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Objectives : /t has been known that adrenal corticosteroids influence the expres-
sion of adrenomedullary catecholamine-synthetizing enzymes and also suppress the
emission of axonal-like processes in cultured chromaffin cells. In the present study,
it was attemptsed to investigate the effect of 17-a-estradiol on catecholamine(CA)
secretlon evoked by acetyicholine(ACh), DMPP. McN-A-343, excess K' and Bay-K-
8644 from the isolated perfused rat adrenal gland.

Methods : Maturse male Sprague-Dawley rats were anesthetized with ether. The
adrenal gland was /isolated by the method of WaKade. A cannula used for perfusion
of the adrenal gland was inserted into the distal end of the renal vein. The adrenal
gland, along with ligated blood vessels and the cannula. was carefully removed from
the animal and placed on a platform of a leucite chamber.

Results : The perfusion of 17-a-sstradiol (1-100 uM) into an adrenal vein for 20
min produced relatively dose-dspendent inhibition in CA secretion evoked by ACh
(6.32 mM). DMPP (100 uM for 2 min), McN-A-343 (100 uM for 2 min) and
Bay-K-8644 (10 uM for 4 min), while it did not affect the CA secretory effect of
high K* (56 mM), Also. In the presence of 17-F-estradiol CA secretion of ACh,
DMPP and McN-A-343. without any effect on excess K*-evoked CA sectretion was
depressed. However, in adrenal glands pre-loaded with 17-a-estradiol (10 uM) plus
tamoxifen (2 uM), which is known to be a selective antagonist of estrogen receptors
(for 20 min), CA secretory responses evoked by ACh. DMPP and McN-A-843 were
condiderably recovered as compared to that of 17-a-sstradiol only, but excess
K*-induced CA secretion was not affected. However. pre-treatment with 17-a
-gstradiol in the presence of meclopramide(dopaminergic antagonist) did not affect
the secretory effect of CA evoked by ACh, DMPP. McN-A-343 and high potassium.

Conclusions : These results suggest that 17-a-estradiol causes the marked
inhibition of CA secretion evoked by cholinergic receptor stimulation, but not that by
excess K. Indicating strongly that this effsct may be mediated by inhibiting the
influx of extracellular calcium Into the rat adrenomedullary chromaffin cells through
the activation of inhibitory estrogen receptors, and it also plays a modulatory role in
regulating CA secretion.
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INTRODUCTION

In general. when an organism is placed
under sudden stress, the level of activity of
the cells exciting complement of enzyme
increases, leading to a spurt in production.
Epinephrine synthesis in the adrenal medulla
is also subject to the biochemical influence
of the adrenal cortex. Because blood from
the cortex passes through the medulla, most
of the chromaffin cells are exposed to high
levels of cortical steroids, When the steroids
are absent. ti has been found that the
enzyme that catalyzes the conversion of
norepinephrine into epinphrine is degraded at
an unusually high rate, leading to the decline
of its cellular level. Thus. the intimate
anatomical relation of the cortex and the
medulla extends to the interaction at mo-
lecular level as well.

Stress is known to induce the secretion of
hormones from the adrenal cortex as well as
from the meulla. The cortical hormones ap-
parently ensure that the synthesis of
epinephrine is maintained'. Kohler and his
collaborators® found that estradiol and
progesterone administration to intact female
rats increased adrenal tyrosine hydrosylase
activity. Moreover, tyrosine hydroxylase acti-
vity is known to be increased significantly in
diethylstilbesterol-induced pituitay tumors of
the rats than in control pituitaries. These
data support the possible existence of local
catecholaminergic mechanism(s) that could
be modulating prolactin secretion from pitui-
tary tumors and from ectopic pituitaries® .

In hypothalamic and vocal control nuclei of
male zebra finches, all hormone-induced
changes in noradrenergic neurotrasmission
are estrogen-dependent. while modulation of
dopaminergic function is much more variable
and frequently androgen- dependent®. Steroi-
ds are also known to affect catecholamine
(CA) synthesis®, degradation®, release” and
re-uptake®

However. the steroid-induced hyperpolari-
zation in guinea-pig ganglion neurons in vitro
was accompanied by a change in the input
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resistance of the cell. indicating an invol-
vement of some kind(s) of ion channel(s) in
the action of glucocorticoid'”. It has been
also shown that brief hyper-polarization and
increased potassium conductance are produ-
ced by 17-B8-sstradiol in rat medial amygdala
brain slices'. Moreover, according to the
results of Migusl and his co-workers'?,
estradiol seems to decrease the ability of the
adrenal medulla to release CA to the
peripheral blood. whereas progesterone most
affects tyrosine hydrosylase activity. Being
that its effects temporaily and partially depend
on estrogens.

It has been also found that 17-a-estradiol
inhibits DMPP- and high K -induced CA
release from the cat adrenal glands and
45Ca” " uptake into bovine chromaffin cells in
culture stiulated by DMPP or high K™'®. More
recently, Laret and his collaborators' have
suggested that the amygdaloid catecho~
laminergic systems exert an inhibitory effect
on CA content of the adrenals and the ovary,
and Influence the ovarian estradiol secretion
mechanism. This influnce of the amygdala in
the regulation of the ovary could be mediated
by an efferent pathway from the central
nervous system to the ovary.

Thus, there are many controversial reports
on CA release from the adrenal medulla. The
present study was designed to examine the
effect of 17-a-estradiol on CA secretion
from the isolated perfused rat adrenal glands
and to clarify the mechanism of its action.

MATERIALS AND METHODS

1. Experimental Procedure

Male Sprague-Dawley rats. wsighlng 180 to
250 grams, were anesthetized with ether.
The adrenal gland was isolated by the me-
thod described previously’™. The abdomen
was opened by a midline incision and the left
adrenal gland and surrounding area werse
exposed by placing three hook retractors.
The stomach, Intestine and portion of the
liver were not removed. but pushed over to
the right side and covered by saline-soaked
gauge pads, and urine in the bladder was
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Fig. 1. Schematic drawing of the preparation used to study secretion of
catecholamines in the isolated perfused adrenal gland of the rat.

removed in order to obtain snough working
space for tving blood vessels and cannu-
lations.

