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Abstract

Various antidepressant drugs (monoamine oxidase inhibitors and tricyclics) enhance noreplneph-
rine availability and lead to adaptlve changes in brain noradrenergic systems, namely, decreases in
the number of B receptors and in the responsiveness of adenylate cyclase to norepinephrine
stimulation. After 21 days of treatment with 1 mg/kg/day of clorgyline, an A-type-selective
monoamine oxidase inhibitor, but not after 3 days, there is an increase in norepinephrine release
from rat brain microsacs in response to 43 mm KCl stimulation. Microsacs prepared from 21-day
clorgyline-treated animals also show a marked decrease in the inhibition of norepinephrine release
caused by the ao-selective agonist clonidine. These functional changes in norepinephrine release
mechanisms are accompanied by a 53% reduction in brainstem a» receptor density as measured by
[*H]clonidine binding. At the same time, despite findings of a decrease in 8 receptor number as
determined by [?H]dihydroalprenolol binding data, no significant decrease in the responses of cyclic
adenosine 3:5-monophosphate (cyclic AMP) systems to norepinephrine stimulation is observed.
Decreases in the cyclic AMP response are observed by day 35 of clorgyline treatment. The results
provide direct physiological support for a change in the norepinephrine release mechanism and an
effect on autoreceptors, specifically, preceding postsynaptic adaptive changes in the instance of one
antidepressant, clorgyline. Difficulties in observing such changes with other antidepressants may
result from the multiple nature of a-adrenergic receptors, especially as measured by radioactive
ligand techniques; the lack of a direct relationship between physiological changes and receptors as
measured by radioligand techniques; the large doses of monoamine oxidase inhibitors used in some

studies; and the possible multiplicity of antidepressant molecular mechanisms.

Chronic administration of antidepressants to rats leads
to decreases in B-adrenoreceptor numbers and to a de-
crease in the norepinephrine-elicited accumulations of
cyclic adenosine 3":5-monophosphate (cyclic AMP) (Sul-
ser et al., 1978). This decrease in norepinephrine respon-
sivity is believed to be secondary to a preceding persist-
ence of increased norepinephrine levels in the synapse
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(Wolfe et al.,, 1978; Schweitzer et al., 1979). Several in-
vestigators have provided evidence that this decrease is
partially mediated through a change in the presynaptic
release mechanisms involving a reduction in local nega-
tive feedback (Crews and Smith, 1978; Svensson and
Usdin, 1978; Tang et al., 1978; Spyraki and Fibiger, 1980).
However, while radioligand binding data demonstrated
clear decreases in 8 receptor numbers during antidepres-
sant treatment, no analogous changes had been reported
for ay-adrenergic receptors (Bergstrom and Kellar, 1979;
Rosenblatt et al., 1979; Johnson et al., 1980). Recently,
Cohen et al. (1982) provided data for a decrease in the
number of az-receptors which temporally preceded a
reduction in B receptor density in the rat cortex during
chronic administration of clorgyline, a selective inhibitor
of monoamine oxidase type A (MAO-A) which is a clin-
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ically effective antidepressant agent. These apparent in-
consistencies between reports using different antidepres-
sants may result from the existence of multiple a;-adre-
nergic receptors, some of which may play roles unrelated
to presynaptic regulation. Therefore, it is important to
examine directly norepinephrine release and the «; re-
ceptor-mediated regulation of this release in the central
nervous system during treatment with antidepressants
such as clorgyline. A microsac preparation was chosen
for these observations as the specific a; receptor agonist
clonidine had been demonstrated previously to decrease
potassium chloride-stimulated norepinephrine release in
a specific dose-dependent manner (De Langen et al,
1979). To examine the functional physiology of the 8
receptor, the effect of norepinephrine stimulation on cylic
AMP formation was examined in brain slices.

Matérials and Methods

Animals. Six- to 12-week-old male Sprague-Dawley
rats (175 to 200 gm) were obtained from Taconic Farms,
Germantown, NY. Half of the animals were implanted
with Alzet mini osmotic pumps (Alza Corp., Palo Alto,
CA) containing concentrations of clorgyline that were
adjusted to provide for continuous 1-mg/kg/day admin-
istration to each animal. This dose is sufficient to produce
greater than 90% inhibition of MAO-A (Campbell et al,,
1979a, b). Animals were reimplanted every 2 weeks there-
after.

