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Modeling Ad o l e s c e n t
De velopment and Alcohol 

Use in Animals

By Linda Spear, Ph.D.

Though certain characteristics found in human adolescents are clearly unique, there are other
key characteristics of this developmental stage that are common across a number of species.
Animal models offer researchers unique insight into the effects of alcohol on the adolescent.
This age period is particularly important for study, because this is the time during which many
people first experiment with alcohol. It is possible that features of the adolescent brain may in
fact predispose a youngster to behave in ways that place him or her at particular risk for
experimenting with alcohol or other drugs. In addition to behavioral changes, a number of
important physiological alterations occur during adolescence, including changes in brain
regions implicated in modulating the reinforcing effects of alcohol and other drugs of abuse.
KE Y W O R D S: animal model; adolescent; AOD (alcohol or other drug) use; psychological
development; neural development; sensation-seeking behavior; risk-taking behavior; frontal
cortex; stress; neurobehavioral theory of AODU (AOD use, abuse, and dependence)

The transition between childhood
and adulthood is associated with
a variety of developmental chal-

lenges. During this time, childre n —
as well as youngsters from a variety of
s p e c i e s — a c q u i re the behavioral skills
n e c e s s a ry to enable them to live indepen-
d e n t l y, away from parental care g i ve r s .
Though certain characteristics found in
human adolescents are clearly unique,
t h e re are other key characteristics of this
d e velopmental stage that are common
a c ross a number of species.

Animal models offer re s e a rc h e r s
unique insight into the effects of alco-
hol on the adolescent. Adolescence is
p a rticularly important for study because
it is during this time that many people
first experiment with alcohol. It is pos-
sible that features of the adolescent brain
may in fact predispose a youngster to
b e h a ve in ways that place him or her at

p a rticular risk for trying alcohol or other
d rugs. These characteristics may have
e vo l ved to enable the adolescent to con-
q u e r this critical developmental transition.
For instance, like their human counter-
p a rts, rats undergoing the deve l o p m e n-
tal transition of adolescence show a
m a rked increase in the amount of time
spent in social investigation and inter-
action with peers. They also are more
likely to engage in risk-taking behavior,
and they seek out new situations and
e x p l o re unknown areas more avidly than
they would at either a younger age or
in adulthood. 

In addition to these behavioral
changes, a number of important physi-
ological changes occur during adoles-
cence, including significant hormonal
and neural alterations. Brain areas that
s h ow particularly marked alterations
during adolescence are the pre f ro n t a l

c o rtex (PFC) and mesolimbic re g i o n s
of the forebrain in which dopamine
(DA), a key brain chemical, is found.
These regions also have been implicated
in modulating the re i n f o rcing effects of
alcohol and other drugs of abuse. 

This article begins by defining the
period known as adolescence and draw-
i n g distinctions between adolescence in
humans and in other animal species.
Next, the article re v i ews re s e a rch findings
f rom studies of animal models of alco-
hol and adolescence and discusses the
need for developing adolescent models
of alcohol effects in other species as we l l .
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Defining Adolescence

In general, adolescence can be defined
as the gradual period of transition
b e t ween youth/immaturity and adult-
h o o d . T h e re is a tendency to associate
adolescence with pubert y. Yet the pro-
cess of adolescence is not synonymous
with pubert y. Instead, puberty is but
one of several important deve l o p m e n t a l
changes that occur along the timeline
that comprises adolescence. In fact,
many of the behaviors that define ado-
lescence, such as risk taking, alcohol
and drug use, and considerable peer
influence, are common in settings such
as college and the military as individuals
m ove tow a rd autonomy, and these in di-
viduals are well past sexual maturity.
Thus, whereas some clinical re s e a rc h e r s
define adolescence in humans as the age
span from approximately 9 to 18 ye a r s
of age (see e.g., Buchanan et al. 1 9 9 2 ) ,
others consider the entire second decade
of life as “a d o l e s c e n c e” (e.g., Petersen et
al. 1996). Even ages up to 25 years have
been considered as “late adolescence” by
some re s e a rchers (Baumrind 1987).  

The exact timing of adolescence is 
a matter of some dispute in laboratory
animals as well (Odell 1990). Spear and
Brake (1983) defined periadolescence
as the age around the time of sexual
maturation when age-specific behavioral
and physiological changes are evident.
Ac c o rding to these criteria, periadoles-
cence in rats was defined as approx i m a t e l y
30–42 postnatal days (i.e., P30–42),
although animals, like their human
c o u n t e r p a rts, may show some signs of
adolescence at significantly yo u n g e r
and older ages, with male rats tending 
to mature more slowly than females.
Indeed, age-typical alterations charac-
teristic of adolescence may begin as
early as P28 and may last in male rats
until P55 or so (see, for example,
Ojeda and Urbanski 1994). In the
m o n k e y, adolescence is re c o g n i zed as
occurring in the age range of 2–4 ye a r s
( L ewis 1997). 