A cannula, used for perfusion of the adre-
nal gland(Fig. 1-A), was inserted Into the
distal end of the renal vsin after all branches
of the adrenal vein(if any). vena cava and
aorta, were ligated. Heparin (400 IU/ml) was
injected into vena cava to prevent blood
coagulation before ligating vessels and
cannulations. A small slit was made into the
adrenal cortex just opposite the entrance of
the adrenal vein. Perfusion of the gland was
started. making sure that no Isakage was
present, and the perfusion fluid escaped only
from the slit made in the adrenal cortex.
Then the adrenal gland, along with ligated
blood vessels and the cannula., was carefully
removed from the animal and placed on a
platform of a leucite chamber. The chamber
was continuously circulated with water
heated at 37+£1%C (Fig. 1-B)

2. Perfusion of Adrenal Gland

The adrenal glands were perfused by me-
ans of a ISCO pump (WIZ Co.) at a rate of
0.3 mi/min. The perfusion was carried out
with Krebs-bicarbonate solution of following
composition (mM):NaCl, 118.4:KCl, 4.7:CaCl,.
2.5:MgClz, 1.18:NaHCQs. 25:KHPQ4, 1.2:glu-
cose, 11.7. The solution was constantly bu-

bbled with 95% 0:+5% CO: and the final pH
of the solution was maintained at 7.4+0.05.
The solution contained disodium EDTA (10
ug/mi) and ascorblc acid (100 ug/ml) to pre-
vent oxidation of catecholamine.

3. Drug Administration

The perfusions of DMPP (100 uM) and
McN-A-3483 (100 uM) for 2 minutes and/or a
single injection of ACh (5.32 mM) and KCI
(66 mM) in a volume of 0.05 ml were mads
into the perfusion stream via a three way
stopcock, and Bay-K-8644 (10-5M) was also
perfused for 4 min.

In the preliminary experiments it was found
that, upon administration of the above drugs,
secretory responses to ACh, KCI|. McN-A-343
and Bay-K-8644 returned to pre-injection le-
vel in about 4 min, but the responses to
DMPP in 8 min.

4. Collection of Perfusate

As a rule, prior to each stimulation with
cholinergic agonists or excess K™, perfusate
was collected for 4 min to determine the
spontaneous secretion of CA (background
sample}. Immediately after the collection of
the background sample. collection of the
perfusates was continued in another tube as
soon as the perfusion medium containing the
stimulatory agent reached the adrenal gland.
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Stimulated samples were collected for 4 to 8
min. The amounts secreted in the back-
ground sample have besn subtracted from
those secreted from the stimulated sample to
obtain the net secretion value of CA., which
is shown in all of the figures.

To study the effects of 17-a-estradiol and
its antagonist on the spontaneous and
evoked secretion, the adrenal gland was
perfused with Krebs solution containing 17-«
-gstradiol for 20 min, the perfusate was
collected for a certain background sample.
and then the medium was changed to the
one containing the stimulating agent and the
perfusates were collected for the same
period as that for the background sampls.
Generally, the adrenal gland’s perfusate was
collected in chilled tubes.

5. Measurement of Catecholamines

CA content of perfusate was measured
directly by the flurometric method of Anton
and Sayre'® without the intermediate purifl-
cation alumina for the reasons described
sarlier'™ using fluorospectrophotometer (Schi-
madzu Co. Japan).

A volume of 0.2 ml of the perfusate was
used for the reaction. The CA content in the
perfusate of stimulated glands by secreto-
gogues used in the present work was high
enough to obtain readings several fold
greater than the reading of control samples
(unstimulated). The sample blanks were also
lowest for perfusates of stimulated and
non-stimulated samples. The content of CA
in the perfusate was expressed in terms of
norepinephrine (base) eqguivalents.

6. Statistical Analysis

All data are presented as means with thelr
standard errors, and the significance of
differences were analyzed by Student’s
paired t-test using the computer system as
previously described'”.

7. Drugs and Their Sources

The following drugs were used:17-a
-estradiol, 17-B-estradiol, acetylcholine chlo-
ride. 1.1-dimethyl~4-phenyl piperazinium iodide
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(DMPP), norepinephrine bitartrate, methyl-1,
4-dlhydro-2. 6-dimethyl~ 3-nitro-4-(2-trifluoro-
methylphenyl)-pyridine-5-carboxylate (BAY-
K-8644), metoclopramide hydrochloride (Sigma
Chemical Co.. U.8.A). tamoxifen citrate,
(8-(m~-cholro-phenyl-carbamoyl-oxy)-2butyny!
trimethyl ammonium chloride [McN -A-343]
(RBI, U.S.A). Drugs were dissolved In
distilled water (stock) and added to the
normal Krebs solution as required, except
Bay-K-8644, 17-a-estradiol, 17-8-estradiol and
tamoxifen, which were dissolved Iin 99.5%
ethanol and diluted appropriately (final con-
centration of alcohol was less than 0.1%).
Concentrations of all drugs used are ex-
pressed in terms of molar base.

RESULTS

1. Effect of 1 uM 17-a -Estradiol on CA
Secretion Evoked by ACh, Excess K",
DMPP and McN-A-343 from the Per-
fused Rat Adrenal Glands

After the initial perfusion with oxygenated
Krebs-bicarbonate solution for 1 hr. basal CA
release from the isolated perfused rat
adrenal glands amounted to 24.3 = 2.8 ng/2
min (n=8). Being a typical and widely used
female sexual hormone, it was declded ini-
tlally to examine the effects of 17-a-estra-
diol on cholinergic receptor stimulatin, as
well as membrane depolarization-mediated
CA secretion from perfused rat adrenal
glands. Secretogogues were given at 20 to
30 min-intervals. 17-a-estradiol was present
20 min befors each stimulation. In the pre-
sent study. it was found that 17-a-estradiol
itself did not produce any effect on basal CA
output (data not shown).

When ACh (5.32 mM). in a volume of 0.05
mi. was Injected Into the perfusion stream,
the amounts of CA secreted was 595.0+£563.5
ng for 4 min. However. after the pre—per-
fusion with 1 uM 17-a-estradiol for 20 min,
Ach~-stimulated CA sectrtion was significantly
dscreased to 421.3%32.5 ng (p(0.01) for 4
min from 12 adrenal glands as shown in Fig.
2. On the other hand, it has been found that
depolarizing agent like KCl sharply stimulates
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Fig. 2. Influence of 1 uM 17-a-estradiol on ACh-
and excess K'-stimulated catecholamine
(CA) secretion from the siolated perfused
rat adrenal glands. CA secretion was indu-
ced by a single injection of ACh (5.32 mM)
and excess K (66mM) after perfusion with
normal Krebs solution for one hour prior to
initiation of the experimental protocol. “B”
and "A” donote CA secration evoked by ACh
and excess KCl. before (B) and after (A)
preloading with 1 uM 17-a-astradiol for 20
min respectively. Numbers in the parenthesis
indicate number of experimental rat adrenal
glands. Vertical bors represent the standard
effor of the mean (S.E.M.). Ordinate the
amounts of CA secreted from the adrenal
gland in ng. Abscissa ' secretogogues. Sta-
tistica|, difference was obtained by com-
paring the control with the pretreated group.
Each perfusate was collected for 4 minutes.
ACh : acetylcholine.

