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MCMILLAN, D. E. AND LEANDER, J. D. Schedule-induced oral self administration of etonitazene. PHARMAC. 
BIOCHEM. BEHAV. 4(2) 137-141, 1976 . -  Rats were induced to drink either a saline-etonitazene solution or a saline 
solution with a schedule-induced polydipsia paradigm. When water was freely available, the rats continued to drink the 
saline solution or the saline-etonitazene solution, rather than the water. When the locations of the solutions were switched, 
the rats that were drinking saline switched to water (drank at the usual location), but the rats that were drinking 
saline-etonitazene continued to drink the saline-etonitazene solution (drank from the bottle at the other location). 
Naloxone administration temporarily eliminated the drinking of saline-etonitazene solution, but not that of saline solution. 

Oral self administration Schedule-induced polydipsia Etonitazene 

WE have been s tudying the oral ingestion of  opiates and 
opiate-l ike drugs to develop a model  to s tudy drug abuse 
patterns [8, 9, 10, 11, 16].  Among  the  diff icult ies 
encountered  in these exper iments  is the aversive taste o f  
some of  these drugs. For  example,  morphine  sulfate in 
solution is a weak base with a bi t ter  taste that laboratory  
animals of ten do not accept  [ 14}. 

Etoni tazene  [5,61, an ex t remely  poten t  opiate-l ike drug, 
is well absorbed by the oral route,  and appears to have lit t le 
if any taste at concent ra t ions  that produce marked be- 
havioral effects  upon ingestion [2 ,15] .  Because of  these 
characteristics we chose to study its oral self ad- 
ministration. The e toni tazene  was given in a saline solut ion 
so that the rats could discriminate between the drug 
solut ion and water on the basis of  taste and because the 
addi t ion of  saline to opioid  solutions has been shown to 
increase their ingestion [7 ,9] .  

The schedule-induced polydipsia phenomenon  described 
by Falk [3] was used to induce animals to drink the saline 
solut ion containing e toni tazene.  This procedure  was used 
becauses the correlat ion be tween pellet delivery and 
drinking has been shown to rapidly induce the ingestion of  
o ther  narcotic  analgesics [8, 9, 10]. After  the daily pat tern  
of  drug intake stabilized the rats were offered a choice 
between sal ine-etonitazene solutions and water.  Finally,  the 
effects of  na loxone  on the drug ingestion pat tern  were 
determined.  

METHOD 

Animals 

Six Sprague Dawley male rats with no previous training 
were deprived of  food for 48 hr and of  water  for 24 hr, at 
which t ime they weighed approx imate ly  200 g. Subse- 
quent ly ,  the rats were maintained at approx imate ly  this 
weight by the pellets delivered under  the schedule.  
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Apparatus 

The test chambers  were 2 Gerbrands rat chambers  and 1 
Lehigh Valley rat chamber  enclosed in sound at tenuat ing 
enclosures. A bot t le  was moun ted  outs ide the test chamber  
with its metal  drinking spout remaining just  outside one of 
the holes in the cage normally  used to house stimulus lights. 
The rat could drink by putt ing his tongue through the hole 
and licking the tip of  the metal  drinking spout.  The hole 
was located within a few inches of  the  hopper  into which 
food pellets could be delivered. At the opposi te  end of  the 
test chamber ,  about  10 in. f rom the front panel, a second 
bot t le  was moun ted  outside the test chamber  in a similar 
manner  with its metal  drinking spout  prot ruding slightly 
into the test chamber.  The chamber  was i l luminated by a 
28 V bulb when pellets were being delivered under the 
schedule. No i l lumination of  the test cage was provided at 
other  times. 

Licks on the metal  drinking spout  at the f ront  of  the test 
chambers were detected by a Gerbrands Drinkometer .  The 
licks were recorded on response counters  and on a 
Gerbrands Event Recorder  located in another  room. F rom 
these data, average rates of  licking were calculated. In some 
exper iments  the licks that occurred after  pellet delivery 
(postpellet  licks) were recorded,  as well as the licks that 
occurred when no pellets were delivered (intersession licks). 
In o ther  experiments ,  the intersession licks and the post- 
pellet licks were cumula ted  every 3 hr. 

