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PART I: LITERATURE SURVEY



EARLY MECHANISTIC HYPOTHESES
Recognitiom of Remal Hypertemsion

Renal hypertension, high blood pressure originating from a damsged
regulatory apparatus in the kidney, is a frequently though not necessarily
hereditary disease afflicting about three per cent of the populstion of the
United States.l In hypertension, small capillaries under the strain of abnor-
mally and consistently high blood pressure are susceptible to breakage and, if
not immediately, death from hemorrhage occurs when a circulating blood clot
from the repair of earlier hemorrhage blocks tiny capillaries,often in the
brain or heart causing oxygen starvation to that organ or fatal hemorrhage.
High blood pressure associated with toxemia of pregnancy is another instance of
8 secondary effect of unsuspected remal hypertension. At this time, renal
hypertenmsion correction, surgically possible in five per cent of all cases ,2 1e
either severely limited by the scarcity of antihypertensive drugs or is
impossible. Clinical data collected early in the nineteenth century by BRIGHT ,3
an English physician, reiterated an hypothesis assoclsting kidmey disease with

hypertension. This hypothesis dates from 200 B.C. Not untlil tbe last years of
the nineteenth century, however, was the first successful research done on the

relationship between kidney disease and hypertension. In 1898 TIGERSTEDT and
mh reported a saline-extractable "pressor substance” from rabbit kidneys

vhich they named "Renin” (from the Latin rem for kidmey).

Experimental Imduction of Rensl Hypertension

The discovery of renin in the kidney suggested to their contemporary
scientists that hypertension could be induced in a test animal by a defect in

the normal operation of the kidney. The first successful alteration of the



kidney which produced persistent hypertension was the constriction of renal

arterial branches, reducing renal srterial circulation.’ In 193k, experimenting
under his hypothesis that rensl ischemia is sufficient to cause hypertension
through a mechanism involving a renal secretion, GOLDBLAT!‘6 achieved persistent
bypertension in test animals. GOLDBLATT'S technigue was to comstrict partially
a renal artery with a slilver clamp, leaving remal arterial branches untouched,
thereby creating rensl ischemia. Subsequent persistent hypertension developed
in the test animal., To reverse this experimental hypertension, the clamp was
removed, allowing normal blood flow to be restored and to relieve ischemia.
GOLDBIATT observed that permanent hypertension is induced by partial ecomstriction

of both arteries.

Juxtaglomerular Apparatus

Granular cells in the juxtaglomerular apparatus (JGA) and in the walls of
adrenocortical arterioles were diecovered by m!m7 in .1.925 and have been the
subject of successive postulates. Im 1939, and again in 1945, GOORMAGHTTGES- 10
ascribed an hormone-secreting relationship of these granular Juxtaglomerular
(JG) cells to hypertemsion. In 194l mmn:n emphasized the adremocortical
location of some of these cells and studied the cells for a possible adrenmocortical
role. GARBER, et al. ,12 in 1959 studied the effects of induced hypotemsion and
drugs on the grn.n_uhr JG cells postulating that the JGA vas s target organ for
adrenocorticotropic hormone (ACTH). Other laboratories were umable to observe
ACTH-induced effects. By 1960 the individual granules in the cytoplasm of the
JG cells had been shown to contain all kidney renin. Decreases and increages
in JG cell granulation and number with increase and decrease of _reml arterial

pressure, respectively, had been observed. In the following year 'I'OBIM]'3



suggested that increased granulation represented activation of the renin in

the granules, and inhibition of normsl pressure controls, by a decrease in

blood pressure (contrast GOIDEIA'IT‘é) : PAGElu had foreseen the importance of
rensl arterial pressure twenty years earlier. In later experiments '!OBIAB]‘S
supported his pressure influence postulate by showing that lowering renal
arterial blood pressure devates the rate of renin secretion in the JGA, thet a
subsequent increase in the arterial blood pressure decreases the rate of renin
secreation furthermore, constriction of the arterioles increases the rate of
renin secretion. He wes unable to find econclusive evidence that a sharp

increase in renal arterisl pressure lowers the rate of renin secreiion. In
these later experiments TOBIAN also observed an inverse relationship between

the amount of plaswa renin and rsdical, presumsbly causal changes in blood
volume, indicating the possibllity of extra-remal control of renin secretion.

To infer GOLDBLATT'S theory of the involvement in elevated blood volume (and
therefore in renin secretion) of ischemie from TOBIAK'S, and not GOLDBLATT'S,
blood volume change experiments. Amn inverse relationship between marked
sodium-ion (Na') @epletion (and intake) and plasme renin levels similar to the
blood volume end plasme renin level relationship was reported in the same paper.
This Hat! effect is possibly due to an increase in fluid retention with an incressge
in body Fa' level (and vice versa) and thus may be understood in terms of the
volume effect. However, the JGA may be capable of directly detecting Ka' levels.
Two types of cells are found in the JGA: the macula densa cells and the granular
JG cells. TOBIAN postulates that mecula densa cells contain renin in a precursor
form and that the granules in the cytoplasm of the JG cells secrete the active
renin vhen ngculal densa cells are tall, and high in endogrmous enzymes other

6
than renin (ef. Leyssacl ), This integrated function between the macula densa

cells and the granular cells is inferred from dats showing 7o retilular fibers



separating the two types of JGA cells. Whether a ease of hypertemsion is of
renal origin can be determined during surgery by JGA biopsiesr" which show

depletion and hypogranularity of the granular cells with renal hypertension.

I..!!S&\I:!l'6 reports the intravemal coupling of reabsorption of the major
fraction of sodium chloride (HaCl) and water to JG filtration to be regulated by
an intrarenal mechanism. His experiments indiecate that the liberation of remin
is signaled by a decresse 1n tubular pressure due to decrease in NaCl concemtrationm.
A.ngioten-i.n, a pressor peptide released from the circulating renin substrate by the
liberated renin adjusts the tubular reabsorptive capacity, thereby restoring

normal tubular pressure (and thus causing restoration of normal JG filtration

rate).

LEYS8SAC hypothesizes that this "glonemlotn‘puler balance” involves a salt-
conservative feedback mechanism in vhich an unknown signal, possibly the release
of & hormone, (Ialdosterone) ; 18 alerted by veriations in macula densa cell ssalt
concentration, causing secretion of renin,which, thmpgh the glomerutotubular

balance mechanism, eventually return salt concentration to nmormal.

* % % % ¥ % ¥ N E R R N RN NN KRN

THE RENIN-ANGIOTENSIN SYSTEM

Angiotensin igs a key peptide functioning in the renin-angiotgnsm

mechanizm of renal blood pressure regulation, a pchnisn which has been revealed
and increasingly substantiated over the last thirty years. Roughly summarized,

the angiotensin-renin system involves the action on the leucine-leucine



(L-Leu-L-Leu) bond in the renin substrate (a glycoprotein) by the enzyme renin
to release the decapeptide, angiotensin I (probably an indirect pressor). A
chloride~ion - requiring converting enzyme liberates the octapeptide angiotensin
II, a powerful pressor, from angiotensinT. The destructive action of angioten-

sinases on angiotensin in vitro is probably of minor extent.

In 1940 two independent research groups, PAGE and HELMER (U.S.)]'B and
BFAUN -MENENDEZ (Argentina)l® arrived at the first hint of the remin-angiotensin
mechaniem by showing that in & reasction between renin and a renin activator
(renin substrate) a crystalline pressor peptide (angiotensin) is released. Renin
substrate, a protein in the alplna-globulin fraction of plasma, was described
three years later by PLENTL, PAGE and DAVIS.?® In 1946 BRAUN-MENENDEZZ'
attributed in vitro destruction of angiotensin to enzymee in plasma, redblood
cells, and other humen tissues. These enzymes have since been found in most
body tissue and are predominantly of ome type, given the name "Angiotensinase A",
by KHAIRALLAH, mmms? PAGE, and S(!BY.22 Angiotensinase A is dislyzable against
etbylenediaminetetraacetate (EDTA), ca>! r.{.,i&;;,optmny active at physiological
PH on all forms of angiotenein. Whether Anglotensinase A is significantly active
in vivo is uncertain because in vitro experiments for purposes of assay use
concentrations of angiotensin much in excess of concentratione existing ..15 vivo.
The remaining angiotensinases differ from Anglotensinase A in their inhibitlon
by diisopropylfluorophosphate (DFP). According to studies by BtnII’!JS‘;23 the action
by angiotensinases located in the walls of blood vessels way be physiologically
significant after the dissppearance of pressor response of remainirg plasm
angiotensin. Circulating anglotensin II may be nonexistent if , as m?h notes,
the renin and converting enzyme are located near (or ineide) the walls of blood

vessels.



In his early work on the renin-angiotensin mechanism, ﬂums25 found in
circulating-blood assays from malignant hypertensive patients, comparatively high
levels of angiotensin (twenty times the normal) and renin, evidence supporting a
role of renin in the blood pressure regulation mechanism of human hypertensives.

