremia remained unchanged.'Menafd, 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 twc stimuli respectively increased natremia to 170 mEq
of sodium/L~and decreased At to 100 mEq of.sodium/L. With
different dluretlcs, Vander (189) prevented or reversed renin
release follow1ng aortic clamplng and produced acute changes
in plasma sodium whlch were unrelated to the variations in
renal venous pressor activity. Nash et al (188) have demons-
trated that the increased renin release evoked by norepine-
phrine was prevented b& increasing both intravascular renal
sodium concentration and sodium filtered load. Theleffect was
absent when the intravascular renal sodium concentratlon was
increased without concomittant increase in the sodlum load.
It must be stressed that under the experimental conditions
where the plasma sodium level is altered, similar related
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.

%) Hormonal Control of Renin Release

a). Anéiotensin

To date, the effect of several physiological substances
on the release of renin has been 1nvest1gated. It seems that
angiotensin is one of the most potent inhibitors of renin
secretion. Masson and coworkers (232) demonstrated that the
injection of hog‘renin into rats 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 (233-235).
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The_mogt_direqt}gpprqgch to this problem was achieved
by two‘groupé éimuiﬁaﬁ§pﬁ$1&, De Chahpigiﬁ;;GénéSt gn&léof 
workers (236, 179, 237)~showed~in‘ﬁumans that the elevated
plasma renin’C6ncentrations induced by salt depletion, were
reduced by angiotensin infusion given at pressor as well as
sub-pressor doses. They also showed that aldosterone snd
preésor doses of norepinephriné infusions were without effect
on plasma'renin activity. Thus, they attributed a sbecific
role té angiotensin in this negative feed-back control over
'renih release, At the same time, Vander and Geelhoed (238,
2%9) also found the 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-
ral occlusipn or aortic clamping during maintenance of cons-—
pant 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 doses of vaéopressin, but not
oxytocin, also inhibited renin release.

'b) Adrenal mineralocorticoids.

Before the description of the inhibitory effect of
angiotensin over renin reléase, the adrenal mineralocorticoids
were suggested by Masson and coworkers (242, 243) as'pdssible
feed-back substénces regulating the>activity of the renin-
angiotensin system. Using a very crude method of measurement,
they showed that the circulating pressor matgrial aecreased

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, 122,
124), and the juxtaglomerular index (122-124). Fukuchi and
coworkers (244) reported a slight decrease in the Juxtaglome~
ruiar index of rats treated with aldosterone for a period of
two wéeks, 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, 17IQI74, 147), as
well as a decreased juxtaglomeruler 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
blood volume. Thus it would appear that mineralocorticoids
are practically devoid of any consistent direct effect'over
renin release.

4) Nervous System

There seems‘to be doubt that an intrarenal
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control mechanism of renin release is operative. However,
the innervation-of the auxtaglomerelar apparatus has been
known for a long time by the hlstologlsts (104, 105). Nllsson
(249), using a sensitive fluorescent method, characterized the
nerve endings sﬁrrounding the afferent arterioles as adrener-
gic. Electron microscopic studies (250, 251) on the juxtaglo-
merular complex 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 to be adrener-
gic. These descriptions constitute a more cogent proof sup-
porting the evidence aecumulated 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.well as a decreased renin content
in the denervated kidney. Vander (217), by direct electrical
gtimuletion of the renal nerves, evoked an increase in renin
release. Bunag apd coworkers (254) and Hodge and coworkers
(255), reperted respectively an increase in renin release and
in plasma angioteﬁsin during “nonehypotensive“ hemprrhage; and
this release was pfevented by ganglionic'blockade or local
aneethesia of the renal nerves. |

Bozovic and Castenfors (256) demonstrated that the
increased plasma renin activity produced by exercise (swimming
until exhaustion) or by pain stress (1 ml of 10% NaCl intra¥~

muscular) in rats could be prevented by the administration of
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pentolinium.. To explore further the role of the nervous sys-
tem in renin release, ﬁhey (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 thé bleeding, prevented the
expected increase in plésma renin activity. Transection 24
hours prior to bleeding or destruction of the spinal cord wasv
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 hydralaziné did not.

The effect of norepinephrine was tested by Scornick
and Paladini (259) who showed a significant increase in cir-
culating angiotensin level foliowing intravenous infusion of
norepinephrine and an even larger increase when the infusion
was coupled with renal arterial blood pressure reduction.
‘Wathen et al (260) demonstrated a rise in renin reiéase when
norepinephrine or epinephrine Was injected into the renal ar-
tery of’aﬁesthetized dogs. If ﬁorepinephrine was infused into
a peripheral vein, no effect 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 venous pressor éctivity 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
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norepinephrine was infused into a peripheral vein and at
pressor doses.

The flrst ev1dence to correlate the central ner—
vous system activity with the response of rgnln secretlon has
beén reported recently by Ueda and coworkers (261). By an
electrlcal stimulation of mesencephallc areas (central gray
stratum and adaacent portlons), they 1nduced an increased
renin release in 6 out of 12 dogs. The renal denervatlon eli-
minated almost completely the response. In the experiments
where the renin release was increased, the stimulation points
were clearly localized in the'd&fsal’portion 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 diastolic blood pressure rose.
This éuggests that the central nervous system actually plays
some role over renin.secretion and that there exists a reflex
neural control of'renin release. We canﬁot 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
thé afferent and e:ferent'pathways of these reflexes and to
elucidate the effects of stimulatioﬁ of other areas in the
brain stem over renin release. The control .of renin felease
is depending mainly on an intrarenal mechanism. The stretch
exerted on the afferent arteriole or the sodium concentration
sensed by thé macula densa may represent the adequate stimuli

to release renin. .Most probably, a summation of both factors
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is involved. The function of these two structures seems to be
modulatéd-ﬁyhéurélfand”hdrmbnal.iﬁfluénces;:. S o
G .— RELATIONSHIPS OF RENIN TO ALDOSTERONISM

1) In Essential Hypertension and Primary Aldosteronism

a) Primary Aldosteronism
‘Following thé original observation of Conn in 1955

(262-264), primary aldosteronism was observed in many patients
and became another curable cause of hypértension. Conn and
coworkers (265) in 1964 reviewed 145 cases and stressed the
characﬁeristics of this'syndrome.tBenign hypertension, hypo-
kalemic alkalosis and abnormalities of renal function are the
most frequent findings. Malignaht hypertension is a rare occu-
rence of the syndrome (266). The symptoms which could be en-
countered are, by order of importance, weakness, nocturnal
polyuria, headache, polydipsia, paresthesias, visual distur-
bance, intermittent paralysis and tetany. Edema is a rare.
complaint and has been observed in only %% of the patients. The
physical examination reveals benign hypertension. Tetany is
observed in about 9% of the cases and the Trousseau sign is
provoked in 17%.. The latent or nanifest tetany is found main-
ly in female patiénts. The blood fiﬁdings show a hypokalemic
alkalosis, hypgrnatremia,iand in ﬁany éases-increased plasma
volume. The absence of hyperhatremia,in meny patients could
be explained on the basis of the escape phenomenon to the
sodium retaining effect of aldosterone (176, 267-269). The

excretion or secretion of aldosterone is increased in most



cases, contrasting with normal values for l7-ketosteroids
and 17-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 specific gravity unresponéive to water restriction or
to vasopressin. Glncbse,tolerénce test is also'impaired in
54%,_and"fhis impairement has been ascribed to chronic potas-
sium depletion (276). The disease is eaéily recognized and
cured ﬁpon removal of a mmall adrenocortical adenoma.
Bilateral adrenal‘hyperplasia or occasionally nor-
mally-appearing glands are found in a few cases (271, 272).
These patients were tentatively termed "congenital aldoste-
ronism" (271) .but it is impossible to decidé whether the
defect resides within.or outside the adrenals. Some of these
patients present a malignant type of hypertension. Generally,
the younger patients ofvthis grdup benefit from subtotal
adrenaledtomy whereas the older patients respond poorly to
the removal of adrenals.
The'diagnostiq criteria of primary aldosteronism beca-
me, hdwéver, inadequate to differentiate Conn’s syndrome
from aldosteronism secondarly to renal artery obstruction (273,
274) .. The increasedvaldosteroné sebretion observed in these
patients was found to be due to the large quantity of renin
poured into the circulatioﬁ by the obstructed kidney. The °
improvement in sensitivity and specificity of methods for

determination of renin and angiofensin enabled Genest (172),
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Kirkendall (173),'Brown'(147) and Conn (174) to demonstrate
tﬁe importance of theVSuppressionfof circuiating,angiptensin
or plasmé renin aétivity'in'tﬁé differential diagnbsis of
primary aldosteronism. Similarly, a decreased Jjuxtaglomerular
indext(246-248)'was observed. This suppression of plasma re-
nin activity is most probably due to the mild but sustained
increase in extracellular volume, including intravascular vo-
lume (175, 176), just as it is following the daily administra-
tion of aldosterone to normal subjects (176). This suppres-
sion .of renin activity in the plasma may be reliéved by spi-~
ronolactone (275).

AFollowing removal of the tumor, the circulating renin .
may remain undetectable for a week and then rebounds to super-
normal values (174). Hypernatremia 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 aldosterone is encountered (176). The hy-
pokalemia has also been suggested as the cause of suppressed
renin activity, but in man under salt restriction, potassiﬁm
depletion induced with a potassium ion exchange resin, increa-
ses the plasma renin aétivity (2765. Conn (174) emphasized the
degree of suppression of plasma renin activity encounteréd in
primary aldosteronism. These patients after 4 hoursrin upright
posture failed to increase their plasma renin activity underh
normal and restricted sodium intake. In normal subjects, the

upright posture was demonstrated to produce a significant
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increase in plasms renin activity (174; 277, 278).
b) Essential Hypertension.
Genest and coworkers (279, 280) were first to report

a significantly increased aldosterone excretion in éssential
hypertension. This finding was corroborated 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, l79)_on measurement of plasma renin
activify in essential hypertension clearly indicated that,
despite a normal mean value, & proportion of these patients
had a suppressed renin activity. Observing that the increased
aldosterone excret;on was accompanied by a;suppressed plasma
renin activity in some cases of essential hypertensidn, Conn
(11) proposed the hypothesis that 20% of these patients were
suffering indeed from.primary aldosteronism despite the absen-
ce of the~usual symptoms and hypoﬁalemic alkalosis. This
assumption was also based on two more observations. Hypokale-
mia could be a late efént in primary aldosteronism (265). A
prevalence of increased adrenal weight, cortical nodularity
and adenomas. was found amoné hypertenéive patients examined
at autopsy (288, 289). |

Special consideration was given to the report of Shamma,
Goddard and Sommers (290); since adenomas were found in 20%3
of 220 autopsied patients and 21% of 78 adrenalectomized
patients. This report was probably overestimating the inciden-

ce, since they studied gelected patients with hypertension.




Furthermore, such a high provalence was not supported by

* other workers (288, 291). Further support o ‘the hypothesis .
of "normokalemlc" primary aldosteronism was glven by the

demonstration of the presence of adenomas in the adrenals of

gix patients with teggential® hypertension in whom plasma
renin activity was suppressed and aldosterone excretion or
gsecretion increased, and who were cured by surgery (292, 293).

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

" find suppressed plasma renin and increased aldosterone secre-

tion or excrefion in selected patients with essential hyper-
tension.

Conn et_gl (292) also suggested that the hypertensive
patients develbping hyéokolemia rapidly after thiazide therap¥y
spould be the first ones- screened for primary aldosteronisme.
This was not supported by Kaplan (294).

Kuchel and coworkers (295) studied the effect of dia-

zoxide on 29 hypertensive patients. Seventeen responded. by

‘sn increase in plasme renin gctivity whereas no change was

observed in the other 12 patlents. ‘This last group of patients
also faifled to respond to uprlght posture and sodlum depletion.
The serum potassium was significantly léﬁer!in the unrespon-
sive patients. Moreover, 4 bof 11 patients, with suppressed
renin, had an aldosterone secretion rate consistently. elevae-
ted; 2 of these patients were explored and adenomas were re-
moved. The renin responsive patients had iormal aldosterone
secretion rate. They concluded that primary aldosteronism

might explain the suppression of plasma renin activity in &
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small number of hypertensive patients.

Gunnells and coworkers (296) studled 88 patients from
a series of 123 selected patients with essential hypertension.
At least one measurement of plasma renin activity after four
hours of ambulatlon under a sodium intake of 180 mEq Na/day
was done. Plasma renin was below the normal: control values

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

'among the 88 was undertaken. They measured plasma renln acti-

v1ty in recumbent and upright posture (4 hours) under both
normal»and low (10 mEq Na/day) sodium intake. Finally, whlle.
the patients were still on low sodium diet, 50 mg of hydro-
chlothiazide were administered orally after the last sample
for renln activity and repeated 4 hours later. On the follo-
wing day, the patients were asked to walk around for 4 hours
and then snother blood sample was taken for determination of
plasma renin activity.. Renin was clearly suppressed in 4 of
these 24 patients &nd 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.

Tt 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 "normokalemic" primary aldosteronism tc be

around 1 to 8% (297, 297a).
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Any enzymatic defect in:.the adrenals (298) establishing &

positive sodium balance will suppress.the activity of the

renin-angiotensin system. The 2 patients of Sutherland, Ruse
and Laidlaw (299) deserve special mention. A father and his
son were investigated for benign hypertension and potassium
deficiencys-The 17-ketosteroids and 17-hydroxysteroids ex-
cretion was intermittently elevated. The pregnanediol excre-b
tion and aldosterone secretion were increased whereas plasma
renin activity was suppressed. These abnormalities disappea-
red in both patients on dexamethasone 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 adminisﬁra;
tion of ACTH. The reeponse to dexamethasone in these two
patients differed from that observed in a normal subject and
in a patient‘With Conn’s syndrome. A nodular cortical hyper-
plasia of the left adrenal was found in the father and'the
left adrenalectomy failed to improve the hypertension and
decreased the aldosterone secretion rate to half the preope-
rative values.

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 indireCﬁ evidence was provided by Deane“

and Masson (300) who showed that encapsulation of the kidney
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or injections of hog feniﬁ‘into,rats prbduced widening of
the zona glomerulosa. Genest and coworkers (1-4) first gave
direct.eVidenqe-of the control exerted by renin angiotensin
system:onhaldostenone production. They démdnstrated'that
intravenous infusions af angiotensin consistently increased
aidosterone'excretion in'normél human subjects. This. effect
appeared to be independent of the pressor effect of angiotené
sin and was specific since it was not produced. by other pres-
sor agents. This fundamental observation Was 6onfirmed by |
other investigators (5-9). Indirect evidence sﬁpporﬁiﬁé fhg
role of the kidney and the renin angiotenéin_systeh'on ﬁhel.~
control of'aldosterone secretion was also provided. In hypo-
physectomized dogs, nephrectomy reduced the.aldoSterone.secre—
tion fate and prevented the substantial increase.in aldoste-~
rone. production following acﬁte blood loss (301). Injéction of
renin also increésed the aldosterone secretion rgte'(502, 303).

