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Abstract

We employed a computerized (virtual) Morris water task (VMWT) to measure place learning and cued-navigation in eight adolescent
males (9.5-16.5 years old) diagnosed with Fetal Alcohol Syndrome (FAS). Eight adolescent males matched for age and ethnicity with no
history of prenatal alcohol exposure served as controls. Participants were trained to navigate to a hidden platform in a fixed location relative
to a set of four conspicuous extramaze cues. After 20 hidden platform trials, a single no-platform probe trial was conducted, followed by
8 trials during which the platform was visible (cued-navigation). The FAS group traveled further than controls to navigate to the hidden
platform during training. During the probe trial, controls navigated more directly to the platform region and persisted in searching where
the platform had been more than the FAS group. Cued-navigation was comparable in both groups, suggesting that group differences in
place learning were not attributable to visual-motor or motivational deficits in the FAS subjects. This pattern of impaired place learning
and spared cued-navigation is similar to that reported in rats exposed to ethanol during periods of prenatal or early postnatal brain growth,
as well as in animals with hippocampal damage.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction challenge for FAS researchers concerns identifying patterns
of impaired and spared cognitive abilities in tasks that have
Fetal Alcohol Syndrome (FAS) is a set of profound and well-described neural substrates.
life-long morphological, neurological, behavioral, and cog-  Some attention has been directed at understanding how
nitive consequences of exposure to high levels of ethanol in alcohol-related learning and memory deficits may be related
utero[6,14]. FAS is associated with a variety of behavioral to alterations in hippocampal formation circuitry. Work with
abnormalities, including learning difficulties, attention, and humans, nonhuman primates, and rodents indicate that se-
mnemonic deficits. However, relatively little is known re- lective lesions of the hippocampus are sufficient to produce
garding the specific forms of learning and memory that severe impairments in certain forms of learning and memory
are impaired following prenatal alcohol exposure. Further, [34]. Particularly impaired is the ability to learn and remem-
there is no consensus regarding the neurobiological under-ber spatial locations. For example, it is now well established
pinnings of the cognitive abnormalities related to prenatal that rodents with hippocampal lesions are impaired at place
alcohol exposure. Given the broad spectrum of behaviorslearning in the Morris water task (MWT[27,35,39] In
that are disrupted in children with FAS, there are likely this task, normal animals learn to swim directly to a hid-
to be widespread changes in brain, including changes inden escape platform in a circular pool of opaque water
biochemistry, physiology, and neuroanatomy. An important from each of several release points. Subsequently, if the
platform is removed during a probe trial, they persist in
searching where the platform had previously been located
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training and do not persist in searching at the platform lo- navigation, such as the lack of salient proprioceptive and
cation during a probe trial. Hippocampal-lesioned animals vestibular signals in the latter, humans learn to take straight
are, however, similar to normal animals in their ability to trajectories to the platform in the presence of conspicuous
navigate directly to a visible platform (cued-navigation). distal cues and show behavioral changes in relation to en-
Several studies have reported impairments in rodentvironmental manipulations involving distal cues similar to
place learning in the MWT following long-term or acute those described inraf$0,11] Patients with hippocampal re-
exposure to ethanol during prenald)37,45]or early post- sections are impaired at place learning in the VMYZTTand
natal [9,13,41] brain development. Cued-navigation in the functional neuroimaging studies have reported hippocampal
MWT appears to be unaffected by prenatal exposure toand parahippocampal activation during virtual navigation
ethanol[13]. Thus, a similar behavioral dissociation be- (see, e.g[19]). Thus, it appears that virtual place learning
tween cued-navigation and place learning exists in prenatalrequires and engages a similar neural substrate, including
ethanol-exposed rats and animals with damage to hippocam-hippocampus and surrounding structuig49]. These simi-
pal circuitry. Although exposure to ethanol during brain larities suggest that virtual navigation tasks like the VMWT