26 cited the difficulty in measurement of circulating renin activity

A 1969 report
that removal of blood semples necessary for standard assay creates such & volume
depletion that physiological responses occur, thus increasing amounts of circu-
lating renin. This difficulty may explain excessive circulating renin (and
angictensin) levels found by SXHGGS. The report included an improved circulating-
renin assay and used this agsay to demonstrate an increase in circulating-renin
activity in rats resulting from volume depletion and sodium depletion, findirgs
which agree with TOBIAN '8_15 resulte and hypothesis. In 1954 by simple acid
denaturation HAAS, LAMFROM, and (‘rOl..DBIA‘l'I'E’7 isolated renin, an enzyme they bnd
degceribed as very thermlabile,ae in a partizlly purified form. SKEGGS, et 3_1,29
in the same year purified angiotensin I from horse plasma. In the following year
GHEE30 devigsed a method for partial purification of hog-plesma renin substrate
by emmonium sulfate fractionations preceding and following pertial acid denatur-
ation. ms31'32, and ELLIOT and PEART 33-3% determined the amino acid

sequence of angiotensin II and by 1956 SCEIGS, et a_l_,35 wvere able to discover

and mderately. purify by fractional ammonium sulfate and isoelectric precipitations
from horse plasm the Cl™- activated comverting enzyme,, Study of the reaction
mediated by this enzyme (conversion of angiotensin I to angiotenein II) and of

the available knowledge of other components of the renin-angiotemsin system

thus revealed the first integrated mechanism explanation of the renjn-angiotensin
system. Anglotensin Ii and not miotengip 1 was shown to be a powerful pressor.
Anglotemsin I, the product of the renin substrate hydrolysis by remin,3® in the

rate-determining step of the mechanism, is pot directly vasoconstrictive.
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Figure I shows the biochemical conditions and reactions of the renin-

angiotensin system ag accepted in 19€7.

SKEGG 'S clarification of the renin-angiotenmsin system was a major break-
through, yet only & starting point for the goal, still not reached, of complete
unveiling of the mechanisms of the system. By 1957 in SXEIG'S laboratory>'
partial purification of horse-renin substrate had led to a trypsin degradation
of horse-renin substrate. The structure of the resultant substrate polypeptide
fragment was determined to be that of anmgiotensin I plus four amino acids. Figure
I1 shows the chemical structure of trypsin-degraded horse plasma renin substrate,
relative to the structures of eangiotensin I and anglotensin II. According to
the structure determination, trypein, which normally bresks a polypeptide chain
only to the (comventional) right of basic emino acids ,38 is alleged to have
broken the chain to the right of ferine, an hydroxy-amino acid. This eurious
Phenomenon remaine & mystery. Reaction with renin converting the remin substrate
polypeptide into angiotensin I indiceted the sufficiency of the polypeptide as

a renin subgtrate and pointed to a possible chemlical assay for renin to replace the

4o

SKEGGS rat aasay.39 The polypeptide substrate was synthesized - and the renin

vas shown to b_reak't.he L-Leu-L-Leu bond of the polypeptic_lg substrate. In an
extremely slow in vitro reaction,angiotensin II was broken by renin into two
tetrapepl}idea vhich inhibited renin in the absence of gerum. Serum without
anglotensinase activity reduced the inhibitory effect on !'enin,lﬂ' indicating
the probablp unimportance of this slov resction in vivo/

Angiotensin I peptides with isoleucine (Ile} in the fifth amino acid position
vere ¢ isohfted from horse and hog plasns»and shown to be ide_x_mtical in corroborating

puriricotions.36’h2'h7 Bowever bovine-plasma anglotenein I (and II) differs from
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borse- and hog-plasm angiotensin I (and II) by the presence of valine (Val)

in the fifth emino acid poai.t.cm.l‘8 Horse end hog angiotensin II synthesized by
SCHARTZ, BUMPUS and PAGE,?? and by SCEWYZERC in 1957 proved to be partially
racemized. Fully sctive isoleucine-5 angiotensin IX was synthesized in 1961
by ARAKAWA and BUMPUS.’! Bovine angiotemsin IT (veline-5) was synthesized in

- Figure II1 shows the chemical structure

1956 with no racemization difficulties.
of trypsin-vd.emded bovine renin subgtrate and bovine angiotensin I and
angiotensin II. Intrafaorta]. injections of both forms of the purified angio-
tensin I produced pressor effeects on rabbit blood pressure equivalent to those

of purified angiotensin II injections ,53 vhich is evidence, according to SXEGGS,
for fast converting-enzyme action on angiotensin I, the probably biologically
inactive form, in the reaction to angiotensin II, the potent pressor. Requirements
for biological activity of angiotemsin have been studied by BUMPUS’* and SXEGGS>”
in an effort to understand the mechanism of renin action on ites substrate and
thereby to develop a synthetic substrate suitable for an automizable chemical
assay of renin. SCE}GSSS has recently synthssize_d nine such suitable peptide
substrates and using & preliminary chsmical assay has studied the merits of

the relative kinetics of each renin-subgtrate system. The two substrates

euggested for use in chemical assays for renin in SKEGGS' report are shown in
Figure IV. Serine-1k has little effect on the Michaelis constant or maxiwal
veloeity, however the histidine-imidazole group im amino acid position six,

proline in position seven, the phenyl side group on phenytalanize in position

eight, and a free carboxyl group on the C-terminus are absolute regui_remnts

for the renin substrate. Im addition the substrate must be at leagt six amino

acids in length.

A clarification of the biochemical relationehip between hypertension and
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elevated aldosterone levelg was accidentally foumd by LABAGE5 6 and BIRO]I57 in
1960-61 during an investigation of plasme renin substrate level regulation.
LARAGH and BIRON both showed angiotemsin II to stimlate adremal aldosterone
secretion, but whether the amount of hormone secreted was sufficient to regulate
Plasma renin substrate at a constant level was not determined.

Renin substrate, in further studies, has been identified as a gy:opmtein
present in the alphaz-globulin, and poseibly beta-globulin, fractions of plannsa
and in circulating lymph. Although renin substrate is thonghlj. to originate in
the liver,no evidence has been found for the presence of the substrate in this
organ.59 In 195k msso reported purification from hog plasma of five forms
of renin substrate (called A, Bl, B2, C1l, C2). Two minor forms D and E vere
recovered during purification in ingufficient amounts to purify satisfactorily.
SKEGGS modified the classical hog remnin substrate purification method of GREEN
and BUMPUS3C with bateh (mctiom§1on) and column diethylaminoethyl cellulose
(DBAE-celluose) chromatography, liquid-liquid partitioning, and countercurrent
distribution of renin substrate amd serum proteins in aqueous glycol aolutiou.a
Ultra centrifugation following this modifiecation of renin substrate purification
revealed all five forms of substrate to have approximately the same molecular
véight, reported as 57 000 in two reports’?’%2, and probebly reported in error
as 58 000 in another.63 Amino acid compositions of the five glycoproteins
vere nearly identical, but carbohydrate portions provided the differences
in pbyuical properties. A1l subgtrates upon reaction with renin and activated
converting enzyme liberated ddemticel angiotensin II molecules. Reaction of
these substrates with trypein yielded the thermostabile, dialyzable. polypeptide
identical to that derived from trypsin degradation of ngturluy-occurring horse
and hog ren:lp substrate. Rates of hydrolysis by renin on all five substrates

vere close, except in the cases of the two least purified substrates, B; a®d Bp,



1l

The enzyme renin has been the most elusive comporent of the renin-
angiotensin system. Although renin is localized in the granular juxtaglo-
merular cells, as mentioned above, the enzyme is found in arteries and
occasionally in other orgms.& Consequently efforts to purify the enzyme
have begun with treatment of the kidney. Ammonium sulfate fractionatione,65
DRAB -chrome tography ,66 and triethylaminoethyl (TEAE) _¢.fhroll.-.1;0g1-tt1my65 of crude
kidney renin preparations have produced only partially purified renin. HASS,
LAMFROM, and GOLDELATT?® have established the specific activity of pure remin
at 780 GOLDBLATT Unite per mg. One GOLDBLATT unit is the activity of a renin
sample equivalent to the aetivity of 0.45 mg pure amgiotemsinII. Two groups
have recently derived relatively pure renin from kidney preparations by modi-
fication of previously used techniques. MAIER and mmu67 used TEAE-cellulose
purification (See also MORGAN and Ll)lés), guanidinoethyl (GE-) cellulose,
medium Sephadex with four-fold volume -reduction, and dialysis against Tris-saline
buffer. sxmos“, using a DEABR-cellulose pH gradient, eluted four forms of
renin, vhose difference may involve only spacial configuration alteratioms in
the enzyme due to carrier protein effect on renin. The spacial configurestion
and thus the mechanism of the renin-renin substrate reaction have not been
elucidated. Renin, due to its thermobablility and the large loss of activity en-
countered in purification, has presented the largest obstacle in remal hypertension
research. With the knowledge of renin configuration end mechanism such problems
as the renin assay, cadwium-ion (ca2*) and zinc-ion (Zn 2+) (and possibly other

divalent cations) effects, and inhibitor studies could be more efficiently

attacked. .
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ASSAYS FOR RENIN

