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RAY, A., M. ALKONDON AND P. SEN. Involvement of brain transmitters in the modulation of shock-induced aggres- 
sion in rats by propranolol and related drugs. PHARMACOL BIOCHEM BEHAV 26(2) 229-234, 1987.--(_+)Propranolol 
(1, 3, 10 and 30 mg/kg) exhibited a differential effect on footshock aggression (FSA) in rats. Lower doses (1 and 3 mg/kg) of 
the drug facilitated FSA, whereas an inhibitory effect was observed with higher doses (10 and 30 mg/kg) of the same. 
(+)Propranolol (30 mg/kg) and UM-272 (1 and 10 mg/kg) as well as physostigmine (0.1 and 0.5 mg/kg) all produced 
inhibition of FSA. Similar FSA inhibitory effects were also observed with salbutamol (1 and 5 mg/kg). Pretreatment with 
atropine and not methylatropine attenuated the anti-aggressive effect of (-+)propranoloi (10 mg/kg) without appreciably 
altering the facilitatory effect (i mg/kg) of the drug on FSA. In addition, at the anti-aggressive doses, (-+)propranolol (10 
mg/kg) and UM-272 (10 mg/kg), significantly inhibited brain cholinesterase enzyme activity when compared to saline 
controls. (_)Propranolol (10 mg/kg) also inhibited significantly the aggression induced by reserpine-apormorphine treat- 
ment. It is inferred that a central cholinergic and dopaminergic mechanism is involved in the anti-aggressive effect of 
(_+)propranolol, whereas the low dose induced facilitation of affective aggression could be attributed to central 
B-adrenoceptor blockade. 

Propranolol UM-272 Cholinesterase Aggression Dopamine 

THE central effects of beta adrenergic blocking agents 03- 
blockers) have formed an important aspect of their phar- 
macological profile in recent years and the efficacy of  these 
B-blockers in CNS disorders have been clearly demonstrated 
in both clinical [41] and experimental situations. Propranolol 
and some related drugs have been reported to modify am- 
phetamine induced behavioural changes [22,26], oxo- 
tremorine tremor [4], electroshcok and metrazol convulsions 
[20,24], hexobarbitone narcosis [22] and spontaneous loco- 
motor activity [11] in experimental animals. However,  the 
mechanisms which regulate some of  tliese central effects are 
not clearly defined and do not correlate well with their ability 
to block the B-adrenoceptors. Aggression, a centrally 
mediated behavioural paradigm, is accompanied by intense 
autonomic activation and complex neurochemical mech- 
anisms have been suggested [30]. The brain biogenic amines 
are involved in its mediation [13, 27-29] and alterations in the 
levels of these amines and other transmitters are also known 
to modulate the above phenomenon. The noradrenergic sys- 
tem, in particular, contributes significantly [38] and the in- 
volvement of  B-adrenoceptors has been strongly advocated. 
In different experimental situations, B-blockers have been 

shown to attenuate, facilitate or have no effect on aggressive 
behaviour in rats [1, 19, 34, 42] and various mechanisms (in- 
cluding those involving B-adrenoceptors) have been specu- 
lated for these effects. In addition to their primary ability of 
B-blockade, drugs like propranolol are also known to possess 
ancillary properties like anti-dopaminergic [37], anti- 
serotonergic [44] and cholinomimetic effects [2--4]. In light of 
the equivocally complex nature of observations, we critically 
evaluated the influence of  propranolol and some related 
drugs on shock-induced aggression in rats with a view to 
elucidate the possible mechanisms involved in the modula- 
tion of the same by these drugs. 

METHOD 

Male albino rats (150-180 g) of Wistar strain were used for 
the study. They were maintained in the 12 hr light-12 hr dark 
cycle (lights on at 8 a.m.) and had free access to food and 
water till the morning of the day of the experiment. All ex- 
periments were performed, under blind conditions, at a room 
temperature of 22-+2°C, during evening hours of the day. 
Aggression was induced by the methods described below. 

