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ABSTRACT
The effects of 17-a-estradiol on the secretion of catecholamines
from the perfused bovine and cat adrenal gland and bovine
chromaffin cells in culture elicited by dimethylphenylpiperazinium
(DMPP), methacholine and high potassium were studied. In
perfused cat adrenal glands, secretion of catecholamines evoked
by pulses of DMPP (1 �M for 30 sec) was decreased by 1 7-a-
estradiol at concentrations of 1 and 1 0 �M by 50 and 80%,
respectively. However, secretion evoked by pulses of methacho-
line (3 �M for 30 sec) was not affected by 1 �zM of 1 7-a-estradiol
and was affected to a variable extent by 10 �M 17-a-estradiol.

Catecholamine secretion evoked by higher concentrations of
methacholine (1 00 �M for 60 sec) was reduced by 50% by 10
�M 1 7-a-estradiol. 17-a-Estradiol decreased secretion evoked
by pulses of 1 20 mM K� for 1 0 sec to a similar extent in the
perfused bovine and cat adrenal gland. The 45Ca� uptake into
bovine chromaffin cells in culture stimulated by DMPP (1 00 �M
for 10 sec) or high K� (59 mM for 10 sec) was almost inhibited
completely by 100 �zM 1 7-a-estradiol. The rapid action precludes
a classical genomic mechanism and suggests effects at the cell
membrane.

The classical mechanism of steroid hormone action in its

target tissues involves the activation of high-affinity cytosolic

receptors. The receptor-steroid complex translocates to the cell

nucleus to modulate gene expression which results in an in-

crease in both RNA and new protein synthesis. However, the

rapidity with which gonadal and adrenal steroids exert some of

their neuronal, electrophysiological and behavioral effects in-

dicates that these hormones also act through nongenomic
mechanisms, possibly by binding to receptors in neuronal mem-

branes (see review by Schumacher, 1990).

Adrenal cortex steroids are known to influence the expression

of adrenal medulla catecholamine-synthetizing enzymes (Mol-

inoff and Axeirod, 1971). Also, corticoids suppress the emission

of axonal-like processes in cultured chromaffin cells (Unsicker

et at., 1978). However, these effects are likely to be mediated

by a slow genomic mechanism. It was, therefore, interesting to

explore whether steroid hormones also affect, in short term,

the catecholamine secretory process in adrenal chromaffin cells.
This question is especially relevant because, during stressful

situations, both cortical steroids and adrenal catecholamines
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are released massively. It is therefore plausible that steroids

might influence the secretory activity of chromaffin cells.

In this study we found that 17-a-estradiol selectively blocks

catecholamine secretion evoked by various secretagogues. This

steroid was selected for several reasons. In target tissues re-

sponsive to 17-f�-estradiol, 17-a-estradiol is inactive. However,

17-a-estradiol has been shown to interact with opioid receptors.

LaBella et at. (1978) tested a large number of steroids in an

opiate radioreceptor assay and only 17-a-estradiol and two

structurally related compounds (17-a-dihydroequilin and 17-a-

dihydroequilenin) showed significant competition in [3H]nal-
oxone radioceptor binding assay. This observation suggests that
17-a-estradiol may interact with opiate receptors in the cell

membrane. Moreover, adrenal medullary chromaffin cells se-

crete large amounts of opioid peptides (Viveros et at., 1979) and
opiates seem to be involved in the modulation of catecholamine

secretion in the adrenal medulla (Lemaire et at., 1980; Kumak-

ura et at., 1980).

Materials and Methods

Perfusion of Cat Adrenal Glands For Continuous on-Line
Monitoring of Catecholamine Release