Despite the difficulties encountered in remnin purification,assay of renmin-
content is simpler than assay 0f angiotensin-content. Use of renin presence in
arteries has been made in plasmm assays of reninea in which & crude preperation
of renin from treated plasmme is permitted to react with renin substrate and the
renin is then assayed indireetly by activity measurement of the reaction resultant
in the rat. The rat assay used in the Colby College laboratory, 48 a direct
assay of injected-renin activity, 1s e modified SKEGGS rat assay65 in which an
anaesthetized rat is injected intravemously with a renin preparation and the
resultant change in blood pressure is measured with a manometer connected by a
cannula to the right carotid artery of the rat. The assay is delicate, lengthy,
and aceurate only to 95-15%. A chemical assay of renin was developed in the
same laboratory at Colby College by McDONALD (1968)) however as his assay 1s nearly as
arduwous as the rat assay, all further work in the laboratory has been performed
using the rat assey. m355 has partially developed a chemical assay of renin
by synthesis of peptides vulnerable as substrates to action by remnin however
neither his preliminary chemical assay nor his partlally-developed agsays are

guitable for use at this time.
CADMIUM ION AND ZIEC IOH EFFECT

The roles of Cd2? and Zn2t in remal hypertension were observed by
SCMERGP"'.ZL only recently. Many of his observations are from wncontrolled
clinical and autopsy information, however he has conducted three noteworthy
laboratory experiments. In an experiment reported in 1962 SCHROEDER 2 observed

oral Ca%*-induced hypertension in young female rats. In work with both sexes,
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females tended to develop hypertemsion more often than mles, however hypertension

73 SCHROEDER associated shortened life

retwned to males later in their lives.
span with hypertension and suggested that the antimetabolite role of cadmium in
the kidney was Gue to an increase in the remal ¢a2%-zn°* ratic. Relative
deficiency in reémal zinc be uysﬂ‘ is therefore possibly responsible for essen-
tial hypertenmsion. Intravemous and intraperitoneal injections of Cd2* aleo
produced hypertension in rsts.75 In a third caz’-hyjperbeneion experiment, a
zinc chelate baving higher stability as & cadmium chelate (unoo-nn76) vas
injected into Cdai-induced hypertensiva rnt.s.TT Subsequent lowering of blood
pressure wvas interpreted as a reversal of hypertension. SCHROEDER pointed to
the lovering of hypertension-elevated Ca2*-zn>' ratios as the mechanism of

hypertension reversal. Zinec is n essential trace element in mmla78

vhile
cadmium is probably not euential.70 In fact,in the memmmlian kidney cadmium

is a cumlative poison.79

Table I shows zinc and cadmium levels and toxicities in man. Both zinec and
cadmium rank as very high potentials for pollution82 and, in view of their
toxicity to men, add prospects of death or induced hypertension to pollution.
Polluted air contains 0.2-2 lg/l3 zinc83 vhich, following approximate calcula-
tions, will kill a 150-pound man should he breathefrom 35 to 350 meters®of 11:.81'8“

That such a phenomenon is even conceivable is alarming.

According to SCHROEDER, C(’l‘:"‘F is bound to the protein metalloth¢onein in
the kidney.® EAGI apd VALLEED® report one molecule of metallothionein from
horse kidney to bind rearly irreversibly three zinc atoms &nd five cadmium atoms.
The introduction. of exceses cadmlium to the kidney will not cause mgtallothionein
76

to lose zinc atome despite the greater electronegativity of cadmium. Similarly
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Injection
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6T Paliie

trace only

highly toxic
(1-10 mg/kg

body weight
is lethal)

moderately toxic

Toxic Lethal
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Toxiec

50 g/da
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L and Rats®l .



18

introduction of a zine chelate will not liberate csdmium from metallothionein
despite the greater stability of a cadmium chelate than a zinc chelate.
E:]IDD!RTL notes that excess cadmium produces hypertension in rats and mice,
but he failed to study the effect of excess zinc alome. In 1969 MAIER, et 9_1_.,86
found that both Cd2* and Zn 2 independently activate a twice-dialyzed remin
sample prepared from bovine kidney. Further, when the cations were chelated and
removed by a third dialysis, renin activity remained elevated, suggesting cationic-
facilitated removal of a dialyzable renin inhibitor rather than direct cationiec
activation of renin. Dialysis of the crude renin preparation against Tris-saline
buffer (zn*2 and Ca*2-free) also increases renin activity without removal of

67,86

contaminants. Figure V shows the effects of the dialyses and cations on

renin activity.
A RENIN INHIBITOR

An "antirenin immume serum” which upon injection lowers the blood pressure
and increases Juxtaglomerular cell granularity and renin content has been studied
in the kidneys of dogs treated by GOLDBLATT'S clamped rensl artery method since
19)40.87 Injections of bog renin in dogs produces a hog antirenin wvhich desctivates
GOLDBLATT -dog renin allowing normal blood pressure to be restored. Injections of
animal renin in man fails to produce neutralizing antibodies for human renin.sa
In 1962 OEBISWB7 achieved inhibitiom of renal hypertension in monkeys by human
antirenin and estimated that immunigzation from remal hypertension in one man
would require antirenin from 250 000 monkeys. A partially acetylated buman
renin found by HASS, GOLDELATT and GIPSON’0-59 in 1965 to produce antibodies
against humen renin is now the only successful att_;eppt to develop an antihyper-

tensive drug, however the scarcity of available humen kidneys prevents widespread



use of the drug. Here again enough knmowledge of the enzyme renin to produce
synthetic renin would constitute a major breakthrough. A successful inhibitor
of renin according to m362 would not s8eorb on serum proteing, as does

the octapeptide PHO-PHE-HIS-LEU-LEU-VAL-TYR-SER in vivo, and would be tightly
bound to the active site of the enzyme. Indication that this inhibitor is not
an antirenin is given by the experiments of MUIRHEAD, JONES and S'I'IRIA!I88 on the
normlizing effects of a renal medulla extract on the elevated blood pressure of
test dogs; and of PAGE et gl.,e9 on eimilar effects of- kidney extracts on humen

67

patients as early as 1941. MAIER ' attributes the dialysis effect of renin

activity enhancement (In the absence of removal of impurities) to loss by dialysis of

24 and Zna’ effects summarized in Figure

“% remin inhibitor. Observatione on Cd
V have leed to the present examination of dialysands for am imhibitor whose
removel by dialysis is facilitated by C4°*(or Zn°*) Recently SEN, SMEBY and
BUs?° 9! partially 1solated s remin inhibitor from canine kidney. This
inbibitor is believed to be & phospholipid similar to bovine phosphstidylserm,
however the nature of ome of the three side chains is unknown. Inhibition of

renin in vivo and g vitro have been demonstrated with this inhibitor.

The method used by SEN, SMEBY and BUMPUS to isolate a phospholipid remin
inhibitor involves an acetone powder of the kidney, two chloroform-methapol
extractions, a lipid precipitation, and columm chrometography. If, as suspected
by MAIER apd co-workers, the removal of an inhibitor by dialysis of a kidney
homogenate is facilitated by the presence of added-cadmium ions (or zimc ions)
in the homogenate, the isolation of the inhibitor(s) need not be sa tedious. We
propoeed to investigate theese gssumptions further in an attempt to demonstrate
the existence, in steer kidneys, of an inhibitor similar to thet reported by
SEN, SMEBY, and BUNPUS. We first determined to investigate dlalysands of dialyses

86
which bad enbanced renin sctivity in earlier work.
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MATERIALS AND METHODS:®

Preliminary Details

Normal saline is 0.9% NaCl, bioclogical grade, in deionized, then glass
distilled, water, Tris-saline unless noted octherwise is 0,05 M Trizma
bage, 0.9% NaCl, and buffered at pH 7.3 in deionized, distilled water,
Tris=2x saline is Tris-saline with a total of 1.8% NaCl.

“’,pert.ensin II (Anziotensin II - Ciba, 2.50 mg in 100.0 ml Tris-saline)
is used in 0.2-ml injections (0,005 mg per injection) in the rat assay as
a standard for units of renin activity. Sodium amytal - Lilly (sterile
sodium amobarbital, USP 0.5 g) is divided into F-mg portions and taken up
in 1.25 ml normal saline when needed. This anaesthetic is injected
intraperitoneally in the rat in a dose of 0.6 ml plus 0,1 ml per 40 g
body welght over 200 g. Atropine sulfate {Burroughs-Wellcome and Cc.,

0.05 mg in 1-CC ampoules) is injected in doses of 0.5 ml per rat,

Sodium heparin - Lilly (1000 USP/cc) is injected intravenously during

the operation preliminary to the rat assay in 0.8-ml doses per rat

(800 USP). Young male rats of the SPRAGIE-DAWLEY strain were purchased
from Taconic Farms, Gemantown, New York. This strain is resistent to
peritonitis. Steer iddneys were donated by Alco Packing Company, Winslow,
Maine, and were frozen soon after slaughter, An International centrifuge
model number HR~1 was used at 15 000 rev./min. A Beckman Zeromatic pH
meter was used to make and periodically to check the pH's of buffered
solutions. Cadmium and zinc contents of samples were analyzed with a
Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer. Dialyses
were performed with Thomas Dialyzer Tubing No. 4465-42, inflated - diameter

