
neurites is not 74 percent, but 89 per- 
cent, of 35 neurites. Thus directional 
specificity of regenerating axons of giant 
interneurons may result partly from sec- 
ondary retraction of an initially random 
short neurite outgrowth with continued 
growth of correctly oriented sprouts. 

An attractive hypothesis that remains 
consistent with our observations is that 
directional selectivity of growth is im- 
posed by an attraction between the re- 
generating axons and their original target 
neurons. A chemoaffinity between optic 
nerve and optic tectum has long been 
suggested to explain specificity in regen- 
eration of fish and amphibian optic nerve 
(2). Thus far there is no direct evidence 
for such a mechanism. In the case of the 
giant interneurons and dorsal cells of 
lamprey, such a mechanism need not act 
over long distances, since the axons of 
these neurons normally make incidental 
synaptic contacts with other neurons 
along their length. 

Our previous studies on the giant retic- 
ulospinal axons suggested that their re- 
generating neurites tended to grow in the 
direction of their normal projection (4, 
6). The present findings suggest that the 
tendency for regenerating neurites of gi- 
ant interneurons and dorsal cells to grow 
rostralward reflects a specific preference 
for their normal pattern of projection 
that cannot be accounted for by nonspe- 
cific effects, such as a tendency for neu- 
rites to continue to grow in an estab- 
lished direction or a trophic action of the 
scar. We conclude that, since the spinal 
axons of large larval lampreys maintain 
directional specificity in their growth, 
the limited distance of axonal regenera- 
tion seen in the transected spinal cord is 
probably not due to a maturational loss 
of target-seeking ability in these axons. 
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Prenatal Alcohol Exposure Alters Adult Expression of 
Sexually Dimorphic Behavior in the Rat 

Abstract. Saccharin preference and performance in a Lashley 111 maze were found 
to be altered in adult male and female rats that had been exposed to alcohol during 
gestation. SpeciJically, the sexual dimorphism normally observed in both behaviors 
was absent in fetal alcohol-exposed animals. The lack of sexual dimorphism 
appeared to result from a masculinization of the exposed females and a feminization 
of the exposed males. 

Perinatal androgen status is critical to 
the neurobehavioral differentiation of the 
male brain (I). Interference with the me- 
tabolism or utilization of androgens dur- 
ing this period produces both demascu- 
linization and feminization of reproduc- 
tive behavior patterns (2). In addition, an 
influence of perinatal androgen status on 
nonreproductive behavior has been es- 
tablished (3). Central nervous system 
organizational influences of androgens 
appear to be principally responsible for 
the expression of several nonreproduc- 
tive behavioral sex differences in the 
adult rat, including maze learning per- 
formance, active avoidance acquisition, 
and saccharin preference (4, 5). 

Alcohol is known to suppress testicu- 
lar hormone production (6). Although 
exposure of fetal rats to alcohol has been 
reported to have no influence on their 
subsequent reproductive behavior (73, 
the possibility that it might influence the 
expression of nonreproductive, sexually 
dimorphic behaviors has not been exam- 
ined. We now report that the normal sex 

Table 1. Results of adult behavioral tests of 
animals exposed to alcohol during the third 
week of gestation. 

Pair-fed Alcohol- 
exposed 

Fe- 
Male male Male f:ie 
Saccharin preference* 

.i 11.63 25.43 16.38 20.49 
S.E.M. 1.65 3.36 2.04 2.52 
N 12 11 12 12 

differences observed in saccharin prefer- 
ence and maze learning are absent in 
fetal alcohol-exposed (FAE) animals. 

Saccharin preference is a pronounced 
sexually dimorphic behavior that is de- 
pendent on androgen titers during the 
perinatal period for its adult expression. 
Normal adult female rats exhibit a 
marked preference for this nonnutritive 
substance when compared with males 
(8). Early postnatal administration of tes- 
tosterone propionate to female animals 
masculinizes their adult saccharin pref- 
erence, whereas estradiol benzoate ad- 
ministration to male animals in this peri- 
od has no effect (5). Conversely, femi- 
nine saccharin preference is observed in 
male rat pseudohermaphrodites of the 
Stanley-Gumbreck strain, which are an- 
drogen-insensitive because of a genetic 
defect that causes a lack of androgen 
receptor (9). 

Maze learning is also a strongly sexu- 
ally dimorphic behavior, wherein male 
performance is statistically better than 
female (3). As with saccharin preference, 
the adult expression of this behavior is 
influenced by perinatal androgen status 
(3, 10). Therefore, if prenatal exposure 
to alcohol disrupts an androgen-mediat- 
ed pathway during a critical period for 
expression of these behaviors, we postu- 
lated that adult FAE males would exhibit 
feminized behavior patterns relative to 
control males. 

In the first experiment, pregnant 
Sprague-Dawley dams from Charles Riv- 
er breeders were pair-fed a liquid diet 
containing 35 percent ethanol-derived 

Maze learning? calories ( N  = 7 )  or an isocaloric liquid 
.i 33.50 50500 45.54 35.00 diet containing no ethanol (Bio-Serv) 
S.E.M. 3.19 5.49 4.31 (N = 6). The diets were administered on 
N 14 12 13 l2  

dav 7 of Dregnancv and were continued 
A - 

*Milliliters of 0.25 percent saccharin solution con- until parturition; at this point, all dams 
sumed per 100 g of body weight. +Number of 
trials until achievement of criterion. were given free access to Purina Lab 

,-- - - r .  