Assay of cyclic AMP generation. Cyclic AMP forma-
tion was measured by the adenine-prelabeling brain slice
technique as originally described by Shimizu et al. (1969).
This procedure results in data which are expressed as
percentages of total radioactive adenine nucleotides pres-
ent as cyclic AMP (percentage of conversion) and are in
good agreement with those obtained from the measure-
ments of endogenous levels of cyclic AMP in brain slices.
Briefly, rats were sacrificed by decapitation and the
brains obtained were placed in ice cold oxygenated
Krebs-Ringer buffer (KRB). The brains were placed onto
a chilled glass plate for dissection. The brainstem, cere-
bellum, and hypothalamus were removed and stored at
—80°C for enzyme and receptor assays at a later date.
Small strips of cerebral cortical gray matter obtained
with a single edge razor blade from two or three rats were
placed into a second beaker of buffer. The strips then
were sliced on a cooled block by a Mcllwain tissue slicer
set at 260 um, rotated 180°, and sliced again. The tissue
slices then were incubated at 37°C for 15 min in 15 ml of
buffer.

The preincubated brain slices were transferred to a
third beaker containing adenine (30 um) and [°H]adenine
(20 to 60 uCi) and incubated at 37°C for 40 min. The
buffer was decanted; the slices were washed twice with
buffer and then collected onto nylon mesh. Equal por-
tions (10 to 12) were transferred with stainless steel
spatulas into 30-ml beakers containing 10 ml of buffer
and allowed to equilibrate for 5 min. Stimulating and
blocking agents were added and time (10 min) was al-
lowed for stable maximal levels of cyclic AMP to form.
Individual beakers were decanted, and tissue was col-
lected onto nylon mesh, quickly transferred to conical
homogenizing tubes containing 1 ml of 6% trichloroacetic
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acid and unlabeled cyclic AMP (0.25 pmol), and homog-
enized with a glass pestle. Homogenates were centrifuged
for 10 min at 3,000 rpm. Fifty-microliter aliquots were
taken from the supernatant fraction and the radioactivity
was measured to determine the [?H]adenine nucleotide
pool in each sample. The cyclic ["HJAMP formed was
determined by filtering and washing the remaining su-
pernatant fraction through Dowex and alumina columns
as described by Salomon et al. (1974).

Assay for norepinephrine release. Strips of rat cortex
obtained as described above were homogenized by glass
pestle in 10 vol of Krebs-Ringer buffer at 4°C. The
homogenate was centrifuged at 1,000 X g for 15 min. The
pellet was suspended in 10 vol of buffer with 0.2 um [*H]
norepinephrine (60 pCi) added, and uptake was allowed
to proceed for 30 min at 37°C. The suspension was
centrifuged at 1,000 X g for 5 min at 4°C and the pellet
was resuspended in 10 vol of buffer and centrifuged. The
pellet was washed an additional two times in a similar
manner. The final suspension of microsacs from a single
cortex was in 10 ml of calcium-free Krebs buffer. Three
hundred-microliter aliquots of the suspension were added
to 3 ml of buffer and gently mixed. Two milliliters then
were layered onto Sephadex G10 columns (polypropylene
econo columns) for release experiments which were con-
ducted at 25°C. Each column (46 columns from the
cortex of one rat) has a height of 0.75 to 1.0 cm and an
approximate 0.2 ml/20 sec flow rate. The columns were
washed with 5 ml of calcium-free Krebs buffer and the
eluants were discarded. Columns then were washed with
2 ml of the medium used for release, with the eluant
collected directly into scintillation vials. The releasing
eluant consisted of KRB plus varying concentrations of
KCl (43 mM if not stated), CaCl, (0.05 mm if not stated),
and various concentrations of drugs (e.g., clonidine (0.01
to 10 um)). Prior to column preparation, aliquots were
obtained for Lowry protein determination (Lowry et al.,
1951) and for initial norepinephrine accumulation.

Assay for a- and B-adrenergic receptor binding. For
each treatment group, six frozen (—80°C) brainstem por-
tions, approximating the region inclusive of medulla and
pons, were weighed, thawed, and homogenized using a
Polytron in 10% (w/v) Tris-HCI (50 mm, pH 7.6) at 4°C.
The homogenates were centrifuged at 18,500 X g for 10
min at 4°C. The pellets were suspended in 50 vol of
buffer and centrifuged as before. The resulting pellets
(prepared membranes) were resuspended in 10 vol of
buffer and used in the binding assay procedures.