5/8 inch,



One worker has questioned the value of the use of rats in renal
kypertension researchyalleging hypertension in rats to be different from
hypertension in humans.92 The vascular system of rats is particularly
sensitive to angiotensin93 and can be made more so by injection of a
"vasoexciter material” from humans.s Though adrenalectamy e s been unsuccess-—
ful in curing renal hypertension in rats and man (contrast dogs) debate
has been heard as to whether all of the adrenal glam, which is of ten
mingled with liver tissue in rats, can be removed fram the rat..% However,
evidence that the rat hypertension mechanism is similar to that of humans
is fourd in the formation in both rats amd humans of antibodies to various
mammalian kidney extracts amd the subseguent absence o renin neutralization

o7 A modified SIGSG(.‘S39 rat assay

by these antibodies in both mammals,
contributes one renin sample activity datum per rat. The rat, anaes-
thetized with sodium amytal and atropine sulfate, is prepared for enzyme
assay by an operation as follows. The rat is secured to a dissection
table, ventral surface upward. One femoral vein is exposed and separated
from the accompa.myiné nerve and artery. The left vagus is exposed and
cut; the trachea is catheterized; the right vagus is exposed and cut;

and the right carotid artery is cleared. The femoral vein is catherized;
sodium heparin is injected and washed into the vein with Tris-saline;

and the right carotid artery is cannulated and attached to a simple
mercury manometer by which the rat's blood pressure response to femoral
injections of Tris-saline, renin samples, and standard Hypertensin II
may be measured. A 0.2-ml sample of renin (pH 7.3 in Tris-salire) or
renin plus inhibitor, followed by 0.6 ml Tris-saline, is imjected,

.The change in blood pressure from an averaged baseline is recorded and
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a subsequent injection in the same rat of 0.2 ml (0.005 mg) standard
Hypertensin I¥ plus 0.6 ml Tris-saline is administered. A Tris-saline
injection equal to the total volumes (0.8 ml) of the renin and standard
Hypertensin II injections precedes the enzyme injection and indicates

the volume corrections, if any, to be applied to renin and standard pressor
responses. Renin activity (units/ml) of the injected renin sample is

calculated as follows:

Renin-induced elevation /0.2 ml
Activity (units /ml = X5
Hypertensin II-induced elevation

The blood pressure elevation is calculated from a three-minute
baseline (:2 mancameter units) of normal blood pressure which precedes
injection, and is corrected for volume effect. A maximum range of #2.5
manometer units is permitted between the highest and lavest baseline.
Throughout the experiment blood pressure is recarded at 15-secomd in-
tervals except that the peak for an interval is recorded if the maximum
elevation falls within the interval. To insure that the stardard does
not have pressor potential beyond the maxdimum blood pressure limit of the
rat, an injection of excess Hypertensin II given at the end of the assay
must cause blood pressure to exceed the resultant blood pressure peak of

the standard Hypertensin II injection.

The time required for a rat assay decreases with experience,® however
remains excessive considering that only one datum per rat is obtained,

That several renin samples be given to the same rat might be proposed as
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‘this would require only one operation, one standard injection, and one
excess stamdard injectiong,but more than one renin sample injected into

the same rat may exhaust the rat's supply of renin substrate. On occasion,
other problems of the assay express themselves in unstable baselines ard
therefare untrue blood pressure elevations. The vagi are regulator nerves
which signal the heart muscle to counteract changes in blood pressure,
When any strand of a vagus is not severed during the operation, three-
minute baselines within two manometer units will nd be established and
pressor injections will exhibit blood pressure changes which are altered
by signals from intact strands of the vagi. When blood or saliva
accumulates in the tracheal catheter, irregular baselines predominate.

Far this reason, the salivary glands should be handled delicately. The
most common dif ficulty encountered in the assay is apaesthesia. The rat's
bloal pressure will rise fram his baseline without provocation when he
needs additional anaesthetic. About ten minutes must elapse after the
anaesthetic is injected intraperitoneally before a baseline is established,
Tris baseline will be too high vo'.t.hl insufficient additional anaesthetic
and too low with (as little as 0,05 ml) too much anasesthetic. Because

the permitted range of the baselines in the assay is only 2.5 manameter
units,the amount of anaesthetic judged by the assayer to be necessary

during the assay is critical.

Data froam rat assays are averaged and usually yield 15% error or

less. If the error is mare than 15%, one datum in four (or any multiple

thereof ) may be eliminated by the following statistical treatment. The
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“three closest data are avera‘ed and their average deviation, and the
absolute &viation of the fourth, from this average are calculated., The
fourth datum may be elimimted statistically if the average deviation
aof the three retained data is more than four times the deviation of the

fourth datum. -

MATERIALS AND ME THODS:

c82* and Zn2' - Indirect Activation of Remin

Steer kidneys were defrosted, chopped, then frozen and thawed five
times to break cell membranes. One-ml Tris-saline, the homogenizing
solution, was added per g of wet kidney mince and homogenized at 4° in
a Waring blendar. A portion of this homogenate (Step I) was stored frozen
for eleven months, at which time th e haomogerste was thawed, an aliquot
far assay removed and frozen and in Step IT hsorgomogenat.e was centrifuged
in Step II at 15 000 rev./min. for 2h at 4°. Then 250 ml of supernatant
and an aliquot for assay were diluted with equal volumes of Tris - 2x
saline. The aliquot was frozen and the 500 ml diluted supernatant was
dialyzed in Step III for three days at 8 against six changes of 2500
ml each (five volumes) of Tris (0,05 M Trizma base buffered at pH 7.3).
The dialyzed sample from Step III was centrifuged and the supernatant was
diluted with an equal volume of Tris - 2x saline, and divided into four
portions to an 80-ml-portion was added O.4 ml H,;0, to a 120-ml-portion
was added 1.2-ml 0.1 M CdCl, (112.,4 p.p.m) and to another 120-mltportion
was added 1,2-ml O,1 M Zn Cl, (65.3 p.p.m.)., The cadmium and zinc

“samples were 0,001 M with respect to their added cation, as higher



27

concentrations of zinc caused the sample to precipitate,: In Step IV
these three portions were incubated for 44 h at 4° and then centrifuged
at 15 000 rev./min. for 2 h at 4°. A fourth portion was frozen for
assay, as was an aliquot from each of the three dialyzed samples from
Step IV, In Step V a second dialysis of the renin sample was performed
on each of the Step IV supernatants at 4L° against five changes of
fifteen volumes Tris-saline; 30 ml of the dialyzed water sample (blank)
supernatamt was dialyzed against a total of 2250 ml Tris-saline; 30 ml
of the corresponding cadmium sample frozen once was dialyzed against a
totai of 2250 ml Tris-saline; and 60 ml of the corresponding zinc sample
was djalyzed against a total of 4500 ml Tris-saline. An aliguot of the
dialyzed cadmium sample was assayed immediately, and aliquots aof the
dialyzed blank and zinc samples were frozen for assay. A third dialysis
against Tris-saline-EDTA (0,001 M EDTA, a chelating agent with high
stability constants for cadmium and zZinc chelates) was dome in an effort
to remove cadmium and zinc completely from the renin samplea, With the
exception that KDTA was used and the volumes used in this (final) Step
VI dialysis were mlf those of Step V, the second and third dialyses were
identically performed. Samples from each of the final dialyzed remin
samples were frozen for renin assay. All supernatants and precipitates
except the hamogemate precipitate, and all dlalyzed samples and dialysands
were enalyzed for cadmium and zinc content with the atomic absorption
spectrophotometer. Calculations from an identical renin-activation
procedure were used to correct renin activities for volume changes

(Table II) for purposes of camparison with homogenate supernatant activity,

’ Results of the Cd2?* and Zn®* renin activation experiment are shown in
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STEP II1

250 m1 Homogenate Supernatant

|

269 ml Dialyzed Supernatant

30 ml

32 ml

26,5 ml

net volume change:
(Step 111~ Step VI)

TABLE II1:

1,010

cd?*-Incubate

120 ml

|

118 ml
30 ml

31 ml

29.5 ml

1.039

ACTIVATION EXPERIMENT

STEP II1I

Zn2+-1ncubate
120 ml
STEP 1V
117 ml
60 ml

62 ml

l STEP VI

53 ml

0.997

VOLUME CHANGES DURING A Cd2+- AND Zn2+- RENIN
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Kidneys
STEP I
Kidney Homogenate (DE)
0 Pe«PoIl, Cd
L 4.6 p.pem. Zn STEP II

Homogenate Supernatant (DD)
0 p.p.m. Cd
9.1 p.p.m. Zn
1X DD volume
~L 1.31 units/ml activity STEP III

Dialyzed Supernatant (DG)
0 p.p.m, Cd
6.1 p.p.m, 2n

076 X DD vol

1,
2,01 u/ml activity STEP IV
/Y

Blank Cadmium Zinc
112.4 p.p.m. added; 65.3 p.p.m. added

S (DH) P (DK) S (DI) P (DL) S_(DJ) _P (DM)
0 Cd o Cd 79.4 Cd 24,6 Cd 0 Cd 0 Cd

0 Zn 0 Zn 0 Zn 0 Zn 45,1 Zn 36,8 Zn
1.129 X - 1.058 X = 1.128 X -
2.64u - L,32u - 3.5%u - STEP V

|

R D (DN) R (DR) D (DO) R (DS) D (DP)
0 Cd 0 Cd 20,7 Cd 61.4 Cad 0 Cd 0 Cd
0 Zn 0 Z2n 0 Zn 0 Zn 10.5 Z2n 20,6 Zn
1.191 X - 1,093 £ = 1.167 X -
3.0211.l - 4,80u - 4,08u - STEP VI
R (DW) D (DT) R (DX) D (DU) R (DY ILD (DV)
0 Cd 0 Cd 1.7 € 14,6 Ca 0 Cd 0-Cd
0 Zn 0 Zn 0 Zn 0 Zn 0 Zn 9.1 Zn
1.010 X - I 039 X - 0.997 X =
2,51a - 3.92u - 4,30u -
Legend:
P- precipltate Parentheses- CCODE
8- supernatant u- units actvity
R- renin sample X= X DD volume
D= dialysand Cd=- cadmium
0 Cd- 0 p.p.m. Cd Zn- zinc
(spectrophotometer
data)

