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Abstract

Children exposed prenatally to alcohol can display a variety of neural deficits, including an altered
development of the corpus callosum (CC), the largest interhemispheric axon pathway in the brain.
Furthermore, these children show functional abnormalities that are related to brain regions with
significant numbers of CC connections. Little is known about how alcohol imparts influence on CC
development, but one possible mechanism is by affecting the corpus callosum projection neurons
(CCpn) directly. The purpose of this study was to quantify the effects of prenatal alcohol exposure
on the number, size and distribution of CCpn within the visual cortex. The visual cortex was selected
specifically due to the many vision-related deficits noted in fetal alcohol exposed children and
because the critical role of the CC in visual cortex development is well documented. Sprague-Dawley
rat pups received one of four alcohol dosages during gestational days (G) 1-20, or reared as nutritional
or untreated control animals. Each litter was categorized according to the peak blood alcohol
concentration (BAC) experienced. Pups were removed from each litter on days equivalent to G29,
G36, G43, and G50, for histology and measurement. Callosal axons were labelled retrogradely to
their CCpn using Dil and the CCpn were then examined using confocal laser scanning microscopy.
Differences between alcohol-exposed and control animals were observed in CCpn cell body size,
number, and location with the cortex. This was particularly true of animals exposed to high doses of
alcohol. In addition, some trends of CCpn development were found to be unchanged as a result of
prenatal alcohol exposure. The results demonstrate clear differences in the development of CCpn in
the visual cortex between alcohol-exposed and control animals and suggest that this development is
particularly affected in those animals exposed to high doses of alcohol.
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Introduction

The corpus callosum (CC) is the largest axon pathway in the brain. In addition to providing
interhemispheric communication, it also plays a critical role in the development of the visual
system (Elberger 1993; 1994a; b). Children exposed to alcohol prenatally have been shown to
have defects in the gross morphology of the CC, including a reduction in size (Clarren, 1986;
Mattson et al., 1992; Mattson et al., 1994; Riley et al., 1995) or complete absence (Jones and
Smith, 1975; Peiffer et al., 1979; Wisniewski et al., 1983; Jeret et al., 1987; Mattson et al.,
1992; Riley et al., 1995). Fetal alcohol exposure has also been linked to a myriad of visual
system deficits, including reduced visual acuity, nearsightedness, eye misalignment and optic
nerve hypoplasia, (Pinazo-Duran et al., 1997; Stromland and Pinazo-Duran 2002; Stromland,
2004), suggesting a possible role for the CC in these defects.

Developmental reductions in the number of corpus callosum projection neurons (CCpn -those
cells giving rise to the callosal axons) and CC terminal projections have been reported in the
visual, auditory and somatosensory cortex of normal rats (Lund et al., 1984; Miller and Vogt,
1984; Olavarria and van Sluyters, 1985; Payne et al., 1988) suggesting the presence of
transitory CC connections early in development. The presence of such transitory callosal axons
was demonstrated in all regions of the visual cortex in both rat and cat models by Elberger
(1993; 1994a; b). These transitory axons showed a gradual decline in numbers and were almost
eliminated by the end of the first postnatal month, coinciding with the time period during which
an intact CC has been demonstrated to be critical for normal visual development in the cat.
This suggests that the presence of the transitory connections during a specific time period may
be one critical factor for determining normal visual functioning (Elberger, 1993; 19943; b).

Our hypothesis is that exposure to alcohol may reduce the number of these transitory
connections, or delay their appearance in, or elimination from, the visual cortex, thus resulting
in permanent visual defects. Although animal models of fetal alcohol exposure have
demonstrated few gross morphological abnormalities in CC structure (Wainwright and Fritz,
1985; Zimmerberg and Scalzi, 1989; Zimmerberg and Mickus, 1990; Livy and Elberger,
2001), the cytoarchitecture of the CCpn has been found to be affected. For example, Miller
(1997) found that the density and laminar distribution of CCpn was altered in the
somatosensory cortex of ethanol-exposed rats. Qiang et al., (2002) found that the CCpn in the
visual cortical areas 17 and 18a of rat pups exposed prenatally to alcohol displayed an altered
radial and tangential distribution within the cortex, as well as an altered pattern of dendritic
arborization.

