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MASER, J. D., G. G. GALLUP, JR., L. E. HICKS AND P. H. EDSON. Chlorpromazine dosage and duration o f  tonic 
immobility: biphasic effects. PHARMAC. BIOCHEM. BEHAV. 2(1) 119 121, 1974. - Five groups of 2-1/2 to 3 week 
old chickens were injected with an average of 3.4, 7.4, 18.2, 46.3, 89.4 mg/kg of chlorpromazine (CPZ). Low doses of 
the drug produced a significant enhancement of tonic immobility but high doses depressed the reaction relative to 
control subjects. Other investigators have found only enhanced immobility with CPZ, creating a paradox of a 
tranquilizer potentiating what is thought to be a fear reaction. This report extends the dose-response curve and resolves 
the paradox. 

Chlorpromazine dosage Tonic immobility 

WHEN chickens and many other  animals are placed in 
manual  restraint for a few seconds they  will, upon subse- 
quent  release, remain in a cataleptic,  hypnot ic- l ike  state, 
often t imes also exhibi t ing waxy-f lexibi l i ty  and leg tremors.  
Eye closure gives the impression of  sleep, but  EEG records 
contradic t  this behavioral  observat ion [10] .  Al though onset 
of  the response appears innate,  i.e., non-associative,  the 
durat ion of  tonic  immobi l i ty ,  c o m m o n l y  referred to as the 
immobi l i ty  response (IR) may be p ro found ly  inf luenced by 
Pavlovian fear and safety signals [6 ,14] ,  habi tua t ion  [3 ] ,  
p rox imi ty  of  a predator  [5] ,  and adminis t ra t ion of  exoge- 
nous drugs [1, 2, 4, 6, 8, 9, 10, 13, 15, 16, 17, 18, 19].  
Concerning the lat ter  factor,  4 studies using adrenalin have 
repor ted  an increase in IR durat ion [1, 8, 11, 19] ,  while 
one cited by Ratner  [16] failed to find an effect .  Meto- 
serpate HC1 (Pacitran),  a t ranquil izing agent specifically 
designed for use wi th  domest ic  fowl, produced a decrease in 
the dura t ion of  IR [4 ,6] .  The adrenalin and metoserpa te  
HC1 studies are in agreement  with the fear hypothesis  of  IR, 
which states that  the basis of  the behavior  is predat ion-  
induced fear, and that  manipula t ion  of  fear-related st imuli  
will modi fy  the response in predictable direct ions.  

At variance with  this hypothes is  is the l i terature on 
ch lorpromazine  (CPZ). As a t ranquil izer  Chlorpromazine  
should produce  a reduc t ion  in fear and a corresponding 
decrease in the dura t ion of  immobi l i ty .  In fact, the  dura t ion 
increases. Schaeppi  and Rubin  [171 repor t  that  2 mg/kg  
increased IR in the rabbit.  Davis [21 used a 5 mg/kg  
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dose to achieve a 5-112 fold increase in the dura t ion of  the 
same species, and Klemm [9] obtained similar results wi th  
10 mg/kg. Liberson, Smith and Stern [13] repor ted  that 
4 mg/kg increased durat ion in the guinea pig, while Gallup, 
Nash and Brown [4] noted  a substantial  increase in the 
chicken (up to 2 hr), but  their  dose was unrepor ted .  

The present  s tudy describes a dose-response curve for 
CPZ and IR in the chicken for concent ra t ions  of  the drug 
higher than previous reports,  and resolves the paradox of  
high durat ion of  IR fol lowing administrat ion of  a drug 
known to reduce fear related behaviors.  

METHOD 

A nimals 

The subjects were 95 straight run Product ion  Red 
chickens (Gallus gallus) 2-1/2 to 3 weeks of  age, obtained 
f rom a local hatchery  at one day of  age and raised in com- 
mercial  brooders  under  a 14 hr light cycle. Food  (Purina 
Chick Chow) and water  were cont inual ly  available. On the 
day of  the exper iment  the mean weight of  the chicks in all 
drug groups was 139.7 g with a standard deviat ion of  21.6. 

