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PHARMAC. BIOCHEM. BEHAV. 6(2) 215-219 ,  1977. - The effects of etonitazene were studied in the pigeon under a 
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E T O N I T A Z E N E  is an e x t r e m e l y  p o t e n t  na rco t i c  which  has 
m a n y  effects  which  are s imilar  to  those  of m o r p h i n e .  For  
example ,  the  t h r e sho ld  pressure  at  which  ra ts  escape f rom a 
graded pressure  appl ied  to the i r  tails is increased  fo l lowing 
b o t h  m o r p h i n e  and  e t o n i t a z e n e ;  however ,  e t o n i t a z e n e  is 
a b o u t  1000 t imes  more  p o t e n t  t h a n  m o r p h i n e  in p roduc ing  
this  ef fec t  [8, 16, 26 ] .  Very  low doses of  e t o n i t a z e n e  have 
also been  r e p o r t e d  to suppress  signs of  m o r p h i n e  with- 
drawal  in m o n k e y s  [2] and  in ra ts  [ 2 5 ] .  Moreover ,  ra ts  will 
c o n s u m e  quan t i t i e s  of  b o t h  e t o n i t a z e n e  and  m o r p h i n e  in 
dr ink ing  wate r  which  are suff ic ient  to p r oduce  physical  
d e p e n d e n c e  as shown  by wi thd rawa l  s y m p t o m s  u p o n  
chal lenge wi th  n a l o x o n e  or by d i s c o n t i n u a t i o n  of  drug [ 19, 
21, 261. 

In this  s tudy,  the  ef fec ts  of  e t o n i t a z e n e  are e x a m i n e d  on  
r e spond ing  u n d e r  a mul t ip le  schedule  of food  p r e s e n t a t i o n  
in p igeons  and  u n d e r  a c o n t i n u o u s  avoidance-escape  sched- 
ule in rats. The an t agon i sm of  e t o n i t a z e n e ' s  ef fects  by  
na rco t i c  an tagon is t s  is also examined .  R e s p o n d i n g  u n d e r  
mul t ip le  schedules  of  food  p r e s e n t a t i o n  in pigeons  has 
previously  been  shown  to  be sensi t ive to  the  ac t ions  of a 
n u m b e r  of  na rco t i c  agonis ts  and  na rco t i c  an tagon i s t s  [3, 4, 
6, 17, 20, 22 ] .  Moreover ,  the  ef fec ts  of  na rco t ic  agonis ts  
unde r  a mul t ip le  schedule  of  food  p r e s e n t a t i o n  are antago-  
nized by  na rco t i c  an tagonis t s ,  such as cyc lazoc ine  and  
n a l o x o n e  [4, 17, 22 ] .  Similarly,  r e s p o n d i n g  u n d e r  sched- 
ules of  shock  avo idance  in ra ts  has been  s h o w n  to be 
sensit ive to  the  ac t ions  of  na rco t i c  agonis ts  and an tagon i s t s  
[10,  11, 12, 13, 14, 15, 23 ] .  A l t h o u g h  the  ef fec ts  of a 
var ie ty  of  na rco t i c  agonis ts  and  an tagon i s t s  have been 
s tudied  using mul t ip le  schedules  of  food  p r e s e n t a t i o n  in 
pigeons and  shock  avo idance  schedules  in rats,  the  ef fec ts  
of  the  very p o t e n t  narcot ics ,  such as e t on i t a zene ,  have  no t  

been  s tud ied  using these  behaviora l  baselines.  In the  present  
expe r imen t s  we show tha t  e t on i t a zene  exer t s  typical  
morph ine - l ike  effects  on  schedu le -con t ro l l ed  behavior ,  
which  are subjec t  to  reversal by narco t ic  an tagonis t s .  

E X P E R I M E N T  1 

METHOD 

Animals 

Four  male  White  Carneaux  pigeons were housed  individ- 
ually and  m a i n t a i n e d  at 80% of the i r  free feeding weights.  
Water  was always available in the  e x p e r i m e n t a l  c h a m b e r  
and  the  h o m e  cage. All birds  had  been  cond i t i oned  to peck 
a t r ans i l l umina t ed  key and had  previously  p e r f o r m e d  u n d e r  
var ious schedules  of  food  p resen ta t ion .  

