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Beta-adrenoreceptor stimulants such as salbutamol and clenbuterol have been reported to be effective m depressive states 
and to share many actions with classical antidepressants mammals  To further explore the antidepressant activity of these 
drugs, we investigated their effects m rats subjected to helplessness training Rats were first exposed to inescapable shock 
pre-treatment (60 shocks, 15 sec duration, 1 mA every minute _+ 15 sec) and 48 hr later, shuttle-box training (30 trials/day, 
ITI 30 sec) was imitated in order to evaluate escape and avoidance defiots Rats pretreated with inescapable shocks 
exhibited escape and avoidance defiots when tested for subsequent responding m a shuttle-box The deficits are particu- 
larly marked at the third tra,nlng session Dally IP ,njectlons of clenbuterol (total dally dose 0 5 and 0 75 mg/kg) and 
salbutamol (16 and 24 mg/kg) prevented escape deficits as did dady injections of classical antidepressants such as des~p- 
ramlne (16 and 24 mg/kg/day) and clomlpramlne (16 and 24 mg/kg/day) These data extend previous results bearing on the 
s~mdanty of action of beta receptor stimulants and tr~cychc antidepressants and further support the notion of a close 
relationship between noradrenerg~c function, more especmlly beta-adrenoreceptors, and 'helpless" behavior 

Learned-helplessness Escape deficit Antidepressants Beta-adrenoreceptors Clenbuterol 
Salbutamol Shuttle-box Rats 

L E A R N E D  he lp l e s snes s  ~s a cond i t ion  m which  e x p o s u r e  to 
an uncon t ro l l ed  ave r s lve  s t imulus  leads to a d e c r e a s e d  abd-  
~ty to e scape  fu ture  avers~ve s~tuat~ons (see r ev iew [12]) F o r  
ins tance ,  t r a m m g  rats  m a grid cage w~th inescapab le  e lec t r ic  
f o o t s h o c k s  resul t s  m a subg roup  of  a m m a i s  w h o  do not  l ea rn  
to e scape  s u b s e q u e n t  e x p o s u r e  to shocks  This  mode l ,  wh ich  
~s highly s e n s l t w e  to a n t i d e p r e s s a n t  drugs  [7, 16, 17, 19, 22], 
is inc reas ing ly  used  for  inves t iga t ing  the  m e c h a m s m s  of  ac- 
t ion of  these  agen ts  and  the  neu rob lo logy  of  dep re s s ive  ill- 
ness  [16, 17, 18] In par t icu lar ,  t ra in ing  rats  for  l ea rned  
he lp l e s sness  was s h o w n  to inc rease  the  dens i ty  o f  cen t ra l  
b e t a - a d r e n o r e c e p t o r s  [6], a change  which  Is r eve r sed  by  
drugs  (e g ,  lm lp ramme)  which  reduce  the  e scape  defici t  and  
cause  t h e m s e l v e s  down- regu la t ion  o f  the  n u m b e r  o f  be ta-  
ad rene rg lc  b ind ing  si tes (see r ev iews  [14, 20, 21]) On  the  
o t h e r  hand ,  d i rec t  b e t a - r e c e p t o r  s t imulan t s  such  as sal- 
bu t amol  and  c l enbu te ro l  were  r epo r t ed  to be  e f fec t ive  m 
d e p r e s s w e  s ta tes  and  to share  m a n y  ac t ions  wi th  c lass ical  
a n t i d e p r e s s a n t s  m a m m a l s  [9,10] In the p r e s en t  s tudy  the  
effects  of  c l enbu te ro l  and  sa lbu tamol  were  inves t iga ted  m 
rats  sub jec t ed  to he lp l e s snes s  t ra in ing  and  c o m p a r e d  to 
classical  a n t i d e p r e s s a n t  drugs  such  as c l o m l p r a m m e  and  de- 
s l p r a m m e  