Procedure 

The schedule was a f ixed-t ime 90 sec schedule of  food 
pellet delivery (FT 90). Under  the FT 90 schedule,  a 97 mg 
Noyes  rat food pellet was delivered to the rat every 90 sec, 
regardless of  the rat 's behavior. Thir ty  pellets were de- 
livered to the rat 4 t imes daily at equally spaced intervals 
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TABLE 1 

OUTLINE O1.' EXPERIMENTAL CONDITIONS 

Phase Rats B-l, B-2, B-3 Rats BB-I, BB-2, BB-3 

5 sessions with water in 
the front bottle and no 
rear bottle 

5 sessions with water in 
the front bottle and no 
rear bottle 

15 sessions with etonitazene 
and saline in the front 
bottle and no rear bottle 

15 sessions with saline 
in the front bottle and 
no rear bottle 

39 sessions with etonitazene 
and saline in the front bottle 
and water in the rear bottle 

39 ~ssions with ~line 
in the front bottle and 
water in the rear bottle 

2 sessions with bottle 
positions reversed, separated 
by a session with bottles in 
the usual location 

2 sessions with bottle 
positions reversed, separated 
by a session with bottles in 
the usual location 

5 2 sessions as in phase 3 2 sessions as in phase 3 

6 1 session with 2 mg/kg 1 session with 2 mg/kg 
naloxone naloxone 

(12 p.m.,  6 p.m.,  12 a.m.,  6 a .m.) ,  so tha t  the  rat  received 
30 pel lets  every 6 hr  for a daily to ta l  of  120 pellets. 

Init ially,  the  food-  and water -depr ived  rats were placed 
in the  test  c h a m b e r  at a b o u t  noon  and  the  FT 90 schedule  
began. Therea f te r ,  the  rats  were r emoved  f rom the  test  
cages for  abou t  5 rain at  n o o n  each day,  so tha t  the  cages 
could be c leaned,  the  data recorded,  and  the  bo t t l e s  
weighed. Subsequen t ly ,  the  rats  were r e tu rned  to the  test  
chambers  and  the  delivery of  the  first 30 pel lets  unde r  the  
FT 90 schedule  was s ta r ted  immedia te ly .  During initial  
sessions, water  was in the bo t t l e  at the  f ron t  of  the  cage and 
the bo t t l e  at  t he  rear  of  the  cage was absent .  Af te r  
pos tpel le t  d r ink ing  was es tabl ished,  the  wate r  bo t t l e  was 
added at the  rear  of  the  cage. Table  1 ou t l ines  the  
expe r imen t s  tha t  fol lowed.  

Drugs 

Eton i t a zene  was used as the  h y d r o c h l o r i d e  at a con- 
cen t r a t ion  of  5.0 ~g/ml. All sod ium chlor ide  solutions were 
0.5% solut ions.  Tap water  was used in the  water  b o t t l e  and 
was also the  solvent  for the  saline so lu t ions  and  the  
sa l ine-e toni tazene  solut ions .  

Na loxone  hyd roch lo r ide  was dissolved in dist i l led water  
and the  in jec t ion volume was l ml/kg.  The  in t r ape r i tonea l  
in ject ions  of  na loxone  (2 mg/kg)  were given l rain before  
the  rat  was returned to the test chamber and the  del ivery o f  
the  pellets  s tar ted.  

RESULTS 

All of  the  rats  l icked the  water  spout  in the  f ron t  panel  
of  the  chambe r  dur ing  the  first session. By the  second 
session, the  usual pa t t e rn  of pos tpel le t  l icking as descr ibed 
by Falk [3]  was obv ious  in all rats (a sus ta ined burs t  o f  
l icking beginning  wi th in  a few seconds  a f te r  the  pellet  was 
consumed  and  usually t e rmina t ing  before  the  delivery of  
the  nex t  pellet) .  