In the present study, Dil was used as a retrograde tracer to label the CCpn of rat offspring
exposed to alcohol throughout the length of their gestation in order to quantify the effects of
alcohol on the number, size and distribution of CCpn within the cortex of the brain. Alcohol
exposure consisted of a range of doses to determine possible threshold levels for causing
effects. The timing of alcohol exposure coincided with the first two trimesters-equivalent to
human gestation (Bayer et al., 1993; Dobbing, 1981; Dobbing and Sands, 1973; 1979), a period
of time before and during the generation of neocortical neurons (Fukumitsu et al., 2006;
Kennedy and Elliot, 1985; Miller, 1986; 1987; 1989). Morphological analyses were carried
out in offspring during the time period shown previously to have transitory CC axons (Elberger
1994a,b). Differences in CCpn cell body size, number and location were found between control
and ethanol-treated rats, particularly in those receiving high doses of ethanol.
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Materials and Methods

Subjects

Virgin female Sprague-Dawley rats, obtained at about 200g body weight, and proven male
breeders (Harlan Laboratories, Birmingham, AL) were used. All animals were housed at the
AAALAC-accredited facility at the University of Tennessee Health Science Center ona 12 hr
light/dark cycle (lights on at 6AM). All experimental protocols were approved by the
University of Tennessee Health Science Center IACUC. Females were quarantined for two
weeks and then handled for five days to acclimate them to the intragastric gavage procedure
(see below). For breeding, one male was housed with one or two females. Vaginal smears were
taken each morning and checked for the presence of sperm. Conception (sperm-positive) was
designated as gestational day 1 (G1). Pregnant females were housed individually for the
duration of the pregnancy and pup rearing.

Alcohol Protocol

Conception-positive females were assigned to one of three treatment groups: alcohol (EtOH),
pair-fed (PF), and chow (Chow). EtOH rats received one daily administration of 1.5g, 2.25¢,
4.0g, or 6.0g ethanol/Kg body weight using a 25% w/v solution of ethanol in double-distilled
water on G1-20, the time approximating trimesters 1 and 2 in human gestation (Bayer et al.,
1993; Dobbing, 1981; Dobbing and Sands, 1973; 1979). Pair-fed rats were weight-matched to
an EtOH female. These females received a dose of maltose-dextrin (MD; Bio-Serv,
Frenchtown, NJ) that was isocaloric and isovolumetric to the EtOH dose received by their
weight-matched EtOH female. They were then given the same amount of food consumed by
their weight-matched EtOH female. Food for all animals consisted of a standard laboratory rat
chow. All animals had free access to water. Females in the Chow group received free access
to both food and water.

The alcohol administration protocol was strictly timed so that the animals received their alcohol
dose at the same time each day. Food was removed from the cage at 8AM to allow food to
clear from the stomach and allow alcohol absorption to be unimpeded. Food was weighed each
day to determine amount consumed. Females were weighed and given their respective doses
of EtOH or MD at 12PM, after which food was returned to the cage. Solutions were delivered
by intragastric gavage using a curved 20G x 2%2" stainless steel feeding tube with a 3.0mm
ball (Popper & Sons, Inc, New Hyde Park, NY) lubricated with a small drop of corn oil to
facilitate its travel down the esophagus. Blood samples were collected from the tails of both
the EtOH and PF dams every hour for four hours following alcohol delivery (i.e. at 1PM, 2PM,
3PM, and 4PM) on days 3, 10, 13 and 20 of the treatment regimen. For most of the dams,
samples were collected using 100uL heparinized capillary tubes (Drummond Scientific Co.,
Broomall, CA) and transferred to 10mL gas chromatography vials containing 100uL of an
internal standard solution. Vials were sealed using a septum-sealed lid and stored at room
temperature until analysed by headspace gas chromatography at the federally licensed Shelby
County Health Department Toxicology Laboratory to determine the blood alcohol
concentration (BAC). For a smaller percentage of dams, samples were collected using 10uL
heparinized capillary tubes (Analox, Lunenburg, MA). Tubes were spun in a hematocrit
centrifuge, and then plasma was tested in an Analox GL5 Analyser after calibration to alcohol
standards. Similar BAC levels were obtained using the two methods. Trough samples were
taken approximately 24 hours later.

Pup Handling Protocol

Treatment administrations for EtOH and MD females were completed on G20. All females
were then allowed free access to food (standard laboratory rat chow) and water. Pups were
born at about G21-23 in PF and Chow females but at G22-24 in EtOH females. The number,
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sex, and body weight of the pups was recorded on the day of birth (postnatal day 0 (P0)). Litters
were culled to 8-10 pups at this time. Pups were re-weighed on G29, G36, G43, and G50
(roughly equivalent to P7, P14, P21, and P28). On each assessment day, two pups (preferably
one male and one female) were removed from the litter and processed for histology and
measurement.

