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KUTSCHER, C. L., W. A. WRIGHT AND M. LISCH. NaCl and LiCl efficacy in the induction of  aversion .for quinine and 
saccharin solutions immediately jbllowing injection. PHARMAC. BIOCHEM. BEHAV. 6(5) 567-569,  1977. - Rats 24-hr 
water deprived were injected IP with a fixed amount (10 ml/kg) of solutions of various concentrations of LiC1 and NaC1 in 
dosage ranges which in previous experiments either increased or had no effect on water intake. Intake of 0.01% QHC1 
decreased with increasing concentrations of both NaCI and LiC1. On a molar basis, LiC1 was more effective. LiCt also 
produced an aversion to a palatable solution, 0.1% sodium saccharin; however, NaCI produced no aversion over the dosage 
range which can be tolerated by the animals. 

Gut LiCI NaC1 Quinine Saccharin Taste aversion 

BURKE,  Mook and Blass [4] f o u n d  tha t  the  in jec t ion  of  a 
s t rongly  h y p e r t o n i c  NaC1 so lu t ion  in to  water -depr ived  rats  
increased wa te r  in take ,  bu t  decreased the  in take  of  a d i lu te  
and novel  qu in ine  h y d r o c h l o r i d e  (QHC1) so lu t ion  in one-  
bo t t l e  tests.  These  au tho r s  suggested tha t  the  selective 
aversion for  QHC1 (which  they  called hype r r eac t i v i t y )  was 
p rec ip i t a t ed  by cellular d e h y d r a t i o n  p r o d u c e d  by  the  NaC1 
in jec t ion .  The  exis tence  of  the  selective aversion for  QHCI 
was c o n f i r m e d  by Ku t sche r  and Wright  [ 10] ; h o w e v e r ,  they  
ques t i oned  the  cell d e h y d r a t i o n  h y p o t h e s i s  because  intra-  
pe r i tonea l  in jec t ions  of  LiC1 also caused selective r educ t i on  
in QHCI in take  a l t hough  p roduc ing  no  cellular d e h y d r a t i o n .  
It was suggested tha t  the  large dose of NaC1 needed  to 
p roduce  aversion may ind ica te  t ha t  the crucial  in terna l  s tate  
may be malaise (pe rhaps  gas t ro in tes t ina l )  r a the r  t h a n  
cellular d e h y d r a t i o n  [ 1 0 , 1 2 ] .  It was suggested tha t  this  
avers ion may be u n c o n d i t i o n e d  avers ion which  appears  
when  the  animal  ingests  the  test  so lu t ion  for  the  first t ime  
[ 1 0 ] .  Perhaps  this  avers ion is med ia t ed  by illness as is 
c o n d i t i o n e d  aversion [6 ] .  

The  objec t ives  of the  fo l lowing e x p e r i m e n t  were:  (a) to 
genera te  dose-response  curves in order  to  provide  a direct  
compar i son  of  the eff icacy of LiC1 and NaCI in the 
p r o d u c t i o n  of induced  avers ion;  (b)  to  d e t e r m i n e  if th is  
aversion can occur  for  a pa la tab le  ( sacchar in )  so lu t ion  as 
well as for  an unpa la tab le  (QttC1) so lu t ion .  

METHOD 

General 

Two h u n d r e d  and  fif ty-five naive,  female  h o o d e d  rats  
were used in this  expe r i m en t .  They  were 3 - 6  m o n t h s  old 

and  weighed 1 7 0 - 3 2 9  g and were housed  in g roups  of  5 
before  the s tar t  of test ing.  T w e n t y - f o u r  h r  before  test ing,  
each rat  was weighed and t rans fe r red  to an individual  steel 
ho ld ing  cage (19.2 x 22.8 x 12.0 cm)  which  c o n t a i n e d  
food,  bu t  no  water.  When 23 3 /4-hr  wate r  deprived,  ra ts  
were r emoved  f rom ho ld ing  cages, in jec ted  (10  m/kg)  wi th  
g i c l ,  NaC1, or water  and  were placed in to  indiv idual  
d r ink ing  boxes  (24 .0  x 16,8 X 14.4 cm) composed  of  
steel f loor  and  walls and ha rdware  c lo th  tops.  The  f loor  of  
each cage was covered  wi th  clay bedd ing  (Sol Speedi  Dri 
Abso rben t ) .  Dr inking  fluid was offered 15 min  fo l lowing 
in jec t ion  in a 100-ml gas measur ing  tube  g radua ted  in 
0.2 ml and  f i t ted  wi th  a stainless steel d r ink ing  spout .  The  
length  of the  dr ink ing  test  session was 1 hr.  In order  to 
adap t  animals  to the dr inking  boxes ,  each animal  was 
placed in the  dr inking  box  when  24-hr  water  depr ived and 
of fe red  water  once ,  at least  4 days before  the dr ink ing  
water.  