Figure 1 shows changes  in licking paramete r s  when  saline 
replaced water  in the  d r ink ing  b o t t l e  ( top  frames).  With 
water  in the  bo t t l e  the  3 rats  averaged a b o u t  20 ,000  
l icks/day wi th  a b o u t  80% of  these  fo l lowing pellet de- 
liveries (pos tpe l le t  l icks) and the  remain ing  20% of  the  licks 
occur red  dur ing  the  5 hr and 15 min periods when  no 
pel lets  were being del ivered ( intersession licks). Rats  BB 1 
and BB 2 drank  be tween  25 and 50 mls on  the  final day of  
exposure  to water  and rat  BB 3 d rank  a lmos t  100 mls. On 
the day when  saline was subs t i t u t ed  for water,  t he  n u m b e r  
of  l icks /day and the  mls of  fluid consumed  increased for  all 
3 rats,  bu t  there  was l i t t le  change in the  percen tage  of  
postpel le t  and  intersession licks. 

The  lower f rames  of  Fig. 1 show changes  in the  l icking 
pa t te rn  when  sa l ine-e ton i tazene  so lu t ion  replaced the  water  
in the  d r ink ing  bot t le .  The  to ta l  n u m b e r  of  licks decreased 
for all 3 rats, bu t  the  daily a m o u n t  of  fluid c o n s u m e d  
decreased on ly  for  Rat  B-l ,  the  rat wi th  the  highest  daily 
water  in take  before  subs t i t u t i on  of  the  sa l ine-e ton i tazene  
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FIG. 1. Effects of changing from water (striped bars) to saline 
solution (filled bars, upper frame) or to saline-etonitazene solution 
(filled bars, lower frame) on total number of licks, % of total licks as 
post pellet licks (% PPL) and ml consumed. The striped bars are for 
the final day of water drinking and the filled bars are for the first 
day of saline or saline-etonitazene drinking. The BB and B 

designations are the rat identification numbers. 

so lu t ion.  In add i t i on  to the  decrease  in l icking w h e n  the  
sa l ine-e ton i tazene  so lu t ion  was i n t r oduced ,  the  pa t t e rn  of  
l icking by  these  rats  also changed.  The  pe rcen tage  o f  
pos tpel le t  licks : ( abou t  80% when  wate r  was in the  d r ink ing  
bo t t l e )  decreased to on ly  a b o u t  20% dur ing  the  first session 
tha t  e t on i t a zene  was in the  d r ink ing  bot t le .  

All of  the  rats  d rank  suff ic ient  e t o n i t a z e n e  so lu t ion  to 
p roduce  a coma  wi th in  the  first few m i nu t e s  of  pos tpe l le t  
l icking w h e n  e ton i t a zene  was in t roduced .  In fact  5 rats  died 
f rom resp i ra to ry  depress ion  dur ing  the  first session o f  
d r ink ing  the  sa l ine -e ton i tazene  so lu t ion ,  so tha t  it was 
necessary to test  8 rats to  o b t a i n  the  3 survivors shown in 
the  b o t t o m  frames of  Fig. 1. The  range o f  doses  tha t  
p roduced  dea th  in these  an imals  was 2 3 7 - 4 2 4  ug/kg.  

During the  next  few sessions, the  vo lume  of saline- 
e t on i t a zene  so lu t ion  tha t  was c o n s u m e d  general ly  increased 
for all rats,  bu t  the  daily in take  varied greatly.  For  example ,  
Rat  B-2 d r a n k  more  t h a n  100 ml of  sa l ine -e ton i t azene  solu- 
t ion  on  Days 2, 3, 5 and  6 of  the  exposu re  to th is  so lu t ion ,  
but  Rat B-2 did not dr ink  any  sa l ine-e ton i tazene  so lu t ion  
on  Day 4 of  exposure .  A l though  this  was the  most  ex t r eme  
degree of var iabi l i ty  observed,  occas ional ly  the  o t h e r  two 
rats  would dr ink  smaller  t han  usual vo lumes  o f  e t o n i t a z e n e  
so lu t ion .  When the  c o n s u m p t i o n  of  e t o n i t a z e n e  so lu t ion  
was unusua l ly  low the  an imals  lost  weight  and  exh ib i t ed  
loose stool.  

