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THE REVIEW by Mello [14]  recognizes  tha t  the  abi l i ty  to 
induce  addic t ion  to a lcohol  in a variety of  an imal  species, as 
def ined by the  various fea tures  of  the  wi thdrawal  synd rome  
consequen t  u p o n  the  pr ior  in take  of  a lcohol ,  by-passes 
those  e lements  wi th in  and  w i t h o u t  the  organism which  
in i t ia te  and t hen  sus ta in  a lcohol  dr inking  in a m a n n e r  akin 
to tha t  in the  h u m a n  alcoholic .  Our  purpose  in this  essay is 
to describe those  cri teria we believe need be met  for  the  
process of add ic t ion  in an animal  to  co r respond  to  t ha t  in 
man and thus  to  become  recognizable  as a model  of  h u m a n  
alcoholism. Ra t iona l  i n t e r ven t i on  to d is rupt  the  process  
seems to us only  possible to the  ex t en t  t ha t  var ious 
c o m p o n e n t s  of the  model  are in or near  a one- to -one  
relat ion.  

Individual  d i f ferences  among  alcohol ics  are legion and  
s tuden t s  of a lcohol i sm thus  have t u r n e d  increasingly f rom 
uncon t ro l l ed  natura l is t ic  obse rva t ions  and invest igat ions  to  
l abora to ry  studies.  However ,  expe r imen t s  induc ing  in toxi -  
ca t ion  in alcohol ics  [ 16 ,22] ,  while  app rox ima t ing  dr inking  
au naturel, still are hampered  by lack of expe r imen ta l  
con t ro l  and are con t ingen t  u p o n  subject  select ion,  the i r  
results  on ly  par t ia l ly  general izable.  

As wi th  a host  of o the r  h u m a n  disorders ,  t hen ,  research- 
ers have resor ted  to an imal  mode ls  and have pursued  animal  
paradigms of h u m a n  add ic t ion  to a lcohol  for  years--- 
unsuccessful ly.  The  value of  such a (successful)  mode l  is 

evident  in the  o p p o r t u n i t y  it provides  to s tudy  the  
et iological  parameters ,  s y m p t o m s ,  p r even t ion  and  cure of  a 
d isorder  in a var ie ty  of  con t ro l l ed  s i tua t ions  no t  possible 
wi th  h u m a n s  e i the r  in a na tu ra l  or  l abo ra to ry  sett ing.  This  
paper  discusses some cri teria for  an (elusive) an imal  model  
of  a lcohol i sm and assesses w h e t h e r  the  challenge which  
these  cri teria pose has been  or can be met .  Pliny wro te  t h a t  
the  R o m a n s  drew presages f rom rats and  t ha t  to  see a whi te  
rat was an augury  of good fo r tune ;  a l t hough  a lb ino  rats 
have been  used in extenso, the  fact  tha t  t hey  are all a b o u t  
us remains  still, unhapp i ly ,  on ly  an o m e n  of  our  hopes.  

There  are m a n y  p rob lems  in the  c o n s t r u c t i o n  of  an 
animal  mode l ;  no t  the  least of  these  is a semant ic  or 
concep tua l  one. Webster  [27]  provides  14 def in i t ions  or  
" senses"  for the  word  " m o d e l " .  As used in science, for  
example ,  the  appl icable  de f in i t ion  would  be  "a  theore t i ca l  
p ro jec t ion  in detai l  of  a possible sys tem of  r e l a t ionsh ips" ;  
however ,  o t h e r  def in i t ions  are also desirable.  With animals,  
an exact  r esemblance  to - a f u n c t i o n a l  or s t ruc tu ra l  design 
or pa t t e rn  of  - or an analogy to  - h u m a n  a lcohol i sm would  
assuredly no t  be rejected.  As conven t iona l ly  conceived,  an 
animal  mode l  is a min ia tu re  r ep resen ta t ion ,  pe rhaps  al tered 
in scope or scale, bu t  no t  in its essence, wh ich  is b rough t  
in to  the  l abora tory .  Accep t ing  this,  the  researcher ' s  task 
becomes  clear: to  be suff ic ient ly  conversan t  wi th  the  
d imens ions  and pa rame te r s  of  the  original  so t h a t  they  can 
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be appropr ia t e ly  dupl ica ted ,  in this  case no t  necessari ly by 
reduc t ion  as much  as by t r ans fe rence  to a n o t h e r  organism.  

