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CRISWELL, H E AND A RIDINGS Intravenous self-admmtstratton of morphme by naive mtce PHARMACOL 
BIOCHEM BEHAV 18(3)467-470, 1983 --A simple method for IV self-admmtstratxon of drugs by mice is described When 
morphine (0 5 mg/kg) was made contingent on a nosepoke response, naive mice increased their rate of nosepoklng when 
compared e~ther with ammals receiving contingent saline vehicle injections or yoked control animals rece~wng noncontm- 
gent morphine 

Morphine Opiate Self-administration Nosepoke Mouse 

SINCE the ploneenng work of Spragg m 1940 [12] there has 
been Increasing interest in development of an animal model 
of opiate abuse m humans The use of intravenous (IV) self- 
administration has received attention because ~t parallels the 
preferred mode of human administration It is also consistent 
with known rules of  reinforcement which require that the 
psychoactive effect of the drug must occur w~thln a reason- 
ably brief time after the response which is to be reinforced 
[7] 

Using IV self-administration, rats [2, 3, 9], cats [8], dogs 
[6], rhesus monkeys [10], and baboons [4] have all been 
shown to self-administer opmtes under some conditions We 
now describe a simple method for drug self-administration 
studies in mice based upon Moran and Straus' [ l l ]  chronic 
IV infusion technique and the use of  a nosepoke response 
We show that mice will self-administer morphine using this 
paradigm without previously having been made dependent 
upon opiates To our knowledge, this Is the first demonstra- 
tion of IV self-administration of a substance by mice 

METHOD 

Ammals 

Twenty adult, female ICR Swiss-Webster mice (30 to 35 
grams) were earmarked and group housed four to a cage with 
food and water available ad lib for the duration of  the study 
All animals were nmve to the drugs and experimental ma- 
nipulations at the beginning of the study 

Apparatus 

Mice were tested in a pair of Plexiglas cages 8 cm square 
and 15 cm high with two 1 2 cm holes on opposite sides of the 
cage and 0 5 cm above the floor (see Fig l) The mouse was 
restrained by placing it inside the cage with Its tail extending 

through one of the holes The tall was then taped to a hori- 
zontal surface outside the cage allowing access to the lateral 
taft veins I l l ]  To afford the largest contact area possible 
between the tad and tape, a piece of tape was wrapped 
around a tongue depressor and taped to the table outside the 
cage The tml was then held against this tape by another 
piece of masking tape near the base of the mouse's  tall The 
tape was, therefore, in contact with the entire diameter of the 
tall The mouse was held by the stickiness of  the tape not by 
its tightness 

The wall opposite the tail hole held a manipulandum con- 
SlSting of a 1 2-cm hole with a grain of wheat light (Radio 
Shack #272-1144) and a photodarhngton (Poly Paks #92 CU 
3276) mounted outside the hole so that when the tip of the 
mouse's  nose e°xtended 1 mm through the hole, it interrupted 
the light beam to the photocell and was counted as a 
nosepoke response The photodarlIngton was interfaced di- 
rectly to the input port of a SYM-l microcomputer which 
monitored responses, activated a Camden Instruments 
cumulative recorder and operated a Sage Instruments 
synnge pump to deliver solution contingent on a nosepoke 
response 

An IV injection needle was made by removing the steel 
cannula from a disposable 26-gauge S/s inch hypodermic 
needle and press fitting that cannula into a length of 28-gauge 
Teflon tubing 

Procedure 

At the beginning of each session, the mice were removed 
from their home cages and placed 0 5 meters below a 250- 
watt heat lamp for approximately 2 rain This produced vas- 
odllation of the tail and eased insertion of the IV needle into 
a lateral vein [11] During insertion, the needle was held as 
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FIG I Mouse test cage for drug self-administration Dlmens,ons 
are 8 cm long. 8 cm wide and 15 cm hzgh Nosepoke and tad holes 
are 1 2 c m m  dmmeter and centered 0 5 cm above the floor A 
photocell and hght are mounted on the outsmde of the box so that a 
nosepoke interrupts the hght beam A p~ece of masking tape ~s 
wrapped around a thin object (such as a tongue depressor) which is 
taped to the table top The mouse ~s placed m the cage with ~ts tad 
protruding through the hole The taft ~s then taped to the object w~th 
masking tape. allowing room to insert the IV needle d~stal to the 
tape 

nea r  parallel  to the  tall as poss ib le  with  the beve led  side of  
the  need le  out  A test  in jec t ion of  5 btl was then  made  and  
p rope r  p l acemen t  ver i f ied by obse rv ing  the  bolus  of  drug 
moving  th rough  the tall vem I m p r o p e r  inser t ion  was accom-  
panied  by  b lanch ing  of  the  tall at  the  site o f  in jec t ion P rope r  
Inser t ion occu r r ed  on  the  first a t t em p t  approx ima te ly  50% of  
the  t ime If  the  needle  was not  p roper ly  p laced,  ,t was re- 
moved ,  r e lnse r t ed  and  re tes ted  In all cases ,  p rope r  inser t ion  
was ach ieved  with 4 or  fewer  a t t empt s  At  the end  of  a 
45-mln trial,  the  needle  was r e m o v e d  and  the  an imal  was 
r e tu rned  to its h o m e  cage Mice adap t  rapidly to this  form of  
l m m o b o h z a t l o n  and  some inves t iga to rs  have  ma in ta ined  IV 
inject ions  con t inuous ly  for  severa l  days  using the  t e c h m q u e  
Ill] 