Dr inking  boxes  were loca ted  wi th in  the an imal  colony.  
Lights were on for  12 h r /day .  T e m p e r a t u r e  was ma in t a ined  
at 21 + 2 ° C. Air was humid i f i ed  dur ing the win te r  m o n t h s .  

Dose-Response Curves for  QHCl In take 

Seven rats were in jected in t raper i tonea l ly  ( I P ) w i t h  each 
of the fo l lowing LiCI c o n c e n t r a t i o n s :  0, 0 .03,  0 .06,  0 .12,  
0.18,  0 .24,  and 0 .50 M. Eight rats  were in jected IP wi th  
each of  the  fo l lowing NaC1 c o n c e n t r a t i o n s :  0, 0 ,15,  0 .325,  
0 .50,  1.00 and 1 .50M.  All in jec ta tes  were mixed  in 
deminera l i zed  water .  The  dr ink ing  so lu t ion  was 0 .01% 
QHCI mixed  in deminera l i zed  water.  
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Dose-Response Curves for  Saccharin Intake 

The LiC1 concent ra t ions  injected IP were: 0, 0.06,  0.12, 
0.24, 0.37, and 0.50 M. Ten rats were injected with the 0 
and 0.50 M LiC1. Seven rats were tested with each of  the 
o ther  LiC1 amounts .  The NaCI inject ion concent ra t ions  
used were 0, 0.15,  0.325, 0.50, 1.00 and 1.50 M. Five rats 
were tested at each concen t ra t ion  level. The drinking 
solut ion was 0.1% sodium saccharin mixed in demineral ized 
water. 

Gross Act iv i ty  

Rats were injected [P when 23 3/4 hr  water  deprived 
with one of  the fol lowing: water,  0.5 M NaC1, 1.5 M NaCI 
and 0.5 M LiC1. The lat ter  two were chosen because they 
produced  an aversion for QHC1. Fi f teen  rain after inject ion,  
rats were transferred individually to a Lehigh Valley 
Activi ty chamber  in which in ter rupt ion  of light beams was 
measured for 5 min in a circular, darkened compar tmen t .  
Six rats were studied under  each of  the 4 inject ion 
condit ions.  

RESULTS AND DISCUSSION 

All data were analyzed with analysis of variance. 
Comparisons be tween pairs of means were evaluated with 
Tukey tests [7 ] .  Dose-response curves for NaC1 and LiCI 
inject ions on intake of  QHCI are shown in Fig. 1 and for 
intake of  saccharin in Fig. 2. Intakes of QHCI decreased 
monotonica l ly  as a func t ion  of increasing NaC1 (F = 6.19, 
p < 0 . 0 1 )  and LiC1 dosage (F = 6.39, p<0 .01 ) ,  but  LiCI was 
more potent ,  in molar i ty  units. Significant inhibi t ion of 
QHCI intakes occurred when NaCI concent ra t ions  exceeded 
0.5 M. Substantial  inhibi t ion was found for LiCI concen-  
trat ions as low as 0.12 M. The depressions in drinking seen 
here are selective since it has been shown previously that 
hyper ton ic  NaC1 inject ions increase drinking of  water  in 
water-deprived rats [11 and the NaCl-induced increment  is 
apparent  within a 60-rain drinking period [8] .  LiCI 
concent ra t ions  in the range used here ei ther potent ia te  
water  intake (Wright, unpubl ished s tudy)  or produce  no 
significant change in water  intake [ 10]. 

For  those animals offered saccharin to drink, intakes 
declined as a funct ion  of increasing LiCI dosage (F = 6.54, 
p<0 .01 ) ,  but NaC1 injections up to 1.5 M N a C l p r o d u c e d  
no significant change in intake (F = 0.75, NS). Al though 
NaC1 inject ions slightly higher than 1.5 M have been used 
[4 ,10] ,  we found such inject ions of ten  result in general 
debi l i ta t ion of the animal (pi loerect ion,  inactivity,  diarrhea, 
unresponsiveness) and thus may have l imited exper imenta l  
usage. 