Today, it is accepted that this system is the main
regulator of aldoéterone secretion and is an important factor
in the maintenance of sodium'balande; An inverse correlaﬁion
is observed between thelquantity of sodium ingested and the
activity of the renin angiotensin system (179, 147, 287,7304),
as well’as the aldosterohg secrétion or\éxcretion'(l79;‘287,
304-306). |

In normal men (307é309) and dogs (310), angiotensin in-
fusion,reduceﬁ sodium excretion. In hypertensivg-patients (307,
308), on the ther:hand, angiotensin enhancéd the-sédium excre-
tion despite an increased aldosterone excretion. Avsimilar éf-_

fect was also observed in cirrhotic patients with ascites (309).
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The effect of angioténsin (decreased sodium‘excretion) in
normal men, takes place within minutes. This effect is most
probably due to the reduction in renal blood flow and glome-
rular filtrétfon rate and is not mediated through aldosteroQ
ne. |

Névertheless, angiotensin exerts a long-term sodium.
retaining effect mediated through stimulation of éldosterone
production. Continuous infusion of angiotensin in normal dogs
can meintain a sodium retention only for l.or.2:days but
-afterwards the sodium is no longer retained and an escape oc;
.curs (311). Such an escape phenomenon is well doqumenfed when
aldos%erone or DCA is administered to gprmalAaogs or humans
(267-269,. 312). Infusion of angiotensin to dogs 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 reﬁlacemeﬁt
‘dosage is held constant. The lowering of sodiuﬁ excretion |
induced by angiotensin in normél.éﬁbjects and in patieﬁts with
adrenal insufficiency (314, 315) persists for a short period .
after infusion, only in normal subjects (315).

In certain experimental conditions like vena cava cons-
triction (316) and large arterio-venous fistula (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-
éested by.experimental finding. The increase in 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

- @dema and adrenalectomy prevents the edema formation (318).:~

, Moreover, ‘these adrenalectomlzed rats, glven a normal dosage

of aldosterone do not develop edema or ascites whereas they
do when they receive large amounts of aldosteroﬁe (318). A‘
participation of the renin angiotensin system via aldostero-
ne in the process of edemé'formatidn 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“raté
(320-323). The plasma level of aldosterone is normal in heart
patients with stationary edema, whereas it is high in those
withvprogressive edema (324, 325). Aldosteroné secretion rate
was shown by“iuetscher'and cowprkers (326) to be within the
normal range in 6 of 7 cardiac patients in whom the circula-
tion was considered “relaﬁively normal" whereas it was high
in 4 out of 6 with congestive heartlfailure. The low aldoste-
rone secretion encountered in some cardiac patients could be
explained by the disturbance encountered in aldosterone meta-
boiism. The plasma level 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 aldosterone was shown to fall as low as 50% in
patients with severe cdrdiacﬂfailure, whereas it was almost
complete in patients with 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 (184) were the first to report an increa-

‘se vasoconstrictor activity of‘fenal'venbﬁs blood in 8 of 11

' ﬁatients with chronic congestive heart failure. De'Chamﬁlaih,

Genest and coworkers (179, 180, 185) reported very high levels
of arterial angiotensin in 13 of 14 patients with congestive
heart failure. Plasma renin activity was also found to be
gfeatly eleveted. Aftér total or partial relief of edema by
digitalis, sodium restriction or'natriuretic agents, tle le-
vel of arterial angiotensin and plasma renin activity decrea-
sedlsignificantly; contrary to normal and hypertensive sub-
Jjects. The;elevated rate of aldosterone secretion observed in
dogs with experimental congestive heart failure seéondary to
pulmonic stenosis similarly decreased within 90 minutes after
digitalization (351). Fasciolo and coworkers (144) reported
an incrgased renin éctivity in 4 6ut of 9 cardiac patientse.
Only untreated patients with marked edema 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 ﬁreatment, 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-
rimental heart failure. Congestive heart failure was produced
in dogs by tricuspid ihsufficiency combined to pulmonary
artery stenosis, and by a large arteriovenous fistula. An

increase of the plasma renin activity'occured in all 5 dogs



with low—output failure and in 3 of 5 animals with hlgh-
output fallure. A small arterlovenous flstula, not large '
enough to produce heart fallure, was done 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'
response to salt rest:iction are not adequately explained.
This phenomenon may be of fundamental importance and requires
further investigation.

3) Ih Pregnancy

- Pregnancy is a physiological condition where a state
of aldosteronism exists (332-335); Renin activity in the plas-
ma of normal.pregnant women is increased significantly (144).
Genest, DeAChamplain and coworkers (179” 180.): reported a
grédual increase of plasma renin activityvduring the firsf
two trimesters of pregnancy, and they found that renin acti-
vity did not increase further, whereas Brown and coworkers
(178) 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 (33%7) measured plasma renin in .
various hypertensive diseases of pregnancy and found an in-
creased level, above the noﬁmal 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



studies these workers showed identidal values in pregnant
and non pregnant normal subjects. Hodari and coworkers (181)
found a significantly higher plasma renin in gravid dogs
compared to normal. After experimental production of.hyper-
tensive disease of preghancy, plasma renin activity decrea-
sed towards normal values (181)

The placenta acts as an important arterlo-venous shunt
in-the circulation of the mother and could explain a decreased
renal perfusion pressure despite the incrégSed plasma volume,

and consequently the secretion of renin by the juxtaglomeru-

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

placenta of cats (339) and rabbits (103) as well as in-the
rabbit uterus (103). This finding was confirmed in placentas
from normal women and toxemic patients (340). In both cases

the renin-like content wasvcomparable; Identical results

were encountered with placentas from normal gestating and

‘toxemic dogs (18l). A high concentration of renin was found

in the amniotic fluid and it was generally greater than in
maternal and umbilical vein plasma (341). The ratio of ute-
rine to femoral vein renin activity is. increased in normal
gestating and toxemic dogs (181). These flndlngs suggest a
fetal, uterine or placental origin of maternal renin. Further
evidence favoring this suggestion was provided. Hodari (342)
injected renin in the uhbilical vein of a fetus,within_ﬁhe
intact amniotic‘sac of a normal gesfating animal. Following
the injection he found & higher renin outbut in the uterine

vein.
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In graj}d rabbits, Gorden, Ferris and Mulrow (343)
shbwed fhat DCA and salt load suppressed the renin content
of kidney and plasma bﬁt not the renin content of.uterus.
They also demonstrated that the plasma renin activity and -
the renin content of uterus was not affected Dby nephreétomy.
Ferris and coworkers (344) measured the renin content of gra-
vid rabbit- kidneys and uterus. They found a comparable con-
centratioﬂ in these two organs.

Although renin has been found in organs other than
kidney, it is not clear whether the renin sequestered in
these organs is reactive or available for systemic use. If
renin is produced and released by extrarenal sites such as
uterus, it could tentatively be theorized that smooth muséle
cells can produce renin without storing it under the form of
granules suéh as it is encountered in juxtaglomerulaf cells.
These extfarenal sites may also represent only storage sites
in an organ having the capacity %o concentrate renin. The
fetal kidney contribution to uterus, placenta, .amniotic fluid
and maternal circulating fenin; is also not excluded in these
investigations.

In mouse, Ruyter (104) described the appearance of
juitaglomerula: cells about one week after birth and a good
differentiation in mice 2 or 3 weeks old. Friedberg (201)
showed that the adult distribution of juxtagidmérular grénu-
lations was achieved in mice between.the second week and ﬁhe
first monﬁh of extra—uterinevlife. Initielly, the granules

appeared mainly in the juxtamedullary zone of the kidney.
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Similarly, Dauda and Endesj(345)Aweré not able to demonstra-
te the presence_ofujuxtaglomerular‘granulateq;qells=in rats
before the l4th day of exﬁraputerine:lifé; and they obsefvéd”-5
a progfessive rise in total juxtaglomerular index between the
14th and 60th dayJOf life. Despite the absence of juxﬁaglome-
rular cell granules, renin was found in newborn hog kidneys
(204). Hodari and’coworkeré (181, 342) detected a measurable
amount of renin in norma; newborn dog kidneys. Furthermore,

he showed that the reninfcontent.of the kidhey was much higher
in fetuses from gravid dogs with hypeftensive disease produ-
ced by chronic uterine ischemia than in those from normal
gravid dogs. Thgsgﬁdata are by far too incomplete to assess
any role of the fenal renin during intra-uterine and early

extra-uterine life.



IIT - INVESTIGATIVE SECTION

CHAPTER I - METHODS |
A -~CIRCULATING ANGIOTENSIN

Circulating arterial angiotensin was measured by the
procedure of Boucher et al (;Q). Fifty to 75 ml of blood were
sampled from the femoral artéry and rapidly (4-8 seconds)
cooled to 0-5° C. Blood was drawn on EDTA (1 ml of 15% solution
of the ammonium salt of EDTA/BQ ml of blood). After centrifu-
gation at 0~5° C, 30 ml of plasma were adjusted to pH 6 and
the sample transferred to a Dowex 50W-X2 QNH4+) resin co-
lumn equilibrated at pH 6;ana maintained to Q=5% C. After
washing with 15 ml of ammonium acetate (0.2 N, pH 6), 20 ml of
acetic acid (10% v/v) and 20 ml of distilled water, the angio-
tensin was eluted with 25 ml of Q.1 N diethylamine and 25 ml
of 0.2 N ammonium hydroxide into.a conical flask already con-
taining concentrated acetic acid. After evaporation and subli-
mation, the fraction obtained was chromatographed on paper.
The ascending chromatographic 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

Plasma renin activity was measured on 10 ml of plasma
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according to Boucher’s procedure (10). Blood was sampled from
a peripheral vein in the same manner as fon.determ;naﬁion of
circulating angiotensin. After centrifugation at 9-5° C, the
plasﬁa was adjusted'to PH 5.5 bykthe slow addition of 1 N
hydrochloric acid. After filtration, 10 ml of plasma were in-
cubated for 3'houps at 37° C in presence of 4 ml o£~moist
Dowex 50W-X2 (NH4+) resin. The angiotensin produced during
the incubation was‘absdrbed on the resin. After incubation,
the mixture was transferred to a glass column already contain-
ing 1 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 (io%) ahd‘lB ml of distilled water. Finally, angio-
tensin was eluted from‘the column with 15 ml of diethylamine
(0.1 N) followed by 15 ml of ammonium hydroxide (0.2 N). The
‘eluate waé 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 20% solution
of aqueous ethanol and assayed on nephrectomized rat. Tbe
results were expressed in.ﬁg of angiotensin formed per liter
- of plasma per minute of incubatién (ng/L/min.).
2) Microtechnique

The method for the determination of renin activity in
1 ml of dog plasma, renal renin content, substrate concentra-
tion and capacity of plasma to_generate gngigténsin was deve-
loped by the author and will be reported iﬁ detail in chapter
III. |



C - URINARY ALDOSTERONE
| Urinary aldosterone excretion was determined in patients -
'with essential hyperﬁenSioQ by thé method of Nbﬁaéz&ﬁski; o
Kbiw and Genest (346).~This method involves the purification
of aldosterone in thrééhdifferént chromatographic systems.
The determination of aldosterone is made with the isonico-
tinic hydrazide reaction and ultraviolet light absorption
at 240 mp. Results are expréssed in ng/24 hours and ‘the nor-
mal values range between 2 and l2.
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 amnd Hartroft (347).
E - ELECTROLYTES
Sodium and potassium were measured in urine and peri-

toneal dialysate by flame photometry (Unicam Model SP-900).
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CHAPTER II -~ PLASMA RENIN: ACTIVITY AND INCIDENCE OF
ADRENOCORTICAL ADENOMAS IN HYPERTENSIVE PATIENTS

| In the dlfferentlal dl&gﬂOSlS of hyperten91on assocla- 'i.
ted w1th hyperaldosteronlsm, the determlnatlon of plasma re—.
nin.activity has become an 1mportant diagnostic tool. Conn
(11) recently stressed the interest of such determinations to
detect "normokalemic' primary aldosteronlsm among patients
with "egsential hypertension". In order to appreciate the in-
cidence of this syndrome, we have studied the variations of
plasma renin activity in 60 unselected. patients with "essen-
tial hypertension" under upfight posture and by severe sodium
restriction, and the incidence of adrenocortical adenoma in hy-
pertensive and normotensive patients examined at autopsy*:bom.

A ~ STUDY OF THE VARIATIONS OF PLASMA RENIN ACTIVITY IN

ESSENTIAL HYPERTENSION AND PRIMARY ATLDOSTERONISM
SYNDROME |
1) Materials and Procedures.

Thenvariatidns of the plasma renin activity were studied
in 8 normotensive subjects and 60 patients wifh 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 causeé and was based
upon the following criteria;

- Diastolic blood breésure above 90 mm Hg.

- Absence of retinopathy. |

— Renal function-within the normal limits.

- Normalfintravenous pyelography and renal angiogram.
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- Natremia, kalemia and total 002 within the normal
limits.

Most of thé patients were not taking any medication = -
before the inveéstigation. 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 9Q 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 ambulant. 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 above
mentioned conditions, known to stimulate the release of renin.
Fifteen determinations of the urinary excretion of aldostero-
ne were obtained in 9 patients after 3 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 fhe patients with essential hypertension.

2) Results

In 8 normotensive subjects, the mean plasma renin acti-
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vity was 9.8 ng/L/min (% S.D. 12.9) and was increased by
upright posture to 31.3 ng/L/mln (* S.D. 17 5). After three
‘days of low sodlum 1ntake, the mean plasma renln act1v1ty
was 18 ng/L/mln (£ S.De 2. 7) in recumbent posture and 48
ng/L/mln (¢ S.D. 18) after 4 hours 1m upright posture.

Of the 60 patients with essen#ial hypertension, 34 had
plasma :enin activity responses to,ﬁpright posture and low
sodium diet similar to the group of normotensive subjects.

In the other group of 26 patients, piasma‘renin activity in
recumbent p051tlon and normal sodium 1ntake was completely or
almost completely suppressed. ThlS last group was subd1v1ded
1nto two sub-groups according to the ‘presence or sbsence of
stimulation bj upright posture and low sodium intake. This
stimulation was pgrtial in 12 patients and very low or absent
'in the other 14. In a given condition of stimulation (v.g.
upright posture and normal sqdium intake), the'ma;ues of each
group dr sub=group were statistically different from the o-
ther, except when  comparing the two sub-groups of patients
with a partial or complete.suppressiom of plasma remin activity
under normal sodium intake and recumbent position (Table I).

A slightly older age with a lower serum potassium and
higher blood sugar were observed in fhe group of patients with
essential hypertension in whom plasma renin activity was to-
tally suppressed. But these variatidns were not stafistically
significant when compared to the tWo'other gfoups (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 in response to posture.and

sodium restriction in 8 normotensive subjects and

60 patients with essential hypertension.

Tgi PLASMA RENIN ACTIVITY (ng/L/min)

Na Intake
135 mEq/day’ 10 nFe/dey”
Recumbent | Upright [Recumbent Upright
NORMOTENSIVES 9.8 31.3 18.0 | 8.0
12.9 (®{17.5 ] 2.7 |80 (6)
PATTENTS WITH |
ESSENTIAL
HYPERTENSION
1) STIMULATION 10.9 22.0 27,8 424
f 11.5 (34)[14.1 (31)[| 13.6 (16)|20.6 (26)
2) SUPPRESSION
a) partial 2.0 7.5 6.2 16.0
2.7 (12)| 3.7 (&) 6.0 (8) 6.4 (7)
b) complete 1.0 1.4 0.8 7ol
1.8 (14)] 2.3 (13) 1.6 (9] 6.8 (8)
PRIMARY | Jﬂ |
ALDOSTERONISM 0 0 0 6okt
(patient R.B.) k{ : s

* . K Intake : 90 mEq/day.

