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PETTY, F., R. C. BRYANT AND W. L. BYRNE. Dose-related ]'acilitation by alcohol o f  avoidance acquisition in the 
goldfish. PHARMAC. BIOCHEM. BEHAV. 1(2) 173-176.  1973.-The present study was designed to examine the effect of 
alcohol on the early phase of dark-avoidance acquisition in the goldfish. Fish were immersed in water solutions of ethyl 
alcohol (428, 628, or 856 mg/100 ml) for 3 hr before receiving 20 trials of active dark-avoidance training in individual 
shuttleboxes containing the same concentration of alcohol as that of the pretraining immersion. A dose-related facilitation 
of acquisition performance was found in fish treated with alcohol compared to fish treated similarly but not exposed to 
alcohol. Levels of responding calculated as [Total Shuttle Responses- Correct Responses] were not different among the 4 
groups. 

Alcohol Learning Goldfish 

A L T H O U G H  the effects  of  a lcohol  on  learning have usually 
been  s tud ied  in c o n n e c t i o n  wi th  s t a t e - d e p e n d e n t  or dissoci- 
a ted learning p h e n o m e n a ,  the  ques t i on  of  a l coho l ' s  e f fec ts  
on  initial  acquis i t ion  is of  in teres t  in itself. 

Alcohol  has been  repor ted  e i the r  to  impai r  acquis i t ion  
[12 ,18]  or to have no effect  on  it [8, 17, 18, 19] .  
G o o d w i n  et al. [121 found  t ha t  a lcohol  impai red  learning 
of  verbal  mater ia l  by  h u m a n s ;  and  Y-maze acqu is i t ion  in 
the  goldf ish has been  repor ted  to be re ta rded  in the  
presence  of  rising b lood  a lcohol  levels [ 1 8 ] .  However ,  
a m o n g  studies  f inding no s tat is t ical ly  rel iable d i f fe rences  
be tween  a lcohol - t rea ted  and con t ro l  animals ,  several did 
find suggest ions of  fac i l i t a t ion  of  acqu i s i t ion  by a lcohol  [8,  
17, 19] .  Thus ,  while  the re  is l i t t le  reason  to d o u b t  tha t  
a lcohol  in suff ic ient  doses will impa i r  acquis i t ion ,  the  
ques t ion  of  w h e t h e r ,  unde r  app rop r i a t e  cond i t ions ,  it will 
faci l i ta te  acquis i t ion  pe r f o r m ance  has not  been  answered .  

Why the  effects  of  a lcohol  on  acqu is i t ion  have not  been  
less equivocal ly  d e m o n s t r a t e d  is no t  clear. R y b a c k  [ 17, 18, 
19] used a task in which  goldf ish  were t ra ined  to c r i t e r ion  
on  a lef t-r ight  d i sc r imina t ion  in a c o n t i n u o u s  Y-maze.  The  
fish was pun i shed  for an incor rec t  cho ice  on ly  by  b u m p i n g  
into a t r an spa ren t  barr ier  in the  incor rec t  arm of  the  maze;  
no shock,  food,  or  o the r  r e i n f o r c e m e n t  was used. A 
procedure  of  this  type ,  while  pe rhaps  involving min imal  
stress to the  animal ,  depends  great ly  o n  the  f ish 's  con t in -  
uous s p o n t a n e o u s  act ivi ty  in the  appara tus .  A p rocedure  

which  has been  more  widely used to examine  the  ef fec ts  of  
var ious expe r imen t a l  t r e a t m e n t s  on  learning is active 
avoidance  cond i t i on ing  re inforced  by  electr ic  shock  in a 
t w o - c o m p a r t m e n t  shu t t l ebox .  Using active cond i t i oned -  
avoidance  t ra in ing  wi th  rats, Crow [8] f o u n d  tha t  a lcohol-  
t rea ted  an imals  were sl ightly,  bu t  no t  s ignif icant ly ,  b e t t e r  in 
initial acquis i t ion.  

