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ABSTRACT 

There has been general agreement among researchers 

that alcohol is a teratogenic substance. When alcohol is 

used during gestation, it crosses the placental barrier and 

circulates throughout the developing fetus. In rodents 

prenatal alcohol exposure is associated with hippocampal 

neural changes and increased aggressiveness. 

Rats prenatally exposed to alcohol during gestation 

were compared with controls for differences in operant 

performance and agonistic behavior before, during and after 

competition for food. 

The offspring of rats fed a liquid diet containing 12 

1/2 % ethanol throughout gestation were compared with two 

groups; the offspring of pair-fed rats fed an isocaloric 

diet without ethanol and the offspring of free feeding 

untreated controls. All adult offspring were operantly 

trained to barpress in a standard Skinner chamber on a 

progressive reinforcement schedule. Rat pairs were then 

placed in a direct competition situation for control of a 

single operant lever and food source. 

Prenatal alcohol exposure was associated with 

increased gestation length and reduced litter size. The 

acquisition of a progressively increased fixed-ratio 

reinforcement schedule was also influenced by iji utero 

treatments, with alcohol treated offspring displaying the 

slowest learning and lowest asymptotic capacity compared to 

vi 



controls. Competing subjects consistently displayed lower 

performance levels compared with non-competition controls 

regardless of prenatal treatment. Previous competition 

experience influenced performance on subsequent trials with 

competition subjects displaying consistently lower 

performance levels compared with controls. The competitive 

status of a subject also had a marked effect on future 

operant performance. Dominant subjects consistently 

outperformed their subordinates during extinction and 

spontaneous recovery trials. 

A general explanation suggested by these findings is 

that prenatal alcohol exposure resulted in declines in 

response inhibition. The data were consistent with 

reported findings of prenatal ethanol lesions to the 

hippocampus and declines in response inhibition. The 

slower learning rates and lower capacities along with the 

inflexible agonistic interaction patterns displayed during 

competition suggests abnormally high levels of persevera

tion behavior in prenatally treated subjects. These 

behavioral patterns are consistent with a response 

inhibition deficit hypothesis rather than a generalized 

learning dysfunction explanation. 
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CHAPTER I 

INTRODUCTION 

History 

Early Preclinical Human Data 

Historically, from time to time, warnings have been 

given to women of the dangers of drinking to their 

offspring. The Bible (Judges, 13:7) makes the following 

statement: "Behold, thou shalt conceive and bear a son: and 

now drink no wine or strong drink." Aristotle wrote that 

"Foolish, drunken and harebrained women most often bring 

forth children like unto themselves, morose and languid." 

(cited in Warner & Rosett, 1975). 

During the period from 1720 to 1750, England repealed 

previous restrictions and regulations on the production and 

selling of distilled spirits. The result of this 

legislative change was a flood of cheap gin which created a 

social crisis often referred to as the "gin epidemic." It 

was during this period that a number of observations were 

made concerning the effects of maternal drinking on 

offspring (Warner & Rosett, 1975). One report to the 

Parliam,ent by the College of Physicians in 1726 petitioned 

for a return to closer controls of the distillers because 

gin caused "weak, feeble and distempered children." Two 

historians (George, 1965; Coffey, 1966) have pointed out 

that even though during this period the economy was good 

and no significant epidemics occured, the death rate 
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increased and birth rate decreased. Of particular interest 

here is the significant increase in the death rate for 

children under five years of age, which was attributed to 

the excessive use of gin by parents (George, 1965; Coffey, 

1966). The British House of Commons issued a report in 

1834 which stated that the "infants of alcoholic mothers 

often have a starved, shriveled, and imperfect look." 

(cited in Warner & Rosett, 1975). In a published report in 

1837, Ryan strongly stated that pregnant women should not 

drink "Wine, spirituous liguors, brandy, whiskey, gin, rum, 

ale, porter, etc.." Ryan believed "these liquors injure 

the pregnant woman and expose her to danger during 

parturition, and to fever or inflammation afterwards, while 

they arrest the growth and destroy the health of the 

infant" (Ryan, 1837). 

The American temperance movement produced a wealth of 

published reports dealing with the "effects" of drinking, 

containing usually a combination of moral, religious and 

quasi-medical arguments in favor of abstinence. One 

temperance pamphlet (Edwards, 1847) stated that 

the children of mothers who drink alcohol are 
more likely than others to become drunkards, and 
in various ways to suffer. Often they are not so 
large and healthy as other children. They have 
less keenness and strength of eyesight, less 
firmness and quietness of nerves, less capability 
of great bodily and mental achievement, and less 
power to withstand the attacks of disease. 

The first American epidemiological study on the 

effects of drinking parents on the health of offspring was 



published in 1848 by Samuel Howe. In his report on idiot 

residents in state institutions to the Massachusetts 

Legislature, Howe's survey of 300 families of idiots showed 

that nearly half had had drinking parents (cited in Warner 

& Rosett, 1975). 

Clues from outside the U.S. contributed to the growing 

awareness of the problem. Bezzola (1901) in Switzerland 

(Bezzola, 1901) studied the birth records for a ten year 

period (1880-1890) and found that the birth of idiots 

showed a sharp increase on the ninth month following the 

annual wine festivals. A very early study by Sullivan 

(1899: cited in Warner & Rosett, 1975) surveyed the 

stillbirth and infant death rates among female alcoholics 

incarcerated in the Liverpool jail. He found that the 

death rate was 56%, more than double the rate of their 

female non-alcoholic relatives. Sullivan attributed this 

adverse statistic to "maternal intoxication" and concluded 

that fetal damage was mainly due to this condition. 

In 1904 Ballantyne published the Manual of Antenatal 

Pathology and Hygiene in which he subdivided gestation into 

three stages: germinal, embryonic and fetal. Ballantyne's 

embryonic stage corresponds roughly to the first trimester 

in the current characterization of pregnancy. Balantyne 

concluded that the process of organogenesis during the 

embryonic stage was disrupted by alcohol exposure which 

resulted in structual abnormalities. In the fetal stage 



(roughly corresponding to the second and third trimesters), 

heavy alcohol use could result in miscarriage or disease. 

He stated that alcohol "acts in all three ways... by 

causing abortion, by predisposing to premature labor, and 

by weakening the infant by disease or deformity" 

(Ballantyne, 1907). Little attention was paid to these 

early warnings however. As late as 1942 the developmental 

problems of offspring of alcoholic mothers were attributed 

to poor environmental conditions and inadequate nutrition 

rather than gestational alcohol exposure (Haggard & 

Jellianak, 1942). 

FAS Identified 

Lemoine, Haronssean, Bortary and Menut (1968) 

identified a cluster of physical characteristics in 127 

children of alcoholic parents which they linked to maternal 

alcohol use during pregnancy. These included a 

characteristic facial pattern consisting of short 

palprebral fissures, flattened face, reduced philtrum, 

shortened up-turned nose, a narrow upper lip, height and 

weight growth retardation and increased levels of 

malformations and psychomotor anomalies. These 

characteristics were so prevalent that a diagnosis of 

maternal alcoholism could be made from an examination of 

the child. Interest in this pattern of alcohol related 

symptoms appeared in America somewhat later, with the 

publication of the observation that perinatal growth and 



development were retarded in twelve infants born of 

alcoholic mothers (Ulleland, 1972). Later, Jones, Smith, 

Ulleland and Streissguth (1973a) identified these fetal and 

neonatal problems as the "Fetal Alcohol Syndrome" (FAS). 

There has been general agreement among researchers 

(Jones et al . , 1973a; Jones & Smith', 1973b; Randall & 

Riley, 1981; Shaywitz, Griffieth & Warshaw, 1979; Randall, 

1981) that alcohol is a teratogenic substance. When 

alcohol is used during gestation, it crosses the placental 

barrier and circulates throughout the developing fetus. 

Teratogenic effects of alcohol on fetal tissue is related 

to dose (Streissguth & Martin, 1983; Randall & Taylor, 

1979; Randall, Taylor & Walker, 1977; Chernoff, 1975, 

1977), stage of fetal development and cellular 

differentiation (Kronick, 1976; Veghelyi et al. , 1978), and 

maternal and fetal genetic disposition (Swanberg & 

Brumpacker, 1977; Randall & Taylor, 1979). Mental 

retardation has been identified as one of the mayor effects 

associated with FAS (Streissguth, Herman & Smith, 1978a, 

b). Several human neonatal studies have reported fine 

motor dysfunction in the form of tremor and disturbances in 

coordination associated with FAS (Landesman-Dwyer, Keller & 

Streissguth, 1978; Ovellette, Rosett, Rosman & Weiner, 

1977; Pierog, Chandavasu & Wexler, 1977). Hyperactivity in 

the children of alcoholic parents has also been found to be 

a characteristic trait (Cantwell, 1972; Morrison & Steward, 



1971). Although the Fetal Alcohol Syndrome was not 

delineated in humans until 1968, animal research on the 

effects of prenatal alcohol began in the nineteenth 

century. 

Interactive Effects of Environmental 
Factors and FAS 

Alcoholic women are frequently heavy smokers. In a 

survey by Cahalan, Cissin and Crossley (1969) 36% of the 

women classified as heavy drinkers smoked in excess of one 

package of cigarettes a day. Another study in 1976 

(Rosett, Ovellette & Weiner) found that 60% of the 

alcoholic patients in a maternity clinic smoked at least 

one package of cigarettes daily. Smoking by pregnant 

women, per se, has been associated with higher neonatal 

mortality and decreased birth weights (Meyer & Tonascia, 

1977; Goldstein, 1977; Meredith, 1975), mental retardation 

(Dunn, McBurney, Ingram & Hunter, 1977) and higher 

incidences of childhood pulmonary problems (Harlap & 

Davies, 1974). 

The possible interactive effects of alcohol use and 

smoking on offspring has been evaluated by several 

investigations. Two studies (Kaminski, Fumeau & Schwartz, 

1978; Little, Schultz & Mandell, 1976) compared the off

spring of women who drank and smoked with the offspring of 

women who only drank and found higher incidences of still

births and decreased birthweights of the children born of 

women who did both. A report by Martin, Martin, Sigman and 



Radow (1978b) found that sucking strength was lower for 

infants born of drinking mothers who also smoked compared 

to those born of mothers who only drank or smoked. These 

studies suggest that the combined effects of alcohol use 

and smoking during pregnancy produces greater teratogenic 

effects than the use of either substance alone. 