Obv i o u s l y, one of the major chal-
lenges in modeling adolescence lies in
defining this age gro u p. It simply may
not be possible, howe ve r, to develop a
model that exactly matches all of the
behavioral and physiological changes

taking place in human adolescents.
Instead, the animal model chosen and
its developmental timeline may be
dependent on the particular adoles-
c e n t - related characteristic that is being
modeled. Examples of typical adoles-
cent features seen in humans that may
be modeled in other animal species are
outlined in the sections below.

Behaving Like 
an Adolescent

C e rtain behaviors clearly are unique to
adolescents, whether they pertain to rats,
monkeys, or humans. Human adoles-
cents spend substantially more time
i n t e r a c t i n g socially with peers than with
adults. Such peer-directed social inter-
actions may help the adolescent deve l o p
social skills away from the home envi-
ronment and hence ease the transition
t ow a rd independence (Larson and
R i c h a rds 1994). Social interactions,
p a rticularly with peers, increase in
i m p o rtance during adolescence in many
species. For example, rats in the age
range of about P30 to P42 spend con-
siderably more time in social interac-
tions (Primus and Kellogg 1989) and at
play (e.g., Fassino and Campbell 1981).
Those interactions give the adolescent
rat the opportunity to practice and
model adult-typical behavior patterns
( Galef 1981). Sex differences in behav-
ior also typically begin to emerge dur-
ing this time, presumably at least in
p a rt as a result of increased hormonal
activity during pubert y.

Adolescence Is Risky
Business

As they grow, adolescents across a va r i-
ety of species increasingly seek out new
situations and sensations (i.e., nove l t y /
sensation seeking) and risks (Arnett
1992; Spear 2000). As a function of
e volution, these tendencies may pro-
vide the impetus to explore new and
distant areas, helping to avoid inbre e d-
ing by ensuring the dispersal of male
(and sometimes female) offspring to
territories away from animals with
whom they are closely genetically

related. In c reased risk taking also give s
the adolescent the opportunity to
e x p l o re new behaviors, which may help
him or her relinquish childhood pat-
terns of behavior in favor of behaviors
essential for functioning as an adult.
The kinds of risks that human adoles-
cents take not only include behaving
re c k l e s s l y, acting up in school, and
behaving antisocially (e.g., fighting,
stealing, trespassing, and damaging
p ro p e rty) but also using alcohol or
other drugs. Shedler and Block (1990)
h a ve proposed that modest amounts of
risk taking may re p resent “d e ve l o p-
mentally appropriate experimentation.”
Ac c o rding to the re s e a rc h e r s’ findings,
adolescents who engaged in moderate
amounts of risk taking we re found to
be more socially competent both in
childhood and adolescence than we re
abstainers or more frequent risk takers.
Thus, whereas risk-taking behavior
may have a constru c t i ve role— at least
in an evo l u t i o n a ry sense and, arguably,
also within human adolescence—exc e s s
risk-taking may be disadvantageous, if
not life threatening, both for the ado-
lescent and for other people affected by
the adolescent’s behavior.  

Initiating Alcohol
or Other Drug Use  

As with other types of risk-taking behav-
i o r, some amount of exploratory alcohol
or other drug use is common in human
adolescents. In fact, alcohol use and
abuse, as well as alcohol-related pro b l e m s ,
a re highly pre valent among American
youth (O’Malley et al. 1998). Ac c o rd i n g
to O’Malley and colleagues, the pre va-
lence of alcohol use and of having been
d runk increases sharply during adoles-
cence. A considerable pro p o rtion of 8th
graders already uses alcohol, with one-
f o u rth of the students re p o rting having
had a drink in the past 30 days. Mo re ove r,
one in three of those drinkers re p o rt e d
having consumed enough alcohol to get
d runk or ve ry high. Mo re than one-half
of the 12th graders re p o rted having had
at least one drink—and more than one-
t h i rd re p o rted having been drunk at least
once—in the past 30 days (for a re v i ew,
see O’Malley et al. 1998). 

116 Alcohol Research & Health 



Vol. 24, No. 2, 2000 117

Modeling Adolescent Development and Alcohol Use in Animals

This early alcohol use may have
potentially long-lasting consequences.
Early onset of alcohol or other drug use
is one of the strongest predictors of later
alcohol dependence (Grant 1998). In
other words, the earlier a person begins
drinking alcohol, the more likely he or
she is to become dependent on alcohol.
Mo re ove r, this early onset of drinking
was linked to an increased risk of
dependence re g a rdless of a family his-
t o ry of alcoholism; that is, people who
drink at an early age are not necessarily
destined to become alcohol dependent
simply because they have family mem-
bers who are alcohol dependent. 