Both adrenal glands of the cat were isolated and prepared for

retrograde perfusion as shown earlier (Garcia et a!. 1980). The glands

were perfused at room temperature (22 ± 2#{176}C)with Krebs-bicarbonate

solution of the following composition (in millimolar): NaCl, 1 19; KC1,
4.7; CaC12, 2.5; MgSO4 - 7H20, L2; KH2PO4, 1.2; NaHCO3, 25; and
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Fig. 1. Inhibition by 17-a-estradiol of catecholamine release from per-
fused bovine adrenal glands. After equilibration, glands were challenged
7 times at 20-mm intervals with DMPP (1 00 MM for 10 sec). The release
of total catecholamines obtained during the third stimulation was taken
as 100% in each individual experiment (control; Ctrol). Then, secretion
obtained in subsequent challenges, in the presence of increasing con-
centrations of 17-a-estradiol, was expressed as percent of control in
each individual gland. At each concentration, 17-a-estradiol was present
20 mm before and during stimulation with DMPP. Data are means ±
S.E.M. of six glands.

glucose, 11. The solution was bubbled with 95% 02 and 5% CO2, the

fmal pH being 7.4.

After a 90-mm initial perfusion, each gland was placed in a metacri-

late hermetic perfusing chamber and held between two helical silver
electrodes; the chambers were maintained full of air to reduce the dead
space and mitigate the pulses generated by the peristaltic pump. The

fluid was perfused through the gland by means of a LKB peristaltic
pump at a rate of 1 ml/min; the system allowed the study of secretion
from both glands, but only one was stimulated at a time. The liquid

flowing from the perfusion chamber rapidly reached an amperometric
detector through the thin polyethylene tubing; the dead space between
the gland and the detector was less than 100 �l and the fluid took

approximately 5 sec to reach the detector. Electrochemical detection
of standard and released catecholamine was performed using a Bioan-
alytical Systems LC-4B amperometric detector equipped with glassy

carbon working electrode, an Ag/AgCl reference electrode and a stain-
less-steel auxiliary electrode. Catecholamines were oxidized at a poten-

tial of + 0.65 V and the oxidation current signal was recorded in an
Omniscribe recorder. Once adjusted the base line was stable.

Equilibration solutions of norepinephrine (10’#{176}to 10� g/ml) were

administered through the gland (internal standard) or directly to the

detector (external standard). In order to analyze the released catechol-
amines separately, aliquots were recovered after passing through the

detector. Dopamine, norepinephrine and epinephrine were separated
using a Series 10 Perkin Elmer high-performance liquid chromatogra-
phy pump, provided with a 100-id Reodyne (71125S) loop injector. A
bondapak C18 (3-�il particle size) reverse phase column, without precol-
umn, was used. The mobile phase consisted of (per liter): NaH2PO4
H2O, 9.66 g; EDTA (Tritriplex), 3.72 g; 1-heptanesulfonic acid sodium

salt, 1 g; and methanol, 20 ml. The pH was adjusted to 3.1 with
ortophosphoric acid. The solution was filtered (0.22 �m Millipore

filters) and degassed by vacuum during 15 mm. Standard solutions of

dopamine, epinephrine, norepinephrine and dihydroxibencilamine were
used to calibrate the system; 10 to 100 ng/ml of dihydroxibendilamine

were always added to the samples to have an internal reference stand-

ard. The conditions of the electrochemical detector and the recording
system were as described above. Catecholamine release was quantitated
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Fig. 2. A, catecholamine release in response to DMPP, 100 �M, in a
bolus injection of 2 ml in perfused bovine adrenal glands is shown. Six
consecutive pulses are given to one same gland at 1 5-mm intervals. The
data are expressed as total catecholamines released per pulse, in
micrograms measured fluorometrically, and correspond to the mean ±
S.E.M. of four experiments. B, effects of 10 �M 17-a-estradiol (1 7-a-E)
and 1 mM Cd�� to DMPP secretory responses are shown. P1 and P2
correspond to control pulses; during the third pulse (P3) and 15 mm
before it, 10 �M 17-a-E is perfused. After this, the gland is washed and
two more control pulses are given at 15-mm intervals to study recovery.
During the last pulse (P6) the effects of the inorganic calcium channel
blocker, � is tested. The data are means ± S.E.M. of four glands.
*P < .01 with respect to P2.

by measuring peak heights or curve areas, and expressed as nanoam-
peres (oxidation current) or nanograms of total catecholamine release
per minute ofcollection period (1 ml). In these conditions the sensitivity
of the method was around 1 ng/ml (6 pmol/ml) for epinephrine and

norepinephrine.