Inadequate nutrition during pregnancy has been shown 

to adversely affect fetal development. Decreased neonatal 

growth rates, higher incidences of CNS anomalies and 

reduced cognitive function have been linked to hypomagnesia 

and zinc deficiencies during gestation, a metabolic 

imbalance commonly associated with alcoholism (Flink, 1971; 

Hurley, Cosens & Theriault, 1976). Vitamin, amino acid and 

folic acid deficiencies during pregnancy have been linked 

to mental retardation of offspring in several studies 

(Lanzkowsky, Erlandson & Bezas, 1969; Arakawa, 1970; 

Santiago-Borrero, Santini, Perez-Santiago & Maldonada, 

1973). During pregnancy the metabolic requirements for 

folic acid are greatly increased (Pitkin, 1976) while 

pregnant alcoholics tend to have folic acid deficiencies 

(Olson, 1973) thereby increasing the likihood of cognitive 

disorders in the offspring. While the effects of FAS 

cannot be attributed solely to maternal malnutrition (Jones 

et al., 1973a), there is considerable evidence supporting 

inadequate maternal nutrition as an interactive teratogenic 

factor in the human FAS. 
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Environmental stress is another factor which may 

exacerbate the effects of gestational alcohol. Chronic 

alcoholism is frequently associated with stressful personal 

relationships and environments. Marriage problems, 

poverty, inadequate housing and overcrowding are common 

stressors in the life situation of alcoholics. Personal 

stress during pregnancy has been associated with increases 

in offspring behavioral problems, i.e., bedwetting, poor 

attention, sleep disorders, reading problems and various 

cognitive impairments (Kawi & Pasamanick, 1959; Stott & 

Latchford, 1976). One difficulty in interpreting these 

studies lies with separating out the effects of prenatal 

versus postnatal stress on the offspring, as these children 

were raised at home by their natural mothers. 

To summarize, smoking, inadequate nutrition and 

environmental stress all appear to play important 

interactive roles with maternal alcoholism in FAS. 

Clinical studies are inadequate vehicles for assessing 

these factors because precise controls cannot normally be 

included to allow factor isolation and prevent the 

confounding of results. Animal models in laboratory 

settings have been used to minimize or eliminate some of 

these shortcomings, i.e., pair-feeding procedures have been 

used to control for inadequate maternal nutrition, 

surrogate rearing has allowed an assessment of prenatal 

versus postnatal maternal-offspring interactions. 



controlled cage environments have assessed the effects of 

postnatal environmental conditions, etc.. 

Early Animal Studies 

A significant early study in the history of FAS 

research was published in 1900. Nicloux (1900) 

demonstrated that alcohol readily crossed the placenta in 

mammals. He found that fetal blood samples contained 

alcohol concentrations nearly as high as those found in 

maternal blood in guinea pigs and dogs. This study was 

important because, for the first time, the actual 

physiological mechanism responsible for transferring the 

suspected teratogen from mother to the fetus was confirmed. 

One of the earliest recorded investigations of the effects 

of iji utero alcohol exposure on animals was published 

in 1888 by Combemale (cited in Shaywitz et al., 1979) who 

exposed a pregnant dog to alcohol during the first 23 days 

of gestation and reported that three of six pups were 

stillborn and three were of "weak" intelligence. Combemale 

reared the three surviving pups and noted that their 

offspring, from a union with normal dogs, were defective as 

well. The turn of the century found several investigators 

using chickens as subjects in experiments with alcohol 

vapor to assess possible effects on the offspring. Pearl 

(1916) reported that the offspring of alcohol treated hens 

had increased body weights and decreased mortality rates. 

These findings were in direct conflict to earlier results 
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reported by Fere (1894) and Stockard (1914) who used a 

more direct approach. They exposed fertile chicken eggs to 

alcohol vapor during the incubation period and found that 

the chicks displayed a wide variety of morphological 

anomalies, especially involving the eye, the circulatory 

system and the brain. 

Several early studies demonstrated that the offspring 

of dogs (Hodge, 1903), fish (Stockard, 1910), and guinea 

pigs (Stockard & Papanicolaou, 1916) suffered from exposure 

to alcohol during gestation. They reported lowered 

vitality, eye, heart, brain and spinal column anomalies, 

retarded postnatal growth, decreased birth weight and 

higher postnatal mortality rates. 

Of particular importance were the findings of 

MacDowell (1923) who exposed male and female rats to 

alcohol vapor and tested them, and their offspring, in a 

series of maze learning experiments. The offspring of 

these rats exhibited a significant maze learning deficit. 

MacDowell concluded that "alcoholism in ancestors may 

modify the behavior of untreated decendents." 

Hanson (1923) used the alcohol inhalation method with 

rats and failed to find any significant differences in 

birth weight or litter size in the offspring of treated 

rats. He continued his alcohol treatments and examined the 

thirteenth generation for signs of reduced birth weights or 

litter size and again concluded there were no significant 
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differences due to alcohol treatment. This is one of the 

few cases in which prenatal exposure to alcohol was not 

found to affect birth weight or litter size. These early 

studies and observations showed, in general, that in 

utero exposure to high levels of alcohol produced a 

reduction in litter size, size and weight of neonates as 

well as increased mortality rates (Combemale, 1888; 

Stockard, 1913; Stockard & Papanicolaou, 1916; Nice, 1912, 

1917; Cole & Davis, 1914; MacDowell & Vicari, 1917). 

However, these results were largely unconvincing due to a 

substantial number of investigators reporting conflicting 

results during the same period (Pearl, 1916; Hanson, 1923; 

Hanson & Cooper, 1930). 

Recent History 

Metabolism of Alcohol 

Before discussing the recent work on the physical and 

behavioral effects of gestational alcohol it might be well 

to consider what is known concerning the metabolism of 

alcohol. Ingested alcohol is rapidly absorbed from the 

stomach and intestines into the interstitial fluids. 

Systemic alcohol is then oxidized by alcohol dehydrogenase, 

an enzyme located in the liver, kidneys and brain (Dalant, 

1962). Its cofactor is nicotinamide adenine nucleotide 

(NAD) which in the course of the process is reduced to 

NADH. As a result of these steps, acetaldehyde is formed. 

The acetaldehyde formed is converted to acetyl CoA which in 
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turn is oxidized in the citric acid cycle (Kalant, 1962). 

Here aldehyde dehydrogenase is the catalytic enzyme with 

NAD as cofactor. In man and rat the main site of alcohol 

metabolism is the liver, with extra-hepatic oxidation 

comprising only a fractional component of the total. In 

gestating human females, the fetal liver does not 

significantly participate in this process because it lacks 

sufficient amounts of alcohol dehydrogenase (Gartner & 

Ryden, 1972). 

Factors in Alcohol Metabolism 
During Gestation 

There appear to be critical periods during gestation 

where the developing fetus is maximally sensitive to 

specific teratogenic effects of alcohol exposure in 

utero. Gross morphological anomalies show an increased 

probability of occurance when teratogen intrusion occurs 

during organogenesis (Abel, 1981). In rats organogenesis 

occurs during the first two weeks of gestation, while 

humans require twelve weeks to complete the process (Abel, 

1981). Cellular growth rates are maximum during the last 

trimester in rats (Abel, 1979a). A study by Abel (1979a) 

in which alcohol was administered during the third 

trimester in rats produced offspring with significant 

intrauterine growth deficits. The third trimester has also 

been linked to behavioral anomalies in rats, and monkeys 

(Abel, 1981). 
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In humans, the placenta is highly permeable to alcohol 

(Idanpaan-Heikkila, Jouppila, Akerblom, Isoaho & Kauppila, 

1972) but the embryo has little or no alcohol 

dehydrogenase. In the fetus, this enzyme is very inactive 

and does not become fully active postnatally until 

appoximately five years of age (Gartner & Ryden, 1972). 

Consequently, even though maternal blood alcohol 

concentrations and fetal alcohol levels are at eqiKilibrium, 

little or no oxidation of alcohol takes place in th^fetal 

system, magnifing the potential for detrimental effe 

alcohol per se is the primary teratogen. 

Dose Factors 

Another factor of potential importance is the 

differential exposure to ethanol (ETOH) that the developin 

fetus receives during the course of gestation. The chronic 

ingestion of approximately equal amounts of alcohol by the 

gestating female has its greatest impact on the fetus 

during the early gestational period (first trimester). The 

concentration of ETOH in the mother's blood and the fetal 

blood system are approximately equal but the fetus is much 

smaller. Hence, the fetus is exposed to a greater relative 

concentration (fetal weight/amount of ETOH) of the 

suspected teratogen during very early development. Tissues 

developing during this period receive the greatest 

"pharmacologically effective dose" of ETOH (Perez, Gonzalez 

& Smith, 1983). 
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Another gestational factor of potential, importance to 

the teratogenic effects of alcohol may be the physiological 

conditions of pregnancy itself. Pregnant rats tend to have 

significantly higher acetaldehyde blood levels than their 

non-pregnant controls with an equal challenge dose of 

alcohol (Kesanimei, 1974). Acetaldehyde is a metabolic 

product of the oxidation of alcohol and is itself a known 

teratogen with effects very similar to those of alcohol 

(Kesanimei, 1974). Consequently, elevated acetaldehyde 

blood concentrations may be a major factor in the 

behavioral and morphological anomalies associated with FAS 

offspring. 

Recent Animal Studies (Physiological) 

Teratogenic Effects 

The obvious morphological abnormalities and 

neurological anomalies found in the full blown FAS child 

have been replicated in animal studies using highly inbred 

mouse and rat strains. Mouse studies in particular have 

successfully demonstrated the physical teratogenic effects 

of prenatal alcohol exposure. Investigators have reported 

urogenital, neural and cardiovascular anomalies (Chernoff, 

1975, 1977; Randall et al., 1977; Randall & Taylor, 1979) 

where gestational alcohol was administered via a liquid 

diet vehicle. Early studies by Pilstrom and Kiessling 

(1967) and Mirone (1958) showed reduced offspring body 

weights with djri utero alcohol exposure. These and 
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other early studies did not use isocaloric pair-fed 

controls and consequently could not demonstrate reduced 

offspring weight effects free of possible nutritional 

confounds. In those studies that have used pair-feeding 

procedures, birth weight and litter size are characteristic 

measures which reflect the direct ±n_ utero action of 

alcohol, because these measures are free from the potential 

confounds of postnatal environments. Many later 

investigators using pair-feeding procedures (Tze & Lee, 

1975; Thadani, Lau, Slotkin & Schanberg, 1977; Ellis & 

Pick, 1976; Henderson & Schenker, 1977; Abel, 1978; Caul, 

Osborne, Fernandez & Henderson, 1979) reported lighter 

offspring body weights and reduced litter size for dams 

exposed to alcohol during gestation. 

Reduced postnatal growth rates during the preweaning 

period of prenatally treated offspring has also been a 

common finding (Shaywitz, Klopper & Gordon, 1976; Phillips 

& Stainbrook, 1976; Yanai & Ginsberg, 1977; Deners & 

Kirouac, 1978; Riley, Lochry, Shapiro & Baldwin, 1979b; 

Sandor & Elias, 1968; Pilstrom & Kiessling, 1967). 

