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Rats were given 5, 10, 20 and 30 rain daily sessions of lateral hypothalamic stimulation. Approximately half of the rats 
showed a large and highly significant increase in their total intake of and preference for 10% v/v ethanol which was 
continuously available in their home cages. In terms of latency, total consumption and preference for ethanol, 10 rain of 
daily stimulation produced a much greater enhancement than did 30 rain. The ethanol drinking rats used more energy per 
unit of body weight which suggests that the stimulation and/or the ethanol itself may have increased energy expenditure. 
Simply changing the diet from powdered chow to identical composition pellets produced ~ I~rge reduction in both total 
ethanol intake and preference. Reinstating the powdered diet produced a rapid reinstatement of ethanol drinking. These 
data are discussed in terms of ethanol's role in modulating stimulation induced changes in energy balance. 

Lateral hypothalamus Electrical stimulation Ethanol Drinking Diet Energy balance Metabolism 

A N U M B E R  of  exper iments  have shown that electrical 
stimulation of  the lateral hypothalamus can produce  a long 
lasting enhancement  o f  ethanol  intake in the rat [1-5. 11-13]. 
This enhancement  is reflected in post-st imulation increases 
in both the quanti ty of  ethanol  intake and preference for 
ethanol over  water.  However ,  the magnitude of  this effect 
and its relation to procedural  variables remains a mat ter  of  
dispute. It is clear  that in the exper iments  to date  a large 
proport ion of  the enhancement  of  ethanol intake is a result of  
making ethanol available only on al ternate days.  Those  ex- 
per iments  in which ethanol  has been cont inuously  available 
have reported the enhancement  produced by the st imulation 
to be non-existent  18, 14], small [ 13] or  very slow in appearing 
I l l .  If, as these studies suggest, the stimulation by itself 
produces  only a very weak enhancement  of  ethanol  intake, 
this paradigm would be of  rather limited use in studying hy- 
pothalamic modulat ion o f  ethanol  intake. Whether  the rela- 
t ively weak enhancement  o f  ethanol intake produced by lat- 
eral hypothalamic  st imulation is an inherent l imitation or  
simply reflects the use o f  less than optimal parameters  re- 
mains to be determined.  

The studies which have reported the weakest  enhance-  
ment effects have all used ex t reme stimulation parameters .  
For  example ,  Martin and Myers 18] used 0.3 sec trains of  
st imulation and Amir  and Stern [I] used 5 sec trains of  stimu- 
lation. These  studies respect ively  found no enhancement  [81 
and a very slow appearing enhancement  [I]. At the o ther  
ex t reme,  Wayner  eta/. [ 14] found no enhancement  with 60 
sec stimulation trains. All of  the studies reporting a sub- 
stantial enhancement  effect have used 20 sec trains of  stimu- 
lation 12-5. I I, 13]. Although the above  studies differ signifi- 
cantly in terms of  the method of  stimulation presentat ion 
(fi~rced or  self-stimulation) as well as in e lectrode location 
and other  variables,  they nonetheless  suggest some bound- 
ary condit ions for obtaining the enhancement  of  ethanol 
drinking effect.  In order  to allow adequate  temporal  summa- 
tion of  act ivi ty in the neuron system which subserves  the 
enhancement  effect,  the length of  the stimulation trains 
should be greater  than 5 sec, but less than 60 sec. 

The above  studies, however ,  provide little indication as to 
an optimal daily stimulation period. The greatest  enhance- 
ment has always been found at 30 min [2-5, I 1, 12] whereas  
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longer sessions have generally resulted in smaller effects 
[8,14]. Shorter sessions have not been investigated. The 
present experiment is an analysis of the effects of daily 
stimulation session length on the enhancement of ethanol 
drinking effect. By making ethanol continously available, it 
is possible to evaluate the magnitude of the enhancement 
without the confounding influence of the commonly used 
alternate day availability procedure. Further. by measuring 
food intake it may be possible to relate these data to energy 
balance. 