Lacking,  however ,  is an expos i t i on  of  the  fac tors  
involved with h u m a n  add ic i t ion  to alcohol .  It is evident  
tha t  more  than  one  variable is e t iological ly  inf luent ia l  and  
tha t  these  mul t ip le  variables in teract  and  opera te  in 
comb ina t i on .  A host  of possible genet ic ,  physiological ,  
emot iona l ,  social and cul tura l  in f luences  have been  de- 
scr ibed and  it is no t  at all p rec luded  tha t  the  behav io r  
which  is mani fes ted  as a lcohol i sm f inds express ion  in those  
individuals  where  the required cons te l l a t ion  of  envi ron-  
menta l  fac tors  acts  on  a biological ly  predispos ing matr ix .  
Since social and cul tura l  in f luences  are not  likely to be even 
tangent ia l ly  dup l ica ted  in an an imal  model ,  it is the  
biological  mat r ix  upon  which  the  b u r d e n  falls for  represen-  
ta t ion .  

Should  the  biological c o n t r i b u t i o n  carry l i t t le  weight  in 
the cons te l l a t ion  of  forces  p roduc ing  a lcohol ism,  it may 
well be t ha t  an an imal  model  is una t t a inab le .  In fact ,  one  is 
hard  put  to f ind more  t han  the  vaguest  and  most  
c i rcumstan t i a l  of evidence in h u m a n s  t ha t  there  is a 
biological  c o n t r i b u t i o n ,  let a lone  being able to place a 
relative weight  upon  it. In this  area, t he re fo re ,  the  cr i ter ia  
in tote? we propose  later  in this  paper  (Table  1) may  never  
be possible  to  meet ,  a l though  some of  its c o m p o n e n t s  (e.g., 
physical  d e p e n d e n c e  and wi thdrawal )  are obvious ly  ame- 
nable to  s tudy  and have received some measure  of  a t t e n t i o n  
[14 ] .  

The  Alcoho l i sm S u b c o m m i t t e e  of  the  Exper t  C o m m i t t e e  
on  Menta l  Heal th  of  the  World Heal th  Organ iza t ion  adop ted  
a de f in i t ion  [ 2 8 ] ,  encompass ing  t rad i t iona l  cri teria,  for  
a lcohol  add ic t ion :  "Drug  add ic t ion  is a s ta te  of  per iodic  or 
ch ron ic  in tox ica t ion ,  de t r imen ta l  to the  individual  and  to 
society ,  p roduced  by the  repeated  c o n s u m p t i o n  of  drug 
(na tu ra l  or syn the t ic ) .  Its charac ter is t ics  include:  (1)  an 
overpower ing  desire or need ( com pu l s i on )  to c o n t i n u e  
taking the  drug and to ob ta in  it by any  means ;  (2)  a 
t e n d e n c y  to increase the  dose;  and,  (3)  a psychic  (psycho-  
logical) and some t imes  physical  d e p e n d e n c e  on  the  effects  
of the  drug" .  Mendelson  and Mello [9]  p roposed  add i t iona l  
behaviora l  criteria of add ic t ion  in animals :  t ha t  they  would  
work (emi t  ope ran t  responses)  for  a lcohol ,  show a prefer-  
ence for  it in, p resumably ,  a cho ice  s i tua t ion  in tile h o m e  
cage, and might  also to le ra te  p u n i s h m e n t  in order  to o b t a i n  
alcohol.  These  physiological  and psychological  requis i tes  
for  a lcohol  add ic t ion  have not  yet  occur red  t oge the r  in any 
animal  expe r imen t .  

