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Relative Responding 
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Indexing Ethanol's Reinforcing Efficacy 
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ROEHRS, T A AND H H SAMSON Relat:~ e responding on ~ on~ arrent s~ hedules lndexmg ethanol ~ retnJorc mg effica~ v 
PHARMAC BIOCHEM BEHAV 16(3) 393-396, 1982--Five rats were trained to lever press on a concurrent schedule 
resulting m 3 second access to a dipper (0 1 ml) with either ethanlo (5% v/v) or water Stable concurrent fixed ratio (FR8 
FR8) ethanol and water responding was estabhshed The proportion of responses for ethanol relatwe to the total number 
responses vaned among rats from 77 to 98% Whde the absolute number of responses for ethanol vaned greatly day to day, 
the proporUon of ethanol responding was stable Absolute number of responses for ethanol and proportion of ethanol 
responding both dechned as the body weight of the rats was allowed to increase from an mmal 80% of ad hb to 110%, with 
absolute responding showing the greater change It was concluded that the relative measure of responding on a concurrent 
schedule could be useful as an index of a drug s reinforcing efficacy, but must be interpreted carefully m regards to the 
context of drug avadabdlty 
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M A N Y  studies have demonst ra ted  that drugs hke other  
st imulus even ts  (l e ,  food,  water ,  electrical  brain stimula- 
tions) can funct ion as re inforcers  to maintain behawor  [15] 
Recent ly ,  research interest  has focused on the differentml 
capacity of  various drugs and dosages to mamtam behawor  
[4, 5, 24] These studies suggest that the capacity of  a drug to 
maintain behawor  reflects the 'eff icacy '  of  that drug as a rem- 
forcer One possible way to assess reinforcer efficacy Is to 
study a complex behavioral  situation where two &fferent rem- 
forcers are avadable according to a concurrent  schedule Gwen  
concurrent  responding for two different reinforcers,  the effi- 
cacy of  either of  the remforcers  might be mdexed as the ratio of  
responses for that reinforcer re la twe to the total responses for 
both remforcers  

Ethanol  has been shown to funct ion as a re inforcer  in 
several  laboratory animals Monkeys  and rats wdl press a 
lever  for lntragastrlc [1, 2, 19] or  Int ravenous injections 110, 
1 i ,  16, 25, 27] of  ethanol  Rats and monkeys  will l ever  press 
to obtain access  to a d ipper  filled with ethanol  solutions vary- 
lng m concent ra t ions  as high as 32% [12,20] These  studies 
have demons t ra ted  that responding for e thanol  is greater  
than responding for the ethanol  vehic le  (water) avadable  dur- 
ing baseline sessions 

A recent  study showed m rats that  ethanol wdl maintain 
responding when there Is s imultaneous access  to water  
available on a second schedule assocmted with a separate  
lever  [22,23] In the Roehrs  and Samson [23] study on con- 
current  and functionally independent  schedules  (FR8 FR8) 
for ethanol  or  water ,  average e thanol  to wa te r  responding 

was 11 to 1 and m some instances,  sufficient ethanol  was 
ingested to produce blood ethanol  levels  to 50 mg/100 ml As 
a result  of  this study, the authors proposed that  e thanol ' s  
efficacy as a reinforcer m~ght be mdexed using a relatwe meas- 
ure of  responding obtained with such a concurrent  procedure 

The present  study invest igated the character is t ics  of  rela- 
twe  responding as an index of  e thanol ' s  efficacy using two 
equally valued schedules producing ethanol or  water  The 
session to session stablhty o f  the measure  and the measure ' s  
sensmvlty to changes in level of  food deprivation were evalu- 
ated Prior studies have shown that level of  food deprivation is 
an important factor m responding mamtamed by oral access to 
ethanol [21 ], oral and intravenous administration of  etonltazene 
[6], mtracranml self-stimulation [3], and mouse kdhng by rats 
[18] Thus, m the present study, level of  food deprivation was 
mampulated to evaluate the usefulness of  relative responding 
as an index of  ethanol 's  efficacy 

METHOD 

A m m a l ~  

Five  male Long Evans  rats (approximately 120 days old 
when obtained from the Depar tment  of  Psychology,  U m v e r -  
slty of  Washington,  Vivar ium Breeding facdlty) served in 
this exper iment  Two were experimentally nmve (R41 and 
R42) and the remaining three (R6, R7 and R8) had served 
previously  m an oral e thanol  self-administrat ion exper iment  
[23] All rats mmal ly  were  gradually reduced to 80 % of  their  
free-feeding body weight  by restricting daily food supply 
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TABLE 1 