After  15 sessions dur ing  which  the  rats  d rank  saline or  
sa l ine-e ton i tazene  solu t ions ,  a wate r  b o t t l e  was i n t r o d u c e d  
at the  back of all tes t  c h a m b e r s  for  the  nex t  39 sessions 
(Table  1). The  rats d r ink ing  the  saline so lu t ion  averaged 
over 120 ml /day  of  saline so lu t ion  and  less t han  1 ml /day  
of water.  The  rats d r ink ing  the  sa l ine -e ton i tazene  so lu t ion  
averaged more  t h a n  100 ml /day  of  sa l ine -e ton i t azene  
so lu t ion  and  less t h a n  2 ml /day  of  water.  This  resul ted in an 
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FIG. 2. Effects of reversing the location of water and saline solution 
or water and saline-etonitazene solution on fluid intake. N refers to 
bottles in the normal position (water in the rear bottle and saline or 
saline-~tonitazene solution in the front bottle) and R refers to 
bottles in the reversed position (water in the front bottle and saline 

or saline-etonitazene solution in the rear bottle). 

average daily dose of  a p p r o x i m a t e l y  2500  ug/kg  of e ton i t a -  
zene per  day.  

During 2 of  the  next  5 sessions the  pos i t ion  of  the  
bo t t l e s  in the  cages were reversed,  so tha t  the  saline and  the  
sa l ine-e ton i tazene  so lu t ions  were in bo t t l e s  located at the  
rear of  the  cages and  the  water  bo t t l e s  were at the  f ron t  of  
the  cages near  the  pel let  hopper .  Figure 2 shows the  effects  
of reversing the  pos i t ion  of  the  fluids on  the  vo lumes  o f  
fluids consumed .  For  the  rats  d r ink ing  saline so lu t ion ,  in 5 
of  the  6 cases where  the  reversal in pos i t ion  occur red ,  the  
rats swi tched  to water  f rom saline. In o t h e r  words,  the  rats  
c o n t i n u e d  to d r ink  at the  same pos i t ion  even t h o u g h  wate r  
had replaced the  saline so lu t ion .  The  on ly  excep t ion  to th is  
was the  fh'st reversal for Rat BB-I where  very l i t t le  d r ink ing  
of  e i the r  fluid occurred.  The  a m o u n t  of  wate r  c o n s u m e d  on 
reversal days  (Fig. 2)  was as much  or grea ter  than  the  
a m o u n t  c o n s u m e d  when  water  was the  on ly  so lu t ion  
available (Fig. 1). In cont ras t ,  when  the  pos i t ion  of  the  
wate r  bo t t l e  and  the  sa l ine-e ton i tazene  bo t t l e  were re- 
versed, in all cases the  rats c o n t i n u e d  to d r ink  pr imari ly  the  
sa l ine-e ton i tazene  solut ion.  In o the r  words,  the  ra ts  
changed the i r  d r ink ing  pos i t ion  to the  rear of  the  cage at 
the  place to which  the  sa l ine-e toni tazene  bo t t l e  had been  
moved (Fig. 2, r ight frames).  

Af ter  2 sessions wi th  the  bo t t l es  in the i r  usual posi t ions ,  
a dose of  2 mg/kg  of  na loxone  was admin i s t e red  I min 
before  the  delivery of  the  first series of  pellets  was s tar ted.  
The  effects  of  na loxone  on the  vo lume of  fluid consumed  
are shown  in Fig. 3. In the  rats tha t  d rank  saline so lu t ion ,  
for which  data  on the  effects  of  na loxone  are available,  the  
na loxone  had very li t t le effect  on  the  vo lume of  e i the r  
water  or saline so lu t ion  consumed .  For  the  rats d r ink ing  the  
sa l ine-e ton i tazene  so lu t ion ,  na loxone  had l i t te  effect  on  the  
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FIG. 3. Effects of naloxone administration on fluid intake of rats 
drinking saline ~lut ion or saline-etonitazene solution. B refers to 
the day before naloxone administration, Nx refers to the day of 
naloxone administration, Nx refers to the day of naloxone 
administration and A refers to the day after naloxone ad- 
ministration. The stopper became dislodged from the bottle during 

the day that naloxone was administered to Rat BB-I. 