T h e re are at least two possible expla-
nations for this powe rful early exposure
effect. First, exposure to alcohol or
other drugs during adolescence may
alter critical ongoing processes of brain
d e velopment that occur at that time,
i n c reasing the likelihood of pro b l e m s
with alcohol later in life. Indeed, heavy
drinking during early and mid-adoles-
cence has recently been found to be
associated with memory problems and
other neuro p s ychological deficits,
although the causality of this re l a t i o n-
ship has yet to be determined (Brown et
al. 2000). In d i rect support for the
notion that early alcohol use may itself
i n c rease later alcohol problems comes
f rom analysis of data from 10- to 11-
year-old children collected pro s p e c t i ve l y
for 7 years. In that study, the influence
of all significant risk factors for alcohol
misuse we re found to be linked to the
age at which alcohol use was first initi-
ated, the only exception being a mod-
est, independent influence of gender
(with males misusing alcohol more than
females) (Hawkins et al. 1997). 

An alternate interpretation for the
early exposure effect is that early use of
alcohol or other drugs might simply
s e rve as a mark e r, not a pre c u r s o r, for a
later abuse disord e r. For instance, high
n ovelty-seeking behavior in preteens was
p re d i c t i ve of alcohol abuse at age 27
(Cloninger et al. 1988); high nove l t y
seeking is one of a number of traits that
a re linked to initiation of alcohol and
other drug use (Baumrind 1987). 

These two views on the significance
of the early exposure effect are not nec-
essarily mutually exc l u s i ve. For i n s t a n c e ,

the presence of behavioral pro b l e m s
(i.e., conduct disorder problems) is
associated with an increased pro b a b i l i t y
both for the early use of alcohol and
other drugs as well as for later alcohol
and drug abuse. Yet, among people
with conduct disord e r, those who
begin using alcohol and other drugs at
an early age have an especially high
risk for problems with alcohol and
other drugs later in life. (Robins and
Mc Evoy 1990). 

In animal studies, genetic differ-
ences in alcohol intake among inbre d
lines of rats have been observed not
only in adulthood but also in adoles-
cence (McKinzie et al. 1999), raising
the possibility that similar genetic fac-
tors might influence not only pro b l e m
drinking in adulthood, but also the
emergence of alcohol drinking during

d e velopment. Indeed, Prescott and
Kendler (1999) recently concluded
f rom studying human twins that the
age of initiation of alcohol use was not
a direct risk factor for alcoholism, but
was an “a l t e r n a t i ve manifestation of
vulnerability to problematic alcohol
i n vo l ve m e n t” (p. 106). Ac c o rding to
this view, to arrive at a conclusion that
early drinking causes later alcohol
dependence, the age that the person
first begins drinking must be tied only
to that person’s own idiosyncratic (i.e.,
individual-specific) characteristics apart
f rom any genetic or enviro n m e n t a l
influences that would be shared with
the other twin. Gi ven this assumption,
the re s e a rc h e r s’ concluded that the
association between drinking onset and
later alcohol dependence reflected not
just individual-specific variation but
also the shared genetic and enviro n-
mental factors that existed between the

twins. Thus, unlike the Grant study
mentioned earlier, Prescott and
Kendler concluded that there was no
causal relationship between drinking
onset and alcohol dependence.

Animal models could help deter-
mine whether or not there is indeed a
causal relationship between early expo-
s u re and later alcohol problems and
could help re veal the mechanisms
underlying this possible association.
Although not well investigated, some
evidence exists that drinking during
adolescence has a long-term influence
on later neurobehavioral function. Fo r
instance, vo l u n t a ry alcohol consump-
tion (Shtiegman et al. 1997) during
adolescence was found to increase later
a g g re s s i ve behavior significantly in
male Golden hamsters. Chronic alco-
hol exposure in adolescent rats was
re p o rted to induce long-lasting alter-
ations in cognitive functioning
( Osborne and Butler 1983) and dis-
rupt puberty-associated increases in
re p ro d u c t i ve endocrinology in both
males (Cicero et al. 1990) and females
( Dees et al. 1990). In most cases, it is
not clear, howe ve r, whether exposure
during adolescence is critical for these
effects or whether similar effects would
be evident with comparable alcohol
e x p o s u re in adulthood. 

Of particular re l e vance for under-
standing the early exposure effect is the
little explored question of whether ado-
lescent alcohol exposure alters later
alcohol sensitivity or intake. Re p o rts 
in rodents that pre- and post-we a n i n g
( Hayashi and Ta d o k o ro 1985; Ho et
al. 1989) alcohol exposure can incre a s e
the animal’s pre f e rence for alcohol later
in life are contrary to other data show-
ing no increases in later consumption
after periods of alcohol exposure at
times that include adolescence (To l l i ve r
and Samson 1991). In the deve l o p-
ment of animal models, it may prove
useful to consider the intriguing sug-
gestion made by To l l i ver and Sa m s o n
(1991) that stress may have an effect
on early exposure and on later patterns
of alcohol or other drug use. The fol-
l owing sections address the import a n t
role that stress plays in adolescence and
in the development of alcohol and
other drug problems. 