For Scatchard determination (Scatchard, 1949) of a.-
adrenergic receptor binding, 400-ul aliquots of the pre-
pared membranes were added in triplicate to tubes con-
taining the az-adrenergic agonist [*H]clonidine (final con-
centrations ranged from 0.2 to 4 times Kp) in a total
volume of 0.6 ml. Incubations were carried out at room
temperature for 30 min, 7 ml of cold 0.9% saline were
added, and each tube was filtered rapidly through What-
man GF/C filters and washed with two additional 7-ml
quantities of cold 0.9% saline. The filters were placed in
vials with 10 ml of Ultrafluor and counted by liquid
scintillation spectrometry. Specific binding is defined as
the difference between the amount bound in the absence
and presence of 10> M phentolamine (U’Prichard et al,,
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1977) and represented approximately 80% of the total
[*H]clonidine bound at the Kp, value.

In the B receptor assays, the final concentrations of 1-
[*H]dihydroalprenolol, ranging from 0.2 to 4 times Kp,
were incubated with 400-ul aliquots of prepared mem-
branes in a total volume of 0.6 ml. Samples were treated
as in the a receptor binding assay with the exception of
the substitution of GF/B filters. Specific binding is de-
fined as the difference between the amount bound in the
absence and presence of 10~° M propanolol (Bylund and
Snyder, 1976). Specific binding was approximately 70%
of the total.

Statistical analysis. Bum.x and Kp values were formu-
lated from estimates of the least squares analyses of
Scatchard plots. Treatment and control differences in
parameters were determined with the use of appropriate
F and two-tailed ¢t tests (Kleinbaum and Kupper, 1978).

Materials. Clonidine-HCl was obtained from Boehrin-
ger and Son, Ingelheim, West Germany; [*H]adenine and
[®*H]norepinephrine were from New England Nuclear,
Boston, MA; ZK62771 was from Dr. H. Wachtel, Scher-
ing, A. G., Berlin; phentolamine-HCl was from Ciba
Pharmaceutical Corp., Summit, NJ; dl-propranolol-HCI
was from Sigma Chemical Co., St. Louis, MO; clorgyline
was a gift of May and Baker Co., Essex England. Other
compounds were from standard commercial sources. The
Krebs-Ringer bicarbonate/glucose buffer contained 122
mM NaCl, 3 mm KCl, 1.2 mm MgSO,, 1.3 mm CaCl,, 0.4
mM KH,PO,, 10 mM glucose, and 25 mMm NaHCO;. All
incubations were done in constant aeration with 95% O.,
5% COs..

Results

The effects of clorgyline treatment on microsac nor-
epinephrine release. Microsacs prepared from rats
treated with clorgyline for 3 weeks differed significantly
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from those derived from control animals in the release of
norepinephrine in response to a depolarizing agent (Table
I). This enhanced norepinephrine release (~160%) in
response to 43 mM KCI was observed over a range of
Ca®" concentrations (0.05 to 1.0 mM) which has been
reported previously to facilitate norepinephrine release
(De Langen et al., 1979). These differences did not result
from shifts in cortical norepinephrine accumulation as no
differences were ever observed between norepinephrine
uptake in microsacs prepared from control or clorgyline-
treated animals (data not shown).

As previously observed (De Langen et al., 1979), clon-
idine, a specific az-adrenergic agonist, significantly re-
duced [*H]norepinephrine release from microsacs pre-
pared from control animals; however, clonidine failed to
affect the [*H]norepinephrine release observed from sim-
ilarly prepared microsacs from 21-day clorgyline-treated
animals. Although Ca®* was able to shift the clonidine
dose-response curve to the right for control animals, it
had little effect on the lack of responsiveness of microsacs
prepared from the clorgyl’ne-treated animals. T'o confirm
these observations, a second group of animals were sim-
ilarly prepared and differences in the release properties
were confirmed (data not shown).

To ascertain whether the differences observed in
release between the microsacs prepared from the control
and clorgyline-treated animals might result from differ-
ences in a-adrenergic receptor properties as suggested by
the clonidine data, the effect of phentolamine, a specific
a-adrenergic receptor blocker, on the release of [*]nor-
epinephrine was examined. At a concentration of phen-
tolamine (1.0 um) sufficient to block the clonidine sup-
pressant effect on release in control groups (Fig. 1),
phentolamine eliminated the statistical difference be-
tween the clorgyline and saline groups, although small
differences remained, which suggest that other mecha-
nisms may account for some of the differences observed.

