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SAMSON, H. H. AND J. L. FALK. Schedule-induced ethanol polydipsia: enhancement by saccharin. PHARMAC. 
BIOCHEM. BEHAV. 2(6) 835-838,  1974. The effect of adding sodium saccharin to a 5% ethanol solution on intake was 
examined. One set of animals were maintained at 80% of their free-feeding weight, in their home-cages with either 5% 
ethanol, or 5% ethanol-0.25% sodium saccharin as the only fluid available for three months (home-cage condition). A 
second set of animals were maintained in cages with automatic food dispensers that provided a 24 hr feeding regimen 
known to produce ethanol overdrinking (schedule-induced condition). These animals had 5% ethanol as their only available 
fluid for one month, followed by the 5% ethanol-0.25% sodium saccharin mixture for two months. No significant 
differences in ethanol intake were found between the 2 home-cage conditions (5% ethanol = 11.6 g ethanol/kg/day; 5% 
ethanol in 0.25% sodium saccharin = 11.7 g ethanol/kg/day). However, the addition of saccharin in the schedule-induced 
condition produced a marked increase in ethanol intake (5% ethanol = 13.1 g ethanol/kg/day; 5% ethanol in 0.25% sodium 
saccharin = 15.1 g ethanol/kg/day). The home-cage animals showed no sign of an abstinence syndrome upon substitution 
of water for ethanol. In the schedule-induced group, severe tonic-clonic seizures occurred as a result of ethanol withdrawal. 
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R E C E N T L Y ,  we descr ibed a ch ron ic  p r e p a r a t i o n  in wh ich  
e thano l  overdr ink ing  resul ted  in physical  d e p e n d e n c e  [ 1 ] .  
A feeding reg imen tha t  p roduces  schedu le - induced  poly-  
dipsia was used,  bu t  a 5% e t hano l  so lu t ion  ins tead  of wate r  
was provided  as the  on ly  available f luid and  animals  d r a n k  
13.1 g e t h a n o l / k g / d a y .  Increases  in e t h a n o l  in take  have 
been  ob t a ined  w h e n  e t h a n o l  was mixed  w i th  var ious  
f lavored so lu t ions ,  bu t  these  increases were no t  suf f ic ien t  to 
p roduce  e t h a n o l  d e p e n d e n c e  [ 4 ] .  The  fo l lowing s t u d y  was 
pe r fo rmed  to d e t e r m i n e  if larger dai ly e t hano l  in takes  could  
be  ob t a ined  by  using f lavored e t hano l  so lu t ions  in the  poly-  
dipsic s i tua t ion ,  wh ich  a l ready p r o d u c e d  m a r k e d l y  elevated 
e thano l  in takes .  

METHOD 

Animals 

Seven teen  adul t ,  male  a lb ino  rats ( H o l t z m a n  s t ra in)  were 
used. F o u r  animals  were m a i n t a i n e d  in a schedu le - induced  
polydips ia  s i tua t ion .  T h i r t e e n  animals  were m a i n t a i n e d  in a 
home-cage  s i tua t ion .  Five of  these  an imals  had  5% e t h a n o l  

so lu t ion  (v/v) as the  on ly  available dr ink ing  fluid,  while the  
remain ing  8 had the  5% e thano l  in a 0 .25% sodium saccha- 
rin so lu t ion  vehicle as the  on ly  available fluid.  At  the  s tar t  
of  the  e x p e r i m e n t  the  m e a n  free-feeding weight  for  the  
schedule - induced  group  was 350  g -+ 9 g. The  m e a n  free- 
feeding weight  of  the  5 home-cage  animals  tha t  had on ly  
5% e t h a n o l  as the i r  d r ink ing  fluid,  was 340  g +- 10 g. The  
remain ing  8 home-cage  animals  had a m e a n  free-feeding 
weight  of  377  g + 9 g. 