development may cause widespread changes throughoumay provide a useful methodology for investigating the
the brain, impairments in rodent place learning follow- neurobehavioral consequences of prenatal alcohol exposure.
ing prenatal alcohol exposure may be directly related to Because ethanol-exposed rats are impaired at place learn-
physiological and biochemical alterations in hippocampal ing, but show no impairment in cued-navigation, we asked
circuitry. For example, prenatal exposure to moderate levelswhether a similar behavioral dissociation would be observed
of ethanol alters markers of glutamatergic transmission in in humans with FAS. To address this question, we used the
the hippocampuf30]. This disruption may underlie deficits VMWT to measure place learning and cued-navigation in
in long-term potentiation (LTP) of hippocampal synapses in adolescent males diagnosed with FAS and unexposed con-
ethanol-exposed animals,36], which is critical for place trols matched for age, sex, and handedness. Based upon the
learning in the MWT[28]. available behavioral data in ethanol-exposed animals, we hy-
Relatively little is known regarding how prenatal alcohol pothesized that prenatal exposure to alcohol would be asso-
exposure affects the hippocampus and hippocampal-depenciated with impaired place learning whereas cued-navigation
dent behaviors in humans with FAS. One study has reportedwould be spared. In addition to providing a control task for
impaired memory for objects and their spatial locations in place learning in the VMWT, measuring cued-navigation is
FAS ([42], but sed15]). These forms of memory are thought also important for ruling out visuo-perceptual, motor, mo-
to be dependent upon hippocampal and parahippocampaltivational, and attentional deficits as potential explanations
circuitry, thus, these regions may not function properly in for place learning impairments.
FAS. However, these behavioral impairments occur against
a backdrop of deficits in a wide variety of neuropsycho-
logical tests. For example, Mattson and Roeb[R¥ em- 2. Materials and methods
ployed standardized tests of verbal and nonverbal memory
and found nonverbal memory deficits in individuals exposed 2.1. Participants
to high levels of ethanol prenatally. Thus, while it is difficult
to determine whether there is a unique hippocampal locus for  Eight males with a confirmed diagnosis of FAS were re-
the aforementioned mnemonic deficits, this result suggestscruited to participate through the Genetics/Dysmorphology
that hippocampal-dependent behaviors are impaired in FAS.Clinic at the University of New Mexico Health Sciences
Because alcohol-related structural changes in hippocampalCenter and the Fetal Alcohol Syndrome Epidemiology Re-
tissue have not been observed in MR volumetric analysessearch Project at the University of New Mexico Center on
[1], behavioral deficits in spatial learning and memory may Alcoholism, Substance Abuse, and Addictions (CASAA).
reflect alterations in hippocampal neurochemistry and phys- All FAS participants met the following diagnostic criteria by
iology, as well as functional alterations in other critical brain one of two experienced pediatric dysmorphologists (Carol
regions. Clericuzio, M.D., or Luther Robinson, M.D.): (1) growth
More research is needed to identify patterns of sparedretardation, (2) facial dysmorphia, (3) neurodevelopmental
and impaired behaviors in FAS individuals using tasks problems as reported by caregivers, and (4) a confirmed
comparable to those used in animal studies where there isdiagnosis of substantial alcohol exposure during gestation.
more information regarding the impact of prenatal ethanol FAS participants ranged in age from 9.5 to 16.5 years
exposure on the underlying neural substrate(s) of learning.(M = 13.1 years). Previous reports have demonstrated that
Recently, researchers have begun to study human placdemales within the age range used in this study are relatively
learning in a computerized (virtual) version of the MWT poor at place learning in the VMWT compared to males
(VMWT) [3,10,11] In the VMWT, participants view a in the same age rand8]. Thus, it is potentially difficult
computer-generated environment from a first-person per-to detect place learning impairments in females with FAS.
spective and navigate using a keyboard or joystick. Although Therefore, we included only male participants in the present
there are obvious differences between real-world and virtual study. Seven FAS participants were right-handed and one
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was left-handed. Four of the FAS participants were of Na- to participate in accordance with the guidelines for research
tive American descent, three were Hispanic, and one waswith human participants at the University of New Mexico.
Caucasian. Eight male controls matched for agfe=f 13.2