Pups were euthanized using sodium pentobarbital and perfused intracardially with 0.9% saline
followed by a fixative consisting of 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.2).
After removal of the head, the scalp and occipital bone were removed and the head was placed
in fresh fixative overnight. The brain was then extracted from the skull, trimmed (removal of
brain stem, optic nerves, olfactory bulbs, and membranes) and postfixed in fresh fixative for
about a week. The brain was then weighed and stored in fixative until the histology was
performed.

Histology and Measurement

Brains were bisected at the midsagittal plane. Membrane labelling of the callosal axons
extending to the CCpn was achieved using crystals of Dil (1,1'-dioctadecyl-3,3,3',3"-
tetramethylindocarbocyanine perchlorate; Molecular Probes, OR) between 50 and 100um in
diameter. Dil crystals were placed along the entire length of the CC at the midsagittal plane to
maximize the labelling of all callosal axons (see Fig. 1). Although the majority of connections
through the CC are homotopic, heterotopic connections have also been documented (lvy and
Killackey, 1981;Segraves and Rosenquist, 1982a;b;Ding and Elberger, 2001). Therefore,
labelling along the entire CC length would include any callosal axons with cells of origin in
the visual cortex, even if they traversed the CC through areas other than the splenium. After
insertion of the dye crystals, the hemispheres were placed in phosphate buffer (pH 7.2) and
stored in the dark at 37°C to increase the rate of dye diffusion. Brains were stored for 6 - 12
weeks, with older animals receiving the longer diffusion times.

Hemispheres were vibratome-sectioned at 100um in the coronal plane. Sections were
submerged in 65% glycerin in 0.1M phosphate-buffered saline (PBS; pH 7.2) at 4°C overnight,
with a few drops of 0.5% m-phenylenediamine (fluorescent Nissl, Sigma) added to every sixth
section. Sections were then mounted on glass slides using the 65% glycerin in PBS solution,
coverslipped, and stored at 4°C until viewed.

Digital images were collected from each hemisphere using a Bio-Rad MRC1024 Confocal
Laser Scanning Microscope equipped with a Krypton-Argon laser; the 568nm line was used
to image the Dil and the 488nm line was used to image the fluorescent Nissl. The following
procedure was used to standardize the CC region that was analyzed in pups of different ages.
Five sections of the Dil labeled callosal axons were imaged from each hemisphere using the
midline crossing of the splenial callosal fibres as a landmark. Due to the growth of the occipital
cortex in relation to the position of the splenium, the collected images varied around the
landmark section with pup age. In PO and G29 pups, images were collected from the landmark
section plus the two sections caudal and rostral to it. In G36 pups, the landmark section plus
three sections caudal and one section rostral were collected, and in G43 and G50 pups, the
landmark section plus the four sections caudal were collected. In the above section collection
formulas, the fluorescent Nissl sections were exempted if they fell within the range of sections
collected for the Dil images. Instead, the Nissl-stained sections either from within the range
of Dil sections, or just rostral and caudal to the Dil section series were collected and assessed
independently.

Confocal microscopy was used to optically section the 100um thick sections at 5 um intervals
in the z-dimension using 10x magnification. The image space was a 768x512 pixel box with
the long dimension oriented radially through the middle of area 17 in the visual cortex; this
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provided the greatest consistency, given that results might differ in other visual cortical areas.
This allowed the inclusion of all labelled CCpn from layers | through V1. Collected images
were measured using LaserSharp (BioRad, CA) image analysis software. Measurements
included the number of cell bodies labelled by the Dil, the radial depth of each soma (from the
middle of the soma to the pial surface), and the area of the soma profile. Area measurements
were obtained from 20 cells sampled randomly across the image space from both the
supragranular (11 and 111) and infragranular (V and V1) layers.

Data were analyzed using ANOVA with age and alcohol dosage as independent variables.
Statistics were performed using SPSS v.12.0 software.

A total of 159 pups from 23 pregnant females were assessed (see Tables 1 and 2). Figure 1
shows the Dil-labelled CCpn within the supragranular and infragranular regions. During Dil
insertion into the midsagittal callosal area, no observations of callosal agenesis or apparent
differences in midsagittal callosal area were noted.