Perfusion of Adrenal Glands For Discontinuous Monitoring
of Catecholamine Release

Perfusion of cat adrenal glands. Cats of both sexes weighing
between 1.5 and 3 kg were anesthetized with sodium pentobarbitone
(40 mg/kg). Both adrenal glands were isolated and prepared for retro-
grade perfusion as described previously (Garcia et at., 1980). The glands

were perfused at a rate of 6 ml/min with Krebs-Tris solution (compo-
sition in millimolar: NaC1, 144; KC1, 5.9; MgCI2, 1.2; CaC12 2.5; Tris,
10; and glucose, 11) pH 7.4, bubbled continuously with pure oxygen.

Glands were perfused initially with this solution for 60 mm for
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Fig. 3. On-line detection of catecholamine release from perfused cat
adrenal glands. The records represent the electrochemical signal ob-
tamed from perfused adrenal glands in which the perfusate from the
gland flows dlrecfly on the amperomethc detector. Secretion was evoked
by pulses of DMPP (1 �iM for 30 sec, represented by #{149}).17-a-Estradiol
was added to the perfusion fluid at times represented by the horizontal
bar.
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Fig. 4. In one gland three consecutive pulses are given: P1 corresponds
to control secretion evoked by DMPP (1 0 �M for 30 sec), in the second
pulse (P2) the blocking effects of 10 � 17-a-estradlol (1 7-a-E) are
shown and P3 is a control pulse after a wash-out period of 30 mm to
study reversibility of secretion after treatment of the gland with the
steroid. Catecholamine secre�on is expressed as micrograms per pulse.
Each bar Is the mean ± S.E.M. of five glands. These experiments were
performed In perfused cat adrenal glands and total secretion of cate-
cholamines is measured fluorometrically (ordinate). *P < .01 compared
to P1.

equilibration. Later, glands were stimulated by switching from normal

Krebs-Tris solution to another containing a secretagogue (high K�,
DMPP or methacholine). Perfusion of 17-a-estradiol in Krebs’ solution

was started 30 mm before each stimulation.
Perfusion of bovine adrenal glands. Bovine adrenal glands were

brought each morning from the slaughterhouse in cold Krebs-Tris
solution. The fatty tissue surrounding the gland was dissected carefully
and the gland was washed 2 or 3 times inserting a syringe in the adrenal
vein with freshly oxygenated Krebs-Tris at 37#{176}C,in order to remove

blood cells and to make sure that there were no leakages. After this a
cannula was inserted in the adrenal vein and was tied up tightly with
a string. Deep incisions, down to the medulla, were performed with a
blade around the gland to allow the outflow of the perfusing liquid.
The gland was then connected to a peristaltic pump (Gilson, Middleton,
WI) and perfused at a rate of 10 ml/min.

Before starting the experiment the glands were perfused during 60

to 90 mm with Krebs-Tris bubbled continuously with pure oxygen at
37’C in order to reach equilibrium. Catecholamine secretion was in-
duced by bolus injections of 2 ml or perfusing during 10 sec a Krebs’
solution containing high K� or DMPP.

Quantitation of catecholamine release from perfused cat and

a bovine adrenal glands. When the glands were stimulated for secre-
tion, the perfusate was collected in cold tubes acidified with perchloric
acid to a final concentration of 0.05 N. A sample of the perfusate just

before the secretory pulse was taken to measure background catechol-
amine release. Total catecholamine release was assayed by the
fluorometric method described by Shellenberger and Gordon (1971).

Fluoresence unite were converted into micrograms of total catechol-

amines by using appropriate standards of the pure amines.

Calcium uptake into bovine chromaffin cells. Chromaffm cells

were isolated from bovine adrenal medulla as described by Moro et aL
(1990). The epinephrine-enriched cell fraction from Percoll gradients
was used. The cells were kept in suspension under smooth continuous
agitation in bottles with an MCS-140 microcarrier stirrer (from Techne
Ltd., Madrid, Spain) at a concentration of 1 million cells per ml of

Dulbecco’s Modified Eagles Medium with 10% heat inactivated fetal

calf serum containing penicillin (50 I.U./ml) and streptomycin (50 �tg/
ml). The cells were kept in an incubator (Heraeus, Madrid, Spain

under an atmosphere of 5% CO2 at 37#{176}C.