Animals  were  divided into 10 pairs  at  the  beg inning  of  the  
s tudy One  an imal  of  each  pair  rece ived  e i the r  morph ine  
sulfate (0 5 mg/kg dlsolved in 5 /zl o f  sahne)  or  the  sahne  
vehicle  a lone  (5/zl  de l ivered  dur ing  '/2 sec) con t ingen t  upon  a 
nosepoke  r e sponse  The  o the r  an imal  se rved  as a n o n c o n t m -  
gent  yoked con t ro l  and  rece ived  e i the r  m o r p h i n e  or  saline as 
appropr ia te  when  its pa r t ne r  r e sponded  

Each  pai r  was t es ted  for  two 4-day per iods  w, th  7 days  
separa t ing  the  tes t  per iods  Days  1 and 2 were  t ra in ing days  
where  m o r p h i n e  or  saline was avai lable  and  days  3 and 4 
were  ex t inc t ion  days  to re turn  the  ammals  to the i r  original  
ope ran t  levels IV needles  were  not  inser ted  dur ing  ext inc-  
t ion trials Training trials las ted  45 m m  or until  the animal  
had se l f -adminis te red  20 mg/kg o f  m o r p h i n e  or  an equ iva len t  
n u m b e r  of  in ject ions  o f  sahne  Ex t inc t ion  trials las ted 30 mm 
each  and  the  2 t ra in ing and  2 ex t inc t ion  trials were  c o n d u c t e d  

Q} 

--1 
i -  

E 

0 

2.5 

2 

1.5 

0.5 

MC MN SC 
Groups 

q-  

SN 

FIG 2 Means (wide bars) and standard errors (narrow bars) are 
shown for m~ce receiving contingent sahne--SC, noncontmgent 
sahne--SN contingent morphme--MC, and noncontmgent 
morphme--MN Responses were made during a 45-ram test period 

d u n n g  4 consecu t ive  days  Fol lowing a 7-day rest  per iod 
each  pair  r epea ted  the  t ramlng  and  ex tmc t lon  p rocedu re  w~th 
an imals  which  rece ived  sahne  now r e c e w m g  morph ine  and 
vice ve r sa  Each  animal  there fore ,  rece ived  bo th  morph ine  
and  sal ine in c o u n t e r b a l a n c e d  o rde r  The  10 pairs o f a m m a l s  
were  divided mto  2 groups  of  5, one  group receiving mor-  
ph ine  sulfate dur ing  the  first two t ra in ing sess ions ,  while the 
o the r  g roup  rece ived  sahne  first Two pairs  of  an imals  f rom 
the  group  rece ivmg morph ine  first were d ropped  f rom the 
s tudy fol lowing mal func t ion  of  a photocel l  d u n n g  t ra in ing 
Comple t e  da ta  were  ana lyzed  for  the  remain ing  mice 

RESULTS 

Mean  r e s p o n s e  ra tes  of  the four g roups  dur ing the  second  
drug day are s h o w n  in Fig 2 Pai red  c o m p a r i s o n  A N O V A s  
[1] showed  a s ta t is t ical ly  rehable  increase  in r e sponse  rate 
when  morph ine  re ject ions  were  con t ingen t  on  the r e sponses  
as c o m p a r e d  to the  n o n c o n t i n g e n t  con t ro l  F ( I . 7 ) = 1 3  25 
p < 0  01. and  to the sahne  cont ro l .  F(1 .7)=13  87. p < 0 0 1  
During the  first day of  ex t inc t ion  r e sponse  ra tes  were  0 78 
r e s p o n s e s / m m  for the mice which  had  previous ly  rece ived  
con t ingen t  morph ine .  0 85 for n o n c o n t l n g e n t  morph ine  and 
0 83 for con t ingen t  sa lme The re  were  no signif icant  d~ffer- 
ences .  F (2 ,7 )<1 .  p > 0  5. be tween  these  r e sponse  ra tes  

