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1. Introduction

Secretion of renin by the juxtaglomerular(JG) cell
involves multiple sequential steps including biosynthe-
sis of renin, packaging in the secretory granules, cy-
toplasmic translocation of the granules close to the
plasma membrane, and finally exocytotic release of
renin by fusion nd then fission of the granule mem-
brane with the juxtaposed plasma membrane.! Upon
stimulation, only a few percent of the total stored
renin 1s secreted in vivo and in vitro without signifi-
cant changes in renal renin content.’™* The finding
suggests that the final step of secretion, l.e.,
exocylotic fusion and fission step, may be the pri-
mary rate-limiting step under regulation.

The exocytotic fusion step is energetically unfavor-
able since the juxtaposed granule and plasma mem-
brane must come into close molecular contact against
the short-range of hydration repulsive force.” Howev-
er, the requirement of ATP for secretion in variety of
secretory cells was found to be variable from
absolute to unnecessary.®” Renin secretion has also
been found to be metabelically linked in some studies®
“hut not in others."! ™" Such variable requirement of
ATP for secretion in general may reflect an indirect
coupling of exocytosis to ATP utilization. Thus, ATP
may generate and maintain electrochemical or osmot-

lc gradients which provide potential energy for

exocytotic process. Indirect coupling of exocytosis via
the chemiosmotic gradient has been proposed for reg-
ulation of protozoan secretion. The mucocyst in
tetrahyma and the trichocyst in paramecium undergo
dramatic swelling just prior to or during exocytosis.'
% A chemiosmotic involvement in the secretory proc-
ess Is suggested by the observation that hypertonicity
of incubation media inhibits secretion in vitro in a va-
riety of secretory cells including JG cells, while
hypotonicity stimulates secretion.? & 1! 1772

Osmotic swelling of the secretory granule may be
produced by increasing osmotic activity of the gran-
ule lumen. This may be achieved either by activation
of osmotically inactive macromolecular granule con-
tent, or an increased granule membrane permeability
or transport of ions. Among these possibilities an in-
wardly directed ATP-dependent H*-translocating
ATPase(H"-APTase or H'-pump) has received
much atiention because of its occurrence in all secre-
tory granule membranes so far studied.® This H-
ATPase transports H' into the secretory granule
generating an electrochemical potential such that the
inside of the granule is acidic and electrically positive
relative to the cytoplasm.”? % The coupling of an H*-
and/or voltage-gradient to granule swelling and
exocytotic fusion has been termed the chemiosmotic
mechanism for secretion’ According to this mecha-
nism, the H"-gradient might be coupled to osmotic

swelling of the secretory granule by accumulation of
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the monovalent cations(e.g., K*) via an electron-
eutral K¥/H" exchange” or by the accumulation of
C1~ driven by the positive electrical potential.®

The present studies were initiated to define wheth-
er the nature of the coupling of ATP usage to secre-
tion of renin is direct, or indirect via the generation
of an electrochemical gradient. The data obtained
strongly support an indirect coupling mediated by an
H*-gradient dependent chemiosmotic force. A prelim-
inary report of some of these results has been pre-

sented.”
. Methods

Studies on renin secretion in vitro were conducted
with renal cortical slices of rabbits fed a low Na* diet
(Bio-Serve, Inc., Frenchtown, New Jersey, USA)for
at least 1 week before the experiments. Renal cortical
slices about 0.5mm thick were prepared with a Stadie
-Riggs tissue slicer as described previously.’ They
were preincubated in about 100ml of the standard in-
cubation medium continuously gassed with 100% O,
at 37°C for 45 to 60min with two or three washings
with prewarmed solution. Following the prein-
cubation, renal cortical slices(100 to 200mg wet
weight) were incubated in 5ml of the standard, or
modified incubation medium. The standard incubation
medium (without normal Na') contained(in mM)
NaCl, 145 KCl, 5.0 ; CaCl,, 2.5 ; MgCl, 1.0 ; glu-
cose, 10 ; N—2—hydroxyethyliperazine-N-2-ethane-
sulfonic ‘acid(HEPES), 10 ; pH 7.0. When the pH of
incubation media was 5.0, 6.0 or 8.0, 10mM Tris-ace-
tate, 2-(N-morpholino) ethanesulfonic acid(MES), or
Tris was used, respectively. Hypo-osmotic and
isosmotic modified medium was prepared from the
standard incubation medium by decreasing the con-
centration of NaCl to 75rnM with(isosmotic) and
without(hypo-osmotic) supplementation of 150mM
sucrose. High K" (145mM) medium was prepared
from the standard modified incubation medium by

