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SA'I'INDER, K. P. Oral retake o /  morphhle hz selectively bred rats. PIIARMAC. BIOCIIEM. BEHAV. 7(1) 43--49, 
1977. - Oral intake t)f morphine was investigated in selectively bred strains of rats. It was possible to induce all the 
fivc genetic lines to consume morphine in distilled water. Withdrawal of morphine resulted in significant decrease in the 
b~ly weights of all the genetic lines in both the experiments. Significant drug-preference behavior was found only in 
three genetic lines with a common characteristic of relatively high enmtional reactivity as compared to the two lines 
not showing such a behavior. 
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ORAL INTAKE of  morph ine  in rats wi thout  pre- 
med i t a t ion  has been p roduced  by forcing thirsty animals 
to drink morph ine  in water [16] .  Development  of  mor- 
phine preference  m rats has also been induced by present-  
ing morph ine  in various concen t r a t i ons  of  sucrose [4,5] 
and morphine-adu l te ra ted  food [5 ] .  However,  it was not  
possible to induce morph ine  preference  by present ing 
morph ine  in water or in saline [6 ] .  In the present  
investigation an ¢,ttempt has been made to induce prefer-  
ence for morphine  in water in compar i son  with water  
alone. 

In spite of  the desirabil i ty of  investigating the genet ic  
bases of  morph ine  intake,  research with morph ine  in- 
volving such :, me thod  has been minimal.  The only studics 
known to the au thor  are the ones in which selective 
breeding was used to p roduce  two strains of  rats that  
differed in their susceptibi l i ty  to morph ine  intake [8 ] ,  
and the oral ingestion of  morf~hine hydroch lo r ide  and 
morphine  sulfate waler solut ions  in Wistar and hooded  
rats [7[ .  It seems to be of  significant interest  to s tudy 
the role of genetically selected behaviors in morph ine  
intake, especially when bchavio ,s  involved are cons idered  
to be of  theore t ica l  impor tance  in drug intake,  l tence,  the 
main purpose of  this investigation was to s tudy the 
morph ine  intake in lines selectively bred for emot iona l  
reactivity and avoidance condi t ionabi l i ty .  These lines of  
rats have shown different ial  e f fec ts  of  in t raper i loneal  
adminis t ra t ion of  d -amphc taminc  [ 10,1 21 and morph ine  
[151 as well as oral intake of  alcohol [11,13] on various 
indices of behavior.  

EXI'FIRIMI-N'I 1 

The purpose  of  this expe r imen t  was to  investigatc the 
oral intake of morph ine ,  fol lowed by withdrawal  of  
morph ine  and subsequent  choice selection of  morphine .  

3le t hod 

,,Inimal.~. Forty  naive male r~,ts, 8 each from MNR/ 
l lar /Lu,  MR/Har /Lu,  R( 'A/Lu,  R | IA/ I .u ,  and RLA/I .u  
strains were used. The MNR/I.u and MR/l lar / I .u  strains 
have been subject  to genetic selection for low and high 
open-field emot iona l  reactivity,  respectively.  The RItA/Lt! 
and RI.A/I .u  lines have bccn genetically selected for high 
and low rates of  aw~idance /earning, respectively,  and the 
RCA/Lu represents  a nonse lcc ted  contro l  line. Fur ther  
details regarding the his tory of  these strains have becn 
repor ted  ec, rlier [10 ,11] .  The animals x~,ere bred and 
reared in the h, bora tory ,  weaned at 28 days, and were 
100 days of  age at the start of  the expe r imen t .  Before 
expe r imen ta t ion  the animals were housed ill tile sanle-sex 
pairs and strains on separate cage racks. I)uring experi-  
menta t ion  the animals were coded and housed individual- 
ly to ensure thal the expe r imen te r  did not know the 
strata of the animals. The laboratory  t empera tu re  was 
thermosta t ica l ly  cont ro l led  at 22 • 1' ('.. and the humid-  
ity level was mainta ined al 40 ' i .  I-'luorescef~t lights were 
on a 1 2 hr l ight-darkness cycle. 

Procedure. The cage set t ing described in an earlier 
s tudy 1111 was used. In both expe r imen t s  the strategy of  
self-selected drinking was used. All the solut ions were 

~'lhis research Was supported in part by an Operating Research (;rant ~E225) 1o the author from the Addiction Research Foundation ¢~t" 
Ontario, ('anada. I appreciate very much the cmnmenls made by Peter I,. I~roadhurst, Howard 1). ('appell, l)avid M. Karz. Khahil A. Khavari, 
and Abraham Wik[er on an earlier draft of this paper. 

:Requests t'~r reprints shoukt be sent to K. Paul Satinder, l)eparmlent of Psychology, l.akehead University, l'hunder ['la~. Ontario. ('anada. 
P7B 51'11. 