Apparatus 

The appa ra tus  was a mod i f i c a t i on  of  the  pigeon c h a m b e r  
descr ibed by Fers te r  and  Sk inner  [5 ] .  The c h a m b e r  was 
sound  and  l igh t -a t t enua t ing .  The  c h a m b e r  was i l lumina ted  
by a 7.5 W bulb  (a.c.) and c o n t a i n e d  a t r ans lucen t  plast ic 
response  key,  2 cm in dia. which  could  be t r ans i l l umina ted  
by red or  blue lights. The m i n i m u m  force requi red  to 
opera te  the  key was a b o u t  15 g. Below the  key was a food  
magazine  where  grain could be made  available for  3-sec 
access periods.  White noise was p resen t  in the  c h a m b e r  at  
all t imes. 

Procedure 

The pigeons p e r f o r m e d  u n d e r  a mul t ip le  f ixed rat io,  
fixed interval  schedule  (mul t  FR FI)  of food  p resen ta t ion .  

1 Supported by Grant DA00570-03 from the U. S. Public Health Service. 
Reprints may be obtained from L. A. Dykstra, Department of Psychology, University of North Carolina, Chapel Hill, NC 27514. 
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In the presence of  a blue key light, the 30th key peck (FR 3.0 
30) p roduced  3-sec access to grain. In the presence  of  a red 
key light, the first response  after  5 min (FI 5) p roduced  
3-sec access to grain. The FR and FI c o m p o n e n t s  a l ternated 
after  each food presenta t ion .  If the bird did no t  respond 
within 40 sec after  5 min had elapsed during the FI 
c o m p o n e n t ,  the schedule changed to the FR c o m p o n e n t .  If g 2.0 
the bird did not  make 30 responses  within 40 sec during the w 
FR c o m p o n e n t ,  the schedule changed to the FI c o m p o n e n t .  
A session t e rmina ted  at the first scheduled  c o m p o n e n t  

09 
change after  60 rain. 

Drugs ~ ~ 1.0 
cr 

Doses of  e ton i t azene  hydroch lo r ide  were calculated as 
the salt and dissolved in distilled water.  Cyclazocine was 
used as the free base and dissolved in a minimal  volume of  
lactic acid. Distilled water  and a dilute lactic acid solut ion O 
were used for vehicle injections.  Ten minutes  before  the 
test session, in ject ions  were made in to  the breast muscle  in 
a volume of  1.0 ml/kg of  body weight. When two inject ions I.O 
were given, e ton i t azene  was injected in one side of the 69 
breast muscle and cyclazocine was injected immedia te ly  
thereaf te r  into the o ther  side of  the breast  muscle.  ~) 0,8 
Inject ions were generally given every Tuesday and Friday m ° 

co 
with Thursday serving as a non- in jec t ion  control  day. 

0.6 
co 

Data A na/ysis z 
0 

Average rates of  responding  were c o m p u t e d  from data ~ 0.4 
I.aJ 

recorded on digital counters  and e lapsed- t ime meters ,  or- 
Quarter  life was def ined as a percentage of  the FI t ime 
taken for the first 25°# of the FI responses  to occur  [7] .  0,2. 
The quar ter  life provides a numerical  descr ip t ion  of  the 
pa t te rn ing  of FI responding.  Expe r imen t s  were conduc t ed  
Monday through Friday. 

RESULTS 

Dose-effect  curves were first de te rmined  for e ton i t azene  
alone and then  in the presence  of various doses of  
cyclazocine.  Af ter  de te rmin ing  the dose-effect  curve in the 
presence of  various doses of  cyclazocine,  the dose-ef fec t  
curve was r ede t e rmined  for e ton i tazene  alone to show that  
changes in the e ton i tazene  dose-ef fec t  curve in the presence  
of cyclazocine were no t  the result of tolerance.  It has been 
shown previously that  little tolerance develops to mor-  
phine ' s  effects  on mult  FR FI pe r fo rmance  in pigeons when  
morph ine  is given twice weekly [20] ,  but to lerance to 
e ton i tazene  has not  been examined  under  these condi t ions .  