substitution of KCl for NaCl. Ca*"-free media were

prepared by omission of CaCl, and inclusion of 1-
5mM ethyleneglycol bis(f-aminoethyl ether) N, N, N,
N-tetraacetic acid(EGTA).

For experiments with 2-deoxy-D-glucose(2-DG ;
5mM), 6-aminonicotinamide(6-AN ; 0.1 to 1.0mM),
KCN(5mM), carbonylcyanide—m— chlorophenylhyd-
razone(CCCP ; 107°M) or bafilomycin A,;(107"-107°
M), a specific inhibitor of vacuole H*~ATPase inhibi-

» slices were incubated for an hour in standard

tor,
medium, Ca’'-free modified medium, or Ca®**-free
modified medium containing a calmodulin antagonist,
calmidazolium(5x10™°M) and then transferred to
media of the same composition containing a metabol-
lc inhibitor. For experiments with nigericin, slices
were incubated for one hour in Ca?"—free modified in-
cubation medium(with normal Na®) or high K~
(145mM) medium, and then transferred to fresh me-
dium of the same composition containing nigericin.
For studies with weak bases such as NH,Cl,
benzylamine, chloroquine and methylamine, slices
were incubated in Ca?*~free medium without bases in
the first hour and then with bases during the second
and third hour.

In one serles of experiments, slices were incubated
without benzylamine during the third hour to see
whether effects of benzylamine on renin secretion is
reversible. In the experiments with 10 and 30mM
bases, the Na* concentration of the medium was kept
constant at 115mM and isotonicity was maintained
by adding sucrose as required. In experiments where
osmolality of the incubation medium was altered, slic-
es were incubated for the first hour in Ca?"-free
isosmotic modified medium(75mM NaCl+150mM Su-
crose),for the second hour in hypo-osmotic(150mOsm
/kgH;0) Ca*"-free medium, and for the third hour in
either hypo-osmotic or isosmotic media. In one series
of experiments, osmolality of the incubation medium
was altered in the presence of CCCP(107°M). The
first hour incubation without testing agents served as
the control.

Incubation medium taken at the end of each period
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was immediately centrifuged at 2,000xg for 10min at
4°C. The clear supernatant was frozen for the later
determination of renin activity. An aliquot of the su-
pernatant was incubated at 37°C with plasma of
nephrectomized rabbits. Anglotensin 1(Al) generated
was measured with the use of the New England Nu-
clear Angiotensin [ radioimmunoassay kit as de-
seribed previously.”® The renal cortical slices at the
end of each experiment were bloited on a Whatman
filter paper and weighed. The rate of renin secretion
is expressed as nanogram of Al per 100mg wet tissue
weight per hour(ng Al/100mg/hr) or as the ratio of
renin secretion during the experimental period to that
of the control period. The significance of the differ-
ence between values was evaluated by the Student’s
t-test.

CCCP, calmidazolium and nigericin were obtained
from Calbiochem(San Diego, California, USA), and 2
-DG and 6-AN from Sigma Chemicals(St. Louis,
Missouri, USA). Bafilomycin A, was the kind gift of

Stefan Kremer(Universitdt Tiibingen, Germany).