Experimental Environment 

Schedule-induced condition. The  basic e n v i r o n m e n t  has 
been  previously  descr ibed  [ 1 ,2] .  Brief ly,  the  animals  were 
housed  in indiv idual  Plexiglas chamber s  each of  wh ich  had  
an a u t o m a t i c  food  d ispenser  ( R a l p h  G e b r a n d s  Co.)  and  a 
ba l l -poin t  d r ink ing  tube  (Ancare ,  TD-300)  a t t ached .  There  
was 24-hr  f luorescen t  l ight ing and  the  t e m p e r a t u r e  was 
m a i n t a i n e d  at 75°C + 3 ° . 

Home-cage condition. The  animals  r ema ined  indiv idual ly  
housed  in s t anda rd  stainless  steel  ra t  cages for  the  d u r a t i o n  
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of the  expe r imen t .  Fluids  were available f rom the  same 
type  of  d r ink ing  tube  as in the  schedule - induced  cond i t ion .  
Daily food  ra t ions  were provided  once  a day,  at  the  same 
t ime  each day. The  t e m p e r a t u r e  and l ight ing were the  same 
as the  schedule - induced  cond i t ion .  

Procedure 

Schedule-induced condition. The animals  were slowly 
reduced  to 80% of the i r  free-feeding b o d y  weights  by  
l imit ing food  in take .  The  e x p e r i m e n t a l  p rocedure  was the  
same as t ha t  previously  descr ibed [ 11. The  animals  received 
a 45 mg Lab rat  food pellet  (P. J. Noyes  Co.) every 2 min  
for 1 hr. Then ,  for  the  nex t  3 hr  no  food  was delivered.  
These 1-hr food-del ivery,  3-hr no- food  delivery per iods  
a l t e rna ted  con t i nuous l y  so tha t  there  were 6 feeding 
periods daily wi th  a 3 hr  in terval  b e t w e e n  each food  deliv- 
ery per iod.  

Fo r  the  first m o n t h ,  the  only  available fluid was 5% 
ethanol .  Af te r  this, a 5% e thano l  in 0 .25% sod ium sacchar in  
so lu t ion  was the  on ly  fluid source. Each day,  fol lowing the  
m i d m o r n i n g  feeding session, the  animals  were weighed,  
the i r  fluid in takes  recorded,  fluid reservoirs refil led, and a 
food s u p p l e m e n t  given if b o d y  weight  was be low 80% of 
free-feeding level. 

Fol lowing a to ta l  t ime of  three  m o n t h s ,  the  animals  were 
w i t h d r a w n  f rom e t hano l  by  placing wa te r  ins tead of  the  
e thanol - sacchar in  mi x t u r e  in the i r  d r ink ing  tubes .  Af te r  8 
hr of wi thdrawal ,  the  animals  were observed for general  
wi thdrawal  react ions .  T h e y  were t hen  subjected  to key 

shaking to d e t e r m i n e  sensi t ivi ty  to  and severi ty  of  induced  
seizures in order  to  compare  the  s ta te  of  d e p e n d e n c e  to 
tha t  previously descr ibed in which  5% e thano l  a lone was 
used [ 1,21. 

Home-cage conditions. In these cond i t ions  the  animals  
had e i ther  5% e thano l  (v/v) or 5% e thano l  in 0 .25% sodium 
sacchar in  available as the i r  on ly  dr ink ing  fluid. Af te r  slowly 
( a b o u t  two weeks)  reducing  t hem to 80% of  the  free- 
feeding weight  by l imit ing food ra t ions ,  the  expe r imen t s  
were begun.  They  were weighed at the  same t ime  daily,  the  
fluid in takes  recorded  and the  reservoirs refilled. A food  
s u p p l e m e n t  was t h e n  given to m a i n t a i n  the  animals  at the  
80% b o d y  weight  level. Af te r  90 days, the  animals  were 
w i t h d r a w n  by subs t i t u t ing  wate r  for  the  e thano l  so lu t ion  in 
the dr ink ing  tubes .  They  were observed for  signs of an 
abs t inence  s y n d r o m e  as were the  schedule - induced  animals.  
Af te r  8 hr  of  no  e thano l  in take ,  they  were subjec ted  to key 
shakes to d e t e r m i n e  the i r  sensi t ivi ty to seizures. 

