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KEIM, K. L. AND E. B. SIGG. Plasma eorticosterone and brain eatecholamines in stress: effect of psychotropic drugs. 
PHARMAC. BIOCHEM. BEHAV. 6(1) 79-85 ,  1977. - -  In nonstressed rats, subcutaneous administration of haloperidol 
(HAL) and large doses of diazepam (DZ) increased plasma corticosterone (CS). Hypothalamic norepinephrine (NE) was 
lowered significantly by desmethylimipramine (DMI), HAL and, to a lesser extent, by DZ and phenobarbital (PHB). In rats 
pretreated with either DZ, DMI, HAL or PHB the restraint-induced rise of CS was diminished, DZ being most potent. CPZ 
had a variable effect, slightly increasing or decreasing the CS response. Pretreatment (16 hr) with pargyline (PA) did not 
affect the CS rise to stress. The reduction of hypothalamic NE evoked by restraint was attenuated by DZ, and to a lesser 
extent, by PHB and HAL. Restraint of PA-treated rats did not lower the PA-elevated hypothalamic NE. The stress-induced 
increase in hypothalamic dopamine was prevented by CPZ and, partially, by PHB. It is emphasized that the net plasma CS 
and brain catecholamine changes in response to stress are dependent on the drug-induced neuroendocrine feedback state 
prevalent immediately before commencement of the stress procedure. 

Stress Corticosterone Brain catecholamines Antidepressants Neuroleptics 
Tranquilizers Hypothalamus 

IT HAS been  p roposed  t ha t  the  res t ing secre t ion  of  
a d r e n o c o r t i c o t r o p i n  h o r m o n e  (ACTH)  is m o d u l a t e d  by  
cent ra l  b iogenic  amines  in f luenc ing  those  h y p o t h a l a m i c  
cells wh ich  p roduce  c o r t i c o t r o p i n  releasing h o r m o n e .  Cate-  
cho lamines  as well as i ndo l am i nes  have been  impl ica ted ,  
and  it  is still d e b a t e d  w h e t h e r  one  or more  amines  are 
involved in the  basal,  c i rcadian and  s t ress-evoked secre t ion  
of ACTH. Moreover ,  it r emains  con t rovers ia l  w h e t h e r  the  
amines  exer t  an i n h i b i t o r y  [12 ,37]  or fac i l i t a tory  [5 ,27]  
ac t ion  on  basal ACTH secre t ion.  It  is also c la imed tha t  
b ra in  amines  play no  s ignif icant  role in the  con t ro l  of  
ACTH secre t ion  [ 1 ,8] .  

In con t r a s t  to  the  u n c e r t a i n t y  of  a b iogenic  amine  
con t ro l  over res t ing ACTH secre t ion ,  the  s t ress- induced 
release of  ACTH is cons i s t en t ly  associa ted wi th  a decrease 
in cerebra l  n o r e p i n e p h r i n e  (NE) and  an increase  in its 
t u rnove r  (see [37]  for  references) .  Minor  t ranqui l izers  no t  
only  p reven t  the  s t ress-evoked increase in p lasma corti-  
cos te rone  (CS) [ 19] bu t  also inh ib i t  the  acce le ra t ion  of NE 
tu rnove r  [22 ,281 .  However ,  s tudies  wi th  o t h e r  psycho-  
active agents  k n o w n  to  a f fec t  aminerg ic  mechan i sms ,  e.g. 
ch lo rp romaz ine ,  have resul ted  in cont rovers ia l  data  con-  
cerning the i r  ef fects  on  the  p i tu i t a ry -ad rena l  axis [ 9 ] .  