FIGURE VI: RESULTS OF THE Cd<* AND Zn2+ RENIN ACTIVATION
EXPERIMENT
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Figurc VI,
MATERIALS AND METHODS: Extmction of Dialysands for the Renin Inhibitor

Approximatel y 2320 ml dialysand from the cadmium sample dialysis in
Step V of the Cd®* amd Zn2* renin activation experiment proceaure was
thawed ana made O,0L M with regard to EDTA. Then 580 ml of 2:1 chloroform-
absolute methanol was added (25% volume); the layers we.re separated after
stirring 1 h.; and the aqueous layer was stored frozen. Partial evapor-
ation of the chloroform layer was achieved at roam temperature and atmos-
pheric pressure, however, evaporﬁon to apparent dryness was done at a
slightiy elevated temperature., Tris = 2x saline (1,5 ml) was used to
take up the proposed inhibitor. Two samples were prepared each from 10
ml of the renin—sample dizlyzed by Ste IIT of the Cd2*-Zn®" renin-
activation experiment, and 9 ml Tris = 2x saline, The blank sample
contained one additional ml Tris <x saline and the sample presumed to
contain the inhitibor ("inhibitor" sample) contained cne ml of proposed
inhibitor in Tris -2x saline, The samples were incubated for 22 h at
4°, and then assayed immediately. The blank sample was expected to be
identical in every respect to a sample I eviously assayed at 2,01l units

activity/ml.

A second dialysand, that from the zinc-sample EDTA - dialysis in
Step VI was extracted in the same manner. A total of 1407 ml zinc
dialysand was made 0,01 M with respect to EDTA and extracted with 367.5 ml

(25% volume) of 2:1 chloroform-absolute methanol. After stirring 1 h, the
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aqueous layer was separated from the chloroform layer and frozen.

The chloroform layer was evaporated to apparent dryness at room
temperature and open to the ailr, and then was takem up in 3,0 ml
Tris- 2x saline, The blank prepared was equivalent to a sample
previously assayed at 1,3, units activity/ml. This second "Inhibitor"
sample was prepared to be 3 1/3-times as concentrated 1im prospective
inhibitor as the previous "imhibitor" sample, The two samples

from the secomd extraction were frozenm before assay.,

A thlrd extraction was performed on the dlalysamd of the ca?t.
incubated sample dlalyzed in Step VI against EDTA, In an effort to
facllitate drying of the extractliom at room temperature amd pressure,
the extraction was performed with 3:1 acetone-ethanol (25% volume).
The layers were separated; the organic layer was evaporated to ap-
parent dryness at room comditlions; and samples were prepared with a
renin sample previously assayed at 3,02 unlts/ml, The "inhibitor"-
renln sample was prepared,as in the second extraction, to have
3 1/3-times the 1nh1b1torvconcentratlon of the inhibitor-renmin

samples of the flrst extraction,

MATERIALS AND METHCDS:
Discrepancy Between Stanmdard Hypertemsin 11 Batches

Standard Hypertemsin I1 prepared from second-batch was assayed
in rats and the blood pressure response was compared td the
response from a previously=-used standard Hypertemsin II batch,
First-batch standard was freshly defrosted and compared in the same

rat with second-batch standards, The second-batch standards were
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assayed after having been frozean two days, frozem one day, defrosted
one day, defrosted two days, amd never frozem, Hises im blood
pressure due to volume 1lnjections were subtracted from pressor

effects,

MATERIALS AND METHODS
An Attempt to Isolate a Dialyzable Fhosphollipid Remim Imhibitor

Steer kidneys were defrosted at 4°, trimmed of excess fat,
ground twice in a meat grinder, frozen and thawed five times, and
homogenized in Step 1 with 1 ml Tris (0,05 M Trizma base buffered at
pH 7.3) per g of wet mince in a Waring blemdor. In Step 2 1150 ml
homogenate was centrifuged at 15 000 rev./min, and 630 ml supernatant
was recovered, An allquot was diluted by one-half with Tris-2x saline
and frozen for assay, (Initial assays of this sample indicated ex-
cesslve activity, and the frozen sample was further diluted with
an equal volume of Tris-salime)., Thea 500 ml homogenate super-
natant from Step 2 was made 0,003 M with respect to CdCl2 and was
dlalyzed for five days agalmst five changes of 2000 ml each (four
volumes) of Cd-Tris-saline (0.003 M CdCl,, 0,05M Trizma base, 0,9%
salline, buffered at pH 7.3). Each day the dlalysand was placed on
a magnetic stirrer with 1 1 of chloroform and stirred for 24 h, The
aqueous layer was removed and stored frozen and the organic layer was
placed in a bowl under the nhood. Lvaporation of all 5 1 of the
chloroform took nineteean days (approximately) and oan tHhe twenty-
fifth day Step 3 began, The resldue was scraped from the

sldes and bottom of the vessel with a deionized porcelaim spatula
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‘and pulverized to a fine powder, The powder socaked in 30 ml 0.05 M Tris
(approx. pHl0) for 1 h, and a cation exchanger (4 g, Carboxy-Methyl-
Cellulose, capacity 0.72 meq/g, medium mesh, SIGMA) with 40 ml Tris was
stirred at 4° for 23 h. The supernatant from centrifugation (4°, 12000 rev/min.,
five min.) was collected and brought to a volume of 50 ml with Tris. The
pH was adjusted to 7.38 with concentrated HCl and the sample was filtered
by suction through a sintered glass crucible. The resultant "inhibitor®
solution was stored at 4° under a presumed atmosphere of nitrogen, how=—
ever as the proceas for establishing a nitrogen atmosphere involved
mechanical capping of the flask after submission to nitrogen under pressure,
the integrity of the nitrogen atmosphere is questionable, Assuming all
inhibitor was extracted from 500 ml homogenate supernmatant, the 50 ml
®"inhibitor® solution contains all the inhibitor which was inside the
dialysia sacs prior to Cd=Tris-saline dialysis. The "inhibitor" solution
was made 0,9% saline with solid NaCl. In Step 4 20 ml of "inhibitor"

was incubated for 25 h with 2 ml homogenate supermatant, 2 ml I'ris ~ 2x
saline, and 4 ml Tris-saline, The incubated sample, campared in assay
with activity of a sample containing 2 ml hamogenate supernatant, 2 mil
Tris - 2x saline, and 12 ml Tris-saline, represents a 100-fold concen—
tration of "iphibitor" from homogenate supermatant and 800-fold concen-—
tration from the sample compared in assay with the incubated sample. A
volume correction for renin injections of the renin-inhibitor incubate in
the rat assay aquated 0.7 ml inhibitor incubate with 0.2 ml of the
homogenate supernatant diluted 1:4 in Tris-saline, The corrected total
volume of injections used in the assay of "inhibitor? - renin incubate

" (only) was 1,3 ml compared to a usual total of 0.8 ml. Activity of the



3l
- incubate sample was reported in terms ot the eight=fold dilution of the
homogenate supernatant sample. Cadmium determimations from spectrophoto~
metric analysis showed the cadmium context of the inhibitor solution to
be nearly ten times that in the cadmium-incubated dialyzed sample from
Step V of cd2* and Zn* experiment suggested an investigation of the
chelating effects o1 EDTA on the cadmium left in the reniu preparation by
an unsuccessful cation exchange treatment in Step 3. As concentrations
of 0,01 M EDTA were known to inhibit converting enzyme in vitre, - a

N sample of homogenate supernatant was diluted 1:2 with Tris-saline and
campared in assay in Step 5 to an identical sample to which EDTA had been
added to a concentration of 0,002 M, Because these EDTA - experiment
samples were diluted to the same degree from the homogenate as the
renin-inhibitor incubate, their assayed activities are camparable to
activity, before expression as a dilution of homogenate supernatant, of
the incubate., In Step 6, 75 ml of the sample dialyzed in Step 2 was
dialyzed for five days against five changes 1125 ml each (15 volumes)

of Tris-saline-EDTA (0,001 M EDTA) and the resultant sample (71 ml)
retrieved from inside the dialysis sacs was decanted and diluted four-
fold so that it was assayed in Tris-saline. This diluted sample fram
Step 6 was of the same order of dilution from the homogenate supernatant
(four-fold) as the Cd-Tris-saline—~dialyzed sample diluted from Step 2.
This inhibitor isoclation experiment indicated that, when corrected by
dilution and other volume change calculations, to expected activities of
undiluted samples, the diluted samples showed markedly higher aetivitiés
than the assayed activities of undiluted preparations. Figure VII