years), ethnicity, and handedness, and with no history of 2.2. Materials and apparatus

prenatal alcohol exposure were recruited from the same

communities as the FAS participants. Control participants The details of the VMWT employed in this study have
had no known neurodevelopmental disorder(s) and attendedoeen described in detail elsewh¢t@,11] however, the ba-
regular classes in school. Additional criteria sufficient for sic features and procedures of the VMWT are repeated here.
any participant to be excluded from this study were: (1) The environment consisted of a circular pool in the center of
moderate to severe mental retardation, (2) lack of fluency room with a square floor plan. Four conspicuous distal cues
in English, (3) a history of head trauma with loss of con- of equal size were placed around the distal room walls (see
sciousness, (4) previously diagnosed neurological illness,Fig. 1A). The cues were positioned such that one cue was
or (5) current treatment with antipsychotic medication. All on each of the four distal room walls and the platform could
participants and their legal guardians gave informed consentnot be found by directly approaching a single cue from any

(A)

Distal Cue

Pool Wall /

Pool Surface

Fig. 1. (A) A scale layout of the virtual Morris water task environment. Distal walls and cues are laid flat. The circular pool was centered in the room
and the platform (white square) was located in the NE quadrant of the pool. The four starting locations are labeled ‘N’, ‘E’, ‘'S’, and ‘W'. (B) A
representative, first-person view from the center of the circular pool showing the pool surface, pool wall (enclosure), one distal cue, andtfagible pl
The labels are included for illustrative purposes and were not present during the experiment.
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release point. The platform was positioned in the center of running “score” (i.e. points were not valuable for other re-
one quadrant (NE) and occupied approximately 2% of the wards). Cumulative point totals were displayed numerically

pool area. and as a histogram at the top of the display. The number of
A first-person view of the virtual environment was dis- points awarded on a given trial was inversely related to the
played on a 14 in. PC laptop monitor with a°4tld of view latency to find the platform. Ten points were awarded if the

(seeFig. 1B). The observer’s position was always slightly latency exceeded 40 s, 20 points were awarded for latencies
above the surface of the water and forward movement wasbetween 20 and 40s, and 30 points were awarded for laten-
controlled by the UP arrow key on the keyboard. Rotation cies under 20s. Participants were instructed to attempt to
was controlled by the LEFT and RIGHT arrow keys. Back- earn as many points as possible by quickly navigating to the
ward navigation or up-down movement within the pool was platform during each trial. All participants were informed
not possible. A full, 360, rotation in the absence of forward that the platform would always be in the same location rel-
movement required approximately 2.5s and a straight pathative to the constellation of distal cues and that they would
from one side of the pool to the other took approximately begin in several different locations.

4s to complete. Following phase Ill, participants were interviewed re-
garding the strategies they employed to solve the VMWT,
2.3. Design and procedure whether they believed the platform was in a fixed loca-

tion, and whether they believed there were multiple release

The experiment was conducted in three phases that re-points. They were also asked about their experience play-
quired a total of approximately 30 min to complete. During ing video games (hours per day and examples of favorite
phase I, participants in each group completed five hidden games) and to rate the difficulty of the task=£lvery easy,
platform training trial blocks, which consisted of four trials 10 = very difficult). All participants were tested individ-
in each block. The starting location for each trial was se- ually and an experimenter (D.H. or P.K.) was in the same
lected pseudorandomly from one of four locations around room with the participant throughout training.
the perimeter of the pool, and all four starting locations
were used during each trial block. A total of 60s was al-
lotted to find the platform for each trial. If the allotted time 3. Results
elapsed, the platform was made visible and a tone was
sounded to inform the participant that the platform was vis-  Separate univariate analyses of variance (ANOVAs) were
ible. Once the platform was located, participants remained conducted on each dependent measure for each experimental
on the platform for 5s during which time they could rotate phase. History of prenatal alcohol exposure (FAS or control)
and view the environment, but could not leave the plat- served as a single between-subject factor. All reported effects
form. The display was then removed and a 2-s intertrial are significant alP < 0.05 unless otherwise stated.
interval followed. Path length to navigate to the platform  We obtained scores on a standard measure of nonverbal
was recorded for each trial as the ratio of total path length intelligence (Raven’s matrices) for all participants in the
traveled to the diameter of the pool. present study, which were collected as part of a neuropsy-