TABLE I
KCl (43 mm)-stimulated [*H Jnorepinephrine release from microsacs prepared from rat cortex of control and 21-day clorgyline-treated
animals in the presence of varying concentrations of Ca®* and clonidine
Each result represents the mean + SEM of the disintegrations per min of [*H Jnorepinephrine released from the microsacs examined in 6 to 9

experiments as detailed under “Materials and Methods.”

Clonidine
CaCl,
0 M (n) 0.01 uM (%)° 0.1 uM (%) 0.5 uM (%) 1.0 pM (%) 5.0 uM (%)

mMm dpm
Control 0.05 981 + 178 (6) 1,002 = 95 (102%) 529 + 117 (54%)° 443 + 189 (45%)°

0.10 2,163 + 137 (9) 1,920 + 164 (89%) 1,552 & 131 (72%)° 1,485 + 112 (69%)°

1.00 6,504 % 219 (9) 6,129 + 180 (94%) 5,699 = 247 (88%)? 5,502 + 268 (85%)¢
Clorgyline 0.05 1,636+ 193 (9)¢ 1,495 + 168 (91%) 1,517 + 210 (93%) 1,237 + 201 (76%)

0.10 2,894 % 370 (9)/ 3,156 + 229 (109%) 3,217 + 345 (111%) 2,857 + 220 (99%)

1.00 10,311 + 581 (7)¢ 9,558 + 665 (93%) 9,735 + 735 (94%) 9,780 + 712 (95%)

“ Percentage of 0 uM clonidine.

® Statistically significant clonidine suppression, p < 0.1.
¢ Statistically significant clonidine suppression, p < 0.01.
< Statistically significant clonidine suppression, p < 0.05.

¢ Statistically significant differences between microsacs prepared from clorgyline-treated animals and controls in the absence of clonidine, p

< 0.01.

! Statistically significant differences between microsacs prepared from clorgyline-treated animals and controls in the absence of clonidine, p <

0.05.

# Statistically significant differences between microsacs prepared from clorgyline-treated animals and controls in the absence of clonidine, p

< 0.001.
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Figure 1. The dose-response effect of the a-adrenergic antag-
onist phentolamine on KCl (43 mm)-stimulated release of [*H]
norepinephrine from microsacs in the presence of 0.15 mm
CaCl, as described under “Materials and Methods.” The data
are represented as ratios. The solid bars representing

[’Hlnorepinephrine released with 1 uM clonidine
[*Hlnorepinephrine released in the absence of clonidine

in control microsacs reflect the effect of phentolamine on the
a-adrenergic agonist suppression of norepinephrine release and
the open bars representing

[’H]norepinephrine released from clorgyline-treated animals

[*H]norepinephrine released from control animals

reflect the effect of phentolamine on the observed differences
in KCI responsivity between control and 21-day clorgyline-
treated rats. The values represent the mean ratios = SEM of 6
to 18 experiments. Statistically significant differences between
control and clonidine (solid bars) or between microsacs pre-
pared from control compared to clorgyline-treated animals
(open bars) are represented by asterisks: +, p < 0.05; **, p <
0.001.

In a separate group of animals, the above differences
were not observed between control microsacs and micro-
sacs prepared from animals following only 3 days of
clorgyline treatment (Table II). Also, in vitro incubation
of the microsacs in the presence of 5 um clorgyline did
not block the clonidine suppression of the release. At 0.15
mM CaCl,, microsac release of norepinephrine in the
presence of 0.2 and 0.5 uM clonidine was 67.1% (p <
0.001) and 70.6% (p < 0.01), respectively, of base line (n
= 15). In the same experiment, in the presence of 5 um
clorgyline, release with 0.2 and 0.5 puM clonidine was 69.3%
(p <0.05) and 67.1% (p < 0.01), respectively, of base line
values.

The effects of clorgyline treatment on norepinephrine-
stimulated cyclic AMP formation in brain slices. Follow-
ing 21 days of 1-mg/kg/day clorgyline treatment, norepi-
nephrine (100 uM)-stimulated cyclic AMP formation from
brain slices was not affected significantly (Fig. 2). This
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was confirmed using phentolamine (10 um), an adrenergic
antagonist known to block the «; component of the
norepinephrine response. This lack of effect was not the
net result of a decrease in the production of cyclic AMP
masked by a concomitant decrease in phosphodiesterase
activity as the addition of ZK62771 (final assay concen-
tration, 100 uM), a potent phosphodiesterase inhibitor
(Schwabe et al., 1976), did not lead to significant differ-
ences (6.38 = 1.06% and 5.67 + 0.50% conversion for
controls and 21-day clorgyline-treated animals, respec-
tively).

