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BURKE, L. P. AND S. Z. KRAMER. Effects o f  photoperiod, melatonin and pinealectomy on ethanol consumption in rats. 
PHARMAC. BIOCHEM. BEHAV. 2(4) 459-463 ,  1974. - Rats offered a choice of water or 4% ethanol solution preferred 
ethanol. The amount of ethanol consumed was influenced by environmental lighting, increasing during constant darkness. 
In rats which showed the least ethanol preference, administration of melatonin resulted in significant increases in ethanol 
consumption and reciprocal decreases in water intake. Pinealectomy had no significant effects on ethanol consumption 
under various environmental lighting conditions. Long-term observation revealed no inherent cyclic changes in ethanol 
consumption in pinealectomized or sham operated animals. 
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WORK in several l abora tor ies  has impl ied invo lvemen t  of  
t he  pineal  gland in the  regula t ion  of  e t hano l  c o n s u m p t i o n  
in the  rat.  Geller  [7]  r epo r t ed  an increase in preferen t ia l  
e t hano l  in take  dur ing  per iods  of  cons t an t  darkness  and a 
decrease dur ing  cons t an t  light. He infer red  pineal  involve- 
men t ,  and  p roduced  increases in e thano l  c o n s u m p t i o n  wi th  
m e l a t o n i n  t r e a t m e n t .  Pineal i nvo lvemen t  in e thano l  prefer-  
ence  has been  repor ted  by  Blum et al. [3]  and Rei ter  et al. 
[ 17 ]. Sinclair  [ 18 ] has cr i t ic ized Gel ler ' s  conc lus ions  a b o u t  
the  effects  of  a m b i e n t  l ight ing cond i t i ons  on  the  g rounds  of  
the  ex is tence  of  an i nhe ren t  cyclic pa t t e r n  of  e thano l  
c o n s u m p t i o n  unre la t ed  to ex te rna l  cond i t i ons  of  light or 
darkness.  We have s tudied  the  effects  of  e n v i r o n m e n t a l  
l ighting,  me la ton in ,  and  p i nea l ec t om y  on pa t t e rns  of  
e t hano l  c o n s u m p t i o n  in an a t t e m p t  to clarify the  possible  
role of  the  pineal  gland in this  behavior .  We have also 
looked  for ev idence  f rom which  to cons ider  Sinclair 's  
asser t ion  t ha t  the  changes  in e thano l  c o n s u m p t i o n  Geller  
associated with pho t i c  c o n d i t i o n s  were a co inc iden ta l  
express ion  of  i n h e r e n t  cyclic drives. 

METHOD 

Ten Sprague-Dawley rats  were housed  (one  to a cage) in 
a t e m p e r a t u r e  regula ted  room.  Cages were ar ranged to al low 
i l l umina t ion  of  290  Lux on  the  cen te r  of  the  floor.  The  
an imals  were fed ad lib on  Wayne Lab Blox. Fluids,  o f fe red  
in a two  tube  choice,  were placed in Kimax g radua ted  
d r ink ing  tubes ,  one  on  each side of  the  r ec tangu la r  cage, the  
same dis tance  (7.3 cm )  f rom the  floor.  E t h a n o l  so lu t ions  
were p repared  f rom 95% alcohol  [ 6 ] .  Fluid c o n s u m p t i o n  
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was recorded  each night  ( 9 : 0 0  p .m.)  a f te r  which  the tubes  
were washed,  refilled and  exchanged .  Readings in the dark  
were made  unde r  a dim red light. P inea lec tomy was per- 
fo rmed  unde r  p e n t o b a r b i t a l  anes thes ia  accord ing  to the  
m e t h o d  of  Hof fman  and Reiter  [9 ] .  Successful  pineal  
ex t r ac t i on  was verif ied by gross e x a m i n a t i o n  of  the in tac t  
r emoved  gland and  its stalk.  P o s t m o r t e m  gross and histo-  
logical ver i f ica t ion  was also ob ta ined .  Sham ope ra t ions  were 
carried ou t  in con t ro l  animals  by dupl ica t ing  the  p rocedure  
to the  po in t  of  removing  the  bone  plug w i thou t  pene t r a t i ng  
the  dura and replacing the  plug. Fol lowing surgery the  
animals  were given 150,000 uni t s  of  penici l l in  G intra-  
m u s c u l a r l y .  Mela tonin  (Ca lb iochem)  was admin i s t e red  
subcu t aneous ly ,  as were con t ro l  in jec t ions  of  aqueous  
vehicle [ 5 ]. Light ing c o n d i t i o n s  inc luded:  d iurnal  (D), 15 hr  
light,  9 hr  dark,  cons t an t  light (CL), and c o n s t a n t  darkness  
(CD). 