A n o t h e r  p rob lem in s tudies  wi th  a drug such as a lcohol  
is tha t  the  b lood  levels of  the  drug usually c a n n o t  be easily 
con t ro l l ed  and are l ikely to be changing  dur ing  t ra in ing;  
s tudies  wi th  rats [8] and  h u m a n s  [ 12] face this  d i f f icul ty .  
F o r t u n a t e l y ,  the  goldf ish,  whose  ut i l i ty  has been  shown  in a 
wide var ie ty  of  pharmacolog ica l  and  behaviora l  work [2, 3, 
4, 5, 6, 9, 10, 13, 1 6 ] , o f f e r s  a po ten t i a l  so lu t ion  to this  
p rob lem.  Levy and  Gucinsk i  [15]  have shown  tha t  the  
absorb ing  m e m b r a n e s  of  a goldf ish immersed  in a drug 
so lu t ion  have permeab i l i ty  charac ter is t ics  s imilar  to o t h e r  
biologic membranes .  In add i t ion ,  Ryback  et al. [20]  have 
s h o w n  tha t  equ i l ib r ium is ob ta ined  be tween  the a lcohol  
c o n c e n t r a t i o n  in the  med ium and  tha t  in the  b lood  of  a fish 
immersed  in the  m e d i u m ;  equ i l ib r ium is reached by  3 hr,  
wi th  b lood  a lcohol  c o n c e n t r a t i o n  being a p p r o x i m a t e l y  85% 
of  tha t  in the  su r round ing  water .  It is the re fo re  possible to  
s tudy  the  effects  of  a lcohol  on  various behaviors  in the  
goldf ish unde r  s teady-s ta te  pha rmaco log ic  condi t ions .  How- 
ever, several s tudies  using the  goldf ish [17,  18, 19] 
appa ren t ly  p roduced  a rising b lood-a lcoho l  level dur ing  
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initial training, either by allowing insufficient pretraining 
immersion t ime or  by training the fish in a solut ion of  
alcohol more concentra ted than that during pretraining 
immersion. 

The present s tudy was designed to examine the effects  
of  various concentra t ions  of  ethyl alcohol  on the early 
phase of acquisit ion.  We have employed an active-avoidance 
task reinforced with electric shock and have used proce- 
dures to maintain stable blood-alcohol  levels during train- 
ing In addit ion,  we obtained a general measurc of 
inappropriate  and escape responding during training, a 
measure not reported by other  workers 18, 17, 18, 19]. 

MI.71HOI) 

A nim a Is 

One hundred and twenty  3 - 4  in. c o m m o n  goldfish 
(Carassius auratus) were used; they were obtained from 
Ozark Fisheries, Stout land,  Missouri, U.S.A. After  arrival in 
the laboratory,  fish were placed in a 1600 I aerated holding 
tank and were subsequent ly placed, 1 day prior to the start 
of  the exper iment ,  in 4 1 of  water in shallow home tanks, 2 
fish per tank. Fish were housed under constant  i l lumination 
and were fed commercial  fish food (Shrimpellets)  daily 
except  during and on the day prior to training. Fish were 
obtained and used during the months  of  Sep tember  and 
October .  

/I pparatus 

Training was carried out  in a specially designed fish 
training and testing apparatus [5] .  The apparatus consisted 
of  10 clear polycarbonate  plastic tanks (28 .5x18x12.5  cm, 
lwd) with associated, operat ional ly silent, electronic cir- 
cuitry control l ing the st imulus presentat ions and recording 
responses. Each shut t lebox was halved by an opaque  
part i t ion allowing 3 cm clearance underneath.  Passages 
complete ly  under the part i t ion (shutt le responses) were 
moni tored  by 2 photocel l  units mounted  on ei ther side of  
the part i t ion outside the tank. Shock electrodes (monel  
wire mesh) covering the ends of  the tank and both sides of 
the part i t ion could supply electric shock in one end of  the 
tank (7 V for 0.1 sec, pulsed once each 1.0 sec). Clear 
st imulus lamps (G.E. 313 lamps operated at 12 V) were 
mounted  outside the tank at each end, 10 cm from the 
f loor of  the tank. During training, the shut t leboxes  were 
under covers, with flat black interiors, that isolated the 
shut t leboxes from each other  and from outs ide activity. 
Each shut t lebox had a houselight (G. E. 313 clear lamp 
operated at 12 V) mounted  centrally in the cover 24 cm 
from the surface of  the water. 