Mean plasma renin activity followed by standard deviation.

Figures in brackets represent the number of determinations.
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TABLE II - Age, plasma sodium and pota351um, and fastlng

blood glucose in patients with "essentlal,hy-

pertension.
Mean Mean plasma Mean fasting
age Na T K Blood
(mEQ/L) (mEq/L) | Glucose (mg¥)
PATIENTS WITH
ESSENTTAL
HYPERTENSION
1) STIMULATION | 37.7 | 142.2 | 4.21 95.0
| 11.7 9.7 | 0.46 12.3
2) SUPPRESSION |
a) partial | 39.0 | 142.9 | 4.08 94.5 .
9.4 2.4 | 0.7 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.




with suppression of plasma renin.aCtivity (Table III)., In 2

- out of the five patients, unresponsive to sodium restriction
-and posture, aldosterbne:excrétiénUWAS'abo%e 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-
teﬁ 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
arteriégraphy and urinary aldosterone excretion was 21 and
30. ng/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 O when recumbent and re-
mained low after 4 hours of ambulation (4 ng/L/min). With
a standard diet (135 mEq Na and 90 mEq K/day) she was given
150 mg of spironolactone (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
dayse.

At operation, the adrenal glands in situ showed no

gross abnormalities. It was then decided to excise the left
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TABLE III - Plasma renin activity andvainary Aidosterone:

Excretion.(UAIb in patients with "essential

hypertension®,

: The urinary aldosterone was determined after

three days, at least, of normal sodium diet

(135 mEq Na and 90 mEq K/day). -

PLASMA RENIN ACTIVITY (ng/L/min) UAE*Y
Patient| Age|Sex Na'Intgke | ng/day
135 mEq/day" 10 mEq/day”
#Recumbent Upright || Recumbent {Upright
L.M. 25| F 15 38 32 29 10
B 13
15
M.R. 28| F 5 12.5 on - 7
M.S. | 50| F - 0 65 8
| 75
S.I.C. | 21| F 7.8 46.7 - - 13
R.R. 25 F“ 2.6 | © 10.3 || 23
C.S. 38| M 0 0 0 11 9
| 11
| r.v. 35| F o 0 3.5 - 10
R.C. | 63| F 0 - | 20 6
V.H. '55 P 2 m 0 4 30
* : K Intake : 90 mEq/day.
++
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‘ adrenal. No tumor was demonstrated on this side but an in-
creased thickness of the cortex as well as severai'micfoho-
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 arterioloscleroéis. The Bowie
coloration 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 @febermined 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)i

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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virure 3 - Cross-scetion of ricit an.d lelt cdrencls

from & patient (V...) with "essertiul

Lyvertension”.
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surgical section on the right adrenal (Figufe 5)e The his-
tological examination revealed that both glands were normal
and that the micronodule was encapsulated and contained all
the normal three zones encountered in the adrenal cortex. A
bilateral renal biopsy showed marked renal arteriolosclerosis
and a deéranulation of the Jjuxtaglomerular 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 I. He was a 32-year-old (R.B.) male admitted for
hypertension discovered 11 months previously. Headaches, pa-
resthesias, and nocturia were also part of the picture. An
hypokalemic alkalosis was fbund. 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 well 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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vross—-section of right sdrensl jland from

a petient (L.L.) with "essenticl hyperten-



VV'?‘Turlnary aldosterone excretppn'was 23tu8/day. The patlent_las

;cured after the removal of the left adrenal gland 1n whlch |
‘a typlcal adrenocortlcal adenoma of 2 cm by 1 5 cm was found.ug
Bllateral renal blop51es were normal and a complete absénce ;
of granular cells 1n auxtaglomerular apparatus was. observed. ri
| Be31de these studles of the varlatlons of plasma renln 5
agct1v1ty 1n essentlal hyperten31on, we have 1nvestlgated an }2;
«runusual case of a 24—year-old patlent (JLC ) sufferlng fromh;;f
hypertens1on, hypokalemlc alkalos1s and nocturla since flveﬁiﬁl
months. The admlnlstratlon of natrluretlc agents (chlortha—l,;f
11done) 1nduced tetanic cr1s1s w1th carpo-metacarpal spasmsapﬁu
and a positive Trousseau. Spontaneous tetany occurred tw1ce
'long after the medlcatlon was stopped. In two 1nstances durlng
the hospltallsatlon, perlods of 40 to. 50 seconds of hyper- o
ventllatlon resulted in tetany..The renal anglogram showed
a tight 1ntra—hllar ‘renal artery . stenos1s (decrea31ng the
‘lumen dlameter by 75%) with . post-stenotlc dllatatlon, 1ocated
on the superlor ‘branch of - the left renal artery (Flgure 6).
Repeated determlnatlons of serum calclum were normal. The
renal function was also normal. The urlnary aldosterone ex;::
cretion was 34,26, and 27 pg/24 hourswu The plasma volume’

151 tagged albumin (RISA) was also

determined with iodine |
elevated (44.34and-51;9 ml/Kg compared ﬁo a normal value of u
37 ml/Kg for the_patient body weight);‘ d S

~ Blood from each renal vein showed. a complete suppreS—,flﬂ
s1on of the plasma renin act1v1ty. The perlpheral plasma re; dh

nin act1v1ty, as well as the c1rculat1ng arterlal angloten81n,_
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Figure 6 - Renal angiogram of patient J.C..

A tight-intra-hilar stenosis of the superiqrzﬁraﬁch‘0£_
the left renal artery ﬁi;h pbsf-stenotic dilatation was ob-
served. Anfarte:io-veﬁous fistula of about 0.5 cm;in diame~

ter was also found in the .superior pole of the right kidnéy;
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were suppressed under normal sodium intake (135‘mEq Na/day)
and were not stlmulated by assuming uprlght posture and by
sodlum restrlctlon (lO mEq Na/day). -
‘At the laparatomy, a blopsy of both adrenal glands
(15%) and of the right kidney were done and the left kidney
was removed. The adrenals were macroscopically and micros-
copically norhal. The. Bowie coloration of the qutaglomeru-
lar apparatus. showed the absence of granular cells. The
surglcal treatment cured her hypertensmon and blochemlcal
disturbances. This cure has per51sted now for an 18—month
follow—up. |
B - AUTOPSY STUDY OF ADRENALS IN NORMOTENSIVE SUBJECTS
" AND IN HYPERTENSIVE PATIENTS
1)  Materials
The records of 2425 consecutive autopsies from Hotel-
Dieu Hospital of Montreal done between January 1st, 1955,
and January lst, 1965, were studied. These autopsied patients
were classified as hypertensive upon one of the following
criteria by order.of importance:
1. Established diagnosis of hypertension.
2. PreAmoruem~systolic pressure reading over 140/90.
3. Pre-mortemdsystolic blood pressure reading of 160 or
more and dlastollc blood pressure of less than 90 when the
heart weight was over 350 grams for men and over 300 grams
ror 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 weighﬁfuas exceeding

400 grams for men and 350 grams for women. (In less then 7%
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of the cases,‘it was necessary to use heért weight as thé
_]determlnlng factor). ' ‘ | ‘ .
_All the hlstologlcal slides of the cases of adrenal cortlcal'uf
adenoma, nodules, hyperplasia, or combinations of these
lesions provided by the records were examined, Most of thése
sections weré'stéined with hematoxilin-Eosin, and at leasf
two slides were obtained from the adrenals of each pétient;
Special types of hypertension such as Cushing’s éyndromevand
pheochromocytoma were excluded from this series. |

After histologica1 examination of the available,materi-‘
als, only the céses bresenting one of the following lesions
were considered: |

-~ Adrenal adenomas. Adenomas were defined as encapsula-
ted spherical or ovoid homogeneous tumors of the adrenal cdr-
tex tissue, over 0.8 cm in diameter, without identifiable
zonation composed of cords of cells. Microscopically, some
of the cells contained.in the adenoma were of a élear.ﬁype
with vacuolated cytoplasm'and the architectgre resembled
that of the zona fasciculata, Scattered thfoughout the tumor
weré small groups of giant cells.

- Nodules. The same type'df 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" pre-
| senting an architecturgl orientation resembling the ndrmal 
adrenal cortex with a clear zonation into a glomerulosa,.fas-
ciculata and reticularis zones, were excluded since théy can
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 5ased on ann’s report (265) that in only 4
out of 54 cases of "hypokalemic" primary aldosteronism the
’ adénoﬁa siée WAS fanging.from'd.5 to 1 em.

- Hyperplasia. The glomerulosa was considered hyper- .
plastic when, by simple microscopical obéérvatioﬁ, there waé
evidence of increased thickness.

2) Results

a) Incidence of hypertension at autopsy room.

The autopsy recordsbof the Hotel-Dieu Hospital of
Montreal (1955-1965) provided: 2425 cases of which 55.8%
were male. The mean age was 57;1 jears (# S.D. 15.1) with
extreme ranges from birth to 87 years old. Accdrding to the
diagnostic criteria of hypertension, 45.5% of the male and
42,7% of the female patients.were hypertensive. Both ma}e
ahd female hypertensives repreaeﬁfed’44.2% of the whole
group and the mean age of the hypertensives was 58.2 years
(¢ S.D. 13.8). The data of autopsy material are illustrated
in the following table. ‘

Autopsied | Hypertensive patients

patients .
number | percentage

‘Male 1354 617 45,5%
Femele 1071 ' 557 42,7%
Total 2425 1074 4y 2%
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b) "Abnormal" adrenals .

Adenomas, nodules or hyperplasia were found in- 96
autop91ed patients, (mean age : 59.7 + S. D. 12 8) 75 of
whom were hypertensive (Table IV). Of these 75.hyperten81ve
patienﬁs, 41 were male and 34 were female (Table V). The .
incidence of "abnormal' adrenals in the hypertensiﬁe ﬁopu-
lation was 7% and they were more frequent‘among hypertensi-
ve females (7.4%) than hypertensive males (6.6%). The pre-
valence among the normotensive population was much leéé
(1.9%). |

| ¢) Adenomas

The most frequent abnormallty encountered was the pre-
sence of_51ngle or multiple adenomas. They were found in 61
patients, 45 6f whom were hypertensive. The incidence of
these single or multiple adenomas in the hypertensiv¢ popu;
lation was 4;2% compared to l.1% in the normoteﬁsive one.

They were also more frequent in the hypertensive 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
normotensive. Nine of the ﬁypertensive patients with nodules
were female and five male.
e) Mixed hyperplasia
The coexistence of hyperplasia (mixed hyperplaéiah

with single or multiple adenomas or nodules was observed
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in 13 patients out of 76.
£) Hyperplasia | |
‘.'Hyperpléstic glénds.ﬁéreffouhd inl16 hypérténsive 

patients.-Their incidence among the hypertensive popﬁla—
tion was low (1l.4%) and almost identical to that observed
for nodules (1l.3%).. |

Tables IV and V give further details respectively
about the incidence of "gbnormal™ adrenals in normotensive |
and hypertensive patients, and their sex:distributi&ﬁ.

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 proportion was similar
to that repbrted by Conn (11) for the incidence of fnormo—
kalemic" primary aldosteronism. We were inclined to cpnsider
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 patients..This
sub-group differed only by low basal level of renin activity
in recumbent position undér a '"normal" salt intake. fhe
study of one case of primary aldosteronism confirmed the
suppression (172-174, 147) and the absence of stimulation
6f plasma renin activity encountered in that disease (174).

Aldosterone excrétion-was found to be normal in four
patients with normal renin activity and elevated in 2 out

of 5 patients with essential hypertension and suppressed
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TABLE IV - Incidence of "sbnormal"* adrensls in hypertensive

patiénts vs nbnmdteﬁéive'patients at autopsy du—

ring 10 years (January 1955 to January 1965).

ve patients

1.9

"Abnormal" |Single or multipié 'HYperplasia
Adrenals ldenoma Nodule***|mixed*™ |alone
(>0.8cm) | (<0.8cm)
‘Hypértensive
| Patients 75 - 45 1 12 |16
Normotensive
Patients 21 16 1 1 4
Total 96 a1 | 15 13 | 20
% of incidence |
in hypertensi=—
ve patients 7.0 4.2 1.3 1.1 1.4
L
% of incidence
in normotensi-|.
l.1 0 0]

0.3

+

hyperplasia.

multiple adenomas or nodules.

4+,

See definition of nodules.

: "Abnormal” means the presence of adenoma, nodule or

++ . Hyperplasia was found condomitantly with single or
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TABLE V -'be distribution of ™abnormal"t adrenals. found
at autopsy.

" Abnormal™|Single or multiple| Hyperplasia
Adrenals |Adenoma No@ule+++ mixed*+.aiohe
Normotensive
Patients 12 10. 0. r | 2
Hypeitensive
Patients 4] E 25 . D 9 11
Total : 53 35 5 10 13
FEMALE
qumatensive
Patients 9 6 I o 2
Hypertensive
Patients 34 20 .9 3 -5
Total N 43 26 10 3 7
+ . mppnormal means the presence of adenomas, nogules or
hyperplasia.
++ . Hyperplasia was found concomitently with single or
multiple adenomas or nodules.
+++

: See definition of nodules.
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renin actiVity. In these patients with normal aldosterone
N excretlon, the suppre351on of plasma renln act1v1ty remalns
edlfflcult o explaln. i | t |

In an attempt to characterize the different groups of
hyperten51ve patlents, we compared the mean values of natre-
mia, kalemia and”glycemia; A minimal tendency towards hyper-
glycemia and»hypokalemia was encountered from.stimuiated to
completely suppressed'hypertensives. But these valﬁes were
not statistically differente.

In the two patients with essential hypertension and
totally suppressed renin activity, the surgical expléretion
diclosed a micro-nodular adfenal in the first patient (ViH.)
and an extracapsular nodule presenting anlarchitectural ori-
entation resembling the normal adrenal cortek;in the second
one (L.L.). 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 hypertensioﬁ and to increase the
level of renin activity in the blood. The persistence of hy-
pertension could be explained by thelarterioloselerotic le-
sions due to long-standing hypertension.

The suppression of plasma renin activity and arterial
angiotensin and an increased aldosteronuria werée also ob-
served in a young female patient With eevere renal artery
branch sténosis. The clinical picture suggested the diagno;
sis of Conn’stsyndrbme. The adrenals were normal and the
18-month follow-up excludéd the possibility of an heteroto-

pic adrenal adenoma. The physiopathology of the renin angio-
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ten51n system, in our present state of knowledges, cannot ]
explaln the pathogene51s of thls unuSual case. ’ |
2) Autopsy}Materlal

In the autopsied patients, the incidence of hyperten-
sion was important (44.2%). This prevalence was probably
related to the age of these patients. The incidence ‘of hy-
pertension varies with the diagnostic criteria used (288,
348). But using a pressure of l40/90;or over as a demarea-
tion line between normotensive anthypertensive patients,
similar incidence was reported (291, 348).