43 



44 SAFIN I)E R 

made tip in disti l led water,  t h e  an imals  were given a 
choice trial be tween  0.1 tng .nd  m o r p h i n e  sulfate m 5 ' ;  
sucrose so lu t ion  and 5"7 StlCrOS¢ so lu t ion  for clio day.  For  
the next  two  days,  the  an imals  were given only  0. l  nlg-'ml 
m o r p h i n e  in 5"; sucrose,  for the next  two ttays the 
sucrose c o n t e n t  was reduced  to 2.5 ' ;  but the n m r p h i n e  
concent ra t io i1  remained  the same. For tile nex t  two days 
0.2 nlg."nll i no rph ine  sulfate was given m 2.5-; sucrose 
and then  for t~,o days  sucrose was reduced Io 1.25<7 but  
the m o r p h i n e  c o n c e n t r a t i o n  remained  at 0.2 mgeml. Aflcr  
this m o r p h i n e  was given m water  only  and animals  were 
progressively exposed  to increas ing c o n c e n t r a t i o n s  of 0.2, 
0.3, 0.4, 0.5,  0.7. 0.~), and 1.2 rug.ml m o r p h i n e  for five 
days each with no choice :  on the 2 days tollo~ving each 
five-day per iod  of forced 111orphine a choice  trial he tween  
water  anti m o r p h i n e  so lu t ion  was given. Before the choice  
trial for  1.2 reg.:nil m o r p h i n e  was given, the animals  wcrc 
w i l h d r a w n  f rom n io rph ine  for 48 hr, btll food and waler  
were available c o n t i n u o t i s l \ .  l-he ra t ionale  beh ind  this 
schedule  of  mixed vehicle p r e s en t a t i on  and of  increasing 
n lo rph ine  c o n c c n t r a l i o n  was, first to induce  animals  to 
slarl d r ink ing  morplaine and then to provide enough  
morph ine  by increasing c o n c c n t r a t i o n ,  to p roduce  clepen- 
dcnce on the drug.  The an imals  were disturl~ed at 24 
hr- in terva ls  to record bed.\ weigh l  and f[ t l id in take ,  to 
replenish food ,  and i o  e n l p l y ,  ch_'an, and ref i l l  lhe d r ink -  
ing bot t les .  The pos i t ion  of bo t t l e s  \~as changed every day 
in a sys temat i c  ro ta t ion .  

[?,('.~lt/t.~ and  Dl,~Cl¢.s,S'lOn 

l h e  f o l l o w i n g  nleastlrcs were ob ta ined  f rom each 
an ima l  for e \ e ry  morph ine  concen t ra l i on  based on the 
n u m b e r  of  days  referred to in the p rocedure .  I l l  Inlake 
of m o r p h i n e  soh i t ion  expresses  as a percentage  of tile 
to ta l  fluid in take  dur ing  choice  trials. 12) t he  a m o u n t  of f.O IOO-I 
m o r p h i n e  expressed in n'lg..kg..24 hr h o t h  dur ing  choice _.1 / 
and forced trials. 131 1tie fhiid Iml. .kg/24 hr)  ii l lake ' ~  
dur ing  b o t h  choice and forced trials. The results  wcre ~ 90-~- 
evahia ted  hy analysis  of var iance.  I-- 

The mean percentages o f  mo rph ine  so lu t ion  consumed LIJ 
dur ing  choice  days  u n d e r  each conceI l t r a l ion  arc' present-  (...) 
ed for  :Ill the five s t ra ins  in Fig. 1. There  were significanl 
d i f fe rences  a rnong the strains.  F (4 ,35)  = 2."4.2, p. 0 .001,  (,3 
and an iong var ious I0 .2  -- 1.2 mgIIml concen t ra t ions ,  
t"(6,210) = 11.5, p.  0.001.  I h c r e  was a s ignif icant  inter- Z 60 1 
act ion he tween  s t rains  and co i l ccn t ra t ions ,  F ( _ 4 , _ I 0 ) =  
2.(1, p. 0.01,  ir ldicating that  s trains showed  d i f fe rent ia l  8 50~ 
percen tage  in take  of  m o r p h i n e .  In the MNR and R I A  I"- 
lines there  were no signif icant  changes  ill the c o n s u r n p t i o n  ~ 40-J 
of var ious c o n c e n t r a t i o n s .  In the MR, F{6,421 = %1, :>  

p. 0.001,  R ( A  lp- 0 .025 i  and R I I A  Ip. 0 .001)  lines 
changes in the p e r c e n t a g t :  c o n s u n l p t i o n  e l  v a r i o t l s  c()11- Z 30 

cen t r a t i ons  were s igni t icanl .  O 
( o m p a r i s o n  of the nlean percentages  of  l l l t)rphine 20 i 

in take  ( refer  1o Fig. 1) be tween  the MR and MNR strains  klJ 
showed that  the MR strain had s ignif icanl ly  ( p - "0 .001 )  ~ 
higlle, p r o p o r t i o n a l  i no rph ine  re take  than  the MNR strain. ~ .  
Fu r the rn lo re ,  a signif icant  strains ,< concen t ra t i ons  int~:r- Z 

act ion s h o ~ e d  thai  thcsc t w o  stratus had d i f fc rent  pro- 
p(~rtional m o r p h i n e  in take  under  var ious  c o n c e n t r a t i o n s  i"r" 
except  unde r  0.2 and 1.2 mgi"ml condi t ions .  l h e  cor- ~}J 
respoil .ding analysis bc t~een  thc RIt.,\ :.nld R[..-\ l ines 
indica ted  tha t  a l t hough  thc RIIA line had highcr  levels of 1.I(;. 
p r o p o r t i o n a l  m o r p h i n e  in take  than ttle RI . , \  line. none o f  

tile d i f fe rences  were s ta t is t ical ly  s ignif icant ,  except  dur ing  
1.2 mg.mI  choice,  when  Rt lA increased its c o n s u n l p t i o n  
arid R[ A sllowed decrease hi corist imptiori .  

Cons ider ing  signif icant  re take of inorph ine  ()ver 50 ' ;  as 
an active,  d rug-preference  }~eh:.i,.ior, it is clear f rom Fig. l 
that  only the RIIA. RL. \ .  and MR strains showed an 
obv ious  preference  for n lorphh]e .  Ih)wcver ,  in tile ~.INR 
and R ( A  strains,  the cle,.clopMellt of prcferenLe (or 
morph ine  ,,~as abscnl .  