M E A N  A B S O L U T E  A N D  R E L A T I V E  R E S P O N D I N G  FOR E T H A N O L  
A N D  W A T E R  OVER S E V E N  C O N S E C U T I V E  D A I L Y  S E S S I O N S  

Rats 

Number of Number of Percent 
Ethanol Water Ethanol 

Responses Responses Responses* 

41 690_ 346t 58 + 175 92_+ 23 
42 354 4- 688 85-+ 19 1 77 ± 58 

6 422 ~- 798 9_+ 2 1 98 ± 06 
7 300 _~ 453 22-+ 83 94_+ 2 1 
8 189 ~- 578 24 ~ 127 90_+ 26 

*(Ethanol responses/total responses) × 100 
+_+SEM 

During the lmtxal water training phase of the experiment, the 
rats were maintained at the 80% level by restricting both the 
dally food supply and allowing only 30 mm access to water 
Dunng the ethanol testing phase of the experament, the rats 
had continuous access to water and were given dady food 
ratnons to maintain them at the desired body weight level 
The rats were housed in&wdually m hanging, stainless steel 
rodent cages m a room artificially illuminated from 7 30 to 
19 30 hr 

A p p a l  a tu  s 

Dady sessnons were conducted in operant condmonlng 
chambers, 23×37×21 cm, placed m sound attenuated cubi- 
cles equipped with exhaust fans Toward the end of the front 
panel of the chamber, 5 cm from either side wall, was a 6 cm 
dmmeter opening through which 0 1 ml fluid was presented 
by a solenoid-operated &pper (Ralph Gebrands Company, 
Model #B-LH,  Arhngton, MA) When in the up position, the 
dippers were 3 cm above the chamber floor Toward the 
center of  the front panel, 3 cm from each of the &pper openings, 
were two levers (BRS/LVE Corp ,  #CRL-500, Fogelswlle, 
PA) positioned 4 cm above the chamber floor Each lever was 
programmed to operate the adjacent dapper A house lamp (1 
W) illuminated the chamber dunng the session Events were 
programmed and recorded wnth standard electromechamcal 
eqmpment Dlgntal counts and cumulatwe records (SoentlfiC 
Prototype Corp ,  Model #3-B, New York, NY) of the lever 
responses and dipper operations were collected 

PI oc edure  

Sixty minute experimental sessions were conducted dally 
between 8 30 to 14 30 hr The training procedure used to 
estabhsh concurrent water and ethanol reinforced respond- 
ing has been described in detail [23] All animals were trained 
initially to lever press on a concurrent FR8 FR8 schedule 
with a 3 sec change-over delay (COD) for access (3 sec) to 
either of  two dippers filled with water (0 1 ml) The indepen- 
dence of the two levers and alternations between levers was 
established further by increasing the fixed-ratio requirement 
for the preferred lever over  successive sessions until the rat 
switched responding to the non-preferred lever which re- 
mained at FR8 Testing continued under these conditions 
until two alternations from the larger ratio lever to the smaller- 
ratio lever had occured 

After being trained to lever press for water, all rats were 
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P E R C E N T  I N I T I A L  A D  L I B  B O D Y  W E I G H T  

FIG 1 Percent ethanol responses as a function of percent lmtnal ad 
lib body weight for rats. 6. 7 and 8 mdlvndually and as a group 
(lower right panel) 

given free access to water in their home cage and maintained 
at 80% body wenght by dally food ratnomng only For 5 to 12 
days, 5 gm of the food ration was placed in the operant 
chamber at the beglnnmg of each sessnon with water and 5% 
(v/v) ethanol available during the session according to a con- 
current FR8 FR8 schedule From day to day, ethanol avad- 
abdlty alternated from the left dnpper to the right dipper The 
within-session feeding was discontinued after the mmal 5-12 
sessions and the total dally food ration was placed m the 
home cage following each experimental sessnon Sessions of 
concurrent FR8 FR8 water and ethanol presentation were 
continued and stable concurrent performance was mare- 
tamed for at least 20 sessions 

Then, body weight of rats 6, 7 and 8 were allowed to 
increase to 110% of the initial ad hb level by gradually m- 
creasing the daily food ration Food rations were increased 
so that at least four experimental sessions each at 80, 90, 100 
and 110% of original ad hb body weight occurred Rats 41 
and 42 served m another experiment which precluded a ma- 
nipulation of body weight 