The incidence of "abnormal" adrenals (7%) in our
study is inferioé to the figure of 26% obtained for adenoma
only by Shamma et al (290) in adrenalectomized and autopsied
patients. In our study, only 5.5% of the hyperyensive 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 aldoeteronism, by most
of the research groups interested in this 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"
primary aldosteronism.(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 the ad-
vanced age of the patiente. But, these inconvenienceg fur-
ther support the conclusion of a low incidence of "normoka-

lemic" primary aldosteronism.
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' CHAPTER III - DEVELOPMENT OF A MICROTECHNIQUE FOR DETER-
L | MINA@IONfQF PLASMA RENIN ACTIVITY.IN DoGSs, -
: é | . AND APPLICATIQNS K : ’

A e’METHOD'FpR ASSAY OF PLASMA RENIN 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 méasure rather an "effective renin
activity" which is a summation of known and unknown factors
involved with the enzymatic system. Those methods are of
great value in assessing the rolé of the renin-angiotensin
system.

¢

Boucher et al (12) have established, recently, a mi-
crotechnique for the measurement'of plasma renin activity con-
tained in Q.1 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.nephfectomy 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 (12) to dogs.
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1) Materials, Reagents and Apparatus

Dowex 50W-X2 resin (100e2OO mesh; Baker’s analyzed
reaggnt) is first mixed with distilled water. After settling,
the.resulfing suspension of very fine particles is decanted.
'The procedure is fepeatedl2 or-5-times until thq‘fesin settles
rapidly, leaving a clear aéueous suspension. Before use,

500 g. of resin is washed with two liters of 4 N so&ium hy-
droxide. The sodium salt of the resin is then washed -with

1 liter of water and 1 liter of 2 N hydrochloric acid and
again with 2.liters of water. Then 0.2 N ammonium acetate
solution, pH 6, is used to wash the resin cake, until the pH
of the eluate reaches 6. The final form obtained‘is the ammo-
nium salt of the resin, Dowex 50w-x2'(NH4+l. The resin is
stored in 80%.ethanol at 0=-5° C. It is washed three to five
times with distilled water just before use. -

Synthetic Valine-5 angiotensin II,. aspartic B-amide
(hypertensin, Ciba Company) is used as standard angiotensin.
It is prepared by dissol&ing 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 0-5° C and prepared
every two weeks. In order %o check the uniformity of each
new solution, a blood 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-
lene-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 adjusted to 6e5
with 1 N ammonlum hydrox1de and then the volume of the solu-.,,_,
tlon is completed with distilled water.

Three different solutlons of TRIB—phosphate (0 3 M,
O.g'M‘and‘O.lE M) are prepared by dissolving almost comple-
tely the required amount of TRIS (2-amino-2-(Hydroxymethyl)-
1,3- propanediol) in distilled water. Then 0.04 ml of a 15%
solution of the ammonium salt of EDTA and 0.04 mi of sodium
" gzidé 1% (w/v) solution are added for every 2 ml (in the case
of 0.3 M TRIS solution) or every 3 ml (in the case of 0.2 M
and 0.15 M TRIS-solutions) of the final solution. The pH of
thesé TRIS solutions is then adjusted to 5.5 with concentra-
ted phosphbric acid. The volume of the solution is then com-
pleted with diétilled water.‘The solution is allowed to set-
tle in fhe cold {4° C) for 2Zto 4 days. The pH is checked and
readjusted if necessary to 5.5 with concentrated phosphoric
acid. For convenience in the text, henceforth, the solution
of TRIS-phosﬁhate buffer with EDTA and sodium azide will be
denoted as TP-EN”followed by thé 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 sferile
(Falcon 16 x 150 mm, 2040Q).

- Disposable'é ml plastic syringes (B.D.).

- Rotary evapé-mix (Buchler Instrument).

- Freeze-dryer (Model FDC2, Thermovac Industries COe)e

-~ Sorvall superspeed, automatic refrigerated Centrifuge

(Model RC2-B).




Mlcro-syrlnges (Starrett Co.)

Polyethylene tublng, 81ze PE-lO and PE—ZOO (Intramedlc,
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 ﬁell as hog renin
(Lyophilized, Nutrltlonal Biochemicals Co.) are used as sour-
ces of renin. The kldneys are frozen (at -20° C) and thawed
three times and then homogenized in distilled water.

2) Procedure
a) Substrate preparation

The substrate is\preparéd with plasma 6f male dogs
nephrectomized 24 hours previouslj after an infusion of an-
giotensin.‘$his is done bj a constant intravenous infusidn
of valine-5 angiotensin II, aspartic B-amide (Hypertensin,
Ciba, 0.5 mg/liter of 0.9% saline) at a‘constant rate of
200 ng/kg/min. The infusion ié 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 (PE—ZQO):is intro-~
duced into the femoral artery up to the thoracic aorta and
blood is collected on EDTA (1L ml of a 15% solution of the
ammonium salt of EDTA/50 ml of blood) at 0-5° C and then
centrifuged in the cold (0-5° C).
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The method of substrate preparation used‘up'to this
stage is basically that described by Haas (150). As an ex-
ample of the procedure, 19 g. of solid EDTA is added to 500
ml of plasma obtained from a nephrectomized dog and filtered
on glass wool. The solution is adausted o pH 8 by dropwise
addition'of 5 N sodium hydroxide and stirred slonly at room
temperature for one hour. The solution is then cooled at
0-5° C and adausted to pH S5e 3. Then 200 g. of solid ammonium
sulfate are slowly added (2 3 M). After centrifugation, the
precipitate 1s suspended in 120 ml of distilled water and
centrifuged again. The supernatant is dialyzed against cold
distilled'water for 18 hours, The:iormed precipitate is remo-
ved by filtration or centrifugation. The solution}is freeze-~
dried and stored at’ -=20° C. About 11. g. of substrate is ob-
tained from such a preparation, and the quantity needed to
- realize condition of excess substrate is determined by in-
cubating the freeze-dried substrate preparation in increa-
sing amount (50 to BQO'ng) in the presence of a constant .
quantity of dog kidney extracts. At the same time, 150 mg of
substrate preparation is incubated without added renin as
a control for spontaneous vasopressor substances generation.

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 400 ng

of angiotensin (usually 150 mg of freeze~-dried substrate), is
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dissolved in 2 ml of TP-EN 0«3 M or 3 ml of TP—EN O 2 M,

The plasma to be assayed is collected in a 5 ml dis-
possble syringe cooled at O- 5° G and contalnlng already O.l
ml of a 15% solution of the ammonium salt of EDTA per 5 ml of
blood. The blood is then centrifuged in‘the cold (0=5° C).
Plasma (1 ml} is placed in a disposable Falcon plastic tube
and 100 uL of hydrochloric acid (0.2 N) are added slowly .
while shaking the tube. Then 1 mlt of moist Dowex 50W-X2
(NH +) pesin and 3 ml of substrate dissolved in TP-EN 0.2
pH 5.5, are added. The tube is covered with parafilm paper and
incubated. When 2 ml of plasma are incubated, 200 pL of hydro-
chloric acid (0.2 N) are added to the plasma, and then 2 ml
of substrate diseolved in a solution of TP-EN 9.3 M, pH 5.5,
and 1 ml of resin are added. In all. cases, whether 1 or 2 ml
of plasma aue incubated, the volume of the liquid incubated
is always 4 ml and the final molarity of the TRIS is 0.15 M.
The time of incubation is usually 12 hours, although lt could
be extended to 18 or 24 hours: for plasma with low renin acti-
vity. The incubatien is performed ut 37° C with constant vi-
gorous agitation.

For the measurement of renal renin content, the kidney
is removed from a dog under light chloralose or pentobarbital .
snesthesia, by a flank incision. 4 slice of 0.5 cm uidth

passing through the long axis of the kidney and’ including

* A 5 ml plastic disposable syringe (B.D.) is cut at the O
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 aspect of the pelvis is obtained, and the medul-
lary tissue is-<tcut out. This slice is blaced in a beaker
which is stoppered with parafilm paper, and then frozen at -
20°C. After freezing, the tissue is left at room teﬁperatue
re for 30 ﬁinutés.'This sequence (freeiing and thawing) is
repeated two more .times to increase cell ruptufe and the
amount of renin released from the tissue (23). wéter (50 ml
of distilled 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 done (usu-
ally 1 g; of original kidney/lOO;f 300 ml of distilled water).
Then 100fnL of this érudé extract is added to an excess of
dog~substrate dissolved in 3 ml of TP-EN 0.1l5 M pH 5.5, and
1 nl of Dowex 50W-X2 (NH4+) resin and incubated for one hour
at 37° C,.pH 5.5.

When either plasma.of.kiQney extracts are incubated
(see Figure 7) a constant vigorous agitation is provided by
a Rotary evapo-mix (Buchler Instrument). If incubatibns‘have
fo:proceed for 12 ﬁours, they may be started at the end of
the afternoon. The.enéymatic péaction is stopped by cooling
to 0-5° C. This is done by an automatic system in which a
timer stops the agitation and heating of the indubation mix-
ture and starts circuiation of water at 0-5° C until proces-
sing the mofning after.

¢) Elution of Angiotensin formed

After incubation, the mixture is transferred to a
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glass column (10 cm x 1 cm) conbaining 1 mi of Dowex 50W-X2
(NH4+) resin. The column 1s washed first w1th 10 ml of 0. 2 N*
‘ammonlum acetate- (pH 6)," and then with 15 ml of acetlc acld
(10% v/v) and 20 ml of dlstllled water. These»eluates are
discarded and angiotensin is then.eluted withl7 ml of  diethy~
‘lamine (0.1 N), followed by 7 ml of ammonium hydroxide (0.2 N),
into a silicohized polypfopylene Erlienmeyer 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 (100;
150 g.) are bilaterallx nephrectomized under ethef 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 Jjugular veins are cannulated with PE-10 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 (P23AC) conhected to a Grass Pdlygraph.,When it is nee-
ded, subseéquent 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 sfandard

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 50W-X2
(NH4+) re51n. The column 1s washed first with 10 ml of O. 2 N
'ammonlum acetate (pH 6), and then. w1th 15 ml of acetic acld
(10% v/v) and 20 ml of dlstllled water. These eluates are
discarded and angiotensin is then.eluted witn47 ml of~diethy-
lamine (0.1 N), followed by 7 ml of ammonium bydroxide (0.2 N),
into a siliconized polypfopylene 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 (100}‘
150 g.) are bilaterallx nephrectomized under ethen 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-1Q 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 reglstered on a kymograph, or to a Statham trans-
ducer (P234C) connected to a Grass Polygraph. .When it is nee-
ded, subsequent 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



between 0.08 and 0.00L ml. If the blood pressure is not
affected by the injection of 0.08 ml of ﬁnknown, the renin
activity is reporﬁedlas zéro. When a suitable response 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‘resulté are
obtained when the assay is performed at doses braéketed bet-
ween 0.7 and 2 ng of standard angiotensin. A

The results obtained are expressed as ng of angioten-
sin formed per ml of plasma after 12 hours of incubation
(ng/m1/12 hours) for plasma renin activity and ng of angio-
tensin fqpmed per mg of kidney extracts after 1 hour of incu-
bation (ng/mg/L hour) for the renin content 6f the kidney.

3) Experimental data concerning the renin-substrate
preparation
a) Pentobarbital anesthesia

Preliminary experiments were done to adapt Boucher’s
micromethod (12) to dogs by stuying the kinetics bf the en-
zymatic reaction. Renin substrate was prepared according to
Haas? ,procedure (150), from plasma of dogs bilaterally ne-
phrectomized through laparotomy under bentobarbital anesthe-
sia. 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 angiétensin 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'fhe plasma
- was ¢oile¢t¢d_72 hodrs;posteneppréqtégy;WQ:Q s§;t;lqéd¢d;f
(ZAQ'mEq N§Zdaj)¥3 and 5 déysfbri&fhfbwﬁéﬁﬁrebﬁbmy:ﬁfocédﬁre.

Plasmé~rehin activity“énd/of arterial angiotensin level'
were measured according to Boucher’s method (lo)bin six of
these dogs (Table VI). It was possible to meégure‘detectable
renin activity 24 hours'post-nephrectomy in 4 out of 5 dogs
Qhereas circulating angiotensin was found in two dogs, 24 hours
after nephrectomy and in one, 72 hours after nephrectomy.

Moreover, when performing kinetic‘studies, five sﬁbs-
trate preparations were incubgted without added kidney;extract'v
as controii Three of these incubations generated vasopressor
substances.

Since it was;not possible to achieve zero-order kinetics,
studies involving time of incubafion and possible loss of an-
giotensin in Substrate preparation were QOne; The time of in-
cubation was reduced to three and six hours in one experiment.
The angiotensin was found to be propdrtional to the substrate
concentration (up to 300 mg of substrate), even by reducing
the time of incubation to 3 hours.

Angiotensinase-inactivation in the first step of sub-
strate preparation is done by alkalinisation of plasma gt
pH 8 in presence of EDTA for one hour at room temperature. In
oeder to cﬁeck it any important losses of substrate were en-
ccuntered in this part of the procedure, plasma wasvdivided
in two equal parts. One of them was processed through the ori-

ginal Haas®’® procedure (150) and the second part was submitted
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TABLE VI - Plasma Renln Act1v1ty (ERA) ‘d@nd. arterlal anglo-

- tensln 1eve1 1n nephrectomized dogs. N

Dog No. Time after PRt Arter1al+
' 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]
" 0 18
24 0 -
48 0
72 0
5t 0 12.5
24 3
72 o 6
g+ 0 12
24 7
72 o a:

++

+++

ding to Boucher’s procedure (10).

FRA and arterial angiotensin level were medsured accor-—

Fed 240 mEq Na/déay during 3 days prior to nephrectomy.

: Fed 240 mEq Na/day duiing 5 days prior to nephrectomy.
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to the samé procedure but the angiotensinase-inacfivafion
step was omltted. Such preparatlons were done 1n three ins-
 tances, and klnetlc studles comparlng both preparatlons were?jj?”
carrled out. In every case, the act1v1ty of the substrate pre-
pared:with or without angiotensinase-inactivation was eompa-~
rable. _
b) Effects of Enovid (Ry Searle), angiotensin
and chloralose 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‘prodedure 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 a-chloralose anesthegia and continued until the se-
cond ki@ney.was removed. The total duration of angiotensin
infusion was a minhimum of 90 minutes. 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 wefe ne-
phrectomized afﬁer laparotomy under chloralose anesthesisa
and one of them was infused with angiotensin before anesthe-
sia as described above.

These eleven dogs were bled 48 hours.after nephrectomy,

and the plasma processed separately according to the proce-
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dure of Haas (150) Kinetics of the renin substrate reaction
"1n angloten51n-treated dogs showed that angloten31n formatlona.a
reached a plateau w1th 150-200 mg of freeze-drled substrate
preparation in 7 out of 8 dogs. Similar results were found
with the substrate preparation obtained from the dog treated
with angiotensin and Enovid. In contrast, substrate froﬁ
four control dogs that received the same dose of chloralose
and a control infusion ef isotonic saline, formed angioten-
sin in amounts parallel to the substrate concentration (up

to 300 mg), when incubated with dog kidney extracts. The
results of these four control dogs are presented in figure'S.
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) or an excess of 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 well as from control dogs (chloralose 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 thaﬁ they were reprodﬁcible and no real dif-
ferences were encountered when comparing them.to the pre-
parations from 48-hour ﬁephrectomized dogs.