CA sectretion. In the present work., excess
K™ (66 mM)-stimulated CA secretion after
the pre-treatment with 1 uM 17-a-estradiol
for 20 min was not affected. In the presence
of 1 uM 17-a-~estradiol, it amounted to 372.9
+21.8 ng (ns) for 4 min as comparsed with
its corresponding control secretion of 431.8%
31.4 ng for 4 min from 14 glands (Fig. 2).
When perfused through the rat adrenal
gland, DMPP (100 uM for 2 min). which is a
selective  nicotinic  receptor agonist  in
autonomic sympathetic ganglia, evoked a
sharp and rapid increase in CA secrstion. As
shown in Fig. 3, DMPP-stimulated CA secre-
tion before pre-loading with 1 uM 17-a-
ostradiol was 781.9%77.2 ng (0-4 min) and
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Fig. 3. Influence of 1 uM 17-a-estradiol on
nicotinic and muscarinic stimulated CA
secretory responses. DMPP (100 uM) and
McN-A-343 (100 uM) were perfused into an
adrenal vein for 2 min before and after
preloading with 1 uM 17-a-estradiol for 20
min, respectively. DMPP-induced perfu-
sates was collected twice successively for
each 4 minutes but McN-A-343-induced
perfusate only for 4 minutes. Other legends
are the same as in Fig. 2.

147 9£32.8 ng (4-8 min), while after pre-
treatment with 1 uM 17-a-estradiol for 20
min they were greatly reduced to 425.6+45 4
ng(0-4 min, p<0.01) and 30.0%8.7 ng (4-8
min. p<0.01). respectively from 8 rat adrenal
glands. As illustrated in Fig. 3. McN-A-343
(100 uM). which is a selective muscarinic
Mi-agonist'®, perfused into and adrenal
gland for 2 min caused an increased CA
secretion to 113.3%24.5 ng for 4 min from 9
experiments. However, McN-A-343-stimulated
CA secretion In the presence of 1 uM 17-a
-estradiol was markedly inhibited to 28.3+4.6
ng (p<0.01) for 4 min. which is 25% of the
corresponding control secrstion.

2. Effect of 10 uM 17-a -Estradiol on CA
Secretion Evoked by ACh, Excess K",
DMPP, McN-A-343 and Bay-K-8644
from the Perfused Rat Adrenal Glands

In order to test the dose-dependent ef-
fects of 17-a-estradiol on cholinergic recep-
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Fig. 4. Influence of 10 uM 17-a-estradiol on ACh~
and excess K'-stimulated CA secrstory
responses from the rat adrenal glands.
Other legends are as in Fig. 2 and 3.
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Fig. 5. Influence of 10 uM 17-a-estradiol on nico-
tinic and muscarinic stimulated CA secre-
tory responses. Other legends are as in Fig.
2 and 3.

tor-stimulated CA secretion. as well as
membrane depolarization-mediated secretion,
more increased concentration of 17-a-ss-
tradiol to 10 uM was pre-loaded into the
adrenal medulla. Fig. 4 shows that 10 uM
17-a-estradiol-pre-treatment greatly exerts
inhibition of CA secretion evoked by ACh, but
not by excess KCl. In the present study. ACh
(6.32 mM)- stimulated CA secretion prior to
pre-loading with 10 uM 17-a-sstradiol was
513.0+56.6 ng for 4 min from & rats.
However, under 10 uM 17-a-estradiol effect,
which was perfused 20 min before stimula-
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tion was induced, it was markedly inhibited
to 351.0£26.2 ng (p{0.01) for 4 min, which
was 68% of its corresponding control secre-
tion. Excess K' (86 mM)- stimulated CA
secretion in the presence of 10 uM 17-a
-gstradiol amounted to 269.3%25.3 ng/4 min
from 7 glands. as compared to the corres-
ponding control secretion of 308.6+12.2 ng/
4 min. There was no significant difference
between the both groups of before and after
pre-treatment with 10 uM 17-a-estradiol, as
shown in Fig. 4.

Nicotinic receptor agonist. DMPP (100 uM)
perfused into the adrenal gland evoked great
CA sectrtion of 592.5+57 5 ng (0-4 min) and
160.0£44.3 ng (4-8 min), while following
perfusion with 10 uM 17-a-estradiol for 20
min they were markedly reduced to 312.6=%
27.2 ng(0-4 min. p<0.01) and 27.5+7.2
ng{4-8 min, p(0.08) from & adrenal glands
as compared with thelr control responses,
respectively as shown in Fig. 5.

In 5 rat adrenal glands. MoN-A-343 (100
uM)-stimulated CA sectretion was 114.0%
12.7 ng/4 min before administration of 10 uM
17-a-ostradiol but in the presence of 10 uM
17-a-estradiol. McN-A-343-evoked CA secre-
tion was significantly decreased to 57.0%
27.0 ng (p{0.01) of its control secretion as
shown in Fig. 5.

Since Bay-K-8644 is known to be as a
calcium channel activator and to cause posi-
tive inotropy and vasconstriction in isolated
tissues and Intact animals'® *® and to enhan-
ce basal Ca’ " uptake®” and CA release®®, it
was of interest to determine the effects of
17-a-estradiol on Bay-K- 8644~stimulated CA
secretion from the Iisolated perfused rat
adrenal glands. Fig. 8 illustrates the inhibitory
effect of 10 uM 17-a-estradiol on Bay-K-
8644-evoked CA secretion. Bay-K-8644 (10
uM). given into the perfusion stream for 4
min. increased CA secretion to 224.5+18.8
ng from 17 rat adrenal glands. However,
under the sffect of 10 uM 17-a-estradiol
which was pre-loaded 20 min before Bay-
K-8644 was introduced, Bay-K-8644-stimu-
lated CA secretion was strikingly depressed
to 126.1£17.83 ng (p¢0.01) for 4 min as
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Fig. 6. Influence of 10 uM 17-a-estradiol on CA
secretion evoked by Bay-K-8644. Bay-K-
8644 (10 uM) was perfused into an adrenal
vein for 4 min before and after the
pre-loading with 10 uM 17-a-estradiol for
20 min. its perfusate was collected for 4
min. Other legends are the same as in Fig.
2 and 3.

compared to the corresponding control relea-
ses. Thus. the release was reduced to 56%
of the control secretion.