II. Result

Effects of metabolic inhibitors on renin secretion.

The effects of various metabolic inhibitors on renin
secretion in the standard incubation medium in the
presence and absence of Ca®*(2.5mM) are summa-
rized in Table 1. To determine whether inhibition of
glycolysis altered renin secretion, slices were incubat-
ed with 2-DG in a glucose-free medium supplement-
ed with pyruvate(5mM) to maintain mitochondrial
oxidation. 2-DG(5mM) had no effect on renin secre-
tion(Table 1). An inhibitor of hexose monophosphate
shunt, 6-AN, not only failed to inhibit but significant-
lv stimulated renin secretion(P <0.005). On the other
hand, KCN and CCCP, inhibitors of the mitochondrial
oxidative phosphorylation, significantly inhibited
renin secretion between 60-70% (P <0.005). Bafil-
omycin A {1077—10 *M), a potent and specific inhib-

itor of the electrogenic H'-ATPase in a variety of se-

59 3¢l

cretory granule membrane,” had no effect on renin
secretion.

The inhibitory effects of KCN and CCCP may have
resulted from a number of cellular changes. For ex-
ample, inhibition of ATP synthesis may have led to
an increase in the Intracellular Ca?* concentration,
and an elevation of the intracellular Ca’* is known to
suppress renin secretion.” % This possibility was
tested by determining the effects of KCN and CCCP
under condition where the inhibitory effects of Ca*'
on renin secretion were excluded by incubating slices
in Ca*'-free medium and Ca*"-free medium contain-
ing the calmodulin antagonist calmidazolium. As

%3 glices incubated in Ca®'

noted In previous studies,
-free modified Krebs-Ringer bicarbonate(KRB) me-
dium or in the presence of calmidazolium had higher
rates of renin secretion(compare control values in

Table 1). When slices were incubated 1n the absence
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Fig 1. pH-—dependent inhibition of renin secretion by
CCCP. Slices were incubated in Ca*' -free media
at meduim pH 5.0, 6.0, 7.0 or 8.0 during the first
hour and then CCCP(107°M) was added to the
media at the start of the second hour. The result
is expressed as the ratio of renin secretion during
the second hour to that during the first hour.
Each point is mean & S.E. from 5 observations.
CCCP inhibits renin secretion by 311+12% at pH
6.0, 46+11% at pH 7.0 and 83+4% at pH 8.0,
respectively. Asterisks denote a significant differ-
ence from a ratio of 1.0 (P<0.05).
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of Ca®*(B, Table 1) or in the presence of calmida-
zolium(C, Table 1), KCN failed to irhibit renin secre-
tion. On the other hand, CCCP inhibited renin secre-
tion to the same extent(about 70%) regardless of the
presence of Ca?* and calmidazolium, suggesting that
CCCP may inhibit renin secretion by a mechanism
other than limiting ATP synthesis. The rest of experi-
ments were conducted in the Ca?'-free media to ex-
clude potential effects of Ca** altered by experimen-
tal perturbations.

CCCP is a protonphore known to dissipate H* gra-
dients across the membranes.” To examine whether
the inhibitory effects of CCCP on renin secretion is

indeed due to dissipation of transmembrane H* gradi-

Table 1 Effect of various metabolic inhibitors on renin
secretion.

Renin Secretion(ng Al/100mg/hr)

Metabolic —inhibitor + inhibitor
inhibitor (1) (1)

/1

A. Ca*" —containing medium

2—DG(5mM) 59.44 8.5 47.94 6.9 0.99+0.16
6—AN(0.25mM)  41.0+ 4.7 63.1+ 8.3 1.61+0.22%

(1.0mM) 1214109 214+16.3 1.80+0.12*
KCN(5mM) 60.7+ 9.3 16.1% 6.0 0.33+£0.12*

CCCP(107*M) 6244101 146+ 4.8 0.32+0.11%
BafilomycinA,(10°M) 74.0-+13.8 68.4+ 9.2 0.97+0.09