Research by Fuchs (1966) indicated that ethanol inhibited 

the release of oxytocin and resulted in delayed labor in 

rabbits. Pilstrom and Kiessling (1967) confirmed inhibited 

oxytocin in rats and suggested that increased preweanling 

mortality and reduced growth rates were due to reduced milk 

production stemming from decreased maternal oxytocin 
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levels. Exposure to ethanol i_ii utero has been 

demonstrated to affect both the sensitivity to alcohol's 

toxic effect and tolerance levels in the offspring of 

rodents. Volkmer (1931), in an early study, found that 

treated neonate mice have a higher tolerance for alcohol 

than adults. A confirmation of this was provided by 

Chesler and his colleagues (1942) who found that the toxic 

sensitivity (LD-50) for ethanol differed significantly for 

newborn and adult rats. The transmission of ethanol 

through nursing dams to their pups was investigated by Abel 

(1974). Dams with nursing pups were provided with a 10% 

ethanol and water solution as their only water source. 

Treated pups were compared with untreated control offspring 

and showed significant weight reductions by the 10th 

postpartum day. Alcohol tolerance was assessed using an 

intraperitoneal injection of ethanol (4 grams per kilogram 

of body weight) at weaning and the resulting sleep-time 

measured. Alcohol-treated pups had significantly shorter 

sleep-time responses (21% less) compared to untreated 

controls . 

The most general and consistant physiological finding 

concerning the effects of gestational alcohol across 

species is reduced size of litters and impaired neonatal 

growth (Kronick, 1976; Pilstrom & Kiessling, 1967; Mirone, 

1958; Tze & Lee, 1975; Thadani et al., 1977; Ellis & Pick, 

1976; Abel, 1978; Caul et al., 1979; Henderson & Schenker, 
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1977; and many others). In the mouse, high doses of 

gestational alcohol also commonly produces eye defects, 

cardiac anomalies, neural and digit abnormalities, 

cardiovascular anomalies, urogenital defects and head 

malformations (Chernoff, 1975, 1977; Randall et al., 1977; 

Randall & Taylor, 1979; Kronick, 1976). In the rat, in 

utero alcohol exposure is associated with microcephaly, 

shriveled appearance, developmental retardation, bone 

malformations and delayed ossification (Tze & Lee, 1975; 

Cogan, Cohen & Sparkman, 1983b; Randall & Taylor, 1979; 

Randall et al. , 1977). Rats and mice also display 

decreased protein synthesis (Rawat, 1975, 1976), delayed 

myelination of brain tissues (Druse & Hofteig, 1977) and 

lowered concentrations of serotonin in the brain (Elis, 

Krsiak, Poschlova & Masek, 1976), which have been linked to 

hyperactivity in humans and increased aggressiveness in 

mice (Elis & Krsiak, 1975). 

Until very recently, no direct evidence of FAS effects 

on the brain was available. However, West, Hodges and 

Black (1981), Walker,. Barnes, Zornetzer, Hunter and Kubanis 

(1980), Abel, Jacobson and Sherwin (1983), West and 

Hodges-Savola (1983) and Dewey and West (1984) have found 

significant neuronal loss of pyramidal and dentate gyrus 

granule cells and permanate alterations of the organization 

of mossy fibers in the temporal regions of the hippocampus 

in the rat as a result of gestational alcohol exposure. 
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These hippocampal changes have been linked to learning 

deficits in tasks requiring the inhibition of previously 

reinforced responses (Abel et al., 1983). 

Recent Animal Studies (Behavioral) 

Activity Effects 

A review of the clinical literature indicates that 

hyperactivity is frequently found in FAS children 

(Streissguth, Landesman-Dwyer, Martin & Smith, 1980). 

Increased activity levels in FAS animals are also commonly 

reported (Randall, 1981). Several studies have shown 

increased activity levels in running wheels (Martin, 

Martin, Sigimon & Radow, 1978a; Cogan, Sparkman, Cohen, 

Copley & Jones, 1983c), open field tests (Bond & DiGusto, 

1976, 1977a), and jiggle-cages (Richardson & Novakovski, 

1978). Several animal studies have found increased open 

field ambulation in ethanol exposed offspring, particularly 

in young animals (less than 70 days old) (Branchey & 

Friedhoff, 1976; Bond & DiGuisto, 1976, 1977a; Caul et al. , 

1979; Osborn, Caul & Fernandez, 1980). Activity 

differences are seldom found between ethanol-exposed and 

control animals when adulthood is reached (Bond, 1981). A 

few investigators have failed to find these effects in 

ethanol-exposed animals (Abel & York, 1979; Abel, 1979c) 

possibly, due in part, to the age of the offspring at the 

time of testing. Bond (1981) concluded that "alcohol 

exposure in utero leads to a lack of response 
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inhibition usually evidenced as overactivity", a conclusion 

consistent with the hypothesis that FAS affects the 

hippocampus which controls inhibitory responses (Cogan et 

al., 1983b). 

Learning and Response Effects 

Bond (1981) has suggested that hyperactivity, in 

animal subjects less than 70 days of age, has confounded 

some learning experiments. Learning tasks where increased 

activity levels enhance performance are positively biased 

and those where increased activity is incompatible with 

performance tend to be negatively biased. Since Bond has 

indicated that this hyperactivity effect disappears at 

approximately 70 days of age, studies employing rats 90 

days of age and older should be free of such bias. In four 

studies of avoidance behavior (requiring an "active" 

response) using older animals (Abel, 1979b; Bond, 1981; 

Bond & DiGuisto, 1977b, 1978) investigators have found that 

the offspring of dams given ethanol had deficits in the 

learning of an avoidance task. Furthermore, no differences 

between treated offspring and their controls were found in 

their sensitivity to pain or latency of response to painful 

shock suggesting that the active avoidance deficits found 

were due to impaired learning ability. Bond (1981) 

concluded that the available information on learning 
« 

experiments with animal subjects 90 days old and older 

supports the conclusion that "prenatal alcohol exposure 
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leads to a learning deficit in the treated offspring and 

that the deficit persists into adulthood." Although 

learning deficits in alcohol-exposed animals is a common 

finding, the nature of the learning task, e.g., type and 

level of complexity, dose, duration of ±n_ utero 

exposure and the age of the subject at testing appear to be 

important factors. Recent investigations have reported 

impairments in the acquisition and reversal learning of 

some simple descrimination tests (Anahdam, Strait & Stern, 

1980; Lochry & Riley, 1980), two way avoidance tasks (Abel, 

1979b; Bond & DiGuisto, 1978) and passive avoidance 

measures (Lochry & Riley, 1980; Riley, Lochry & Shapiro, 

1979d). Riley and his colleagues (1979a, b, c) found that 

FAS rats had behavioral deficits in passive avoidance 

learning, taste aversion learning and spontaneous 

alternation tasks as well as increased levels of 

nose-poking and head-dipping behaviors when compared to 

controls. All rats in these studies were tested prior to 

55 days of age. In a recent study Cohen, Cogan & Jones 

(1983) compared adult FAS rats (100 days of age) with 
« 

pair-fed controls and found indications of an increased 

resistance to extinction in a straight alley runway task. 

Operant Behavior Effects 

The effects of prenatal alcohol exposure on operant 

learning and performance have been studied by relatively 

few investigators. A study of the effects of moderate or 
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social drinking and smoking by pregnant women on the 

learning ability of their infants was conducted at two 

Seattle hospitals (Martin, Martin, Lund & Streissguth, 

1977b). Two operant learning tasks were administered to 

two day old infants. These tasks were head turning (N=150) 

and operant sucking (N=67). Researchers found an 

interactive effect between moderate maternal alcohol use 

and cigarette smoking which adversly affected newborn 

learning. The use of alcohol in combination with smoking 

by pregnant women resulted in poorer neonatal performances 

on both operant tasks for their offspring. Animal studies 

have supported and extended the clinical observations which 

link fetal alcohol exposure with operant learning deficits. 

Martin and his colleagues (1977a) tested FAS rats in a 

series of appetitive operant barpress tests and found that 

the offspring of dams which received 35-40% EDC throughout 

gestation and lactation had slower acquisition during CRF 

and FR reinforcement schedules. A comparison was made 

between the barpress performance of rats given alcohol only 

during nursing and rats receiving alcohol throughout 

gestation and nursing. Results indicated that those 

animals ingesting alcohol only during the nursing period 

had less severe learning deficits. Overall, however, both 

groups performed best on reinforcement schedules where a 

slower rate of response was beneficial (DRL) and required a 

longer learning period for fixed-ratio reinforcement 



22 

schedules. Harris and Case (1979) used an operant paradigm 

to assess the effects of gestational alcohol on barpress 

performance. Response rates on a fixed-ratio (FR-20) 

reinforcement schedule of both the treated and control 

groups were significantly higher than the rates of an 

untreated control group. These rats were tested at 21 and 

28 days of age. Unfortunately these neonates also received 

ethanol throughout the nursing period and no cross-

fostering or surrogate raising was done, making a 

definitive interpretation impossible. Furthermore these 

rats were less than 70 days of age and the higher response 

rates may have been due to generally higher activity levels 

rather than superior learning. Another study by Riley, 

Shapiro, Lochry and Broida (1980) employed the offspring of 

dams given four doses of alcohol resulting in 0, 11, 23 or 

35% ethanol derived calories (EDC) for gestation days 5-20. 

Pair-feeding and untreated food/water a_d lib. controls 

were also used. Barpress performance rates were measured 

under progressively increasing FR2-FR33 schedules. 

Acquisition rates were affected in a dose-dependent manner 

with 0% EDC male offspring displaying the highest rates, 11 

and 23% EDC offspring displaying intermediate rates and 35% 

EDC offspring consistantly performing at the lowest rates. 

Extinction schedule performance rates were also dose-

dependent and inversely proportional to the degree of 

ethanol exposure iji utero. 
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These behavioral findings generally suggest that 

prenatal alcohol exposure produces transient behavioral 

increases in activity (Randall, 1981; Martin et al., 1978a; 

Branchey & Friedhoff, 1976; Bond & DiGuisto, 1976, 1977a) 

and more permanent changes in learning (Abel, 1979b; Bond, 

1981; Bond & DiGuisto, 1977b, 1978). 

Animal Models of FAS 

The use of animal subjects as models bypasses many of 

the ethical problems associated with the use of human 

subjects and, consequently, is an invaluable research tool. 

Animal models allow the direct manipulation of the many 

confounding variables so prevalent in human studies, e.g., 

poor nutritional status, multidrug use, etc.. Control of 

the ethanol dose and ingestion pattern as well as a careful 

control of the environment and maternal rearing situations 

is also possible. The use of animal subjects also allows 

cross-generational and cross-species comparisons to test 

for genetic effects or influences. Finally, the direct and 

immediate examination of tissues and organs for biochemical 

or morphological damage associated with ethanol exposure is 

feasible using animal models. 