R E S U L T S  

All rats responded for ethanol at greater levels than for 
water with greater responding for ethanol maintained as nts 
availablhty switched dally from side to side Over a ran- 
domly chose block of  seven consecutive days of  stable re- 
sponding from the Initial 20-session baseline, rats obtained 
an average of  48 5 ethanol dipper operations and 4 6 water 
dipper operations on the concurrent schedule 

In rats 6, 7 and 41, the majority of responding for ethanol 
occurred during the first 30 mm of the 60 mm session In 
contrast, for rats 42 and 8, ethanol responding was distrib- 
uted across the 60 rain session Water respondmg occurred 
m two distinct patterns a single burst of  responses during 
the first 5 min of  the sessnon sufficient to produce one or two 
dipper operations with no subsequent responding, or bursts 
of responses distributed across the whole session These pat- 
terns of  responding for water m rats which had 24 h rad  lib 
access to water in the home cage could be the result of the 
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TABLE 2 

MEAN NUMBER OF RESPONSES FOR ETHANOL AND WA'I ER AS A 
FUNCTION OF PERCENT INITIAL AD LIB BODY WEIGHT* 

Percent ad hb Body Weight 

80 90 100 110 
Rat 6 Ethanol 427 190 165 175 

Water 7 15 13 36 
Rat 7 Ethanol 415 272 103 6 ! 

Water 22 38 23 30 
Rat 8 Ethanol 204 125 62 88 

Water 13 38 42 29 

*On concurrent fixed-ratio eight, fixed-ratio eight schedule Mean 
number over four 60 rain sessions 

procedure of daffy alternating ethanol and water presentation 
from lever to lever 

Mean absolute and relative responding for water and 
ethanol for the seven consecutive dally sessions ts presented 
in Table 1 Ethanol 's  efficacy indexed as the percent of re- 
sponding for ethanol relative to the total number of responses 
per session ranged from 77 to 98% with four of the five rats 
scoring 90% or greater Interestingly, the two rats (42 and 8) 
which distributed their ethanol responding across the whole 
session showed the lowest mean efficacy scores As is seen 
m the Table, large differences in absolute responding for 
ethanol and water produce comparable ethanol efficacy 
scores (i e ,  compare rats 41 and 8) At the same time, almost 
equal absolute response totals for ethanol result in markedly 
different efficacy scores (1 e , compare rats 42 and 7) In- 
spection of the SEMs indicates that day to day variability in 
responding for water and ethanol was great, while efficacy 
scores remained relatively stable on a day to day basis 

Figure 1 presents the efficacy scores (percent ethanol re- 
sponses) as a function of percent Initial ad lib body weight for 
rats 6, 7 and 8 For all rats, ethanol 's efficacy decreased from 
baseline as body weight increased At ll(FA initial ad hb 
body weight, ethanol was maintaining approximately 75% of 
total responding Table 2 presents the mean number of re- 
sponses for ethanol and water as a function of body weight 
increases Number of  ethanol responses declined as body 
weight increased and number of responses for water re- 
mained the same or increased shghtly At ll(F~ initial ad lib 
body weight, number of  ethanol responses was 31% of 
baseline, while the efficacy scores were 78% of baseline 
levels 

DISCUSSION 

W~th increasing Interest in the differential capactty of 
reinforcers to mamtaln behavior, investigators have been 
concerned with the appropnate way to measure the "effi- 
cacy"  of a reinforcer Absolute number or rate of responding 
are not satisfactory since these measures are d~fferentlated 
by schedules of  reinforcement and interact in a complex 
manner to changes in reinforcer magnitude [14] One alter- 
native has been the use of  a relative measure (the number of  
responses on one reinforcement schedule as a proportion of 
the total responses on all schedules) obtained with multiple 
or concurrent schedules [24] 

A relatwe measure can provide a means of separating 
reinforcing effects from other nonspectfic effects on respond- 
rag, and in the case where a drug ts the reinforcer, from the 
direct effects of the drug itself on responding [15] Relative 
responding has been used to compare the remforcmg effi- 
cacy of different doses of the same drug [27] or two different 
drugs [14] In the present experiment, ethanol's efficacy in- 
dexed as the percentage of  responding for ethanol relative to 
the total number of responses for ethanol and water was 
stable on a day to day basis, whde absolute responding for 
ethanol varied from day to day The stability of the relative 
measure compared to the absolute measure demonstrates a 
possible value of using a relatwe measure as an index of a 
remforcer 's  efficacy 