Figure 1 shows the dose-ef fec t  curves for the effects  of 
e ton i tazene  on the rates of  responding  under  the mul t  FR 
FI schedule of  food  presenta t ion .  Dose-effect  curves are 
shown for e ton i t azene  alone (shaded area) and in the 
presence of  various doses of  cyclazocine.  A very low dose 
of e ton i t azene  (0.01 mg/kg)  increased the rates of  respond-  
ing under  the FI c o m p o n e n t ,  but did not  alter rates of  
responding under  the FR c o m p o n e n t .  Higher doses 
(0.018 0.1 mg/kg)  of e ton i tazene  p roduced  dose-related 
decreases in the rates of  responding  under  both  schedule 
componen t s .  

All doses of  cyclazocine  antagonized  the increase in rates 
of responding  under  the FI c o m p o n e n t  p roduced  by 
e ton i tazene ;  however ,  the decreases in rates of  responding  
under  both  schedule  c o m p o n e n t s  were no t  blocked by 0.01 
mg/kg of  cyclazocine and were only partially antagonized 
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FIG. 1. Effects ofetonitazene alone and in the presence of several 
doses of cyclazocine on rates of responding during the FR and H 
components of a multiple FR 30 FI 5 schedule and on quarter life 
values. Abscissa: dose of etonitazene in mg/kg, log scale. Ordinate: 
nrean rates of responding during the entire session and quarter life as 
percentage of FI time. The brackets at C represent the range of 
mean control values (Thursdays}. +'s at O show tile effects of 
control injections on the rate of responding and the quarter life. 
Other points at O show the effects of a dose of cyclazocine alone. 
The shaded area is the range of values for two determinations of tile 
etonitazene dose-effect curve, with one dose-effect curve deter- 
mined before and one after ttle study of antagonisms. - ,  

. cJ, and A :~ are dose-effect curves for etonitazene in the 
presence of different doses of cyclazocine and the point • is for one 
dose of etonitazene in the presence of 1.0 mg/kg of cyclazncine. 
The dose of tile antagonist is marked beside the end of each curve at 
the 0.1 mg/kg dose of etonitazene. Each point is the mean of a 

single injection in each of four birds. 
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by 0.056 mg/kg of  cyclazocine.  Larger doses  of  cyclazocine 
p roduced  progressively greater  degrees of  block of  the 
rate-decreasing effects  of  e ton i tazene .  

Figure 1 also shows the dose-ef fec t  curves for the effects  
of  e ton i t azene  and e ton i t azene  in combina t ion  with cycla- 
zocine on the pa t te rn  of  responding  in the FI c o m p o n e n t .  
On non in jec t ion  con t ro l  days, the mean quar ter  life values 
ranged be tween  50 and 55%. Doses of  0.018 and 0.03 
mg/kg of e ton i t azene  decreased the quar ter  life (pro- 
por t ional ly  more  of  the tota l  key pecks occurred  at the 
beginning of the FI interval). Quar ter  life values were not  
calculated at the higher doses of  e ton i t azene  because of  the 
few n u m b e r  of  responses .  Doses of  0.1 and 0.056 mg/kg of  
cyclazocine  comple te ly  b locked the quar ter  life decreasing 
ef fec ts  of e ton i tazene .  

EXPERIMENT 2 

M E T H O D  

Animals 

Three exper imenta l ly  naive Long-Evans h o o d e d  male 
rats, approx ima te ly  90 days old at the beginning of the 
expe r imen t  were used. Each rat was housed  individually 
and al lowed free access to food and water  in his home  cage. 