Ex p o s u re to alcohol or
other d rugs during

adolescence may alter
c r i t i c a l ongoing pro c e s s e s
of brain deve l o p m e n t .



118 Alcohol Research & Health 

Stress and Adolescence

Navigating the often-stormy transition
f rom the dependence of childhood to
the independence of adulthood can be
a stressful experience for adolescents. In
humans, for example, levels of anxiety
h a ve been re p o rted to peak at aro u n d
13 to 15 years of age (see Buchanan et
al. 1992 for discussion and re f e re n c e s ) .
Incidence of depressed mood also
i n c reases notably from childhood to
adolescence to reach rates that are often
higher than in adulthood (Petersen 
et al. 1993). Even physiologically, adoles-
cents may show an increased re s p o n s e
to stressful situations. For example,
human adolescents exhibited higher
i n c reases in blood pre s s u re and card i a c
output—key indicators of stre s s — i n
response to a variety of stre s s - s i m u l a t e d
l a b o r a t o ry tests than did younger chil-
d ren (Allen and Ma t t h ews 1997). 

Re s e a rchers have postulated that the
p resumed increase in anxiety and stre s s
during adolescence contributes to the
f requent initiation of alcohol or other
d rug use observed in adolescents (see,
for example, Po h o recky 1991; Wa g n e r
1993), as well as to the frequent emer-
gence in adolescence of schizo p h re n i c
symptomology in people at risk for psy-
chiatric d i s o rders (Walker and Di f o r i o
1997).  In her re v i ew of the literature
on stress effects on alcohol consump-
tion in humans, Po h o recky (1991)
concluded that stress is most convinc-
ingly associated with alcohol consump-
tion in adolescence, with more mixe d
findings evident in studies conducted
in adults. Indeed, after peer substance
use, the most powe rful predictor of
adolescent alcohol and drug use, as
found by Wagner (1993), was levels of
p e rc e i ved stress. In addition, Wa g n e r
found that the adolescent’s perc e p t i o n
of the event as being stressful was of more
i m p o rtance than the absolute number
of such eve n t s .

Although limited in number, studies
in laboratory animals also show that
adolescents are more negatively affected
by stressful events than are adults. Fo r
instance, compared with adults, adoles-
cent rats show more immobility under
s t ressful situations, such as a forc e d
swim test (Walker et al. 1995). St o n e

and Qu a rtermain (1998) re p o rted that
c h ronic social stress (brought on by a
s h o rt daily encounter with a strange adult
male mouse for 5 days) had a gre a t e r
impact on adolescent (i.e., P28–32)
than on adult male mice. The higher
s t ress levels resulted in greater re d u c t i o n s
in food intake, body weight gain, and
time spent on the open arms of a plus
m a ze—an indicator of anxiety—in
adolescents than adults. Likewise, stud-
ies in laboratory animals have show n
that adolescents sometimes exhibit a
g reater overall hormonal response to
s t ress—evidenced by the increased pro-
duction of a key stre s s - related hormone,
c o rt i c o s t e ro n e — c o m p a red with yo u n g e r
animals and a more prolonged incre a s e
in stress hormones re l a t i ve to adults
( Spear 2000).

In addition to stressful events, plea-
surable experiences, such as drinking
alcohol, also increase stress hormone
l e vels in laboratory animals (e.g., El l i s
1966) and humans (e.g., Schuckit et 
al. 1987). In fact, cort i c o s t e rone itself
has been shown to be re i n f o rcing and 
is self-administered by rodents both
i n t r a venously and orally (De roche et al.
1993; Piazza et al. 1993). Indeed, Pi a z z a
and Le Moal (1997) view cort i c o s t e ro n e
as a naturally occurring psyc h o s t i m u-
lant with neurochemical and physio-
logical effects similar to certain dru g s
such as cocaine and amphetamine. 

It may be highly significant that sev-
eral studies have incidentally noted that
adolescent rats exhibit an attenuated
c o rt i c o s t e rone response to alcohol and
other drugs than do their more mature
c o u n t e r p a rts (Bailey and Kitchen 1987;
Si l veri and Spear 1999). Considering
that increases in cort i c o s t e rone con-
tribute to the rew a rding aspects of alco-
hol, adolescents might need to con-
sume more alcohol to achieve the same
effect that lower levels would have in
m o re mature individuals. This notion
implies howe ve r, that the rew a rd i n g
effects of alcohol and other re i n f o rc i n g
d rugs would pro g re s s i vely increase with
i n c reasing elevations in cort i o c o s t e ro n e
l e vels, which may not be the case (see
Goeders and Guerin 1996). It re m a i n s
to be seen whether the reduced cort i-
c o s t e rone response to alcohol seen in
adolescent laboratory animals is also

evident in humans and might contribute
to the higher-per-occasion levels of
alcohol use (i.e., binge drinking) found
in human adolescents.