Experiments were carried out with 48- to 72-hr cultured cells. The
cells were centrifuged at 120 x g during 10 mm and the pellet was

resuspended in Krebs-HEPES (concentration in millimolar: NaC1, 144;
KC1, 5.9, MgCl2, 1.2; CaCl2, 0.5; HEPES, 10 and glucose, 11), pH 7.4,
at 37#{176}Cto a final concentration of 2 million cells per 0.5 nil/tube. The

cells were kept in a bath at 37#{176}Cwith continuous agitation. 17-a-
Estradiol was incubated during 30 rain. After incubating the drug,
�Ca� uptake was studied by adding 1 ml of �CaCl2 (21.2 mCi/mg,
Amersham, Des Planes, IL) at a concentration of 4 �Ci/ml so that the

final concentration in the tube with the cells was 2 j�Ci/ml, in the

presence or absence of high K� (59 mM) or DMPP (100 �M) during 10
sec. The stimulation was stopped by adding 1 ml of Krebs-HEPES

containing 10 mM LaC13 and no Ca� and the cells were filtered through
Whatman GF/C filters and washed 4 times with Krebs-HEPES con-

tainmg 10 mM LaCl3. 2 mM EGTA, but no Ca� at 4#{176}C.The filters

were put into vials, scintillation liquid (Ready-Micro, Beckman, Ful-
lerton, CA) was added and radioactivity was counted in a scintillation

counter (Packard 1500 Tri-Carb, Downers Grove, IL).
Drugs and reagents used. DMPP iodide, methacholine chloride

and 17-a-estradiolwere purchased from Sigma Chemical Co. (St. Louis,

MO). Dulbecco’s Modified Eagles Medium, fetal calf serum and anti-
biotics were from GIBCO (Grand Island, NY) and Percoll from Phar-

macia (Piscataway, NJ).
17-a-Estradiol was dissolved in absolute ethanol (Merck Sharp &

Dohme, West Point, PA) to a concentration of 10_2 M; further dilutions
were done in Krebs’ solution; 10_2 M concentrations of DMPP were
prepared in water and ethanol, respectively; final concentrations used

were prepared directly in the Krebs’ solution used.
Statistical analysis. Statistical analysis of means were performed



Fig. 5. On-line detec�on of catechdamine release from
perfused cat adrenal glands. The records represent the
electrochemical signal obtained from perfused adrenal
glands in which the perfusate from the gland flows directly
on the amperometric detector. Secretion was evoked by
pulses of methacholine (3 � for 30 sec, represented by
.).
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with the computer program MICROSTAT (copyright Ecosoft, Inc.
1985, Madrid, Spain), using the Student’s t test. The level of signifi-

cance between means was taken at P < .01.

Results

EffeCts of 17-a-Estradiol on the Nicotinic-Mediated
Secretory Response in Bovine and Cat Adrenals

Bovine adrenal. After perfusing the gland for 60 to 90 mm
(initial equilibration period), the basal catecholamine output in
bovine adrenal glands amounted to 5.6 ± 1.5 �ig/2 mm (n = 6).
Stimulation with DMPP (100 �M for 10 sec) caused a release
of 131.6 ± 21.1 ag/pulse. These stimulations were applied to

each gland several times, at 20-mm intervals. In these condi-
tions, the secretory response to DMPP was quite constant.
Figure 1 shows that 17-a-estradiol decreases catecholamine
release in a concentration-dependent manner. At the maximum
concentration used (30 �tM), 60% blockade of secretion was

achieved. The calculated IC�,o for 17-a-estradiol was around 10

tiM.
In a different set of experiments, the reversibility of the

blocking effects of the hormone was tested. Figure 2A shows

that quick injections of DMPP (2 ml of a 100 �M solution into

the adrenal vein) caused a net catecholamine secretory response
of 35 ± 4.1 ag/pulse from control bovine adrenal glands. The
response decayed by 20% at the sixth pulse (P6). In experimen-
tel glands, 17-a-estradiol (10 �tM, present 15 mm before and

during the secretory pulse) caused a 61.6% blockade of secre-
tion. Upon washing out the compound, secretion recovered to
the initial values (fig. 2B). Cd� ions (1 mM), present before

P6, reduced the DMPP secretory response to about 20% of the
initial response.