3. Effect of 100 uM 17-a -Estradiol on CA
Secretion Evoked by ACh, Excess K*,
DMPP McN-A-343 from the Perfused
Rat Adrenal Glands

It was tried to examine the effscts of 17~
a-estradiol. as a maximal concentration in
the present experiment. on cholinergic recep-
tor-stimulated as well as membrane depola-
rization-mediated CA secretion from the
isolated perfused rat adrenal glands. Prior to
pre-loading with 100 uM 17-a-estradiol, CA
secretion evoked by a single injection of ACh
(6.32 mM) and excess K~ (66 mM) in a
volume of 0.05 ml into an adrenal gland was
521.7x87.4 ng and 331.9%x22 9 ng for 4
min. respectively as shown as in Fig. 7.
However. following the pre-loading with 100
uM 17-a-estradiol for 20 min. ACh-induced
CA release was greatly blocked to 345.0%
509 ng (p(D.01, n=9) for 4 min while
excess K'-induced relsase was 308.3%30.4
ng (ns., n=8) which was not modified as

100uM~17-alpha—~ESTRADIOL
700 { P<001
600} D

Catecholamine Secretion (ng)
]
1)

1

N :

ACh KCl
(9) (8)

Fig. 7. Influence of 100 uM 17-a-estradiol on ACh-
and excess K'-stimulated CA secretion
from the rat adrenal glands. ACh (5.32 mM)
and excess KCl (66 mM) were given into
and adrenal vein before and after the
perfusion with 100 uM 17-a-estradiol for
20 min. respectively. Other legends are the
same as in Fig. 2 and 3.

compared to its corresponding control secre-
tion (Fig. 7).

Fig. 8 shows the blockads of 100 uM 17-a
-estradiol to CA secretory effect evoked by
DMPP and McN-A-343 from the rat adrenal
glands. In the present work, in the absence
of 100 uM 17-a-estradiol. DMPP (100 uM)-
and McN-A-343 (100 uM)-evoked CA secre-
tion amounted to 747.5x97.6 ng(0-4 min)
and 198.0%£52.3 ng (4-8 min), and 169.3=*
32.0 ng (0-4 min). respectively. while in the
presence of 100 uM 17-a-estradiol, which
was pre-loaded 20 min before stimulation.
they were prominently depressed to 362.5%
44 9 ng (0-4 min. p¢0.01, n=6) and 12.0%
4.8 ng (4-8 min. p<0.01, n=6) and 38.6*£6.4
ng (0-4 min. p<0.01, n=7), respsctively.

4. Effect of 17-f -Estradiol on CA Secre-
tion Evoked by ACh, Excess K*, DMPP
and McN-A-343 from the Isolated Rat
Adrenal Glands

In the previous expsrimental results, as
shown in Fig. 3-8, it was found that 17-«
-gstradiol showed a dose-dependent inhibi-
tion in CA secretory responses. Moreover, it
has been known that administration of 17-8
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Fig. 8. Influence of 100 uM 17-a-estradiol on
nicotinic and muscarinic stimulated CA
secretory responses. Other legends are the
same as in Fig. 2 and 3.
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Fig. 9. Influence of 10 uM 17-a-estradiol on ACh-
and excess K -stimulated CA secretory
responses from the isolated rat adrenal
glands. Other legends are as in Fig. 2 and 3.

-gstradiol to 3-week ovarlectomized fish
(Clarias batrachus) results in both seascnal
and differential effects on the CA levels.
After 3-weeks of ovariectomy, CA levels were
elevated significantly in the preparatory. pre-
spawning and spawning phases, and were
unaltered in the post-spawning season®’.
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Fig. 10. Influence of 10 uM 17-a-estradiol on
nicotinic and muscarinic stimulated CA
secretory responses in the isolated rat
adrenal giand. Other legends are as in Fig.
2 and 3.

Therefore, it is likely of interest to examine
the effect of 17-R-estradiol on CA secretion
evoked by various secretagogues.

CA release evoked by ACh (5.32 mM) and
excess K" (BBmM) after pre-loading with 10
uM 17-B-estradiol for 20 min amounted to
390.0+28.2 ng (p{0.01, n=13) and 372.9%
32.7 ng (ng, n=14) for 4 min, respectivaly,
as compared to each corresponding control
secretion of 662.3%82.0 ng and 428.2+32.3
ng for 4 min as shown in Fig. 8.

DMPP (100 uM)-and McN-A-343 (100
uM)-stimulated CA releases in the absence
of 17-B-estradiol were 920.6+96.5 ng (0-4
min) and 4256+63.6 ng (4-8 min), and
219.4%17.1 ng (0-4 min), respectively. Ho-
wever. after pre-loading with 10 um 17-8
-gstradiol for 20 min. they were significantly
reduced to 470.6+35.6 ng (0-4 min, p(0.01,
n=8) and 176.3%8.9 ng (4-8 min. p{0.01,
n=8). and 56.3%16.0 (0-4 min, p(0.01, n=
8). respectively, as compared to their corres-
ponding control secretion. Fig. 10 illustrates
that 17-B-estradiol markedly inhibits CA
release svoked by DMPP and McN-A-343.
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Fig. 11. Effect of 17-a-estradiol in the presence of
tamoxifen on ACh- and excess K'-evoked
CA release. ACh (5.32 mM) and excess K*
(56 mM) were induced before and after
pre-loading with 10 uM 17-a-estradiol
plus 2 uM tamoxifen for 20 min.
respectively. Other legends are the same
as in Fig. 2. ns: statistically nonsigni-
ficance. Cont : control. ED : 17-alpha-
estradiol, TAM : tamoxifen.

5. The Effects of 17-a -estradiol Plus Ta-
moxifen on CA Release Evoked by ACh,
Excess K+, DMPP and McN-A-343

Since it has been found that tamoxifen is
a competitive inhibitor of estrogen binding at
the estrogen receptor’?®® it was tried to
determine the effect of 17-a-estradiol in the
presence of tamoxifen on CA secretion
evoked by various secrettagogues from the
isolated rat adrenal glands.

When given into an adrenal vein in a
volume of 0.05ml, ACh (532 mM)-and
excess K (66mM)-induced CA releases, in

the presence of 10uM 17-a-estradiol along
with 2 uM tamoxifen for 20 min, were
considerably recavered to 86.6+6.3% (p<0.05.
n=8) and 94.3t9.3% (ns. n=7) of their
control secretion (100%). respectively. as
compared to their secretory responses of

1001 DMPP(8) McN~A—343 (8)
1t 2nd
w-
2 5 ‘,:
§ ool PUUL
§ (e
£
E 20} [ o
i e
ol Sk
CONT ED ED+ ED ED +
TAM TAM

Fig. 12. Effect of 17-a-estradiol in the presence
of tamoxifen on DMPP- and McN-
A-343-avoked CA release. Other legends
are the some as in Fig. 2, 3 and 11.