METHOD 

Animals 

This experiment used 20 male Wistar rats weighing from 
223-255 g at the beginning of the experiment. The rats had 
free access to powdered lab chow in their home cages except 
for one 6-day period when they were switched to the same 
food in cube form. The lights were on in the experimental 
room from 600 to 180(I hours. 

Apparatus 

The home cages were 43 cm high, 25 cm diameter clear 
acrylic cylinders with perforated stainless steel floors. The 
powdered food was available from a deep dish mounted in a 
recess in the side of each cage. Two graduated cylinders, one 
containing tap water and the other IO% v/v ethanol were 
attached to the side of each cage. The fluids were presented 
through stainless steel drinking tubes whose openings were 
approximately 4 cm above the level of the floor. Their posi- 
tion was varied randomly throughout the experiment. 

The cages in which the brain stimulation was adminis- 
tered were identical to the home cages except that they did 
not contain either a food cup or drinking tubes. The brain 
stimulation consisted of symmetrical, biphasic, 200 txsec, 50 
Hz pulse pairs which were presented to the rat through a 
mercury commutator located on a swing arm above each 
cage. In each pulse pair, the cathodal pulse was presented 
first and the peak amplitude was 100 p,a with the exception of 
one rat where convulsive-like motor effects dictated a re- 
duction to 50/~a. 

Pr,~('edurt" 

Body weight as well as the intake of food, water and 
ethanol were measured daily for seven days before surgery. 
On the day of surgery all rats were anesthetized with Nem- 
butal (45 mg/kg) and implanted with 254 ~m diameter, stain- 
less steel, monopolar electrodes (Plastic Products 0.010 SW) 
aimed for the lateral hypothalamic area. The coordinates 
relative to bregma with the skull in a flat position were: 
anterior 2.5, lateral 1.6 and ventral 8.5. The indifferent elec- 
trode was made of uninsulated stainless steel wire wrapped 
around a stainless steel screw (Plastic Products 0-80×3/321 
which was located in the left front quadrant of the skull. The 
entire assembly was fixed in place with dental acrylic cement 
and two additional screws. 

After the operation the rats were returned to their home 
cages and the experimental variables were measured daily 
for another week after which the rats were randomly as- 
signed to 4 groups and the daily stimulation sessions were 
begun. The four treatment groups differed only in the length 
of the daily stimulation sessions (5, 10, 20 or 30 min). The 
stimulation was administered at the same time each day 

(I 1:0(~ 14:001 and consisted of 20 sec pulse trains alternating 
with 20 sec intervals of no stimulation. 

After 23 consecutive days of stimulation, the stimulation 
was discontinued and the dependent variables except for 
food intake were measured for a further 7 days. Following 
this. the food was changed to pellets with exactly the same 
composition as the powder used throughout the rest of the 
experiment. The pellets were the only source of solid food 
for the next 6 days. Ethanol and water intake were measured 
for only the final 4 days of the pellet diet and body weight on 
days 3, 5 and 6. After this the pellets were removed and the 
powdered diet was reinstated for the final 5 days of experi- 
ment. 

At the conclusion of the experiment, the rats were killed 
with Nembutal and their brains were rapidly dissected and 
placed in I(FA, formal-saline. After approximately one month 
of fixation the brains were frozen to -20  and serial 80 ~m 
horizontal sections were taken on a l,eitz microtome and 
mounted on glass slides. The mounted tissue was stained 
metachromatically with Toluidine Blue 0 and the electrode 
positions were microscopically determined with reference to 
the atlas of Paxinos and Watson [9]. 

RESULTS 

The electrode locations which are presented in Fig. 1 
indicate that of the 20 electrodes. 17 were located in the 
lateral hypothalamic area at the approximate anterior- 
posterior level of the ventromedial hypothalamic nucleus. 
One electrode penetrated the base of the brain. Another was 
located in the amygdala and a third was located in the 
thalamus. 

Of the 20 rats. 9 were classified as drinkers on the basis of 
their mean ethanol intake during the last half of the stimula- 
tion period exceeding 3 g/kg/day and being at least twice 
their mean pre-stimulation intake. Apart from the fact that all  
of the drinkers had their electrodes located in the lateral 
hypothalamus, there was little apparent anatomical differ- 
entiation of effects. 