Like the body’s hormonal systems,
many of the neural systems known to
undergo developmental changes during
adolescence are also activated by stre s s ,
including dopamine (i.e., DA) pro j e c-
tions to pre f rontal cortex or PFC (for
f u rther information, see the next section,
“Adolescent Br a i n — Unlike Any Ot h e r” ),
as well as to mesolimbic brain re g i o n s
( Ab e rc rombie et al. 1989)—are a s
thought to be critical in modulating
the pleasurable response that follow s
alcohol use (Koob 1992). Im p o rt a n t
docking molecules (i.e., receptors) for
the stress hormone cort i c o s t e rone have
been identified in rodent brains on DA
cell bodies in the ventral tegmental are a
and substantia nigra as well as in DA
terminal regions, including the nucleus
accumbens and the PFC (Ahima and
Harlan 1990; Cintra et al. 1994).
In c reases in cort i c o s t e rone may play a
critical role in activating DA transmis-
sion, as evidenced by the fact that tre a t-
ment with cort i c o s t e rone increases and
re m oval of the adrenals (the area where
c o rt i c o s t e rone is produced) decre a s e s
DA levels in the nucleus accumbens
( Piazza et al. 1996b) and PFC (Im p e r a t o
et al. 1989) of rodents. Likew i s e ,
a d renalectomy or pharmacologically
induced blockade of stre s s - h o r m o n e
synthesis suppresses alcohol consump-
tion (Fahlke et al. 1994) in laboratory
animals. The results of this basic re s e a rc h
suggest that stress-induced increases in
the stress hormones may interact with
m e s o c o rticolimbic brain regions to
facilitate alcohol-use behavior. Fu rt h e r
re s e a rch into the effects of stress on the
d e velopment of alcohol problems is
c rucial. In vestigations of stress effects in
adolescents will be especially import a n t
g i ven the dramatic changes taking place
in the brain during that time, as dis-
cussed in the following section.

Adolescent Brain—
Unlike Any Other

As children make the transition to adult-
hood, the outward signs of growth are



clearly visible. Yet even more dramatic
than the often striking physical changes
occurring in adolescents are the changes
taking place in their brains. This re m o d-
eling of the brain during adolescence
appears to be similar across species and
includes a growth or maturing of some
brain constituents (such as the formation
of additional connections between nerve
cells) as well as a prominent loss (or
p runing) of some existing connections. 

The adolescent-associated changes
in DA input to PFC and limbic brain
regions (i.e., the so-called mesocort i c o -
limbic DA system) may have a pro-
f o u n d effect on adolescent behavior
and psychological functioning. In rats,
this stre s s - s e n s i t i ve DA system has been
implicated in novelty seeking (Dellu et
al. 1997) and as part of a brain cell cir-
c u i t ry that is invo l ved in assigning va l u e
(i.e., “incentive salience”) to stimuli,
including alcohol, and translating this
decision into action (Kalivas et al. 1993). 

A key brain area that is pro m i n e n t l y
remodeled during adolescence is the
p re f rontal cortex (PFC), a region thought
to be invo l ved in various goal-dire c t e d
behaviors (e.g., rule learning, work i n g
m e m o ry, and spatial learning) and in
emotional processing, particularly of
unpleasant stimuli. Along with a decline
in the re l a t i ve size of portions of the
PFC during adolescence, there is sub-
stantial remodeling of communication
connections between nerve cells in this
region—with some childhood connec-
tions lost and others added. For exam-
ple, as demonstrated in nonhuman pri-
mates, the input from two key chemi-
cals (i.e., neurotransmitters) invo l ved 
in brain cell communication—the exc i-
t a t o ry neurotransmitter glutamate and
the inhibitory neurotransmitter gamma-
aminobutyric acid (GABA)—is re d u c e d
during adolescence, whereas the input
f rom another neuro t r a n s m i t t e r, DA,
peaks in PFC during adolescence (Lew i s
1997). De velopmental adjustments also
a re evident in limbic brain regions and
o c c u r a c ross a variety of species. One of
those regions includes the amygdala
(Yu r g e l u n -Todd 1998), a complex gro u p-
ing of brain cells that among other
things, is thought to be invo l ved in a
p e r s o n’s emotional reactions and in coor-
dinating the body’s response to stre s s .

Gi ven that adolescence is associated
with important alterations in the PFC,
limbic brain areas, and the DA input 
to these regions, concomitant alterations
in motivated behaviors also might be
expected. Alterations in the incentive
value assigned to stimuli could underlie
many of the behavioral alterations seen
in adolescents. For example, those alter-
ations may lead to the increased impor-
tance that adolescents assign to peer
relationships and to their incre a s e d
need to seek out new and often risky
experiences, such as initiating alcohol
or other drug use. Because the function-
ing of these brain areas is so differe n t
b e t ween adolescents and adults, it
would be astonishing indeed if adoles-
cents did not differ from adults in va r i-
ous aspects of their motivated behavior.