67 4+2.3 and 86.7%t1.9% of their controls in
the presence of 17-a-estradiol only(Fig. 10).

On the other hand., 17-a-estradiol plus
tamoxifen treatment did fail to alter the basal
CA secretory response (data not shown). As
depicted in Fig. 12. DMPP (100 uM)- and
McN-A-343 (100 uM)-induced CA secretions
under existence of 17-a-estradiol plus ta-
moxifen were also significantly recovered to
67.8%£3.1%(0-4 min, p{0.01, n=8) and §9.7
+5 49%(4-8 min, p¢0.01, h=8) and 70.0+4.8%
(0.4 min, p(0.01, n=6) of their correspon-
ding control responses, respectively, as com-
pared to the secretory responses of 47.5%
25% (0-4 min) and 21.7£5.1% (4-8 min),
and 33.4£3.5%(0-4 min) of the control in
the presence of 10 uM 17-a-estradiol only
(Fig. 11).

6. The Effect of 17-a -Estradiol Plus Me-
toclopramide on CA Release Evoked by
ACh, Excess K+, DMPP and McN-A-343

It was tried to examine the relationship
between dopaminergic and estrogenergic
receptors in CA release. It has been reported
that dopamine-induced Iinhibition of release
of [®H) norepinephrine from the isolated

33
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Fig. 13. Effect of 17-a-estradiol plus metoclo-
pramide on ACh-and excess K*-evoked
CA release. Secretagogues were adminis-
tered before and after pre-treatment with
Krebs solution containing 10 uM 17-a
-estradiol plus 33 uM metoclopramide for
20 min, respectively. Other legends are
the same as in Fig. 2. ns: statistically
nonsignificance MCP : metoclopramide.

perfused rabbit adrenal glands could be
reversed completely by the dopamine D2
selective antagonist metoclopramide?” %'
ACh (5.32mM)- and excess K' (56 mM)-
induced CA secretory responses after pre-
loading with Krebs solution containing 10 uM
17-a-estradiol along with 33 uM metro-
clopramide for 20 min amounted to 52.8%
3.2% and 82.3%+5.8% of each corresponding
control (100%). respectively. They were not
significant as compared to the secretory
responses of 60.9t4 6% and 89.1%£6.7% of
the controls in the presence of 17-a-
estradiol only as shown in Fig. 13.
Furthermore, DMPP (100 uM)- and McN-A-
343(100 uM)-stimulated CA secretory res-
ponses in the presence of 10 uM 17-a
-estradiol plus 33 uM metoclopramide were
62.4+3.6% (0-4 min, ns, n=8) and 33.2%
2.1% (4-8 min. ns, n=8), and 559%+4.2%
(0-4 min. ns. n=86), respectively. as com-
pared to their secretory responses of 57.3%
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Flg. 14. Effect of 17-a-estradiol plus metoclopra-
mide on CA release evoked by DMPP and
McN-A-343. Other legends as in Fig. 2, 3
and 13.

3.6% (0-4 min) and 28.7%5.1% (4-8 min),
and 50.2%£6.3% (0-4 min) of the controls as
depicted in Fig. 14,

DISCUSSION

In the present study. the experimental
results suggest strongly that 17-a-sstradiol
causes the inhibitory effect of CA secretion
evoked by cholinergic (nlcotinic or mus-
carinic) receptor stimulation and Bay-K-8644,
but not that by membrane-depolarization.
indicating that this effect may be mediated
by inhibiting the influx of extracsllular calclum
into the rat adrenomedullary chromaffin cells
through the activation of inhibitory estrogen
receptors, and it also play a modulatory role
in regulating CA secretion.

In support of this idea. lLopez and his
collabolators™ have found that the steroid
hormone 17-a-estradiol blocks CA secretion
from adrenal chromaffin cells in response to
some secretagogues. Although this effect is
especially clear upon nicotinic stimulation
and. to a lesser extent with high K
stimulation, it is dubious in the case of
muscarinic-mediated secretion. However, it
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seems that there is some difference betwsen
results of previous reports and the present
investigation. In the present experimental
results, 17-a-estradiol markedly inhibited CA
secretory responses of DMPP and McN-A-
343, but did not affect that of excess K.
The resson for this discrepancy is not
explained, but the discrepancy may be due
to the species differences in the adrenal
medulla.

Morsover. Leret and his co-workers' have
also shown that, in the adrenal medulla, the
CA levels measured In animals lesioned with
6-hydroxydopamine were significantly higher
than those of the controls. Thus. it could be
suggested that the CA of the amygdala plays
an inhibitory role in animals with 6-hydroxy-
dopamine lesions in the CNS region. The
activity of the adrenal medulla can also be
influenced by steroid hormones produced in
the ovary®®. These hormones not only modify
the production of corticosteroids but also the
activity of some meduliary enzymes. Namely.
it has been demonstrated that low levels of
ovarian steroids reduce MAQO and phenyle-
thanolamine-N-mehtyltransferase (COMT) ac-
tivities. with no changes of COMT activity'®.
This mechanism could be involved in the
increase of CA in the adrenal medulla
obtained after lesions in the amygdala. A
similar eoffect has also been described in
several brain areas®™®®  Thus, the adrenal
medulla activity of COMT, the enzyme invo-
lved in the inactivation of CA by o-methy-
lation. was significantly increased after the
treatment with either estradiol or proges-
terone®®.

Miguel and his co-workers'® have found
that the CA release, measured after in vitro
incubations of adrenomedullary tissue, is
significantly reduced during the estrosus
phase. Most likely, pre-ovulatory increase of
estradiol, occurring during the early proges-
trous®™. would be responsivie for this
decreased CA release. since the pharmaco-
logical administration of estradiol to overiec-
tomized rats produced a similar decrease in
the CA relsase 24 hr after the steroid
injection. They have also suggested that the

5
J

offects of sex steroid on adrenal medulla
would be produced by a direct action on
chromaffin cells through a classic genomic
mechanism®". In this respect, the existence
of cytoplasmic steroid receptors has been
observed In the whole adrenal®’.

However, these results are not concordant
with the present experimental data. Because,
first, the inhibitory effect by 17-a-estradiol
of CA release is established within 20 min
and. second, its effect is readily reversible
upon washing out the hormone. Rather, its
effect might be ascribed to the direct action
to the membrane rapid actions observed in
different neuronal systems. The rapid effect
that. in the present investigation. 17-a
-gstradiol inhibited CA secretion evoked by
DMPP and McN-A-343 is not explained in the
frame of the classical genomic mechanism of
steroid hormone actions through activation of
high-affinity cytosolic receptors and their
further translocation to the cell nucleus to
induce new protein synthesis. These effects
are generally known to take hours or even
days to appear™®.