At 35 days, however, a significant decrease in the
norepinephrine and norepinephrine-phentolamine stim-
ulation was observed in the clorgyline-treated animals,
with only 38.6% and 44.4% of the respective responses
maintained. This response difference also was observed
with 5 uM norepinephrine, with the clorgyline-treated
group exhibiting only 53.9% of control stimulation (1.15
+ 0.07% and 0.62 = 0.13% conversion for controls and
clorgyline-treated animals, respectively). The response
decrease was selective, as stimulation by 100 um adeno-
sine (1.97 + 0.37% and 1.76 £ 1.11% for controls and
clorgyline-treated animals, respectively) and 0.1 um va-
sointestinal peptide (4.11 + 1.43% and 4.55 = 2.07% for
controls and clorgyline-treated animals, respectively) did
not differ in the two groups.

The effect of clorgyline treatment on adrenergic re-
ceptors. As previously observed (Cohen et al., 1982), 21
days of clorgyline treatment significantly reduced as and
B receptor brainstem densities by 53% (p < 0.05) and
50% (p < 0.001), respectively (Table III).

Discussion

The time course for adaptive changes in the central
nervous system of the rat in response to selective MAO-
A inhibition has been investigated. At the clorgyline dose
administered (1 mg/kg/day), about twice the usual clin-
ical dose, it is clear that: (I) an increase in microsac
norepinephrine release in response to KCl stimulation
occurs by 21 days that is not observed on day 3 of
clorgyline treatment. This effect is reasonably calcium
independent. (2) The altered release to electrolyte stim-
ulation is accompanied by a change in the responsivity
of release to clonidine suppression. This near total escape
from clonidine suppression occurs at varying calcium
concentrations and appears to represent a change which
is not simply a shift in the K of clonidine binding. (3)
No significant changes in cyclic AMP formation in re-
sponse to norepinephrine stimulation is apparent at 21
days, but decreases are observed by day 35 of treatment
with clorgyline. The characteristics of the response of
norepinephrine stimulation of adenylate cyclase in brain
slices of rat cortex suggest that both « and B receptors
play a role in its mediation (Daly et al., 1980 and refer-
ences therein). The differences observed both with and
without the presence of phentolamine in the experiments
suggest that functional changes in both the postsynaptic
a- and B-adrenergic receptors that are part of this media-
tion may have occurred by the 5th week of treatment but
not by the end of 3 weeks.

These findings of changes in the apparent local nega-
tive feedback system of the adrenergic pathway during
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b Statistically significant clonidine suppression, p < 0.05.
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TABLE III
The effect of 21 days of 1-mg/kg/day clorgyline treatment on
brainstem o and B receptors as determined by Scatchard analysis
of [*H]clonidine and [*H]dihydroalprenolol binding
Each result represents a least squares estimate of Bmax and Kp = SE
(the standard error of the estimate) obtained as detailed under
“Materials and Methods.”

Control Clorgyline
B...x = SE K, +SE B = SE K, +SE
fmol/mg pro- nM fmol/mg pro- nMm
tein tein
az receptor 304 +22 26+04 142+34° 13x10
[*H]cloni-
dine
B receptor 305+ 096 0.80+004 152+1.6° 154+ 048
[*H]dihy-
droalpreno-

lol
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“ Statistically significant differences between clorgyline-treated ani-

mals and controls, p < 0.05.

b Statistically significant differences between clorgyline-treated ani-

mals and controls, p < 0.001.

as receptor number and B receptor number (Campbell et
al., 1979b; Cohen et al., 1982) in response to an increasing
availability of norepinephrine with clorgyline administra-
tion (Campbell et al., 1979a), Maggi et al. (1980) dem-
onstrated an inverse relationship between a2 receptors
and B receptors in cortical slices incubated with isopro-
terenol. Dibner and Molinoff (1979) have observed dif-
ferences in the process of rapid in vitro desensitization of
B receptors from the slower in vivo desensitization proc-
ess. Similarly, measurement of a; receptors by the use of
a single or even multiple radioactive ligands will reflect
the diverse adaptive mechanisms of the subpopulations
of az receptors.