~Requests for reprints should be addressed to P Soubne 

METHOD 

The  e x p e r i m e n t s  were  car r ied  out  on  male  W~star A F 
rats  (Cent re  d '61evage R Janv le r ,  F r ance )  weighing  175- 
200 g at the  beg inn ing  of  the e x p e r i m e n t s  The  an imals  were  
housed  m groups  of  10/cage u n d e r  s t anda rd  cond i t ions  room 
t e m p e r a t u r e  (21 -+ I°C), hgh t /da rk  cycle  (12 hr/12 hr),  w a t e r  
and  food ad hb  

Ines~ apable  Sho~ /, P r e - T r e a t m e n t  

Elect r ic  f o o t s h o c k s  were  d e h v e r e d  in 2 5 × 2 0 × 1 0  cm 
c h a m b e r s  wi th  Plextglas walls and  c o v e r  The  f loors  were  
s ta in less  s teel  g n d s  (1 5 cm mesh )  A c o n s t a n t - c u r r e n t  
s h o c k e r  was  used  to de l ive r  60 s c r ambled ,  r a n d o m i z e d  Ines- 
capab le  s h o c k s  (15 sec dura t ion ,  1 mA,  eve ry  minu te  -+15 
sec) to the  grid f loor ing Con t ro l  ra ts  were  p laced  for  i h o u r  
m ident ical  c h a m b e r s  bu t  no s h o c k s  were  admin i s t e r ed  In- 
e scapab l e  shock  p r e - t r e a t m e n t  was  pe r fo rmed  in the  morn-  
ing 

C o n d m o n e d  Avotdan~ e T r a m m g  

In o rde r  to eva lua te  e scape  and  a v o i d a n c e  p e r f o r m a n c e ,  
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FIG 1 Mean number of escape failures (_+SEM) during the 30 trials 
of the third daffy shuttle-box session m control rats and rats pre- 
exposed to inescapable shock 48 hours before Controls were g~ven 
sahne and rats exposed to inescapable shocks were treated ]P w~th 
sahne, clom~pramme, des~pramme, clenbuterol or salbutamol during 
5 consecunve days Escape failure refers to fadure of the rat to 
change compartments during the electric footshock (1 mA, 3 sec 
duration) The doses md=cated refer to the total dady dose rejected 
on days 2, 3 and 4 (see the Method sechon) *Indtcates that after 
pre-exposure to inescapable shocks, the response of drug-treated 
rats differs from that of sahne-treated ammals (p<O 05) 

a v o i d a n c e  t r a m m g  was  ln l tmted  48 hou r s  a f te r  i ne scapab le  
s h o c k  p r e - t r e a t m e n t  in a u t o m a t e d  two-way  shu t t l e -boxes  
(60 x 21 x 30 cm)  wi th  Plexi~;las walls  and  a f loor  cons i s t ing  of  
s ta in less -s tee l  rods  spaced  1 0 cm apar t  E a c h  shu t t l e -box  
was  d~vlded mto  two  equa l - s ized  c h a m b e r s  by  a s ta in less  
s teel  par t i t ion  wi th  a gate p rov id ing  access  to the  ad j acen t  
c o m p a r t m e n t  t h r o u g h  a 7 ×7 cm space  An ima l s  were  p laced  
singly in the  shu t t l e -box ,  a l lowed to hab i tua t e  to the  tes t  
e n v i r o n m e n t  for  5 minu te s  (for the  f irst  sess ion  only)  and  
t h e n  sub jec ted  to 30 a v o i d a n c e  trials ( inter- tr ial  in te rva ls  
be ing  30 sec) Dur ing  the  first  3 sec  of  e ach  trial ,  a light signal 
(used  as a CS) was p re sen t ed ,  a l lowing the  an imal s  to  avo id  
shock  I f  a r e s p o n s e  did not  occu r  w~thm this  per iod ,  a 1 m A  
s h o c k  (3 sec  dura t ion)  was  a p p h e d  via  the  grid f loor  If  no  
e scape  r e s p o n s e  occu r r ed  within this  per iod ,  shock  and  light 
CS were  t e r m i n a t e d  The  r e s p o n s e  ( avo idance  or  e scape)  
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FIG 2 Reversal of escape fadures by anndepressant drugs and 
beta-adrenoreceptor agomsts as a function of the number of expo- 
sures to daffy shuttle-box sesstons Escape failures are expressed as 
a % of the performance of rats subjected to inescapable shocks 
pre-treatment and rejected daffy wtlh sahne The first shuttle-box 
session was performed 48 hours after shock pre-treatment The doses 
indicated refer to the total daffy dose admm=stered to the rats on 
days 2, 3 and 4 (see the Method sect]on) ~lnd]cates that drug-treated 
rats d~ffer from sahne-treated controls at p<0  05, n s =not statis- 
tically s]gmficant The averaged number of escape failures of all 
control groups was Fwst session 200+_3 1, second session 
21 0+_2 4, third sess]on 21 2+_2 5 