B. Ca’* —free medium
KCN(5mM)
CCCP(10™°M)

571+£96.8 4701583 1.17+0.26
755+154 180+26.2 0.32+0.06*

C. Ca*" —free medium -+ calmidazolium
KCN(5mM) 13664179 1252+177 1.05+0.14
CCCP(107°M) 1582 +£340 538+119 0.424+0.09*

Values are mean * S.E from 5-6 incubation flasks. Renal
cortical slices were incubated in the standard incubation
medium(A), Ca?"-free medium(B) Ca*'-free medium
containing 5 X 107°M calmidazolium(C) for the first hour
(—inhibitor( 1)), and in the pressénce of metabolic inhib-
itor for the second hour [+Inhibitor(I)). T/ 1 is the
ratio of renin secretion rates during the two incubation
periods. These ratio.values were corrected for the sponta-
neous changes in renin secretion rate observed in control
slices. *Significantly different from unity(P<0.05 or

smaller).

ents, we compared its effects at varying H* gradi-
ents. Cellular H" gradients were altered by incubat-
ing slices at different medium pH. As shown in
Fig. 1, CCCP(107M) had no inhibitory effects on

renin secretion at medium pH 5.0.

Effects of nigericin on renin secretion.

The results of the preceeding series of experiments
with CCCP suggest that the transmembrane H*-gra-
dient may play an important role in renin secretion.
To explore this possibility further, the effects of
nigericin on renin secretion were determined.
Nigericin 1s a carboxylic ionophore which promotes
an electroneutral exchange of K* for H* along their
concentration gradients.”® Nigericin at 1.0x10°M had
no effect(data not shown) but at 5x107°M signifi-
cantly stimulated renin secretion on Ca’*-free stan-
dard medium(Na*=145mM) (P <0.01, Table 2).

Table 2. Stimulation of renin secretion by nigericin in
high Na* and K*medium.

Renin Secretion(ng Al/100 mg/hr)

Medium — -
Control + Nigercin Ratio
High Na' 52.94+13.7 212+86.7  3.70+0.65
High K* 3994107 13514418  4.33+0.66

Values are mean + S.E. from 6 incubation flasks for
each group. Renal cortical slices were in the absence(Con-
trol) and then presence of nigericin(5x 107°M) ina Ca®* -
free high Na*(145mM) or high K'(145mM) incubation
medium at pH 7.0 for one hour each. Ratio is the renin
secretion rate of nigericin/control. The increase in renin
secretion by nigericin was significant(P <0.01).

The next series of experiments was repeated in Ca**-
free, high K*(145mM) medium at pH 7.0 to minimize
or abolish both K*-and H*—gradients across the plas-
ma membrane. The stimulatory effect of nigericin on
renin secretion was still apparent which was compa-
rable in magnitude to that in Na™ medium(Table 2).
These results support the possibility that the H*-gra-
dient across intracellular organelle membranes may

indeed play a role in renin secretion.



Effects of weak bases on renin secretion.

Weak bases such as NH,Cl are known Lo accumu-
late in acidic intracellular compartments in a H -gra-
dient dependent manner and to cause osmotic swell-
ing as does nigericin. As summarized in Table 3, am-
monium chloride, methylamine, benzylamine and
chloroquine all produced concentration-and time-de-

pendent stimulation of renin secretion. Among the

four weak bases tested, chloroquine was the most po-
tent In stimulating renin secretion : the magnitude of
stimulation by 0.2mM chloroquine was comparable to
that by 30mM of the other three weak bases. This
result is in concert with observations that chloroquine
has greater effects on osmotic swelling of intracellu-

lar acidic organelles than other weak bases.* *

Table 3. Effects of weak bases on renin secretion.