Means o f  mo rph ine  ( m g . k g 2 4  hr)  consumed dur ing  
choice Ir ials are presented m |ab le  I. l he re  were signif i -  
cant d i f fe rences among  the strains, 1:14,35) = 37.2,  
/1. 0 .001,  and umong various c o n c e n t r a t i o n s  (0.2 1.2 
mg..I111 ), I:( 6.2 I 0) = 6 ?.4, p- 0 .00 I,  m the cotlsUTnptlon o f  
nlorphine. In the M N R  Imc there v,'ere 11o s ig l l i f icanl  
changes  a m o n g  concen t r a t i ons .  In the MR line there  were 
significanl dJI'fercilces in {lie IlloTphil/e COllStlilled under  
, .arious concen t ra l i ons ,  [ . (6 ,42)  = 7.~, p, 0.0[)1, the sanlc 
was true in the R('.,\, Rtt.-\ and RI A strains, q~. 0 .01)  
dur ing  choice tr ials. 

( 'ompar isorJ be tween tile ,'%114 and MNR lines showed 
thai  Ihc MR line conStl l l led s ign i t i can t ly  larger ci inourl ls e l  
n lo rph i i l e  lhan the M N R  l ine, t : ( I . 1 4 )  = 7.1, /7. 0.[)25. 
,Strains ~ concen l rc l t ions  interact i ( }n,  t : i 6 .~4)  = 2.4.  
p. 0.05,  showcd thai  thL'se t w o  lines o f  rals t ook  d i f fer -  
ent ;.llnOlllllS o f  i n o r p h i n c  t l nde l  %ariotis t .oncenlra l l ( ) l /S ,  
i~red(.)illin~lntlv betWeCll 0.?, ().tl iiig.llll  conCelllralioll ' . ; .  
l h e  s imi lar  C()lllparlw.(in belv, een the 1411..\ and R I \  l ines 
sho~ cd thai  tilt.' R t l A  Imc col ls t ln led s ign i f l can l l y  
ip .  0 .01)  larger a l l l o l i n t  o f  n l ( ) rphine thai1 the R I A  lmc. 
l h e r e  w;is also a s igni f icant  in lerc ic l ion hc twcen slrciins 
anti c()ncenlral i()n,~ ([J. { ) .005L 
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MORPHINE CONCENTRATION ( m g / m l )  

1. Percentage con,;Ulllplion of morphine h> fi~¢ gcnelic lines in 
choice trials between morphine solutions and water. 
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I A  B I . E  I 

MEANS OF MORPHINE INTAKE Img,:kg/24 hr) IN CI|OICE TRIAI.S. 

0. I 
Genetic in 5'~ I).2 
I.ine~ ",tic rt:.se 

Morphine Concent ra t ions  (mg,'ml) 

0.3 0.4 0.5 0.7 0.9 1.2 

M NR; Har..'l .u 1.1 1).7 2.4 5.6 8.6 17.0 g.2 9.3 
M R'Har,:l .u 0.0 0.9 7.4 I 1.7 26. I 28.9 23.8 4.4 
RCA."I .u 0.0 1.5 6.5 3.9 10.5 16.4 19.4 34.1 
R H A."I .u 0.0 8.7 13.7 16.8 30. I 42.9 50.0 99. I 
RI.A:I.u 0.1 g.2 9.3 17.5 25.7 3g.7 42.5 58.5 
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-l'A B I . E  2 

MEANS ()1: MORPHINE (mg,'kg:24 hr) INTAKF IN EORCF.D TRIAI.S. 

Genetic 
l,ine~ 

Morphine Concent ra t ions  (mg,"ml) 
11. I O. I (1.2 0.2 

in 5c, in 2.5':~ in 2.5c,~ in 1.25c,,: 0.2 1).3 0.4 0.5 0.7 
sucrose  in disti l led water  

0.9 1.2 

M N R.'Har.,l.u 
MR Har. ' l .u 
R('A."I .u 
RI tA, ' I  ,u 
RI.A.I.Ln 

P 

11).6 10.O 14.3 13.8 15.1 20.8 25.9 35.9 48.3 62.0 81.0 
111.6 I 1.8 22.6 12.g 12.6 18.4 26.4 34.4 45.4 60.5 67. I 
5.7 5.7 7.2 10.0 II .9 16.6 22.5 29.4 39.4 52.5 66.3 

15.~ 8.2 18.5 11.9 15.2 21.4 28.4 35.6 45.7 59.6 83.3 
111.5 7.0 12.1 12.4 13. I 18.3 24.6 30.6 43. I 54.3 69.5 

• 0.005 - 0.01 .:70.005 ,-0.(X)5 -:0.025 -:O.(R)5 

"FABI ,E  3 

MI 'ANS OF I IOI)Y WEIGH'IS AND FOOl) INTAKE DURING 4g tIR. OF PREWITHDRAWAI. .  WI I 'HDRAWAI . ,  AND 
POSTWITHDRAWAI. O f  FOR('EI) 1.2 mg"ml MORPHINE INTAKE. 

