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Abstract(JThis study was investigated the effects of imipramine (IMI) and electroconvul-
sive shock (ECS), which are used as antidepressant therapy, on the central j,- or g8, adren-
ergic receptor in anesthetized rats. The resting blood pressure and heart rate decreased in
reserpinized group (5 mg/kg i.p., 24 hr before), but not in other 4 groups i.e. acute IMI (20
mg/kg i.p. 3-5 hr before), chronic IMI (Same dose, twice a day for 14 days), single ECS
(sinusoidal 20 Hz, 120 V for 1 sec) and repeated ECS (same condition, daily for 12 days).
The increase of heart rate and hypotension evoked by 1 or 3 g intracerebroventricular
(i.c.v.) administration of (+)dobutamine, 2 ,-agonist, was attenuated by chronic IMI treat-
ment. The hypotension by salbutamol, g,-agonist, 1 or 3 #gi.c.v. was significantly attenuat-
ted in repeated ECS or reserpine treatment. And, the diminution of pulse pressure of sal-
butamol also reduced by repeated ECS. These results suggest that IMI or ECS result in at-
tenuation on tachycardia by (+)dobutamine or on hypotension by salbutamol, presumably

by which the central #, or B,-receptor sensitivity may be suppressed, respectively.
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Depression induced as one of its major manifes-
tations, a disturbance of affect or mood, can be ge-
nerated from reduction of noradrenaline (NA) or
5-hydroxytrytamine (5-HT)'?, and tricyclic anti-
depressants enhance NA function by inhibiting the
neuronal uptake these biogenic amines®?.

By contrast, in recent views, d~nression arises
from hyperactivity of NA synapse, which is down-
regulated by antidepressants'®'V. In rat whole brain
minus cerebellum, chronic desipramine treatment
increases the dissociation constant, decreases recep-
tor density of (*H)-dihydroxyalprenolol'®. This
downregulation of g-receptor is displayed in cere-
bral cortex'® and noradrenergic cyclic AMP gener-
ating system'®.

Long term administration of electroconvulsive
shock (ECS) decreases adenylate cyclase activity, or
maximum binding of (*H)-dihydroxyalprenolol,
and increases behavior response of 5-HT, NA, dop-
amine without altering their concentration'*"'?,

I'To whom correspondence and reprint request should be
addressed.
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Meanwhile, it had published on the existence of
central A-receptor that isoproterenol i.c.v. produ-
ced increase of HR and decrease of BP, and this
effect was antagonized by propranolol pretreat-
ment??. (+) dobutamine has a predominant stimu-
latory effect on cardiac B ,-receptor, and acts « and
8, receptor®??. ¢ -adrenoceptor agonist activity as
inotropic agent exists in (~) enantiomer®?”, whe-
reas f,-adrenoceptor agonist activity exists in (+)
enantiomer®?”. Salbutamol has such g,-agonist
effect as dilatation of smooth muscle of uterus,
bronchus and blood vessel?=,

As pointed out above, the significance of the
reduction in g-adrenoceptor number is that most
clinically affective antidepressant and ECS produce
these similar effects. From these findings, it is ex-
pected that cardiovascular response vig central
route to the g-receptor will be suppressed. The
confirmation of the £,- and g,-receptor sensitivity
by imipramine or ECS might also be of importance
to elucidate partially the mechanism of action.

Therefore, to examine the change of sensitivity
of B,- and g ,receptor by imipramine or ECS, in
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anesthetized rats it was investigated as to whether
or not (+) dobutamine-induced chronotropic ac-
tion and salbutamol-induced hypotension induced
by i.c.v. administration of them is altered by im-
ipramine or ECS.

MATERIAL AND METHODS

Animal and drugs

Adult Sprague-Dawley rats of either sex, weigh-
ing 180-220 g, were used. Angitensin II, salbuta-
mol, prazosin HCI, yohimbine, and atenolol were
purchased from Sigma Chemical Co. in USA, and
atropine sulfate were purchased from Tedia
Co. in Japan. Butoxamine HCl, (+) dobutamine,
and imipramine were donated from Burroughs
Wellcome Co. in USA, Eli Lilly Co. in USA and
Whan In Co, in Korea. All drugs were dissolved in
0.9% saline solution except for prazosin and yo-
himbine, which were solubilized in distilled water,
and all doses were calculated on the basis of weight
of drug base.