- shows the results of the renin inhibitor isclation experiment.
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Kidneys
STEP 1
Kidney Homogenate (FA)
STEP 2
v
Homogenate 1:2 112
Supernatant (FB) =P (FC' )————P;Fg';
STEP 2 unlts/ml
1:4 W
(FK) 4——Dlalyzed Supernatant (FD)
2,33 '
units/ml + Aqueous Dialysand (FE)
+ Organic Dialysand (FF)
STEP 3
"Inhibitor" Solution (
STEP &
"Inhibitor"- Renin
Incubate (FH)
1.20
units/ml
1:2] STEP 5 J1:2 (EDTA)
(F1) (FJ)
4,30 4,46
units/ml units/ml
STEP 6
1:4 v
(PL) 4——————Tris-saline-EDTA-dlallyzed .
5+517% renin sample(FN)
units/ml

FIGURE VII: RESULTS OF THE RENIN INHIBITOR ISOLATION EXPEHIMENT

(Ratlios 1lndicate order of dilution in Tris-saline or
Tris-saline-EDTA)
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'MATERIALS AND METHODS:

Investigation of Pre-Slaughter Steer Diets for High cd2* and Zn°* Content

The renin samples fram the inhibitor isolation experiment had high
activities and were prepared from kidneys of steers slaughtered in
January. Previously-assayed renin samples prepared fram steers slaughtered
in July and in June had less renin activity. Alco Packing Company and
the local Agway feed store were consulted as to possible seasonal variations
of pre-slaughter steer diets which might introduce varying levels of

2

ca=" and Zn2+ intc the steer,
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RESULTS AND DISCUSSION:
Ca2* and Zn®*_ Indirect Activation of Renin

No 1os8s of renin activity from the frozen homogenate
was found: the renin activity of the homogenate supernatant
was comparable to the activity of an identically-treated sample
assayed eleven months earlier, The first dialysis (agalnst
Tris in Step 11I1) enhanced renin activity about one-and-a-
half times from the homogenate supernatant activity. The
loss by dialysis of a renin depressor is implied, A small
gain 1in sample volume from homogenate supernatant volume was
experlienced with dialysis. Incubatlion wlth catlions in otep 1V
further 1increased renin activity. The blank sample was
slightly activated, apparently by scant dilution. This
phenomenon 1s not understood. One-fourth of the added-Ca’+
and one-half of the added-Zn2%t preciplitated during cation
incubation. Added-Cd2+ activated the renin preparation to a
greater extent than did added-Zn2+. After completion of dialysis
by Tris=-saline in Step V, more than 807 of each added cation
had been precipitated or dialyzed from the renin samples.
Henin activities for all the samples reached thelr maximumsi5.52
after this step, indicating further activation of renin by the
removal of the catlons. The final dialysis (agalnst Tris-saline-
EDTA) removed only about 15% more cation and generally activi-
ties did not show further activation. In fact, a sliight de-

crease ln activation was displayea by the blank and the Cd2t—

incubated sample, 3ome deterloration of the enzyme preparation
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is suspected. While the blank and cadmium samples dialyzed in
Step V1 lost actlvity, the zinc sample gained 5% activity. The
zinc sazple 1s the only final fractlon which lost net volume

from the horiogenate supernatant. A correlation between galn in

renin activity and dilution of renin sample is possible.

Dialyses of catlon-incubated renin preparations lncreased
the activities of renin samples approximately three-fold over
the activity of the homogenate supernatant. The blank sample
activity increased approximately two-fold. (Again, the blank
actlvity-increase phenomenon 1s not understood). For the final
fractlions, net volume changes occurring with precipitations and
dlalyses averaged 1,0l1l5-times the homogenate supernatant volume,
97.1% of the added 65.3 p.p.m. Zn?t were recovered from precipl-

2+ 2+

tates and dlalysands, In thls experiment both Cd and Zn

snowec. lndirect activation abilitles toward rernin; however the

overall Cd?*t-activation of the renin preparation exceeded by

15% that of the overall Zn2*-activation. The presence of Zn2t

in the kidney homogenate (and the absence of Cdzﬂ concur with

expectations that Zn2+, and not Cd2+, is an essential trace

metal in the xidney.’?:78 Because & smell amount of Zn?t is

2+

endogenous, the presence of additional Zn in the kidney may

be expected to have a lesser effect than would additional cd+,

79 trace metal, Another possible explanation

a toxic, cumulative
for the lesser renin activation by Znlt mey lie in the incuba-
tlon-step preclpitation of twice as much (%) of the added Zn2+

as the added Cd2t. A zinc-chelate having a higher stability
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constant for Cd2t than Zn2+ will replace Cd?* in a renin-
activating role. Perhaps SCHROEDﬁd'S7? observation of a
»reversal" of Cd2%-induced hypertension by such a zinc-che-
late may be more correctly interpreted as a less 1intense

activation of renin by 7n2+, A revised scheme of suspected

phenomena of the renin-angiotensin system as elucldated by the

Cd2+ and Zn®* renin-activation experiment 1s shown in Figure VII1I,

RESULTS AND DISCUSSION:

Extraction of Dialysands for LKenln Inhibitor

The cadmium-sample Tris-saline dialysand (from Step ¥V of
the Cd2*t and 2Zn?t renin-activation experiment) theoretically
should be the dialysand containlng the highest concentration of
renin inhlbitor. The actlvity of the renin semple dialyzed to
produce this dlalysand had the highest renin activity in the
cd2* and Zn?t renin-activation experiment, indicating, at this
step, the most complete loss of the inhibitor. For this reason
the first dialysand extraction was performed on the cadwmium-
sample Tris-saline dialysand. The "inhibltor'- renin sample
and the control-renin sample from the filrst dlalysand extraction
were assayed and found to have activities of 1.98 units/ml and
230 units/ml respsctively. The latter activity exceeds by 15%
the activity shown by previous assay of the sample (2.0l units/ml.)
A decrease caused by addltion of the proposed inhibltor 1s not
conclusively attributable to the presence of a renin inhlbltor.

If the inhibitor was indeed present, activity woulid be expected
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to disappear, or certalinly to decrease markedly. The decrease
in activity shown may reflect any 1nterfering-charaoteristics
of the proposed inhibitor solution toward renin activity. The
use of heat to complete the evaporation of the ch’croform may

have altered the structure of a possible phospholipid inhibitor,

The samples of "lnhibitor"-renian and control-renin pre-
pared in the second dialysand experiment were incompletely as-
sayed. Prellminary assays reported the inhilbitor-renin sample
to have an activity in excess of the activity previously assayed
for the control-renin sample. The control~renin sample assays
reflected a loss of nearly one-half the activity as previously
assayed. Because the activity of the Zn2t-incubated sample
gained (5%) activity during EDTA dlalysis, the dialysand of
this dlalysis was suspected to contaln a small amount of renin
inhibitor., However, this gain in activity, as previously men-

2+-incubated sample,

tloned, may be due to dilution of the Zn
and actually no inhlbitor may be present in the dlalysand ex-

tracted 1in thls second experiment.

"Inhibitor"-renin and control-renin samples from the third
dlalysand extraction experiment were assayed and found to have
activities of 2.64 units/ml and 3.30 units/ml, respectively.

As in the first dlalysand extraction experiment, the "inhibitor"-
renin sample showed only a slignt decrease in activity. Because

the Cd2*-incubated sample did not gain activity (and in fact lost
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activity) in tne Step VI-EDTA dilelysis, the "“inhibitor"-
renin sample was not suspected to illustrate an inhibitor-
induced loss of activity in this extraction experiment. The
slight decrease in renin activity of the "inhibitor"-renin
semple in the first extraction experiment may be interpreted

to be independent of innibitor effect, but the dlfference of

organic solvents used should be noted,

Results of dlalysand extraction indicated that a renin
inhibltor was not effectively extracted from agueous solutions.
Conclusive evidence for the presence of a renin inhibitor in

any of the dtalysand extractions was nct found.

As reported by SEN, SHEBY, and BJEPU5,9O the renin inhi-
bitor is suspected to be a phospholipid similar to bovine phos-
phatidylserine, Phosphoglycerlde phospholiplds include phospha-
tidylserines. The general structure and reactlons of phospha-
tldylserines are given in Figure IX with the structure proposed
by SEN, SHEBY, and BUMPUS?0 for the renin inhibitor. The struc-
ture of the inhibitor is integral for inhibltory activity. Re-
moval of one of the fatty acids from the 1lnhiblitor 1s necessary
for conversion from the inactive precursory inhibitor form of
the inhibitor to the active inhibitor. Snake venom Phospholi-
pase A performs this beta-cleavage to a lysophosphatide in vlitro,
Inhibitory activity ls destroyed by removal of both fgtty acids,
of the phosphoamine zgroup, or of the amino acld, z=xposure of

the inhibitor in the dlalysand extractlion experiments to water
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an? alr —»y have oxldized the inhibitor precursor molecule to

a form from which activity could not be derived. One end of the
phosphatidylserine molecule is hydrophllic; the other is hydro-
phobic, ZLExtraction from an aqueous dialysand with a solvent,
non-agueous, organic solutlion is expected to be successful, The
solubilities of phosphatidylserines differ and are determined’
by x-group amino acids and amino acid side chalns. The phos-
phatidylserine amino acid 1is serine, an hydroxy-amino acid:; how-
ever, the side chain of the phosphatidylserine-~like renin 1nhl-
bitor 1s unknown. That the renin inhibltor is soluble 1n ace-
tone, petroleum ether, 2:1 and 4:1 chloroform, methanol, ethyl
acetate, and ethyl ether may be deduced from the SEN, oMEBY,

and BUMPUS9© paper. Phosphatidylserines are usually insoluble
in aleohol, Knowledge of the negative charge on the polar group
(serine) and the unsaturated fatty acid in the non-polar region
of phosphatlidylserines may further faclilitate understanding of

the possible effects of renln inhibltor extractlon technlques.