Body weighls (g) Food Intake (g) 
48 hr 48 hr During 48 hr l)uring 48 hr 

At the ,,tart after after before During 48 hr after 
(Jenetic o f  morphine morphine resumption morphine of  morphine resumption of  
I.ines withdraw,tl w, ithdrawal of  morphine  withdrawal withdrawal morphine  

MNR,Har/1 .u 268 248 261) 37 33 42 
M R/t lar:'l .u 326 310 321) 33 38 40 
RCA.'I .u 395 357 383 48 42 47 
R 1t A."I .u 352 320 3411 46 4(1 36 
RI ,A.l ,u 363 324 3511 44 31 39 

Tab le  2 s h o w s  t he  n l ean  a m o u n t  o f  morr ) t l ine  c o n s u m e d  
by the  s t r a i n s  d u r i n g  tile f o r ced  i n t a k e .  T h e r e  were  
s i g n i f i c a n t  d i f f e r e n c e s  an lo l lg  the  s t r a i n s  u n d e r  v a r i o u s  
c o n c e n t r a t i o n s  as i n d i c a t e d  in T ab l e  2. hi gene ra l ,  t h e  R I I A  
s t r a in  s h o w e d  t he  h i g h e s t  m o r p h i n e  i n t a k e  f o l l o w e d ,  in 
o rde r ,  by t he  M N R ,  MR,  RI .A  and  R ( ' A  l ines  l e ad ing  to 
overa l l  s i g n i f i c a n t  d i f f e r e n c e s  a m o n g  t he  s t r a i n s  (p-: 0 . 01 ) .  
H o w e v e r ,  c o m p a r i s o n s  b e t w e e n  the  pa i rs  o f  t he  b i d i r e c t i o n -  
ally s e l e c t e d  s t r a i n s  s h o w e d  t ha t  d u r i n g  f o r c e d  i n t a k e  o f  
m o r p h i n e  the  MR and  R H A  line did  no t  d i f f e r  s i g n i f i c a n t l y  
f r om the  ~.~NR a n d  R L A  l ines ,  r e s p e c t i v e l y .  Mean  f lu id  
i n t a k e  d u r i n g  fo r ced  t r ia ls  was  re la t ive ly  c o n s t a n t  m all t he  
g e n e t i c  l ines  u n d e r  i n c r e a s i n g  m o r p h i n e  c o n c e n t r a t i o n s .  

C h a n g e s  in b o d y  w e i g h t  and  food  r e t a k e  d u r i n g  48  h r  
w i t h d r a w a l  o f  1.2 mg. .ml  m o r p h i n e  ,,,,'ere e v a l u a t e d  by 

a n a l y s i s  o f  va r i ance .  T h e  m e a n s  are p r e s e n t e d  in Tab l e  3. 
T h e r e  was  a s i g n i f i c a n t  d e c r e a s e  (p- 0 . 0 1 )  in the  b o d y  
w e i g h t s  o f  all t he  s t r a i n s  a f t e r  48 h r  o f  m o r p h i n e  
w i t h d r a w a l .  All the  s t r a i n s  s h o w e d  s i g n i f i c a n t  i n c r e a s e s  
( p / 0 . 0 1 )  in b o d y  w e i g h t s  d u r i n g  tile 48  h r  p o s t w i t h d r a w a l  
pe r i od  in w h i c h  c h o i c e  b e t w e e n  1.2 m g / m l  m o r p h i n e  an d  
w a t e r  was  p r o v i d e d .  T h e r e  was  n o  d i f f e r e n t i a l  e f f e c t s  
a m o n g  t he  s t r a i n s  in the  re la t ive  c h a n g e s  m b o d y  w e i g h t s  
a m o n g  the  s c h e d u l e s  p r e s e n t e d  in Tab le  3. 

F o o d  i n t a k e  (see ] a b l e  3)  was  l o w e r  in all t he  s t r a i n s  
e x c e p t  the  MR s t ra in  d u r i n g  48  h r  m o r p h i n e  w i t h d r a w a l  
c o m p a r e d  to the  c o r r e s p o n d i n g  p r e w i t h d r a w a l  p e r i o d .  
h o w e v e r ,  th i s  r e d u c e d  i n t a k e  was  s i g n i f i c a n t  on ly  in the  
RI IA  s t r a in  F(1 .7~ = 20.,% p.- 0 . 0 0 5 .  and  R L A  s t r a in  
( p  0 .001  1. F o o d  i n t a k e  was  a lso  l o w e r  d u r i n g  48  h r  o f  d r u g  
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withdrawal  as compared  to cor responding  pos twi thdrawal  
period in all the strains except  the RIIA strain. Overall 
reduct ion  m food intake during morph ine  will'ldrawal is irl 
the line with previous findings 121. 

I,:XPt.:RIMEN] 2 

Ahhough  the results of l!xperin'ient 1 clearly demon-  
s t rated the slrain d i f ferences  in oral intake of n torphinc ,  
in te rpre ta t ion  of  these findings cannot  be unequivocal  for 
the fol lowing reasons. First, the pat tern  ()1 the increasing 
amoun t s  of n iorphine  consunlpt ioir  duririg forced trials 
could be due to the possibility of  an increasing desensitiza- 
tion to bi t ter  taste of morph ine  or else because the animals 
mainta ined a cons tan t  fluid intake on forced trials as ho led  
m Exper i inent  I. Second.  the increasing propor t iona l  inlake 
of morph ine  during choice trials could nol be in terpre led  as 
need for morph ine  because preference  for n lorphine  could 
not  be demons t r a t ed  just if iably in the absence of  a control  
group which was not  exposed  to the forced inlakc of 
morphine .  I lence.  the purpose of this exper in lent  was to 
investigate fur ther  the oral inlake of nmrphinc  by prcwiding 
appropr ia te  cont ro ls  for lhe ques t ions  raised above. 

.llctllod 

.,lmmal.~'. One hundred  and twen ty  cxper imenla l ly  naive 
rats equally represented  by the five strctins and both  rite 
sexes were used. The animals ,,,,ere 100 days old. Other  
condi t ions  ,,','ere exact ly the same as in [.xperiniertl I. 