1Requests for reprints should be addressed to Dr. A. Ray at his present address: Department of Psychology, Division of Behavioral 
Neuroscience, P.O. Box 20, St. Francis Xavier University, Antigonish, Nova Scotia, Canada B2G IC0. 
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T A B L E  1 

EFFECTS OF (±)PROPRANOLOL, SOME RELATED DRUGS, ATROPINE AND PHYSOSTIGMINE 
ON FOOTSFIOCK AGGRESSION IN RATS 

Aggressive Score (Mean _+ S.E.) 
Treatment 
(mg/kg) n* Before Drug After Drug Differencet 

Saline (5 ml) 14 60.6 ± 9.24 65.0 ± 8.98 (+) 4.4 ± 2.72 
(_+)Propranolol (P, 1) 10 82.4 ± 16.10 129.6 ± 1 7 . 5 2  (+)47.2 ± 6.95 a 
P(3) 8 63.6 ± 7.84 77.8 ± 7.92 (+)14.2 ± 3.71 
P(10) 10 89.6 ± 9.31 28.3 ± 6.55 (-)61.3 ± 6.67 a 
P(30) 8 69.3 ± 7.96 20.6 ± 2.49 (-)48.7 ± 8.29 a 
(+)Propranolol (10) 9 72.1 ± 11.92 85.6 ± 1 3 . 0 9  (+)13.5 ± 6.87 
(+)Propranolol (30) 8 75.8 ± 17.37 28.3 ± 7.12 (-)47.5 _+ 12.65 a 
UM-272 (1) 9 61.8 - 6.54 40.5 ± 8.32 (-)21.3 ± 8.44 
UM-272(10) 8 80.0_ + 5.91 38.1 ± 4.70 (-)41.9 _+ 4.27 a 
Salbutamol (1) 7 85.2 _+ 7.99 66.5 ± 5.33 (-)18.7 _+ 3.18 
Salbutamol (5) 7 92.6 _+ 9.06 62.0 ± 6.18 (-)30.6 _+ 4.07" 

Atropine (A, 1) 8 79.8 _+ 7.69 72.1 ± 6.61 ( - )  7.8 _+ 4.62 
AMN(1) 8 56.5 _+ 7.96 65.6 ± 12.87 (+) 9.1 _+ 5.57 
A + P(1) 8 90.6 _+ 10.17 131.1 ± 11.74 (+)40.5 _+ 6.98 
A + P(10) 9 83.0 _+ 7.61 66.0 ± 9.21 (-)17.0 _+ 6.84" 
AMN + P(10) 8 76.6 _+ 8.42 30.8 ± 9.08 (-)45.8 ± 7.41 
Physostigmine (0.1) 8 59.6 --- 9.85 44.0 ± 8.71 (-)15.6 ± 3.05 
Physostigmine (0.5) 8 65.7 ± 8.86 40.5 ± 2.19 (-)25.2 ± 4.89 h 

*Pairs of rats. 
t (+) and ( - )  prefixes indicate an increase or decrease in the score. 
AMN=atropine methyl nitrate. 
Overall, F(17,137)=7.95, p<0.01. 
ap<0.005; compared to saline control group. 
bp<0.05; compared to saline control group. 
cp<0.005; compared to P(10) alone--Dunnett 's t-test. 

Footshock Technique 
In this method  [27], pairs o f  rats were  foo tshocked  at a 

t ime in an aggressometer  (Techno),  which was a perspex 
chamber  ( 2 1 x 1 7 x 1 5  cm) with parallel  grid f loor  through 
which al ternate  current  could be passed by an inbuilt shock 
generator .  The  st imulation parameters  were  100 V, 0.5 mA,  5 
shocks/sec  and 5 msec pulse duration. On footshock,  the rats 
s tood up on their  hindlimbs,  apposed  each other  and ei ther  
struck at (with forepaws),  wres t led  with or  bit at (with or  
wi thout  bleeding) each other.  One strike was scored as 1, 
one  wrest l ing bout  as 2, one bite wi thout  bleeding as 3 and 
one  bite with bleeding as 4. Rats  which exhibi ted more  than 
one  such score  during one  minute exposure  to footshock 
were  sc reened  as aggressive and selected for  the study. A 
pair o f  rats were  foo tshocked  at a t ime for 3 min each,  before  
and 1 hr  af ter  saline or  drug administrat ion and the total 
score during each e lec t roshock  exposure  was counted  with 
the help of  a digital counter .  The  differences in the scores  
(before t rea tment  - after t reatment)  were  calculated for each 
t rea tment  group and compared  with the same of  the respec-  
t ive controls .  Rats  once exposed  to a part icular  t rea tment  
schedule  were  not  used again during the entire study. The  
scoring me thod  adopted  here was more object ive  in that it 
gave a be t te r  idea o f  the intensi ty o f  aggression. It has also 
been  used effect ively  in our  earl ier  studies [27-29]. Analgesia  
was tes ted by the classical  method  of  tail-flick to heated 
res is tance wire (0.5 ohm/cm at 6.5 A) with the help of  an 
analges imoter  (Techno) and the tail wi thdrawal  la tencies  
were  noted after saline or  drug administrat ion.  