An expansion of the Fetal Alcohol Syndrome was 

proposed by Shaywitz et al. (1979) to include in the 

syndrome the learning and behavioral deficits now commonly 

found with the previously established cluster of 

physiological and morphological anomalies. Children 
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suffering from FAS frequently exhibit the ADD symptom 

complex (Attention Deficit Disorder) which includes 

hyperactivity, reduced attention span, poor attention 

abilities, impaired habituation, as well as cognitive and 

perceptual problems. Shaywitz tested the offspring of rats 

given ethanol during gestation for learning and 

developmental effects and concluded that FAS animals were 

developmentally retarded, hyperactive, and had avoidance 

learning deficits. He saw similarities between the changes 

in the animals and the problems experienced by the children 

of alcoholic mothers. 

Riley et al. (1980) have also proposed that passive 

avoidance and reversal learning experiments with rats may 

serve as a limited model of some aspects of the human FAS. 

He suggested that response inhibition deficits and a 

"propensity to perserverate on prepotent responses" are 

responsible for the hyperactivity pattern commonly observed 

in FAS children. As can be seen from the above, the 

deficit explanation of response inhibition suggested by 

animal research findings is consistent with the behavioral 

descriptions of FAS children (Streissguth et al., 1978a) 

and suggests hippocampal involvement, as similar deficits 

have been found in animals with bilateral hippocampal 

lesions. 
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Hippocampus 

Hippocampal Functions 

The hippocampus is a structure which receives input 

through the subiculum and discharges from the fornix. Both 

efferent and afferent pathways exist between the 

hippocampus and diencephalic and mesencephalic reticular 

formations making the hippocampus responsive to all modes 

of sensory input (Kimble, 1968; Guillery, 1965; Nauta, 

1963). Electrophysiological studies have reported 

inhibitory functions for the hippocampus, particularly the 

inhibition of sensory input as it ascends through the 

arousal system of the mesencephalon and diencephalon 

(Kimble, 1968; Adey, Segundo & Livingston, 1957). 

The hippocampus is biochemically and electrically 

active and therefore extremely sensitive to anoxia or 

exposure to teratogenic agents (Douglas, 1967). Klemm and 

his colleagues (1976a, b) demonstrated that direct alcohol 

exposure produced mixed excitatory and depressive effects 

on spontaneous neural recordings in the hippocampus. 

Several other studies assessing the effects of ethanol on 

spontaneous neural activity showed that the hippocampus and 

other associated limbic structures are primary target sites 

for ethanol actions (Klemm & Stevens, 1974; Klemm, et al., 

1976a, b). The hippocampus has generally been the earliest 

structure to respond with neural activity changes after 

ethanol exposure (Folger & Klemm, 1978). This study found 

^ 
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a two-fold increase in hippocampal neural thresholds after 

alcohol exposure for all afferent pathways studied. This 

finding clearly indicates ethanol depresses hippocampal 

responsivity and may be expected to similarly affect the 

fetal hippocampus during exposure iji utero where 

exposure is consistent throughout the entire gestation 

period. Since maternal alcohol blood concentrations 

produce relatively equal fetal blood concentrations for 

periods comparable to maternal alcohol clearance rates, one 

could hypothesize that alcohol's neural suppression effects 

on the fetal hippocampus may be both severe and prolonged 

when maternal alcohol ingestion occurs throughout 

gestation. 

Behavioral Characteristics of 
Hippocampal Lesions 

A good deal of hippocampal research was originally 

stimulated by reports from Scoville and Milner (1957) and 

Penfield and Milner (1958) who found that patients with 

bilateral hippocampal lesions suffered severe anterograde 

amnesia. Animal studies using hippocampal lesions have 

generally failed to support this finding. Animals with 

bilateral hippocampal lesions can apparently learn and 

remember quite well (Teitelbaum, 1964; Wickelgren & 

Isaacson, 1963; Raphelson, Isaacson & Douglas, 1966). In 

fact, rather than showing memory deficits, these animals 

appear to be unable to "forget" past experiences and 

persist in showing previously learned responses, even in 

^ 
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the presence of changed environmental conditions where 

these earlier responses are inappropriate. They are, in 

short, unable to "inhibit" old responses (Douglas, 1967; 

Kimble, 1968; Altman, Brunner & Boyer, 1973; Black, Nadel & 

O'Keefe, 1977). 

Characteristically, hippocampally damaged animals show 

no deficits in the acquisition of discrimination tasks 

(Teitelbaum, 1964; Webster & Voneida, 1964; Kimble, 1967; 

Douglas & Pribram, 1966; Kimble & Kimble, 1965), straight 

alley runway tasks (Wickelgren & Isaacson, 1963; Cogan, 

Posey & Reeves, 1976) or appetitive operant barpress 

responses (Clark & Isaacson, 1965; Schnaltz & Isaacson, 

1966; Peretz, 1965; Raphelson et al., 1966). Acquisition 

deficits however, have been found in maze learning 

(Hostetter & Thomas, 1967; Jarrard & Lewis, 1967; Kaada, 

Rasmussen & Kvein, 1961; Niki, 1966; Teitelbaum, 1964; 

Webster & Voneida, 1964), alternation tasks (Racine & 

Kimble, 1965; Gross, Chorover & Cohen, 1965; Pribram, 

Wilson & Conners, 1962; Rosvold & Szwarcbart, 1964), 

changing reinforcement schedules (Clark & Isaacson, 1965; 

Ellen & Wilson, 1963; Schnaltz & Isaacson, 1966) and in 

learning to inhibit responses in passive avoidance tasks 

(Isaacson & Wickelgren, 1962). Increased resistance to 

extinction for hippocampally damaged animals has been 

demonstrated in classical (Niki, 1965) and instrumental 

conditioning (Jarrard & Isaacson, 1965; Isaacson & 
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Wickelgren, 1962; Swanson & Isaacson, 1967; Douglas & 

Pribram, 1966; Niki, 1962, 1965). Hippocampally damaged 

subjects do not spontaneously alternate binary choices as 

readily as controls, but tend to perserverate on a 

particular option (Kirkby, Stein, Kimble & Kimble, 1967; 

Douglas & Isaacson, 1964; Roberts, Dember & Brodwick, 1962; 

Brunner, 1978). These animals then, may be conceptualized 

as being deficient in the inhibition of old responses in 

the face of a changed environmental contingency, even when 

these old responses are clearly inappropriate or 

detrimental. 

Behavioral Effects of Hippocampal 
Lesions and FAS Compared 

There is an increasing number of studies in the animal 

literature linking the effects of ethanol, for direct and 

prenatal exposure, with functional and structural neural 

damage to the hippocampus (Klemm & Stevens, 1974; Folger & 

Klemm, 1978; Walker et al. , 1980; Riley- & Walker, 1978; 

Montgomery, Pick, Ellis & Christian, 1979; West et al., 

1981; Abel et al., 1983; West & Hodges-Savola, 1983). 

Walker et al. (1980) found that chronic ethanol consumption 

of five months duration of a liquid diet containing 39% EDC 

resulted in a loss of neurons in the rat hippocampus and 

dentate gyrus. This study provided direct evidence that 

long term ethanol consumption, in the absence of 

malnutrition, produces neuronal loss in the central nervous 

system. Other studies with mice (Riley & Walker, 1978) and 
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primates (Montgomery et al., 1979) also support this 

conclusion . 

West et al. (1981) found that prenatal exposure to 

ethanol results in changes in mossy fiber topography in the 

hippocampus. These neural network changes persist into 

maturity. West concluded that the organization of the 

mossy fibers may play a physiologically significant role 

in the transfer of information from the entorhinal cortex 

to the hippocampus. Two similar studies on rats have 

recently reported "significant deficits in dendritic 

structure in the area of the hippocampus" (Abel et al., 

1983) and alterations in the organization of the mossy 

fiber system of the hippocampus (West & Hodges-Savola, 

1983). Since the human brain undergoes less postnatal 

development than the rat brain, alcohol exposure during 

gestation may be expected to yield greater degrees of 

neural damage in humans than in rats. 

The above findings suggest that ethanol's teratogenic 

effects on the neural network of the hippocampus in man may 

be responsible for the behavioral characteristics 

associated with the FAS. If this hypothesis is correct, 

then some behavioral anomalies displayed by hippocampally 

lesioned rats may be similar to those of FAS rats in those 

cases where hippocampal lesion sites match the area 

affected by jji utero exposure. Hippocampal neural 

changes associated with the FAS may not be neurally 
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equivalent to lesions produced by surgical., chemical or 

electrical means. Additional difficulties in clearly 

interpreting these data are presented by the intergrative 

role of the hippocamapus in the limbic system. The 

hippocampus, in the intact animal, is not an isolated 

neural structure. Other associated structures such as the 

amygdala and septum are neurally interconnected and known 

to be associated with the emotional behavior of animals. 

Neural damage to any one or all of these structures could 

also significantly alter learning or response patterns. 

Agonistic Behavior 

The purpose of this study was to further evaluate the 

inhibition deficit hypothesis and its relationship to the 

expression of agonistic behavior. A failure to inhibit 

aggression is one aspect of direct alcohol use. The 

possibility exists that prenatal alcohol exposure, and its 

associated hippocampal damage may produce permanent 

response inhibition deficits in the adult offspring. The 

reduced ability to withhold aggressive responses in certain 

situations may alter agonistic behavior patterns in these 

adults. Bennett, Buss and Carpenter (1969) postulated that 

agonistic behaviors are inhibited in normal situations, but 

that alcohol suppresses this inhibition and allows the 

expression of violent behavior. An implicit assumption of 

this theory is that humans are innately aggressive but have 

internalized social restraints such as guilt and fear of 



31 

consequences which prevent expression of aggressive 

tendencies. Alcohol depresses these restraints thereby 

allowing aggression to be expressed. Alcohol acts in a 

biphasic manner; initially it is excitatory, followed by 

depression (Jellinek & McFarland, 1940; Jellinek, 1954). 

When inhibitory anxieties or fears are repressed the result 

appears as a stimulation of spontaneous expressions of 

underlying feelings (Weiss, 1958). If alcohol can 

stimulate the expression of overt behavior by depressing 

inhibitions, by the same process, it may facilitate the 

expression of agonistic behaviors in situations involving 

conflict (i.e., competition) by depressing anxieties or 

fears. 

Effects of Alcohol on Anxiety, 
Conflict and Aggression 

Direct Effects 

Violence and alcohol use have a long history of 

association in humans. Koskeala (cited in Lagerspetz, 

1980) reported that 91% of all assaults recorded by police 

during 1973 in Tampere, Finland occurred with at least one 

party intoxicated. Alcohol has been reported to have a 

general aggression heightening effect (Taylor & Gammon, 

1976). However, not all investigators have agreed with 

this conclusion (Bennett et al., 1969; Lang, Goeckner, 

Adesso & Marlott, 1975). 