The decrease in 8 receptor number in the brainstem is
50%; however, it is important to realize that the adenylate
cyclase system observed is that from the cortex. In our
previous experiments, the Bma:. changes are magnified
considerably in the brainstem as compared to the cortex
and a more realistic decrease of about 34% would be
expected to be present in the cortex. In part, the magni-
fied B receptor changes observed in the brainstem may
reflect the use of the 8 antagonist propanolol to deter-
mine specific binding. Propanolol appears to displace
additional, perhaps ‘“nonspecific” sites in comparison to
the agonist isoproterenol in the brainstem but not the
cortex (Stone and U’Prichard, 1981). Nevertheless, the
decrease in 8 receptor number, observed previously in
the cortex after 21 days of clorgyline treatment, is not
reflected immediately in a decrease in the norepinephrine
stimulation of the adenylate cyclase system but only
some time later. Similar discrepancies between receptor
number and norepinephrine-stimulated cyclic AMP ac-
cumulation have been reported previously following
other antidepressant regimens (Mishra et al., 1980), 6-
hydroxydopamine treatment (Skolnick et al., 1978), clon-
idine withdrawal (Kistler and Davis, 1980), and stress
(Stone, 1981). These findings are not surprising in the
context of our knowledge of the multistep process that
comprises 8 receptor-mediated adenylate cyclase regu-

1593

lation in tissue culture (Su et al., 1980). Previous reports
of earlier changes in norepinephrine-stimulated adenyl-
ate cyclase responses following MAO inhibitor adminis-
tration have used exceptionally high doses of drug: Ve-
tulani et al. (1976a) used 75 mg/kg of pargyline and 100
mg/kg of nialamide as initiating doses followed by 25 and
40 mg/kg, respectively, daily for 20 days before differ-
ences were noted, and Wolfe et al. (1978) found a 20%
decrease following 11 to 15 days of daily doses of 25 mg/
kg of pargyline. In contrast, the reports using tricyclic
antidepressants show considerably more divergence but
are still of interest in comparison to the available data
on monoamine oxidase inhibitors. Whereas Vetulani et
al. (1976b) reported that 4 to 8 weeks of desipramine or
iprindole treatment were required before changes were
apparent in the adenylate cyclase response to norepi-
nephrine, Wolfe et al. (1978) observed changes after 1
day and a maximum change after 5 to 7 days of treatment
with desipramine. Using 20 mg/kg of daily imipramine
treatment, Frazer et al. (1974) and Schultz (1976) found
differences by 5 and 6 days, respectively.

Overall, the results provide direct physiological sup-
port for a change in norepinephrine release mechanisms
and, specifically, an effect on the presynaptic a.-adreno-
receptors (autoreceptors) in the rat brain secondary to
some antidepressant treatments, an effect that had been
inferred from peripheral norepinephrine release studies
(Crews and Smith, 1978) and escape from clonidine-in-
duced changes in metabolites (Tang et al., 1978), locus
coeruleus firing rates (Svensson and Usdin, 1978; Camp-
bell et al., 1979b), and locomotion (Spyraki and Fibiger,
1980). Indirect measures in man of clonidine challenges
also have suggested a temporal pattern for decreasing
as responsivity similar to that observed in the rat (Siever
et al,, 1981). Although, historically, enhancement of pre-
synaptic release mechanisms in ways to enhance cate-
cholamine availability was considered the mode of effi-
cacy of antidepressants, the discrepancy between these
acute effects of antidepressants and the longer time
course of antidepressant efficacy had focused attention
on postsynaptic adaptational changes. Some theories
based on such changes have postulated that the down
regulation of 8 receptors may be the molecular mecha-
nism of action of the antidepressants (Sulser et al., 1978),
with an abnormally high catecholamine activity being
the pathological lesion in depression (Segal et al., 1974).
Since the B receptor-mediated cyclic AMP response
changes with clorgyline treatment occur 2 weeks past the
time observed for the changes in adrenergic release, the
data suggest that these postsynaptic changes are second-
ary to this slowly developing presynaptic adaptation in
the instance of at least one antidepressant.

Noradrenergic local negative feedback control, based
in part on “autoreceptors,” is responsible for the modu-
lation of the release of norepinephrine through both the
amount of norepinephrine release per impulse and also
the readiness of neuronal discharge (Langer, 1977). We
have proposed previously that an overly stringent feed-
back system could impair the capacity of the catechol-
amine pathways to convey information adequately dur-
ing depression (Cohen et al, 1980). The present data
support the role of some antidepressants in potentially
resetting this mechanism as an important component of
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the molecular process of antidepressant efficacy, a proc-
ess which increasingly is being recognized as a complex
multicomponent series of receptor and other neurochem-
ical adaptations that take place secondary to drug-in-
duced perturbations of the catecholamine system. These
changes serve to return the organism to a physiologic
and behavioral functional level of normality.
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