Weak F;a;;o - Cone. N

Renin Secretion(Ratio to the Control Period)

(mM) Period 1 Period T Period M/ 1

Ammonium Chiorid 10 6 1124003 1.41+0.18 1.25+0.15
mmonium Lhlonde 30 1 1.21+0.05 1.98+0.18 1.6840.17
Mot 10 6 1.16+0.08 1.4340.07 1.2640.08
ethylamine 30 12 1.4640.13 2.1440.25 1.4840.13
Benlamin 10 6 1.2440.05 1.3740.03 1.11+0.03
enzylamine 30 12 1.7840.14 2.90+0.21 1.76+0.20
Chloroguine 0.2 6 1.20 £0.08 2.38+0.18 1.99+0.14

Values arc mean+S.E. Renal cortical slices were incubated in the Ca®' —free modified incubation medium during the

first hour without a weak base(Control Period 1) followed by the second{period 1 )and third hour(Period T )with a
weak base, Renin secretion during period Tand Il was significantly greater than that of control period I (P<0.05 or

smaller). /1 values are also significantly greater than 1.0 except that with 10mM ammonium chloride.
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Fig 2. pH—dependent stimulation of renin secretion by
benzylamine. Slices were incubated in an isosmotic
Ca’'-free medum at pH 7.0 or 8.0 for three
hours. Benzylamin (30mM) was included during
the second and third hour. NaCl concentration of
the incubation media was kept constant at
115mM and isotonicity was maintained by includ-
ing 60mM sucrose as required. Results are ex-

pressed as the ratio of renin secretion during the
second and third hour in the pressence of
benzylamine to that during the first hour without
the weak base. Each point is the meant S.E.
from 6 observations. The ratio values at both pH
were significantly greater than unity (P <0.005).

Weak bases cross biological membranes by diffu-
sion of unprotonated uncharged forms and the con-
centration of which is determined by pH.* ¥ In one
series of experiments, incubation was made with
30mM benzylamine at medium pH 7.0 and 8.0 to
vary the concentration of unpronated benzylamine 10
-fold.

As seen In Fig. 2, the weak base stimulated renin
secretion by 71+11(N=6, P<0.001) and 156 +29%
(P<0.001) at pH 7.0 and 179+30% (N=6. P<0.
001) and 121+27%(P<0.005) at pH 8.0, one and

two hour exposure to the weak base, respectively.



Chemiosmotic Control of Renin Secretion

3.0 1

2.0 1

Renin Secretion
(Relative to Control)

1.0

0.0

Control Benzylamine Washout

Fig 3. Reversiblity of the stimulation of renin secretion
by benzylamine. Slices were incubated in
isosmotic medium at pH 7.0 during the first hour
as the control. Slices were then incubated in the
isosmotic medium containing 30mM benzylamine
during the second hour and then isosmotic medi-
um without benzylamine during the third hour.
Renin secretion during the second and third hour
to that during the first control period was 1.78 +
0.14(P<0.001, N=6)and 2.56+0.29(P<0.001),
respectively.

Thus, the stimulation at pH 8.0 was rapid, reaching
an apparently maximal level within the first hdur ol
exposure. This increase was significantly greater
than that at pH 7.0 during the first hour(P>0.001)
but not during the second hour of exposure(P>>0.05).
Incubation of slices with 30mM benzylamine during
the second hour significantly stimulated renin secre-
tion(Fig. 3, P<0.001, N=6).

When slices were incubated in the absence of
benzylamine during the third hour, renin secretion
stimulated by benzylamine during the second hour
was not reversed to the control level, suggesting that

the stimulation is not readily reversible.

Effects of hypo-osmolality on renin secretion.