The freeze-dried substrate preparation was also found
to be stable‘ahd 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 fop 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 incubating hog
renin with dog plasma. As shown in figure llvthe substrate con-
tained in O.lfml 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,més used in
that experiment to provide a maximal concentration of subs-

trate.



-89~

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 ﬁephrectomized dogs.

The freeze-dried substrate preparation was also found
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 fop 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 incubating hog
renin with dog plasma. As shown in figure ll_the substrate con-
tained in 0.1 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 dogsﬁwés 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 subatrate Dog kidney | Angiotensin
experiment (mg) extracts (pg) | found (ng)

Day 1 100 125 40
' 300 0 0
30Q 125 120
Day 1l 100 125 50
300 125 110
Day 16 100 125 50
30Q - 125 110

The same batch of kidney extracts was used for each experiment.

" Incubations were carried out at 37°C, 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 0.1l ml of plasma for 12 hours (ng/0.l ml/12 hours).

Since with 0.0l and O.l units of hog renin (Figure 11)
the angiotensin formation was proportional to renin, 0.02
units were arbitrarily chosen to be incubated with 0.5 ml
of plasma in order to evaluate the capacity of plasma to
generate angiotensin (or "capacity of angiotensin generation").
The results were expressed as ng of angiotensin formed per
O.1 ml of plasma after 12 hours of incubation (ng/0O.1 ml/12
hours).

For the determinations of substrate concentration and
"capacity of angiotensin generation", 0.04 ml of a 15% so-
lution of the ammonium salt of EDTA and 0.O4 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-
minedvin 27 dogs. The mean was 15.9 ng/0O.l1l 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 a-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-f£0ld and it
was maxiﬁal after 24 hours. The substrate concentration 48
ﬁburs after nephrectomy was measured only in 8 of the 13
dogs infused with angiotensin. The increase in renin subs-
trate 24 and 48 hours after nephrectomy was higher in 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 angiotensin
generation" were determined simultaneously in 9 dogs before,
24 and 48 hours after nephrectomy. The "capécity of angio-
tensin generation" as well as substrate concentration did
not increase further from 24 to 48 hours after nephrectomy
except in one dog (Figure 13). In that dpg, 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 flank incision undér
pentobarbital in 5 dogs and under a-chloralose in 4 dogs,
fwo of which were infused with angiotensin (200 ngykg/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 6.5 when kidney extracts (Figure 14)
were incubated. Similaf results were obtained with dog
plasma (Figure 15). An identical 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 substréte was studied
extensively (cf..supra)._Usually the angiotensin formation
reached a plateau with 150 mg of dog substrate, after 12
hours at 37° C. 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 505 75 and 100 mg of dog substrate were incubated with
three plasmas of different renin content (Figure 16). Usual-
ly, 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 provide a
zero-order reaction was discarded.

¢) Effect of time on the formation of angiotensin

When a constant 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 hoursiwith low renin activity (v.g.
10 ng angiotensin/12 hours). The studies were not extended
over 48 hours.lFigure 17 iilustrates a typical incubation
progress curve of the reaction of dog renin (plasma) with
dog substrate as a function of time. A 12-hour incubation
period was therefore chosen for the détermination 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 formatioﬁ
The influence of different amounts of dog kidney ex-

tracts on the liberafion 6f angiotensin was studied.- The
incubations were carried out in presence of a consﬁant 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 nge.
In two other experiments of this fype, 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 angiotehsin 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-
te preparation,.a,threé-fald dilution decreased the angioten-
sin formation (T;ble VIII). The a&ditiop_of sodium chloride
to the incubation mixture had no effect on the angiotensin
forhation,,if less than 150 mg was added as shown in table IX
and X. The addipion of 10 mg of 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‘ex%racts. But in the incubation mixture con-
taining dog substrate dissolved in water and dog plasma or
dog kidney extracts, a slight precipitate generally formed
after:12 hours. The formation of angiotensin was not affected,
however, when that precipitate was found in the incubation
mixture. Moreover, to measuie 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. Tfis-
citrate+, Tris-chlorhydrate+ and‘Tris-phosphate were employ-
ed to dissolve the substréte. 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
diséolving substrate in water was prevented. The Tris-phos-

* fPris-citrate and Tris-cplorhydrate.solﬁtions were prepa-

red in the same 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.

0 No. | Dog substrate Dog plasma | Tris-phosphate | Angiotensin
' (150 mg) Q.25 M, pH 6.5 | found (ng)

1 2 ml 1ml 0 ml 200

2 2 ml 1lm 2 ml 200

3 2m 1 ml 4 ml 200

4 2 mlL 1l ml 6 mlL 150

Incubatiens were carried out at 37°C, pH 6.5 for 12 hours.

TABLE iX.g-Effecﬁ of sodium chloride and heparin on

angiotensin formation.

No. Dog Dog kidnej Heparin | NaCl Angiotensiﬁ
substrate | extracts (mg) | (mg) | found (ng)
(150 mg) (pg)
1 3 ml 100 -~ - 320
2 3 ml. 100 10 - 300
3. 3 ml 100. - 430 200
® 4 . 3ml 100 10 430 180

Incubations were carried out

at 37°C, pH 6.5 for 12 hours.
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PABLE X - Effect of sodium chloride on angiotensin

formation.
Nove Dog'substrate (150 mg) . | Angiotensin
dissolved in NaCl found (ng).
35.7%|15% | 5% |1.5%|0.9%|0.5%
1 3 ml 0
2 3 ml 30
3 3 ml 80
4 3 ml 100
> 3 ml 100
6 3 ml 110

Dog substrate was incubated in presence of a constant
amount of dog kidney extracts (125 pg). Incubations

were carried out at 37°C and pH 6.5 for 12 hours.
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TABLE XI - Effect of sodium chloride, Tris-chlorhydrate

(P-Cl), Tris-Citrate (T-Ci) and Tris-phospha-

te (T-Ph) on angiotensin formation.

No.| Dog substrate (200 mg)| Dog |Dog kidney |Angiotensin
' T-C1| T-Ci| T-Ph| NaCl|plasma| extracts |[found (ng)
0.25M|0.25M|0.25M | 0.9% (ng)

1(3m 1m 0 130

2 |4 ml 0 170 320

3 (3 mt 1 ml 0 12.5

4 3 ml 1 ml 0 120

5 4 ml 0 170 300

6 3 m* 1 ml 0 12.5

7 3 ml 1 ml 0 120

8 4 ml 0 170 300

9 3 m” 1ml 0 20
10 3ml | 1ml 0 120

11 4ml | O 170 250

12 Zmt| 1m 0 20

Incubations were carried out at 37°C and pH 6.5 for 12 hours.

+

: Substrate was not added to the solution.
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phate (0.15 M) was chosen.

The addition of chloride ions to the incubation mix-
ture was also shown to have no effect on the angiotensin
formation in the system used.

f) ZEndeavours to eliminate possible interéering
substances.

The formation of angiotensin reéched a plateau with a
pH between 5.5 and 6.5 when incubating dog plasma with.dog
substrate.va 6;5_waStéhosen. Recovery experiments were un-
'dertaken and cohsisted in the addition of a known amount 6f
standard ahgiotenéin into the incubation mixture just before
carrying dut the incubation. After incubation, the Samples
were ﬁfoceséed and measufed in the usual way. The results
were expressed as the percentage of angiotensin rééqvered,
The very first recovery eXperimeﬁts were‘pérformed'at pH 6.5,
and the percentage of recovery of added angiotensin varied
from a low value of 45% to 60%.'For»this reason, different
attempts tb eliminate possible. interferihg substances were
tried. ‘ |

Moreover, in some samples obtained after incubating
plasma at pH 6.5, the oxytbcic>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 Kuriharé’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 of unknown was measufed
and compared'to a similar response obtained after standard
angiotensin. However, such high values for oxytocic acti-
vity were not found when dog kidney extracts were incubated
with dog substraﬁe, and'the oxytocic activity was comparable
to the values found with the rat blood pressure assay of
lower (see Table XIII).

In nine experiments, plasma was submitted to salting
out with ammonium sul@ate before incubation. One ml of plas-
ma was placed in a disposable Falcon plastic tube and a
solution of ammonium sulfate was added in ordér to dbtain
a 2.4 M solution. A éuitablé‘period (30 minutéé) was then
allowed to obtain préCipitation. After déﬁtrifugation,'the
superhatant was'discarded and the precipitate was dissolved
in ﬁhe substrate solution. The incubation was carried out
after adding one ml of resin. In one of 9 experiments, the
values .obtained for renin activity after salting out the
plasma were compérable to thé control values. Ip 6 of themn,
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. Moreover, the salting
out of plasma was withouf 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
Plasma obtained from the supernatant was added to substrate
and resin and a l2-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
XTI, 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 aliquot. 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 0.0l mg and 0.0001 mg. The soy-bean did
not affect the rate of angiotensin formation (Table XI11),
nor the mea;ured 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 of 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
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TABLE XII - Treatment of plasma with Dowex 5QW-X2 (NH4+)

resin before incubation.

No. Dog plasma Resin** | Angiotensin found (ng)
intact| treated” Rat uterus|Rat blood
pressure
1 1m 750 | 120
2 1 ml 1600 100
3 1l ml 720 120
4 O¢5 ml 200 0
5 1 ml | 900 120
6 0e5 ml 600 0
7 1l ml 1250 100
8 0.5 ml 500 0
[ 9 1 ml 2100 100
10 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°C.

After centrifugation in the cold, 1 ml of supernatant

(dog plasma) was incubated with substrate and 1 ml of

Dowex 50W-X2 (NH4+) resin.

The resin used to treat the plasma (0.5 ml), was imme-

diately washed and eluted as usual.

Dog substrate (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.

r * . -
No. Dog Dog kidney|Soy-bean ‘fngiotensin found (ng)
Rat uterusf{Rat blood

Substrate| extracts (0.1 ml)

(150 mg) (ug) pressure
1 2 ml 140 120 120
2| 2m 140 | 110. 120
3| 2m 140 |0.01 mg 90 110
y| 2m 140 0.0L mg| 100 100
5| 2m 140 0,001 mg - 100
6 2 ml 140 0.001 mg - 80
7] 2m 140 0.0001 mg - 120
8| 2m 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 angiotensin.

No.|Soy-bean| Angiotensin| Angiotensin found (ng)| Recovery
(0.1 m1)| added |Rat uterus | Rat Blood %
(ng) pressure
1| 0.01 mg 50 - 25
2| 0.01 mg 50 - 19 - 40
3 | 0.01 ng . 50 - 17.5
4 | Q.01 mg 100 - 50
0.01 mg 100 - - 70 60
0.01 ng 100 - 60
0.01 mg 200 - 100
62.5
0.0l mg 200 - 150
9| 0.0l mg 0] 2000 0
10 | 0.01 mg 0] 2000 0]
11 | 0.01 mg 0 1500 0]

Dog substrate (150 mg) was incubated with dog plasma (1 ml)

at 37> C and pH 6.5 for 12 hours.
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formed was found after washing the resin column with 15 %o
40 ml of acetic acid. The recovery of added angiotensin was not
improved when the technigue of elution of angiotensin was
s8lightly modified.

Recovery of added angiotensin in unincubated samples
(Table XV) was not affected by the addition of EDTA to ﬁhe sam-
pPles. Less angiotensin 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 measured was slightly
higher in the samples submitted to freeze-drying. Lyophiliza-
tion was preferred to the other technique mainlj 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 angiotensin.

No.| EDTA®|AAT | Acetic acid Apttt Angiotensin|Recovery
(ml) [(ng)| washing (ng)| found (ng) %

1l 0.04 0 15 ml 0] 0

2 0.04 0 15 ml 0 0

5 - 0] 15 nml 0 0

4 0.04 0 15 ml 100 75

5 0.04 0 15 ml 100 80 78.%
6 0.04 0 15 ml 100 80

9 I o] 15m 100 85 82.5
8 -l o] 15m |00 80

9 - 0 30 ml 100 80 80
10 -l o]l zom 100 80

11 0.04] 100 15 ml o 80 80
12 -| 100 15 ml 0] 80 97.5
13 -| 100 15 ml 0 75

14 -| 00f 30 m 0 55 62.5
15 -] 100 30 ml 0 70

+ . Solution of the ammonium salt of EDTA (15%) was added
directly to the substrate preparation.
ArTY . Angiotensin was added in the tube containing substrate
- and plasma.
AATHY . Angiotensin was added directly into the column after
washing with ammonium acetate and acetic acid.

Each sample contained dog substrate (100 mg) and heparinized
dog plasma (1 ml). The pH of the mixture was 6.5. The sam-
ples were not incubated, and the manipulations were perfor-
med in the cold room (0-5°C).
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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 blood pressure assay
with those obtained by rat uterus assay in table XII, it is
obvious that the oxytocic activity bears no relation to the
vasoactive response. Recovery experiments 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) Resulté
a) Plasma renin activity

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, 1 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. 1 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) with a range from Q to 4Q ng. Fourteen
female mongrel dogs were fed by gavage, a diet containihg
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)
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TABLE XVI - Recovery of added angiotensin in incubations
carried out at pH 5.5.

No. | Angiotensin | Angiotensin | Recovery
added (ng) | "found (ng) | %
Experiment 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
10 200 160 67
11 200 - 160
12 200 150
Experiment B
1 0 12
2 0 12
3 0 20
4 50 40
5 50 50 675
6 50 55
4 100 75
8 100 100 70
9 100 80

Experiment A: Dog substrate (100 mg) was incubated with
dog plasma (1 ml).

Experiment B: Dog substrate (150 mg) was incubated with
dog plasma (1 ml). |

The plésma used in each experiment was sampled from two
different normal dogs. Incubations were carried .out at
37°C and pH 5.5 for 12 hours.



TABLE XVII - Reproducibility.

No. Dog Dog kidney Angiotensin
plasma extracts found (ng)
(pg) |

1 1 ml 70
2 1 ml 60
5 1 ml 65
4 lml 6Q
5 250 240
6 250 260
7 250 260
8 250 280
9 250 240
10 250 225
11 125 150
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°C and

pH 6.5, for 12 hours.

-97b-



TABLE XVIII - Plasma renin activity of normal
conscious dogs.

Dog | Plasma BrRAYY Dog | Plasma pPra*
no. (m1)* no. (m1)* -
1 1 40. 21 1 40
1 2 35 22 1 6
2 1 o. || 23 1 8.7
3 1 25 ou 1 5
4 2 5 25 1 25
5 1 25 26 1 15
6 2 0 27 1 12
7 1 15 28 1 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 %2 1 11.2
12 1 50 33 1 37.5
12 1 10 34 1 8.7
13 1 575 35 1 0
14 1 5 36 1 3.5
15 1 15 37 1 0
16 1 6.2 %8 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 renin activity (ng/ml/12 hours).
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and Purina dog chow. The diet was given in two equal por-
tions at 9 and 15‘houfs for at-leaéf,} days. After sampling
peripheral blood for plasma’ renin activity, the dogs were
anesthetized with pentobarbitel sodium. Plasma renin acti-
vity was repeated 90 minutes later, after infusing Ringer’s
solﬁtion, P.A.H. and creatinine for renal clearance studies.”
The mean renin activify on metabolic balance was 13 ng/ml/12
hours (£ S.D. 9.8) with extreme values rahging 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 doé; In 2 dogs,
the plasma renin activity remained essentially the same
(Table XIX).