P.'.vpcrimental desi,~,l. To account  for the lasle desen- 
sit ization to the h i t ter  solut ion of  n lorphine,  a contro l  
group ',',,as included which was exposed  to equiaversive 
sohitiori of a pharnlacological ly inert substance ,  i.e., qui- 
nine. To el iminate the c o n l o u n d i n g  p roduced  by the 
increasing concen t ra t ion  of morph ine ,  a single concenl ra-  
titm of 0.5 mg/ml morph ine  sulfate was used {4.161. 1o  
investigate the deve lopment  of  preference  for morph ine .  
ano the r  contro l  group was included,  which was n,:>l exposed  
to the forced intake of morph ine  bill was given choice trials 
for ntorphine along with the group given bolh  forced and 
choice trials of  morphine ,  l-his control  group also eliinina- 
ted the requi rement  for the cor tsumpt ion of tit leasl 50' ;  of 
morph ine  solut ion in choice trials to clemonslrate prefer- 
ence for morphine ,  as done in l{xperiment 1 aild considered 
essential by o the r  invesligators { 171 . In a pilot invesligalion 
it was fourid that 0.25 mg.qnl of quinine sulfale was 
equiavarsive to 0.5 ntg..ml of  morph ine  stillale. 

l)rocetlure. The cage set t ing was the same as in I-xperi- 
lrrenl 1. All the animals were given distilled waler  for two 
days, and on the basis ¢1I water  consumpt ion  the aninials 
were matched  aitd divided into three groups, thus fornling 
15 equal groups to represent  five strains and three 
exper imenta l  condi t ions .  On a random basis these groups 
were designated ;is forced and choice morph ine  groups 
IMM), forced and choice qttinine groups (QQ), and forced 
water  anti choice nmrphine  groups (WM). 1o  establish base 
line consumpt ion  of the drugs, the MM arid WM groups 
were given a choice be tween 0.5 mginil  morphine  and 
water,  anti the QQ group was given choice I~elween 0.25 
mg;ml quinine and water  for lhc ncxt  two days. l h e n  for 
five days. the MM group was given forced morph ine  (0.5 
n/g.,nll), and the WM group was given water  oilly, and the 
QQ grou r, was given forced quinine (0.25 nlg.,ml). Afler  this 
forced intake for five days, all lhe groups were given choice 
trials as described above. This iorced-choice  sLhedule was 

repealed six liines. After the last (seventh)  forced trial arid 
before the choice trial, all the animals wcrc deprived oi 
both food and waler  for 48 hr and then were given Ibe lasl 
respeclivc choice tr ial along wi th  toed. l .ood and V,dier 
depr iva l i tm for 48 hr was in lended io disassociate hc)dy 
weight loss dur ing v¢ithdiawal I l Sl dtle to changes in I(nld 
and waler  intake, l h c  rest ~d the prt)ccdurc was exac l ly  the 
Sallle ;IS in l x p e r i n l e i l l  I. 

Rc.~I+IL~ anU l)i.~cus.~i+m 

Based (ill the llulnbvr of  { t a } 'I s referred I() in lhc 
procedure ,  Itlt+ lollo\ving illcastlr¢s ,,',.ere oblaJned It(Hi1 each 
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FORCED TRIALS 
I.l(;. 2. ('onsumplion of morphine and quinine M;Itllions by ca,,-h of 

the five ,<,'enelic lines during forced trklls. 



O R A L  INTAKE OF M O R P I t l N E  47 

of  the animals.  (1)  In take  of  m o r p h i n e  and qu in ine  
so lu t ions  expressed  us a percen tage  of  the to ta l  f lu id- intake 
dur ing  choice  trials. ( 2 ) l h e  a m o u n t s  of  m o r p h i n e  and 
quin ine  expressed  in m g / k g / 2 4  hr  b o t h  during forced and 
choice trials. (3) l h e  fluid (ml : 'kg/24 hr)  in take  bo th  dur ing  
forced and choice  trials. Fhc  results  were evaluated  by 
analysis of  variance.  

The fluid re takes  dur ing  the forced in take  trials are 
presented  for the MM and OO groups  in Fig. 2. There  were 
no signif icant  d i f ferences  be tween  the groups  a m o n g  all the 
genet ic  l ines except  MNR, I 'q1,12) = 21.2, p , ' 0 . ( )1 ,  which  
also d isappeared  dur ing  thc last two trials. This f inding 
clearly indica tes  lhat  lhe 0.5 mg/ml  m()rphine and 0.25 
mg,.'n]l qt, inine ,,,,ere equiaversive for all the strains,  except  
the MNR line to slart  with.  l h i s  s ignif icant  d i f fe rence  
between MM and QQ groups  in the MNR line was due to 
lhe fact tha t  females in the MM group had a very low 
c o n s u m p t i o n  dur ing  the lirst four  trials as compared  to the 
males, whereas  n<) such drast ic  d i f t e rences  were t o u n d  in 
the QQ group be tween  the sexes. There  were no  s ignif icant  
d i f ferences  a m o n g  s t ra ins  in the forced in take  fluids in MM 
and QQ groups.  I lowever ,  there  was a s ignif icant  in t e rac t ion  
be lween  the s t ra ins  and groups,  I . (4,60)  -- 3.8, p ,  0 .008,  as 
evident  f rom Fig. 2. The animals  of the WM group had 
s ignif icant ly  h igher  fluid in take  th.an e i the r  MM. F(1 ,60)  = 
11%0, p, 0 .001,  or QQ (p* 0.001 ) group.  "]his ',,,,'us trt,e in 
all lhc s t ra ins  dur ing  lhe forced in take  trials. 