Procedure 

Goldfish were randomly assigned to one of  3 groups. 
Three hr prior to training, half of the fish in Group  1 
( randomly sorted) were taken f rom home tanks and placed 
in tanks containing 4.25 I of  water  containing 24 ml of  95% 
ethanol ;  the rest of the Group I fish received no e thanol  
but were placed in similar pre t rea tment  tanks. In Group 2, 
half of  the fish were placed in tanks containing 4.25 1 of  
water containing 32.5 ml of  95% ethanol,  with the 
remainder of  Group 2 receiving no ethanol.  Similarly, 
Group 3 received 48 ml ethanol  in 4.25 1, or water  only. 
I-ach exper imental  group subsequent ly was trained concur- 
rently in the apparatus with its own control  group. Thus,  

there were 6 groups of  20 fish each: 3 alcohol-treated 
groups and 3 control  groups. Alcohol  concentra t ions  were 
428 mg%, 628 mg%, and 856 mg% in the water containing 
the various alcohol-treated groups. Each fish remained in 
the pre t rea tment  tanks for 3 hr after which it was 
immediate ly  placed in the apparatus for training. 

Each fish was placed for training into one of  the 
individual shut t leboxes  of  the training apparatus in the 
same concent ra t ion  of  alcohol as during pretraining immer- 
sion. All fish received 20 trials of  active dark-avoidance 
training. A trial of  dark-avoidance training consisted of  10 
sec of  darkness in the compar tment  occupied by the fish 
(i.e.. the st imulus light in the unoccupied compar tment  was 
i l luminated),  fol lowed by the addi t ion of  electric shock (in 
the compar tmen t  initially occupied by the fish) for 50 sec, 
after which darkness was again presented to the fish in the 
occupied compar tment ,  initiating the next trial. The stimu- 
lus light in the compar tment  into which the fish swam to 
escape or avoid shock remained on during the entire 60-see 
trial. The  house light was on only before  the beginning of 
the first trial and after the last trial of  a session. A correct 
response was counted if the fish avoided shock by 
swimming out of  the darkened compar tmen t  within 10 sec 
of  the beginning of a given trial. Active dark-avoidance 
training was used to examine drug effects on learning since 
we as well as others  [2] have found it a more difficult  task 
for fish to learn than active light-avoidance In addi t ion to 
correct responses, total shuttle responses were recorded for 
each fish. 

R I'~S U LTS 

Figure 1 (Panel A)  presents the mean levels o f  correct  
dark-avoidance responding for fish treated with each 
concent ra t ion  of  alcohol and for the nonalcohol- t reated 
controls.  Also shown in Fig. I (Panel B) are the mean levels 
for each group of  a score calculated for each fish as [Total  
Shuttle" Response - Correct  Responses] .  Since shock re- 
mained on in the darkened compar tment  until the begin- 
ning of  the next  trial, this score should not he considered a 
convent ional  activity score; rather it indicates the level of  
escape responding and inappropriate  responding during the 
training session. Response levels from the 2 measures shown 
in Fig. I were very similar among the 3 control  groups;  
therefore,  after one-way analysis of variance of  the 3 
control  groups (Correct  Responding:  F = 0.127, df2 /57 ,  p 
= 0.882;  Total  - Correct :  F = 0.744, df  2/57,  p = 0.479l ,  
these groups were pooled for further analysis. 

(All reported probabili t ies for F values for given degrees 
of f reedom were obtained by evaluation of  a cont inued 
fraction of  the incomple te  beta funct ion  [ l ]. For  values of  
F and degrees of  f reedom found in standard tables, the 
calculated probabil i ty is, of  course, the same as the tabled 
probabil i ty.)  

One-way analysis of variance of the correct dark- 
avoidance responses yielded an F of  16.03 (d f3 /116,  p = 
0.0001).  Comparison of the mean of each of  the 3 
alcohol- treated groups with the water control  by use of  the 
Dunnet t  t [21] showed that the 628 m g % g r o u p  and the 
856 rag% group were significantly greater than the control  
(628 mg%: t = 5.91, df  116, p<O.O1 two-tai led;  856 mg%: t 
= 4.65, d f 1 1 6 ,  p<O.Ol ,  two-tailed).  Standard deviations for 
each group were: control ,  3.41 ; 428 rag%, 2.90;  628 rag%, 
5.16; 856 mg%, 9.29. One-way analysis of  variance of  the 
scores calculated as [Total  Shutt le Responses - Correct  
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FIG. I. Mean levels of correct dark-avoidance responding and mean 
levels of [Total Shuttle Responses - Correct Responses], for 4 
groups of goldfish pretreated and trained in water containing various 
concentrations of ethyl alcohol. Concentration given as mg alcohol 
per 100 ml solution (rag%). Group O (no alcohol), N = 60;Groups 
428, 628, and 856 (various concentrations of alcohol, mg%), N = 20 
each group. For correct responses (A), overall F = 16.03, dr3~116, 
p --- 0.0001; for [Total Shuttle Responses - Correct Responses], 

overall F = 0.28, dr3~116,p = 0.834. 