The plasma renin activity was measured in three dogs
under light pentobarbital anesthesia and in threé dogs under.
light chloralose anesthesia. These animals were still reacting
to painful stimuli and plasma'renin actiﬁity was determined at
different time-intervals after the induction of anesthesia. In
each case, the lasﬁ sample was taken when thé animals had al-
most coﬁpletely recuperated from anesthesia. In all, excépt one
dog under 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 animals 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 0 | 15
3 5 -
4 25 50
5 6 200
6 19 19
7 30
8 . 20
9 15 35
10 6 60
11 37 60
12 15 30
13 6 100
14 22 45
Mean * S.D.| 13 * 9.8 46.5 £ 53.1

T Dogs were maintained under perntobarbital anesthesia for

90 minutes before sampling blood for PRA.



TABLE XX - Effect of light intravenous anesthesia on peripheral Plasma

Renin Activity (PRA).

Dog no.| Weight| Anesthesia PRA (ng/ml/12 hours)
| (Xg) N . ) .
Agent”| Volume Time-interval (minutes)
(ml)
0 10 20 45 60 80 120
1 7.7 B 5 | 37.5| 50 30
2 15.4 3 8 5 18.7 > 5
3 10 P 5.5 0 0] 10 6.2 6.2
4 14 C 200 15 6.2 5 0]
5 10 C 150 6.2| 10 15 25 15
6 10.9 C 185 0o 6.2 15

C: a-chloralose, saturated solution in

P: pentobarbital 60 mg/ml.

NaCl 0.9%.

-q86-
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30 minutes following pentobarbital anesthesia. In the dogs
where plasma renin activity did not 1ncrease under chloralose
anestheSia, there was on the contrary a disappearance of
plasma renin activity.

b) Renal renin content

The left kidney and then the right one were removed
by a flank incisioh from 4 normal dogs under pentobarbital
anesthesia and assayed for renal renin content. Individual
values as well as the mean and S.D. are presented in table
XXI. The mean renal renin content was found to be éssential-
ly the same in boih,kidnejs.

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 all the
animals used, the left kidney was the first one to be remo-
ved. In four of them, the left kidney was removed after an-
giotensin (200 ng/Kg/min) infusion of 60 minute duration
and the infusion was begun 30 minutes prior to chloralose
anesthesia. 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 lateral 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-
1y on the outer cortex, the corticomedullary Jjunction, the

medulla and the pelvis. The results of this study are given
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TABLE XXI - Renal renin content. of normal dogs+.

Renal renin content

(ng/mg/1 hour)

Dog no. Right kidney | Left kidney
1 45 75
2 30 56
3 60 375
4 30 } 22.5
Mean % S.D.| 41.2 & 14.3 [ 47.7 & 22.7

44,5 £ 17,9

*. The kidneys were removed by a flank incision

under pentobarbital anesthesia.
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in table XXII. In normal dogs, the renin content of the
superior pole and the medial zone was comparable, 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-
vity 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, were thought to be explained by the stimulating '
effect of anesthesia and laparotomy on the release of renin.
Subsequently, the level of availaﬁle 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 frequently ob-
served a 2.5 - to 3 = fold increase in plasma renin activity.
Similar elevations were foﬁnd in anesthetized humans by these
same workers. The results obtained in anesthetized dogs

(Table XIX and XX) confirm these findings. Moreover, McKenzie



TABLE XXII - Zonal distribution of renal renin content in normal and angiotensin-

treated dogs.

Dog no 1 2 ) 4 Mean % S.D. A-1 A2 A-3 A-4 | Mean %= S.D.

0.C. so0 | s0 [165 |150 [101.3 e5.4)450 [180 [200 |260 |272.5 123.1
C.M. 5 | 12.5| 37.5] 1.5 2.1 18.1f| 37.5{ 90 |120 | 24.5| €8.0  44.8
Med. - - o |10 0 - 5 0
Pel. 0o | 18.7] o - | 30 7.5 0 0
S.P. 25 | 30 [ 75 |e0 | 47.5 24.0)l150 [100 [100 | €0 [102.5  36.9
M.Z. 25 | 25 | s0 |eo | #o.0 17.8f300 |00 [100 |100 [150.0 100.0
1.p. || 20 |25 |50 |#0 |33.8 13.8] - |eo |200 [120 [126.7  70.2
 R.K. 40 | 20 | 75 85.8| 55.2  30.5 | - - - -

0.C.= outer cortex. CeM.= cortico-medullary Jjunction. Med.= medulla.
Left kidney
Pel.= pelvis. S.P.= superior pole. M.Z.= medial zone. I.P.= inferior
pole.
R.K.= right kidney.

Dogs no. 1 to 4: Kidneys were removed by flank incision after chloralose anesthesia.
Dogs no. A-1 to A-4: Lefﬁ kidney was removed by flank incision after angiotensin

infusion and chloralose anesthesia.
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and coworkers (?50) observed that 4 hours after laparotomy,
the plasma renin activity was increased on a 3-fold average.
This effect on renin release was emphasized by the presence
of detectable amounts of renin aﬁd angiotensin in the plasma
of_some_nephrectomized dogs (Table YI); This finding may ‘be
explained be the ﬁresence ef renin-like substances in organs
other than the kidney (102, 103).

From these observatlons, 1t could be tentatlvely theo-
rized that anesthesia and laparotomy increase renln release
before the completlon of nephrectomy. A large amount of renin
may be taken up and stored in an extrarenal site and explains
thereafter that the usual increase in substrate is prevented
or dlmlnlshed. 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 doseén
(8 units) were infused. :

These pogsibilities persuaded us to treat the animals
before nephrectomy, in order to completely suppress renin
release. Salt loading in two dogs, was unsucceesful for pro-
ducing a suitablelsubstrate préparation. Infusions of¢angio—£
tensin,. known as a potent suppressor of renin release ‘in both
humans'(l79, 180; 236, 237)‘and dogs (238, 259),-allowed us
to obtain a substrate prepagation sufficiently abundant for_
providing a zero-order reaction when incubated with dog kid-

ney extracts.
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Slnce progestatlve medlcatlons were reported to 1n—
crease substrate concentration in humans (73) and rats (74),
Enovid (Rx Searle) was administered by gavage in 2 dogs.

Two weeks treatment failed to increase substrate concentra-
tion as reflected by kinetic studies.

_ii) Studies on' substrate concentration and “"capacity

of anéioténsin generation"

Substrate poncentration, as measured on O.L ml of pias—
ma, increased 24 héurs after nephrectomy by 3.2—fold in an-~
giotensin-treated dogs and 2.4-fold in dogs anesthetized with
pentobarbltal. The absence of statistical significance bet-
ween these two groups was difficult. to.explain. Two p0531b1e
explanations may be pointed out. In that series of experlments.
where the substrate concentration was measured on 0.l 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 first series of experiments, wﬁere the subs-
trate concentration was assessed from kinetic studies, tie
kidneys were removed through'iaparotomy. 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 moﬁths, whereas.the se-
cond series (substrate concentration) was doﬁe during spring-
time. The importance of temperature on renin rélease waé
stressed in rats by Rosenthal and coworkers'(139). A 3=fold

increase in plasma renin activity was found in rats exposed




@
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to high environmental temperature (88° F) for one week.

Moreover, these workers produced, by the injectioh of fur-

semide, a 6-fold increase in plasma renin activity of these
rats cémpared to a 3-fold one in control rats kept at 72° F.
Simultaneous determinations of substrate concentration
and "capacity 6f'angiotensin generation" showed that both
parametgrstincredsed and reached a maximal value 24 hours
after nephrectomy and did hqt increase further from 24 to
48 hours after nephrectomy. This pattern was observed in
apgiotensin-treated as well as control (pentobarbifaler
chloraloée anesthesia) nephrectomized dogs. A dissociation
between these two parameters was observed in dogs from 24
to 48 hours after nephrectomy by Smeby et al (88). The major
source of the differences between our results and theirs re-

sides in our use of hog renin instead of dog renin to measure.

~ the "capacity of angiotensin generation".

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
excessfof homologous subétrate and Dowex 50W-X2 (NH4+) resin

for a long period.
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The substrate obtaihed from one dog nephréctomized '

: aftér,angiotensin infusion ‘permits 50 to 90 determinations

of renin activity. The purification of substrate according
to Haas et al (150) is easy to perform and the absence of.

renin in that preparation is obtainéq by the use of plasma

from nephrectomized and angiotensin pre~treated dogs. The

substrate concentration necessary to provide a zero-order
reaction is determined 6n each new batch. At the same time,
substrate is incubated alone without renin to eﬁsure'the-ab-
sence. of spontaneous preésor substances.

When zero-order kinetics apply, the iate of formation
of angiotensin is propoftional to the amount of rénin. These
conditions are satisfied 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 le#els, the time of incubation may be pro-
longed from 12 to 24 hou:s or conversely 2‘mi of plasma may
be incubated.

The presence of "kinin-like" substances was found in
the samples when plasmé was incubated with substrate. The

origin of these substances was unknown, but they were not

-interfering with the.amount of angibtensin measured by rat

blood pressure assaj.
The optimal pH for the hydrolysis of dog substrate with
dog renin is 5.5 to 6.5. The recovery experiments done at pH

6.5 were variable. Such a pH is close to the optimal pH of
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angiotensinases in the plasma (26 43-46), and may explein
the variability encountered. A mean recovery of 68% in 3
experiments was found when the incubations were carrled out i
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 & better pH control, specially. when
plasma is incubated.

The presser product obtained from our incubations in-
creased the blood pressure of nephrectomized rats in the same
manner as standard angiotensin and is most probablj angio-
tensin I, since the converting enzyme is #nhibited when the
incubation is carried out at pH 5.5 in presence of EDTA (351).

The mean normal plasma renin activity in’dogs eating
Purina'deg chow and drinking tap water ad libitum was not
dif:erent‘from that obtained in dogsz under metabolic balance,
despite the smaller standard deviation found in the 'last group.
The wide range of values for plasma renin activity encounte-
red in normal dogs could not then be eiplaiued solely.by va-
riations in sodium intake. Such a range of plasma renin ac-
tivity in normal dogs is well known (187).

The zonal distribution iof renin was measured in normal
kidneys and in kidneyS'oUtained 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. o
B - RENIN-ANGIOTENSIN SYSTEM IN NEWBORN DOGS
1) Material and Procedures

Plasma renin activity, renal renin content, substrate
concentration aﬁd juxtaglomerular index were studied in new-
born dogs. Twenty-one normal dogs from four gestating mongrel
"dogs were studied aftgr 12 hours (11), 48 hours (3), 8 days
(1), 12 days (2), 14 days (2) and 15 days (2) of life (Tsble
XXIV and XXV). All the newborn dogs were sepafated from the
mother, only a few minutes before performing the experiment.

A small incision (0.5 cm) was done above thé’internal
third of the clavicle and 2,5 to 4 ml of blood were rapidly
withdrawn from the jugular vein. Six out of'the 21 newborn
dogs were anesthetized and uninephrectomized (left kidney)
before sampling blood. The plasma obtained after centrifuga-
tion‘was processed for plasma rénin-activity; One ml of plas-
ma was incubated for each experiﬁent and a second aliquot of
0.5ml was incubated when;fhe.angiotensin 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 plésma renin ac-
tivity. The renal fenin content and juxtaglomerular index
were determined after removing .the kidney under light pento-
barbital anesthesia. The renal renih'content was measured on

whole kidney,:in 15 newborn and the jhitaglomerular index in

13.
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act by a "feed-back" mechanism (179, 236-239}~to suppress
renin réléase. |
B - RENIN-ANGIOTENSIN SYSTEM IN NEWBORN DOGS
1) Material and Procedures

Plasma renin activity, renal renin content, substrate
concentration aﬁd juxtaglomerular index were studied in new-
born dogs. Twenty-one normal dogs from four gestating mongrel
"dogs were studied after 12 hours (11), 48 hours (3), 8 days
(1), 12 days (2), 14 days (2) and 15 days (2) of life (Table
XXIV and XXV). All the newborn dogs were sepafated from the
mother, only a few minutes before performing the experiment.

A small incision (0.5 cm) was done above thé'internal
third of the clavicle and 2,5 to 4 ml of blood were rapidly
withdrawn from the jugular vein. Six out‘of'the 21 newborn
dogs were anesthetized and uninephrectomized (left kidney)
before sampling blood. The‘plasma obtained after centrifuga-
tion‘was processed for plasma rénin-activity{ One ml of plas-
ma was incubated for each experiﬁent and a second aliquot of
0.5ml was incubated when;the.angiotensin 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 plésma renin ac-
tivity. The renal fenin}content and juxtaglomerular index
were determined after removing .the kidney under light pento-
barbital anesthesia. The renal renih'content was measured on
whole kidney,- in 15 newborn and the jﬁitaglomerular index in

13.
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' Eleven of 21 ngwborn dogs were subsequently used to
study the effects of peritoneal dialysis on plasma renin
activity (6 dogé 12 hours old, 4 dogs 12-14 days old), re-
nal renin content (4.dogs 12 hours old and 2 dogs 12-14 days
0old) and the juitaglbmerular index (4 dogs 12 hours old).
Each parameter was measured before and 30 minutes after re-
moving the liquid from the abdomen. Peritoneal dialysis ex—
periment was performed after left uninephrectomy in four
12-hour-old and two l4-day-old dogs. Table XXIII gives de-
tails ébout the parameteré measured before and after.perito-‘
neal dialysis.

The peritoneal dialysis was performed by injecting the
aﬁimal intraperitongally with 10 ml of a 5% glucose solution
pér'léo grams of body weight. The solution was left in the
peritoneal cavity for 60 minutes. Then 18 gauge needle was
placéd in the léwer left quadrant and the peritoneal dialy-
sate was allowedvto-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 diaiysate and the values were reported in
mEq per kg of body weight;

2) mResults ‘

The plasma?renin activity waé found to be very high
in newborn dogs 12 and 48 hours old. The mean value wasi307
ng/ml/12 hours (S.D. + 205) ranging from 50-800 ng. In these
animals, the‘renal renin content was slightly higher (Mean

65.1 ng/mg/1 hour S.D. + 24.1) than in normal adult dogs.
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‘ Eleven of 21 newborn dogs were subsequently used to
study the effects of-peritoneal 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 days
0ld) and the juitag}bmerular index. (4 dogs 12 hours old).
Each parameter was measured before and 30 minutes after re-
moving the liquid from the abdomen. Peritoneal dialysis ex—
periment was performed after left uninephrectomy in four
12-hour-old and two l4-day-old dogs. Table XXIII gives de-
tails about the parameters measured before and after perito-
neal dialysis.