The relative low potency of the NaC1 inject ions to 
induce aversion for QHC1 suggest that whatever  the 
necessary internal condi t ion  required to produce aversion, 
NaCI is relatively ineffect ive in producing it in spite of the 
massive water  shifts produced• Kutscher  and Wright [10] 
found that a NaC1 inject ion adequate  to produce reliable, 
selective depression of  QHC1 produced an increase of over 
15% in serum osmolal i ty  in water-deprived rats and that  
increase persisted (in the absence of oppor tun i ty  to drink) 
with some slight a t tenuat ion over 195 min. If cellular 
dehydrat ion consequent  to NaCI injection were the neces- 
sary condi t ion  for p roduc t ion  of the selective aversion, it is 
unlikely that such a mechanism would have any uti l i ty in 
the life of  the animal since its threshold for opera t ion  
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FIG. l. Mean intakes of QHCI for 24-hr water deprived rats injccled 
IP with various dosages of LiC1 or NaCI. 
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FIG. 2. Mean intakes of saccharin for 24-hr water deprived rats 
injected IP with various dosages of LiCL or NaCI. 

would  probably not  be reached even under ext reme 
dehydrat ion.  Ninety-six hr of water deprivat ion resulted in 
only a 4% rise in serum osmolal i ty [9] .  Other  factors 
mil i tate  against an osmot ic  basis for the selective aversion. 
The 0.12 M Li C1 concent ra t ion  produced aversion even 
though approximate ly  isotonic to concentra t ion  of body 
fluids. Also, Li* does not  produce cellular dehydrat ion 
according to post inject ion measures of blood character- 
istics. NaC1 and LiCI have opposi te  effects  on plasma 
osmolal i ty ,  plasma proet in,  and hematocr i t  [10[ .  Unlike 
the Na+cation which tends to remain in the extracel lular  
space, gi ÷ maY accumulate  inside cells [11,141.  The high 
NaCI concent ra t ion  needed to produce aversion may be due 
to the lower efficacy of the NaCI in producing the internal 
disturbance (perhaps illness) required to produce aversion. 

A comparison of  saccharin intakes (Fig. 2) with QHCI 
intakes (Fig. 1) shows that the product ion  of NaCl-induced 
aversion is a jo in t  funct ion of  the concent ra t ion  of NaCI 
injected (over the range which is tolerable to the rats) and 
the nature of  the solution being ingested. The 1.0 and 
1.5 M concent ra t ions  which produced aversion for QH('I 
produced no aversion whatever for saccharin• The failure of  
the strongly hyper ton ic  NaCI injections used to increase 
saccharin intake is probably due to the interact ion of the 
internal consequences  of the salt injection with the taste of  
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the sacchar in ,  since NaC1 in jec t ions  can i n c r e m e n t  wa te r  
d r ink ing  [ 1,8] ; however ,  a possible  ceiling ef fec t  imposed  
by l imi t ing  dr ink ing  to one hr  is a possibi l i ty .  

Wi th in  the  range of LiC1 c o n c e n t r a t i o n s  used,  def in i te  
aversion for  sacchar in  was p r o d u c e d  showing  t ha t  LiC1- 
i nduced  avers ion is possible  for  a pa la tab le  so lu t ion  jus t  as 
has  been  previously  s h o w n  for  an unpa l a t ab l e  (0 .01% 
QHCI) so lu t ion  [ 10] .  

It is i m p o r t a n t  to de t e rmine  the  re la t ionship  b e t w e e n  
the  taste  aversion induced  here  by NaC1 or LiC1 in jec t ions  
to  the c o n d i t i o n e d  avers ion which  has  been  d e m o n s t r a t e d  
by these  agents  u n d e r  s o m e w h a t  d i f f e ren t  test  c o n d i t i o n s  
[ 1 3 ] .  We have previously  [ 10] called the  type  of avers ion 
s h o w n  here  as u n c o n d i t i o n e d  avers ion since it is exh ib i t ed  
soon  af te r  the in jec t ion  of  the  agent  (we used a 15-min 
delay)  u p o n  the an imal ' s  very first exposu re  to the  tes t  
so lu t ion .  The  possibi l i ty  remains ,  however ,  t ha t  condi-  
t ion ing  may  conce ivab ly  play a role in the  gene ra t ion  of  the  
aversion.  The  rat  may begin to dr ink  the so lu t ion  at  a t ime 
when  the i n j ec t ion -p roduced  in te rna l  d i s tu rbance  is well 
es tabl i shed  and  c o n d i t i o n e d  aversion for the  so lu t ion  be ing  
ingested may be genera ted  dur ing  the  d r ink ing  per iod.  It is 
di f f icul t  to  give a def in i t ive  answer  to  th is  ques t ion  w i t h o u t  
knowing  what  are the min ima l  a m o u n t s  of  CS exposu re  
( t ime  or vo lume  inges ted)  requi red  to p roduce  c o n d i t i o n e d  
aversion.  It seems likely tha t  at least  some of the avers ion 
seen in the  p resen t  e x p e r i m e n t  may  be indeed  uncond i -  
t ioned  because exposure  to the po t en t i a l  CS was very 
l imited.  Fo r  example ,  three  of  the five ra ts  in jec ted  wi th  
0.5 M LiC1 d rank  no  measurab le  a m o u n t  of QHC1 over the  
60 min  tes t  per iod.  They  all t as ted  the  tes t  fluid and 
re t r ea ted  f rom the  d r ink ing  spout .  For  the  five rats  in jec ted  
wi th  0.5 M LiCI and dr ink ing  sacchar in ,  one d rank  no  
measurab le  a m o u n t  and  two d rank  only  0.1 ml.  