The  aim of  this  s t udy  was to exam i ne  the effects  of  
r epresen ta t ive  psychoac t ive  drugs on  s t ress - induced  changes  
in p rosencepha l ic  n o r e p i n e p h r i n e  and  d o p a m i n e ,  and  on 
p lasma CS as an index  of  ACTH secre t ion .  In par t ,  we also 
sought  to  f u r t he r  e luc ida te  the  possible  physio logica l  
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associa t ion  b e t w e e n  cent ra l  c a t echo l amines  and  ACTH 
secre t ion  in c o n t i n u a t i o n  of  our  earlier work  [ 17 ,33] .  

METHOD 

Male Sprague-Dawley rats  were housed  individual ly  for  
two  weeks af te r  they  had  been  received at 4 4 - 5 5  days of 
age. Food  and  wate r  were available ad lib, and the  animals  
were kep t  in an isola ted r o o m  wi th  regula ted  t e m p e r a t u r e  
(23°C) ,  h u m i d i t y  and i l lumina t ion .  The light pe r iod  was 
f rom 0600  to 1800 hr.  The b o d y  weight  of the  rats  was 
a p p r o x i m a t e l y  295 g at  the  t ime of  e x p e r i m e n t a t i o n .  

Res t ra in t  stress was e f fec ted  by placing a rat  in a plast ic 
cy l inder  of  7 cm dia. and of  variable length .  Adequa t e  
ven t i l a t ion  was p rov ided  by means  of  holes  in the  sides and 
f ron t  end  of  the  tube .  The  res t ra in t  du ra t i on  was 30 min.  

The  e x p e r i m e n t a l  design was as follows: each experi-  
m e n t  ut i l ized 56 rats. Each drug was evaluated  at th ree  
doses and  c o m p a r e d  to appropr i a t e  cont ro ls .  A basal 
con t ro l  group (n = 8) was inc luded  in each and  was killed at  
0800  hr ,  which  was zero t ime  for the  fo l lowing s u b s e q u e n t  
e x p e r i m e n t a l  procedures .  The remain ing  48 expe r imen t a l  
rats  were divided in to  a nons t ress  and  a stress group.  Each 
of these  two groups  was fu r t he r  divided in to  four  subgroups  
of  6 rats  each. One subgroup  was in jec ted  wi th  an  
appropr i a t e  p lacebo,  and  the  r emain ing  th ree  subgroups  
received d i f fe ren t  doses of  the  tes t  drug. Fo l lowing  injec- 
t ion  of e i the r  p lacebo  or drug, rats  were r e t u r n e d  to the i r  
h o m e  cages and  left  u n d i s t u r b e d  for  1 hr. At  this  t ime,  the  
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rats in the nonstress group were killed to de termine  
whether  the drugs, per se, altered the prestress resting 
hormone  levels. The rats in the stress group were then 
restrained for 30 min and decapi ta ted immedia te ly  there- 
after. 

Trunk blood was col lected through sil iconized funnels 
into tubes which conta ined 14 mg EDTA. Plasma was 
obtained by centr i fugat ion (3000 rpm for 20 rain at 4°C) 
and was frozen. The brain was rapidly removed from the 
skull and placed on ice. Two parts were dissected f rom the 
ice-cooled brains: the te lencephalon,  which consisted of  the 
frontal  pole anter ior  to the caudate-putamen complex  
(mean sample weight 191.2 -+ 7.6 mg), and the hypo-  
thalamus which was represented" by a tissue block extending 
f rom behind the chiasma to the mammil lary  nucleus,  the 
lateral borders being approximate ly  2 mm from the midline 
and the dorsal border  just  above the arcuate nucleus (mean 
sample weight 102. 6 -+ 9.8 rag). Fol lowing weighing, the 
samples were homogenized  in 0.4 N perchloric  acid and 
frozen. 

Norepinephr ine  (NE) and dopamine (DA) eluates were 
prepared according to the me thod  of  Horst  et al. [16] .  
Supernatants  of  the tissue homogenates  were obta ined on 
the day of  assay, and the specific catecholamines  were 
differential ly eluted f rom a Dowex AG50W-X4 (Na + form) 
column. A standard curve was determined with each assay. 
Recovery of  both  catecholamines  was consistent ly be tween  
70 and 80%. NE and DA were determined f luorometr ica l ly  
according to the me thod  of  Laverty and Sharman [ 21 ]. 