The peritoneal dialysis was performed by injecting the
aﬁimal intraperibongally with 10 ml of a 5% glucose solution
pér 160 grams of body weight. The solution was left in the
peritoneal cavity for 60 minutes. Then 18 gauge needle was
placed in the 16wer left quadrant and ﬁhe 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 diaiysate and the values were reported in
mEq per kg of body weight;

2) ﬂResults ‘

The plasmaurenin acti&ity waé found to be very high
in newborn dogs 12 and 48 hours old. The mean value wasf307
ng/ml/12 hours (S.D. + 205) ranging from 50-800 ng. In these
animals, the'renal renin content was slightly higher (Mean

65.1 ng/mg/l hour S.D. + 24.1) than in normal adult dogs.




TABLE XXIII - Various parameters before and after

peritoneal dialysis.

Age | Dog no. | PRA | RRC | JGI
12H|%6 G " + | +
26 D ¥ + | o+ | o+
%6 GD* + + +
3662t | + | + | +
36 D2 +
36 S +
41 D +
12D|25 G | +
|23 D +
14 D |s2 6DF |+ | +
g2 g2 | + | +
PRA: Plasma renin activity.
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 48-hour-old pup-
pies was in the range of normal values encountered in the
adult dog. The juxtaglomerular cell granules observed in the
puppies from mother C were located moétly in the juxtamedul-
lary cortex. In all the animals studied, non granulated cells
as well'as macular segments were obaserved mainly in the dee-
per parts of the cortex. — |

In the older group (8 to 15 days old), the plasma
renin activity was still high with a mean of 285 ng (S.D. +
186) and the renal renin content with a mean value of 68.6 ng
was comparable to the younger group. In the two dogs 15 days
0ld, the juxtaglomerular index was higher than in the first
48 hours of life. Substraté concentration in the two 15-day
old puppies was found to be normal in one and slightly.abo-
ve the normal range in the other one. The plasma renin acfi-
vity, renal renin content, juxtaglomerular index and subs-
trate concentration values in the early&uterine life are
reported in Tables XXIV and XXV.

Statistical analysis relating plasma renin activity
to renal renin content 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), Juxtaglomerular 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| 226 M | 426 333 3 | 0
22D F | 408 266 43 0
22GD| F 430 200 50 0
c 36G M | 540 500t 70 1.5
| 36D M | 530 100* 50 0.5
366D | P | 515 goot: 0. | O
3662 | F | 570 soot | 120 1
36D2 F 534 800 - -
1 36s | F | 547 | 400 - -
D 416G F | 184 65 - -
41D M| 23 200 - - |
B 8 H|156¢ | M | 380 50 85 0 20
: 15D F | 338 320 70 0 25
156D | M | 366 166 .55 | o | 20
‘Mean 307 65.1 | 0.3 |21.6°
t S.D. 205 24,2 0.5
Normal adult dogs
' Mean 12 44,5 [11.6 |15.9
+ S.D. 11.9( 17.9] 2.1 | 6.7

+,

under pentobarbital amesthesia,

PRA was determined immediately after left nephredtomy_
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" TABLE XXV - Plasma Renin Activity (PRA), Renal Renin Content
(RRC); Juxtaglomerular Index (JGI) and Substrate
Concentration (SC) in newborn dogs (8-15 days old).

Mothe Newborn dogs
sge| No.| sex | weight| PRra RRC | J6I | sc
| g) [ N
s p|ue2| M| e00 | 333 113 | o ]
A |12 p} 236 m | 950 560 - -
23D M | 1050 320 - | -
p |15 0| s2ep| M | 570 300t | #0 | -
woae | M | #83 | soo* | so | -
B |15 0| 1662 | ™ [1125 50 | 65 3 25
1602 | ‘M | 1200 37 s | 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
£ S.D. 11.9 | 17.9] 2.1] e.7

*. PRA was determined immediately after left nephrectomy

under pentobarbital anesthesia.
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In the peritoneal dialysis“experiments, a mean of
7.8 mEq (+ S.D. 1.37) sodium and 0.3 mEq (4 S.D. 0.07)
potassium per Kg of body weight were removed with the dia-
lysate. In the l2-hour—old'puppies, peritoneal dialysis ef-
fected a 1l.5-t0 6~fold increase in plasma renin activity
(Figure 19). Attwd-fold mean increase was found in that
group. The animal presenting the 6ffold increase, started
from a relatively low control value of plasma renin activi-
ty (100 ng)e. In the 12 to l4-day-old dogs, the plasma renin
activity ianeased from 2—- to 3-fold following peritoneal
dialysis (Figure 19). |

This increase in plasma renin activity following pe-
ritoneal dialysis was consistent in each experiment despite
‘the removal of the left kidney before peritoneal dialysis
in 5 of the animals studied. Renal renin content was decrea-
sed by dialysis in four l1l2-hour-old and two l4—day-old pup-
pies (see Figure 20). The left kidney removed in three dogs
after peritoneal dialysis showed a renal renin content com-
parable to the values found in the right kidney after peri;
toneal dialysis (40, 40 aﬁd 70 ng/mg/L hour). In the 12-
hour-old dogs where renal renin content was measured before
and after peritoneal dialysis, fhe juxtéglomerular index
was not found to be altered by this expérimental procedure
as shown in figure 20.
%) Discussion

The role and importance of the fetal kidney in the

elaboration of renin is not well defined. The granulated
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Jjuxtaglomerular Eells are absent, at least in the first
week of extrauterine life, in mice (104, 201) and rats (345).
Recently, Hodari and coworker (181, 342) detected a measu-
rable amount of reﬁin in normal dog fetal kidneys.

The main purpose of this investigation was to present
a more complete evaluation of the renin—angiétensin system
iﬁ newborn-dqgs, during thé:first fifteen days of life. The
plasma renin activity values were much higher than those
found in adult dogs, and théy were nét related to the renal
renin content. The renal renin content values were compa-
rable to those found in adult animals, whereas the juxta-
glomerular cellngranﬁles were either few or absent.'The.
pattern of distribution of juxtaglomerular granulatlon found
in the flrst two weeks of extrauterlne 11fe in mice and rats
(104, 201 345) was also observed in our newborn dogs. The
flndlng of such high values of plasma renin act1v1ty raised
the question of: the origin of the circulating renin in the
newborn. éince.renin has been found in placenta (103, 181,
339, 340) and uterus (103, 343, 344), and since it can pass
the placental;barrier (342), it could possibly originate
from the ﬁother”or the,placéntal-uteiiné unit. The first

possibility seems improbablé since the plasma renin activi-

.ty measured in 3 mothers at the time of. dellvery was within

the normal range. Moreover, the relatively short half 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 of 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 Waé Brought by the stimulation of
reniﬁ release by sodium depletion in the peritoneal dia-
lysis experiments. These have been shown td be a potent
stimulus for renin release in adulit animals (86, 136, 158).
The peritoneal dialysis increased plasma renin activity
and decreased the renal renin content whereas no concomi-
tant changes were encountered in juxtaglomerular index.

The decrease found in renél renin content is éuggestive

of a storage and release of renin or renin precursors by
fhe 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 discrepancies
encountered between plasma renin activity and the'juxta-
glomerular index or renal reﬁin content in some experimen-

tal conditions (86, 136-139).
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CHAPTER IV - STUDY OF'ACUTE CHANGES IN RIGHT AND LEFT ATRIAL
PRESSURES ON RENAL VEIN PLASMA RENIN ACTIVITY IN
DOGS

The suppression of plasma renin'activity in primary
aldosteronism is moSt probably‘explained by the sustained
increase‘in plasma volume. In patients with éongestive car-
diac failure,. the activity of renin angiotensin system is
increased despite a nopmal or increased plasma volume. Although
it is postulated that in such patients the’"efféétive.pircula-
ting volume" is reduced (352),fthe decrease in plasma renin
activity or arterialvangiotenSin observed in these' patients
after treatment remained unexplained.

Since one of the earliest and most reliable signs of
cardiac failure is inpregsedivenous pressure, we have inves-
tigated the effects of changes in the right and left auricu-
lar pressure on renal venous renin activity.

A - MATERIALS AND PROCEDURES

Mongrel dogs were anesthetlzed with 1ntravenous pento-
barbital sodlum (30 mg/kg). After performance of the surgical
techniques, isotOnic saline was infused (5-10;ml/kg) to re-
piace the blood loss and provide a positive fluid balance.

A1l the experiments were begun 60 minutes after the comple-

tion of the infusion, Pentobarbital was then repeated if ne-
cessary at least 45 minutes before.the beginning of the expe-
riment and was not repeated afterwar@s 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 polyethylene |
catheter (PE-200) and a Foley catheter (Bardex 30 cc) with
its lumen tied off were introduced through the right exter-
nal jugular vein up to the right atrium. The PE;200 cathe~
ter was used to measure the 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-EOO)iwas introduced into the. femoral 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 ihto'the renal veins for blood sampling. They
were inserted into the femoral vein and guided by hand, one
in the riéht renal vein and the other in the left one, after
laparotomy. Another (PE-?OO)_catheter was also introduced
into the femoral vein and guided ih the abdominal vena cava
just above.the level of the renal veins, for registering ve-
nous- pressure (Figure 21).

Arterial pressure and the different venous pressures
were moritored on a Statham Gauge (Model P23AC) and measured
with a Grass-Poiygraph. The calibration of the channels ﬁsed
for venous pressure measurement was done with a water column.
The pol&éthyléne catheters (PE-200) were connected with a
three-way stopcock to a Grass Polygraph-(right atrium, abdo-
minal aorta and inferior vena cava catheters) or to a syringe
. for sémpling (renal vein ca%heters), and to a bottle of glu-
cose.5%. Glucose was infused at a éonstant flow rate (0.1 ml/

min) in order to avoid clotting. FEach catheter was siliconi;
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zed before every experiment. -

In five animals, a'cutanéous electrode was installed
at the apex and an electrocardiogram taken. Venous pressure.
in the inferior vena cava just above the level of the renal
veins was registered in flve dogs. The plasma renin act1v1ty
was measured in the left renal vein of each anlmal 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 studied.

" Following a control period, the batloon (Foley Cathe-
ter) was inflated by injection of water. The different venous
pressures and thé afterial pfessure were monitored and simul-
taneous sampling of blood from renal véiﬁé were obtained at
various intervals during the peribds of higher right auricu-
lar bressure a8 well as before inflation and after defiation.
A gradual inflation of the balloon without deflation was done
only in experiment 1 (Figure 23).

Aﬁ'the end of the experiment, the animal waé killed by
the injection of a lethal dose of peﬁtobarbifal. An autopsy
was performed to check thefpréper position of every catheter
and the macroscopic aspect of the kidney. The right atrium
was opened after inflating the balloan of the Foley catheter
to ensure that, it was not obstructing the flow of the infe-
rior or superior vena 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 PE-200
catheter was introduced into the right atrium via the jugu-
lar vein for measurement of venous pressure. Another polye-
thylene catheter (PE-200) was introduced into the femoral
artery and pushed in the abdominal aorta just above the emer-
gence of renal arteries. Thls catheter served to measure
arterial blood pressure. A third polyethylene catheter (PE-ZOO)
bent in order to fit into the left renal vein, was inserted

in the femoral and inferior caval 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 (nL/min)
and natriuresis (BEq/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 fate and
stroke of the ventilator were adjusted accdfding 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 1 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 c¢m in the atrial tissue retained 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.
With the help of a second assistant to tie off the O-shape
suture, it was poésible to open the forceps and introduce
the two catheters into the left atrium with minimal blood
loss (10-50 ml). The PE-200 catheter was used to register
venous pressure;"The pericardium was then freed from his
suture andithe thorax elosed.
| Right and left atrial pressure, arterial blood pres-
sure,urine flow rate, sodium and potassium in fhé urine,
left renal #ein 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 covered
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 were 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 mani-

pulated in order to open or closewthé dilator. The intensity

1
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of the stimulation was defined by the outside diameter in
cm ("stretch diameter") of the opened dilator (Figure 22).

The experimental preparation was exactly the same as
in the preceding experiment except that right and left atrial
pressures were not registered and the Foley catheter in the
left atriuﬁ 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 biood pressure and heart rate. It did not. increa-
se significantl§ 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 noﬁed after 20 ml inflation as well as a
further fall in blood pressure (40 to 20 mm. Hg) and a heaft
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-
crease 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 fhe response
observed in venous~presshre, the application of the stimulus
induced at least a two-fold increase in right atrial vénous

pressure.
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In five out of nine dogs (Figure 23-25, 27, 30),
.renal vein plasma renin act1v1ty 1ncreased follow1ng a rise
in the right atrlum venous pressure. In these 5 experlments,v,:
it was p0531ble 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 renal venous renin activity was
observed in experiment 4 (Figure 26) following stimulation,
but afterwards this activity paralleled the changes observed
in venous pressure.-In.experimgnts 6,7 and 9 (Figure 28, 29,
31), the renal vein renin activity was not stimulated and
did not parallel the changes in right atrial venous pressure.

2) Left atrium experiments

a) Balloon

The body weight of five animals used in this experiment
was superior to that of animals used in the préceding expe-
riment, but the balloon in.the left atrium was inflated with
5 ml of water and the increasé in left atrial: venous pressu-
re was comparable to the right atrium experiments. The left
renal vein plasma renin activity during the inflation period
was not different from the pre-inflation or post-deflation
periods, except in experiment 2 (Figure 33) where two values
out of four Were'higher than the controls. The increase in
the right atrium venous pressure after the inflation of the

balloon in the left atrium was minimal.
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The urine output measured from the left ureter in-
creased. significantly only in the first experiment (Figu-
re 3%2) passing from 50 to 500 pL/min. after inflation of the
balloon. All the 5 individuai experiments are reported in
figure 32-36. _

The stimulation had no effects on the level of arte-
rial blood pressure, although the heart rate increased sligh-
tly.

b) dilator

In four dogs, the non-hypotensive dilatatiqn‘of the
left atrium had no effects on the left renal ve;n plaéma
renin activity, except in experiment % (Figure 39), where
the plasma renin activity tended tb decrease following-the
first stimulation. The dilatation of the left atrium was
deyoid of effects oﬁ the level of arterial blood pressure
excepﬁ in experiment 2 (Figure 38). In that experiment, the.
firsﬁ.dilatation'(stretch diameter : 5.5) lowered the blood
pressure.from 135 tp 95 mm Hg and the second one (stretch
diameter % 4,5) lowered the blood pressure for‘a second time
from 130 to 70 mm Hg. A decrease in'the heart rate was ob-
served during these two dilatatiogs (138 to 120 and 126 to
110). The hypotension and the-bradycér@ia encountered in
this animél had most porbably a neural reflex origin, and
it disappeared almost immediately after withdraying the sti-
mulation. In the other animsls, the dilatation pfoduced

only a slight increase or had no effect on the heart rate.
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In two animals (Figupe‘59, 40), the diuresis and natriure-

sis were measured from the left ureter and were not increa-
sed by stretchingbthe left atrium.'