requ i red  of  the  rat  was  to c ross  the  gate into the  o the r  com- 
p a r t m e n t  of  the  box  A v o i d a n c e  sess ions  were  pe r fo rmed  for  
3 c o n s e c u t i v e  days  in the  morn ing ,  and  the  n u m b e r  of  
a v o i d a n c e s  and  the  n u m b e r  of  e scape  fai lures  were  r ecorded  
sepa ra te ly  for  each  rat  No  c ross ing  r e sponse  d u n n g  shock  
d e h v e r y  was  re fe r red  to as e scape  fai lure,  c ross ing  d u n n g  CS 
p r e s e n t a t i o n  but  before  shock  onse t  was  cons ide red  as 
avo idance  

Drug Admmt stratton 

Rats  were  r andomly  t r ea t ed  accord ing  to one  of  the  fol- 
lowing p ro toco l s  (16 to 20 rats  per  group)  cont ro l s  wi th  no 
shock  were  g tven  sahne ,  expe r imen ta l  a m m a l s  with  inescap-  
able  s h o c k s  were  in jec ted  e t t he r  wtth  c lom~pramlne,  deslp-  
f amine ,  c l enbu te ro l ,  s a lbu tamol  or  sal ine The  mject~ons 
were  pe r fo rmed  dur ing  five consecu t i ve  days ,  i e , 6 hr  a f te r  
shock  p r e - t r e a t m e n t  and then ,  twice  a day in the  morn ing  (30 
m m  before  shu t t l e -box  sess ion)  and  the  a f t e rnoon  (except  
the  5tb day)  Des lp ramlne  was  g iven  at 16 mg/kg (morn ing  8 
mg/kg + af te rnoon 8 mg/kg) and 24 mg/kg (8 + 16), clomlp- 
ramlne  at 16 (8 + 8) and 24 mg/kg (8 + 16), c lenbuterol  at 0 375 
(0 125 + 0 25), 0 5 (0 25 + 0 25) and 0 75 mg/kg (0 25 + 0 5), 
sa lbutamol  at 12 (4 + 8), 16 (8 + 8) and 24 mg/kg (8 + 16) The  
g iven  doses  of  drugs  were  c h o s e n  wl thm the range  usual ly  
e m p l o y e d  m s tudies  of  t r l cychc  a n t i d e p r e s s a n t s  [7, 13, 19] or  
of  b e t a - a d r e n o r e c e p t o r  agonls ts  [4,9] 

In o rde r  to a s sess  poss ib le  ac t ions  of  b e t a - a d r e n o r e c e p t o r  
s t imula t ion  on  shu t t l e -box  p e r f o r m a n c e  per  se, one  group  of 
ra ts  (n=10)  with no  p r e - exposu re  to shocks  was  in jected 
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TABLE 1 