Plasma CS was assayed according to the spectrof luoro-  
metr ic  me thod  of  Mattingly [25] with minor  modif icat ions  
[17] .  A CS standard curve was prepared on each assay day. 
Recovery was no t  less than 80%, and precision was greater 
than 95%. The in vi tro reactivi ty of  the adrenal to ACTH 
(Cortrosyn,  Organon) was measured by assaying CS (ng 
CS/mg adrenal /2  hr) released f rom adrenal fragments  as 
previously described [ 17].  

The following drugs were administered subcutaneously  1 
hr prior to the sacrifice of  the nonstress group and the 
c o m m e n c e m e n t  of restraint  of the stress group: desmethyl-  
imipramine hydrochlor ide  (DMI), ch lorpromazine  hydro-  
chloride (CPZ), haloper idol  (HAL),  diazepam (DZ), and 
phenobarbi ta l  sodium (PHB). Pargyline hydrochlor ide  (PA) 
was administered in t raper i toneal ly  16 hr before restraint. 
When appropriate ,  the drug dose was calculated in mg of its 
salt. DZ was used as the commercia l ly  available injectable.  
A 0.1% solut ion of  HAL was prepared in a mix ture  of  0.1 N 
HC1, absolute ethanol ,  and water in a volumetr ic  ratio of  
1:2:100. The drugs were injected in a constant  vo lume of 1 
ml/kg body weight,  except  for 10 mg/kg DZ which was 
administered at 2 ml/kg. Saline served as the vehicle control  
except  for the exper iments  with HAL and DZ in which 
acidified ethanol-saline and the commerc ia l  vehicle were 
used respectively.  (Commercia l  vehicle: each ml contains 
benzyl a lcohol  0.015 ml, ethyl  alcohol 0.1 ml, propylene  
glycol 0.4 ml, sodium benzoate  48.8 mg benzoic acid 1.2 
rag, water for inject ion qs 1 ml, pH = 6,55.) 

Statistical differences in hormone  or ca techolamine  
concent ra t ion  be tween the means of  placebo-treated and 
drug-treated groups from nonstressed and stressed animals 
were determined by an unpaired Student ' s  t-test. Sets of  
three t-tests (placebo vs each one of  three different  doses of  
each drug) were carried out  so that  the overall significance 
was set at 0.06. However ,  to provide an est imate of signifi- 
cance within any single t analysis, the probabil i ty  level was 

adjusted to 0.02 according to Bonferroni  t statistics for 
s imultaneous statistical inference [26] .  Thus, a difference 
with p < 0 . 0 2  was regarded as significant. 

RESULTS 

The subcutaneous  adminis t ra t ion of  various placebos 
(saline, acidified ethanol-saline and DZ vehicle) elicited a 
small stress response in rats. CS often doubled 1 hr after 
adminis t ra t ion f rom the basal range of  4.7 5.5 ugh .  
Simultaneously,  hypotha lamic  NE decreased by an average 
of 11% from a basal range of  1 . 8 7 - 2 . 2 5  ug/g. In 4 of  the 5 
exper iments  in which DA was determined (DA was not  
measured in the DMI exper iment) ,  vehicle administrat ion 
did not  significantly alter the DA conten t  when compared  
to the basal range of  0 . 4 1 - 0 . 5 5  ug/g; in one exper iment  
hypotha lamic  DA was significantly reduced. In 3 of  6 
exper iments  telencephalic  NE was unaffected by vehicle 
adminis t ra t ion while it was reduced in the remaining 3 
experiments .  The magnitude or f requency of  the observed 
changes did no t  depend upon a particular placebo. 