C - DISCUSSION

- By ﬁanoeuvres 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 (355)Aand by Share (354).
The diuresis was not a constant phenomenon in all.ﬁhe 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 1 ml/Kg of body weighe.’This stimulation increa-
sed the left atrial pressure by 15 to 20 cm of water. Such
a distension increased the heart rate and the cardiac out-
put measured in twe'dogs 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 bhklloon
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in the left atrium. Froﬁ,our results), the response to the
stimuli in the right atrium experiments appearéd to be short-
lived. |

The resbiratory rate in the right atrium experiments

was not controlled but this factor was minimized by perfor-

‘ming the experiments on trachéostomized animais. Moreover,

the fespiratory rate was not altered significantly following
the inflation of the balloon in the right atrium.

An increase in renal venous pressure does not seem to

~ be involved in the release of renin. Following the inflation

of the balloon in the right atrium, the pressure in the abdo-
minal vena cava (above the level of renal veins). did not in-
crease significantly. Skinner et al (159) showed also ‘that
partial renal venous constriction did noé'élter renin release.

The response of renin releasevtd a chaﬁge'iﬂ'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.Qistension on renin secretion could be ex-
plained by such a neural pathway.

Beforé drawing any conclusioh on the existence of a
neural path@ay involved with renin release'following atrial
distension,, further studies are required with experimental

preparations. such as vagotomy and renal denervation.
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CHAPTER V - STUDY OF PLASMA RENIN ACTIVITY IN CARDIAC
FATLURE IN DOGS '

A correlation between the right atrial pressure and the
renal venous renin act1v1ty has been previously: dlscussed. Ex-
tendlng thls observatlon, we have 1nvest1gated the effect of
trlcuspldectomy on peripheral plasma renin act1v1ty in dbgs
with congestive cardiac feilure.

"4 - MATERTATS AND PROCEDURES |

The tricuspid valve was complefely removed from 9 fema-
le mongrel dogs (14.9-20.4 kg). The tricuspidectomy was per-
formed by open heart surgery. The opereﬁion was done asepti-
cally under sodiumvpentobérbitai (30 mg/kg) anesthesia. The
operated dogs were divided into two groupe'according to the
presehce or absence of escites and edema evaluated by the cli-
nical examination and gain in body weight. All the studies
were performed before the gpe:ation and between 3 te l7iweeks
gfter vélvulectbmy. The dogs were maihtained under metabolic
balance during‘5 days at least before the study. They were
fed by gavage with a diet containing 58.4 to 66.3 mEq of so-
dium snd 40+7 to 42.5 mEq of potassium in 800 ml. The diet
wae prepared by hemegenizing in a "Waring" blender, a'eommer-
cial meat preperaticn (Dr. Ballard) and Purina dog chow. The
diet was given in two equal .portions at 9 and 15 hours. One
of the dogs who becamevedemetous was given hydrochlorothiazide
(50 mg/day) durlng 5 days. This last study was achieved under

metabolic balance o

These experlments were performed by Dr. Louis Belleau. We are

most grateful to him for the blood samples he supplled us.



B. - RESULTS

- The removal of the trlcuspld valve 1ncreased the cen—=:'
'.tral venous pressure from 3 to 7—fold (Table XXVI). Flve out
of nine animals presented the symptoms of congestive. heart
fﬁiluré. All five dogs had pronounced ascites,anq edema. 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 (14.6 cm H,0).

In dogs with increased central venous pressure but wit-
hout congestive heart failure, the plasma renin activity in-
creased in one and decreased in the other three (Dog No. 1 to
4), The dog No. 4 became edematous and was studigd‘a second
time in the 17th week following the valvulectomy. Plasma renin
activity was still low. The other 5 dogs (Dog No. 5 to 9,
Table«XXV;) developed.congestive heart failure and the deter-
minations were done within 3 to 8 weeks after the operation.
The plaéma renin activity increased significantly in dogs No.
5 and 9. A small increase was observed in dog No. 6 and 7,
whereas the blasma renin level remainéd unchanged in dog No 8.

In dog No. 5, hydrochlorothiazide was given during 5
days in order to decrease the centrgl venous pressure. The pe-
ripheral plaéma renin activity decréased significantly_éfter
treatment whereas the central venous pressure passed from
22 to.15.§ cm Héo.

C) DISCUSSIQN
In this prellmlnary experiment, each dog served as its

own control. This was necessary because of the restricted num-



TABLE XXVI -~ Plasma. Renin Activity (ERA) in experimental heart failure.

balance.

Dog CONTROL TRICUSPIDECTOMY
No. (pre-surgery) Without: CHF With CHF
PRA | cvP | BP| BW PRA | TVP | BP Bu PRA | cvP | BP| BW
1 10.0 | - | 160 |17.4 ) 9.0 |122 | - .
2 6.2 | 2.3 | 128 |19.2 15.6 |16.5 |136 | 22.9
3 19.0 | 4.5 | 157 [18.7 6.2 |14.5 |141 | 22.5
4 37.5. | 6.5 | 160 [17.7 2.5 |18.5 -|159 | 19.8 5 18.5 | 177 |22.4
5 10.0 | 5.0 | 148 |20.4 ' 120 22.0 .| 132 |21.0
_ 25" |15.3 | 153 | -
.6 3.1 | 3.0 | 142 |14.9 6.2 |19.2 | 132 |24.5
i 25.0 | 2.7 | 147 |16.6 32.5 |19.8 | 150.|20.9
8 6.2 | 3.0 | 133 |19.0 7.0 |15.0 | 160 |24.3
9 6.2 | 3.3 | 159 |19.7 26.0 |15.9 | 151 {au.2
CVP: Central Venous Pressure (cm H20). BP: Systolic Blood Pressure (mm'Hg).
BW: Body Weight (kg). CHF: Congestive Heart Failure.
+

: Hydrochlorothiazide.(50Amg/day) was administered during 5 days under metabolic

A
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bér of animals used and'the variability of normal #alués fof
plasma renin activity.in dbgs. Signs of congestive heart fai-
lure occurred following the-rémdtal of the tricuspid valve in
6 out of 9 dogs. Plasma renin activity was significantly in-
creased in only é of these 6 dogs who developed edema..In 2
other a slight.although hot,significant increase was noted.

In dog number 5, the highest experimental values for
central venous pressure and plasma renin activity were found.
When given hydrochlorothiazide, both parameters decreased si-

- gnificantly. The level of arterial blood: pressure in ﬁhis ani-
mal. was also invérsely related to the peripheral plasma renin
activity. Such a correlation between renin activity and arte-
rial blood pressure was bbservgd.in the other dogs with con-~
gestive aar&iaa,failure.but it was not obvious iﬁ the 4 non-
edeﬁatous:dogs studied after removal of the tricuspid valve.

Renin activity was. found to be increased in humens suffe-
- ring from congestive heart failure., In dogs, the lesion under-
lying the syndrome of congestive heart failure seems to ha&e u
an importance in the release of renin since Johnston et al (187)
found a high renin activity in all the 5 dogs;with;tricuspid
insufficiency combined to pulmonary stenosis whereas only 3
out of 5 dogs with-a large arteriovenous fistula presented
hypereningmia. Accompanying this underlying mechanism, the
release of renin may be influenced by sudde# elevatibnrof‘the'
right atrial venous pre&surér Gccasional stimulation of rénin
release may explain a parallel increase in'aldbsterone produc-

tion. This factor combined to the long half-life of aldosterone
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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,'350), may éxplain the occgrrence of'de-""

ma,.
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GENERAL DISCUSSION

~An. aldosterone secreting adenoma emfects an 1mportant

'degranulatlon of juxtaglomerular apparatus and thus suppresses”‘

totally plesma renin activity. Thls suppre931on is most pro-
bably due to the sustained expénsion of intravascular volume
encountered in primary aldosteronism. The suppression and ab-
sence of stimulation of plasma renin activity was observed in
a case of "hypokalemic" primary aldosteronism,

Establishment of diagndsis of primary aldosteronism is
bngréat importance since most.of,ﬁhe'patients with this di-

seasé are cured or'improved upon removal of an adrenal -adeno-

;mg. Suppr6581on of renin activity in these patients is a most

1mportant additional diagnostic crlterla. It was suggested in
1964 that primary aldosteronism could be diagnosed desplte the
gbsencé of kypokalemia by finding suppressed renin activity
and high sldosterone secretion or excretion rate in hyperten-
sive patients. On the basis of indirect evidence, it was sug-
gested that 20% of the patients with essehtial 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 aétivity,%the aldosterone excretion was a-
bove the normal iﬁ only 2 patients. It appears thus that in
essential hypeftension, suppression of renin activity is not
necessarily accompanied by-Lupernormal values for éldosterone

excretion and the basis of this suppression remains obscure.



Failure to correct or improve by adrenalectomy 2 pa-

tients with essential hyperfension and suppressed renin*aaﬁi-

vity, illustrates the limited values of renin assay for screen—,
ing "normokalemic" prlmary aldosteronlsm.

A low incidence of_prlma:y aldostaronismzamong'hyper—
ténsive populétion waszﬁrther‘supporyed by the findingvof a
low incidence (5%) of adenomas and nodules in hyperténsive

patients at autopsy room.

The renin- angiotensin system was studied in dogsﬁusualf
1y by adapting current methods described for man. These me-
thodsnreéuine a large amount of plasma., If renin is measured
on a small amount, the time of incubation may be prolonged.
Since substrate concentrétion is known to be. inferior in dog
compared to man, it is often riskj to assume that zero-order
kinetics apply when the substrata.éontained in plasma is used.
We have described a sensitive and reproducible method for de-—
termination of plasma renin activity in dogs. This méthod con-
sists in the incubation of 1 ml of dog plasma with aﬁ excess
of exogenous dog substrate preparation free of renin.

Hayduk (355) using this technique to study peripheral
Plasma renin activity in dogs following clamping of one renal
artery, showed as preliminary results, an increase in.reﬁin
activity during the first week after clamping and then a gra-
dusal decrease in the following days.

This method has also been extended to measurement of

renin content of kidney. Renin can be measured in less than
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10 mg of kidney. tissue.

v Slnce thls\procedure permlts serlal determlnatlons
N on a small allquot of plasma, plasma renln act1v1ty has been
used to measure renin activity in newborn dogs and to study
the effects of changes in rlght and left atrial pressure on

renal venous renin act1v1ty.

Iﬁ newborn dogs, an evaluation of the renin-angioten-
sin system was provided by measuring simultaneously plasma
renin activity, renal renin confent and’ juxtaglomerular index.
A complete absence of Juxtaglomerular cell granules was ob-

' served. The Pplasma renin activity was high despite ‘a 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 stsrage and release of renin
by the kidney seemed possible in the abssnce of juxtaglome-
rular cell granulss, since peritoneal dialysis decneased re-
nal renin coﬁtent. This observation may suggest that in was-
cular structures where renin-like substances were found, a
similar storage.and release iﬁ the smooth muscle cells devoid

of granules may occur.

Study of the effects of right atrial pressure on renal
venous renin activity showed that an acute rise in the right
atrial pressure mdy .induce a release of renin, This effect
was absegt when the left atrial pressure was increased or
when the left atrium was dilated. There exists a possibility

that this effect on renin release is modulated by a neural
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or neurohumoral pathway. In dogs with experimental heart

failure, an increase 1n plasma renin activity was found only

o 1n a small proportlon or anlmals rendered edematous. Desplte.fp

the absence of a. oorrelatlon between rlght atrlal venous pres-m
sure and peripheral plasma renin act1v1ty following tricuspl-
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 présSure and composition of tubular urine at
The macula densa level. These two mechanisms are not exclusi-
ve and may influence each other. Both may be altered 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 explein renin release in
congestive heart failure.

Since increased venous pressure is one_df the;earliest
signs of heart failure, we have sdught the presence of atrial
receptors senbitive to changes in venous pressure. The res-
ponse to right atrial distension was sometime of short dura-
tion and was present in 5 out of 9 dogs studied. éheﬁoccu- ‘
rence of edema in heart failure may be explained on the basis
of temporary increase in reniqfangiotensin-aldosterone due
to sudden rise in venous preseure, and the decreased hebatic

extraction of aldosterone encountered in that disease.
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CONCLUSIONS

l. Measurements of plasma renin act1v1ty in patlents w1th
essentlal hypertenslon showed that a 1arge proportion of thls
group has a suppressed renin act1v1ty and in 25% renin acti-
vity cannot be stimulated by upright pqsture and low sodium
intaks. o

In fhree out of five patients with cdmpiste suppression
.of renin activity, aldosterone éxcretisﬁ'Was ﬁsfmal. The ba-
" 8is of the suppression'in these patients remains obscure.

Despite its llmltatlon as a screenlng procedure for
"normokalemic" primary aldosteronism, the renin assay mey be
considered of importance in the differential diagnosis of
"hypokalemic" primary aldosteronism.

Circumstantial evidence of thellow incidence of "nor-
mokalemic" primary aldosteronism among hypertensivs patients
" 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 tlssue.

. This method is based on the prlclple 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 of incu-
bation.

The recoveries of added angiotensin average 68%.

Normal values were determined in a large series of dogs

and showed a great variabilitye.
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.3._“} The appllcatlon of'thls method to newborn dogs showed
:fa hlgh 1eve1 of clrculatlng renln and a normal renin : content“
when compared to adult dogs. These newborn dogs were also
characterlzed by the absence of Jjuxtaglomerular cell granules.'
'Rgnln release was stimulated by peritoneal” dialysis and a
storege of renin in the kidney despite the absence of granular
cells_Was suggested by tnie_experiment.

4, The effects of changes in right and left atrial pres-
sure on renal venous renin activity were studied. The results
suggest thet'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 dne to removal
of tricuspid valve, piasma 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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CLAIMS TO ORIGINALITY.

The‘major contribution'of this thgsis’to the field éf.
renin-angiotensin system, consisted in the establishmént o£
a simple, sensitive and reproducibie method for the determief
nation of renin activity on a small amount of dog’s plasma
(1 ml) or kidney, | | :

In the pést, plasma ‘renin actiVity.was'meésured-in dogs
by adapti@g the current methods described for humans. Gene-
rally the substrate contained in the plasma sample to be
assayed, was used for the subgeQuent.formation of angiotensin.
Since the substrate concentrétion‘inkdOg plasma is relatively ;
loﬁ, the results obtained with large quantities of renin were
not always conéistent with é zerd order reaction. In our me-
thod,. an exogenous but species specific substrate préparation
was used and zéEo order kinetics were shown to apply for values
of renin activity well above the physiological range.

. Determination of plasma renin activity oﬁ small aliquots
of plasma provided a possibility to study renin-angiotensin
system in newborn dogs. Flasma renin activity was measured
‘and compared to juxtaglomerular indgx and renal renin‘gontent'
in the first 15 days of extrauterine life. This study showed
that despite the absence of juxtaglomerular gell'graﬁules,
the amount of renin containedﬁin thé kidney was'éomparable to
that found in adult dogs, whereas.thé plasma renin activity
was mﬁch higher. The cirCulatihg»rénin'&as;sh6WnAto originate

most probably from the kidneys of the newborn dogs as suggested
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by peritoneal dialysis éxperiments. These findings seemed to
indicate that the kidneys of newborn puppies may store and
release renin in the absence of juxtagloméruiar celi granules.
This wdrk is the first to give such a complete evaluation of
the renin-angiotensin system in early extra-uterine life.

The study of the effects 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 ;n'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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