Phase Il consisted of a single 45-s probe trial with the chological assessment for a separate study. The FAS group
platform removed from the environment. The starting loca- (M = 84.0, SE.M. = 5.0) had significantly lower scores
tion for the probe trial was selected pseudorandomly from on Raven’s matrices than the control groug = 109.88,
the two starting locations furthest from the platform loca- S.E.M. = 4.05, F(1, 14) = 16.15]. This measure, however,
tion (i.e. the S and W starting points frokig. 1A). Five was not a significant covariate for any analysis reported
dependent measures were recorded for the probe trial: (1)later in which there was a group difference in place learning
latency to enter the platform quadrant, (2) path length to [all F values<1, all P values >0.75]. For this reason, non-
enter the platform quadrant, (3) initial heading error (the verbal IQ was not included as a covariate in our analyses.
angular deviation from a straight trajectory to the platform However, we do report and interpret significant Pearson’s
measured 1s after movement was initiated), (4) percentagecorrelations f < 0.05) between Raven’s matrices scores
of time spent in the platform quadrant, and (5) percentage and the VMWT-dependent measures for all participants as
of the total probe trial path length spent in the platform well as within groups.
guadrant (NE quadrant iRig. 1A).

Phase lll consisted of two visible platform trial blocks 3.1. Phase I: place learning
during which the platform was raised slightly above the

surface of the water, as illustrated kig. 1B. Path length “Swim” paths during the 20 place learning trials of phase
measurement and selection of starting locations were iden-1 for a representative control and FAS participant are il-
tical to the procedures of phase I. lustrated inFig. 2 Seven of the eight control participants

In order to increase motivation and attention to the behav- learned to take direct trajectories to the platform, usually
ioral task, participants earned points for finding the platform within the first trial block. In contrast, only two FAS par-
during phases | and lll. The points were only treated as a ticipants learned to navigate directly to the platform from
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Phase I: Place Learning

Control
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Block 5
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Fig. 2. Swim paths for each of the 20 hidden platform (place learning) trials for one FAS and one control participant who performed at the median level
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for their respective groups throughout hidden platform training. Paths for individual trials are ordered from left to right within each trial block.

each of the four starting locations. The remaining FAS par-
ticipants consistently took circuitous or random routes to
the platform.

A summary of performance during the hidden platform
and visible platform trial blocks is provided iRig. 3. In
order to reduce within-group variability for analysis, the

A similar group difference was apparent for trial blocks
4 and 5, however, this difference only approached statis-
tical significance F(1, 14 = 4.57, P = 0.051]. Despite
the qualititative difference in place learning described ear-
lier and the apparent quantitative differences between the
FAS and control groups during trial blocks 2—-3 and 4-5,

mean path lengths to navigate to the platform were averageda repeated measures ANOVA failed to detect a significant

for trial blocks 2—3 and trial blocks 4-5.

The control and FAS groups did not significantly differ
in path length to navigate to the platform during trial block
1[F(1,14) < 1, P = 0.79]. The control group had signif-
icantly shorter path lengths to navigate to the platform than
the FAS group during trial blocks 2 and B(L, 14) = 4.83].
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Trial Block Trial Block

Phase I: Place Learning Phase III: Cued-Navigation

Fig. 3. Mean path length(S.E.M.) for each group to navigate to the
platform during hidden platform (place learning) and visible platform
(cued-navigation) training. The no-platform probe trial was conducted
between hidden and visible platform training. The indicates a statis-
tically significant group difference af = 0.05, ‘+’ indicates aP value

interaction between trial block and group(R, 28) = 1.77,
P = 0.189]. Main effects for trial block and group were
also not detected by ANOVA (botkR’s > 0.07).