When placebo-treated rats were restrained for 30 min, 
marked changes in all biochemical  parameters occurred. 
Pooling data f rom tile individual exper iments ,  plasma CS 
increased by approximate ly  700%. Hypotha lamic  NE and 
telencephalic NE decreased 33%, whereas hypotha lamic  DA 
rose 28%. The difference in values between the placebo- 
treated, nonstressed and the placebo-treated,  stressed rats 
represented the control  response to restraint and was used 
in the evaluation of  the psychoactive drugs. Since altera- 
tions in telencephalic NE were qualitatively similar to 
changes in hypotha lamic  NE, the telencephalic data are, 
though described in the text ,  not  illustrated. 

A n tidepressan ts 

DMI, in doses of  3, 10 and 30 mg/kg SC, did not  raise 
plasma CS in nonstressed rats more than that  of a saline 
placebo. However,  the restraint stress-induced increase in 
CS was significantly a t tenuated  by 10 and 30 mg/kg DMI 
(p<0.01 and p < 0 . 0 2  respectively,  each d f  = 12; Fig. 1). At 
all three doses, DMI significantly reduced hypotha lamic  NE 
(Fig. 2) and telencephalic NE in rats kept  in their home  
cage for 1 hr fol lowing the injection.  The stress-induced 
deplet ion of hypotha lamic  NE in placebo- and DMl-treated 
rats was the same. 

A 16 hr p re t rea tment  with PA, administered at a dose of 
100 mg/kg IP, raised plasma CS 2.5 t imes over placebo- 
treated controls  (Table 1). The stress-evoked CS increase in 
PA-pretreated rats was not  different  from that  of  vehicle- 
treated rats. The monoamine  oxidase inhibi tor  increased 
hypotha lamic  NE and DA (p<0.001 ,  each dr= 9) as well as 
telencephalic NE in the nonstressed rat. Thir ty rain of  
restraint had no effect  upon these elevated amine levels. 

Neurolep tics 

When compared  to vehicle inject ion,  CPZ (1, 3 and 10 
mg/kg SC) did not  change plasma CS significantly in the 
nonstressed rat. CPZ showed a trend for a dose-dependent  
increase in plasma CS evoked by restraint;  but only the 
highest dose was significantly different  from the vehicle- 
treated stress group (p<0.02 ,  (If = 10, see Fig. 1). In the 
nonstressed rat, hypotha lamic  NE and DA as well as 
telencephalic NE remained statistically unchanged when 
compared  to the appropriate  controls  (Figs. 2 and 3). CPZ 
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FIG. 1. Effect of psychotherapeutic drugs on basal and stress-induced plasma corticosterone in rats. 
Ordinate: plasma CS in ~g/100 ml; Abscissa: log dose of the drugs. Narrow diagonal band (bottom): 
basal plasma CS _+ SEM; Stippled band (middle): plasma CS + SEM in placebo-injected, nonstressed 
rats; Crosshatched band (top): plasma CS +_ SEM in placebo-injected rats after 30 min restraint. Solid 
lines connect data points representing mean plasma CS + SEM after stressing rats pretreated with 
various drugs. Interrupted lines indicate the mean plasma CS ± SEM obtained when the corresponding 
drugs were administered to rats without subsequent exposure to restraint stress (home cage effect). 
The vertical bars indicate the standard error of the mean. A------A haloperidol (HAL); o - - - ~  
chlorpromazine (CPZ); o - - - o  diazepam (DZ); * - - - *  desmethylimipramine (DMI); . - - - .  

phenobarbital (PHB). 