NUMBER OF AVOIDANCE RESPONSES (% OF CONTROLS _+SEM) 
DURING 15 MIN AT THE THIRD SHUTTLE-BOX SESSION 

Avo|dance responses 

Controls (sahne) 100 _+ 20 
Inescapable shock 

sahne 26 +_ 8 
clom~pramme 

8 + 8 mg/kg/day 10 _+ 5 
8 + 16 mg/kg/day 51 _+ 15 

des~pramme 
8 + 8 mg/kg/day 34 _+ l0 
8 + 16 mg/kg/day 20 _+ 6 

clenbuterol 
0 25 + 0 25 mg/kg/day 53 _+ 25 
0 25 + 0 50 mg/kg/day 101 _+ 30* 

salbutamol 
8 + 8 mg/kg/day 71 _+ 19" 
8 + 16 mg/kg/day 70 _+ 14" 

The averaged number of avoidance responses by the rats of all 
control groups was 8 ___ I 6 

*p<0 05 when compared with the assocmted group subjected to 
inescapable shocks and given sahne 

d,~lly with clenbuterol 0 75 mg/kg (0 25 + 0 5) and tested for 
shuttle-box responding as previously described 

Drugs were dissolved m bldlstllled water and mjected m- 
trapentoneally m a volume of 0 5 ml/100 g b w 

Between group comparisons were made with analysis of 
variance and Dunnett 's one-taded t-test 

RESULTS 

Analys~s of variance revealed that non-drugged rats pre- 
exposed to inescapable shocks exhibited significantly more 
escape fadures than controls w~th no shocks, most 
pronounced differences being observed (p<0 01 for each of 
the 4 groups) at the third shuttle-box session (Fig 1) 

In rats pre-exposed to inescapable shocks, clenbuterol 
and salbutamol induced a dose-related reduction in the 
number of escape failures (Fig 1) during the third shuttle- 
box session, animals treated with clenbuterol 0 5 and 0 75 
mg/kg/day and salbutamol 16 and 24 mg/kg/day were signifi- 
cantly different from their saline injected controls (p<0 02, 
p < 0  01, p < 0  05, p < 0  02 respectively) These changes were 
similar to those induced at the third shuttle-box session by 
tncycllc antidepressants such as clomlpramme and deslp- 
ramine Each dose regimen of each drug produced a signifi- 
cant attenuation (p<0 01) of the number of escape failures 

Since across-session variations in escape failures by 
sahne-treated shocked ammals were minimal, the data pre- 
sented in Fig 2 indicate that the ability of the 4 compounds 
to prevent escape failures developed as a functmn of the 
repetition of the injections At intermedmte doses, all com- 
pounds were statistically ineffective in reducing escape fail- 
ures at the first shuttle-box session and only clomlpramme 
and salbutamol were found to enhance (p<0 02) the ablhty of 
rats to escape from shocks during the second shuttle-box 
session At the highest doses tested, however, all com- 
pounds statistically increased the number of escape re- 

sponses from the first shuttle-box session onwards, although 
these increases were generally less pronounced than those 
observed during the last session (data not shown) 

Analysis of variance performed on the number of 
avoidance responses at the third shuttle-box sesslon mdt- 
cated a significant effect of exposure to shocks and drug 
treatment (Table 1) In particular, in rats exposed to inescap- 
able shocks, ammals treated with beta-receptor agonlsts but 
not with trlcychc antidepressants significantly differed 
(p<0 05) from saline-treated controls in their abdlty to avoid 
shock 

In addition, none of the drugs were found consistently to 
affect intertnal shuttling, nor was clenbuterol (0 75 
mg/kg/day) able to facihtate shuttle-box responding m rats 
not pre-exposed to inescapable shocks (not shown) 