d r ink ing  o f  sa l ine-e ton i tazene  so lu t ion  in Rat  B-l ,  bu t  it 
r educed  the  a m o u n t  of  sa l ine-e ton i tazene  so lu t ion  con-  
sumed  by Rat  B-2 wi thou t  a f fec t ing  the  negligible water  
in take.  In Rat  B-3, na loxone  reduced  the  a m o u n t  of  saline- 
e t o n i t a zene  so lu t ion  c o n s u m e d  and increased the  a m o u n t  
of  wate r  consumed .  

A fac tor  con t r i b u t i ng  to the  variable  effects  o f  n a l o x o n e  
in the rats  d r ink ing  the  sa l ine-e ton i tazene  so lu t ion  is shown 
in Fig. 4 which  shows the  n u m b e r  o f  licks by each rat,  
cumula ted  every 3 hr  for 24 hr before  na loxone  ad- 
min i s t r a t ion  and  for 24 hr  a f te r  n a l o x o n e  admin i s t r a t ion .  
The rats  d r ink ing  saline showed  very similar d i s t r ibu t ions  of  
licking before  and  a f te r  na loxone .  Par t icular ly  s t r iking are 
the  high rates of l icking the  saline tube  dur ing  the  3 hr 
periods immedia te ly  af ter  na loxone  admin i s t r a t ion .  In 
contras t ,  na loxone  changed  the  usual l icking pa t t e rn  of  the  
rats d r ink ing  the  sa l ine-e toni tazene  solut ion.  The high rates  
of  l icking the  sa l ine-e ton i tazene  tube  dur ing  the  first 3 hr  of 
the  session a lmost  comple t e ly  disappeared.  Rat B-I s tar ted 
to lick at a high rate a f te r  6 hr of decreased licking. This 
was the  rat whose  daily vo lume o f  sa l ine-e ton i tazene  
so lu t ion  was not  decreased by na loxone .  Rats  B-2 and  B-3 
were slower to resume licking, taking 9 to 12 hr. The  to ta l  
daily in take  of  sa l ine-e toni tazene  so lu t ion  was decreased in 
these rats  because of  the  longer suppress ion of  licking af te r  
the  na loxone  inject ion.  

DISCUSSION 

These expe r imen t s  showed  tha t  rats induced  to dr ink  
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FIG. 4. Effects of naloxone on the daily pattern of licking. The 24 
hr session is divided into eight 3 hr periods and the tolal number of 
licks is shown for each rat during each 3 hr period. The stopper was 
dislodged from the bottle during the day that naloxone was 

administered to Rat BB-1. 

large a m o u n t s  o f  wate r  unde r  a schedule - induced  polydipsia  
t e chn ique  also dr ink  large a m o u n t s  of  a sa l ine-e toni tazene  
so lu t ion  if it is subs t i t u t ed  for water.  Fu r the r ,  the  rats  
con t inue  to dr ink this  so lu t ion  when  a water  b o t t l e  is 
placed at the  back of  the  test  cage, suggesting tha t  the  rats 
were not  d r ink ing  the  sa l ine-e ton i tazene  so lu t ion  merely  
because they  were depr ived of  o the r  fluids. Unfo r tuna t e ly ,  
rats also chose  to dr ink saline so lu t ions  tha t  did not  con ta in  
any  e ton i t a zene  when  presented  wi th  a similar choice  
be tween  saline so lu t ion  and water.  