The first g roup  of  10 an imals  were of fered  on ly  wate r  in 
b o t h  tubes  for  a per iod  of  three  weeks to acc l imate  t hem to 
the  e n v i r o n m e n t  and  to d e t e r m i n e  levels of  fluid consump-  
t ion  and  the  in f luence  of  var ious l ight ing cond i t i ons  on  
to ta l  fluid c o n s u m p t i o n .  Fo l lowing  this  per iod the  an imals  
were of fered  a choice  of  4% e thano l  or water  for a per iod 
of  4 weeks, with  one  week per iods  of  varying envi ron-  
men ta l  l ight ing in the  sequence  D, CL, CD, CL. The  effects  

of  l ight ing on c o n s u m p t i o n  of  an aversive so lu t ion  of  
e thano l  (12%) was then  observed for a 3 week per iod in the 
sequence  D, CL, CD, af te r  which  on ly  water  was offered.  

The  effect  o f  m e l a t o n i n  was s tud ied  in the same group 
of  animals  because  they  were already acc l imated .  Five 
an imals  which  showed  the  lowest  e thano l  preference  were 
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selected to receive melatonin, the remaining five were given 
vehicle. Melatonin was administered subcutaneously over a 
7 week period in increasing doses of 0 .5 -2 .5  mg/kg. 

The effects of pinealectomy were studied in a second 
group of 10 animals (5 pinealectomized, 5 sham operated). 
Fifteen days were allowed for recovery and acclimatization, 
after which all animals were offered a choice of 4% ethanol 
or water. They were observed for a period of 6 weeks in the 
following lighting sequence: D, CD, D (2 weeks), CL, CD. 

RESULTS 

The Mann-Whitney U test and Wilcoxon Matched-Pairs 
Sign Rank test were used to analyze the data statistically. 
Fluid intake was averaged per rat and per group over 
weekly intervals. During the first three weeks, when only 
water was available (Fig. 1), the animals drank significantly 
(p< 0.005) more during CD but not significantly less during 
CL than during the initial diurnal period. Distribution of 
fluid consumption during the water, 4% ethanol choice 
showed a preference for ethanol through all lighting condi- 
tions. During the week of diurnal lighting, water intake was 
lower than that drunk during the same environmental con- 
dition when only water was available. The ethanol solution 
consumed, comprised 70% of the total. Total fluid intake 
(ethanol plus water) was significantly (p<0.005) higher 
than total water only, drunk earlier. During the week of  

CL, the water consumption dropped further and ethanol 
consumption increased slightly. During the week of CD that 
followed, there was a significant increase in ethanol con- 
sumption (p<0.005) with a slight decrease in water intake. 
Total fluid intake increased during this period (p<0.005) 
which reflected the increase in ethanol consumption. Re- 
turn to CL resulted in a significant (p<0.005) decrease in 
ethanol and total fluid consumption. Water intake increased 
so that the decrease in total fluids reflected the decrease in 
ethanol consumption. 

The presentation of  an aversive ethanol concentration 
(12%) resulted in complete reversal in the proportionate 
consumption of each fluid. During the first (D) week of this 
choice, ethanol intake decreased significantly (p<0.005) 
while water intake increased significantly (p< 0.005) when 
compared to diurnal conditions with a 4% ethanol choice. 
There was some variation in both 12% ethanol and water 
consumption with CL and CD conditions. During the week 
of CL, ethanol consumption increased and water consump- 
tion decreased slightly. With CD there were small increases 
in both ethanol and water intake. None of  these changes 
were significant. When the animals were returned to water 
only, with diurnal lighting, intake was the same as that seen 
during the same condition earlier. 