Cu r rently many gaps exist in our
k n owledge of the developmental changes
that occur in the brain during adoles-
cence. Still, the data that are ava i l a b l e
suggest that the prominent alterations
which occur during adolescence in brain
regions such as the PFC take place not
only in humans but also in other species
as well, ranging from rodents to non-
human primates. Gi ven these acro s s -
species similarities in neuro b e h a v i o r a l
f e a t u res of adolescence, the question
arises whether nonhuman animals
undergoing this developmental transi-
tion can be used as models of human
adolescence. The following sections
s u m m a r i ze findings from animal mod-
els of human adolescence, including
the gaps that exist in current re s e a rc h .

Animal Models of
Alcohol’s Effects on
Adolescent Development

Some re s e a rchers have argued that ado-
lescence is uniquely human and hence
cannot be modeled in animals (e.g.,
Bogin 1994). For example, Bogin
maintains that only humans undergo
adolescence based on the conclusion
that only human adolescents show a
g rowth spurt (von Be rtalanffy 1960).
Yet, common markers of such a grow t h
s p u rt, such as developmental ove re a t-
ing (i.e., hyperphagia) and accelerated
g rowth rates, are found even in adoles-

cent rodents (e.g., Kennedy 1967).
Other investigators have concluded
that pubertal growth spurts are com-
mon across mammalian species, but
argue that it is the re l a t i vely long
period of slowed growth during the
p readolescent childhood/early juve n i l e
period that is unique to humans and
other primates (Weisfeld and Bi l l i n g s
1988). Be f o re basing the appro p r i a t e-
ness of animal models for the study of
adolescence on growth criteria alone,
re s e a rchers also must consider whether
the global attributes of adolescence
should be affirmed or dismissed based
solely on a single characteristic.

For example, a myriad of import a n t
p rocesses unfold during adolescence,
and what one person identifies as e s s e n-
tial features(s) of adolescence will d e t e r-
mine the appropriateness of any give n
animal model. Tr a d i t i o n a l l y, animal
models have been used extensively for
modeling human psyc h o p a t h o l o g y,
with each animal model typically emu-
lating only a handful of psyc h o p a t h o-
logical features thought to be central 
to the target disord e r. Cert a i n l y, no 
animal model can be similar in all
respects to the complexity of human
p s ychopathology or to human behavior
during adolescence (or at any other
time of life). Indeed, certain areas of
human adolescent functioning may
n e ver be addressed using animal mod-
els, including the role of peer pre s s u re
and self-esteem, the impact of pare n t-
ing styles, the obsession with thinness
found in adolescent females in some
Western cultures, and cultural differ-
ences in how adolescents are perc e i ve d ,
to mention a few.

Thus, as with animal models of 
p s ychopathology in humans, before
re s e a rchers can determine whether a
p a rticular animal model will be useful,
it is first necessary to consider what
aspect of human adolescence is to be
modeled. For example, considering 
that much information about the brain
chemicals and hormonal factors that
modulate alcohol and other dru g
administration have been obtained
f rom rodent studies, it is likely that
rodents will provide a useful and cost-
e f f e c t i ve tool for examining alcohol use
in adolescents. Such re s e a rch is just
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beginning. Using the adolescent rat as a
model, adolescents have been shown to
accommodate more rapidly to the pre s-
ence of alcohol in their system (so-
called “acute tolerance”) than adult rats
do, there by reducing adolescent re l a t i ve
sensitivity to the motor impairing and
s e d a t i ve consequences of alcohol
( Si l veri and Spear 1998). Yet, where a s
this insensitivity to alcohol impairment
may permit adolescents to drink re l a-
t i vely large amounts when compare d
with their more mature counterpart s ,
re s e a rch with rodents has shown that
this exposure has more adverse effects
on hippocampally related memory pro-
cesses in adolescents than in adults
( Ma rkwiese et al. 1998; Sw a rt z we l d e r
et al. 1995). Re s e a rch using ro d e n t s
could examine not only mechanisms
underlying age differences in sensitivity
to alcohol’s impairing and re i n f o rc i n g
effects, but also the influence of social
interactions, changes in the enviro n-
ment, and the impact of stressful eve n t s
on alcohol use during adolescence. 

On the other hand, key brain sys-
tems of rodents are substantially less
p rominent, their social organization is
considerably less complicated, and the
time course of their adolescence is far
briefer than those of humans or of
nonhuman primates. These and other
limitations put constraints on the use
of rodent models. The re l a t i vely longer
d e velopmental period of nonhuman
primates and their generally more com-
plex social stru c t u re re l a t i ve to other
l a b o r a t o ry animals may make this
species more useful for long-term stud-
ies of pharmacological and social envi-
ronmental influences on alcohol self-
administration in adolescents. Mo re
must be understood re g a rding the
course of adolescence in nonhuman
primates, howe ve r, particularly among
seasonal breeders where the onset of
p u b e rty (i.e., re p ro d u c t i ve maturity) is
often tightly synchro n i zed with the
mating season (e.g., Plant 1996). 