Only a relatively few controlled human studies have 

investigated the effects of alcohol on aggression. One 
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such study by Kalin, McClelland and Kahn (1965) used the 

Thematic Apperception Test to measure levels of anxiety, 

aggression and sexuality in subjects who drank at a party. 

They found that anxiety decreased while aggression and. 

sexuality increased when drinking was heavy. Greenberg and 

Carpenter (1957) measured anxiety after alcohol ingestion 

using the galvanic skin reflex and found evidence that 

alcohol tended to reduce anxiety. Korman, Knopf and Austin 

(1960) measured serial learning under stressful conditions 

with some subjects given alcohol and others serving as 

controls. They concluded that alcohol reduced the effects 

of stress on learning. Coopersmith (1964) concluded that 

alcohol reduced the degree of "defensiveness" exhibited by 

his subjects in responding to tachistoscopically presented 

affect-laden words. Takala, Pihkanen and Markkamen (1957) 

measured aggression by observation, inventory and 

projective tests during a group session where subjects were 

given beer and brandy. Results indicated that subjects 

drinking brandy were more aggressive then those drinking 

beer. Hetherington and Wray (1964) found an increase in 

the appreciation of aggressive cartoons by subjects given 

alcohol. They concluded that alcohol increased the 

appreciation of aggressive humor in subjects with a need 

for social approval. Studies using human subjects are 

difficult to interpret because the control of many 

potentially significant variables is difficult or 
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impossible. However, even accepting these limitations, the 

evidence that alcohol reduces anxiety and facilitates 

aggressive tendencies appears to be strong. 

A number of animal studies have addressed the effect 

of alcohol on conflicts, mostly of the approach-avoidance 

type. An experiment by Conger (1951) induced an 

approach-avoidance conflict in rats by shocking them in a 

situation in which an approach response had been learned. 

A measure of the strength of the approach or avoidance 

response was made by means of a specially constructed rat 

"harness" attached to a scale. Intraperitoneal injections 

of a 10% alcohol solution (1.5 ml/100 grams) produced a 

greatly reduced avoidance pull response while having little 

effect on the approach response. Conger concluded that 

alcohol reduced the level of fear in treated rats. Another 

study by Scarborough (1957) produced conflict anxiety by 

shocking rats engaged in an appetitive barpress task. The 

effects of alcohol on "anxiety" were measured by changes in 

the barpress rate in a situation where these responses had 

been previously associated with shock. He concluded that 

alcohol reduced "anxiety" in rats. A carefully controlled 

study by Freed (1967) shocked rats at the food containers 

in the goal box of a runway after previous approach 

training. He used two levels of food deprivation and shock 

along with three doses of intraperitoneally-injected 
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ethanol. He concluded that ethanol decreased approach-

avoidance conflict in rats. 

Other studies have reported equivocal findings. Smart 

(1965) demonstrated that alcohol treatments reduced the 

neurotic symptoms of "experimental neurosis," but concluded 

that it had little effect on conflict-induced behaviors. 

The effects of alcohol on extinction performance was 

studied by Barry, Wagner and Miller (1962) who reported 

that alcohol produced increased performance levels. They 

concluded that alcohol decreased the intensity of 

anticipatory frustration. 

Failure to find anxiety reduction in the presence of 

alcohol also appears in the literature. Murphee and Peters 

(1956) examined maladaptive stereotyped behaviors in rats 

and concluded that alcohol had no effect on changing these 

behaviors. McMurray and Jaques (1959) used conditioned 

escape responses to test the effect of ethanol injections. 

They reported ethanol had little effect on either escape or 

avoidance responses. Harris, Piccolino, Roback and Sommer 

(1964) reported no differences between an alcohol treated 

group and their controls in counterconditioning of 

avoidance responses. An experiment by Weiss (1958) failed 

to find any significant effects of alcohol on a conflict 

situation . 

To summerize, the weight of the evidence supports the 

role of alcohol in heightening aggression in humans 
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(Lagerspetz, 1980; Taylor & Gammon, 1976; Kalin, McClelland 

& Kahn, 1965; Pihkanen & Markkamen, 1957; Hetherington & 

Wray, 1964) and reducing "anxiety" in conflict situations 

in animals (Masserman, Jacques & Nicholson, 1945; Masserman 

& Yum, 1946; Masserman, 1962; Pawlowski, Denenberg & 

Zarrow, 1961; Ahlfors, 1957; Conger, 1951; Scarborough, 

1957; Hetherington & Wray, 1964). Others have failed to 

show any clear association (Bennet et al., 1969; Lang et 

al . , 1975). While the evidence remains somewhat equivocal, 

the weight of the evidence supports alcohol's role in 

heightening aggression. 

Prenatal Effects 

A study by Goodwin, Schulsinger, Hermansen, Guze and 

Winokur (1975) has provided evidence for a familial 

connection between alcoholism and violence. Goodwin 

studied antisocial tendencies in a sample of 130 male 

Danish adoptees. Adoptive parents were matched for 

socioeconomic class, psychopathology and drinking 

histories. Fourteen of the sample were classified as 

alcoholic and had childhood histories of hyperactivity and 

aggressive behaviors. The biological parents of ten of the 

fourteen alcoholics were alcoholics themselves, while there 

were no known alcoholics among the biological parents of 

the nonalcoholic adoptee sample. These results suggest 

that children with the hyperactive syndrome frequently have 

alcoholic parents. Goodwin concluded that the children of 
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alcoholics are more aggressive as children and adults and 

are more likely to become alcoholics than others. 

To date, only a few studies have investigated the 

possible relationship between prenatal alcohol exposure and 

adult agonistic behaviors in animals. Unfortunately these 

few studies have also yielded equivocal results. Elis and 

Krsiak (1975) rated gravid mice and their offspring for 

agonistic behaviors with conspecifics. FAS mice were rated 

significantly higher in aggression, measured by 

observations of agonistic acts and postures, then their 

untreated controls. A follow up study in the same 

laboratory (Krsiak, Elis, Psochlova & Masek, 1977) 

confirmed the previous findings that the adult offspring of 

dams treated with alcohol throughout gestation displayed 

higher levels of aggression and restlessness in social 

interactions compared to controls. These higher agonistic 

and activity behavioral levels were linked to decreased 

brain serotonin concentrations. Yanai and Ginsburg (1976) 

measured aggression in mice by frequency of attacks on 

crickets. Gravid females were given a 10% ETOH/water 

solution a_d_ lib. throughout gestation and for the first 

14 days postpartum. FAS mice were judged to be less 

aggressive than their untreated controls. Surrogate 

rearing or pair-fed controls were not incorporated in their 

design. Since gestational nutrition (Halas, Hanlon & 

Sandstead, 1975) and maternal behavior (Flandera & 
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Norakova, 1974) have been shown to have significant effects 

on aggressive behaviors in offspring, conclusions 

concerning the effect of prenatal alcohol on agonistic 

behavior must remain equivocal. Abel (cited in Abel, 1982) 

reported an unpublished study in which the offspring of 

mice ingesting alcohol showed decreased levels of 

aggression as measured by incidences of muricide. He 

placed two 60 day-old mice (one male + one female) in a 

cage with a male mouse (a non-littermate) for a 15 hour 

period. Survivors were tallied at the end of the test 

period. His study included pair-feeding and surrogate 

fostering procedures as well as a untreated food/water ad 

lib. control group to assess possible undernutrition 

effects. Only females showed significantly lower muricide 

rates compared to their untreated a_d_ lib. controls. 

All other group comparisons were not statistically 

different. However, 60 day-old mice are sexually mature 

and one could interpret the lower agonistic behaviors in 

the females as a result of courtship and mating (if in 

estrous) with the males present in the test cage. Such an 

obvious contaminating factor makes Abel's findings 

difficult to interpret. 

If the direct action of alcohol suppresses 

fear-motivated inhibitions and thereby facilitates the 

expression of aggression, prolonged exposure during fetal 

development may permanently produce these same behavioral 
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characteristics by altering hippocampal neural structures 

associated with response inhibition. It is possible 

therefore, that subjects exposed to alcohol prenatally may 

show increased levels of agonistic behavior in conflict 

situations due to their decreased ability to inhibit 

aggressive responses and/or reduced levels of fear or 

"anxiety." 

Induction and Measurement 
of Agonistic Behavior 

Agonistic Behavior Defined 

Since there are many definitions of aggression (Moyer, 

1976), it is important to operationally define this and 

other related terms. Moyer's (1968) analysis of aggression 

provides a suitable framework for this purpose as his 

"inter-male aggression" category operationally describes 

this study's competitive paradigm. Moyer classified and 

operationally defined seven categories of aggression. He 

suggested that the overall concept of aggression 

encompasses independent behavioral classes, and these 

behavioral classes may be observed within a single 

individual under different conditions. These independent 

behavioral categories can be distinguished from each other 

along three dimensions, (1) differences in the eliciting 

stimuli which evoke the aggressive response; (2) 

differences in behavioral patterning of the evoked 

aggressive response; and (3) differences in the neural 

sites which, when chemically or electrically stimulated. 



39 

evoke the aggressive response. Moyer's types of aggression 

are: predatory attack, inter-male aggression, fear-induced 

aggression, irritable aggression, territorial defense, 

maternal aggression and instrumental aggression. Agonistic 

behavior, as used here, refers to social aggression; 

defined as inter-male aggression and related behavior 

patterns or fighting elicited and maintained by members of 

the same gender and species. 

Induction Methods 

Left to themselves, laboratory rats housed in groups 

will occasionally engage in spontaneous agonistic 

behaviors. Observations of spontaneous agonistic 

encounters between rats have been found to yield reliable 

dominance heirarchies (Baenninger, 1966; Grant & Chance, 

1958). Early studies of dominance hierarchies in rats 

however, produced equivocal findings. Reports of Bruce 

(1941) and Seward (1945) suggested that dominance orders in 

rats had low reliability. A later study by Grant and 

Chance (1958) reported reliable dominance orders when group 

size was limited. They concluded that five per group was 

the upper limit to stable hierarchies in rats. 

In order to facilitate the study of social aggression 

a variety of methods and conditions for inducing agonistic 

interactions have been tried. These methods include: 

extinction (Azrin, Hutchinson & Hake 1966), isolation 

(Ginsburg & Alee, 1942; Janssen, Jageneau & Niemegeers 
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1960; Uyeno & White, 1967), classical conditioning of 

reflexive fighting (Creer, Hitzing & Schaeffer 1966), 

cerebral lesions (Brady & Nauta, 1953), electrical brain 

stimulation (Panksepp, 1971b; Flynn, Vanegas, Foote & 

Edwards, 1970; Clemente & Chase, 1973), adversive stimuli 

(Ulrich & Azrin, 1962), and others. 