The data indicate a large increase in ethanol intake and 
preference even though the rats had access to ethanol at all 
times in their home cages. Moreover, the data in Figs. 2 and 
3 indicate that 10 min of daily stimulation is far more effec- 
tive than 30 rain in terms of increasing ethanol intake, 
F(I,22)=48.00, p<0.001, and preference, F(1,22)=33.15, 
p<0.001, over the 23 days of stimulation. The greater 
ethanol intake of the 10 rain group was particularly evident 
during the first two weeks of stimulation. After this. the 
between groups differences declined markedly. This is re- 
flected in the significant interaction between the main effect 
(% preference) and time, F(I,22)=22.91, p<0.01. Because 
the numbers of drinkers in the 5 and 20 min groups were so 
small (I and 2, respectively), further statistical comparisons 
among groups were not made. 

The pooled data lk)r all 9 drinkers, compared to the I1 
non-drinkers which are presented in Figs. 4 and 5 also show 
large differences in terms of ethanol intake, F(I,221 = 312.63, 
p<0.001, and preference. F( 1,221=388.50,p<0.001. over the 
23 days of stimulation. 

The time course of the development of ethanol drinking in 
the two groups was very different. The non-drinkers showed 
a progressive, linear increase over the duration of the exper- 
iment. In contrast, the drinkers (particularly those in the 10 
rain group) showed an abrupt increase in ethanol intake and 
preference with the beginning of stimulation. The enhance- 
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ment became essential ly asymptot ic  after about one week,  
al though, as the data in Figs. 2 and 3 show, the 30 rain group 
reached their a sympto te  rather later. 

Whereas  the total food intake and body weight of  the 
drinkers was nearly identical to that of  the non-drinkers ,  the 
drinkers had an important supplementary  source of  energy.  
the etham)l they drank. In terms of  total energy intake per g 
o f  body weight the drinkers significantly exceeded  non- 
drinkers.  1.09 vs. 0.96 Kj. F( 1.22)=21.12. p<0.001.  

The effect o f  changing the food source from powder  to 
pellets was both dramatic  and unexpected.  Although a sub- 
stantial reduct ion in ethanol intake and preference also oc- 
curred in the control  group,  the inhibitory effect on the 
drinkers was much greater.  ] 'he dietary change reduced the 
ethanol consumpt ion  of  the drinkers from nearly 6 g/kg/day 
to bare ly  I g / k g / d a y .  At this point the ethanol intake of  the 
drinkers and non-drinkers was nearly identical. Further .  it 
was nearly identical to their baseline consumpt ion  ove r  3 
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FIG. 2. Mean daily intake (g/kg) of" continuot,sly available ethanol 
produced by' low level electrical stimulation of the lateral hypolhaJ- 
amus. The treatment of  the two groups (N = 3 in each group) differed 
only in the duration of the daily stimulation session (10 rain or 30 
rain). ()ver the 23 days of stimulation the ethanol intake of the 10 rnin 
group ~as  significantly (p<0.(X)I) greater than that of the 30 rnin 
group. The rats had ad lib access to powdered lab chow in their 
home cages except (luring the indicated 6 day period when the same 
c h o w  v, as presented in pe l l e t  f o r m .  
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FIG.  3. Mean preference for  cont inuous ly  avai lable ethanol ex- 
pressed as a percentage o f  total daily, f luid intake produced by low 
level electrical stirnuhlfil)n of  the lateral hypothalamus. The treat- 
ment of the two groups ( N = 3  in each group) differed cmly in the 
duration ,.)f the daily stimulation session (It) rnin or 30 rain). Over the 
23 days of stimulation the ethanol preference of the 10 rain group 
was signi f icant ly (p<0.tX)I)  greater than that o f  the 30 rain group. 
] 'he rats had ad l ib access to powdered lab chow in their  home cages 
except dur ing the indicated 6 day period when the same chow was 
presented in pellet fiirrn. 
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FIG. 4. Mean daily intake (g/kg) of continuously available ethanol 
produced by low level electrical stimulation of the lateral hypothal- 
amus. Over the 23 days of stimulation the ethanol intake of the 
drinkers (N=9) was significantly q~<0.001) greater than that of the 
non-drinkers (N = 1 I). The rats had ad lib access to lab chow in their 
home cages except during the indicated 6 day period where the same 
chow was presented in pellet form. 
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FIG. 5. Mean preference for continously available ethanol ex- 
pressed as a percentage of total daily fluid intake produced by low 
level electrical stimulation of the lateral hypothalamus. Over the 23 
days of stimulation the ethanol preference of the drinkers (N =9) was 
significantly (p <0.001 ) greater than that of the non-drinkers (N = I I ). 
The rats had ad lib access to lab chow in their home cages except 
during the indicated 6 day period where the same chow was pre- 
sented in pellet form. 
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Drinkers 114.%~ 116.8C; 127.6(4 125.4o~ 