The validity of animal models is typ-
ically assessed using three evaluation c r i-
teria borrowed from the psyc h o l o g i c a l -
testing literature (Wiggins 1973) and
adapted for assessing the validity of a n i-
mal models in human psyc h o p a t h o l o g y
(e.g., Willner 1991): 

• Face va l i d i t y, which asks whether
t h e re are similarities between the
model and what is being modeled
in terms of etiology, symptomology,
t reatment, or physiological bases

• Pre d i c t i ve va l i d i t y, which examines
whether the model successfully fore-
casts future findings (typically re g a rd-
i n g the efficacy of drug tre a t m e n t s )

• C o n s t ruct va l i d i t y, which addre s s e s
whether the model is homologous
to the clinical syndrome being mod-
eled in terms of physiological deter-
minants, precipitating psyc h o s o c i a l
e n v i ronment, and other factors
thought to influence its occurrence. 

T h e re are many similarities betwe e n
human adolescents and a number of
animal models of adolescents in terms
of developmental history, behavioral
s y m p t o m o l o g y, and neural and hormonal
characteristics. Those re s e m b l a n c e s
p rovide some measure of face and con-
s t ruct validity that are sufficiently
p romising to support further deve l o p-
ment of these animal models as tools
for the study of adolescence. Assessment
of validity is an ongoing process; as
m o re data are generated, stronger tests
of construct validity as well as of pre-
d i c t i ve validity will be possible. Ul t i m a t e l y
the validity of animal models is deter-
mined by their usefulness in expanding
the understanding of the phenomena
under investigation, propagating fur-
ther testable hypotheses, and generat-
ing data to refute or refine the model
and further assess its va l i d i t y.

Summary and Conclusions

Re s e a rch on alcohol’s effects on the
d e veloping adolescent is still in its infancy,
despite the fact that this is the time during
which many youngsters begin drinking.
T h e re is evidence that people who begin
drinking at an early age may have pro b-
l e m s with alcohol later in life. Re s e a rc h
also has shown that adolescence is a time
during which re m a rkable changes are
taking place in the brain. Just how alcohol
use impacts this deve l o p m e n t is unknow n .
Clearly additional re s e a rch is needed,

and animal models offer an ideal means
for gathering information on alcohol’s
effects on development. The follow i n g
paragraphs outline specific areas in need
of additional investigation, in both ani-
mal models and in human subjects.

To date, re s e a rch conducted largely
in laboratory animals has shown that a
number of striking alterations occurs in
the brain during the time period that is
re p re s e n t a t i ve of adolescence in humans.
Many of these observations have been
made piecemeal. The existing findings
still need to be more fully characterize d
and then integrated so that a complete
p i c t u re of the changes occurring in the
brain can be developed. It also re m a i n s
to be determined how these changes
impact behavior. For example, what are
the functional implications of alterations
in mesocorticolimbic regions during
adolescence? How widespread are ado-
lescent-associated changes among other
systems and brain regions? Ev i d e n c e
exists to suggest that alterations during
adolescence in forebrain regions (such
as the PFC and mesocorticolimbic DA
systems) play a role in alcohol’s rew a rd i n g
(or pleasurable) effect. Still, little is know n
about how this may precipitate and
maintain alcohol use during adolescence. 

Studies using animals also have show n
that compared with other age gro u p s ,
adolescents do not experience the same
d e g ree of incoordination and sleepiness
when drinking alcohol as do adults
(that is, adolescents are re l a t i ve l y
resistent to the motor impairing and
s e d a t i ve effects of alcohol). They do,
h owe ve r, appear to be more sensitive to
alcohol-induced disruptions in spatial
m e m o ry. Fu rther re s e a rch is needed to
determine when youngsters in this age
g roup are most susceptible to alcohol’s
effects as well as the mechanisms that
underlie their responses to alcohol.
This work also should examine how
alcohol tolerance and sensitization
d e velop during adolescence and the
impact of these adaptations on the ini-
tial and subsequent responses to alco-
hol by adolescents. Understanding toler-
ance and sensitization is part i c u l a r l y
i m p o rtant given that re s e a rch has sug-
gested that a lower level of intensity of
reaction to alcohol may i n c rease the
likelihood that a person will drink more
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heavily and more often, setting the
stage for the development of alcohol
p roblems (Schuckit 1995). 