RESULTS 

Home-cage Controls 

The  animals  t ha t  had 5% e thano l  as the i r  only  available 
dr ink ing  fluid averaged over the  last 30 days an in take  of  78 
ml /day  (Fig. 1). This  is equal  to  an e thano l  dose of  11.6 + 
0.15 g /kg/day .  Over the  to ta l  th ree  mon ths ,  the i r  last 30 
days were not  s ignif icant ly  d i f fe ren t  f rom the  preceding  
two m o n t h s  (first  m o n t h  = 11.4 -+ 0.34 g /kg /day ;  second  
m o n t h  = 11.2 -+ 0.32 g /kg/day) .  U p o n  subs t i t u t i on  of  water  
for  the  e thano l  a f te r  the  th ree  m o n t h s  of  e t hano l  in take ,  no  
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FIG. 1. Effect of addition of sodium saccharin to 5% ethanol intake 
in both the home-cage and schedule-induced conditions. In the 
home-cage condition, one group of animals received 5% ethanol as 
their only drinking fluid (FtOH only; N = 5) while another group 
received the 5% e thanol  0.25% saccharin mix (EtOH in NaSac; N = 
8) for the entire experimental period. In the schedule-induced con- 
dition (N = 4), 5% ethanol was available for the first month (EtOH 
only) and was replaced by the ethanol-saccharin mixture for the 
following two months (EtOH in NaSac). (All data are means for the 
last 30 days in each condition. The body weights for the two home- 

cage conditions are the mean 80% weight levels.) 
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signs of  wi thdrawal  were observed. The animals appeared 
normal  and were not  hyperact ive  when handled.  A brief  
shaking of  keys (up to 15 sec) failed to elicit any seizures 
and no preconvulsive behaviors  were noted.  

The home-cage condi t ion  that  received the e t h a n o l -  
saccharin mix,  while having a greater  mean  daily intake (88 
ml /day) ,  also had a larger 80% body  weight  level, and thus 
took  in 11.7 -+ 0.11 g /kg/day ,  which was no t  significantly 
different  f rom the o ther  home-cage condi t ion .  Upon  with-  
drawal,  there were no observable effects  suggesting an 
abst inence syndrome nor  any response to the brief  key 
shaking exposure.  

Schedule- induced Condit ion 

During the first m o n t h  of  e thanol  drinking, during which 
only 5% ethanol  was available, the mean intake was 92.2 
ml /day  (13.1 + 0.87 g/kg/day) .  Upon  the addi t ion of  the 
0.25% sodium saccharin to the 5% ethanol ,  the intakes 
increased substantial ly and for the last 30 days were 119.0 
ml /day  (15.1 + 0.15 g/kg/day) .  

Af te r  one m o n t h  of  5% e t h a n o l - 0 . 2 5 %  saccharin drink- 
ing, one animal died. Up until  this t ime there were no 
indicat ions  of  illness. Body weight  and fluid intake 
remained stable unti l  the sudden demise .  Gross autopsy 
revealed no apparent  pathological  changes. 

On one occasion 2 animals decreased their  intakes to 
approx imate ly  35% of  the previous stable intake levels for 
3 - 4  days and then re turned to their  previously high levels. 

Upon  withdrawal ,  all animals showed signs of  ex t reme 
hyperact iv i ty  and a key-shaking st imulus (less than 5 sec) 
produced  severe tonic-clonic seizures in all animals similar 
to those previously described [ 1,2 ]. 