Although total, fluid consumption throughout these 
experiments varied with environmental lighting, there was a 
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FIG. 1. Mean weekly ethanol (o o) water ( o - - - e )  and total fluid (A-------~) intake plotted over 
successive weeks for various conditions of fluid choice and lighting (abscissa). 
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FIG. 2. Ethanol (o e) and water ( o - - - o )  consumption of rats treated with melatonin as percent 
change from the control group (ordinate). Absicissa shows the melatonin dose administered for succes- 

sive weeks of treatment. Points plotted for the last 3 weeks show post treatment effects. 

t endency  for it to remain relatively constant  in the face of  
large variat ions in the e thano l /wate r  ratio. 

Adminis t ra t ion  of  mela tonin  with diurnal l ighting re- 
sulted in a progressive increase in e thanol  and decrease in 
water  consumpt ion .  Results expressed as percent  change 
f rom cont ro l  group values (Fig. 2), show that  during the 
first week of  t r ea tment  with the lowest  dose (0.5 mg/kg),  
the t reated animals drank less e thanol  and more  water  than 
the controls.  During the four th  week this was reversed. 
Ethanol  (4%) consumpt ion  in the p inealec tomized animals 
did not  differ  significantly f rom that  of  the controls  
(Fig. 3) over  a six week period during which the lighting 
condi t ions  were varied. During the first 4 weeks the 
p inea lec tomized  animals drank more e thanol  than the con- 
trols. This reversed during the last 2 weeks. The general 
t endency  for e thanol  consumpt ion  by both  groups to 
increase during this period (with small variations correlated 
with l ighting) was accompanied  by a reciprocal  decrease in 
water  intake. The increase in e thanol  consumpt ion  by both  
groups in the second week (CD) was significant (p = 0.05), 
but  the decrease in the f if th week (CL) was significant only  
for the p inea lec tomized  group (p = 0.05). Return  to CD 
f rom CL resulted in significant (p = 0.05) increases in 
e thanol  consumpt ion  for bo th  groups. During the 13 weeks 
in which the p inea lec tomized  and sham operated  animals 
were observed under  diurnal l ighting condi t ions  (Fig. 4), 
there were no significant or consistent  differences in 
e thanol  consumpt ion  be tween  the two  groups. During all 
but  one week of  this period,  the sham operated  group 
drank more e thanol  than the other.  Water in take was 
consis tent ly higher in the p inea lec tomized  animals through 
the entire period. There was no evidence of  un i form cyclic 
variations in ei ther  e thanol  or  water  consumpt ion .  
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FIG. 3. Mean weekly ethanol, water and total fluid intake for 
pinealectomized (o o) and sham operated (A A) animals 
plotted over successive weeks for various lighting conditions 

(abscissa). 
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FIG. 4. Mean weekly ethanol, water and total fluid intake for 
pinealectomized (o e) and sham operated (A •) animals 

plotted over a 13 week period with diurnal lighting conditions. 

DISCUSSION 

The results of this study confirm the effects of environ- 
mental lighting on drinking behavior in these animals. 
Because it was important to observe the effect of continu- 
ous light on ethanol preference, we risked the possibility of 
the retinal degeneration reported by O'Steen [14] and 
Reiter and Klein [16] to occur in albino rats exposed to 
continual light. Although out animals may have sustained 
retinal damage, they retained the ability to discriminate 
between light and darkness. Zucker [20] found that the 
rhythmic consumption of food and water correlated with 
photoperiod was eliminated by exposure to constant light 
for 21 days. Blind rats showed no rhythmicity in con- 
summatory behavior and were unresponsive to photo- 
period. Our rats exhibited a normal rhythm in food and 
water intake before and after periods of continuous light 
exposure. In addition, ethanol consumption continued to 
vary with photoperiod after continuous light exposure. It is 
therefore unlikely that our rats were blind. Although extra- 
retinal photoreception has been proposed for very young 
rats, it seems unlikely to be the route of light detection in 
our animals. When only water was available, increased water 
intake was clearly associated with constant darkness fol- 
lowing diurnal conditions. Constant light did not however 
produce the expected reduction. It is possible that this 
novel environmental condition had a complex effect on 