A large number of studies using different animal 

subjects have implicated various brain structures in 

aggressive and fear-reactive behaviors. Several early 

studies have shown that the hypothalamus is associated with 

irritable and fear-induced aggression (Wheatly, 1944; Kling 

& Hutt, 1958; Yasukochi, 1960; Romaniuk, 1965). Irritable 

aggression is reduced by raising neural excitation 

thresholds (Schreiner & Kling, 1953) and predatory 

aggression is eliminated with bilateral amygdalectomy in 

cats and rats (Summers & Kaelber, 1962; Woods, 1956). This 

operation also reduces escape behavior tendencies and 

therefore fear-induced aggression (Schreiner & Kling, 1953, 

1956; Rosvold, Mirsky & Pribram, 1954; Karli, 1956; Woods, 

1956; Shealy & Peele, 1957). Moyer has concluded that 

irritable, fear-induced and predatory aggression are each 

controlled by specific amygdaloid nuclei (Moyer, 1968). 

The lateral hypothalamus, when stimulated electri

cally, has been shown to elicit predatory aggression in 

cats and rats with "remarkable reliability" (Wasman & 

Flynn, 1962; Panksepp, 1971a, b), while stimulation of the 
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medial region results in "rage" attack behaviors not 

related to the presence of prey. The thalamus appears to 

serve a modulating role with hypothalamic aggression, 

because predatory aggression produced by the electrical 

stimulation of the lateral hypothalamus may either be 

inhibited or facilitated by the simultaneous stimulation of 

medial and midline thalamic regions (MacDonnell & Flynn, 

1964, 1968). Other modulating brain structures implicated 

in predatory aggression include the hippocampus, midbrain 

reticular formation, olfactory bulbs, cingulate gyrus and 

the septum (Moyer, 1976). 

Another potentially relevant aspect of aggression and 

its associated neural structures concerns fear-induced 

aggression. This form of aggression is reduced.with 

lesions to the cingulate gyrus and total bilateral ablation 

of the amygdala (Schreiner & Kling, 1953, 1956; Rosvold et 

al., 1954; Karli, 1956; Woods, 1956; Shealy & Peele, 1957). 

Enhancement of fear-induced aggression occurs with the 

electrical stimulation of the hippocampus, hypothalamus, 

midbrain, septum and certain amygdaloid nuclei (Moyer, 

1968, 1976). 

Septal lesions have been shown to facilitate inter 

-male aggression in the hamster (Sodetz, Matalka & Bunnell, 

1967). Lesions to the midbrain reticular formation in the 

region of the inferior colliculus facilitate inter-male 

fighting in rats (Kesner & Keiser, 1973). 
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In general, as the sophistication of neuro-

physiological recording and lesioning techniques has 

increased, so have the number of identified brain sites 

associated with aggression. Many specific neural circuits 

have been linked with different types of aggression. Other 

brain structures have been found to have modulatory 

influences on these complex neural systems. Aggression 

circuits may be inhibited or facilitated by modulatory 

structure inputs while being "sensitized" at various times 

by endocrine system secretions. Very little is known of 

the neural substrates involved with intermale and 

fear-induced aggression in animals. This paucity of 

knowledge, coupled with the complexity of some of the 

better understood circuits, should recommend caution in 

attempts to link observed differences in inter-male 

agonistic behaviors with specific neural circuits without a 

firm neurophysiological basis. 

Competition for a limited necessity, such as food or 

water, has been one of the most commonly employed 

techniques to induce agonistic behaviors and assess pair 
« 

relationships in animal studies (Bruce, 1941; Uyeno, 1960; 

Rosen, 1961, 1964; Becker, 1965; Spigel, Trivett & Erases, 

1972; Zook & Adams, 1975; Miczek, 1974). Limited access 

studies employing paired comparisons offer two animal 

subjects an equal opportunity to obtain food in a 
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competitive situation in which only one animal can be 

successful. 

Operant Procedures 

The social behavior of animals is an area where 

relatively few investigators have attempted to use operant 

procedures to initiate and quantify interactions. An 

operant method that has been used to study social 

interaction in rat pairs was devised by Davis and Wheeler 

(1966) to assess reactions to different schedules of 

reinforcement. They trained rats under various combinatons 

of DRL and FR schedules in a two-lever Skinner box provided 

with a removable Plexiglas divider which seperated the 

chamber and levers into equal compartments. Throughout 

acquisition each rat was seperately confined to one 

compartment and lever. During testing the divider was 

removed and both rats allowed to interact. They found that 

?f C »T one rat (A) aggressed against the other (B) when "B' 

approached "A's" lever, in all pairs tested. The level of 

agonistic behavior expressed was a function of the amount 

of "free" time afforded to the rat by the specific 

reinforcement schedule. They concluded that ..."if 

potential eliciting factors (sex, weight, etc.) are held 

constant, traditional categories of social behavior may be 

brought under the same degree of experimental control that 

has been exercised over individual behavior by schedules of 

reinforcement." In a related study Gellert and Sparber 
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(1979) investigated the effects of chronic morphine use and 

withdrawal on agonistic behaviors in rat pairs induced by 

competition for control of a single lever and food source. 

A standard operant chamber was used where a barpress 

response produced a food pellet reward. "Initially, overt 

fighting occurred, but in 60% of the pairs it dissipated 

within several sessions, accompanied by the development of 

stable dominant-submissive responding hierarchies. 

Invariably, the dominant rat in the initial fighting bouts 

became the dominant responding rat." 

This experiment was designed to compare operant 

performances and agonistic behaviors in rats exposed to 

prenatal alcohol with the behavior of appropriate controls. 

There are a number of advantages in using competition for 

control of a lever (and consequently control of a source of 

food pellets) in an operant paradigm to investigate 

agonistic behaviors. (1) A reliable and stable barpress 

response rate baseline can be established prior to 

introducing any postnatal treatments (i.e., competition) 

which allows individuals to be equated for trainability; 

(2) the effects of prenatal treatment on operant learning 

(barpress response acquisition) can be assessed, 

independent of any possible paired competition effects; (3) 

rats can be identified as either dominant or subordinate in 

a paired hierarchy by a simple comparison of barpress 

response rates; (4) traditionally, operant barpress 
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performance on a fixed-ratio schedule has been found to be 

highly reliable and stable for individual subjects. This 

characteristic reduces individual variation and therefore 

increases statistical reliability; (5) operant behavior on 

a partial reinforcement (PR) schedule during extinction is 

likely to be sensitive to small changes in response 

inhibition previously found to be associated with fetal 

alcohol exposure; (6) operant procedures are more objective 

and quantifiable than many other methods of assessing 

agonistic behavior. 

General Rationale 

The hippocampus has been found to be highly sensitive 

to the effects of alcohol (Douglas, 1967; Klemm & Stevens, 

1974; Klemm et al., 1976a, b; Folger & Klemm, 1978). 

Neurophysiological recordings taken from five hippocampal 

layers (i.e., pyramidal, molecular (hippocampus), stratum 

oriens, molecular (dentate) and granule cell) of both 

elicited and spontaneous neural activity show prompt and 

significant changes with ethanol exposure resulting in a 

decrease in overall hippocampal responsivity (Klemm & 

Stevens, 1974; Klemm et al., 1976a, b; Folger & Klemm, 

1978). Quite recently, several investigators have found 

that prenatal alcohol exposure in rats profoundly altered 

the neural structure of the hippocampus and that these 

neural anomalies persisted into adulthood (Walker et al., 

1980; West et al., 1981; Abel et al., 1983; West & Savola, 
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1983). Earlier research demonstrated that response 

inhibition may be a behavioral function of the hippocampus 

in rats (Kimble, 1968; Adey et al., 1957; Douglas & 

Pribram, 1966; Douglas, 1967). In 1983 Abel established a 

direct link between hippocampal damage and response 

inhibition deficits in individual FAS rats. 

Thus, the evidence is quite strong linking the FAS 

with deficits in response inhibiton (Bond, 1981; Riley et 

al. , 1980; Cohen, Cogan & Jones, 1983; Shaywitz et al., 

1979) and, while the evidence is more equivocal, FAS 

animals have also been associated with greater levels of 

agonistic behavior in social situations (Elias & Krsiak, 

1975; Krsiak et al., 1977). Since competition for food has 

proven to be a reliable method for inducing agonistic 

behaviors in rats and FAS produces hippocampal damage which 

has been linked to inhibition deficits, it is reasonable to 

hypothesize that FAS subjects may show increased agonistic 

behaviors in this type of competitive situation. 

This study was designed to assess the effects of 

gestational alcohol on agonistic behavior and on the 

acquisition, extinction and spontaneous recovery of an 

operant response. Two specific predictions were made: 

If fetal alcohol exposure reduces inhibition, (1) a 

greater proportion of FAS animals will be dominant 

compared to controls and, (2) FAS animals will show a 

oreater resistance to extinction compared to controls. 
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The effects of gestational alcohol exposure on 

learning were evaluated by comparing operant acquisition 

rates and asymptotic performance levels with prenatal 

treatments. Other comparisons were made to determine the 

effects of competition, prenatal alcohol exposure and 

inter-male dominance on reacquisition, extinction and 

spontaneous recovery 



CHAPTER II 

METHODS AND PROCEDURES 

The offspring of female rats fed a liquid diet 

containing ethanol throughout gestation were compared with 

two groups: the offspring of Pair-fed rats fed an 

isocaloric diet without ethanol and the offspring of 

free-feeding untreated controls. All adult offspring were 

operantly trained to barpress in a standard Skinner operant 

chamber on progressively increased fixed-ratio (FR) 

reinforcement schedules. One-half of the subjects were 

placed in a paired direct-competition situation for control 

of a single operant lever and food source. The other half 

of the subjects served as non-competition controls. After 

the competition phase, individual subjects were tested for 

operant performance changes during reacquisition, 

extinction and spontaneous recovery. 

Treatment of the Dams 

Sprague-Dawley rats (40 males and 100 females) 

obtained from the Holtzman Animal Laboratories, Madison, 

Wisconsin, were used to breed the subjects for this 

experiment. Breeding procedures were started when the 

nulliparous female rats were 75 days old. 

Breeders were housed in plastic maternity cages with 

wire lids (24cm x 46cm x 20cm) fitted with a 12mm mesh 

hardware wire floor. Bedding paper backed with 

polyethelene plastic sheeting was placed under the wire 

48 
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cage floors to facilitate visual identification of expelled 

vaginal plugs. Each female was paired with a male for 

breeding, with the pair remaining together until conception 

occured. Conception dates were established by the presence 

of a copulatory plug. The cage floor was examined every 

twelve hours for the presence of an expelled vaginal plug. 

The first day of gestation was defined to have begun on the 

day the vaginal plug was found. 