DISCUSSION 

Rats subjected to 60 randomized, inescapable electric 
footshocks exhibited escape and avoidance deficits when 
tested for subsequent responding in a shuttle-box Under our 
experimental conditions, these deficits were particularly 
marked at the third shuttle-box session, when unshocked 
control rats were able to avoid a substantial number of 
shocks or exhibited few escape failures As previously re- 
ported, we found that the escape deficit was reduced in rats 
treated repeatedly with tricychc antidepressant drugs [7, 16, 
17, 19, 22] Likewise, repeated injections of clenbuterol or 
salbutamol, direct beta-adrenoreceptor agonlsts with 
antidepressant activity in humans [10], prevented escape 
deficits in the animals The deficit was affected rather specif- 
ically since stimulation of  beta-adrenoreceptors did not 
cause intertnal shuttling nor facilitate shuttle-box responding 
in animals that were not subjected to inescapable shock pre- 
treatment The greater activity of clenbuterol compared with 
salbutamol can probably be accounted for by its reported 
ability to cross the blood brain barrier more readily [15] 
These findings which further support biochemical evidence 
suggesting an intimate--though not exclusive--relationship 
between noradrenergic function [1,2] mediated through 
beta-adrenerglc receptors [6] and "helpless'" behavior de- 
serve several comments 

First, two subtypes of beta-receptors, have been iden- 
tiffed in the brain, beta 1 and beta 2-receptors and, in hght of 
thew central d~stnbutlon and their sensitiv~ty to various 
treatments, beta 1-receptors are thought to play a major role 
in CNS functson [14, 20, 21] Our data concerning clen- 
buterol and salbutamol which stimulate more speofically 
beta 2-receptors [5,13] did not exclude the posslbdity of a 
role of beta l-receptors m learned-helplessness but extended 
previous reports suggesting a significant involvement of cen- 
tral beta 2-receptors in the control of ammal behavior [4, 9, 
13] 

Second, blockade of beta-adrenoreceptor with proprano- 
lol was not found to facdltate the induction of learned- 
helplessness [2] The abdity of clenbuterol and salbutamol to 
reverse "helpless"  behavior m~ght suggest that the mech- 
amsms by which escape deficits return to normal do not 
necessarily coincide with the mechanisms by which the 
deficit was originally produced [17] 

Third, drugs which stimulate or inhibit alpha- 
adrenoreceptors but not drugs acting on beta-receptors have 
been reported to reduce forced-swimming-reduced immobd- 
lty [8] indicating that, under different experimental condi- 
t~ons, d~stlnct noradrenergic processes may medmte the be- 
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hav lo ra l  c o n s e q u e n c e s  of  e x p o s u r e  to m e s c a p a b l e  avers~ve 
e v e n t s  

E s c a p e  defici t  p r o d u c e d  b y  he lp l e s snes s  t ra in ing  has  also 
b e e n  a s soc t a t ed  w~th r e d u c e d  ac t iv i ty  of  cen t ra l  se ro tonerg lc  
n e u r o n s  [16, 17, 18] B e h a v m r a l  and  b iochemica l  ev idence  
exis ts  to s u p p o r t  the  poss lb lh ty  tha t  b e t a - a d r e n o r e c e p t o r  
s t tmulan t s  m a y  r eve r s e  e scape  def ic i ts  by  l nc r ea smg  seroto-  
n ln  func t ton  e i the r  by  e n h a n c i n g  the  sensl t~wty of  s e ro ton ln  
r e c e p t o r s  to  thts  m o n o a m m e  or  by  ac t iva t ing  se ro ton ln  turn-  
o v e r  [3, 5, 23] 