The  three  mos t  recent  reviews of  research on a lcohol i sm 
draw the  same conclus ions :  " I n  spite of  widespread 
recogni t ion  of  this  research need,  and m a n y  a t t e m p t s  to 
accompl i sh  it, l i t t le  evidence has been  repor ted  on  the  
d e v e l o p m e n t  of  addict ive  vo lun ta ry  a lcohol  c o n s u m p t i o n  in 
l abora to ry  animals.  Fai lure  to  induce  addic t ive  d r ink ing  has 
been  emphas ized  in reviews. . . ."  [ 25 ] .  "As  far as we are 
aware, no th ing  equiva lent  to  a pa thologica l  appe t i t e  ( for  
a lcohol )  has been observed in expe r i m en t a l  an ima l s "  [ 11 [. 
" T o  date ,  the re  is l i t t le evidence t ha t  e i the r  c o n d i t i o n  
(d r ink ing  a lcohol  vol i t ional ly  in an a m o u n t  which  has a 
pharmacolog ica l  effect  or d e p e n d e n c e  on  a lcohol )  arises in 
rats or o the r  species, at least based on the  results  of  the  
self-select ion of  a lcohol  fol lowing c o n t i n u e d  exposure . . . "  
[211.  

General ly ,  the effects  of a lcohol  in rats, mice and 
monkeys ,  as in man,  co r re spond  to the  rate at wh ich  
a lcohol  is ingested over  t ime.  Thus  the  oral in take  of 

a lcohol  usually increases somewha t  tile longer it is available 
in a sui table  fo rm in the animals '  e n v i r o n m e n t ;  to le rance  to 
the effects  of  a lcohol  is acquired;  wi thdrawal  s y m p t o m s  
become  more  likely tile more  p r o m i n e n t  the  pr ior  centra l  
effects  of alcohol.  These  consequences  of  a lcohol  ingest ion 
indicate  on ly  tha t  a lcohol ,  when  chosen  - o r  a d m i n i s t e r e d -  
in requis i te  a m o u n t s  exhib i t s  the charac ter is t ics  of an agent  
wi th  an add ic t ion  l iabil i ty subs tan t ia l ly  less than  tha t  of 
heroin.  It does not  in fo rm us how one  can,  to begin with,  
induce  an animal  to vol i t ional ly  ingest e thano l ,  in the  
fashion and  dosage required.  

Some of the specific cr i ter ia  of  add ic t ion  in animals  thus  
are really the sequels of  addic t ion .  We differ  f rom this  type  
of c i rcular i ty  by believing tha t  the  in take  of a lcohol  nmst  
come a b o u t  by di rected behav io r  and  the  e x p e n d i t u r e  of  
energy by the  animal  to o b t a i n  alcohol.  When the  labora-  
tory  rat dr inks  alcohol  in c o m p e t i t i o n  wi th  response  
t endenc ies  to behave  in o the r  ways, this  behav io r  empha-  
sizes the  compuls ive  c o m p o n e n t  of a lcohol ism,  the  a lcohol-  
seeking behav io r  being a measure  of  the an imal ' s  m o t i v a t i o n  
for alcohol .  Mot iva t iona l  aspects  of  a lcohol ism,  which  we 
regard as the  most  s ignif icant  c r i te r ion  for  an an imal  model ,  
have received the  least a t t e n t i o n  f rom invest igators ,  pe rhaps  
because they  represent  the  most  elusive r equ i r emen t  to 
at tain.  Given a lcohol -d i rec ted  behav io r  of  an animal  over  a 
per iod of t ime,  the remain ing  c o m p o n e n t s  of  add ic t ion  will 
fol low if subs tant ia l  b lood a lcohol  levels are ma in t a ined  
over a suff ic ient  in tegra ted  i n t o x i c a t i o n  time. 

The  basic issue in o rches t ra t ing  an anilnal  model  of  
a lcohol i sm is the in i t ia t ion  of a lcohol-seeking behav io r  
specifically d i rected to a lcoho l ' s  p h a r m a c o d y n a m i c  uti l i ty.  
A p le thora  of anecdota l ,  clinical and research evidence 
argues for the fact  tha t  a lcohol  ingest ion is a s t rongly  
re inforc ing  behav ior  in man,  based on  the  posit ive cent ra l  
nervous  sys tem benef i t s  which  a lcohol  confers.  In some 
individuals ,  it becomes  a compuls ive  need,  resis tant  to  
change,  and a d o m i n a n t  t heme  of  life. The  behav ior  seems 
to subserve a host  of mo t iva t ions  generical ly  concep tua l i zed  
as t ens ion  reducing  [3 ] .  A man knows  tha t  a lcohol  gives a 
lift,  is an i n tox i can t  and t ranqui l izer ,  and exercises an 
anx i e ty - a t t enua t i ng  inf luence  upon  his behav io r  even before  