A comparison between the Chow and PF animals indicated no significant difference for any
of the dependent measurements (p > 0.05), therefore these two groups were combined into one
control group. Similarly, no significant main effects of sex were found (p > 0.05) and therefore
data for both sexes were pooled at each age point.

The number of pregnant females in each group, mean BAC, litter sizes, and length of gestation
are shown in Table 1. One-way ANOVA indicated no differences among groups for litter size
or length of gestation.

The number of pups in which Dil diffusion was successful to the point of permitting
measurement for each alcohol dosage is shown in Table 2. In a few cases, and specific to the
older animals, Dil diffusion created non-specific background staining that prevented an
accurate assessment of cell morphology. In these cases, the animal was not included in the
study. Body weight measures indicated a significant interaction (F14 112 = 1.88; p = 0.036)
between age and treatment, with those animals receiving alcohol at 6.09/Kg showing a
reduction in the rate of weight gain at the time of perfusion relative to the other treatment
groups. Brain weight measures showed a significant main effect of age (F4 134 = 1261.69; p <
0.0001; increase in size with age) and of treatment (F4 134 = 3.41; p = 0.011; brain weight
appeared to be reduced in those animals that received 6.0g EtOH relative to the other treatment

groups).

Infragranular—Table 3 shows the mean cell areas for each of the treatment conditions. A
two-way ANOVA between age and treatment indicated a significant interaction (F1 133 =3.92;
p < 0.0001). Cell areas in most of the alcohol-treated animals were smallest in the PO animals
and then rose to their largest sizes at G29, followed by a gradual decrease in size. In the 6.0g
EtOH animals, cell area increased to a peak at G36, followed by a gradual size decrease. Cell
area in the control animals increased between PO and G29, but then remained relatively constant
from G29 through G50. In almost all cases, the area of the infragranular cells exceeded that of
the supragranular cells.

Supragranular—Table 4 shows the mean cell areas for each of the treatment conditions in

the supragranular cells. A two-way ANOVA between age and treatment indicated a significant
interaction (F1¢ 133 = 3.745; p < 0.0001). In general, the pattern of cell area differences was
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the same as that seen in the infragranular cells. Cell areas in most of the alcohol-treated animals
were smallest at PO and increased to a peak at G29, followed by a gradual decrease in area.
Cell areas in the 6.0g EtOH group peaked at G36 followed by a gradual decline while those in
the control animals again remained relatively constant from G29 through G50.

Cell Depth Within Neocortex

Cell Number

Figure 2 shows the mean cell depths for each treatment group at each age. A two-way ANOVA
between age and treatment indicated a significant interaction (F1g 134 = 2.48; p = 0.0005). As
shown, the distance of the CCpn from the pia membrane increased with age (p < 0.0001), but
no significant main effect of treatment was apparent due to a paradoxical difference between
the results found at PO and those from later ages. At PO, the CCpn in the control and 1.5g EtOH
groups were farther from the pia than those in the remaining alcohol groups, and increasing
alcohol exposure appeared to decrease that distance from the pia. This relationship was reversed
in the animals at G29; more of the CCpn were found deeper in the cortex of the alcohol-exposed
animals. The treatment groups demonstrated relatively little variation in cell depth from G36
through G50.

This difference in cell positioning between control and the 6.0g EtOH animals is demonstrated
in Figure 3. Fig. 3a shows the CCpn in a G29 Chow animal while Fig. 3b shows the CCpn in
aG29 6.0g EtOH animal. The CCpn in the EtOH animal appear farther from the pia membrane
than those in the control animal. It should be noted that the cell depths referred to are the mean
cell depths, and that the CCpn were found to reside at all layers within the cortex in all treatment
groups. However, in the older animals, very few cells were found to reside in the supragranular
layers.

The mean number of cells for each treatment condition is shown in Fig. 4. A two-way ANOVA
between age and treatment indicated a significant interaction (F16 134 = 2.487; p = 0.0024). In
most of the treatment groups, the number of cells increased to a peak at G36, followed by a
sharp decline through G43 and G50. The exception to this was those pups in the 6.0g EtOH
group, which did not show a clear relationship between cell number and age. It was interesting
to note the general trend to a decrease in cell numbers with increasing alcohol exposure in the
G29 and G36 groups but the inverse relationship at age G50.