Apparatus 

The exper imenta l  chamber  consis ted of a s tandard  
Lehigh Valley Model 1316 rat test chamber  with one lever 
on the left  hand side of  the f ron t  panel. A lever press 
response  was coun ted  when the rat pressed the bar and 
subsequent ly  released it. A light over the lever remained on 
during the session. The ent i re  chamber  was i l luminated by a 
28 V (d.c.)  housel ight .  A Lehigh Valley Constant  Current  
d.c. Shocker ,  Model 113-04, equ ipped  with a grid scram- 
bler, was the shock source. Shock intensi ty  was approxi-  
mately  2.0 mA. 

All exper imenta l  variables were p rog rammed  through 
s tandard relay circuitry which was located  in the room 
adjacent  to the exper imenta l  chamber .  Responses  were 
recorded  bo th  on a cumulat ive recorder  and on digital 
counters .  

Procedure 

The rats pe r fo rmed  under  a variation of  the con t inuous  
s h o c k - p o s t p o n e m e n t  schedule  i n t roduced  by Sidman [24] .  
Shocks were scheduled  to occur  every 10sec .  l f a r e s p o n s e  
occurred during the 10 sec before  shock delivery, shock 
onset  was delayed by 10 sec. If 10 sec elapsed wi thou t  a 
response,  a con t inuous  shock was delivered th rough  the grid 
floor. The shock remained  on until  a response  occurred.  
Responses  which occurred  before  the shock was presen ted  
were designated as avoidance responses .  Responses  which 
occurred during shock presen ta t ion  were designated as 
escape responses.  Each rat was tes ted in a 4 hr exper imenta l  
session every o the r  day. 

Drugs 

Doses of  e ton i t azene  hydroch lo r ide  and na loxone  hydro-  
chloride were calculated as the salt and dissolved in distilled 
water.  Distilled water  was used for vehicle injections.  Ten 
minutes  before  the test  session, in ject ions  were made  in to  
the per i toneal  cavity in a volume of  1.0 ml/kg of  body  
weight. When two inject ions  were given, e ton i t azene  was 
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FIG. 2. Effects of etonitazene alone and in the presence of 3.0 
mg/kg of naloxone on rate of responding and shock frequency 
under a schedule of shock avoidance. Abscissa: Dose of etonitazene 
in mg/kg, log scale. Ordinate, upper graph: mean rates of responding 
during tile first hour of tile session; Ordinate, lower graph: mean 
shock rates during the first hour of the session. The brackets at C 
represent the range of control values. Points at O show the effects of 
control injections (filled circles) and of naloxone alone (open 
circles). • • is the dose-effect curve for etonitazene alone and 
'~, - -,.> is the dose-effect curve for etonitazene in the presence of 
3.0 mg/kg of naloxone. Each point is tile mean of a single injection 

in each of three rats. 

injected in one side of  the per i toneal  cavity and na loxone  
was injected immedia te ly  thereaf te r  into the o the r  side of  
the per i toneal  cavity. Inject ions  were generally given every 
o ther  exper imenta l  session (once every four  days) with the 
previous exper imenta l  session serving as a non in jec t ion  
contro l  day. 

When e ton i tazene  was given alone, it was given in an 
ascending dosage order  in one rat and a descending dosage 
order  in the o ther  two  rats. In one rat the e ton i tazene  
dose-effect  curve first was ob ta ined  alone and then  in the 
presence of  na loxone .  In the o the r  two rats the e ton i tazene  
dose-effect  curves first were ob ta ined  in the presence of 
na loxone  and then  for e ton i tazene  alone. 
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RESULTS 

Dose-effect  curves were d e t e r m i n e d  for  e t o n i t a z e n e  
a lone and  for  e t o n i t a z e n e  in the  presence  of  3.0 mg /kg  of 
na loxone .  Figure 2 shows the  dose-effec t  curves for  the  
effects  of  e t o n i t a z e n e  a lone on the  ra tes  of  r e spond ing  and 
the n u m b e r  of  shocks  received dur ing  the  first  h o u r  u n d e r  
the  schedule  of  shock  avoidance .  Dose-effect  curves are 
p resen ted  only  for  the  first  h o u r  of  the  e x p e r i m e n t a l  
session since e t o n i t a z e n e  general ly  did no t  a l ter  r e spond ing  
dur ing the  last three  h o u r s  of  the  session. E t o n i t a z e n e  
p r o d u c e d  dose-re la ted  decreases  in ra tes  of r e spond ing  and 
increases in the  shock  rate.  Bo th  ef fec ts  were an tagon ized  
by 3.0 mg/kg  of  na loxone .  