Operation and drug adimistration

Rats were anesthetized with urethane (1 g/kg,
i.p.), and then atropine of 1 mg/kg were treated
prior to operation. 30 min, stabilizing period, was
demanded, and polyethylenetube (i.d. 0.56 mm)
filled with heparin (100 units/m/) was cannulated
into femoral artery for direct estimation of blood
pressure by which strain gage coupler connected
with pressure transducer (p-1000B, Narco Bio-
systems Inc.), and heart rate was monitored via
biotachometer coupler as output to pressure
transducer. And the rats were fixed in a prone posi-
tion, the head was fitted into stereotaxic frame, the
skull was exposed and prepared for intracerebro-
ventricular (i.c.v.) administration (Stereotaxic in-
strument, Gokyo Inc.), and then placed into a
lateral ventricle using following coordinates with
reference to the bregma: 1 mm posterial, 1 mm
lateral to the midline and 4 mm deep from the skull
surface, and the polyethylene tube was pushed
down the position, and cemented by Rebase (Orient
Co.). One i.c.v. volume was below 3 u/. After ex-
periment, rats were sacrified 5 min after methylene
blue injection, the brain was rapidly removed, and
were examined for dye deposited in and around the
ventricular system.

Butoxamine or atenolo! was treated via lateral
ventricle 10 min before (+ )dobutamine or salbut-
amol i.c.v., respectively. The positive chronotropic

Table 1. Influence of imipramine (IMI), electrocon-
vulsive shock (ECS) or reserpine on diastolic
blood pressure (DBP), systolic blood pressure
(SBP) and heart rate (HR) in anesthetized rat

Group n DBP/SBP (mmHg) HR (beats/min)
Control 16 87.6+2.8/121.8+2.6 365.0£10.1
Acute IMI 12 81.6+54/121.6+5.8 353.3+19.2
Chronic IMI 11 84.8+7.2/125.2+4.8 335.2+20.1
Single ECS 11 90.1+3.5/130.5+5.8 388.3+19.4
Repeated ECS 12 86.9+4.5/125.2+4.0 372.5+11.7
Reserpine 14 69.7+3.5/104.7 £3.8%* 3284+ 9.5**

Acute IMI or Chronic IMI; IMI of 20 mg/ kg was intra-
peritoneally injected 4-5 hr before or twice daily for 14
days. Single or Repeated ECS; ECS (for 1 sec, 20 Hz, 120
V) was conducted 2 hr before or once a day for 12 days.
Reserpine of 5 mg/ kg was intraperitoneally treated 24 hr
before. Each value represents mean + SEM. n; number of
rat used. ** p<<0.01 (significantly different from control
group).

activity by (+)dobutamine and hypotension by sal-
butamol compared with the effects of IMI or ECS-
treated group.

Experiment group

(A) Control group; (+)dobutamine or salbut-
amol was 1 and 3 ug administered i.c.v., respecti-
vely. (B) Acute IMI group: Imipramine of 20 mg/
kg was treated 3-5 hr before. (C) Chronic IMI
group: Same dose was treated twice a day for 14
days. (D) Single ECS group: Electroconvulsive
shock (sinusoidal for 1 sec, 20 Hz with 120V) was
conducted 2 hr before, and then we confirmed the
convulsion induced. (E) Repeated ECS group: The
same ECS was conducted once a day for 12 days.
(F) Reserpine treated group: reserpine of 5 mg/kg
was treated i.p. 24 hr before.

The results are expressed as mean+ SEM. The
statistical significance of the difference between con-
trol and treatment group was examined by Stu-
dent’s -test and P values less than 0.05 were taken
as significant.

RESULT

Influence of imipramine (IMI), electroconvulsive
shock (ECS) on the level of systolic blood pressure
(SBP), diastolic blood pressure (DBP) and heart
rate (HR) prior to (+ )dobutamine and salbutamol
administration
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Fig. 1. Effect of 3 g intracerebroventricular (i.c.v.) injection of (+)dobutamine on the recording of heart rate (HR),
dp/dt of femoral artery (FA) and blood pressure (BP) in butomamine-pretreated rats.
Butoxamine 1 ug i.c.v. was treated 10 min before. BP was directly estimated via femoral artery.

Before drug treatment in anesthetic state, we Table 1I. Effect of imipramine (IMI), electroconvulsive
observed the basal level of DBP, SBP and HR shock (ECS) or reserpine on the chronotropic
(Table I). As the table indicates, they showed the action induced by (+)doubtamine intracere-
decrease in reserpinized group (S mg/kgi.p., 24 hr broventricular (i.c.v.) administration in anes-
before), but not in 4 groups /.e. acute IMI (20 mg/ thetized rats
kg i.p. 3-5 hr before), chronic IMI (same dose, N .
twice a day for 14 days), single ECS (for 1 sec, Group n Increase of HR (beats/min)

lug 3ug
Effect of imipramine (IMI) and electrocovulsive Control 6 18.0+1.1 35.0+ 2.0
shock {EC:S”) on cardiovascular response by (+ )do- Acute IMI 6 25.8+4.6 43.3+10.1
butamine i.c.v. .