The control group earned 16% more points than the

FAS group during hidden platform training (data not
shown), however, this difference failed to reach significance
[F(1,14) = 2.93, P = 0.11]. The FAS and control groups
did not significantly differ in latency to initiate forward
movement F(1, 14) = 1.18, P = 0.29] or rate of forward
movement during hidden platform training'[L, 14) < 1,
P = 0.56]. Collectively, the latter three results suggest
that there were minimal or no group differences in atten-
tion to or motivation to perform the behavioral task during
phase .

No significant Pearson’s correlations between Raven's
matrices scores and the path length measures during phase
| were obtained for the combined FAS and control groups.
Within the FAS group, however, there were significant cor-
relations for path length during trial blocks 2-3=£ 0.749)
and trial blocks 4-5/ = 0.812). These correlations indi-
cate that higher nonverbal intelligence scores in the FAS
group predicted longer path lengths during the latter hidden
platform training blocks during phase I. The fact that higher
nonverbal intelligence was associated with poorer place
learning suggests that place learning deficits in the VMWT
are not simply related to a more general, nonspecific intel-

of 0.051. The dashed line indicates the lowest possible path length value.lectual impact of prenatal alcohol exposure.
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Control FAS
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longer to enter the platform quadrant than controls, this dif-
ference was not significantF{1, 14) = 2.91, P = 0.11]
due to the high variability in the FAS group on this measure
(Fig. 5A). However, path length to enter the platform quad-
rant was significantly higher in the FAS group compared to
controls [F(1, 14) = 8.40] (Fig. 5B). Most striking was the
difference in initial heading errorF(1, 14) = 14.23]. One
second after forward movement was initiated, controls were
Fig. 4. Dwell time for each group during the no-platform probe trial. on average, 4away from a straight trajectory to the center
Yellow indicates regions where a relatively high amount of time was Of the platform Fig. 5C). In contrast, the FAS group devi-
spent, whereas red indicates regions where a relatively low amount of ated from a perfect trajectory by 45the equivalent of an
time was spent. The platform quadrant is demarcated by the black lines. antire field of view as illustrated iRig. 1B. Collectively, the
group differences on these measures indicate that the control
3.2. Phase Il: probe trial group navigated to the platform region more directly than
the FAS group.

During the no-platform probe trial, controls spent a ma-  Throughout the probe trial, controls spent a greater
jority of time searching in the quadrant of the virtual pool percentage of time A(1,14) = 6.86] and path length
where the platform had been during the 20 hidden platform [ F(1, 14) = 9.71] searching in the platform quadrant than
trials of phase IFig. 4is a pseudocolor diagram portraying the FAS group Fig. 5D and B. The group differences on
the composite dwell time for all control and FAS patrticipants these two measures indicate that controls searched more
during the probe trial. Areas in yellow depict regions occu- persistently in the platform quadrant than the FAS group,
pied for a relatively high percentage of the time, whereas which is consistent with an interpretation of impaired place
areas in red were occupied a relatively low percentage of thelearning in FAS.
time. As can be seen Fg. 4, the FAS group spent less time Significant Pearson’s correlations were detected between
in the platform quadrant and more time in the other regions Raven’s matrices scores and the percent time spent in the
of the pool. Although the FAS group appears to spend more platform quadrant{ = 0.515) and latency to enter the
time at the start point, this was the result of two FAS par- platform quadrant{ = —0.596). Correlations computed
ticipants who initiated movement and subsequently stoppedfor the individual groups revealed that controls with higher
near the starting location. The FAS and control groups did nonverbal intelligence scores spent a greater percentage of
not significantly differ in latency to initiate forward move- time searching in the platform quadrant during the probe
ment [F(1,14) < 1, P = 0.85] or in rate of movement trial (r = 0.842), however, a nonsignificant negative cor-
during the probe trial §(1, 14) < 1, P = 0.51]. relation was observed for the FAS group=£ —0.647). A