Procedure 

The fol lowing concent ra t ions  of  CPZ mixed with  dis- 
tilled water  were selected: 0.5, 1.0, 2.5, 6.25, and 12.5 mg. 
Since handling modifies the IR in a profound and lasting 
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m a n n e r  [3] it was dec ided  to admin i s t e r  a c o n s t a n t  vo lume  
(0.5 cc), test  for  IR, and  d e t e r m i n e  weight  fo l lowing IR 
test ing.  The  values r epor t ed ,  t he re fo re ,  are an average 
mg/kg  dosage,  based  on  the  m e a n  weights  of  all an imals  
given a par t i cu la r  c o n c e n t r a t i o n .  Using this  p rocedure ,  the  
b i rds  in the  first g roup  received an  average dose of  3.4 
mg /kg  w i th  successively h igher  c o n c e n t r a t i o n s  of  7.4,  18.2, 
46.3 ,  and  89.4 mg/kg  in the  r ema in ing  groups.  T w o  con t ro l  
p rocedures  were used:  needle  p u n c t u r e  a lone  and  a 0.5 cc 
i n j e c t i o n  o f  dist i l led water .  Subjects  were  r a n d o m l y  
assigned to e i the r  one  of  the  two  con t ro l  g roups  or  one  of  
the  five drug groups.  There  were 15 birds in each drug 
g roup ,  and 10 in each con t ro l  group.  

The  i n j ec t i on  was adm i n i s t e r ed  i n t r amuscu la r ly  in the  
thigh,  and  the  sub jec t  was t h e n  p laced  ind iv idua l ly  in a 
ho ld ing  c h a m b e r  and carr ied to  a sound  a t t e n u a t e d  room.  
Ten minu te s  fol lowing in jec t ion ,  the  b i rd  was r emoved  
f rom the  c h a m b e r  and  manua l ly  res t ra ined  on  a table .  The  
chick  was held wi th  b o t h  hands  and  gen t ly  p laced on  his 
r ight  side. Res t ra in t  was m a i n t a i n e d  for  a b o u t  15 sec. The  
e x p e r i m e n t e r ' s  h a n d s  were r em oved  s lowly and  a s t o p w a t c h  
ac t iva ted .  If  an an imal  failed to  b e c o m e  ton ica l ly  immob i l e ,  
res t ra in t  was imposed  for  a m a x i m u m  of  5 successive induc-  
t ions ,  and if a b i rd  failed to show the  r eac t ion ,  a score of  
0 sec was recorded .  The  d u r a t i o n  of  IR was scored as having  
t e r m i n a t e d  w h e n  the  sub jec t  rose to  his feet.  The  an imal  

was r e tu rned  to  the  an imal  r o o m  weighed,  and replaced in 
a b rooder .  A l t h o u g h  research assistants col lect ing da ta  
k n e w  wha t  drug was given, t hey  were unaware  of  the  
c o n c e n t r a t i o n  d i f ferences  and of  the  e x p e c t a t i o n s  o f  the  
invest igators .  

RESULTS 

Figure l depic ts  the  dose response  curve for  CPZ and 
ton ic  immobi l i t y .  Only  at the lowes t  dose was CPZ found  
to e n h a n c e  IR t ime. In o rder  to normal i ze  the  data ,  square  
roo t  t r a n s f o r m a t i o n s  were p e r f o r m e d  on all scores. No 
s ta t is t ica l ly  s ignif icant  d i f ference  was found  b e t w e e n  the 
needle  p u n c t u r e  and dist i l led wa te r  con t ro l  groups ,  so these 
data  were poo led ,  and in o rder  to  achieve an equal  n u m b e r  
of  b i rds  in each  group,  five bi rds  were r a n d o m l y  exc luded  
f rom the  c o m b i n e d  con t ro l  group.  An analysis of  variance 
p e r f o r m e d  on the  six groups  revealed a s ignif icant  overall  
e f fec t  (F = 5.51,  d f  = 5 /84 ,  p < 0 . 0 0 1 ) .  A Duncan ' s  tes t  for 
pos t  hoc  compar i sons  showed  the  3.4 mg/kg  dose to be 
s igni f icant ly  d i f fe ren t  f rom the  con t ro l  g roup  and  all o the r  
d rug  dosage groups.  The 3.4 and 7.4 mg/kg  doses were also 
s ignif icant ly  d i f fe ren t  f rom each  o t h e r  ( p < 0 . 0 5 )  bu t  the  
7.4 mg/kg  c o n c e n t r a t i o n  did no t  re l iably p roduce  du ra t ions  
d i f f e ren t  f rom the  con t ro l  animals .  The 18.2, 46.3 ,  and 
89.4 mg/kg  levels of  the  drug were no t  s ignif icant ly  dif- 
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FIG. 1. Mean duration of tonic immobility as a function of average CPZ dosage. The control group (0 dosage) contains 20 birds, while there 