Gravid females were placed in individual plastic cages 

with wood shaving bedding and placed in randomly assigned 

cage rack levels. This housing arrangement was maintained 

in a animal colony room on a twelve-hour light-dark cycle 

and examined for litters twice daily, at 0900 hours and 

2100 hours. The pups were considered newborn when found, 

yielding a 0-12 hour variability in age. 

Ethanol Administration 

After conception, gravid rats were randomly assigned 

to one of three groups; Experimental (10 females). 

Untreated (30 females), and Pair-Fed Control (10 females). 

Rats in the experimental condition received a liquid diet 

of Sustacal (Mead Johnson) with 12 1/2% (v/v) ethanol added 

resulting in a solution yielding 43% EDC (Veal & Myers, 

1968) and tap water a_d lib. . Pair-fed control females 

were maintained on an isocaloric diet of Sustacal + sucrose 

and tap water a_d_ lib. . Untreated foster group females 
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were maintained on standard Purina rat chow and tap water 

available a^ lib.. 

Two control procedures were employed to minimize 

confounding of nutritional differences and possible 

teratogenic effects of alcohol ingestion or exposure (Abel, 

1980); pair-feeding and untreated free feeding controls. 

Pair-feeding procedures insured that the caloric intake of 

alcohol fed dams was equated with a yoked control dam which 

received an isocaloric solution of liquid food with sucrose 

substituted for the alcohol. The control animals received 

their yoked amount on the corresponding gestation day. The 

untreated free feeding control procedure provided another 

group of dams with ad lib. food and water. These 

animals were used to evaluate possible effects of 

restricted caloric intake which may have occured in alcohol 

and pair-fed dams. The ingestion of alcohol reduces food 

consumption (Abel & Dintcheff, 1978). A simple reduction 

in food intake can readily be controlled for by yoked 

pair-feeding procedures. However, there are indications 

that alcohol may affect gut absorption (Barone, Pirola & 

Liebes, 1974) and placental transport (Wunderlich, Baliga & 

Murro, 1979) of nutrients. No effective procedures have 

been suggested to control for these factors. Therefore, 

selective malnutrition and/or undernutrition may be an 

unavoidable confounding variable in alcohol studies. 
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All liquid diets were based on Sustacal stock solution 

(1 cal/ml) prepared by adding water to 27.1 grams of 

Sustacal powder (3.69 calories/gram) to yield 100 

milliliters of solution. This stock solution was mixed 

with either ethanol (given to experimental group females) 

or sucrose (given to pair-fed control group females). The 

addition of ethanol (95%) was completed immediately prior 

to feeding time to minimize evaporation and insure equal 

solution concentrations. The Sustacal/sucrose solution was 

isocalorically adjusted to the Sustacal/ethanol solution 

for isovolumetric pair-feeding. Sustacal solutions were 

prepared in bulk every three days and stored under 

refrigeration to preserve freshness. Pair-fed controls 

were taken off their liquid diet on equivalent gestation 

days to maintain nutritional parity with their experimental 

group counterparts. 

All gravid females v/ere weighed on days 1,8, and 15 

during gestation and immediately after parturition. 

Records were maintained of all weights and liquid food 

consumption for later analysis. 

An additional subsample of gravid dams (N=4) in the 

experimental group was used solely for blood samples (i.e., 

offspring of these dams were not used in the present 

study). Blood samples were drawn from these experimental 

group dams on gestation days 1,8,15 and 20. Blood was 

drawn from a cut tail vein in 75 microliter heparinized 
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capillary tubes and analyzed for alcohol concentrations by 

the fluorometric method of Perez, Cicero and Bahn (1971). 

Surrogate rearing was used to control for possible 

maternal rearing factors and postnatal effects on offspring 

behavior in this study. Surrogate rearing of prenatally 

treated pups has been used in previous studies to prevent 

such detrimental maternal care effects as slower pup 

retrieval, higher rates of cannibalism and reduced 

lactation levels (Abel, 1974, 1978; Bond, 1979; DaSilva, 

Ribeiro & Masur, 1980). This procedure has also been used 

in this study to minimize any effects of alcohol withdrawal 

induced changes in maternal behavior on the behavior of the 

offspring. 

Rat litters are commonly culled at birth to equalize 

litter size for all dams and insure equal maternal 

attention and nursing. A potential problem exists in the 

selection of pups. If only the largest, fittest pups are 

kept, a bias towards no treatment effect may occur. If the 

smallest, weakest pups are retained, results may be biased 

toward the treatment effect or a high postnatal mortality 

rate may limit results. Within-sex random culling of 

newborn litters to a specific number for fostering, was 

used in this study to minimize these problems (Seitz, 

1954). 

At parturition all experimental and pair-fed group 

litters were weighed. Pups were sexed and randomly culled 
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to insure that each litter contained four males. Each 

litter was then given to an untreated foster dam which had 

given birth within the previous 48 hours. A total of 80 

offspring were tested following the procedures described 

below. 

Treatment of the Subjects 

Eighty male offspring (150-180 days of age) of the 

experimental, pair-fed and untreated dams already described 

served as subjects. Two males from each litter were used, 

with littermates split and assigned to the competition and 

non-competition treatment conditions. 

All animals were weaned at 21 days of age and housed 

in randomly assigned cage rack levels in separate stainless 

steel cages (35cm x 35cm x 49cm) and maintained on standard 

Purina laboratory rat chow and tap water a^ lib. until 

10 days prior to behavioral testing. Constant environ

mental colony conditions of 21 degrees centrigrade and a 12 

hour light-dark cycle was maintained. 

Ten days prior to testing all rats were weighed and 

placed on a reduced a^ lib. food schedule until 85% of 

their initial free-feeding weight was reached. These 

reduced weights were maintained during the behavioral 

testing phase. All subjects were weighed every second day. 

Both earned operant chamber food pellets and home cage rat 

chow were included in establishing the total daily food 
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available. Water was available a_d_ lib. in home cages 

at all times. 

Apparatus 

All behavioral testing took place in either a single 

or double-sided compartment of an operant testing chamber 

equipped with a clear center Plexiglas partition containing 

several ventilation holes (Fig. 1). Each operant test 

chamber was equipped with a single 28 volt light source and 

a retractable response lever unit (activated by a weight of 

eight grams) with an attached food pellet hopper. This 

operant chamber was housed in a sound insulated enclosure. 

Chamber enclosures were equipped with an overhead 28 volt 

light source and ventilation fan. All reinforcement 

schedules for automatic food pellet delivery were 

programmed and recorded by standard operant programming 

equipment located in a nearby room. A white-noise 

generator was used to produce a steady background noise in 

the enclosure chamber to mask extraneous sounds during 

testing sessions. The insulated enclosure was also 

equipped with a viewing peephole to provide a clear view of 

the operant chamber compartments and response lever areas 

for observation and video taping. 

Behavioral Testing Procedures 

The pretraining phase consisted of operant chamber 

familiarization sessions and magazine training. Each 

subject was placed in the single operant chamber 
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compartment (partition in place) separately for one 

10-minute period daily on two successive days. Following 

the second familization period, magazine training was 

conducted. The subject was shaped to go to the food hopper 

for reinforcements. Food pellets were delivered by remote 

activation of the operant chamber magazine whenever the 

subject's physical orientation facilitated an association 

between pellet delivery and magazine activation. This 

training continued until 9 of 10 successive pellet 

deliveries produced approach behavior culminating in the 

consumption of the food pellets. The response lever unit 

was present during magazine training but not connected to 

the food pellet delivery apparatus. Barpress behavior 

shaping began following successful magazine training and 

consisted of the standard successive approximation behavior 

shaping procedure. Behavior shaping continued until the 

barpressing response rate reached asymptote. Barpress 

response levels were considered asymptotic when the 

response rate peaked and stabilized (remained within 80% of 

peak rate for two consecutive acquisition trials). 

All subjects were handled equally throughout to 

control for any possible effects due to handling 

differences. 

Test Period A. Unpaired Acquisitions: Initial 

acquisition conditioning started with a CRF reinforcement 

schedule. Daily 30-minute acquisition conditioning 
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sessions continued with progressive reinforcement schedule 

changes (from CRF to FR-20) until a stable response rate 

was achieved (Fig. 2, Test Period A). All acquisition 

conditioning sessions took place in a single chamber 

compartment with the adjacent compartment empty. At the 

close of the daily conditioning session, subjects were 

returned to their home cage for feeding. Cumulative 

barpress and reinforcement records were maintained for all 

subjects during acquisition training for later analysis. 

Pair Selection and Treatment 
Group Comparisons 

Agonistic behaviors were induced in this study by 

limiting access to an operant chamber response lever and 

food source in previously trained, matched rat pairs. The 

emergence of stable rat pair hierarchies, measured by 

response lever control,, provided information on possible 

relationships between agonistic behavior, operant 

performance and prenatal alcohol exposure. By the design 

of the test chamber, the dominant animal "won" food pellets 

and consequently was reinforced to the same degree as its 

level of dominance over its competition pair-mate. 

Conversely, the subordinate animal in this situation 

received no reinforcement. This does not constitute an 

extinction trial because the subordinate animal was 

prevented from performing the antecedent operant responses 

associated with the food reward. 
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Learning paradigms involving food as the only 

motivator and reinforcer should also take into account the 

possibility that the reinforcement value of a food reward 

may be greater for one .group than another, especially if 

one treatment group is smaller in size than the other by 

the nature of the experimental treatment (e.g., prenatal 

alcohol exposure often produces smaller, lighter offspring 

compared to pair-fed controls). In this experiment 

subjects in paired competition were matched for weight 

prior to behavioral testing to minimize this possibility. 

All competitive subject pairs were also matched for 

gender, maternal rearing, homecage environment and 

handling. Asymptotic barpress performances (on a FR-20 

schedule), acquisition rates (i.e., trials to criteria), 

and body weights were matched within 10%. 

One-half of all competitive pairs consisted of a FAS 

subject against an Untreated control subject. This 

comparison was used to test for possible effects of fetal 

alcohol exposure on adult dominant/subordinate barpress 

response rates. 

The remaining half of the competitive pairs consisted 

of a Pair-fed control subject against an Untreated control 

subject. This comparison was used to test for possible 

nutritional differences between the offspring of pair-fed 

and untreated dams. This comparison allowed the assessment 
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of adult dominant/subordinate barpress response rates 

independent of iji utero alcohol exposure. 

Test Period Bl. Paired Non-Competitive 

Reinforcement: This test period consisted of placing two 

subjects in adjacent chamber compartments (partition in 

place) and recording their individual operant lever 

response rates, i.e., barpresses per minute (Fig. 2, Bl). 