The means  of  the percen tages  of  m o r p h i n e  and qu in ine  
solutions consulned dur ing  each of  the choice  trials are 
p resen ted  in Fig. 3 for MM, WM, QQ groups  and ge0.etic 
lines. 

l he rc  were s ignif icant  d i f fe rences  a m o n g  the genet ic  
lines in the MM, F (4 .30 )  = 6.3, p- 0 .001 ,  group bill not  in 
lhe WW and QQ groups.  "lherc were also significant  
increases in the percen tages  t)t the drug c o n s u m e d  in 
successive choice  trials in tile MM, F (7 .210 )  = 28.1. 
p- 0 .001,  group and not  in the WM anti QQ groups.  
('(~mparist>ns be tween  the MM and WM groups  of  the 
respect ive genet ic  l ines sho~ved that  the d i f fe rences  be tween  
thc groups  were s ignif icant  ix] the MR, F(I,12) = 35.7,  
y- 0 . 0 0 l .  RIIA ( p .  0,00()) anti RI,A (p,. 0 . 0 0 2 ) a n d  not in 
the MNR and R ( A  lines, l h i s  f inding clearly indica tes  that  
a m o r p h i n e  preference had developed in the MR, RI IA ,  and 
RI.A lines only.  These f indings  are in suppor t  of  the 
f indings repor ted  in E x p e r i m e n t  I. In general ,  there  were 
significant d i f fe rences  be tween  the MM and WM groups,  
lr:(1,60) = 48.7 p" 0 .001,  and the MM and QQ groups  
(p. 0.001 ) and not  be tween  the WM anti QQ groups  in the 
percentages  of  the respect ive drugs consumed .  It is to be 
no ted  (Fig. 3) that  there was a significant  in t e rac t ion  
be tween  s t rains  and successive choice  trials in the Mbl 
groups,  F ( 2 8 , 2 1 0 )  = 4.0, p,  0 .001,  and not  in the WKI and 
OO gioups.  | : u r t he rn ]o re  the  compar i sons  be tween  the 
percentage  c o n s u m p t i o n  of  m o r p h i n e  dur ing  choice  trials 
ind ica ted  tha t  the d i f fe rences  be tween  the MM and WM 
groups and a m o n g  genet ic  lines were not s ignif icant  dur ing  
first three  ch{~ice trials, lh~x~c',cr, f rom the f{mrth to the 
e ighth  trial the d i f ference  be tween  the MS{ and WM groups  
and an tong  lines in the MM group becante  s ignif icant .  There  
were no significant  d i f fe rences  he lween  the sexes in the 
percentages  of the drugs CollSUnled dur ing  the choice  trials 
in any of the groups.  

Means of  the respect ive drugs consun led  dur ing  choice  
trials by the e x p e r i m e n t a l  groups  and genet ic  lines arc 
presen ted  in l a b l e  4. 
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CHOICE TRIALS 
FIG. 3. Percentage consumption of morphine and quinine in choice 
trials between the respective drug and distilled water of t'ive genetic 

lines in MM. WM, and OO ,eroups. 

l h e r e  were significant d i f fe rences  among  the genet ic  
lines in the MM group,  F ( I . 3 0 ) =  2.5. p. 0 . 0 0 1 ) , a n d  not in 
the WM and QQ groups,  lh i s  indica ted  that  only  in the MM 
group the genet ic  lines c o n s u m e d  dif fer ing a m o u n t s  of  drug 
as the choice  trials progressed.  ( ' ompa r i sons  be tween  the 
MM and WM groups of the respective genet ic  lines showed  
that  the di f ference be tween  the groups  were s ignif icant  in 
lhe MR (p,:O.006L RHA (p, 0 .006)  and R [ A  (p. 0 .002)  
and not  in the MNR and R( 'A lines. 

The MR animals  had both  higher  p ropo r t i ona l  :,s well as 
a m o u n t s  of  morph ine  in take  dur ing  choice  trials than the 
MNR animals,  however  the d i f ferences  were s ignif icant  only  
in the p ropo r t i ona l  in take .  F ( I , 1 2 )  --- 12.4, p. 0.005,  and 
not in lhe a tnoun t  of  morph ine .  The f indings are in general 
agreement  with  the f indings of  I{xperiment 1. l h e  RI,A 
animals had higher  in take  in b(~th the aspects  as ctmq~ared 
to the RI IA  animals  and d i f ferences  were not significant  in 
ei ther .  

The means  of  body  weighls  of  the expe r imen la l  gr(mps 
and genetic lit]us at various stages o f  t i le exper i l l len l  are 
presen ted  in Tabh:  5. 

There  was no significant  differcl lcc among  the experi-  
menta l  groups  ix] the body  weight  at the Marl of  the 
expe r imen t .  ] lowever ,  there were s ignif icant  d i f ferences  
a m o n g  genel ic  lines (p. 0 .001)  and be tween  scxes 
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M E A N .  v, ()I- DRL( IS  img.kg.24 hr) ( ' ( ) N S U M H )  DURING ( ' I I ( ) I ( ' F  IR IA I .S .  