T A B L E  1 

P A R G Y L I N E  ( P A )  A N D  R E S T R A I N T  S T R E S S  

Plasma CS Hypothalamic NE Hypothalamic DA 

/¢g% p.g/gm p.g/gm 

basal level 5.9 + 0.2 2.05 + 0.09 0 .48 + 0.01 

vehicle + nonstress 6.4 -+ 0.5 1.96 + 0.05 0 .48  -+ 0 .04  

PA + nonstress 15.4 _+ 5.3 :5.45 -+ 0.15 0 .89 -+ 0 .06  

vehicle + stress 57.9 + 4.5 1.72 + 0.14 0 .65  -+ 0 . 0 4  

PA + stress 56.4 + 4.1 5.55 + 0 . 0 4  0 .85 -+ 0 .05  

had no effect  on the restraint stress-induced deplet ion of  
hypo tha lamic  NE (Fig. 2) or te lencephal ic  NE. Al though 
there was a defini te  t rend toward prevent ing the stress- 
induced increase in hypo tha lamic  DA (Fig. 3) it was only at 
the lowest  dose that CPZ was significantly effect ive 
(p<0 .02 ,  dr= 9). 

HAL caused a dose-dependent  increase in resting plasma 
CS to a level of  27.6 ug% at the highest dose of 1 mg/kg. At 
this dose the stress-induced rise of  plasma CS was dimin- 
ished by 22%. This reduct ion  was statistically significant 
(p<0.01 ,  dr= 10; Fig. 1). Hypotha lamic  NE was diminished 
by HAL in rats kept  in the home  cage for 1 hr reaching 
significance at the highest dose (p<0.01 ,  df = 10; Fig. 2). 
Hypotha lamic  DA conten t  was no t  significantly decreased 
by HAL (Fig. 3). The stress-induced decrease of  NE tended 

to be diminished by HAL in doses of  0.2 and I mg/kg, 
a l though the values did not  statistically differ from those 
obtained f rom vehicle- treated animals. Also, the stress- 
induced increase in DA was no t  significantly altered by 
HAL (Fig. 3). 

Repeat ing the exper iment  with the neurolept ics  using 
only the highest dose of  CPZ and HAL (i.e., 10 and 1 
mg/kg SC, respectively) the initial results were essentially 
.confirmed except  that the potent ia t ing  effect  of CPZ on 
the plasma CS response to restraint did not  occur. 

Minor Tranquilizers 

At doses of  1 and 5 mg/kg SC, DZ did not  affect  plasma 
CS significantly in animals kep t  in their home  cages; 
however,  a rise to 23 ug% was observed 1 hr fol lowing an 
inject ion of  10 mg/kg (p<0.05 ,  df = 7). The restraint- 
induced increase in plasma CS was progressively diminished 
with increasing doses of DZ, significantly a t tenuat ing the 
CS response at doses of  5 and 10 mg/kg (p<0.01 ,  p < 0 . 0 0 1 ;  
each df  = 10; Fig. 1). DZ, in all doses tested tended to 
reduce the NE con ten t  of  the hypotha lamus ,  but this never 
reached a statistical difference (Fig. 4). Fol lowing DZ, 
hypotha lamic  DA (Fig. 5) and telencephalic  NE did not  
differ f rom that  of  controls.  DZ at 5 and 10 mg/kg 
prevented the stress-induced reduct ion  of  the NE in the 
hypotha lamus  (p<0.001 and p<0 .01 ,  respectively;  each df  
= 10; Fig. 4) and in the te lencephalon (p<0 .01 ,  dr= 9). On 
the o ther  hand, the stress-evoked rise in hypotha lamic  DA 
was only slightly reduced (Fig. 5). 
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FIG. 2. Effect of psych•therapeutic drugs on hypothalamic norepinephrine. 
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FIG. 3. Effect of chlorpromazine and haloperidol on hypothalamic 
dopamine. 