RESULTS AND DISCUSSION:

Discrepancy Between Standard Hypertensin II Batches

Ace ~"ing to pressor response 1in bloassay, the first-bateh
standard Hypertensin I1 was found to have only two-thirds the
actlivity of the second-batch standard. A renin sample assayed
using the first-batch standard Hypertensin II for calculation

of renin activity was. expected to display 50% higher activity



than a sample assayed using the second-batch standard. Renln
samples assayed, using second-batch standard, in the inhibitor-
lsolation experiment followlng this standards experiment, were
expected to display two-thirds the renin activity normally
shown by slmilarly-treated and previously-assayed (using first-
batch standard) samples, The second-batch standard maintalned
activity through freezing and defrosting; however, a loss of
activity was observed in samples which had been defrosted for
more than two days., In the subsequent experiment second-batch
standards were stored frozen untll use and were not used after

having stood defrosted for more than two days.

RESULTS AND DISCUSSICN:

An Attempt to Isolate a Dialyzable Pnosphollipid Renin Inhibitor

The inhibltor-removing action of simultaneous dlalysis and
cation=-incubatlon on renin in the C4d-Tris-salline dialysis in
Step II (see Figure VII) should; theoretically, remove a raxi-
mum amount of a ranin inhiblitor from the dialyzed sample, Ex-
traction of the dlalysand wlth an organic substance, in which
a phosphatidylserine-like renln inhibitor is believed to be sol-
uble, should result in the lsolation of such an inhibitor. In-
cubation of a dilution of the kidney homogenate supernatant with
an Ilnhibitor- containing aliquot, should depress homo;enate super-
natant markedly or completely.

Although second-batch Hypertensin II was used to calibrate

renin activity in this experiment, the activity of the diluted



homogenate suvernatant before dlalysls was 1n excess of, and

not diminished (as expected) from, the activity of a similarly-
treated and previously-assayed dilution of homogenate superna-
tant, Further dllutlion of the dlluted homogenate supernatant
with an equal volume of Tris-saline (net four-fold dilution)
failled to decrease activity significantly (l.6% decrease).
CdCly, 0,003 1, in the presence of renin and Trls-sallne caused
a small amount of precipitate to be formed inside the dlalysis
sacs during dlalysis. The activity of the dialyzed renin sam-
ple from Step 2, assajyed from a four-fold dilution and corrected
to undiluted sample actlvity, was approximately three-times the
activity shown by a preliminary undiluted, dialyzed sample,
CaCl,, 0,001 K, 0,002 M, and 0.003 M, injected with Tris-saline
intravenously in the rat caused lmmedlate and marked depresslon
of blood pressure (8-16 unlts) followed by eventual (about seven
minutes) resumption of basellne pressure (contrast Maler, 93,2;.86).
This Cd2+ phenomenon suggests that the activity of the dlluted,
dialyzed sample from Step 2 mav have been depressed by the pre-
sence of CdClz durlng assay, Conseguently, the activities of
diluted and dlalyzed samples may have been comparabdble in the
arsence of CdClz. In Step 5, EDTA, 0,002 M, was found to have
no effect on the assayed rerin activity of an elght-fold dilution
of the homogenate supernatant. The activitles of the four-iecld
dilutlon and this eight-fold dilution of homogenate supernstant
were comparable, + 15%. However, the eight-fold Ailution which
had been incubated with "inhibitor" solution showed an activity

of only one-~third that shown by the control (eight-fold homogensate



supernatant dilution) and the EDTA-incubated, eight-fold 4i-

lution samples, Bvidence for the presence of a renin inhibitor

was again not conslusive, although the activity of the "inhibiltor"-
renin lncubate was depressed to a greater extent in this experi-
ment, when equlvalent (all eight-fold) dilutlions were compered,
than in the previous i1nhlbltor extraction eXperiments. In this
experiment, only chloroform was used to extract an "inhibitor"

from the dlalysand of Cd-Tris-saline dlalysis in Step 2., Pre-
vlious uses of organic and polar solvent mixtures for extractlon

of aqueous dialysands may have falled due to the presence of ex-

cess aqueous solvents,

The "inhibitor"-renin incubate was found to be high in ca2*
(approximately 0,002 M) and, according to the Cd2+-phenomenon

2+ content may have been responsible

investigated above, high Cd
for the renin activitr Aepression observed in the "inhibitor"-
renin incubate. hether a Cd2+-free "inhibitor"solution will
depress the renin activity of an eight-fold dilution of the homo-

genate supernatant remalns to be Investigated.

Benin activities assayed in four-fold dilutions of the
samples dlalyzed in Steps 2 and 6 were compared, Removal of ca?t
by EDTA-dialysis in Step 6 increased assayed renln activity by
more than two-fold. According to this data, the addition of a
Cd2+-rich "inhibitor"-solution to a dilution of Cd%T-free homo-

genate supernatant may have been responsible for much, 1f not
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all, of the depression of assayed renln activity shown in

Step 5.

If the "inhibltor" solution does not contaln a renin inhi-
bitor, & possible error in inhibitor extraction lies in exposure
to the air of the dried chloroform-extract from the Cd-Tris-sa-
line dlalysand. As mentioned above, oxldation of the proposed
phosphatidylserine-11lke inhibitor structure can result in loss
of activity. Because the spaclal configuration of renin in un-
known as yet, inhibitor oxidation possibilities cannot be dis-
cussed thoroughly. Another possibility of error lies in the
Cd-Tris-saline dialysand. An inhibitor was expected to be in

2+ renin

this dialysand because from the previous ca?t and Zn
activation experlment, Cd2+—renin édilalysis resulted in continued
elevatlion of renin activity. For this reason, a dialyzable in-
hibitor—Cd2+ complex was believed to exist. If this complex,

as in the inhlbitor isolation experiment, was dlalyzec 2:=2inst

Cd2+—Tris-saline, the 1nhib1tor-Cd2+ complex would have been

expected to leave thea renin gample in +h~ dialysis sacs and

~
P

enter the dtglvsand while O¢ would have rerlaced the complex
by entering the dlalysis sacs. The apparent increase in renin
activity shown by the EDTA-dialyzed sample (dilution) over the
Cd-Tris-saline dialyzed sample (dilution) may have been due to
the depression of rat “’rcod pressure by the presence of ca®t in
the latter sample, and not to a loss of a renin inhibitor. How-

ever, i1f a renin innibitor were dialyzed from the renin sample
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by EDTA-dlalysis, extraction of the previous (Cd-Trls-saline)
dielysand would have been fruitless. A third reason that the
inhibitor falled to be demonstrated in the inhibitor%renin in-
cubate may be that because the initial (homogenate cupernatant)
activity was abnormally high, the steer kildney used in this pre-

paration contained little or no ianibitor.

Because the activities of diluted and unciluted renin sam-
ples were found to be comparable in this experiment, the volume

2+ renln activa-

correction calculations used in the cd?t and Zn
tion experiment (and Faler, et g;.86) may have been 1nvalid.
Care must be taken to compare sampnles of egquivalent dliution
from the homogenate supernatant to avold this suspected dilution

-+ g + .
d2 and anz renin

error. The zinc-incubated sample in the C
actlvation experiment was the only sample experiencing dilution
(6,997 x volume of horogenate supernatant) in the final (ZDTA)
dialysis, The llnear volume correction leading to cor—ected
renin actlvity of the 81lnc sample would have led to a slightly
higher activity than existed. The zZinc sample was also the only
EDTA-dlalyzed sample reported to have gained activity from the
corresponding Tris-saline-dialyzed sample., Invalid volume cor-

rectlon @mlculations may be responsible, enin activities of
various dilutlons of a renin sample are currently being compared

in biloassay 1n an attempt to determine the valid volume corrections,

RESULTS AND DISCUSSION:
2+
Investigation of Pre-Slaughter Steer Diets for High caet and Zn

Contents



Alco Packling Company recelves only about eighty steers
for slaughter per year, lost of the beef distributed by Alco
comes from dalry cattle. Only the steers are raised for beef
on a semi-standard program. The steer program recommended by
Agway 1is not used universally and to trace the steer from which
the kidney renln preparations were made would not be possible,
Therefore, the following information on steer diets can be used
2+

only for an indicatlion of dietary-Cd and -an+ effects on the

kidneys treated in our laboratorv.

Depending on the age of the steer, a fattening program
including extra protein 1s used in pre-slaughter diets for two
to six months, In this program the bulk of the steer diet con-
sists of grain feeds, "55% Beef Mix"and "32% Beef Kix-ND," re-
gardless of the season. (55% Beef Mlx contalns grains and hor-

mone diethylstilbestrol, and 39% Beef 1Mix-ND (non-drug) is used
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for extra protein when the daily 1limit of hormone has been eaten).