Incubation of cells with nigericin and weak bases
would produce osmotic swelling of intracellular acidic
organelles. Since renin granules may have acidic inte-
rior,” it follows that swelling of renin granule might

be responsible for increased renin secretion produced

by these agents. To test this possibility, we produced
swelling of intracellular organelles by incubation of
slices in hypo-osmotic media. [ncubation in a Ca**-
free hypo-osmotic medium stimulated renin secretion
by 314+35% (P<0.001, N=5, left panel of Fig. 4).
The stimulated renin secretion was sustained for at
least 2 hours. The stimulatory effect of hypotonicity
was reversed upon returning the slices to an
isosmotic medium(P>0.2, N=6, right panel of Fig.
4)
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Fig 4. Reversihility of the stimulation of renin secrstion
by incubation in hypo:-osmotic medium. Slices
were incubated for the first hour in an isosmotic
Ca’*-free modified KRB containing 75mM NaCl
made isosmotic by addition of 150mM sucrose.
One group of slices was then incubated for two
consecutive 1 hr periods in a hypo-osmotic medi-
um containing 75mM NaCl and no sucrose(left
panel). Another group of slices was incubated in
the hypo-osmotic medium during the second peri-
od and the isosmotic medium during the third
period(right panel). Results are expressed as the
ratio of renin secretion during the second and
third periods to that during the first control peri-
od. Results are the meant SE. from 5(left
panel) and 6 (right panel) observations. Asterisks
denote significant difference from a ratio of 1.0
(P<0.05).

To examine whether CCCP affects renin secretion
when secretion is induced in an H*-gradient indepen-
dent manner, the stimulatery effects of hypo-
osmolality were studied in the absence and presence
of CCCP(107°M) in a parallel fashion. Incubation of

tissues in hypo-osmotic media significantly .increased
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secretion in the absence of CCCP(left panel of Fig.
5; 809+81%, P<0.001, N=6). In the presence of
CCCP incubation in a hypo-osmotic medium stimulat-
ed renin secretion to nearly the same extent(right
panel of Fig. 5, 647+120%, P<0.001, N=6). The
difference in the relative increases of renin secretion
is not significant(P>0.05 by unpaired Student’s t—
test).
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Fig 5. Effect of CCCP on the stimulation of renin secre-
tion by hypo-osmolality. The experimental proce-
dures were the same as described in the legend
for Fig. 3(left panel) except that one group of
tissues was incubated in the presence of CCCP
(10 *M). In the absence of CCCP, lowering medi-
um osmolality significantly stimulated renin secre-
tion by 809+81% (126.1+31.4 to 1,093+218ng
Al/100mg/hr;P<0.001, N=6;left panel). In the
presence of CCCP, lowering medium osmolality
stimulated renin secretion by 674 +120% (from
788+185 to 541+81ng Al/100mg/hr; P<0.
001, N=86; right panel)in the presence of CCCP.
The difference in the relative increases of secre-
tion is not significant(P<0.05 by unpaired t-
test).

V. Discussion

The present studies provide several lines of evi-
dence as to the nature of the indirect coupling of
ATP 1o renin secretion, Inhibition of ATP synthesis
by inhibiting glycolysis with 2-DG did not affect
renin secretion(Table 1). Other investigators also
noted that renin secretion was unaffected when gly-

colysis was inhibited by sodium iodoacetate or sodium

fluoride® "' ** On the other hand, it has been reported
that renin secretion rate and renal renin content are
diminished by removal of glucose from the medium or
by the addition of an inhibitor of the hexose mono-
phosphate shunt, 6-AN."” We observed that 6-AN
stimulated renin secretion(Table 1). Our finding is in
agreement with studies on parathyroid hormone se-
cretion In that the rate of secretion is reciprocal to
flux through the shunt pathway.® The reason(s) for
the conflicting results from studies with renal cortical
slices and isolated kidneys is unknown.