In all but the 6.0g EtOH treatment group, the increase in cell number to the peak at G36 was
gradual. This gradual increase is reflective of a natural increase in the number of CCpn whose
axons gradually reach the midline so that they become labeled by Dil, and/or an increase in
the number of cells migrating into the cortex to become CCpn. The apparent decline in CCpn
number was rapid in the control, 1.5g and 2.25¢g EtOH groups but more gradual in the 4.0g
EtOH group. Therefore, it appears that the decline in the numbers of labeled CCpn is related
to the level of alcohol exposure during prenatal development, suggesting either an acceleration
in the elimination of transitory CCpn axons that is related to amount of prenatal alcohol
exposure, or an increased CCpn, and possibly cortical, cell loss related to the amount of prenatal
alcohol exposure.

Discussion

Pregnant females exposed to alcohol during the course of their gestation showed an altered
pattern of CC development. In the control animals, the number of CCpn in the visual cortex
increased through G36, followed by a sharp decline in the older ages. This confirms the
accepted view of callosal development in the visual cortex, as follows. The CCpn are generated
and migrate out to reside in all layers of the cortex. Such cells extend axons through the corpus
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callosum (hence the ability of Dil to label these axons retrogradely to the CCpn) to make
connections in the contralateral hemisphere. However, these connections are transitory as
indicated by the sharp reduction in the number of labeled CCpn only 7 days later. This confirms
our results of transitory CC connections using Dil in normal rat and normal cat (Elberger,
1993; 1994a; b) as well as those of others.

In most of the alcohol-exposed pups, the number of cells also increases through G36 and then
decreases; however the rate of increase to peak and the subsequent decline varies according to
alcohol dosage. Cell numbers from animals in the 1.5g and 2.25g EtOH groups follow a
developmental pattern that is similar to the control animals, suggesting that these alcohol levels
do not interfere with the normal development and migration of CCpn. Animals in the 4.0g
EtOH group show an increase in CCpn number up to a relatively small peak at G36 but
thereafter very little change, suggesting that these higher levels of alcohol may delay the
development and migration of the CCpn sufficiently to overlap with the elimination of the
transitory axons that are present. Animals in the 6.0g EtOH group showed no relationship
between CCpn number and age, suggesting that high-dose prenatal alcohol exposure limits the
migration of cells into the cortex to become CCpn, and/or limits the ability of cortical cells
destined to become CCpn to extend axonal processes to the midline and hence become labeled
with the Dil. The latter explanation would account for reduced CC size in cases of heavy
prenatal alcohol consumption that has been observed in humans (Clarren, 1986; Mattson et al.,
1992; Mattson et al., 1994; Riley et al., 1995). Previous behavioural and physiological studies
have shown that the CC connections must be there during critical time periods for visual
development in order to establish normal visual functions (Elberger, 1979; 1980; 1981; 1982;
1984a;b; 1988; 1989; 1990; Elberger and Smith, 1985; Timney et al., 1985). For example, if
CC axons are eliminated during postnatal week 2 in the cat, the visual cortex will be
significantly reorganized. This would suggest that if axons were delayed in their arrival to the
contralateral cortex until the second week, the same result would ensue.

Animals in the 6.0g EtOH group showed a considerable decrease in cell number between PO
and G29. One possible explanation for this would be a precipitous loss of CCpn during this
time period. A second possible explanation would be that there is a precipitous premature
elimination of transitory CCpn axons during this time period. A third possible explanation
would be that there is a less homogeneous, more clustered, distribution of CCpn in the 6.0g
EtOH group than in the other alcohol treatment groups or controls, so that numbers measured
at each of the 5 age points represent the statistical likelihood of having a cluster within the
microscope field being measured. Although we have observed some CCpn to demonstrate this
type of irregular distribution, no such clustering was noted uniquely in the 6.0g EtOH animals.

The altered pattern of cell body area seen in the CCpn of the alcohol-exposed animals may be
related to differences in dendritic patterning. The relative reduction in the number of CCpn in
alcohol-treated animals as compared to controls at G29 suggests that fewer cells must receive
contralateral projection fibre input, requiring an increase in the complexity of the dendrites of
the CCpn. Indeed, Qiang et al. (2002) reported that animals exposed to high-dose (4.0g/Kg and
6.0g/Kg) prenatal alcohol showed an increase in the number and length of dendrites at G29,
an effect that was attenuated as the animals became older. The generation and maintenance of
more numerous and longer dendritic branches would require larger cells to support the
increased cellular metabolism, hence the increase in cell size. By G36, the generation of
additional cells in the alcohol-exposed animals would reduce the need for such complex cell
structures, resulting in cell sizes similar to the control.