Reserpine-Apomorphine Technique 

In this model  of  aggression [6] reserpine (5.0 mg/kg) was 
adminis tered 4 hr  prior  to apomorphine  (1.5 mg/kg), both 
intraperi toneal ly (IP). Groups  o f  three rats were  used at a 
t ime and placed under  an inver ted bell-jar (diameter  19 cm, 
height  34 cm) with holes at the sides and top to allow ventila- 
tion. Immedia te ly  after apormorphine  injection the rats be- 
came aggressive and fought vigorously with each other.  The 
total  fighting score for each group was quantified for a period 
o f  15 min after  apomorphine  t rea tment  in a manner  similar to 
that  adopted in the foo tshock  technique and the aggressive 
scores  o f  the drug t reated groups were  compared  to the same 
of  saline controls  for statistical significance. 

Brain Cholinesterase Estimation 

For  determinat ion o f  rat brain ChE  activi ty,  the animals 
were  killed by cervical  dislocat ion 1 hr af ter  administrat ion 
o f  ei ther  saline or  drug and the brains were  r emoved  im- 
mediately.  Each rat brain was homogenized  in 7 ml of  ice 
cold phosphate  buffer  separately at pH  8.0 and centr ifuged at 
10,000 rpm at 0°C for 10 rain. The supernatant  homogenate  
was tested for ChE  enzyme  act ivi ty colorimetr ical ly  by the 
method  of  de la Huerga  et al. [16] by using acetylchol ine 
(ACh) as substrate.  The protein content  of  the supernatant  
homogenate  was determined by the method  of  Lowry  et al. 
[25] and the ChE  enzyme  act ivi ty was expressed  as the 
number  o f / , m o l s  of  ACh hydrolysed per  mg of  protein per  
hr. 
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TABLE 2 
EFFECT OF PROPRANOLOL ON TAIL-WITHDRAWAL LATENCIES 

IN RATS 

Tail-Withdrawal 
Treatment Latencies (sec) 
(mg/kg) (mean ± S.E.)* 

Saline (5 ml) 6.4 - 0.43 
(-+) Propranolol (P, 1) 5.7 - 0.35 (N.S.) 
P(3) 6.6 +- 0.20 (N.S.) 
P(10) 6.1 --- 0.81 (N.S.) 
P(30) 7.7 _ 0.66 (N.S.) 

*n=7 per group. 
N.S.: Not significant compared to saline control (Dunnett's 

t-test). 

TABLE 4 
EFFECT OF (_)PROPRANOLOL AND UM-272 ON RAT BRAIN 

CHOLINESTERASE (ChE) ENZYME 

ChE Enzyme 
Activity (/zmols of 

ACh Hydrolysed/mg 
Treatment protein/hr) 
(mg/kg) n (Mean ± S.E.) 

Saline (5 ml) 8 2.3626 ± 0.1711 
(±)Propranolol (1) 7 2.2940 _ 0.1264 
(-)Propranolol (10) 8 1.8446 _ 0.0805 a 
UM-272 (10) 8 1.8410 ± 0.1495 a 

Overall, H(3)=7.99, p<0.05 (Kruskall-Wallis test). 
ap<0.05 (compared to saline control, Mann-Whitney U-test, two- 

tailed). 

TABLE 3 
EFFECT OF (-+)PROPRANOLOL ON RESERPINE-APOMORPHINE 

AGGRESSION IN RATS 

Treatment Aggressive Score 
(mg/kg) n* (Mean _+ S.E.) 