Inhibition of mitochondrial ATP synthesis with
KCN inhibited renin secretion(Table 1). However,
this inhibition of secretion by KCN was no longer ob-
served when slices were incubated in a Ca?*—free me-
dium(Table 1) or in a Ca**~free media in the pres-
ence of a calmodulin inhibitor, calmidazolium(Table
1). Lyons also found in rat renal cortical slices that
KCN inhibits renin secretion only in the presence of
Ca®* In incubation medium.” Since an elevated in-
tracellular Ca’" concentration inhibits renin secre-
tion,” "% it is most likely that the inhibitory action
of KCN on renin secretion is secondary to an in-
creased intracellular Ca’* concentration. Other stud-
ies have, however, failed to show inhibition of renin
secretion by cyanide even in the presence of the ex-

2+ 811 The reason for the failure of cya-

tracellular Ca
nide to inhibit renin secretion in those earlier studies
is unclear. Nevertheless, taken together, neither the
results of those earlier studies nor those of the pres-
ent studies support the notion that ATP derived from
glycolysis or oxidative phosphorylation is obligatory
for the renin secretory process as found in other se-
cretory systems.®”. The recent finding of ATP-inde-
pendent secretion from a variety of secretory cells
led to the view that ATP has an modulatory role in
maintaining the exocytosis in “primed” state.®

Unlike KCN, CCCP inhibited renin secretion even
when the inhibitory effect of Ca®** on renin secretion
was excluded(Table 1). CCCP was reported to inhibit

secretion also in a variety of secretory cells where Ca?



Chemiosmotic Control of Renin Secretion

* is the key stimulatory secretion signal.'® ' # Thus,
the inhibition of secretion by CCCP cannot be ac-
counted for by elevation of Ca?*, suggesting that this
protonophore may exert additional inhibitory effects
on the renin secretory process. It is generally accept-
ed that proton ilonophores such as CCCP and
carbonylcyanide - p(Tri - fluoromethoxy) - phenylhy-
drazone(FCCP) exert their effects by increasing the
transmembrane flux of HY, thereby tending to col-
lapse the transmembrane H* electrochemical gradi-
ents.” The possibility that this action of CCCP under-
lies its inhibitory effect on renin secretion is support-
ed, albeit indirectly, by the finding that the inhibitory
effect of CCCP on renin was H*-gradient dependent
(Fig. 1). It is noteworthy that CCCP had no effect on
renin secretion which was stimulated in a H*-gradi-
ent independent manner by hypo-osmolality (Fig. 5).
This result as well as the Hf-gradient dependent
action of CCCP makes it unlikely that CCCP inhibits
renin secretion by non-specific toxic effects.

CCCP did not inhibit renin secretion at medium pH
5.0 but did inhibit at pH 7.0 which is very close to the
estimated cytosolic pH(7.06)%* and there was no ap-
preciable H*-gradient across the plasma membrane.
Furthermore, the stimulatory effect of nigericin was
still apparent in a high K* (145mM) medium at pH
7.0(Table 2) where the gradients for H* and K™
across the plasma membrane were abolished. There-
fore, the effects of CCCP and nigercin are likely the
result of their action on H* and K*-gradients across
intracellular organelles rather than the plasma mem-
brane.

Many intracellular organelles, including secretory
granules, maintain a steep H' gradient by an ATP
dependent electrogenic H*~ATPase. #?7% [t has been
reported that weak bases included in chloroquine can
accumulate within the renin granules, suggesting that
the interior of the renin granule is acidic.¥ If the
renin granule indeed contains an electrogenic H*-
ATPase, by analogy with other types of secretory

granules, CCCP may inhibit renin secretion by dissi-

pating the H™ gradient across the renin granule as it

8473 (On the con-

does in other secretory granules.
trary, inhibition of the H*-ATPase by bafilomycin A,
did not inhibit renin secretion(Table 1). This result
suggests that the renin secretory granule membrane
has a low permeability to H* and the established H*-
gradient may dissipate very slowly with little effect
on renin secretion.