The distance of the CCpn from the pia increases with age in the control animals, suggesting
that more of the cells residing in the supragranular layers are eliminated. Alcohol-exposed
animals follow a similar pattern of development except for those in the 6.0g EtOH group; in
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this group, the CCpn appear to maintain their relative positioning within the cortex, suggesting
an even distribution of CCpn elimination throughout the cortical levels. It is possible that these
animals retain a greater proportion of their callosal connections due to the relative reduction
in the number of CCpn. Alternatively, those animals exposed to higher alcohol levels
demonstrated a delayed development for CCpn and therefore it may also be possible that more
of the CCpn would have been eliminated at an older age than was examined in the present
study.

The defects observed in the number, size and positioning of CCpn in those animals exposed
to high levels of alcohol suggest that the corpus callosum is an effective model for the study
of alcohol effects on the developing brain. It should be noted that the midsagittal area of the
rat corpus callosum does not appear to be affected by similar parameters of alcohol exposure
(Livy and Elberger, 2001). Therefore, although the results presented here demonstrate an effect
of alcohol on the CCpn, these effects are not profound enough to affect severely the overall
production of CCpn or their commissural fibres. This is in stark contrast to the sometimes
severe callosal defects reported in the human literature. It is possible that the developing
callosal cells and fibres in the human are more susceptible to prenatal alcohol exposure.
However, it may also be that alcohol exposure patterns in humans are more complex and
variable, and often associated with other environmental stressors (poor nutrition, other drugs
of abuse) that may have a compounding and confounding effect on axon pathway development.
It also remains unclear whether the CC is the only axon pathway affected by alcohol exposure.
Livy etal. (1997) demonstrated an increase in the number of axons in the anterior commissure
(AC) of mice displaying callosal agenesis. This increase was accomplished without a
corresponding increase in the midsagittal area of the AC. If similar changes were evident in
the axon pathways of humans with altered CC development, they would go unnoticed in MRI
scans.

The CCpn changes described pertain to rats exposed to alcohol throughout their gestation,
however it is possible that the effects of the alcohol exposure are specific to certain periods of
development. For example, the critical time period for callosal effects to occur may be confined
to either the first or second trimester, and may not necessarily require exposure for the duration
of both trimesters. Alternatively, callosal connections may be differentially affected by alcohol
exposure during different time periods. Evidence for this alternative hypothesis is found in
preliminary results we obtained comparing the different effects on CCpn size and distribution
within the cortex when alcohol exposure was limited to G1-10, G11-20 or G1-20. Prenatal
alcohol exposure in rats from G1-10 produced similar effects on CCpn development, including
the abnormal number and length of CCpn dendrites. These effects of gestational timing may
be particularly important when interpreting the present results for human development.
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Figure 1.
CCpn labeled with Dil in the visual cortex demonstrating the cell labeling in both the
infragranular and supragranular regions of the cortex. Scale bar = 50 um.
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Figure 2.

Mean and standard error of the depth of the CCpn from the pia membrane. There was a
significant age x treatment interaction (p<0.0005) with the animals at birth showing a closer
proximity to the pia with increasing BAC level and the older animals showing a reversed
relationship.
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Figure 3.

The position of the CCpn in a G29 CHOW animal (3a) and a G29 6.0g EtOH animal (3b). Note
the difference in positioning of the CCpn in the two treatment groups — cells in the EtOH-
treated animal appear farther away from the pia membrane than those in the control animal,
despite the similar overall cortical depth. Scale bars = 100 pum.
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Figure 4.

Mean and standard error of the number of CCpn measured for each treatment group. There
was a significant age x treatment interaction (p=0.0024). In most of the treatment conditions,
the number of cells increased to a peak at G36, followed by a sharp decline through G43 and
G50. The exception to this was those pups in the 6.0g group, which did not show a clear
relationship between CCpn number and age.
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Table 1
Mean and Standard Error of Alcohol-Exposed Pregnant Female Data.
Treatment Group Number of Females peak BAC (mg/dL) Litter Size Gestation Length (days)
control 6 0 13.67 (0.84) 22.67 (0.33)
1.5g EtOH 3 83.67 (11.32) 13.33 (1.86) 23.00 (0.00)
2.25¢ EtOH 3 124.00 (24.42) 12.33 (1.67) 23.00 (0.58)
4.0g EtOH 3 196.00 (14.01) 14.67 (1.20) 22.67 (0.33)
6.0g EtOH 8 379.25 (23.56) 10.25 (1.01) 23.50 (0.27)
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