However,  to assume that reinforcing efficacy indexed 
with a relative measure directly reflects the pharmacological 
properties of a drug as reinforcer is probably inaccurate In 
the present experiment, absolute responding for ethanol de- 
creased approximately 70c~ as body weight increased which 
is simdar to the results reported by Melsch and Thompson 
[21] with a single reinforcement schedule Ethanol 's efficacy 
also declined, suggesting that food deprivation factors may 
also be important in the reinforcing effects of ethanol Such 
an effect might be expected due to the caloric value of 
ethanol However,  responding for oral etonitazene [6] and 
phencychdlne [8] and for intravenous administration of am- 
phetamine [26] and etonltazene [7], drugs with no caloric 
value, also changes as a function of  the nutrttlonal status of 
the animal Thus, the reinforcing efficacy of a drug reflects a 
combination of many factors 

One hmltat~on of the concurrent procedure and a relative 
measure IS that each of the two remforcement contlgenctes 
concurrently avadable must maintain at least a minimal 
amount of responding The concurrent schedule is of no 
value and the relative measure ~s meaningless If responding 
is maintained exclusively by one of the two concurrent 
schedules [9] In the present experiment, both schedules 
maintained responding, although responding for water was 
minimal Such an extreme preference for one of the two 
available reinforcers on the concurrent schedule may artifi- 
cially hmlt the sensitivity of the relative measure of ethanol's 
efficacy to the body weight manipulation In a situation 
where the baseline ratio of  responding for two available rein- 
forcers was closer to 0 5, the relatwe measure of ethanol's 
efficacy may be more sensitive to the body weight manipula- 
tion 

Another factor to consider in interpreting a relative meas- 
ure as an Index of  a relnforcer's efficacy is the context m 
which that reinforcer is available In the present experiment, 
ethanol 's efficacy was assessed relatwe to responding for 
water and relative responding did not change as greatly as 
absolute responding changed over the body weight manipu- 
lation Different results might be obtained ff ethanol was 
compared to responding for a different reinforcer such as 
sucrose solution, even if the basehne ratio of ethanol to su- 
crose responding was the same as for ethanol to water The 
quality or class of the different reinforcers being concur- 
rently paired (i e ,  two different drugs, a drug and a food 
source, or a drug and commodity with strong gustatory qual- 
ities) may change the effects of  a third manipulation [17] 
This could be the case even when the schedules are consid- 
ered to be functionally Independent In the present experi- 
ment, a COD was used throughout and all rats experienced 
unequal schedules with the same reinforcer (water) before 
being placed on the FR8 FR8 ethanol-water schedule These 
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procedures  were  used to es tabl ish  the functional  mdepen-  
dence  o f  the two schedules  and re inforcers  

As well, when  pairing two commodi t i e s  as re inforcers ,  
there  can be in teract ions  be tween  commodi t i e s  t hemse lves  
(~ e , a drug with an anorex ic  effect  in a drug-food paw), 
mva rmnces  be tween  commodi t i e s  (t e ,  a t endency  to con-  
sume them in a cons tan t  ratio i ndependen t  o f  the schedule) ,  
or  lnvarmnce in one  o f  the two available commodi t i e s  Fo r  
example ,  rhesus  m o n k e y s  lever  p re s smg  for food or wa te r  on 
a concur ren t  var iable- interval ,  variable-interval  schedule  
main ta ined  a cons t an t  ratio o f  food to wa te r  r e spond ing  irre- 
spect ive  of  the rate o f  food or  water  dehve ry  [13] In the 
p re sen t  exper iment ,  r e spond ing  for wa te r  did not  change  as 
body weight  changed 

A relative measure  ob t amed  with a concur ren t  schedule  
may be a useful p rocedure  for  a s se s smg  the re inforcing effi- 
cacy  of  a drug The measure  was re lahvely  stable on a day to 

day bas~s and d~d co r r e spond  to the w~thln sess ion pat tern of  
r e spond ing  among the rats in the p resen t  expe r imen t ,  but the 
relat ive measure  as an index of  eff icacy must  be in terpre ted  
with caut ion in regard to food depr ivat ion,  the magni tude  of  
p re fe rence  for e i ther  re inforcer ,  and the qualit ies o f  the 
c o m m o d i t y  against which a part icular  re inforcer  ~s being as- 
ses sed  
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