Plasma CS of PHB-treated animals was not different 
from that of nonstressed, placebo-treated rats. The stress- 
induced CS response was attenuated in a dose-related 

fashion (Fig. 1), becoming highly significant at the highest 
dose (p<O.O01 ; df  = 21). In nonstressed rats 90 mg/kg PHB 
also reduced the hypothalamic NE content significantly 
(p<O.01, df  = 21) but hypothalamic DA remained unaf- 
fected at all doses studied. The stress-induced lowering of 
hypothalamic NE content was attenuated only by the 
highest dose of PHB (p<0.001, dr= 21; Fig. 4), whereas the 
restraint-evoked increase in hypothalamic DA was pre- 
vented by 30 and 90 mg/kg PHB ( b o t h p < 0 . O l , d f =  22; 
Fig. 5). 

In Vitro Reactivity o f  the Adrenal Gland to A CTH 

In order to establish that those agents which attenuated 
the stress-induced rise in plasma CS (i.e. DZ and PHB) did 
not exert their effect, at least in part, peripherally, the 
isolated adrenals from drug-treated, nonstressed rats were 
examined for their reactivity to a standard dose of ACTH. 

These experiments which are summarized in Fig. 6 show 
that the in vitro production of CS in response to 
exogenously applied ACTH in DZ and PHB pretreated rats 
did not differ from that of rats pretreated with appropriate 
placebos. However, CPZ, but not HAL significantly in- 
creased the in vitro release of CS by ACTH from the 
adrenal gland. 

DISCUSSION 

The results from this study show that the administration 
of a placebo and of several psychotropic drugs may cause 
significant changes in neuroendocrine parameters. After 
most placebo injections, plasma CS increased [3],  while 
hypothalamic and telencephalic NE decreased slightly with 
little effect on hypothalamic DA. In several instances the 
drugs caused additional changes in nonstressed animals kept 
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FIG. 6. In vitro adrenal reactivity to synthetic ACTH in adrenals 
derived from rats pretreated with centrally active drugs. 

in their  home  cage. Thus, PA (16 hr af ter  its administra- 
t ion) HAL and, in conf i rmat ion  of  others  [24] ,  large doses 
of DZ increased resting plasma CS. The observation that  
DMI and CPZ did not  alter basal CS secretion corroborates  
the finding that  only large doses of  CPZ elicit ACTH release 
[201 whereas small doses are wi thout  such an effect  [28] .  

Several of  the drugs studies also altered the central 
monoamine  conten t  in non-stressed rats. The marked 
increase in amines fol lowing PA has been described before 
[23] .  The d iminut ion of  hypotha lamic  NE by DMI does 
not  cor robora te  results of  others [31] who have measured 
NE 6 hr  after adminis t ra t ion vs 1 hr in our exper iment .  
CPZ, HAL and PHB are also known to decrease brain NE 
[2,6] .  The lack of  an effect  of  DZ on the NE concent ra t ion  
in the thalamic-midbrain region 5 hr after inject ion [36] is 
not  inconsistent  with our finding demonst ra t ing  an insignif- 
icant decrease of  hypotha lamus  NE 1 hr after administra- 
t ion. 

Super imposed on the effects  in nonstressed rats, the 
various p ro to types  of  psychotropic  drugs altered the 
response to stress. When a restraint stress of 30 men 
"duration was imposed on placebo-treated rats, plasma CS 
and hypotha lamic  DA increased whereas hypotha lamic  and 
telencephalic  NE decreased. These data conf i rm our earlier 
results [17] and are consistent with the finding that  
immobi l iza t ion  stress increases NE turnover  and decreases 
DA turnover  [ 7] .  

In PA-treated rats the CS response to restraint remains 
unchanged when compared  to unt rea ted  animals. Other  
stressors (e.g., ether)  are known to ei ther decrease [61 or 
increase [ 1 ] plasma CS in animals pretreated with an MAO 
inhibitor .  The restraint stress-induced bioamine alterations 
no longer  occur  after PA; the concent ra t ion  of  these amines 
in stressed rats remains as high as in the nonstressed rats. A 
possible explanat ion for the failure of restraint to release 
NE f rom the hypotha lamus  in PA-treated rats may be that  
some MAO-inhibitors  a t tenuate  synaptic transmission, as 
documented  at least for peripheral  ganglia [14,15] .  Fur- 
thermore,  ACTH release induced by electrical s t imulat ion 
of  the dorsal longitudinal  fasciculus is blocked by MAO 
inhibi t ion [ 13]. Also, the fo rmat ion  of a false t ransmit ter  
which, when released by the neurogenic stressor, diminishes 
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the response  to physio logica l  s t imul i ,  is a n o t h e r  consider-  
a t ion  [ 1 1 ] .  