behavior or that constant light following diurnal conditions 
did not alter the level of activity of the animals. The 
increased drinking seen during constant darkness is con- 
sistent with the normal feeding and drinking behavior of 
the rat [20]. It is presently difficult to explain the prefer- 
ence for 4% ethanol to water. Among the factors which 
may be involved are caloric needs and the formation of 
alkaloids from ethanol and amine metabolities which may 
stimulate ethanol preference. Changes in ethanol and water 
consumption during the week of  constant light are not 
significant and imply that the effects of  this change in light- 
ing condition is minimal. The change to constant darkness 
however had a marked effect on ethanol preference. This is 
reflected in the increase in the ethanol/water ratio from 2.3 
during the diurnal period to 3.7 during the week of con- 
stant darkness and supports the finding of Geller [7]. The 
significant depression of ethanol consumption during the 
week of  constant light which followed, (ethanol/water ratio 
1.8) suggests a specific effect of this condition on ethanol 
consumption. 

The refusal of the animals to drink significant quantities 
of  12% ethanol probably reflects the effect of palatability 
factors on the intake of this fluid. When the animals were 
offered both water and ethanol (4 and 12%), total fluid 
consumption was somewhat greater than during periods 
when only water was available. This finding may be ex- 
plained by division of total caloric intake between food and 
ethanol when the latter was available [ 13]. 

The significant increase in ethanol consumption and 
concomitant decrease in water intake produced by melatonin 
is difficult to explain. This finding confirms that of Geller 
[ 7 ]. Melatonin was selectively administered to those animals 
which showed the lowest ethanol preference in order to make 
the expected effect more striking. Figure 3 illustrates the 
increase in ethanol consumption relative to pretreatment 
levels. When the ethanol consumption of the treated group is 
compared to that of  the controls, the effect of melatonin is 
seen as an increase in ethanol consumed from volumes 
considerably below the control group during the first week 
of  treatment, to exceed and remain above the controls by 
the fifth week. Our finding differs from those of Blum e t  al. 
[3,4] who report that melatonin had no significant effect 
on the consumption of 5% ethanol in rats. The difference in 
our results may be due to differences in procedure. We 
administered melatonin subcutaneously in increasing doses 
over a longer time period to intact animals which showed 
the least preference for 4% ethanol, whereas Blum e t  al. 
administered melatonin in subcutaneous wax implants to 
pinealectomized animals which were already drinking large 
amounts of 5% ethanol. The possibility that melatonin 
increased ethanol consumption through general effects on 
the level of excitability and activity in our animals is incon- 
sistent with the finding that melatonin decreases wheel 
running activity of  rats [15,19]. The effect of exogenous 
melatonin on ethanol preference may be produced in- 
directly through its effect on brain serotonin levels. Eleva- 
tion of serotonin in midbrain and hypothalamus following 
melatonin administration has been reported by A n t o n - T a y  
e t  al. [2].  Various investigators have described correlations 
between serotonin levels in the brains of  rats which showed 
ethanol preference. Myers e t  al. [10, 11, 12] have reported 
a reduction in ethanol consumption in rats with serotonin 
depletion produced by para-chlorophenylalanine. On the 
other hand, Geller [8] found increased ethanol consump- 
tion after parachlorophenylalanine administration. Because 
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of  the  conf l ic t ing  r epo r t s  and  u n c e r t a i n t y  a b o u t  the  rela- 
t ionsh ip  of  bra in  s e r o t o n i n  levels to  e t h a n o l  p re fe rence ,  it is 
d i f f icul t  to  expla in  the  m e l a t o n i n  e f fec t  on  the  basis of  i ts  
e f fec t  o n  indole  me tabo l i sm.  