his first dr ink---because he has read abou t  it or seen its 
ac t ion  po r t r ayed  in movies or on television. This  fo reknowl-  
edge of the  a lcohol  lore precedes  actual  exper ience  wi th  it 
and u n d o u b t e d l y  plays a p r o m i n e n t  role in the  genesis of  
u l t imate  a lcohol-seeking behav ior  in man. It con t r i bu t e s  to 
the  posi t ive r e i n f o r c e m e n t  which  accrues when,  one day,  
tile individual  does dr ink a lcohol  and exper iences  first hand  
a lcohol ' s  palliative, amel iora t ive  or o the r  propert ies .  A 
d i scomfor t ing  feeling, depressive mood ,  or d isquie t ing  
in terna l  s ta te  such as conf l ic t  is modif ied  favorably  or 
a t t e n u a t e d  as a consequence  of  dr inking  alcohol,  t ,earning 
occurs  and in similar fu tu re  c i rcumstances ,  one  can under-  
s tand how tile individual  might  resort  again to alcohol.  To 
what  e x t e n t  the  effects  of a lcohol  are p recond i t i oned  by 
genet ic  or cul tural  suscept ib i l i ty  or are p sychopha rnm-  
cological and pr imar i ly  reduced by a lcohol  per  se or  to  
what  degree they represent  a p s y c h o d y n a m i c  expec t a t i on  
by the  d r inker  are ques t ions  remain ing  to be answered.  In 
any event ,  tile fact seems to be t ha t  the  act of  d r ink ing  
becomes  a powerfu l  re inforcer  for  some individuals.  

But  how does tile l abo ra to ry  rat learn abou t  alcohol? 
What  does  it de tec t  when  it d r inks  an alcohol  so lu t ion?  
Besides taste, the  rat usually learns tba t  a lcohol  has caloric 
value---a large body  of  expe r imen t s  a t tes ts  to  this. Whether  
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the sine qua non of the central effects of alcohol are 
appreciated by the rat and connected to the previous 
ingestion of alcohol seems a quite different matter; tempo- 
ral contiguity between drinking and awareness of central 
effects seems sufficiently long to preclude such an associa- 
tion. The search for the rat's response specifically to 
alcohol would have little meaning if alcohol possessed no 
important pharmacodynamic attributes---indeed, there 
would be no problem. But alcohol does have important 
central actions which any animal model must take into 
account, and until it can be shown that the rat drinks 
alcohol for the same kind of central reinforcement that 
man seeks, then so-called animal models are merely 
phylogenetic analogues which bear only a superficial 
resemblance to man's alcoholism. 

Thus, some attempts at studying animals' drinking 
behavior only simulate or mimic human drinking. If an 
animal model is feasible (and some doubt that animal and 
human personalitites can be equated [23]),  then it should 
be one in which the internal phenomenal states of the 
laboratory animal closely approximate those of the alco- 
holic. In a simulation, on the other hand, some parallels can 
be drawn but only from an external frame of reference. It is 
no difficult feat to achieve high blood alcohol concentra- 
tions in rats constrained to drink alcohol by fluid or food 
deprivation, but where the alcoholic drinks from strong 
inner motivations, the rat is constrained to do so by equally 
compelling external manipulations alien to man. The net 
result for both organisms is the excessive consumption of 
alcohol without a model of functional relationships having 
been attained. Similarly, the seemingly compulsive, pro- 
longed and intoxicating ingestion of alcohol by rats under 
schedule-induced polydipsia imitates the compulsive drink- 
ing of the binge alcoholic: from a motivational point of 
view, these behaviors are hardly generically related. 

A wealth of literature demonstrates how alcohol affects 
experimental neurosis and conflict when it is administered 
in an acute preparation and even when animals exhibit 
adaptation and tolerance to its chronic administration. 
Absent, however, are demonstrations that animals select 
alcohol to attenuate tension states. In a few attempts 
[7,20], there has been failure to induce rats to emit 
operant responses for alcohol or to drink alcohol in 
response to stress. In the former study, it was apparent that 
rats more readily drank greater volumes of alcohol when it 
was freely available (as the only fluid choice) than when its 
availability was contingent upon appropriate operant behav- 
ior. Others [1,4] reported that stressed rats drank alcohol 
in a choice situation, and operant performance for alcohol 
reinforcement has been found in rats [15]. In a more 
recent study with monkeys, however, Mello and Mendelson 
[17] were unable to produce addictive-type drinking in a 
stressful avoidance paradigm. 