DISCUSSION 

The addi t ion of  saccharin to the e thanol  in the schedule- 
induced condi t ion  produced a longterm,  excessive, daily 
e thanol  intake greater  than under  any o ther  condi t ion  
examined.  The addi t ion of  saccharin in the home-cage 
condi t ion  did not  result in a daily e thanol  dosage increase. 
Nei ther  e thanol  nor  the e thano l - s accha r in  mix were 
ingested at the level of  e thanol  alone in the schedule- 
induced condi t ion.  Thus, the  addi t ion of  saccharin in the 
schedule- induced condi t ion  did enhance intakes, while 
failing to have an effect  in the non-schedule  control led 
condi t ion  o f  the home-cage.  It should be pointed out  that  
the increased intake of  the e thano l - s accha r in  solut ion in 
the schedule- induced condi t ion  was stable and persisted 
over the two months ;  thus the p h e n o m e n o n  can no t  be 
a t t r ibuted  to some novel  st imulus effect .  If  the basis of  this 
enhanced intake were the reduc t ion  of  some negative gusta- 
tory  aspect of  the e thanol ,  then an enhanced intake in the 
home-cage condi t ions  should also have resulted. If the 
enhancement  were due to some perceived addi t ion of  
calories (i.e., sweet = calories), then the same argument  
applies and an increase under  the home-cage condi t ion  

should have been found,  as these animals were under  a 
more severe food depr ivat ion state (i.e., held to 80%) than 
the schedule- induced animals. 

The animal that  was found dead showed no sign prior  to 
his demise. His intake was 14.2 g/kg the preceding day,  
which was approx imate ly  his daily mean for the preceding 
two-week period (15.0 g/kg/day) .  He had only drunk 5 ml 
since the prior  morning refilling of  the reservoir,  and per- 
haps if for  some reason the drinking spout  had blocked,  he 
possibly could have gone into withdrawal  and had a lethal 
convulsion. However ,  no physical signs of  this were 
apparent ,  and the length of  t ime the animal had been dead 
before  de tec t ion  made exact  de te rmina t ion  impossible.  

Two  animals during the second m o n t h  of  e t h a n o l -  
saccharin drinking decreased their intakes for a three to 
four  day period to approximate ly  35% of  what they  had 
been drinking daily. There were no obvious exper imenta l  
changes  (i.e., equ ipment  malfunct ion ,  weight  change, 
tempera ture  change, etc.) to account  for the observed 
decrease. Both animals decreased at different  t imes, which 
would indicate that  the reason for intake decrement  was 
due to individual variables, rather than to some external  
environmental  condi t ion.  Self- imposed withdrawal  has been 
found in human subjects [3] and with monkeys  that  were 
self-administering e thanol  [7] .  Thus, it is possible that  
these animals were voluntar i ly  self-withdrawing and after  a 
few days of  this self-imposed withdrawal,  as in the human 
case, re turned to their  usual high ethanol  intakes. 

One possible con taminan t  of  the results could be the 
effects  of  saccharin intake alone in producing physiological  
changes that  were seen upon  withdrawal.  There is evidence 
that  saccharin produces lower blood sugar levels [6] under  
some intake condit ions.  However,  if rats are maintained on 
a diet which does not  produce weight loss, no effects of  
saccharin on blood sugar levels could be found [5] .  Since 
our  animals were found to be increasing in weight,  and 
showed no nutr i t ional  evidence of  dietary inadequacy 
(normal  fur appearance,  no skin or o ther  external  signs of  
nutr i t ional  deficiency),  it seems unlikely that  any of  the 
observed withdrawal  signs could be a t t r ibuted to the 
saccharin itself, and that  the withdrawal  syndrome was due 
to the large, daily e thanol  intake resulting from the com- 
binat ion with saccharin. The lack of  seizures in the home-  
cage condit ion,  under  which large quant i t ies  of  saccharin 
were also consumed lend further  support  to this con- 
tent ion.  

The increased e thanol  intakes occurred within  3 4 days 
fol lowing the addi t ion of  saccharin to the ethanol.  This 
indicates that the resultant  intake was not  due to some 
physiological  damage resulting f rom saccharin, but  most  
likely to a changed gusta tory acceptabil i ty.  Since the 
increase was not  found in home-cage animals which had the 
saccharin mix,  the schedule- induct ion procedure  was a 
necessary componen t  for enhancing the overdrinking after 
the addit ion of  saccharin. 
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