are 15 birds in each of the remaining groups. 
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fe ren t  f rom each  o the r ,  b u t  each  was s igni f icant ly  lower  
t han  the  con t ro l  group (p<O.05) .  

DISCUSSION 

In previous  inves t iga t ions  using doses  of  CPZ ranging 
f rom 2 - 1 0  mg/kg  increases in i m m o b i l i t y  have b e e n  consis- 
t en t ly  found .  Our  lowes t  dose was wi th in  this  range and 
repl ica ted  previous ly  observed IR p o t e n t i a t i o n .  However ,  as 
dosage increased to 18.2 mg/kg  and  b e y o n d ,  it b e c a m e  clear 
the  CPZ does  a t t e n u a t e  i m m o b i l i t y  t ime,  as wou ld  fo l low 
f rom the  fear hypo thes i s .  These  da ta  f u r t he r  emphas ize  the  
i m p o r t a n c e  of  using a wide range of doses in s tudies  of  d rug  
re la ted behav ior .  

The  ques t ion  remains  as to  w hy  low doses of  CPZ pro- 
duce  e x t e n d e d  du ra t i ons  of  IR. Given the  wide-spread  
b iochemica l  effects  of  CPZ on  the  cen t ra l  ne rvous  sys t em 
[ 7 ] ,  it is d i f f icul t  to  d iscern  a s imple  pha rmaco log ica l  
ra t iona le  for  behaviora l  reversal wi th  increas ing dosage.  

G u t h  and Spir tes  [7] reviewed over  15 s tudies  showing  
reversal  of  CPZ effects  w i th  h igh  and low doses,  bu t  none  
of  the  effects  ci ted was behaviora l .  More recent ly ,  however ,  
Lewis and  Evans [ 12 ] f o u n d  tha t  low doses of  CPZ increase 
REM sleep in h u m a n s ,  whereas  h igher  levels decreased the  
p r o p o r t i o n  of  REM sleep. A l t h o u g h  REM sleep and IR are 
p r o b a b l y  qual i ta t ive ly  d i f fe ren t  p h e n o m e n a ,  they  seem to 
be in f luenced  by  s imilar  neurologica l  s t ruc tu res  in the  
b r a i n s t e m  [ 10] .  

T h o m p s o n ' s  l a b o r a t o r y  has provided t en ta t ive  ev idence  
t ha t  at least  one n e u r o t r a n s m i t t e r  involved in IR may  be 
ace ty lcho l ine  [ 1 8 , 1 9 ] ,  and our  l abo ra to ry  has col lected 
da ta  suggest ing 5 - h y d r o x y t r y p t a m i n e  as a n o t h e r  possible 
t r a n s m i t t e r  [ 1 5 ] .  C h l o r p r o m a z i n e  is k n o w n  to  ef fec t  a 
v a r i e t y  of  sys tems inc lud ing  b o t h  ace ty l cho l ine  and  
5 - h y d r o x y t r y p t a m i n e  and it is possible the  reversal repre- 
sents  a d i s rup t ion  of  ba lance  a m o n g  two or more  t rans-  
mi t te rs .  
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