Responses] for each fish showed an F of 0.28 which was 
not significant. Standard deviations for each group were: 
control, 10.82; 428 mg%, 9.09; 628 mg%, 9.90; 856 mg%, 
9.29. 

The preceding analyses were performed on actual scores. 
For the small whole number scores obtained for correct 
responses, square root transformation (XX,/~0.4; [7] )gave 
analyses yielding the same conclusions for pooled control 
groups (F = 0.28, df 3/116) and for correct response levels 
among treatments (F = 14.48, df 3/116, p= 0.0001). 

As shown in Fig. 1, there was a dose-related facilitation 
of acquisition performance. The lowest concentration used 
(428 rag%) did not significantly facilitate acquisition; 
however, both higher doses did so. The facilitation ap- 
peared to be strongest at the intermediate concentration 
(628 mg%). However, the effect was also seen at the highest 
concentration used (856 mg%). No differences in the level of  
[Total Shuttle Responses - Correct Responses] were seen 
among groups. 

Comparison of correct responding between all alcohol- 
treated and all control fish gave means of 6.20 and 2.32, 
respectively; this difference was highly significant (t = 8.28, 
df = 118, p<0.0001,  two-tailed). However, for the measure 
lTotal Shuttle Responses - Correct Responses], means for 
all alcohol-treated and all control fish were 21.35 and 
21.25; this difference was insignificant (t = 0.05, df= 118). 

No fish died during the experiment, and all appeared 
healthy the following day. There were the expected gross 
behavioral changes with the higher doses of alcohol; e.g., 
slower righting reflexes and mild incoordination. 

DISCUSSION 

There was a clear facilitation by alcohol of initial 
acquisition performance in the present experiment, and this 
facilitation, in the procedure used, was not associated with 
increased levels of incorrect (inappropriate and escape) 
responding. Thus it appears, as suggested but not demon- 
strated by previous work [8, 17, 18, 19], that facilitation 
of initial acquisition by alcohol can be obtained. 

We are reluctant to ascribe the observed facilitation to a 
direct effect on learning. Although such an interpretation 
cannot at this time be excluded, several other explanations 
may be considered. A change in sensitivity to light, electric 
shock, or both, could contribute to the effect observed. 
However, alcohol may act in a situation such as ours to 
reduce stress or arousal. As Jarvik [14] has pointed out, 
sedative-hypnotic agents, which might be expected to 
impair learning, may under some circumstances promote 
learning. For example, animals can learn a visual discrimina- 
tion task with low levels of shock, whereas high shock levels 
disrupt acquisition; but with sodium amylbarbital, shock is 
effective at both levels [11]. Presumably, the drug shifts 
the arousal curve downward sufficiently to attenuate the 
disruptive effects of higher shock. Such an explanation 
might reasonably apply to the present finding inasmuch as 
shock-reinforced training, particularly during the initial 
phase, is presumably quite stressful. The experiment of 
Crow [8],  which found slight but nonsignificant superiority 
of alcohol-treated rats on initial training, also used an 
active-avoidance task. On the other hand, a training 
procedure such as Ryback's [17, 18, 19], to the extent that 
it is less stressful, might also be less likely to show a 
facilitating effect of alcohol if such facilitation is due to a 
postulated reduction of stress or arousal. Finally, it is 
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possible that  stable, as opposed  to changing, levels of  blood 
alcohol may con t r ibu te  to the demons t r a t i on  of  the 
facili tation we observed,  a l though the facil i tat ion may not  
depend  entirely upon this factor .  In any case, the ease with 

which blood-alcohol  levels may be manipulated in the 
goldfish r e c o m m e n d s  the goldfish for fur ther  work in this 
area. 
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