A chemiosmotic mechanism driven by the H"~ and
K™*-electrochemical gradients across the renin secre-
tory granule membrane could explain not only the in-
hibitory effect of CCCP but also the stimulatory ef-
fects of nigericin and weak bases on renin secretion.
Given the high concentrations of K* in the cytosol
and H* in the granule interior, nigericin would pro-
mote an electroneutral exchange of H* /K™, thereby
effecting an intragranular accumlation of osmotically
active K* with subsequent granule swelling.®* ®
Week bases equilibrate across biological membranes
by diffusion of unprotonated neutral forms. In acidic
intracellular organelles, such bases become pro-
tonated and accumulate since the protonated forms
are less permeant to the membrane.* ® Thus, an ac-
cumulation of weak bases with attendant anions to
high concentration could cause osmotic swelling of
acidic granules.®* ¥

The possibility of a chemiosmotic mechanism in
renin secretion is further supported by the finding of
reversible stimulation of renin secretion by incubation
in hypo-osmotic medium(Fig. 5). Our findings of
stimulation of renin secretion in renal cortical slices
by nigericin, weak bases and hypo-osmotic incubation
medium are consistent with those in isolated

2111220 and afferent arterioles?. It is impor-

glomeruli
tant to note that our experiments were conducted in
rabbit renal cortical slices incubated in Ca’*-free me-
dium and the stimulation of renin secretion by
nigericin, weak bases and hypo-osmolality was sus-

tained. Experiments with isolated rat glomeruli® ! %2

083 were done in media containing Ca®!, and the

stimulation was transient, sometimes with delayed In-



hibition.™ * Such differences could be attributable to
species difference(rat vs rabbil). but in part to the
Ca*" in the incubation medium (sce below).

Several lines of evidence from seemingly diverse
experiments support the hypothesis that chemiosmotic
swelling of the renin secrelory granule may increase
the rate of renin secretion in vitro. However, whether
such a chemiosmotic mechanism and granular swell-
ing is involved in the physiological regulation of renin
secretion cannot yet be addressed. Physiological
secretagogues such as cholecystokinin and secretin
activate K and Cl transport across the pancreatic
zymogen granule membrane, resulting in net influx
of KCl and water into the granules, thereby causing

“ As noted above, in the presence of

osmotic swelling.
Ca®' in incubation medium, stimulation of remn se-
cretion hy hypotonicity was completely blocked(un-
published observation) or less in magnitude than in
its absence.” Since Ca’" is the well established intra-
cellular inhibitory singnal for renin secretion,’ '** %
if granular swelling Is involved in the physiologic con-
trol of renin sccretion, Ca®' may act by inhibiting os-
motic swelling of the granule. A word of caution is
necessary, however. Studies on the catecholamine se-
cretion from chromaffin cells have presented evi-
dence that the electrochemical gradient of I1' across
the chromaffin granule membrane is not essential for
calecholamine secretion.”"* [t is also controversial
whether chemiosmotic swelling of secretory granules
is obligatory for fusion or subsequent exocytotic
steps.™

In summary, the present studies indicate that renin
secretion may be regulated by ATP indirectly by the
generation of a H' gradient across the renin granule
which could be equivalent to the “ATP-induced
primed siate” of exocytosis.” This gradient may then
be used as a driving force for the accumulation of
ions and consequent swelling of the granules and this
swelling may promote exocytosis in some manner.
More direct evidence of the presence of the postulat-

ed H'-ATPase and other mechanisms in the renin se-

cretory granule will be required to support or deny
this hypothesis as well as the relevance of this mecha-

nism to the physiological control of renin secretion.
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KCNeoll ©J3F renin W94l a7 Adses o2 Kol KON& A2yl Ca*'& F7kAI7| 2L old o
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ounz, CCCP: MUY H'—% =2 g maH renind ] & 9Aldte Rex nelrh. gy
H*-ATPase?|#] 2| ¢] bafilomycin A1& Z#7} ¢t wetad] 9o HY %= 20]9 renink-H
Abole] #AE H'/K' exchange ionophored! nigericing Ab&3kol 4+ B 9br}. Renin-u]7} nigericin
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