6. H:S. Yin and M. E. Selzer, J .  Neurosci. 3, 1135 
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Chow and tap water. Daily maternal 
ethanol consumption of the experimental 
dams averaged 13.9 g per kilogram of 
body weight [* 0.68 standard error of 
the mean (S.E.M.)]. To avoid potential 
stress effects associated with handling, 
pups were not cross-fostered but were 
left undisturbed with the natural mother 
until weaning (11). No statistical differ- 
ences were observed in litter sizes 
(range, 5 to 14 animals per litter) be- 
tween ethanol-treated and pair-fed dams, 
nor were any gross physical deformities 
observed in offspring of either group. 
Three stillborn animals were born to one 
ethanol-treated dam compared to none 
from the control dams. Postnatal mortal- 
ity rates were similar for both groups, 
with deaths of three offspring of alcohol- 
treated dams and two offspring of control 
dams occurring without specific cause 
before postnatal day 30. Offspring were 
weaned on day 21 and subsequently 
group-housed according to sex and treat- 
ment for the duration of the experiment. 
All animals were maintained on a 12- 
hour light: 12-hour dark cycle with tap 
water and Purina Lab Chow freely avail- 
able. Although there was a trend toward 
decreased weights in FAE animals of 
both sexes measured on postnatal day 31 
and in adulthood. the differences were 
not significant at either time point. 

Forty-eight animals between 90 and 
130 days of age and grouped according to 
sex and treatment (N = 12 per group) 
were tested for saccharin preference. At 
least one animal of each sex from the 
seven litters of the ethanol-treated dams 
and from the six litters of pair-fed control 
dams was used in testing for saccharin 
preference. Twenty-four animals (N = 6 
per group) were tested at a time. During 
testing, the animals were individually 
housed in the vivarium room in which 
they were raised under the same lighting 
conditions and with free access to dry 
Lab Chow. For the first 4 days of testing, 
the animals were presented with two 
250-ml water bottles containing tap wa- 
ter whose positions were alternated dai- 
ly. On days 5 through 10 of testing, the 
animals were presented with a choice of 
tap water or saccharin solution. Three 
saccharin solutions (0.25, 0.50, and 1.0 
percent) were presented over six consec- 
utive days to each animal in ascending 
order of concentration. Animals were 
exposed to each saccharin concentration 
for 2 days, and the positions of the 
bottles containing tap water and saccha- 
rin solution were alternated daily. Re- 
sults were analyzed on the basis of the 
mean amount consumed over the 2-day 
exposure for each concentration. The 
amount of saccharin consumed was cor- 

rected each day to account for body 
weight and was expressed as milliliters 
of saccharin solution consumed per 100 g 
of body weight. 

As shown in Fig. 1, female pair-fed 
controls exhibited a preference for sac- 
charin across all three concentrations 
tested compared to their male counter- 
parts (12). This pattern was absent in 
FAE animals. At the most preferred con- 
centration (0.25 percent), no statistically 
significant sex difference was evident in 
the FAE animals, whereas at the 0.5 
percent concentration FAE males con- 
sumed a greater amount of saccharin 
than FAE females. At both of these 
concentrations, FAE males consumed 
greater amounts of saccharin than pair- 
fed males, whereas females consumed 
less saccharin than pair-fed females. A 
trend toward normal sexual dimorphism 
for saccharin preference in FAE animals 
was evident only at the least preferred 
concentration (1.0 percent), but this dif- 
ference did not approach statistical sig- 
nificance. 

In a second experiment, saccharin 
preference and maze behavior were 
studied in a group of animals exposed to 
alcohol during the third week of gesta- 
tion. Exposure to alcohol during this 
period approximates more closely the 
critical prenatal period of neural sexual 
differentiation in the rat. Pregnant 
Sprague-Dawley dams from Charles Riv- 
er breeders were fed the experimental or 
control diets described above from day 
14 of gestation until parturition. Experi- 
mental and housing conditions were the 
same as those described above. 

Offspring from six alcohol-treated and 
four pair-fed dams (13) were tested be- 
tween 90 and 150 days of age for their 
preference for a 0.25 percent saccharin 

8 P - - 
3 2 -  

r 
Fig. 1. The mean con- - 
sumption of saccharin - 
per 100 g of body 0 

weight at 0.25, 0.5, 
- 

and 1.0 percent con- $ 24 
- 

centrations of saccha- - 
rin. Values at each _o 20 - 
concentration repre- g 
sent the mean con- o 

I- 

sumption over the 2 ; 16 
- 

days of exposure to $ - 
each concentration 12 - 
for animals (N = 12) c 

of each sex in control 
- 

and alcohol-exposed a - 
groups. Bars repre- - 
sent S.E.M. - 

: 4 -  
r 0 - 
6 
0) 0 -  

solution and for their ability to learn to 
negotiate a Lashley I11 maze (14). As 
shown in Table 1, the normal sex differ- 
ences which are apparent in the pair-fed 
controls are not evident in the FAE 
animals. Pair-fed females consumed 
more saccharin (P < 0.01; analysis of 
variance, Bonferroni t-test) and required 
more trials to learn the maze than the 
pair-fed males (P < 0.05; Bonferroni t- 
test). No significant differences were de- 
tected between FAE males and females. 