Choice Tr ia ls  

Experimental  Genetic  
( h o u p s  l . i n e n  I 2 ~ 4 ~ 6 7 

A', erage 
arl lounl 
o f  drtlg 

conkt ln)ed in 
each ~.'tltlice 

14 tr ial  

M N  R , t l a r . l  .u 4.0 2.6 4.g 4.2 7.4 7.5 6,.9 9.11 5.,~ 

_ 4  "~.8 3.9 11.4 13.3 S.7 l i b  13.2 M R H a r . . L u  "~ . ~.5 
MM R ('A."I ,u I.S 2.3 3.2 2.3 2.3 5.6 5. I 8.b4 3.9 

R I I A . ' I . u  4.9 4.4 3.9 9.1 13.3 14.0 19.2 23.9 ]1 .6  
R I . A . I . u  I.F, ~ I '~ -' 16.2 17.4 _0.5 ",I "7 "n 2 14.2 

M N  R: l ta r . ' l .u  2.8 3.8 2.6 3.5 3.3 "~ ¢' 2.6 1 . . . .  2.9 

M R : H a r . l . u  2.1 2. I 1.9 1.6 2.6 2.2 1.7 2.7 2. I 
_ . 9  2.6 WM R('A.I  u . . . . . . . .  "~ ~ _.8" ' ~ 2 _.,'> ~ 2.4 _.4"~ "~ ~ " 

RtIA.'I .u 3.7 " " " 3. I 2.1 2.S _.8 _._ 1.9 ~. I L4 

R I . A " I . u  4.7 3.3 4.3 3.9 2.6 " 2.3 2 5 _.4 ~. ?, 

M N R. ' l la r . l  .u 1 ~ ~ ' 1.3 1.3 . . . .  S l i .9 0.8 I . I  4.0 I 7 

M R"Hiuv 1.11 1.5 12  I, I I. 1 (I.g 1.2 1.7 1.5 1.3 
QQ R( 'A ' I .u  1.0 13 1.5 0.5 I.~ I.ll 1.5 33  1.4 

R l | / k : l . t l  1.9 I. ~, 1.5 I .~ I. ~, I .~ 1.2 2.5 1.5 
RI.A:l .u 1.4 1.4 1.6 1.0 0.9 I.I 1.2 3.8 1.6 

T A B I . E  5 

M E A N S  O t  BOI)Y WI ' I ( i l t I ' S  Igl AT \ 'AR I ( ) t lS  SI A(iI'LS ()1 l i l t -  E X P t - R I M I { N I  

( 'ohunn,, I 2 ~, 4 
Percentage 

.-\t the >,flirt At the ',tart 48 h iilter chal)g¢ 
Genetic  Exper imental  of the o1 food & drug food and drtlg bcl 'aeen 
[ . ines ('JiOtlpk exper imenl  ~ i l h d i a w a l  >, i lh tha~,a l  ¢ohl l l lnS I and 3 

M M  2114 218 IX0 17 

M N R.'t lar: l  .u QQ 215 232 2111 7 

WM 212 _34 201 

M M 249 256 215 14 

M K l l a r i l . u  QO 249 263 232 "7 

WM 241 269 2 ~¢ 2 

M M 314  294  254  - I <i 

RC.X.I.u QQ 319 33s t 141 • 6 
W M  322 J43 299 7 

h I M  2~1 294 252 - I 0  

R H A 1 .u (.)(2 290 308 273 6 
W M  2(>4 ti } 261 I 

MM 271 280 240 - I I 

R l .A. I .u QQ 280 306 271 3 
WM 276 306 267 3 

(p<:O.OOIL w h i c h  r e n l a i n e d  s ignif iu 'ant  t h r o u g h o u t  the  
e x p e r i m e n t .  [ h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  a m o n g  the  

e x p e r i m e n t a l  g r o u p s  in b o d y  w e i g h t  at the  s t a r t  o f  the  food  
and  d r u g  w i t h d r a w a l ,  H 2 . 9 0 )  = 6.6,  p. 0 . 0 0 3 ,  as v,'cll as 
a l t e r  48  hr  o f  w i t h d r a w a l  o f  food  and d r u g  (p. 0 . 0 0 1 ) .  
t t o w e v e r ,  these  were  c l e a r l y  due  to  the  d i f f e r e n c e s  b e t w e e n  
t he  M M  a n d  e i t h e r  o f  t he  ( ) t t l e i  t w o  g r o u p s  and  n o t  

b e t w e e n  Or,.) and  W M  g roups .  It is e v i d e n t  f r o m  the  
p e r c e n t a g e  c h a n g e s  b e t w e e n  the  b o d y  w e i g h t s  al  the  s ta r t  

o f  the  e x p e r i m e n t  and  a f t e r  48 hr o f  food  al ld  d r u g  
w i t h d r a w a l  ( l a b l e  5. ( ' o l u m n  4).  (.)n the  average ,  d e c r e a s e  
in the  b o d y  w e i g h t s  o f  the  Mbl g r o u p s  was  14"; as 
c o m p a r e d  to  6"; in the  (,)O g r o u p s  al ld 4 ' ;  ill the  WM 
groups .  II is, t() be n o t e d  tha t  it was  o n l y  in the  ~,lb,| g r o u p s  
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of all the genetic lines that significant d i f fe rences  emerged 
be tween the body weights at the start of the expe r imen t  
and 48 hr af ter  the food and drug withdrawal .  