Rather. the catecholamine blocking effects
are better explained in the newly emerging
concept of cell membrane effects of steroids
in neurons. In support of these ideas. there
are several recent example reports of these
nongenomic, rapid effects of steroids. By
applying steroids directly to specific neurons,
immediate changes in their firing frequency
are observed™ " ¥ ¥ The activity of
hormone-sensitive striated muscles can be
enhanced within minutes of steroid
treatment As these rapid steroid effetts
are not prevented by protein synthesis
inhibitors" 3¥ it seems that they result from
a direct action of steroids on the plasma
membrane. In the light of these facts, it is
suggested that the target for 17-a-estradiol
is located on the plasma membrane of the
rat adrenomedullary chromaffin cells. If this
hormone were acting at some intracellular
site on the secretory machinery. the res-
ponses to all sscretagogues would be
blocked the sams extent.

Furthermore, in the present study. 17-a

39)
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-estradiol also inhibited the secretory effect
of CA evoked by Bay-K-8644, which is known
to be a Ca”"uptake®’ and CA release®. In
terms of this view, the present finding that
17-a-estradiol depressed CA  secretory
effects by Bay-K-8644, as well as cholinergic
receptor-stimulation without effsct on mem-
brane-depolarization, strongly suggests that
the inhibitory effect of 17-a-estradiol is
mediated through the blockade of Ca = entry
into the chromaffin cells.

In support of these results, there is now
sizeable literature demonstrating a key role
of Ca™ 7 Influx through voltage-sensitive Ca™ "~
channels as a physiological pathway for
activation of adrenal CA*™® Moreover, it is
found that the activation of nicotinic recep-
tors stimulates CA secretion by increasing
Ca™" entry through receptor- linked and/or
voltage-dependent Ca”" channels in both
perfused rat adrenal glands*® and isolated
bovine adrenal chromaffin cells*’ *¥, and that
the muscarinic receptor activation causes an
increase In adrenal CA secretion inde-
pendent of extracellular Ca = in various
species®® and in cytosolic free Ca " In
bovine isolated adrenal chromaffin cells
without associated CA secretion®® 5%,

However, recently, Lim and Hwang®® have
found that both DMPP and McN-A-343
greatly cause CA secretion from the isolated
perfused rat adrenal medulla by a calcium-
dependent exocytotic mechanism. Conside-
ring in connsction with these findigns. the
present results that 17-a-estradiol inhibited
CA releasing responses induced by DMPP
and McN-A-343 as well as that by Bay-K-
8644, but did not that by excess K™, indicate
strongly that this Inhibitory activity may be
mediated by inhibiting Ca™~ influx Into chro-
maffin cells through receptor-linked and/or
voltage-sensitive Ca’~ channels. However,
the fact that 17-e-estradiol did not affect
CA secretion evoked by high K~ could not be
clearly explained, because DMPP and high K'
are known to increase Ca ~ uptake into
chromaffin cell through the recruitment of
vlotage-sensitive Ca™~ channels® *”. In addi-
tion. Lopez and his co-workers'™ have also
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observed that 17-a-estradiol depresses the
secretory responses of CA evoked by both
DMPP and high K* from the perfused bovine
and cat adrenal medulia.

In terms of these reports, the present
result that 17-a-estradiol fails to inhibit CA
release Induced by excess K from the rat
adrenal glands might explain its high potency
in blocking CA secretion evoked by DMPP or
McN-A-343 than by excess K", indicating
that there is species differsence.

On the other hand, in this study. the fact
that the Inhibitory effect of 17-a-estradiol to
the secretory responses evoked by DMPP
and McN-A-343 as well as by ACh was
recovered to the considerable extent of the
control in the presence of tamoxifen indica-
tes strongly that this hormone causes de-
pression in CA release evoked by cholinergic
(nicotinic and/or muscarinic) receptor stimu-
lation through the activation of inhibitory
estrogen receptors on chromaffin cell mem-
brane. Tamoxifen is a competitive inhibitor of
estrogen binding at the estrogen receptor®*®®
and blocks estrogen action in breast cancer
cells which contain receptors. Recently, Wise-
man® has described that tamoxifen protects
membranes and lipoprotein particles against
oxidative damage. and that this antioxidant
action is likely to contribute to the observed
cardio-protective action of tamoxifen and
supports the use of this compound in trea-
ting and even preventing breast cancer.
Membrane-mediated mechanisms of tamoxi-
fen action, through a putative modulation of
membrane fluidity are likely to play an
important role In it anti~cancer action and its
ability to reverse multi-drug resistance and
could also lead to clinical uses as anti~
candida and anti-viral agents.

Also, in the present investigation, 17-8
~gstradiol, an isomer of estradiol, inhibited
CA secretion evoked by cholinergic stimu-
lation. In support of this fact, after 3 weeks
of ovariectomy in female Clarias batrachus,
CA levels were elevated significantly in the
preparatory, pre-spawinig and spawning phases
and were ulaltered Iin the post-spawning
season®.
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Administration of 17-8-estradiol to this
fish resulted in both seasonal and differential
effects on the CA levels. Moreover, it has
been reported that 17-B-estradiol also pro-
duces brief hyperpolarization and increased
potassium conductance in rat medial amyg-
dala brain slices'”.

Besides, the finding that 17-a-estradiol-
induced inhibitory effects were unchanged by
co—administration with metoclopramide. which
is known to block dopaminergic receptors,
leading to hypertensive crisis® and CA re-
lease by calcium-dependent exocytotic mech-
anism®, suggests that the inhibitory effects
are not associated with dopaminergic recep-
tors in the rat adrenal glands,

In conclusion, 17-a-estradiol causes the
inhibition of CA release evoked by cholinergic
(nicotinic and/or muscarinic) stimulation as
well as that by Bay-K-8644, but not that by
membrane-depolarization from the isclated
perfused rat adrenl glands. indicating stron-
gly that this inhibitory effect may be media-
ted by Inhiblting calcium influx into the
chromaffin cells through the activation ot the
inhibitory estrogen receptors and it also plays
a modulatory role in regulating CA secretion.

REFERENCES

1. Carmichael SW. Winkler H. The adrenal
chromaffin cell. Scientific Am 1986, August:
30-39.

2. Kohler C. Berkowitz BA. Spector S. Sex
hormones and tyrosine hydroxylase activity
in vascular and adrenal tissue. Endocrion-
logy 1975. 97:1316-1320.