Saline (5 ml) 9 329.7 ± 87.10 
(±Propranolol (1) 8 303.8 ± 75.10 
(_+)Propranolol (10) 8 26.3 ± 18.10 a 

*Number  o f  groups with 3 rats per group (see the Method section). 
Overall,  H(2)= 19.2, p<0.001 (Kruskall-Wallis test). 
ap<0.05 (compared to saline control, Mann-Whitney U-test, two- 

tailed). 

Drugs 

The drugs used in the study were: (-)Propranolol HCI 
and (+)propranolol HC1 (both from ICI), UM-272 (G. D. 
Searle and Co.), physostigmine salicylate, atropine salicylate 
and reserpine (all from Boehringer-Ingelheim) and apomor- 
phine HCI, atropine methyl nitrate and 5-hydroxytryptophan 
(all from Sigma). All drugs (doses calculated as free bases) 
were dissolved in physiological saline except reserpine, 
which was dissolved in minimal quantity of glacial acetic 
acid and diluted to appropriate volume after neutralising with 
0.1 N NaOH to achieve a pH of 6.0 and apomorphine, which 
was dissolved in 1% ascorbic acid and diluted with saline for 
volume. The drugs were administered IP in a volume of 5 
ml/kg except atropine and atropine methyl nitrate (AMN) 
which were given subcutaneously. The pretreatment time for 
the drugs under investigation was 1 hr except for 
5-hydroxytryptophan (5-HTP), where it was 2 hr. 

The statistical analysis was done by one way ANOVA 
followed by Dunnett 's t-test for post-hoc comparisons for 
the data of the footshock method. The results of reserpine- 
apomorphine method and brain cholinesterase estimation 
were analysed by Kruskal-Wallis one way ANOVA for 
non-parametric data followed by Mann-Whitney U-test 
(two-tailed) for comparison between means. A p value of 
0.05 or less was considered to represent a significant differ- 
ence within and between treatment groups in all experi- 
ments. 

RESULTS 

(_+)Propranolol produced a dose related effect on foot- 
shock aggression (FSA) in rats. In lower doses (1 and 3 
mg/kg) there was an enhancement in the FSA score when 
compared to the saline control values, the effect of  1 mg/kg 
being statistically significant (p<0.005), Dunnett 's t-test), 
(Table 1). On the other hand, in higher doses (10 and 30 
mg/kg) there was an appreciable reduction (p<0.005) in the 
fighting score when compared to the controls. However, at 
the dose of  30 mg/kg, (_)propranolol treated rats showed 
clear signs of motor incoordination and were unable to main- 
tain their normal posture prompting us thereby to exclude 
this dose for further studies with the drug. The dextro isomer 
of propranolol (10 mg/kg) did not produce any significant 
effect on FSA but (+)propranolol (30 mg/kg) effectively 
inhibited FSA (o<0.005) and no signs of  motor incoordina- 
tion, described earlier, were observed. UM-272 (1 and 10 
mg/kg), an analog of  propranolol, also reduced FSA at both 
dose levels, the results with 10 mg/kg being statistically sig- 
nificant (/,<0.005). The fl-adrenergic agonist, salbutamol (1 
and 5 mg/kg) also inhibited FSA, but the effect of  the latter 
dose being significant (/9<0.05) when compared to saline 
controls (Table 1). In the subsequent interaction studies with 
(-+)propranolol, doses of 1 and 10 mg/kg of  the drug were 
selected. 

Pretreatment with atropine (1 mg/kg) significantly antag- 
onized the inhibitory effect of  (-+)propranolol (10 mg/kg) on 
FSA without altering appreciably the facilitatory effect ob- 
served with 1 mg/kg of  the beta blocker (Table 1). Atropine 
methyl nitrate (MAN), however, failed to alter the FSA at- 
tenuating ability of  (-+)propranolol (10 mg/kg). Both atropine 
and AMN, per se, had no significant effect on FSA when 
compared to saline controls (p>0.05). In addition, physo- 
stigmine (0.1 and 0.5 mg/kg) also lowered FSA scores, the 
effect with 0.5 mg/kg being statistically significant (p<0.05, 
Dunnett 's t-test). At these dose levels, however, no exag- 
gerated cholinergic signs like hypersecretion or tremor were 
observed. (-+)Propranolol (10 mg/kg) also could not antago- 
nize significantly the facilitation of  FSA induced by 5-HTP 
(10 mg/kg, IP) when compared to the appropriate saline con- 
trols (the differences in FSA being: saline + 5-HTP, 
46.4-+13.82 vs. propranolol + 5-HTP, 41.7-+7.08, n=8 in 
each case, p>0.05, Student's t-test). At the doses used in 
this study, (-+)propranolol did not modify significantly 
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(p>0.05, N.S.), the nociceptive responses as measured by 
the classical tail withdrawal latency, when compared to 
saline controls (Table 2). 