An overview, then, suggests that (a) alcohol can - and 
does - reduce tension when its administration is controlled 
by the experimenter, but (b) animals have not learned this, 
or (c) that alcohol self-selection by animals may not be 
based upon this need [12]. This last is an important 
drawback to research involving animal models of experi- 
mental psychopathology because an underlying hypothesis 
for such paradigms has always been that conflict, stress and 
anxiety should result in increased alcohol intake. Lester 
[12] summarized the problem as follows: " I f  stress and 
anxiety are involved in the mechanism of addiction, then 
the ingestion of alcohol to reduce these states seems 

eminently reasonable. In the absence of any showing that 
enough alcohol has been ingested to produce such a 
reduction, however, the nexus of alcohol ingestion and 
degree of stress is nebulous. Experiments directed to the 
production of various levels of stress or anxiety and the 
conmitant measurement of alcohol selection might well 
illuminate this relationship." 

Such experiments have not been performed. Some 
barriers to their accomplishment in the service of a viable 
animal model of alcoholism are determination of what 
constitutes a necessary and sufficient psychological or 
behavioral stressor, and a methodology for adequately 
acquainting animals a priori with alcohol's tension reducing 
properties ~ la human social learning without at the same 
time producing learned taste aversion. 

As we have already noted, the ingestion of large amounts 
of alcohol by mouth is easily attained (14 Table 1); thus 
rats on polydipsic schedules, where the fluid is only an 
alcohol solution, have ingested voluminous and intoxicating 
quantities of alcohol; even when a choice is offered in this 
situation, the alcohol solution is usually preferred (unpub- 
lished observations). But one of the bases for this immoder- 
ate intake of alcohol is the control exerted by alcohol's 
energetic characteristic: alcohol provides calories. In studies 
of alcohol polydipsia, alcohol intake remains high and fairly 
stable over five levels of pellet nutrition ranging from 100 
to zero per cent, whereas water intake declines sharply over 
this same range [8]. Similarly, when the intermittent food 
reward of a polydipsic schedule is halted, the ingestion of 
alcohol, but not of equi-intoxicating, noncaloric acetone, 
continues [9]. 

Where there has been a choice between water and an 
alcohol solution, female alcohol-addicted rats have taken as 
much as 9.9 g/kg/day for short periods [6] and C57B1 
mice take as much as 20 g/kg/day for long periods [24]. 
Even here, where the ingestion of alcohol does not appear 
to have caloric deprivation as a motivating factor, the 
ingestion appears accidental and inadvertent: there seems 
little doubt that in the face of fluids competing on the basis 
of either calories or taste (sucrose, saccharin, fat), the 
alcohol solution, if drunk, would have been drunk in 
insubstantial quantity [13]. Self-selection of an alcohol 
solution where the choice lies only between water and an 
alcohol solution is restrictive, and in most instances seems 
to represent an effort to limit the applicability of any 
experimental findings. It is problematical whether such a 
methodology can provide any insights for an animal model. 
Unless fluids other than alcohol and water are present, 
fluids chosen because they offer competitive characteristics 
of taste, calories and pharmacodynamic effect (saccharin; 
sucrose; butanediol-l ,3; acetone; methanol; etc), such 
insights for an animal model are not likely to result. 