Cat adrenal. On-line electrochemical detection of catechol-
amine release from perfused cat adrenal glands, evoked by
pulses with low concentrations of DMPP (1 �iM for 30 sec), is

shown in figure 3. Once the secretory response stabilized, the

effects of two concentrations of 17-a-estradiol on this param-
eter were tested. At 1 �M, the hormone halved the secretory
response; 10 �iM decreased secretion by over 80%. After perfus-

ing the gland for 50 mm with Krebs’ solution, the secretory
response to DMPP recovered fully.

In a second group of experiments, secretion was triggered by
higher concentrations of DMPP (10 �tM for 30 sac). Because

the rates of catecholamine release were higher, they could be
measured fluorometrically. Three pulses of DMPP were applied

to paired glands from the same animal. During P1, secretion
amounted to 809 ± 164 ng of catecholamines (fig. 4).

In the presence of 17-a-estradiol (10 SM), secretion was

reduced to 41% of that obtained in P1. On washing out the

hormone, the secretory rate (P3) recovered to figures even

higher than those obtained in P1. Thus, as in the bovine

adrenal, 17-a-estradiol blocks nicotinic secretory responses in

a reversible manner.

Effects of 17#{149}a#{149}Estradiolon Muscannic-Mediated
Responses in Cat Adrenals

Pulses of methacholine (3 zM for 30 see) given to cat adrenal
glands, connected on-line to an electrochemical detector, trig-

gered quick secretory responses (fig. 5). The responses are

blocked by atropine (not shown), suggesting that they are due

to muscarmnic receptor stimulation (Ballesta et at., 1989). At 1
,.�M, 17-a-estradiol affected these secretory responses very little;

10 �M partially decreased catecholamine release. Because the

methacholine secretory responses underwent a gradual desen-

sitization (four first records in fig. 5), it is difficult to conclude

that 17-a-estradiol was affecting the muscarmnic-mediated re-
sponse. Therefore, experiments using higher concentrations of

methacholine, with fluorometric estimations of catecholamine

release, were performed.
Figure 6 shows the secretory responses evoked by three pulses

(P1, P2 and P3) of methacholine (10 �tM for 60 sec) applied at

30-mm intervals. This concentration evoked secretion of 173

± 8 ng in the three pulses; 17-a-estradiol (present during P2)

did not modify this secretory response. A higher concentration

of methacholine (100 �iM for 60 see) evoked a much more

marked secretory response (1512 ± 248 ng, n = 7) of catechol-

amines. This response was reduced by 50% in the presence of

10 �M 17-a-estradiol. After terminating the perfusion with 17-



Cat adrenal

A. Methacholine 10�tU

P1

100

80

60

40

20

17#{149}cz-Estradlol P3

B. Methacholine 100 �tM

P1 i7.a-Estrad�oI

.
(a
3
a.

S
UI
S
S
S

S
C

E
S
0
C
U
S
S
U

S
(a
3
a.
as

S
(a
S
S
S

S
C

E
S
0
C
U
S

P3

Fig. 6. In perfused cat adrenal glands, the effect of 10 �M of 17-a-
estradiol on secretion evoked by the muscailnic agonist methacholine at
two concentrations is shown. In the experiments carried out in A,
secretion is triggered by 10 �M of methacholine, whereas in B a 10-fold
higher concentration of agonist is used (n = 7). P1 and P3 correspond
to control pulses (in the absence of the steroid) whereas P2 represents
the effeCtS of 10 �M 17-a-estradiol on secretion evoked by methacholine.
The pulses were appiled at 30-mm intervals. The hormone was added
to the perfusion fluid 20 mm before the secretion test pulse. Data
correspond to the means ± S.E.M offour glands. *� < � compared to
P1.

a-estradiol, the secretory response recovered partially on per-
fusing with Krebs’ solution for 30 mm.