In the aggression induced by combination of reserpine- 
apomorphine treatment (RAA), (±)propranolol (10 mg/kg) 
pretreatment significantly inhibited the RAA score when 
compared to saline controls (p<0.05; Mann-Whitney U-test, 
two-tailed) (Table 3). The lower dose of 1 mg/kg of this drug 
however, had no appreciable influence on this model of ex- 
perimental aggression. 

(±)Propranolol (10 mg/kg) pretreatment significantly 
inhibited ChE enzyme activity of rat brain homogenates in 
vivo (p<0.05) (Table 4) whereas a dose of 1 mg/kg was inef- 
fective in this regard. Similar inhibition of rat brain ChE 
activity was also observed with UM-272 (10 mg/kg) treat- 
ment, when compared to saline controls (p<0.05). 

DISCUSSION 

The results of the present study clearly indicate a dose 
related effect of (_)propranolol on footshock aggression 
(FSA) in rats. An anti-aggressive effect was observed with 
higher doses (10 and 30 mg/kg) of this drug and was evident 
in both footshock and reserpine-apomorphine (RAA) models 
of aggression (Tables 1 and 3). The most logical assumption 
would be that this anti-aggressive effect was a result of pro- 
pranolol's ability to block the central B-adrenoceptors (the 
primary property of the drug) as this drug readily crossed the 
blood brain barrier and this has been suggested by earlier 
investigators [19, 34, 42]. But the observation that 
(+)propranolol (30 mg/kg) (50 times less potent as a 
B-blocker) [12] also antagonized FSA significantly (Table l) 
suggests that B-blockade was possibly not the only prerequi- 
site for this effect. This contention was reaffirmed when 
UM-272 (1 and 10 mg/kg), an analog of propranolol with no 
B-blocking ability [33] also inhibited FSA. The fact that a 
higher dose of (+)propranolol (30 mg/kg) was required to 
antagonize FSA, could possibly be attributed to lesser pene- 
trability of the drug into the CNS [23]. 

Cholinergic involvement in neuropsychiatric disorders 
has been suggested [14,40] and cholinomimetic drugs have 
been found to be effective in antagonizing experimental 
models of such states [9,15]. In view of the intricate balance 
existing between the sympathetic and parasympathetic di- 
visions of the autonomic nervous system, suppression or 
blockade of one could result in increased activity of the other 
and such a possibility could not be ruled out in the case of 
adrenergic blocking agents like propranolol. In fact, the role 
of cholinergic system in the pharmacological actions of pro- 
pranolol has been well documented in our laboratory [3--5] 
and it has been shown that (±)propranolol and related drugs 
inhibit the cholinesterase enzyme [2,36]. On the basis of the 
above observations the involvement of a cholinergic mod- 
ulation in the effect of propranolol could well be speculated. 
The fact that atropine and not AMN (a quaternary analogue 
of atropine, with poor CNS access), in the present study, 
significantly antagonized the FSA reducing effect of 
(_+)propranolol (10 mg/kg) (Table 1), suggested a central 
cholinergic involvement in the anti-aggressive effect of the 
drug. This was further supported by the observation that 
physostigmine, a centrally acting cholinesterase enzyme in- 
hibitor, also inhibited FSA significantly. Finally, our in vivo 
studies with (±)propranolol and UM-272 (10 mg/kg) on rat 
brain homogenates, clearly showed the ability of both these 
drugs to inhibit rat brain ChE enzyme significantly (Table 4), 

thereby strongly indicating a cholinergic link in this anti- 
aggressive effect of (±)propranolol. Earlier studies have 
indicated a facilitatory cholinergic mechanism in the mod- 
ulation of shock-induced aggression [32]. However, our re- 
sults were not in agreement with the above contention. In 
fact, in the present study, atropine pretreatment failed to 
alter the FSA potentiating effect of (_+)propranolol (1 mg/kg) 
(Table 1). In addition, at this dose level, the B-blocker could 
not significantly enhance brain ACh activity by way of ChE 
enzyme inhibition (Table 4). 