The d i m i n u t i o n  of  the  res t ra in t -e l ic i ted  rise of  CS by 
DMI is c o n c o r d a n t  wi th  the  f inding t ha t  a var ie ty  of  
an t idep res san t  drugs are effect ive  in reduc ing  p lasma CS, 
elevated by expos ing  rats  to  the  presence  of dogs [ 2 9 ] .  
However ,  several an t i dep r e s s an t  drugs failed to suppress  the  
rise in p lasma CS evoked by  exposu re  to  mul t ip le  stressors 
[ 1 9 ] .  

The c o n t r a d i c t o r y  resul ts  wi th  CPZ be t ray  its mul t ip le  
act ions .  The pers i s ten t  hype r s ec r e t i on  of  ACTH induced  by 
CPZ [35]  may  be fo l lowed by s u b s e q u e n t  b lockade  of  
ACTH release in response  to f u r t h e r  stresses, possibly  due 
to the  r e d u c t i o n  of  c o r t i c o t r o p i n  releasing h o r m o n e  in the  
h y p o t h a l a m u s  [6 ] .  However,  o t h e r  inves t iga tors  [30]  claim 
tha t  CPZ, at  least  in small  doses, c a n n o t  reduce  the  ef fec t  
of  neurogen ic  stress on  ACTH release. An i n t e r p r e t a t i o n  of  
the  cent ra l  ef fects  of  CPZ on ACTH release is f u r t he r  
compl i ca t ed  by  the  increased in v i t ro  reac t iv i ty  of  the  
adrenal  gland to ACTH by p r e t r e a t m e n t  of  nons t re s sed  rats  
with  CPZ, ind ica t ing  a pe r iphera l  ad renocor t i ca l  effect .  
HAL cons i s t en t ly  decreased the  s t ress- induced CS-rise, 
w i t h o u t  having  any  ef fec t  on  the  in v i t ro  reac t iv i ty  of  the  
adrenal  gland to ACTH. This  is in ag reemen t  wi th  the  
f inding t ha t  HAL elevates s teroids  in nons t re s sed  ra t  
plasma,  bu t  decreases  the  s teroid  response  to k e t a m i n e  
[ 1 0] .  It shou ld  also be n o t e d  t ha t  HAL differs  f rom CPZ in 
regard to the  h y p o t h a l a m i c  amine  changes  occur r ing  dur ing  
res t ra in t  stress. 

The  a t t e n u a t i o n  of  s t ress -enhanced  plasma CS levels by 
PHB and DZ mus t  be cent ra l  in origin since the  in v i t ro  
reac t iv i ty  of  the  adrena l  gland f rom rats  p r e t r ea t ed  wi th  
these m i n o r  t ranqui l izers  is n o t  d i f fe ren t  f rom tha t  of  a 
p lacebo  cont ro l .  Moreover ,  DZ and,  at  the  h ighes t  dose, 
PHB preven t  the  d i m i n u t i o n  of  NE in the  h y p o t h a l a m u s  
which  occurs  dur ing  res t ra int .  This is c o m p a t i b l e  wi th  the  
obse rva t ion  tha t  m i n o r  t ranqui l ize rs  b lock  the stress- 
induced  acce le ra t ion  of  NE- tu rnove r  in the  h y p o t h a l a m u s  
[22]. 