There were significant differences between the FAS and significant positive correlation was also observed between
control groups for four of the five dependent measures (seeRaven’s matrices scores and the percent path length con-
Fig. 5. Although the FAS group took nearly three times trols spent in the platform quadramt-£ 0.853). Significant
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Fig. 5. Group means for each of the five no-platform probe trial-dependent measures. (A) Latency to enter the platform quadrant, (B) path length to
enter the platform quadrant, (C) initial heading error, (D) percent time in the platform quadrant, and (E) percent path length in the platform quadran
The ‘*’ indicates a statistically significant group differencefat= 0.05. Error bars aretS.E.M.
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Phase lll: Cued-navigation
Control FAS
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(D0 OO

Fig. 6. Swim paths for each of the eight visible platform (cued-navigation) trial for the FAS and control participantsifrotn Paths for individual
trials are ordered from left to right within each trial block.

correlations for latency to enter the platform quadrant were 14 participants reported playing video games regularly
not detected within the individual groups, however, controls and were able to provide several examples of the video
with higher nonverbal intelligence scores entered the plat- games they played frequently. On average, FAS and con-
form more quickly { = —0.676) whereas higher nonverbal trol participants reported playing video games 1.27 h/day
intelligence scores were associated with longer latencies in(S.E.M. = 0.94) and 0.72 h/day (&.M. = 0.69), respec-
the FAS group £ = 0.423). Significant correlations were tively. This difference was not significanf(1, 14) = 1.41,

not detected between Raven’s matrices scores and the ref = 0.25] and given the direction of the difference, a dis-
maining dependent measures both for the combined andcrepancy in video game-playing experience is not likely to
individual group analyses. As with the correlations reported account for impaired place learning in FAS. Six of the seven
for the phase I-dependent measures, the results of thesgarticipants in each group correctly reported that multiple
analyses suggest that the place learning deficits in the FASstarting points were used. A different distal cue was visible
group are not simply related to the general intellectual from each of the four starting locations, thus, it appears

impact of prenatal alcohol exposure. that both groups attended to the distal cues and recognized
the relationship between the starting location and the local
3.3. Phase IIl: cued-navigation view from that location. All participants reported that they

attempted to navigate based upon the distal cues. However,

Fig. 6illustrates swim paths for each of the eight visible five of the seven FAS participants reported that the platform
platform trials for the two participants representedFig. 2 routinely changed locations during phase I, despite explicit
In contrast to the group differences observed in place learn-instructions that the platform was in a fixed location relative
ing, all control and FAS participants navigated directly to 0 the constellation of distal cues. In contrast, only one con-
the visible platform throughout the eight trials of phase I11. trol subject reported that the platform moved during phase
A significant main effect of group was not detected during | @and this participant did not learn to place navigate. Five
phase Ill [F < 1]. Specifically, no significant group differ- of the seven FAS participants reported taking circuitous or
ences in path length to navigate to the platform were ob- fandom paths to the platform as the primary strategy they
served for trial block 1 f(1, 14) = 1.27, P = 0.28] or trial employed, whereas six of the seven control participants
block 2 of phase Ill F(1, 14) = 1, P = 0.47] (seeFig. 3. reported navigating directly to the platform relative to the
A repeated measures ANOVA failed to detect a significant distal cues. Although there were group differences in place
trial block main effect or an interaction (botPi's > 0.18). learning, both groups rated the phase | hidden platform
The FAS and control groups earned a comparable amount oftraining trials as relatively easy (FA31 = 3.14, control:
points during phase I1l, with the FAS group only earning 1% M = 3.29), based on a 10-point scale.
fewer points than controls[1, 14) = 1, P = 0.33]. Collec-
tively, the results obtained during phase Ill indicate that FAS
individuals are not significantly impaired at cued-navigation. 4. Discussion
No significant correlations were detected between Raven’s
matrices scores and the two path length measures obtained consistent with reports of impaired place learning in
during the phase Ill visible platform trial blocks. This was rats exposed to ethanol during early brain development,
true for each group as well as for both groups combined. e observed place learning deficits in a VMWT in hu-

mans with FAS. Compared to normal controls, individuals
3.4. Post-experiment interview with FAS consistently took longer paths to navigate to a
hidden platform relative to conspicuous distal cues during