In order to seek the pur central #,-receptor ef- Chronic IMI 6 1.20.9% 6.6+ 6.2%*
fect of (+)dobutamine, 8,-antagonist butoxamine Single ECS 6 12.2+34 31.6+ 5.2
was administered via same route 10 min prior to Repeated ECS 6 13.6+4.9 246+ 5.6

Reserpine 7 6.4 +£4.4** 23.4+ 7.7

157 Acute IMI or chronic IMI; IMI of 20 mg/kg was intra-

—1(+)Dobutamine 1ug i.c.v.

s (+ )Dobutz ~ine 3 g i.c.v peritoneally injected 4-5 hr before of twice a day for 14

days. Single or Repeated ECS; ECS (for 1 sec, 20 Hz, 120
V) was conducted 2 hr before or once a day for 12 days.
Reserpine of 5 mg/ kg was intraperitoneally injected 24 hr
before. Each value represents mean + SEM. n; number
of rats used.

5 **: p<<0.01 (significantly different from control). But-
oxamine 1 #gi.c.v. was injected 10 min before ( + )dobut-
amine administration.
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i.c.v. of (+)dobutamine. Such treatment had lit-

IMI tle increase on BP without the change of HR, and

Fig. 2. Influence of IMI or reserpine on hypotension eli- (+)dobutamine i.c.v. of 1 or 3 ug provoked the
cited from (+ )dobutamine i.c.v. in butoxamine- increase of HR, and decrease of BP and FA dp/
pretreated rats. dt (Fig. 1 and Table II). In contrast, this posi-
Butoxamine 1 ug i.c.v. was treated 10 min before. tive chronotropic activity by (+)dobutamine ap-
Vertical bar represents mean = SEM of 6-8 experi- peared to be attenuated by reserpine treatment,

ments. **; p<<0.01. with more attenuation by chronic IMI, but not by
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Fig. 3. Effect of 3 g i.c.v. of salbutamol on the recording of HR, FA dp/dt and BP in atenolol-pretreated rats.
Atenolol 1ug i.c.v. was treated 10 min before. Experimental condition and abbreviations are the same as the des-

cribed in Fig. 1.

Table 1I1. Effect of IMI, ECS or reserpine treatment on
vasodepressive action induced by salbutamol
i.c.v. in anesthetized rat

Decrease of DBP (mmHg)

Group
leg 3ug

Control 10 10.1+2.1 20.3+£4.3
Acute IMI 6 46+1.8 13.3+3.1
Chronic IMI 5 6.31£1.5 12.5+3.6
Single ECS 5 5.0t1.6 13.4+2.5
Repeated ECS 6 3.2+1.2% 7.0+3.3*
Reserpine 7 3.0t£1.2* 9.8+2.1%*

Atenolol 1 ug i.c.v. was injected 10 min before salbut-
amol administration (1 and 3 xg i.c.v.). Each value indi-
cates mean + SEM. n; number of experiment.

* (p<<0.05), ** (p<<0.01); significantly different from
control.

acute IMI, single ECS or repeated ECS. In addi-
tion, reflex hypotension following the increase of
heart rate by (+ )dobutamine 3 xg rather than 1 ug
i.c.v. was attenuated by chronic IMI or reserpine
treatment (Fig. 2).

Effect of IMI or ECS on the hypotension provoked
by salbutamol i.c.v.

When atenolol, g,-antagonist, was treated i.c.v.
10 min before, it reduced a little HR regardless of
BP. Salbutamol 1 or 3 ug but not 0.1 or 0.3 ug
dose dependently reduced the DBP and FA dp/dt,
but increased a little HR (Fig. 3 and Table III). This
hypotension induced by sabutamol both 1 and 3 ug

307 £ Salbutamol 1ugi.c.v.
& Salbutamol 3ugi.c.v.
201 ]

% Inhibition of PP

|l

Control Repeated ECS Reserpine
(10) ) Y
Fig. 4. Effect of repeated ECS or reserpine on salbut-
amol-induced % inhibition of pulse pressure (PP)
in atenolol-pretrated rats.

Each value represent mean + SEM, and the num-
ber of ( ) means number of animals. * p <0.05.

<

i.c.v. was suppressed by repeated ECS or reserpine
treatment, and sustained the same with either acute
IMI or chronic IMI or single ECS. And the basal
pulse pressure (PP, 39.4 + 1.6) was not changed by
repeated ECS (37.6 + 1.7), or reserpine treatment
(35.8 £ 1.9). The diminution of PP by salbutamol
i.c.v. was inhibited by reserpine or repeated ECS
treatment (Fig. 4).

DISCUSSION

Mood elevation and depression, or affective di-
sorder is associated with the amine change of brain,
and the binding of 8-receptor is reduced by tricyc-
lic antidepressants'>!¥. This down regulation of -
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receptor is also displayed by ECS'%!?).