Effects of 17-a-Estradiol on Potassium-Evoked
Catecholamine Release

Bovine adrenals. Pulses of high K� solutions (118 mM K�

for 10 sec in the presence of 0.5 mM Ca�) increased catechol-
amine release from 5.5 ± 09 �ig (basal) to 110.1 ± 29.6 big/pulse

(n = 7). 17-a-Estradiol decreased this response in a concentra-

tion-dependent manner (fig. 7).
In another group of experiments, the reversibility of the

blocking effects of 17-a-estradiol on K�-evoked secretion was
studied. Secretion was triggered by injections of a high K�
solution (2 ml of 118 mM K� and 2.5 mM Ca�i. The secretion
in P1 (54 ± 2.5 �g of catecholamines) decayed slowly in sub-
sequent pulses given at 20-mm intervals; however, secretion in
P6 was still about 70% of that seen in P1 (fig. 8A). In the

presence of 17-a-estradiol (10 tiM), catecholamine release de-
creased by 60% (P3 in fig. 8B). On washing out the hormone,
the secretory response to K� injections recovered almost com-
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Fig. 7. Effects of 17-a-estradiol on potassium-evoked secretion of cate-
cholamines from perfused bovine adrenal glands. Glands were stimulated
with 118 mM K� for 10 sec. 17-a-Estradiol was added to the perfusion
fluid 20 mm before the secretion test pulse. The data correspond to the
mean ± S.E.M. of six experiments. Ctrol, control.

pletely. Cd� ions (1 mM) blocked K�-evoked catecholamine

release by over 80% (P6 in fig. 8B)

Cat adrenals. The application of K� pulses (120 mM for 10
see) to perfused cat adrenals caused a large secretory response

(5.2 ± 0.9 i�g of catecholamines). In the presence of 17-a-

estradiol (10 jIM), secretion decreased by 40%. After washing

out the hormone for 30 mm with normal Krebs-Tris solution,

the secretory response recovered partially (78 ± 4%) (fig. 9).

Effects of 17-a-Estradiol on Calcium Uptake into Chromaffin
Cells

�Ca� uptake into resting or stimulated cells is shown in
figure 10. DMPP (100 �iM for 10 see) increased �Ca� uptake
from 0.09 ± 0.01 to 0.21 ± 0.03 fmol/cell (n = 6); at 10 tiM, 17-
a-estradiol blocked DMPP-evoked �Ca� uptake by 86%; at
100 �M, blockade of �Ca uptake was almost complete (90%).

K� stimulation (59 mM for 10 sec) also enhanced �Ca�
uptake to 0.22 ± 0.03 fmol/cell (n = 6). Again, 10 �M 17-a-
estradiol inhibited the net Ca� entry by 83%. However, at 100

�M a further reduction in Ca� uptake was not seen.

Discussion

We have found that the steroid hormone 17-a-estradiol
blocks catecholamine 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. The obvious hypothesis emerg-
ing from these selective effects is that the target for 17-a-
estradiol is located at the plasma membrane of the chromaffm

cell. If the drug were acting at some intracellular site on the

secretory machinery, the responses to all secretagogues would
be blocked to the same extent.
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Fig. 8. Effects of 17-a-estradiol on potassium-evoked secretion of cate-
cholamines from perfused bovine adrenal glands. A, secretion evoked
by six consecutive pulses of I 18 mM K� in a bolus injection of 2 ml every
20 mm. B, after 2 control pulses (PI and P2) the effects of 1 0 MM 17-a-

estradlol are shown. P3 and P4 correspond to another two pulses with
K� � in P5, potassium-evoked secretion is abolished by I mM of the
inorganic calcium antagonist, Cd�. The data are the means ± S.E.M. of
four experiments. � < .01 compared to P2.

DMPP and high K� are known to increase Ca� uptake into
chromaffin cells through the recruitment of voltage-sensitive
Ca� channels (Artalejo et at., 1987; Gandia et at., 1991). Be-
cause 17-a-estradiol blocked Ca� uptake evoked by these two

secretagogues, it seems clear that the steroid might be acting
directly on those channels. In addition, the ionophore associ-

ated with the nicotinic receptor could be also a second target
for the hormone. This might explain its higher potency in
blocking DMPP-evoked secretion.