Only seven of the eight pairs of participants completed training Figs. 2 and R During a no-platform probe trial,
the post-experiment interview, thus, data for seven partic- FAS-related deficits were observed in initial approach to the
ipants in each group are reported in this paragraph. All platform region Fig. 5A—C) and persistence in searching
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where the platform had been located during trainirigg. 4 tion patients, however, are not observed in some patient pop-
and 5D and E In contrast, FAS individuals and controls ulations, including individuals with high-functioning autism
were comparable in their ability to navigate to a visible [16] and patients with tumors that do not encroach upon
platform (Figs. 3 and § indicating that cued-navigation is  hippocampal circuitry2]. Thus, any neural insult is not suf-
not impaired in FAS. Both groups were also comparable in ficient to cause severe place learning deficits in humans.
latency to initiate navigation for each trial and navigated However, given the alcohol-related changes in areas that
at a comparable speed throughout the experiment. Thesere possibly involved in human place learning, a firm con-
similarities collectively suggest that both groups were en- clusion that alterations within hippocampal circuitry are re-
gaged in performing the task and rule out group differences sponsible for impaired place learning in FAS cannot be
in visual acuity, motor control, motivation, and attention to drawn. It should also be noted, however, that striatal dam-
the behavioral task as alternative explanations for impaired age in rats also disrupts cued-navigat{@23]. Thus, the
place learning in the FAS group. lack of cued-navigation deficits in the FAS group suggests
The present study joins the report of Uecker and Nadel that the behavioral impact of alcohol-related alterations in
[42] in suggesting that impairments in hippocampal- the striatum may not have been detected in the present study.
dependent learning are important consequences of prenataNonetheless, the present results are only consistent with the
exposure to alcohol in humans. The observed pattern of hypothesis that hippocampal-dependent learning is impaired
impaired place learning and spared cued-navigation in FASin FAS. One approach to further test the hypothesis that
is similar to the behavioral dissociation observed in rats alcohol-related changes in hippocampal circuitry underlies
with hippocampal damagi@8], and in animals exposed to in impaired place learning in FAS involves combining be-
ethanol during early brain developmdh8]. Place learning  havioral tasks like the VMWT with functional neurocimaging
in the VMWT appears to involve a similar set of psycho- measures of brain activity in FAS subjects and normal con-
logical processes to those involved in rodent place learningtrols. This approach is currently underway in our laboratory.
in the MWT (see, e.gl[8]), and to engage and require In addition to the impairments in place learning reported
hippocampal circuitryf2,19]. Thus, a common neural con- here, individuals prenatally exposed to ethanol are also
sequence may underlie the place learning deficits observedmpaired in standard, so-called “desktop”, tests of spatial
in rats and humans exposed to ethanol during early brainlearning[13,22] Thus, it could be argued that the present
development. Place learning impairments in the MWT have findings reflect a more general deficit in spatial cognition
been linked to ethanol-related alterations in hippocampal that could be accurately measured by other behavioral
biochemistry and physiology, as well as decreases in den-measures. However, place learning in the VM\\{2] and
dritic spine density on hippocampal pyramidal cels, spatial learning in other virtual navigation tagk4] do not
and alterations in the organization of hippocampal neurons appear to tap the same psychological process measures by
[43]. Gross changes in hippocampal volume have not beenstandard psychometric tests of spatial learning and cognition
observed in rats exposed to alcohol prenatally, nor haveor standard measures of verbal and nonverbal intelligence.
such changes been observed in humans exposed to alcohdh the present study, nonverbal IQ was not a significant pre-
prenatally [1], but se€[4,29]). It is possible that changes dictor of all measures of place learning in the VMWT. In
in hippocampal physiology, biochemistry, and/or neuronal some cases, higher nonverbal intelligence scores were asso-
morphology may underlie the FAS-related impairment in ciated with poorer place learning in the FAS group. Thus,
place learning reported here. the place learning deficits reported here do not appear to
Impaired place learning in rodents and FAS individuals reflect a general decline in intellectual abilities in the FAS
may also reflect functional alterations in other brain regions. group. Measuring behavior in FAS with standardized tests
Place learning in the rat is associated with a distributed set ofis certainly more likely to provide ecologically valid as-
neural circuitry, including the caudate-putaniéd], parietal sessments of learning and memory deficits as they relate
cortex[17,18], cingulate cortex40], and frontal cortex18]. to school performance. We suggest that one important, po-
Interestingly, alterations in the caud§te?0,21]and parietal tentially unique benefit of measuring learning in tasks like
cortex[1,32,33]have been reported in humans exposed to al- the VMWT, however, is its methodological and behavioral
cohol prenatally. Relatively little is known regarding the en- similarity to a model learning task used in animal stud-
tire set of neural circuitry involved in human place learning. ies, where much more is known regarding the underlying
However, if the neural substrate of place learning is similar neurobiological consequences of prenatal ethanol exposure.
in rodents and humans, then changes in these areas, as well A systematic exploration of FAS-related patterns of im-
as in the hippocampus, either individually or in combination, paired and spared performance in versions of model tasks
may have contributed to the FAS-related place learning im- used in nonhuman animals may greatly improve our under-
pairments reported here. Skelton e{al] have reportedim-  standing of the biological bases of the behavioral and cog-
paired virtual place learning in patients with traumatic brain nitive abnormalities in FAS. To our knowledge, this is the
injury, suggesting that virtual place learning in humans may first demonstration of a behavioral dissociation in humans
be sensitive to diffuse, nonspecific brain damage. The severewith FAS that makes close contact with the nonhuman an-
place learning impairments observed in hippocampal resec-imal literature on learning and memory following prenatal
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ethanol exposure. The clear behavioral dissociation between [9] Goodlett CR, Peterson SD. Sex-differences in vulnerability to de-