In this study from this point, to examine the in-
fluence of IMI or ECS on cardiovasccular response
by central £, or @, receptor, Butoxamine g,-an-
tagonist or atenolol g -antagonist was treated i.c.v.
10 min prior to (+) dobutamine or salbutamol,
respectively. As expected, (+ )dobutamine i.c.v.
had a tendency to increase HR, salbutamoli.c.v. to
decrease BP. This result indicates an augmentation
in the intensity of chronotropic activity, and it is
possible that this effect by (+)dobutamine or
salbutamol might be directly related to the stimula-
tion of 8- or g,-receptor.

In the group treated chronically with IMI, chro-
notropic action by (+)dobutamine i.c.v. was at-
tenuated. This result is similar to the evidence that
desipramine results in the diminution of low affini-
ty B,-receptor, but not in high affinity £,-receptor
in binding of (‘**I)-iodohydroxybenzylpindolol®?.

Interestingly, in the group given with the chronic
ECS, the hypotension of salbutamol was attenu-
ated. These results show that the selectivity of g, or
4, receptor is differentiated by IMI or ECS, respec-
tively. Previous papers showed that tricyclic antide-
pressants increase the formation of cyclic AMP in-
duced by GABA-B receptor>?, decrease those by
GABA-A receptor’”, and decrease 5-HT, recep-
tor’¥; ECS increase 5-HT, receptor® and the for-
mation of inositol phosphate®®. The papers suggest
the possibility that IMI or ECS may act characteris-
tically on different receptors. In addition, another
notion is that central £ ,-receptor regulate positively
in presynaptic sites, thereby augmenting the release
of catecholamines®”, whereas central #,-receptor is
present at postsynaptic membrane’®®. So, it was
assumed that IMI or ECS is likely to act on the cen-
tral postsynaptic or presynaptic membrane, respec-
tively. And single and chronic ECS induced convul-
sion, but hypotension by salbutamol i.c.v. produc-
ed reduction by repeated ECS. This might be be-
cause ECS increased energy metabolism and vas-
cular resistance, and blood brain barrier becomes
more panetrable'®, which will be apt to contract the
skelethal muscle in repeated treatment rather than
in single treatment.

Reserpine of 5 mg/kg was treated 24 hr to con-
firm the indirect effect on presynaptic membrane
for these cardioascular responses by (+ )dobutami-
ne or salbutamol. In this condition of depleted the
catecholamines from sympathetic nerve terminal
and adrenal medulla®**?, DBP, SBP and HR prior
to drug administration was significantly reduced
(p<0.01). In reserpinized group, hypotension by

salbutamol but not chronotropism by (+ )dobut-
amine was attenuated. This indicates that positive
feedback mechanism in presynaptic site may be
suppressed by salbutamol, and endogenous cate-
cholamines was partially involved in the hypoten-
sion. In the isolated aorta, vasodilatation was
enhanced by reserpine**?, and the chronotropic
effect in isolated heart was enhanced by cate-
cholamine or calcium exposure**), This nonspeci-
fic supersensitivity in heart was not provoked in
present study. This may be because reserpine single
treatment of our result is different from chronic
treatment, but the mechanism of action in heart re-
mains in doubt.

In present study, the hypotension of (+ )dobut-
amine was attenuated by chronic IMI treatment,
which may be due to reduction of reflex mechanism
by which chronotropic activity was already suppres-
sed. This reduction of hypotension at high dose 3
ug of (+)dobutamine was exerted in reserpine
treated group, assumed attributable to the low level
of BP and HR than other group without drug treat-
ment.

And in our result, salbutamol decrease pulse
pressure and FA dp/dt, and this reduction of the
pulse pressure was suppressed by repeated ECS.
This result was congruent with our data intrave-
nously injected (not published). The interpretation
of this is considered that hypotension results in the
reduction of venous return and left ventricular end
diastoic pressure, and consequently can decrease
cardiac output and pulse pressure. This pheno-
menon can be provoked via autonomic circula-
tion in intact state of CNS mechanism. In our
experiment of pithed rats (not published), pulse
pressure was increased by cumulative i.v. injec-
tion of salbutamol. In fact, because of low level of
BP and HR in pithed rats, we injected angiotension
IT with the same drugs. This indicates that salbut-
amol may differently act on peripheral or central
pathway, despite the interaction between salbut-
amol and angiotensin II is not elucidated.

Taken as a whole, IMI or ECS resulted in the re-
duction to HR increase by (+ )dobutamine i.c.v. or
in the reduction to decrease of BP by salbutamol
i.c.v., presumably by which the central g, or 8, re-
ceptor sensitivity may be attenuated.
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