A recent paper seems to overcome some of these caveats. 
Cicero et  al. [5] gave an experimental group of rats a 7% 
(v/v) alcohol solution as their sole fluid source for 133 
days, beginning with weaning. After 7 days of intervening 
tests, and beginning on Day 162, two series of 7-day, 
3-30% alcohol versus water preference-aversion tests were 
made, the second series with 0.005% saccharin as a third 
fluid choice. Data on only 1 of 4 animals in the 
experimental and control groups, each animal representa- 
tive, are given. Although it appears that the presence of a 
0.005% saccharin solution did not affect the intake of 3, 5, 
7 and 10% alcohol solutions in the experimental rat, at 
higher concentrations of alcohol (15, 20 and 30%), alcohol 
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intake fell. Quite  the reverse was the case with the contro l  
rat: in the presence of  the saccharin solut ion,  alcohol intake 
was less when  3, 5, 7, 10 and 15% solut ions of alcohol 
could be ingested,  but  alcohol intake from 20 and 30% 
solut ions increased. Unques t ionab ly ,  part of  the diff icul ty  
lies with the great variance in intake exhib i ted  by animals 
on self-selection and data restr icted to one animal per group 
can hardly be called definitive. But a greater  objec t ion  is 
that  the authors  restr icted their  test ing to only 0.005% 
saccharin. Why not  0.1%'? Or a sucrose or ace tone  solution'? 
These objec t ions  do not  lessen the impor tance  of  the  
presence  of alcohol  immedia te ly  upon weaning for  the later 
he ightened  intake of  alcohol;  conf i rmat ion  of  these obser- 
vations and de te rmina t ion  of  the critical deve lopmenta l  
period should have a high priori ty.  

Other  ef for ts  in init iate alcohol drinking, whe the r  by 
hypo tha lamic  s t imula t ion  [2,26] or by intraventr icular  
infusion [ 19] and whe the r  conf i rmed  or not  [10] have also 
not  directed themselves  to the ques t ion  of  the specif ici ty of  
the alcohol drinking,  it purpose ,  or to  its ma in tenance  in 
the face o f  addi t ional  fluid choices.  

In summary  we suggest the criteria of  Table 1 for an 
animal model .  

TAB LE 1 

CRITERIA FOR AN ANIMAL MODEL OF ALCOHOLISM 

1. Oral ingestion of alcohol without food deprivation. 
2. Substantial ingestion of alcohol with competing fluids availa- 

ble. 
3. Ingestion directed to the central intoxicating character of 

alcohol, substantiated by determination of circulating blood 
alcohol levels. 

4. Work performed, even in the face of aversive consequences, to 
obtain alcohol. 

5. Intoxication sustained over a long period. 
6. Production of a withdrawal syndrome and physical depen- 

dence. 
7. After abstinence, reacquisition of drinking to intoxication and 

reproducibility of the alcoholic process. 

Our criteria, not  necessarily comple te ly  definitive, envi- 
sion a pr imary stage in which a lcohol ' s  positive reinforcing 
proper t ies  as a d i scomfor t  a t t enua tor ,  mood  elevator and 
ant i -anxiety  agent are emphas ized  and, we would hope,  
learned. Because of  the temporal  lag from drinking and 
swallowing to the t ime when central  effects  are experi- 
enced,  exper imenta l  manipula t ion  will be necessary to 
ensure tempora l  cont igui ty  be tween  the condi t ional  st imu- 
lus, alcohol,  and the uncond i t i oned  response,  be it associ- 
ated with terminat ion  of pun i shmen t ,  resolut ion of  confl ict  
or receipt o f  some o the r  positive reinforcer.  Repeated  
re in forcements  over a fairly long t ime span will undoub t -  
edly be needed.  

The model  will also require de lnons t ra t ion  of  sustained,  
substantial  alcohol c o n s u m p t i o n  by animals given com- 
peting fluid choices in the exper imenta l  s i tuat ion with 
general izat ion of  this behavior  to their  home cage. One 
would also expect  general izat ion of  alcohol drinking in 
response to o ther  stressors or tens ion reduct ion  designs; 
there  has to be assurance that  what  has been condi t ioned  is 
not merely an isolated and specific drug-si tuat ion inter- 
action. And,  finally, fol lowing upon the volitional intake of  
sufficient  alcohol and its wi thdrawal ,  one would expect  to 
note  an abs t inence syndrome.  

One def in i t ion of  model  is " some th ing  perfect  of  its 
k ind" .  While not  advocating per fec t ion ,  we do r e c o m m e n d  
that  the phrases "animal  mode l "  and "addic t ion  mode l "  be 
pars imoniously  reserved for animal behavior which strin- 
gent ly  meets  bo th  psychological  and physiological  criteria. 
One of  the many dic t ionary  def in i t ions  of  " m o d e l "  
concerns  someth ing  wor thy  of  imitat ion.  The prevalence, 
seriousness and deleter ious impact  of  human alcoholism 
renders  it most  unwor thy ,  but by its very imperfec t ion  it 
merits  modeling.  
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