place learning and cued-navigation in the VMWT suggests
that this methodology may also prove useful in developing [10]
a more complete neuropsychological profile of FAS, as well

as less severe cases of prenatal alcohol exposure. Presently,

velopmental spatial navigation deficits induced by binge-like alcohol
exposure in neonatal rats. Dev Psychobiol 1995;28:85-8.
Hamilton DA, Driscoll I, Sutherland RJ. Human place learning in a
virtual Morris water task: some important constraints on the flexibility
of place navigation. Behav Brain Res 2002;129:159-70.

we are investigating place Iearning and cued-navigation [11] Hamilton DA, Sutherland RJ. Blocking in human place learning:

in individuals exposed to alcohol without a diagnosis of
full-blown FAS to determine if exposure to low or moder-

ate levels of alcohol is also associated with impaired place ;3
navigation. Future studies should also explore whether the
effects reported here vary with age, sex, and ethnicity, as

evidence from virtual navigation. Psychobiology 1999;27:453-61.

[12] Hoesing JM, Hamilton DA, Sutherland RJ. Predictors of virtual

navigation performance. Soc Neurosci Abstr 2001;27:74-7.
Johnson TB, Goodlett CR. Selective and enduring deficits in spatial
learning after limited neonatal binge alcohol expose in male rats.
Alcohol Clin Exp Res 2002;26:83-93.

the generality of our findings and conclusions is limited [14] Jones K, Smith DK, Ulleland CN, Streissguth A. Patterns of

to adolescent males who were of Native American or His-

malformation in offspring of chronic alcoholic mothers. Lancet
1973;1:1267-71.

panic ancestry. Itis part'CU|ar|y Important, however, to note [15] Kaeming K, Halverson P. Spatial memory following prenatal alcohol

that alcohol-related impairments in virtual place learning
may be difficult to detect in females with FAS due to the

exposure: more than a material specific deficit. Child Neuropsychol
2000;6:115-28.

within the age range studied hgf?]. Thus, future studies

could improve upon the methodology of the present study
by including a broader range of hippocampal-dependent

tasks that are not sexually dimorphic.
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