There  are at least two possible exp lana t ions  as to why 
the  rats  d r ank  more  of  b o t h  the  sa l ine-e ton i tazene  so lu t ion  
and the  saline so lu t ion  than  water.  The  first is tha t  the  rats 
may s imply prefer  saline so lu t ions  to water.  There  is 
cons iderable  evidence that  rats  will dr ink more  saline 
so lu t ion  than  water  unde r  schedule- induced  polydipsia  I 4 ] ,  
a f inding tha t  is suppor t ed  by our  data in Fig. 1. A second 
possibil i ty is tha t  the rats  adop t ed  a pos i t ion  preference ,  
preferr ing to dr ink f rom the  spout  in close spatial  pro- 



O R A L  SELF A D M I N I S T R A T I O N  OF E T O N I T A Z E N E  141 

ximi ty  to the food hopper ,  rather than f rom the water  
spout at the back of  the cage. Clark [ 1 ] has shown that  it is 
important  to locate the water  close to the food hopper  if 
schedule-induced polydipsia is to be maintained.  

The impor tance  of  the locat ion of  the bot t les  was tested 
by reversing the posit ion of  the solutions in the cage. Water 
was placed in the bot t le  at the f ront  of  the cage near the 
food hopper  and saline or sal ine-etoni tazene solutions were 
placed in the  bot t le  at the rear o f  the cage. The rats 
choosing be tween  saline solut ion and water  s topped 
drinking saline solut ion and began drinking water,  in- 
dicating that  the posi t ion of  the bo t t le  was a very 
important  variable for these rats. In contrast ,  when the 
bot t le  posit ions were reversed, the rats choosing be tween  
the sal ine-etonitazene solution and water drank primarily 
the sal ine-etonitazene solut ion f rom the bot t le  at the rear 
of  the cage, rather than drinking water f rom the bot t le  in 
the front of  the cage. For  these rats the posi t ion of  the 
bot t le  was a much less impor tant  variable than it was for 
the rats drinking the saline solution.  Since the only 
difference was the presence of  the e toni tazene  in the saline 
solution,  it is reasonable to conclude that  the rats drinking 
the sal ine-etonitazene solut ion cont inued to drink this 
solution when its locat ion was changed, because the  
e toni tazene  acted as a positive reinforcer.  

The disrupt ion of  the drinking of  sal ine-etoni tazene 
solut ion for 6 to 12 hr after a dose of  na loxone  that  had no 
effect on the drinking pat tern of  rats drinking saline 
solution,  suggests that these rats were physically dependent  
on etoni tazene.  A similar disrupt ion of  the drinking of  
morphine  after  na loxone  adminis t ra t ion has been observed 
with rats induced to drink morphine  under  the schedule- 

-induced polydipsia procedure  [10] .  Fur ther  indicat ion 
that these rats were physically dependent  was obta ined  
f rom the causal observation of  abst inence signs (wet dog 
shakes, diarrhea, weight loss, etc.)  in some rats on days 
when lit t le e toni tazene  drinking occurred.  

These data should not  imply that the schedule-induced 
drinking of  e toni tazene  is the only technique  whereby rats 
can be induced to drink e toni tazene  solutions and become 
physically dependent  on them. We have shown previously 
that when 3 or 10 ~g/ml  of  e toni tazene replaces water  as 
the only  available drinking fluid there is a transient increase 
in fluid intake that lasts for about  a week [13] .  Sub- 
sequently,  these rats were shown to be physically de- 
pendent  on e toni tazene  after  12 days of  drinking it, as 
demonst ra ted  by the elicitation of  withdrawal  symptoms  
fol lowing na loxone  injection.  

The replacement  of  water by sal ine-etonitazene solut ion 
disrupted the usual pat tern of  postpellet  drinking so that a 
much higher p ropor t ion  of  licking occurred during periods 
when pellets were not  being delivered. Similar effects have 
been observed with morphine  [9] and with e thanol  [121. 
Whether  this change in the licking pat tern occurs with all 
drugs, only drugs that act on the central  nervous system, or  
only with those with abuse potential ,  is an interesting 
quest ion deserving fur ther  study. 
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