These data show that exposure to al- 
cohol during gestation can influence the 
adult expression of nonreproductive, 
sexually dimorphic behaviors. The ab- 
sence of normal sexual dimorphism in 
the FAE animals appears to be due to a 
long-term influence of prenatal alcohol 
exposure on both males and females. 
Since saccharin preference and maze 
learning have been shown to be influ- 
enced by perinatal androgen status (4,5), 
the feminized behavioral patterns ob- 
served in FAE males is consistent with 
data demonstrating that prenatal alcohol 
exposure can induce alterations in tes- 
tosterone metabolism or utilization (6, 
15). Since alcohol has a direct suppres- 
sive action on testicular hormone pro- 
duction (6), the feminized behavioral 
patterns observed in FAE males may be 
mediated by direct action of alcohol on 
the developing fetal testes. On the other 
hand, potential mechanisms mediating 
the masculinized behavioral pattern of 
adult FAE females are not obvious. 
However, increased adrenal weights and 
elevated brain and plasma levels of corti- 
costerone have been reported in I-day- 
old pups after prenatal alcohol exposure 
(15), suggesting a possible role for adre- 
nal steroids in the masculinization of 
these behaviors in FAE females. 

0 Female 
a Male 
C-Control 
A-Alcohol 

C C A A  C C A A  C C A A  
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A variety of behavioral and learning 
handicaps have been observed in chil- 
dren born to mothers consuming moder- 
ate to high levels of alcohol during preg- 
nancy (16), many of which have been 
replicated in animal models developed to 
study the effects and mechanisms of pre- 
natal alcohol exposure (17). However, 
behavioral comparisons between the 
sexes in adult FAE animals have not 
been examined systematically in these 
studies. The data presented here indicate 
that such comparisons may be necessary 
to evaluate fully the influence of prenatal 
alcohol exposure in these animal models. 
Our results also suggest that some of the 
behavioral disturbances associated with 
prenatal alcohol exposure may result in 
part from an alcohol-induced disruption 
of perinatal androgen status. 
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Vasoactive Intestinal Polypeptide-Like Substance: 
The Potential Transmitter for Cerebral Vasodilation 

Abstract. In vitro pharmacological studies demonstrated that exogenously applied 
vasoactive intestinal polypeptide (VIP) relaxes the smooth muscle cells of cat 
cerebral arteries, whereas substance P constricts them. Ultrastructural-immuno- 
cytochemical techniques show that a VIP-like substance is present in the large 
granular vesicles of nonsympathetic nerve axons and terminals in the cerebral 
arterial walls. These results provide strong evidence in favor of the hypothesis that a 
VIP-like substance is the transmitter for vasodilation in cerebral blood vessels. 

Cerebral blood vessels of several spe- 
cies receive vasodilator nerves (1-5). 
The nature of the transmitter for dilation, 
however, has not been determined. Al- 
though acetylcholine (ACh) has since its 
discovery been assumed to be that trans- 
mitter (1, 6), recent research indicates 
that it acts more like a transmitter for 
constriction in cerebral blood vessels (3). 
Vasoactive intestinal polypeptide (VIP) 
and substance P have been proposed as 
candidates for the transmitters for cere- 
bral vasodilation. VIP-like and sub- 
stance P-like immunoreactive nerves 
have been demonstrated in cat cerebral 
arteries (7, 8). Exogenously applied VIP 
and substance P induce dilation of the 
cat pial arteries in vitro and in vivo (7- 
11). We now report results of pharmaco- 
logical and ultrastructural-immunocyto- 
chemical studies on the potential role of 
these peptides as transmitters for cere- 
bral vasodilation. 

The ring segments of cat cerebral ar- 
teries with or without endothelial cells 
were prepared (3). VIP relaxed cerebral 
arteries with or without endothelial cells 
(Fig. 1 ,  A and B ) ,  and substance P rarely 
relaxed but frequently constricted the 
cerebral arteries with intact endothelial 
cells; substance P exclusively constrict- 
ed those without endothelial cells (Fig. 1, 
C and D). Transmural nerve stimulation 
induced only vasodilation in these prepa- 
rations with or without endothelial cells. 
In parallel studies, substance P at con- 
centrations as low as ~ o - ~ M  consistently 
relaxed the rabbit ear arteries with endo- 
thelial cells ( n  = 3) and exclusively con- 
stricted those without endothelial cells 
(n  = 3; Fig. 1, E and F). 

These results indicate that the VIP- 
induced cerebral vasodilation is indepen- 
dent of endothelial cells. The direct ef- 
fect of VIP on cerebral vascular smooth 
muscle is relaxation. On the other hand, 
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