DISCUSSION 

Low doses of  e t on i t a zene  increase  ra tes  of  r e s p o n d i n g  by 
pigeons u n d e r  the  FI c o m p o n e n t  of  a mul t ip le  FR FI 
schedule  of  food  p resen ta t ion .  Higher  doses of e t o n i t a z e n e  
decrease rates  of  r e spond ing  u n d e r  b o t h  FI and FR 
c o m p o n e n t s  of  the  mul t ip le  schedule .  These  effects  are 
b locked  by the  narco t ic  an tagon is t ,  cyc lazoc ine ;  however ,  
the ra te- increas ing effects  of  e t on i t a zene  are b locked  by 
lower  doses of  cyc lazoc ine  t h a n  are the  ra te -decreas ing  
effects.  E t o n i t a z e n e  also p roduces  dose-re la ted decreases  in 
rates of  r e spond ing  by rats  u n d e r  a schedule  of shock  
avoidance .  This  e f fec t  of e t o n i t a z e n e  also is b locked  by a 
narco t ic  an tagonis t ,  na loxone .  

The  ef fec ts  of  e t o n i t a z e n e  on  ope r an t  behav io r  and the  
an tagon i sm of  these ef fec ts  by na rco t i c  an tagon i s t s  can be 
c o m p a r e d  to the  ef fec ts  of  m o r p h i n e  u n d e r  s imilar  condi-  
t ions.  In pigeons,  the ra te-decreas ing effects  of  m o r p h i n e  
begin to be observed  at  3.0 mg /kg  and  are near ly  comple t e  
af ter  10 to 30 mg /kg  [4, 6, 20, 22 ] .  In the  p resen t  s tudy,  
similar rate decreases occur red  over  a range of 0 .018 to 
0 .056 mg/kg  of  e ton i t azene ,  ind ica t ing  t ha t  e t o n i t a z e n e  is 
a b o u t  500 to 1000 t imes  more  p o t e n t  t han  m o r p h i n e  in 
decreasing rates  of  r e spond ing  u n d e r  a mul t ip le  FR FI 
schedule  of  food  p r e s e n t a t i o n  in the  pigeon.  

The effects  of  0 . 0 1 8 - 0 . 0 5 6  mg /kg  of  e t o n i t a z e n e  on  the  
schedu le -con t ro l l ed  behav io r  of  the p igeon were comple t e ly  
b locked  by 0.1 mg/kg  of  cyclazocine  bu t  no t  by 0.01 
mg/kg  of  cyclazocine .  McMillan et  al. [ 22] showed  tha t  the  
effects  of e q u i p o t e n t  doses of  m o r p h i n e  on the  behav io r  of 
pigeons u n d e r  the  same schedule  of  r e i n f o r c e m e n t  were also 
no t  b locked  by 0.01 mg/kg  of  cyclazocine ,  bu t  were 
b locked  by 0.1 mg/kg  of  cyclazocine ,  a l t hough  the  b lock  
was no t  comple te .  

Quan t i t a t i ve  compar i sons  be t w een  the  effects  of  e ton i ta -  
zene and  m o r p h i n e  u n d e r  schedules  of shock  avoidance  in 
rats  are more  di f f icul t  to  make  because of  pa rame t r i c  
var ia t ion  be tween  studies,  a l t hough  it is a p p a r e n t  t ha t  
m o r p h i n e  and  e t o n i t a z e n e  have qual i ta t ive ly  similar effects  
on r e spond ing  u n d e r  schedules  of  c o n t i n u o u s  avoidance .  In 