In general ,  m a n y  p s y c h o t h e r a p e u t i c  drugs in f luence  
rest ing a n d / o r  s t ress- induced ACTH secret ion.  It  mus t  be 
cons idered  tha t  a p lasma CS increase by drugs (e.g. HAL 
and large doses of  DZ) in a nons t ressed  animal ,  may  cause 
suff ic ient  s teroid  f eedback  to in f luence  s u b s e q u e n t  ACTH 
release. Whe the r  p s y c h o t r o p i c  drug ef fec ts  can be exp la ined  

in t e rms  of  the i r  cen t ra l  ac t ion  on  m o n o a m i n e  n e u r o n s  
con t ro l l ing  ACTH release remains  diff icul t  to assess. How- 
ever, it c a n n o t  be disregarded t ha t  several drugs which  
a t t e n u a t e  the  res t ra in t  s t ress- induced r educ t ion  of  hypo-  
tha lamic  NE s imul taneous ly  reduce  the p lasma CS response.  
This is t rue  for  DZ and,  to  a lesser ex t en t ,  PHB and HAL, 
DMI being an excep t ion .  The widely d i f fe rent  pharma-  
cological  ac t ions  of  p s y c h o t h e r a p e u t i c  drugs on m o n o a m i n e  
mechan i sms  may  lead one  to p resume  tha t  these drugs may  
af fec t  neurogen ic  events  r e m o t e  f rom the  cellular subs t ra tes  
con t ro l l ing  ACTH. 

As an a l te rnat ive ,  if no t  add i t iona l  exp lana t ion ,  it mus t  
be cons idered  tha t  ca techo lamines ,  secre ted f rom the  
adrenal  medul la  dur ing  stress via ac t iva t ion  of the sympa-  
the t i c  ne rvous  sys tem and  carr ied to the  p i tu i t a ry  by the  
general  c i rcula t ion,  might  act  d i rect ly  to modi fy  ACTH 
release in rats  [ 3 8 ] .  Since it  has  been  d e m o n s t r a t e d  t ha t  the  
p s y c h o t h e r a p e u t i c  drugs used in this  s tudy  cause a d iminu-  
t ion  of  s y m p a t h e t i c  nerve act ivi ty  in some species [18,  32, 
34 ] ,  it is possible  tha t  they  d imin i sh  the  p lasma CS rise in 
par t  by inh ib i t ing  the  release of ca t echo lamines  f rom the 
adrenal  medul la  occurr ing  in response  to res t ra int .  

A s imple c lass i f icat ion of  p s y c h o t h e r a p e u t i c  drugs on 
the  basis of the i r  p r e v e n t i o n  of  s t ress- induced cort i -  
cos te rone  release is diff icult .  It has  been  r epo r t ed  tha t  
ami t r ip ty l ine ,  DZ and CPZ par t ia l ly  suppress  the rise in 
p lasma CS due to a severe, inescapable  f o o t s h o c k  [4 ] .  
O t h e r  inves t igators  [19]  have d e m o n s t r a t e d  tha t  on ly  the  
m i n o r  t ranqui l izers  p reven t  the  rise in p lasma CS in 
response  to a c o m b i n a t i o n  of  s tressors  (e.g. novel  environ-  
men t ,  noise stress, wi th  subsequen t  e the r i za t ion ) ;  this  
prevent ive  e f fec t  was no t  shared  by a var ie ty  of ant i -  
depressant  and  neuro lep t i c  drugs. While it is i m p o r t a n t  to 
charac te r ize  the ac t ion  of  drugs on basal n e u r o e n d o c r i n e  
parameters ,  the  type,  in t ens i ty  and  dura t ion  of  the  s t ressor  
are a m o n g  the  m a n y  crit ical i n d e p e n d e n t  var iables  which 
de t e rmine  the e f fec t  of  p s y c h o t h e r a p e u t i c  agents  of the 
p i tu i t a ry -adrena l  response.  
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