W h a t e v e r  the  m e c h a n i s m s  invo lved  In the  ab lh ty  of  be ta-  
agonls t s  to r eve r se  l ea rned -he lp l e s snes s ,  one  of  the  mos t  
in te res t ing  f indmgs  of  this  s tudy is tha t  these  drugs  p roduced  
ef fec ts  s imilar  to t hose  o b s e r v e d  w~th t n c y c h c  
a n t t d e p r e s s a n t s  This  ver t f ica t lon  e x t e n d s  p rev ious  resul ts  
b e a n n g  on  the  s~mllanty of  ac t ion  o f  b e t a - a d r e n o r e c e p t o r  
s t imulan t s  and  c lass ical  a n t i d e p r e s s a n t s  and  m ay  fu r the r  
s u b s t a n t m t e  the  hypo thes i s  of  a c o m m o n ,  be t a - ad reno re -  
c e p t o r - - m e d l a t e d  m e c h a m s m  of  " a n t i d e p r e s s a n t "  ac t ion  of  
these  drugs  m a m m a l s  [9, 14, 20, 21] C l om l p r amlne  and  
d e s l p r a m l n e  h o w e v e r  were  only  able  to r educe  e scape  deficit  
w h e r e a s  c l enbu te ro l  and  sa lbu tamol  were  found  to p r e v e n t  
b o t h  e s c a p e  and  a v o i d a n c e  defici ts  in an imals  t ra ined  for  
he lp l e s snes s  Due to the  a v o i d a n c e  p r o c e d u r e  used,  in- 
c r eases  in a v o i d a n c e  r e s p o n s e s  r educed  the  n u m b e r  of  t~mes 
ra ts  can  be  exposed  to shock  This  could  be  the  source  of  an  
ar t i fac t  wh ich  could  a c c o u n t  for  the  a p p a r e n t  Slmllarhty of  
ac t ion  b e t w e e n  t r l cychcs  and  be t a -agon l s t s  and  would fad to 
suppo r t  the  h y p o t h e s i s  of  a c o m m o n  m e c h a n i s m  for  these  
c o m p o u n d s  in r eve r s ing  e s c a p e  fadures  This  seems  not  to be  
the  case  s ince  the  rat io  b e t w e e n  the  n u m b e r  o f  e scape  fail- 
ures / to ta l  n u m b e r  o f  shocks  ac tua l ly  d e h v e r e d  at the  third 

shu t t l e -box  sess ion  (7ffYb for  s ahne - t r ea t ed  rats)  was  lowered  
to s~mdar values  by t n c y c h c s  and  b e t a - a d r e n o r e c e p t o r  
agonls t s  ( b e t w e e n  30 and  40% for the  ac t ive  doses  of  the  
c o m p o u n d s  t es ted)  

T a k e n  toge the r  our  o b s e r v a t i o n s  are cons i s t en t  wi th  pre- 
v ious  s tudies  indica t ing  tha t  all the  behav io ra l  effects  of  m- 
e scapab le  shock  are not  equal ly  sens i t ive  to the  same drugs  
[11], and  suggest  tha t  only  the  m e c h a m s m s  invo lved  m the  
reversa l  of  e scape  fadures  are  c o m m o n  to bo th  t n c y c h c  
a n t i d e p r e s s a n t s  and b e t a - a d r e n o r e c e p t o r  agonls ts  

Final ly ,  fu r the r  e x p e r i m e n t s  are needed  to ascer ta in  
w h e t h e r  repea ted  admin i s t r a t i ons  o f  be ta -agon ls t s  are re- 
q m r e d  to r eve r se  pe r fo rmance  defici ts  Induced by inescapa-  
ble shocks  Al though  th~s has  b e e n  p roposed  for  t r l cychc  
a n t i d e p r e s s a n t s  or  M A O  Is [17, 19, 22], conf l ic t ing  da ta  have  
b e e n  r epo r t ed  [7] The  p re sen t  s tudy  did not  al low us to 
d e t e r m i n e  w h e t h e r  repe t i t ion  of  t r e a t m e n t  pe r  se or accumu-  
la t ion of  cri t ical  b ra in  levels  of  the  drugs  was the neces sa ry  
f ac to r  in the  reversa l  of  p e r f o r m a n c e  defici ts  but  our  f indmgs 
clear ly indicate  tha t  reversa l  of  escape  defici ts  by beta-  
a d r e n o r e c e p t o r  agonls t s  and  t r l cychcs  was  cons i s ten t ly  more  
p r o n o u n c e d  af ter  8 than  af te r  4 re ject ions ,  especml ly  for  
m o d e r a t e  doses  of  these  drugs  
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