the  p resen t  s tudy ,  0 .0056  mg/kg  of e t on i t a zene  decreased 
rates of  r e spond ing  u n d e r  the  shock  avoidance  schedule  to 
a b o u t  85% of  con t ro l  when  the  shock  was a p p r o x i m a t e l y  
2.0 m A  d.c. and  each response  p o s t p o n e d  shock  for  10 sec. 
Heise and  Boff  [ 9 ]  showed  t h a t  1.2 mg/kg  of m o r p h i n e  
decreased ra tes  of  r e spond ing  to a b o u t  85% of  con t ro l  
u n d e r  a schedule  of shock  avoidance  in which  a 0.6 m A  a.c. 
shock  was scheduled  to occur  every 20  sec and  every 
response  p o s t p o n e d  shock for  40  sec. Similarly,  H o l t z m a n  
and  J e w e t t  [ 13] d e m o n s t r a t e d  t ha t  2.0 mg/kg  of m o r p h i n e  
decreased ra tes  of  r e spond ing  to a similar e x t e n t  w h e n  a 0.8 
m A  a.c. shock  was schedu led  to occur  every 15 sec and 
each response  p o s t p o n e d  shock for  30 sec. Therefore ,  if 
schedule  pa rame te r s  are ignored,  e t o n i t a z e n e  appears  to be 
a b o u t  2 0 0 - 3 5 0  t imes  more  p o t e n t  t h a n  m o r p h i n e  in 
decreasing rat  avoidance  behavior .  It can be very mis leading 
to ignore such schedule  pa rame te r s  since H o l t z m a n  and 
J e w e t t  [13]  also showed  tha t  2.0 mg /kg  of  m o r p h i n e  
increased ra tes  of r e spond ing  when  responses  avoided  a 1.3 
m A  a.c. shock  r a the r  t h a n  a 0.8 m A  a.c. shock u n d e r  the 
same cond i t ions .  

Moreover ,  H o l t z m a n  and  J e w e t t  [ 13] d e m o n s t r a t e d  tha t  
low doses of  m o r p h i n e  a l te red  re spond ing  u n d e r  a con t inu-  
ous avo idance  schedule  for  at  least  two hours ,  while the 
du ra t i on  of  m o r p h i n e ' s  e f fec ts  was greater  t han  two hours  
fo l lowing h igher  doses. In the  present  s tudies,  e t on i t a zene  
only  a l te red  r e spond ing  dur ing the  first  h o u r  of the  session. 

In the  present  s tudy  3.0 mg /kg  of n a l o x o n e  comple t e ly  
b locked  the  effects  of  e t o n i t a z e n e  on r e spond ing  by rats 
u n d e r  a schedule  of  c o n t i n u o u s  shock  avoidance .  Na loxone  
has been  r epo r t ed  to an tagon ize  the effects  of  m o r p h i n e  on 
a discrete  trial avoidance  schedule  in a similar dose range 
[ 2 3 ] .  In add i t ion ,  n a l o x o n e  has been  r epo r t ed  to antago-  
nize o the r  effects  of  e t on i t a zene  in rats,  inc luding  muscle  
r igidi ty [ 1 ] and schedu le - induced  dr ink ing  and lever pres- 
sing [ 18 ]. 

Thus  e ton i t a zene  and  m o r p h i n e  p roduce  similar effects  
on the  behav io r  of p igeons  m a i n t a i n e d  by a mul t ip le  
schedule  of  food  p resen ta t ion .  These drugs also p roduce  
similar effects  on  the  behav ior  of  ra ts  m a i n t a i n e d  by shock  
avoidance  schedules.  In b o t h  ra ts  and  pigeons,  these 
behaviora l  ef fects  are b locked  by na rco t i c  antagonis ts .  In 
pigeons,  the  doses of  cyc lazoc ine  requ i red  to b lock  e ton i ta -  
zene  are close to those  requi red  to b lock  near ly  e q u i p o t e n t  
doses of  m o r p h i n e .  On the  basis of  these  expe r imen t s ,  there  
is l i t t le to  suggest t ha t  the  behaviora l  ef fects  of m o r p h i n e  
and e ton i t a zene  differ,  excep t  for p o t e n c y  and du ra t ion  of 
act ion.  
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