The  resul ts  of  ou r  e x p e r i m e n t s  wi th  p i nea l ec tomized  
animals  ind ica te  t ha t  th is  organ is no t  s igni f icant ly  involved 
in e t h a n o l  preferences .  B o t h  p i nea l ec t om i zed  and  sham 
o p e r a t e d  an imals  p re fe r red  e t h a n o l  to  water .  P i n e a l e c t o m y  
did  no t  e l imina te  var ia t ions  in c o n s u m p t i o n  associa ted wi th  
var ious l ight ing  cond i t ions .  The  nons ign i f i can t  d i f fe rences  
b e t w e e n  the  two  groups  w h e n  sub jec ted  to  var ious l ight ing 
c o n d i t i o n s  are n o t  cons i s t en t  wi th  the  p roposa l  t ha t  the  
pineal  plays a role in the  observed  va r i a t ion  o f  e t hano l  
c o n s u m p t i o n  wi th  e n v i r o n m e n t a l  l ighting.  A l though ,  dur ing  
the  13 week  per iod  of  d iurna l  l ighting,  wi th  the  e x c e p t i o n  
of  one  week  in the  midd le  of  the  per iod,  the  pinealec-  
t o m i z e d  an imals  d r ank  less e t h a n o l  t h a n  the  sham ope ra t ed  
ones,  n o n e  of  the  d i f fe rences  were s ta t is t ica l ly  s ignif icant .  
The  c o n t r i b u t i o n  of  the  p ineal  in our  e x p e r i m e n t s  appears  
to  be n o n e x i s t e n t  or min imal .  Our  f indings  differ  f rom 
those  of  Blum et  al. [3 ,4]  and  Re i te r  e ta l .  [17]  who  have 
r epo r t ed  a s ignif icant  ef fec t  of  p i n e a l e c t o m y  on  e thano l  
c o n s u m p t i o n  in s ighted and  congeni ta l ly  b l ind  rats. We 
c a n n o t  a c c o u n t  for  the  d i f fe rence  in these  results.  In our  
s tudy ,  15 days were a l lowed for  pos tope ra t ive  recovery.  In 
the  s tudy  of  Rei ter  et  al. [ 17] no  s ta t is t ical  eva lua t ion  of  
the  ef fec t  of  p i n e a l e c t o m y  is p resen ted  and  the  asser ted 
p i n e a l e c t o m y  effec t  d i sappeared  e igh teen  days a f te r  the  
opera t ion .  Blum et  al. [3] p resen t  da ta  wh ich  show no 
s ta t is t ica l ly  s ignif icant  d i f fe rences  in the  a m o u n t  of  e t h a n o l  

c o n s u m e d  by p inea l ec tomized  and  sham ope ra t ed  rats. 
When  however ,  e t hano l  to  to ta l  f luid ra t ios  were compared ,  
s ignif icant  d i f ferences  appea red  in five sca t t e red  weeks ou t  
of  the  e leven in which  data  were ob ta ined .  

Our  obse rva t ions  of  e t hano l  c o n s u m p t i o n  u n d e r  d iurna l  
l ight ing cond i t i ons  for  b o t h  p inea l ec tomized  and  sham 
ope ra t ed  rats over  an e x t e n d e d  t ime  per iod  (13 weeks)  
shows n o  evidence  of  the  i n h e r e n t  cycles p roposed  by  
Sinclair  [18]  to  expla in  the  f inding of  Geller  [7]  t h a t  
e t hano l  p re fe rence  was re la ted to e n v i r o n m e n t a l  l ight ing 
cond i t ions .  However ,  some  of  the  animals  t ha t  we observed  
(p inea l ec tomized  and  sham ope ra t ed )  had  previously  re- 
ceived me la ton in .  While this  may  have a l te red  the  i n h e r e n t  
cyclic changes  in e t h a n o l  c o n s u m p t i o n  p roposed  by 
Sinclair,  it is un l ike ly  t h a t  it would  do  so for  so long  a 
per iod  of  t ime.  A l t h o u g h  it is possible  tha t  the  sham opera-  
t ions  could  d is rupt  such  an in te rna l  r h y t h m ,  this  seems an 
even less l ikely e x p l a n a t i o n  for  the  fai lure to  observe  it. 
Dur ing the  per iod  of  observa t ion ,  wi th  the  e x c e p t i o n  of  one  
week in the  midd le  of  the  per iod,  the  sham ope ra t ed  
animals  d rank  more  e thano l  t h a n  the  p inea l ec tomized  
group.  Water  in t ake  was lower  in the  sham ope ra t ed  an imals  
t h r o u g h  the  en t i re  per iod.  The  d i f fe rences  in e t hano l  con-  
s u m p t i o n  be tween  the  two  groups  were no t  s ignif icant .  
Cons ide ra t ion  o f  all t he  da ta  in this  s tudy  which  bears  on  
the  ques t ion ,  does  no t  al low the  conc lus ion  t ha t  the  pineal  
is involved in r egu la t ion  of  e t hano l  c o n s u m p t i o n  or tha t  the  
effects  of  m e l a t o n i n  which  we observed mimic  those  of  
e n d o g e n o u s  release. 
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