N on drinkers 116.7e~ 121 &Y,4 128.5";; 128.1~5 

weeks  earlier. ] 'he  re ins ta tement  of  the powdered  diet 
produced a rapid return towards their former  levels of  
ethanol  intake. 

The change to the pellets produced rapid weight gains in 
both the drinkers and non-drinkers.  On their  return to the 
original powdered  diet the rats" weight remained unchanged 
at the higher level,  whereas  the ethanol drinking rapidly in- 
creased towards their  previous  levels.  

D I S C U S S I O N  

The present  data  show that electrical stimulation of  the 
lateral hypothalamus can produce  a large magnitude,  rapid 
onset  and long lasting increase in both ethanol intake and 
preference.  This enhancement  occurs  even  though the 
ethanol  is available at all t imes in the home cage. Thus,  it can 
be complete ly  dissociated from the al ternate day availability 
effect which is common to most studies in this area 1 I-5, 11, 13]. 

These  data further show that the 30-66 rain sessions used 
in all of  the exper iments  to date [1-5, 8, I 1-131 are far too 
long to produce a maximal  enhancement  effect.  In agreement  
with Wayner  and Greenberg  [13] the present exper iment  
shows that 30 min of  daily st imulation by itself produces  only 
a rather small enhancement  of  ethanol drinking (approx- 

imately 1.5 g/kg/day). However ,  decreasing the stimulation 
session length to 10 min increases the enhancement  to about 
4.5 g/kg/day. With one third the st imulation,  the enhance-  
ment is three t imes as great. The superiori ty of  the short 
st imulation sessions is particularly apparent during the first 
two weeks  of  stimulation. 

Within the above limits of  stimulation train length, one 
can relate the ethanol enhancement  seen in the various 
studies to total effect ive daily stimulation charge (frequency 
× pulse width × pulse ampli tude x stimulation time). These  
calculat ions indicate that the rats in the 10 rain group re- 
ce ived less than 5% of  the total stimulation charge used in 
any of  the previous studies reporting an enhancement  effect. 
More brain stimulation clearly produces  less of  an effect. 
These  data do not permit the specification of  the optimal 
st imulation charge. They merely show that it is far lower 
than any used to date. 

The  striking effects of  stimulation session length permit 
some speculat ion as to the causes of  the post stimulation 
increase in ethanol consumption.  An obvious  explanation is 
that it is a response to the general  stress produced by non- 
cont ingent  brain stimulation. The ethanol  drinking would be 
reinforced by its anxiolytic or  stress reducing propert ies .  
However ,  the present  data raise serious difficulties tk)r this 
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exp lana t ion  since it would requi re  that  30 rain o f  s t imula-  
t ion be less s tressful  than l0 rain of  s t imula t ion .  For  more  of  
a s t r e s so r  to be less s t ressful  is bo th  coun te r in tu i t i ve  and  
con t r a ind i ca t ed  by a large body  of  s t ress  r e sea rch  [10]. The  
s t ress  exp lana t ion  is also con t r a ind ica t ed  by the repor t  tha t  
fol lowing ven t romed ia l  hypo tha l amic  s t imula t ion  which  
should  be at least as s t ressful  as lateral hypo t ha l amic  s t imu- 
lat ion,  there  appea r s  to be an inhibi t ion of  e thanol  intake 
[ I ] ] .  