These effects are not explained in the frame of the classical
genomic mechanism of steroid hormone actions through acti-
vation of high-affinity cytosolic receptors and their further
translocation to the cell nucleus to induce new protein synthe-

sis. These effects are known to take hours or even days to
appear (MacEwen, 1991). Rather, the catecholamine blocking
effects are better explained in the newly emerging concept of

cell membrane effects of steroids in neurons. There are several

recent examples of these nongenomic, rapid effects of steroids.

Cat adrenal (K4)

*

� �

P1 17-a-E. P3
10

Fig. 9. Effects of 17-a-estradiol (1 7-a-E) on potassium-evoked secretion
of catecholamines from perfused cat adrenal glands. Secretion was
evoked by depolarization with a solution containing 120 mM KF for 10
sec. P1 isthesecretionevoked by 120 mM Kfor 10 sec. P2 is secretion
evoked by K4 in the presence of 17-a-E. P3 is secretion evoked by K4
after removal of 17-a-E from the perfusion fluid and perfUSion with Krebs’
solution for 30 mm. 17-a-E was added to the perfusion fluid 20 mm
before and during the secretory response. The data are the means ±
S.E.M. of seven experiments. *P < .01 compared to P1.

For instance, Majewska et at. (1986) found that two metab-
olites of the steroid hormones, progesterone and deoxicorticos-
terone, are potent barbiturate-like ligands of the ‘y-aminobu-
tyric acid receptor chloride ion channel complex, inhibiting the

binding of the convulsant t-butylbicyclosphosphorothionate to

the -y-aminobutyric acid receptor complex. By applying steroids
directly to specific neurons, immediate changes in their firing
frequency are observed (Pfaff and Pfaffmann, 1969; Kelly et

at., 1977; Nabekura et at., 1986; Hua and Chen, 1989). The
activity of hormone-sensitive striated muscles can be enhanced
within minutes of steroid treatment (Sachs and Leipheimer,

1988). As these rapid steroid effects are not prevented by
protein synthesis inhibitors (Nabekura et at., 1986; Sachs and
Leipheimer, 1988), it is likely that they result from a direct

action of steroids on the plasma membrane.
Progestagen bovine serum albumin conjugates, which do not

diffuse freely the plasma membrane into the cytosol, activate
the release of dopamine from striatal neurons (Dluzem and
Ramirez, 1989). Also, progesterone stimulates the release of
luteinizing hormone from hypothalamic tissue (Ke and Rami-
rez, 1987). And, recently, progesterone has been shown to cause,
within 30 mm of its application, an increase in oxytocin recep-

tor binding in the ventromedial nuclei of the female rat hypo-
thalamus. This rapid progesterone effect appears to be exerted

on a membrane receptor, because it was produced in vitro as
well as in vivo and was not mimicked by a variety of other

steroids (Schumacher et at., 1990).
It is unlikely that the inhibition by 17-a-estradiol of cate-

cholamine secretion is associated to chronic steroid genomic
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cultured bovine chromaftin cells
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Fig. 10. The blockade of �Ca� uptake into cultured bovine chromaffin
cells by 17-a-e$tradiol (1 7-a-E) at two different concentrations (1 0 and
100 �tM) when these cells were stimulated by DMPP, 100 �M (A), or K4,
1 18 mM (B), for 10 sec. The data express total uptake of �Ca� in
femtomoles per cell and are the means ± S.E.M. of six expenments. *�)

< .01 when compared to the values of �Ca� uptake evoked by DMPP
(A) or K� (B).

effects because, first, its effects are established in 5 to 20 mm

and, second, they are readily reversible upon washing out the
hormone. Rather, its effects might be ascribed to the novel

membrane rapid effects observed in different neuronal systems.
The question still remains as to whether the effects of 17-a-

estradiol on chromaffin cell secretion is shared by other estro-
genie and nonestrogenic hormones, and whether an opiate-like
activity as that seen in the cardiovascular system (Dixon and
Chandra, 1988) might be involved in its action.
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