(;ENI.:P, A I, I)ISCI;SSI()N 

l h e  oral intake of  morph ine ,  an act ive ,  drug-seeking 
behavior,  which reflects  ttie deve lopment  of  need for 
morph ine  or dependence  on it, is related to genetic 
background of  the aninlals, as indicated by the findings of  
I{xperiments I and 2. It may be recalled that it was only 
tile P, IIA, RLA, and MR genelic lines that  showed  
significantly increasing consunit~lion of  morph ine  during 
choice trials, whereas no such behavior was found in lhe 
R('A and MNR lines. On tile o the r  hand.  sigr|ificant 
decrease in body  weighl were found in all five strains on 
withdrawal  of  n lorphine I l a b l e s  3 and 5), which shows the 
developnlent  of  drug dependence ,  as body weight loss is a 
reliable index of  withdrawal  [ I ,  V. 16], a l though observa- 
lion of o lhc r  wi thdrawal  signs, as no ted  wilh these stratus 
previously ]15i could have provided more reliable inl'orma- 
l ion.  It is to he noted lhal  the Ronlan IR('..%, RI IA ,  and 
R I .A i  strains did nol  d i f fer  s igni f icanl ly  lron~ each other  in 
rc la l io l l  to lhe percell lage change in body weight dnr ing 
n lorphine w i thdrawal  whereas the Maudsley tMNR and 
M R i  slrciins di f fered froln each ot i le r  as well :is fronl lhe 
Roman slrains wi lh  regard to lhe body weighl changes. 
Both acl ive, drug-seeking behavior and withdrawci l  syn- 
drome are cons/dered as valid cr i ter ia for lhe dcn lons l ra t ion 
of  the developnlcnt  o f  drug dependence, t)ut there is a need 
for cat i l ion i f  bott l  lhe cri ter ia are to t+i: Liscd inler- 
changably Io del t lonstrale the l'~henonlenon, becatlse body 
weighl loss was fotlnd in all the strains and active 
ntorphine-seeking was present  only in three of  the strains. 

Why was an aclive morphine-seeking  behavior shown by 
the RIIA, RLA, and MR Imcs and not by the R( 'A and 
MNR lines? One of rite c o m m o n  character is t ics  of  these 
genelic lines showing lhe aclivc morphine-seeking  behavior 
is their relatively higher level of  open-field emot ional  

I. Akcra, T., anti T. M. Brody. The addielion cycle Io narcotics in 
lhe rat and its relation to catecholamines. Bi+whcm. Pharmac. 
17:675 688, 1968. 

2. (;oode, P. {L All inlplanted reservoir of morphine solntion for 
rapid inductinn of physical dependence m rats. Br. ,I. Pharmac, 
41:558 566, 1971. 

3. Khavari, K. A., 1. ('. Peters and P. L. llaity. Voluntary 
morphine in,eestion, inorplline dependence, and recovery fronl 
withdrawal signs. Pharmac. Bu~chcm. Behav. 3: 11193-1096, 
1975. 

4. Khavari, K. A. and M. I.. Risner. t'islablishment of nlorphinc 
preference in tile rat. Pwchon.  &'i. 26:141 142, 1972. 

5. Khavari, K. A., and M. 1.i. Risner. ('oncenlration-ingeslion 
relations of rnorpl*line-adulterated food and nlorphine sohiiion. 
Pal"chopharmacohL~ia 30:45 60, 1973. 

6. Khavari, K. A., and M. 1.i. I~,isner. Opiate dependence produced 
by ad libiium drinking of morphine in water, saline, and 
sucrose vehicles. P~Tchopharmacologia 30:291 -302, 1973. 

7. Meade, R., Z. Amit, ~.t. Pachter and M. 1"i. ('orcoran. 
l)iffcrences in oral intake of morphine by two strains of rats. 
Res. commutz.v, chem. pathol. P/tarmac. 6: 1105 1108, 1973. 

8. Nichols, . I .R . .  and S. tlsiao. Addiction liability of albino rats: 
Breeding l\~r quantitative differences in morphine drinking. 
Xctencc 157:561 563, 1967. 

9. Risner. M. I'., and K. A. Khavari. Morphine dependence in rats 
produced after five da$s of ingestion. I)sl'clu~p/tarmac(do.t'ia 
28:51 62, 1973. 

reactivity [14] as tempt ,  red lo the R( 'A and MNR lines. 
t imot ional  reaclivity may be considered as an index of  the 
sensitivity of  the organisnt to environnlenta l  changes, which 
implies an increased susceptibi l i ty  to slress si tuations.  l h i s  
in te rpre ta t ion  of  emot iona l  reactivity in relation to mor-  
ph ine  c o n s u m p t i o n  may indicate lhal the organisms highly 
susceptible to stress tend to show higher rates of choice 
select ion of  morphine .  In o the r  words,  the animals more 
responsive Io stress may selecl n m r p h m e  soltHion as a 
learned adaptive response [ I I] .  

N o  significant d i f ferences  be tween  the consumpt ion  of  
0.5 mg/ml ntorphine and 0.25  mg!ml quinine in Experi- 
rnenl 2 indicated cquiaversiveness of  both  the solut ions,  
hence provided a control  for desensi t izat ion to the aversive 
taste of  morphine .  I[owcver,  possibility still remains lhat 
the preference  for morph ine  displayed by some of  lhe 
strains could be due to an interact ion hetween acclimatiza- 
lion 1o morph ine ' s  taste and tile reinforcing pharmaco-  
logical effects  of  nlorphine.  To account  for this possibilily 
it would have been preferable to offer  sonic rals in the 
quinine (QQ)grc)up  a choice belv~een morph ine  aild water  
during choice trials. If ac¢linlation to aversive lastes licit{ 
played a pr imary role in morph ine  preference,  these rals 
wouhl presunlably have shown preference  similar to lhal o f  
the rats given forced morph ine  before the choice trials. 

] l ie  present  findings in rclalion 1o tile oral inlake of 
morphine show some s imi lar i ty  to those ft)und ili a lcohol 
intake of  these selected strains 111,131. Flus possibh: 
genelic correlat ion he lween n lo rphme and alcohol inlake in 
these strains is in line with the previous findings [8[ in 
which slrains selected for differential  susceptibi l i ty  to 
nlorphine intake were also found to d i f fer  in alcohol intake. 
It is to be emphas ized ,  however ,  thai Ill,.' observed 
pheno typ i c  correlat ion be tween morph ine  and alcohol 
cannot  be considered genetically based until these pheno-  
typic correlal ions are also fc.tllld ill the crossbred ,,.zenera- 
tions o f l h e s c  strains. 
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