3. Fernandez-Ruiz JJ. Esquifino Al, Steger RW,
Amador AG, Bartke A. Presence of tyrosine-
hydroxylase activity in anterior pituitary
adenomas and ectopic anterfor pituitaries in
male rats. Brain Res 1987: 421: 65-68.

4. Barclay SR. Harding CF. Differential modu-
lation of monoamine levels and turnover
rates by estrogen and/or in hypothalmic and
vocal control nuclei of male zebra finches.
Brain Res 1990: 623:251-262.

5. Beattie CW. Soyka LF. Influence of proges-
tational steroids on hypothalamic tyrosine
hydroxylase activity in vitro. Endocrinology
1973. 93.1453~14566.

8.

10.

11.

12.

13.

14,

15,

16.

Kamberl 1A, Kobayashi Y. Monoamine oxi-
dase activity in the hypothalamus and
various other brain areas and in some
endocrine glands of the rat during the
estrocus cycle. J Neurochem 1970. 17.261-
268.

. Francis PT. Gladwell RT. Holliman RB. The

effect of testosterone on the release of
endogenous catecholamines from the hypo-
thalamus of the cockere! in vitro. Psy-
choneuroendocrinology 1984. 3:69-76.

. Paul SM. Axelrod J. Saavedra JM. Skolnick

P. Estrogen-induced efflux of endogenous
catecholamines from the hypothalamus in
vitro. Brain Res 1979: 178.499-506.

. Nixon RL, Janowsky DS. Davis JM. Effects

of progesterone, #F-estradiol and testoster-
one on the uptake and metabolism of
3-norepinephrine.  *H-dopamine and H-
gserotonin In rat brain synaptosome. Res
Commun Chem Pathol Pharmacol 1974: 7:
233-336.

Hua 8Y. Chen YZ. Membrane receptor-me-
diated electrophysological effects of gluco-
cortiocoid on mammalian neurons. Endoc-
rinology 19889. 124.687-691.

Nabekura J. Oomure Y, Minami T. Mizuno Y.
Fukuda A. Mechanism of the rapid effect of
17-8-estradlol on medfal amygdala neurons.
Science (Wash DC) 1986. 233:226-228.
Miguel RD, Fernandez-Ruiz JJ. Heranandez
ML. Ramos JA. Role of ovarian steroid on
the catecholamine synthesis and release in
female rat adrenal' In vivo and in vitro
studies. Life Sci 1989. 44:1979-1986.

Lopez MG, Abad F. Sancho C. Pascual RD.
Borges R, Maroto R, Dixon Wand Garcia
AG. Membrane-mediated effects of the
steroid 17-a-sstradiol on adrenal catechola-
mine release. J Pharmacol Exp Ther 1991:
269(1):279-285.

Leret ML. Martinez Y. Antonio MT, Gonzalez
Ml. Influence of amygdala catecholamines
on ovarian and adrenal medullary secretion.
Life Sci 1892: 671.353-358.

Wakade AR. Studies on secretion of
catecholamines evoked by acetylcholine or
transmural stimulation of the rat adrenal
gland. J physiol 1981, 313.463-480.

Anton AH, Sayre DF. A study of the factors
affecting the aluminum oxidetrihydroxy in-
dole procedure for the analysis of catech-
olamines. J Pharmacol Exp Ther 1962, 138:

37



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

38

Y.H. PARK G. 8. CHO. E.T. CHO. Y. K. PARK. M. J. LEE. J. Y CHUNG, S. P. HONG
J JLEE. Y. JANG. H. J. YOO, C. H. CHOI AND D. Y., LIM

360-375.

Tallarida RJ. Murray RB. Manual of pharma-
cologic calculation with computer programs.
2nd Ed New York Speringer-Verlag 1987:
p.132.

Hammer R, Giachetti A. Muscarinic receptor
subtypes: M; and M. biochemical and
functional characterization. Life Sci 1982.
31.2992-2998.

Schramm M, Thomas G. Towart R. Franc-
kowiak G. Novel dihydropyridines with
positive inotropic. actiori through activation
of Ca’” channels. Nature 1982: 303:535-
537.

Wada Y, Satoh K, Taira N. Cardiovascular
profile of Bay-K-8644. a presumed clacium
channel activatior in the dog Naunyn-
Schmiedebergs Arch Pharmaco! 1986. 328:
382-387.

Garcia AG. Sala F, Reig JA. Viniegra S,
Frias J, Fonteriz R, Gandia L. Dihydropyri-
dine Bay-K-8644 activates chromaffin cell
calcium channels. Nature 1984 309:69-71.

Lim DY, Kim CD. Ahn KW. /Influence of
TMB-8 on secretion of catecholamines from
the perfused rat adrenal glands. Arch Pharm
Res 1992. 16(2):115-125.

Manickan P. Joy KP. Changses in hypo-
thalamic catecholamine levels in relation to
season, ovariectomy and 17-F-estradiol
replacement in the catfish. Clarias batra-
chus (L.). Gen Comp Endocrinol 1990:
80(2):167-174 .

Skidmore JR. Walpole AL. Woodburn J.
Effect of some triphenylethylenes on oes-
tradiol binding in vitro to macromolecules
from uterus and anterior pituitary. J Endo-
crinol 1972: 62:289-298.

Jordan VA. koerner S. Tamoxifen (ICI 486,
474) and the human carcinoma 8s ocestro-
gen receptor. Eur J Cancer 1975. 11:206-
2086.

Jordan VC. Prestwich G. Binding of (°H)
tamoxifen in rat uterine cytosols. A com-
parison of swinging bucket and vertical tube
rotor sucrose density gradient analysis. Mol
Cell Endocrinol 1977: 8:179-188.

Coliet AR, Story DF. /s catecholamine re-
lease from the rabbit adrenal gland subjsct
to requlation through dopamine receptos or
beta-adrenoceptors? Clin Exp Pharmacol
Physiol 1982a. 9:436.

Artalejo Ar, Garcia AG. Montiel C. Sanchez-

29,

30.

31.

32.

33.

34.

35.

36,

37.

38.

39.

40.

Garcia P. A dopaminergic receptor modu-
lates catecholamine release from the cat
adrenal gland. J Physiol 1985: 8362.359-368.
Fernandez-Ruiz JJ. Bukhari AR. Martinez-
Arrieta R, Tresquerres JAF, Ramos JA. E£F
fects of estrogens and progesterone on the
catecholaminergic activity of the adrenal
medulfa In female rats. Life Sci 1988:
42(8):1019-1028.

MacEwen BS. Parson B. Gonadal steroid
action on the brain: Neurochemistry and
neuropharmacology. Annu Rev Pharmacol
Toxicol 1982: 22:656-598.