The  act ivi ty scores provide  an index of the  e x t e n t  of 
bodi ly  d i s tu rbance  p r o d u c e d  by in jec t ion  c o n c e n t r a t i o n s  
effect ive in p roduc ing  aversion.  Dosages which  s ignif icant ly  
r educed  QHCI in takes  also decreased act ivi ty.  Mean 5-min 
act ivi ty level of  rats  receiving 0.5 M LiC1 (mean  + SD = 199 
+ 36 coun t s )  was s ignif icant ly  ( p < 0 . 0 5 )  lower  t han  tha t  of  
rats  receiving wa te r  (482  + 86);  however ,  ra ts  receiving 
i somolar  (0.5 M) NaC1 did n o t  have an act ivi ty level 

(442  +_ 92)  d i f fe ren t  f rom those  water  injected.  The  1.5 M 
NaCI in jec ted  resul ted  in act ivi ty (321 ± 95)  lower  
( p < 0 . 0 5 )  t han  water  in jec ted  animals ,  bu t  no t  s ta t is t ical ly  
d i f fe rent  f rom act ivi ty p r o d u c e d  by 0.5 M LiC1. The 
super ior  p o t e n c y  of LiC1 over NaC1 in decreasing act ivi ty 
and in reduc ing  dr ink ing  of  novel  so lu t ions  thus  resides in 
some p rope r ty  o the r  than  osmola l i ty .  

The  resul ts  r epo r t ed  above and in a previous  paper  [ 10] 
suggest tha t  some as yet  unspeci f ied  change in the 
organism,  pe rhaps  gas t ro in tes t ina l  distress,  causes the ani- 
mal  to reject  e i the r  an unpa la t ab le  (QHCI) or a pa la tab le  
( sacchar in)  so lu t ion  while in take  of  water  or pe rhaps  very 
famil iar  sapid so lu t ions  are no t  affected.  The in jec t ions  
need no t  be made  IP in o rder  to  p roduce  aversion.  
S u b c u t a n e o u s  (SC) in jec t ions  of 0.5 M LiC1 were jus t  as 
effect ive in d iminish ing  sacchar in  in take  as those  m a d e  IP. 
Also, 1.5 M NaCI and  0.5 M LiCI made  SC were jus t  as 
effect ive in d imin ish ing  QHC1 in take  as those  made  IP. 
A l t h o u g h  it is no t  k n o w n  if gas t ro in tes t ina l  distress is a 
necessary or even a suff ic ient  cause in the  p r o d u c t i o n  of 
aversion,  it is clear t ha t  the  nox ious  subs tance  need no t  be 
topica l ly  appl ied  to the  gut, as results  wi th  an IP in jec t ion .  
It is possible tha t  LiC1 or NaCI could inf luence  gut  mot i l i ty  
sys temical ly  af te r  en te r ing  c i rcula t ion  at  the site of  the  SC 
in jec t ion .  

The adapt ive  s ignif icance of the in jec t ion- induced  aver- 
sion remains  to be de t e rmined .  The  re luc tance  of b o t h  wild 
and domes t ic  ra ts  to  ingest avidly a food subs tance  
con ta in ing  a novel  taste has  been  t e rmed  n e o p h o b i a  and is 
seen as adapt ive in tha t  res t r ic ted  in take  of  a new food  
subs tance  may  l imit  the possibi l i ty  of  being po i soned  [ 2 ] ,  
par t icular ly  in an animal  which  c a n n o t  regurgi ta te  such as 
the rat.  If the animal  is u n d e r  the inf luence  of a toxic  agent ,  
in take  of an unfami l ia r  food  could be even more  res t r ic ted  
than  in the  hea l thy  an imal  [ 3 ] .  Such an i l lness-enhanced 
n e o p h o b i a  could  serve to res t r ic t  the animals  in take  to very 
famil iar  foods  which  the an imal  has  learned are safe dur ing  
a t ime of  illness when  it may  be par t icular ly  vulnerable  to 
poisoning.  

Since these expe r imen t s  were comple t ed ,  similar f indings  
have been r epo r t ed  by Domjan  [5]  which  are compa t ib l e  
wi th  f indings in this  and a previous  paper  [ 10] .  
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