The  high ene rgy  r equ i r em en t  of  the d r inkers  indica tes  that  
this  paradigm produces  a large and significant  a l te ra t ion  in 
ene rgy  ba lance .  H o w e v e r ,  the present  da ta  do  not al low the  
de t e rmina t i on  of  the source  of  this a l tered energy  ba lance .  It 
could  be due to energe t ica l ly  wasteful  subs t ra t e  cycl ing or  to 
increased  t h c r m o g e n e s i s  caused  by the e thanol .  Al te rna te ly  
or  addi t iona l ly  it could  r ep resen t  increased  t h e r m o g e n e s i s  
p roduced  by the d r ink- induc ing  hypo t ha l am i c  s t imula t ion ,  it 
has  recen t ly  been  s h o w n  that  repea ted  se l f -s t imula t ion  test-  
ing p roduces  increased  t h e r m o g e n e s i s  161. 

Merely changing  the diet  f rom p o w d e r  to pel le ts  of  the  
same compos i t i on  p roduced  a large reduc t ion  in e thanol  in- 
take and p re fe rence  in eve ry  rat.  This  vo lunta ry  abs t i nence  
shows  that  even  the heavies t  d r inkers  (more  than 9 g/kg/day) 
were  not e thanol  d e p e n d e n t .  More  impor tan t ,  howeve r ,  the 
fact that  the dec rea sed  e thanol  c o n s u m p t i o n  is assoc ia ted  
with rapid weight  gains suggests  that  the e thanol  c o n s u m p -  
t ion may be modula ted  by the animals" s ta te  of  ene rgy  bal- 
ance.  The  posi t ive  energy  b a h m c e  ref lected by the rapid 
weight  gain may have  caused  a c o m p e n s a t o r y  dec rease  in 
e thanol  intake.  

T h e r e  is also the possibi l i ty  that  the rats  would not have  
acqu i red  the e thano l  d r ink ing  in the first place if they had 
been  s tar ted  on a diet  o f  pellets.  N o n e  o f  the s tudies  to date  
has  specif ied w h e t h e r  p o w d e r  or pellets  were  used to main-  
tain the rats. H o w e v e r ,  s ince var ious  forms of  pellets  are 
normal ly  used when  the quant i f ica t ion  o f  in take  is not impor-  
tant ,  it s eems  likely that  in at least  some  of  the ear l ier  s tudies  
the e n h a n c e m e n t  was ob ta ined  on a pellet dict .  

Overal l  these  da ta  suggest  a novel  exp lana t ion  for the 
acquis i t ion  of  e thanol  dr inking  p roduced  by lateral hypo tha -  
lamic s t imula t ion .  They  suggest  that it is a r e sponse  to the 
negat ive  energy  ba l ance  induced  by the s t imula t ion  [6,7]. 
Because  e thanol  is a source  of  rapidly me tabo l i zab le  energy  
[15] its ingest ion would se rve  to quickly  reduce  the negat ive  
energy  ba lance  induced  by the brain s t imula t ion .  Any 
anxioly t ic  or s t ress  reduc ing  proper t i es  of  e thanol  would be 
an addi t ional  source  of  r e in fo rcement .  If the energet ica l ly  
wasteful  n e u r o e n d o c r i n e - m e t a b o l i c  cycle p roduced  by the 
hypo tha l amic  s t imula t ion  [6,7] b e c a m e  cond i t ioned  to the 
test  s i tuat ion it would tend to persis t  even  af te r  the st imula-  
t ion was d i scon t inued .  Accord ing  to this view, the reduc t ion  
in e thanol  in take  p roduced  by the d ie tary  change  and  the 
s u b s e q u e n t  increase  fol lowing the r e in s t a t emen t  of  the origi- 
nal diet ,  would be seen as a l t e ra t ions  in a cond i t ioned  re- 
sponse  p roduced  by al ter ing a major  e n v i r o n m e n t a l  cue. 
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