Hruska RE. Elevation of striatal dopamine
receptors by estrogen: Dose and time
studies. J Neurochem 1986: 47(6):1908~
19185,

Fernandez-Ruiz JJ, Amor Jc. Ramos JA.
Time-depsendent effects of estradiol and
progesterone on the number of striatal
dopaminergic Ds—receptors. Brain Res 1989:
476:888-395.

Butcher RL. Collins WE. Fugo NW. Plasma
concentration of LH, FSH. prolactin. pro-
gestarone and 17-beta estradiol throughout
the 4-day estrosus cycle of the rat. Endo-
crinology 1974: 94:1704-1708.
MacEwen BS. Trends Parmac 1985
26,

Calandra R, Naess O, Purvis K. Attramadal
A, Dioseland O. Hansson V. Osstrogen
receptors in the rat adrenal gland. J Steroid
Biochem 1978 9(10):957-962.

MacEwen BS. Non-genomic and genomic
effects of steroids on neural activity. Trends
Pharmacol Sci 1931 12:141-147.

Pfaff DW, Pfaffmann C. Olfactory and
hormonal influences on the basal forebrain
of the male rat. Brain Res 1969: 15:137-
156.

Kelly MJ, Moss RL. Dudley CA. The effects
of microlectrophorstically applied estrogen,
cortisol and acetylcholine on medial preo-
ptic-septal unit activity throughout the
estrous cycle of the female rat. Exp Brain
Res 1977: 30:53-64.

Sachs BD and Lsipheimer RE. Rapid effect
of testosterone on striated muscle activity
in rats. Neuroendocrinology 1983 48:453-
458.

Douglas WW. Secretomotor control of ad-
renal medullary secretion. Synaptic mem-
brane and lonic events in stimulus-secretion

6:22-



41.

42,

43.

45.

46.

47.

48,

49.

50.

INFLUENCE OF 17-a-ESTRADIOL ON CATECHOLAMINE SBECRETION FROM THE PERFUSED RAT
ADRENAL GLAND

coupling. Hanbook of Physiology. Sect. 7
vol. 6 (Blashko H, Sayers G. Smith AD
eds.) American Physiology Society. Washin-
gton D.C. 1975 pp. 366-368.

Aguire J. Pinto JEB. Trifaro JM. Calcium
movements during the release of catecho-
lamines from the adrenal medulla. Effects
of methoxyvarapamil and external cations. J
Physio! (Lond) 1977 269:371-394.
Schneider AS, Herz R. Rosenheck K.
Stimulus-secretion coupling in chromaffin
cells isolated from bovine adrenal medulla.
Proc Natl Acad Scl USA 1977. 74.5036~
5040.

Schneider AS. Cline HT. Rosenheck K,
Sonenberg M. Stimulus-secretion coupling in
isolated adrenal chromaffin cells: Calcium
channel activation and possible role of
cytoskeletal elements. J Neurochem 1981:
37:667-575.

. Holz RW, Senter RA, Fryve RA. Relationship

between CA?" uptake and catecholamine
secretion in primary dissociated cultures of
adrenal medulla. J Neurochem 1982: 39:
635-640.

Kao LS. Schneider AS. Calcium mobili-
zation and carecholamine secretion in
adrenal chromaffin cells. J Biol Chem 1986:
261:4881-4888.

Wakade AR. Wakade TD. Contribution of
nicoitinic and muscarinic receptors in the
secretion of catecholamines evoked by
endogenous and exogenous acetylcholine.
Neurscience 1983. 10.973-978.

Kilpatrick DL. Slepetis R. Kirshner N. /on
channels and membrane potential in sti-
mulus-secretion coupling in adrenal medulla
cells. J Neurochem 1981. 36:1245-1255.
Kilpatrick DL. Slepetis RJ. Corcoran JJ.
Kirshner N. Calcium uptake and catecho-
lamine secretion by cultured bovine adrenal
medulla cells. J Neurochem 1982. 838.427-
435,

Knight D. Kesteven NT. Evoked transient
intracellutar free Ca®” changes and secre-
tion in isolated bovine adrenal medullary
cells. Proc R Soc Lond (Blol] 1983, 218:
177-199.

Nakazato Y, Ohga A, Oleshansky M. Tomita
U, Yamada Y. Voltage-independent catecho-

&61.

52,

53.

54,

65.

56.

57.

58.

59.

60.

lamine release mediated by the activation of
muscarinfc receptors in guinea-pig adrenal
glands. Br J Pharmacol 1988 93:101-108.
Wakade AR. Kahn R. Malhotra RK. Wakade
CG. Wakade TD. McN-A-343 a specific
agonist of Mi-muscarinic receptors, exerts
ait nlicotinic and antimuscarinic effects in
the rat adrenal mudulla. Life Sci 1986 39.
2073-2080.

Harish OE. Kao LS, Raffaniello R. Wakade
AR, Schneider AS. Calcium dependence of
muscarinic receptor-mediated catecholamine
secretlon from the perfused rat adrenal
medulla. J Neurochem 1987 48:1730-17356.
Cheek RT, Burgoyne RE. Effect of activia-
tion of muscarinic receptors on intracellular
free calcium and secretion in bovine adrenal
chromaffin cells. Blochim Blophys Acta
1985 846:167-173.

Kao LS. Schneider AS. Muscarinic recep-
tors on bovine chromaffin cells mediate a
rise in cytosolic calcium that is independ-
ent of extracellular calcium. J Biol Chem
1986. 260:2019-2022.

Misbahuddin M. Isosaki M. Houchi H. Oka
M. Muscarinic receptor-mediated increase in
cytoplasmic free Ca®” in isolated bovine
adrenal medullary cells. FEBS Lett 1986.
190:25-28.

Lim DY, Hwang DH. Studies on secretion of
catecholamines evoked by DMPP and
McN-A-343 in the rat adrenal gland. Korean
J Pharmacol 1991: 27(1):63-67.

Gandia L. Casado LF, Lopez MG, Garcia
AG. Separation of two pathways for calcium
entry Into chromaffin cells. Br J Pharmacol
1991. 103:1073-1078.

Wiseman H. Tamoxifen: New membrane-
mediated mechnisms of action and thera-
peutic advances. Trend Pharmaco! Sci 1994:
16:83-89.

Abe M, Orita Y. Nakashima Y. Nakamura M.
Hypertensive crisls induced by metoclo-
pramide In a patient with pheochromo-
cytoma. Angiology 1984 35(2).122-128.

Lim DY, Kim KH. Choi CH. Yoo HJ, Choi DJ,
Lee EH. Studies on secretion of chatcho-
lamines evoked by metoclopramide of the
rat adrenal gland. J Korean Pharmacol!
1989. 25(1):81-42.

39