Clinical evidence shows that stress is
m o re strongly associated with alcohol
consumption in adolescents than in
adults, with stress being among a num-
ber of risk factors contributing to the
initiation and continuation of alcohol
use in this gro u p. Yet investigations are
lacking on how stressful situations 
may lead to drinking in yo u n g s t e r s .
Re s e a rchers need more information
about the hormonal, behavioral, and
neural interactions that take place in
response to stress during adolescence.
Understanding why youngsters use
alcohol to cope with stress within a
d e velopmental timeframe also is impor-
t a n t . Conclusions about the re l a t i o n s h i p
b e t ween stress and adult drinking may
be far different from the re l a t i o n s h i p
b e t ween these variables in adolescence, the
time when most alcohol use is initiated.

Understanding how changes in
brain function interact with a yo u n g-
s t e r’s sensitivity to alcohol’s effects and
his or her response to stress is another
key area for future re s e a rch and one
that would be ideal for animal studies.
For example, what factors trigger these
critical developmental changes in brain
function? Do increases in pubert y -
associated hormones play significant
roles in altering the stress re s p o n s e
characteristics of adolescents?

It is critical that future re s e a rch effort s
(1) examine why early exposure to alcohol
is apparently so much more dangero u s
than later use and (2) determine whether
early exposure does indeed increase a per-
s o n’s propensity for later alcohol pro b-
lems. These two issues are especially re l e-
vant for the design of successful pre ve n-
tion efforts. 

Mu l t i d i s c i p l i n a ry re s e a rch efforts are
needed to fully explore the neuro b e h a v-
i o r a l and environmental factors influenc-
ing alcohol sensitivity and alcohol u s e
during adolescence as well as lasting c o n s e-
quences of this use. Animal models will be
able to mimic some important aspects of
adolescence. For example, rodent studies
can be used to rapidly and cost-effective l y
c h a r a c t e r i ze many of the neuronal, hor-
monal, and behavioral features of adoles-
cence, as well as the interre l a t i o n s h i p s

among these factors, environmental stre s-
sors, and their association with the use
and later abuse of alcohol. The brevity of
the adolescent period in rodents, howe ve r,
p resents a challenge for the design of
some experiments. Thus, for some re s e a rc h
q u e s t i o n s , it may be preferable to turn to
the use of nonhuman primates. Pr i m a t e s
typically develop at a rate that more
closely resembles human deve l o p m e n t ,
which might prove beneficial for long-
term studies of the pharmacology of adoles-
c e n t alcohol use.  Little is yet know n ,
h owe ve r, about neurobehavioral function 
of adolescent primates under typical cir-
cumstances (Pe reira and Fairbanks 1993),
let alone in the presence of alcohol.
C o r responding human adolescent deve l-
opment to that of nonhuman primates
will thus re q u i re further investigation. 

Most important, data from animal
models can provide scientists with the
information needed to educate adults
and adolescents alike as to the effects of
youthful drinking, providing scientifi-
cally based evidence re g a rding whether
alcohol is indeed detrimental to the
d e veloping adolescent. Pa rents (and
adolescents) who may condone drink-
i n g — “At least it’s not dru g s” — o f t e n
v i ew alcohol as a re l a t i vely harmless rite
of passage. Yet re s e a rch demonstrates
that adolescence is a time during which
re m a rkable changes are taking place in
the body and in the brain, with the
changing brain perhaps being part i c u-
larly vulnerable to alcohol’s harmful
effects. Animal studies could help
explain why early exposure to alcohol
may be more dangerous than postpon-
ing use to adulthood. In addition, ani-
mal models may provide a biological
explanation for why adolescents engage
in binge drinking at higher rates than
adults may and determine the possible
long-term consequences of this pattern
of consumption.

In all of this work, it is critical for
re s e a rchers to keep in mind that adoles-
cents cannot be treated simply as
i m m a t u re adults. The distinctive char-
acteristics and proclivities of adolescents
must be considered when deve l o p i n g
a p p ropriate animal models, appro a c h e s ,
and techniques to study this unique
and important developmental stage. ■
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New Materials To Address Underage Drinking

“Make a Difference:
Talk to Your Child
About Alcohol” is a
research-based guide geared to
parents and guardians of young
people ages 10 to 14. Research
shows that parents have an
enormous impact on their
children’s behavior. This
booklet covers a number 
of topics, from strategies 

to prevent underage drinking to recognizing
the warning signs of a drinking problem. The
booklet currently is available in English. A
Spanish-language version soon will be
a v a i l a b l e .

“Are You Working on
Your GPA or Your BAC ? —
Top Ten Myths About
Alcohol.” This colorful poster is
geared to college-age students. It
includes a tablet of tear-off sheets
featuring 10 of the most common
myths about drinking. Some of
those myths include: 
“I can sober up quickly if I have
to,” “Beer doesn’t have as much

alcohol as hard liquor,” “It’s okay for me
to drink to keep up with my boyfriend,” and “I can
manage to drive well enough after a few drinks.”
Research-based facts are given to correct these
common misconceptions.

NIAAA has recently produced materials specifically aimed at addressing the problem of underage drinking.
These materials may be ordered in quantities for school and other educational programs.