Cumula t ive  records  dep ,c tmg a c q m s m o n  of  the  nosepoke  
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FIG 3 Cumulative records for Day 1 are shown for the 5 animals which received contingent morphine 
during thear second test period Response rates are low during the first part of the test for 4 of 5 
animals One ammal responded rapadly from the start and received 20 mg/kg of morphine wathm the 
first l0 mln 3 of the remaining 4 anamals showed increases m response rate late m the training sessmn 
Thas pattern as typacal of anamals acqmrlng a reinforced response 

r e sponse  are  s h o w n  in Fig 3 T h e s e  an imals  had  p rev ious ly  
expe r i enced  2 days  of  sal ine fol lowed by 2 days  of  ex t rac t ion  
and  7 days  res t  They ,  the re fo re ,  had  re la t ively  low ope ran t  
levels  

DISCUSSION 

The  n o s e p o k e  r e s p o n s e  is a useful  r e sponse  m drug  self- 
admin i s t r a t ion  s tudies  It IS a more  na tura l  ope r an t  for  a 
mouse  than  the  t radl t tonal  l eve r -p ress  r e s p o n s e  and  is less 
vu lnerab le  to d rug- reduced  mo to r  i m p a i r m e n t  [5] The  rela- 
t ively high ope ran t  level o f  this  r e s p o n s e  also e h m m a t e s  the  
need  for  shap ing  The  r e sponse  needs  only  to be  b rough t  
u n d e r  the  con t ro l  of  the  e x p e r i m e n t a l  con t ingenc ie s  

W h e n  d e h v e r y  o f  a small  dose  of  morph ine  was made  
con t ingen t  on a nosepoke  r e sponse ,  mice  had  h igher  ra tes  of  
r e s p o n d m g  w h e n  c o m p a r e d  to con t ro l  g roups  which  rece ived  
e~ther sahne  or  n o n c o n t m g e n t  m o r p h i n e  Th~s suggests  tha t  
morph ine  was ac tmg  as a r e in fo rce r  for  the  n o s e p o k e  re- 
sponse  F u r t h e r  e v i d e n c e  of  the  re inforc ing  p r o p e r t | e s  of  
m o r p h m e  m j e c t m n s  c o m e s  f rom the  poslt~vely acce le ra t ing  
s lopes  of  the  cumula t ive  r e s p o n s e  r ecords  s h o w n  m Fig 3 
The  use  o f  tad veto mjec t tons  into mice,  thus ,  appea r s  to 
r ep resen t  a wab le  m e t h o d  of  d e m o n s t r a t i n g  re inforc ing  
p roper t i e s  of  an  expe r i m en t a l  d rug  The  use  of  noncon t ln -  
gent  yoked  con t ro l s  ~s impor t an t  m this  p rocedu re  s ince  
changes  m act lv l ty  level  due  to the  drug might  a l te r  the  oper-  

an t  level  of  the  n o s e p o k e  r e s p o n s e  i ndependen t ly  of  the  rein- 
forc ing effects  of  the  drug 

It is especia l ly  in te res t ing  that  these  a m m a l s  acqu i red  the  
r e sponse  w~thout pr ior  drug expe r i ence  In the past ,  m a n y  
s tudies  [2, 3, 4, 9] have  used an imals  previous ly  made  de- 
p e n d e n t  The  r emfo rcmg  effect  of  the  morph ine  in ject ions  m 
those  ins t ances  can  thus  be  exp la ined  by  negat ive  re inforce-  
men t  t h rough  reduc t ton  of  ave r s lve  w~thdrawal  effects  The  
p re sen t  s tudy  suggests  tha t  na ive  m~ce will se l f -admmts te r  
m o r p h m e  and  tha t  morph ine  acts  as a pos~tlve r e in fo rce r  
The  lack of  d l f ferentml  r e spond ing  dur ing e x t l n c t m n  is 
s o m e w h a t  t r o u b h n g  but  may simply be  due to the  minimal  
t ra in ing  or  to the  d~ffenng p r o c e d u r e  b e t w e e n  t ra in ing and  
ex t inc t ion  s e s s m n s  The  ammals  were  not  p laced u n d e r  the  
heat  l amp and  IV ca the t e r s  were  not  inser ted  dur ing  ex tmc-  
tmn  These  are poss ible  d~scrlmlnative s t lmuh  which  were  
absen t  dur ing  ex t inc t ion  se s smns  Also,  the shor t e r  s e s smns  
dur ing  ex tmc t lon  e h m l n a t e d  the  t ime per iod  ( the last  15 
mmutes )  dur ing  which  grea tes t  d i f fe rences  were  o b s e r v e d  
b e t w e e n  e x p e r i m e n t a l  and  con t ro l  sess ions  This  suggests  
tha t  sess ion  length  may  be  an  i m p o r t a n t  va rmble  usmg this  
p r o c e d u r e  The  me thodo logy  used  in the  p re sen t  s tudy does  
not  appea r  to be s t ressful  to the  mice [I 1] and  al lows com-  
par t son  of  the  severa l  avat lable  mouse  s t r ams  It should  
be  usable  wi th  any  w a t e r  soluble  drug,  offer ing a s imple 
and  lnexpens tve  me thodo logy  for  examin ing  drug self- 
admin i s t r a t ion  
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