Another grain feed, "3%% Beef 1iix" (containing hormone), may be

used in approximately double quantities in place of 55% Beef dix.

The remainder of the steer diet conslsts of hay (free choice or

limited), corn sllage (free cholce), and high molsture corn (free

choice), Beglnning in May, pasture grass or legume roughage 1is
avallable, and a steer slaughtered in June or in July will have
had two o™ three months of pasture-grass contributing to his
diet., However, the bulk of his pre-slaughter diet remalns a

Beef ¥ix grain,



SUBSTANCE

Wheat Bran

Cane molasses

Corn gluten

Alfalfa

Dried grains

winter wheat

winter rye

BEEF MIX
32% - ND
32% - ND
55%
32% - ND
55%
55%
32% - ND
55%

CADMIUM CONTENT*

(ug/g dry welgnt)

0,88

Ol 83-0. 86

0.46-0.57

003"0.49

ZINC CONTENT*
zug7g dry weight)

99-4-100.4

45-52

5-7-2906

b"51.4
35-4316
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TABLE II1: CADMIUM AND ZINC CONTENT IN PRE-SLAUGHTER STEER DITES

* according to SCHROEDER, et a1.7“



Examlination of the declared contents of a typical pasture
seed (Forage Mixture lLwiber 1-2) sold by Agway revealed no in-~

formation about Cd2+ or Zn2+

contents. The 55% Beef M1X was
advertised to contaln five substances suspected by SCHROEDER,

et gl.?4 to be high in Cd%* (more than 0.5 mg/g dry weight) or
Zn2+ (more than 15 mg/g dry weight). The 325 Beef Mix-ND con-~
tains one additlional substance which 1s belleved to be high in
both Cd%t and Zn2+. Table II1 shows this data. As previously
stated, these data cannot giv:s conclusive evidence ss to dietary

effects of seasonally verying cd?t and Zn2* effects., No such

52

2+

seasonal variation is observable, however, but a high winter Cd
or Zn?t diet has not been disproved in such speclal cases as the

steer from which the January kidney preparation was mede.

By the standards given above for high Cd?t and zn?t con-

tent per g dry weight, the Purina lLaboratory Chowx, used by our

laboratory to feed the assay rats, is high in both ca2t (0.63 mg/g

dry weight) and Zn2t (58,1 mg/g ¢y weight)., However, the
quantities eaten per day by a rat are so small that a rat must
eat four-to-filve-times hls body weight in Laboratory Chow to
Induce hypertension, according to ealculations based on
SCHRcﬁDdh'S73 Cd2+-induced hypertension experiment in whilch

0.5 mg/ml drinking water was sufficient to lnduce hypertension,

SUMMARY ¢

Crude renln preparations from steer kidneys were incubated
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with Cd2* and with 2n2*t. Elevation of renin activity resulted
in both prepar~tions. Dlalyses of each preparatlon agalnst
Tris-saline, and finelly EDTA, removed the cations; however,
renin activity remained elevated., An indirect activation of

s 2+

renin by Cd and, to a lesser extent, Zn2+, was thus demon-

strated.

Removal of the catlons by Tris-saline and EDTA-dilalyses was
suspected to involve the loss by dialysis of a renin inhibitor.
An isolatlion technique for a proposed phospholipid renin inhi-
bitor simllar to bovine phosphatidylserine, reported by an-
cther laboratory,go”gl was thought to be unnecessarily arduous
due to the probable locatlon of an inhibitor 1n the iris-siline-
and EDTA-dialysands (the sample outside the dialysis sacs) of

cd®* and Zn2*-incubated renin samples,

Extractlons of Tris-saline-and EZDTA-dlalysands of ca?+- and
Znl*-incubated renin samples for a phospholipid renin inhibitor
were attempted using varlous mixtures of organlic and polar sol-
vents, Renin samples incubated with reconstituted "inhibitor"-
extractlons did not demonstrate marked or total actlivity depres-

slon.

The dialysand of an highly active kidney homogenate super-
natant dlalyzed against Cd-Tris-saline was extracted with chloro-
form and evaporated., The proposed "inhlbitor" residue was re-

constituted, treated, and incubated with a renin sample. Nmarked



depression of renin activlity resulted; however, thls may have

been due either to a high Ccdlt-content or to the presence of an

actlve renin inhibitor,

Dilutlon of renin semples and the assayed resultant ac-
tivities were not linear according to initial observations,
Data of earlier experiments had been interpreted using a linear
dilution-volume relatlonship and, pendinz further investigation

of a posslble non-linear relationship, will be held in abeyance,

Pre~slaughter steer diets were examined for, but failed

2+ content. Such a

to show a winter increase in Cd2*t- or 2n
phenomenon would have explained the uniquely high activity of

the January steer kidney renin preparation in terms of dlet-in-
duced renal hypertension. Little or no inhibitor would be ex-

pected in such a kidney preparation.

lajor areas which have not been 1lnvestigated are, first,
extraction of the EDTA-Tris-saline dlalysand for a phosphollpld
renin inhibitor, and second, incubation of a (Cd2t-free) renin
sample with a Cd2t-free "inhibitor" solution extracted in the
manner described 1n the inhibltor 1isolation experiment reported

here.
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A Dialyzable Phospholinid Renin Inhibitor

by Donne L., Webber

A phospholipid renin inhibitor has been isolated in another
laboratory from canine kidney by 2 lengthy procedure. In our
laboratory, €d2* and Zn?* have been shown to activate renin
samnles, and subsequent dialyses of Cd2#-and Zn2+-incubated
renin samples have simultaneously removed the cations and in-
ereased further the renin activities. The existence of a dialy-
zable inhibltor-cation complex is suspected, We determined to
develop & shorter, simpler method for inhibitor isolation from
cation-incubated renin dialysands (the sample outside dialysis
sacs). Demonstration of marked or total inhibitor-caused depres-
gion of renin activity in proposed-inhibitor - renin incubates

would constifute success of an inhibitor isolation procedure.

In the first experiment, indirect cd2*« and Zn?*- renin
activation was demonstrated., Dialysands from Cd2*- and Zn2+-

renin sample incubates were reserved for the second experiment.

A literature survey was made to familiarize the author
with the historical and contemporary theories and developments
in renal hyvpertension research. 4 study of phosphatidylserines

followed.

In the second experiments, three of the Cd2+- and Zn4-

incubated renin sample dialysands reserved in the first exver-



-iment were extracted for a phospvhatidylserine--like renin
inhibitor reported to be isolated in another laboratory. The
reported isolation was achieved by an extraction from a complete-
kidney preparation, however, our extractions were from dialy-
sands of complete-kidney preparations, For this reason we
expected to develop a shorter, simpler 1solation procedure than
the reported method. A conclusively suécessful inhibitor isocle-

tion procedure was not achieved in the second experiments.

In the third experiments, 2 relationship between activities
of renin samples assayed with first-batch standard Hypertensin II

and those assayed with second-batch Hynertensin II was established.

In the fourth experiments, a Cd2*-incubated renin sample
was dialyzed against Cd-Tris-saline and the dialysand was extracted
with chloroform. We hypothesized that the inhibitor-Cd2t complex
would dialyze into the dlalysand, a solution of low inhibitor-
Cd2* complex concentration, and that the Cd2t from the Cd ~Tris-
saline would replace the complex inside the dlalysis sacs (where
the concentration of free Cd°* would be low because most of the
ca2+% would be involved in the complex). The extraction was
thoroughly stirred, separated from the agueous phase, and evap-
orated, TUpon reconstitution, the provosed "inhibitor" solution
was treated with a cation exchanger. The resultant d;pression
of bioasseyed activity of an "inhibitor"-renin sample incubate

could not be conclusively 1dentified as inhibitor-induced., The

cation exchange treatment was incomplete and the lowering effect



on the assay-rat's blood pressure of a concentration of Cd2+
similar to that remaining in the "inhibitor"-renin incubate may
have been partly or totally responsible for‘apparent depression
of incubate activity. Nonetheless, the homogenate supernatant
had abnormally high renin activity and dialyses did not increase
renin activity as markedly as in the previous Cd2+ ang 2Zn2+
renin activation experiment., Possibly the homogenate supernatant
contained little or no renin inhibitor(s), and dialysand extraction
was therefore unable to isolate any inhibitor. Injections of
0.002 M EDTA were found to have no effect on assayed renin activ-
ity (i.e., in wivo), although 0,01 M EDTA is known to inhibit

the converting enzyme in vitro. The fourth experiments also
indicated 2 possible non-linear relationship between renin sample
dilution and activity, although linear volume corrections had

been assumed previously and used for comparison of renin activities.

The fifth experiment was an investigation of, and a failure
to find , a possible winter-associated increase in dietary Cd2t

or Zn2+ in typical pre-slaughter steer feeding programs,

Two suggestions for further work on renin inhibitor isola-
tion stend out after the fourth experiments.: first, extraction
for a dialyzable, phospholipid inhibitor from the dialysand of
the Cd2*-incubated, Cd-Tris-saline-dialyzed renin sample,; and
second, incubation of a Cd>*-free proposed "inhibitor" solution
with 2 dilution of the (Ca2¥-free) kidney homogenate supernatant

and assay of this incubate for evidence of inhibitor-induced



renin activity depression,
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