The role of pain sensitivity in the modulation of shock- 
induced aggression by drugs has been reported [18,31] and 
this could well have contributed to the effect of (±)pro- 
pranolol on FSA. But the observation that (±)propranolol, at 
the doses used, did not alter the tail withdrawal latencies 
significantly when compared to saline controls (Table 2) 
ruled out the involvement of any possible nociceptive com- 
ponent in the propranolol effect. 

Dopamine (DA) and serotonin (5-HT) have been impli- 
cated as modulatory neurotransmitters in footshock aggres- 
sion [29]. Though the facilitatory role of DA in the modula- 
tion of FSA has been widely acclaimed, the reports with 
5-HT, however, are equivocal. Some investigators have 
suggested an inhibitory role of this amine [35], whereas 
others have found no appreciable modulatory role for the 
same [43]. In contrast to these findings, reports from our 
studies [29] as well as others [7] have suggested a clearcut 
facilitatory role of 5-HT is this model of aggression. The 
ambiguity in the findings could be explained, at least in part, 
by the wide variation in experimental situations in which 
these effects were assessed by several workers. However, 
propranolol has been reported to possess both anti-DA [37] 
and anti-5-HT [44] effects. In fact, (±)propranolol (10 mg/kg) 
significantly antagonized the aggression induced by 
reserpine-apomorphine treatment. A dopaminergic mech- 
anism is known to mediate this model of drug-induced ag- 
gression (as DA blockade nullified it) [6] and an anti- 
aggressive effect produced by (-)propranolol suggested that 
an anti-DA effect could also be involved in this effect of the 
drug. This contention is supported by the fact that 
B-blockers like propranolol have been reported to modulate 
other central effects mediated via dopaminergic mechanisms 
in the brain [22,26]. On the other hand, inability of 
(±)propranolol (10 mg/kg) to alter significantly the facilita- 
tion of FSA induced by 5-HTP (which is blocked by anti-5- 
HT agents [29]), ruled out the involvement of 5-HT receptor 
blockade in this aggression inhibiting effect of propranolol. 

The observation that lower doses (1 and 3 mg/kg) of 
(-)propranolol facilitated FSA (Table l) was interesting. 
Noradrenaline (NA) has been reported to be the tonic inhibi- 
tory transmitter in this form of aggression [13, 28, 29] though 
there are reports to the contrary [19]. The central 
fl-adrenoceptor population is also known to be altered by 
modulating the NA levels in the brain [10,45], suggesting that 
NA could be the transmitter at these (t3) receptor sites. Also 
lesions of locus coeruleus (an area rich in NA neuronal cells) 
[21 ] and intracerebroventricular administration of 
6-hydroxydopamine [17,39] have been shown to faciliate 
FSA. The inhibitory role of NA was further supported by the 
observation, in the present study, that the B-adrenergic 
agonist, salbutamol (1 and 5 mg/kg) inhibited FSA (Table 1) 
and could indicate the possible involvement of Bz- 
adrenoceptors in this effect, though further studies would be 
needed to substantiate this. In view of the above, it is likely 
that the blockade of central B-adrenoceptors by the lower 
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doses  of  (_+)propranolol (1 and 3 mg/kg), would  result  in an 
enhancement  o f  F S A  (through disinhibition) by producing a 
functional  def ic iency o f  N A  at these receptor  sites. The fact  
that this effect  was not  obse rved  with higher doses  of  
(_+)propranolol could be  at tr ibuted to the predominance  of  

o ther  mechanisms,  viz. chol inomimet ic  and anti-DA, in- 
vo lved  at these dose levels .  Also,  the failure to get  a similar 
enhancement  o f  R A A  with (_+)propranolol (Table 3) is not  
unexpected ,  since the noradrenergic  tone could already be at 
a low ebb as a result  o f  reserpine pre t reatment .  
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