Subjects remained in this test period until asymptote was 

reached and maintained for 10 minutes. This procedure 

controlled for any possible visual or pheromone influences 

(Mackintosh & Grant, 1966) on the performance of one rat in 

the presence of another, independent of competition (the 

partition prevented direct competition). A FR-20 

reinforcement schedule was maintained during this 

procedure. 

Test Period B2. Paired Competitive Reinforcement: 

This test period consisted of placing two subjects in the 

double-sided operant chamber (center partition removed) 

with one response lever and food hopper (Fig. 2, B2). The 

double-sided test chamber was necessary to maintain equal 

floor space for each rat, as reduced floor space (i.e., 

crowding) has been shown to increase agonistic behavior 

(Calhoun, 1962). The single'response lever and adjacent 

food hopper insured that only one rat could control the 

lever and food hopper at a time. Rat pairs (individually 

marked for visual identification) were observed on a video 
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monitor during this phase. The number of barpresses and 

reinforcements dispensed were "credited" to individual rats 

during each session for later analysis. 

To prevent any possible differential homecage 

advantage accrueing to one of the competing rats during 

this test period, a counterbalanced alternation procedure 

was followed during familiarization, magazine and 

acquisition training periods. Each rat was trained in both 

operant chamber compartments by alternating compartment 

assignments throughout all trials (ABAB...)(see Fig. 1). 

This procedure insured that each rat was equally exposed to 

both operant compartments throughout all training before 

competition, thereby preventing any possible compartment 

inequalities . 

A regular FR-20 reinforcement schedule was maintained 

throughout this test period with automatic equipment 

recording cumulative number of barpresses and food pellets 

dispensed. Subjects remained in this testing period until 

either a total of 50 reinforcements were dispensed for both 

rats or 30 minutes had passed, whichever occured first. 

Test Periods CI and C2. Unpaired Reinforcement: 

These test periods consisted of placing each subject (of a 

pair) separately into a single operant compartment 

(partition in place) with the adjacent compartment empty 

(Fig. 2, CI & C2). Barpress performance and the number of 

food pellets consumed on the FR-20 reinforcement schedule 



62 

was recorded. The rat that controlled the response lever 

for the majority of reinforcements dispensed during paired 

competition was operationally defined as the dominant-

responding rat. This period was therefore necessary for 

the subordinate rat to reestablish its individual unpaired 

barpress performance level. This test period also allowed 

an assessment of competition effects on the reacquisition 

of the barpress response by both rats. 

Test Periods Dl and D2. Unpaired Extinction: 

These test periods consisted of placing each subject (of a 

pair) separately into a single operant compartment 

(partition in place) with the adjacent compartment empty 

(Fig. 2, Dl & D2). Barpress performance on a 

non-reinforcement schedule was recorded. This procedure 

allowed an assessment of competition effects on the 

barpress response during extinction. 

Test Periods El and E2. Spontaneous Recovery: 

These test periods consisted of placing each subject of a 

pair separately into a single operant compartment with the 

adjacent compartment empty (Fig. 2, El & E2) after a 20 

minute home-cage rest interval after the end of the 

extinction period. Barpress performance on a 

non-reinforcement schedule was recorded. This procedure 

allowed an assessment of spontaneous recovery after 

ex tinction for both rats. 
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The entire behavioral testing sequence shown in Fig. 2 

consisted of five successive test periods. Unpaired 

acquisition training (Test period A) consisted of daily 30 

minute (maximum) sessions until asymptote criteria was 

reached. Paired non-competition and competition 

reinforcement training (Test periods Bl & B2) consisted of 

a single 30 minute session or a session which ended when 50 

reinforcements were dispensed. Unpaired reinforcement 

retesting (Test periods CI & C2) was continuous with the 

unpaired extinction session (Test period Dl), with the 

extinction schedule immediately following CI and C2 

asymptote. The entire continuous sequence (Test periods CI 

and C2—>D) was 15 minutes in duration. An inter-test rest 

interval of 20 minutes was given between the continuous 

test period (CI & C2—>D) and the Spontaneous Recovery test 

period (E), during which the subjects were returned to 

their respective home cages. Spontaneous Recovery (Test 

period E) was tested immediately following the 20 minute 

home-cage rest interval and limited to 15 minutes in 

duration . 

Evaluation Criteria of Dominant 
Responding Rat 

Agonistic interactions during a competitive barpress 

situation must alter the barpress performance of the 

submissive rat and may alter the performance of the 

dominant-responding rat as well. Gellert and Sparber 

(1979) demonstrated in a similar situation that, "the 
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dominant rat typically emitted 98-100% of the total 

barpress responses each session and ate all of the food 

pellets it earned." Paired competition hierarchies in this 

experiment were considered stable if one rat (defined here 

as the dominant-responding rat) maintained control of the 

response lever for a majority of the total reinforcements 

dispensed during the paired competition period. 

Statistical Analysis 

Using a rodent model presents some unique problems in 

the analysis of data. Some dependent measures may exhibit 

high littermate correlations and, consequently, require 

special statistical procedures to prevent inflated 

treatment effects. In general, pups tend to be more like 

their littermates than non-littermates in terms of 

physiology. Abbey and Howard (1973) have shown that 

neonate body weights tend to be more similar among 

littermates than among non-littermates. Statistical 

analysis of certain dependent measures based on individual 

scores will, therefore, tend to overestimate treatment 

effects. It has been suggested that entire litters should 

be the unit of analysis or that no litter be represented 

more than once in each condition. The dependent measures 

most prone to intralitter effects tend to be those closely 

linked to physiological processes where genetic influences 

are important. Dependent measures which display high 

individual variability and are less closely linked to 
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genetic influences, i.e., learning behaviors, frequently 

fail to show any significant intralitter effects (Teicher, 

Pearson, Shaywitz & Cohen, 1981; Cogan, Cohen & Sparkman 

1983b). Intralitter effects should pose no major problems 

in the present study as littermates were split and assigned 

to different treatment groups. 



CHAPTER III 

RESULTS 

Overall data analyses were by univariate Randomized-

Groups and Split-Plot factorial ANOVA with repeated 

measures. The operant barpress rate (BP/M) was defined as 

the mean number of barpress responses per minute and was 

used as the primary dependent measure. Barpress rates for 

acquisition, asymptotic performance, competition, 

retesting, extinction and spontaneous recovery phases were 

analyzed for treatment differences. Three treatment 

variables were examined: iji utero treatment (alcohol 

[ALC], pair-fed [PF ] and untreated [UNT]), competition 

treatment (competition and non-competition conditions) and 

competitive status at two levels (dominant [DOM] and 

subordinate [SUBJ). 

Additionally, a PRE-POST experimental design with 

repeated measures (using each subject as its own control) 

was used to assess the effects of competition on operant 

performance. This was possible because appetitive operant 

barpress rates on FR schedules are extremely stable at 

asymptotic levels (Tarpy, 1975). 

The number of food pellet reinforcements dispensed 

during the paired competition condition was tested for 

consistent differences between subjects by the Student's t 

test procedure. Subjects with the higher number of 

reinforcements were designated as the dominant-responding 
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(DOM) subject of that pair. This allowed for comparisons 

of operant performance between DOM and SUB subjects during 

the retesting, extinction and spontaneous recovery phases. 

The relationship between competitive status (DOM/SUB) and 

in utero treatment was also examined. 

Physical Characteristics 

Analysis of blood samples drawn from alcohol-fed dams 

at the 8th, 15th and 20th days of gestation for ETOH 

concentrations averaged 8.71 mM (humans with 17.15 mM [0.1 

% v/vj BAG are concidered legally intoxicated in most 

states). Blood plasma-ETOH concentrations were not 

reliably different during the three trimesters 

(F[2,9]=1.597, p=n.s., [Table 1]). 

The analysis of neonatal physical parameters consisted 

of several planned comparisons between the ALC and PF 

treatment groups. A Student's t test procedure was used 

for these a_ priori contrasts. Individual comparisons 

served as the conceptual unit for alpha level because 

multiple t ratios with a large number of degrees of freedom 

for the mean square (error) can be regarded as independent 

(Kirk, 1968). 

No reliable maternal weight gain differences 

(gestation days 0-15) were found between the alcohol-fed 

dams and their yoked pair-fed controls, (t[20 ] = 1.207, 

p=n.s.). The offspring of alcohol-fed dams averaged higher 

birth-weights (X ALC pup wt.=6.6 g.) than offspring of 



TABLE 1: Blood Plasma-ETOH Concentration 
by Gestation Period. 

Gestation Blood Plasma-
Day ETOH mM S.D 

8th 4.26 4.41 

15th 7.94 9.03 

20th 14.03 9.23 

Gest. X 8.71 8.30 
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pair-fed control dams (X PF pup wt.=6.3 g.), (t[29 ] = 2.202, 

p<.025). Litter size also appeared to be influenced by 

in utero treatment, with the alcohol-fed dams producing 

reliably fewer pups per litter than the pair-fed dams (ALC 

litter X= 12.33 pups; PF litter X= 14.25 pups, 

(t[29 ] = 1.944 , p<.05). The mean gestational period for 

alcohol-fed dams was reliably longer (+0.55 days) than the 

mean gestational period of the control dams, (t[24 ] = 2.746, 

p=.0109). 

No reliable differences in either birth mortality or 

neonatal mortality were found between ALC and PF pups, 

(t[25J=.360, p=n.s.; t[21]=.407, p=n.s.). No reliable 

differences in neonatal weight-gain (birth->weaning [@20 

days]) were found between the ALC and PF offspring, 

(t[11] = .330, p = n.s. ). 

Acquisition 

The overall analysis of the effects of dji utero 

treatment on the acquisition of an operant barpress 

response was carried out using a randomized-groups ANOVA 

with repeated measures. Results of this analysis showed 

that the offspring of rats receiving alcohol (ALC) during 

gestation were slower to learn than controls (F[2,77J=4.49, 

p<.05). Asymptotic performance levels at FR20 were also 

reliably different as a function of dji utero treatment 

(F[2,77]=5.569, p=.005), with ALC subjects showing the 

lowest asymptotic levels (ALC=19.7 BP/M; PF=29.3 BP/M; 
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UNT=22.0 BP/M). ALC subjects showed the lowest performance 

rate when compared with PF subjects for the entire 

acquisition phase (CRF->FR20 transitions schedule) 

(ALC=14.8 BP/M; PF=20.1 BP/M)(Fig. 3). All in utero 

treatment groups (ALC, PF & UNT) improved their operant 

performance as a function of practice, (F[26,2002]=16.27, 

p<.01). Analyses of the effects of ±T}_ utero treatment 

(ALC vs. PF) on acquisition performances were by F test 

w ith repeated measures (trials [1 trial=l minute]). A 

reliable interaction was found between ±n_ utero 

treatment and trials for the CRF reinforcement schedule 

during the acquisition phase (F[1,38]=21.974, p<.001) 

indicating that while PF subjects increased their 

performance levels during the CRF phase, ALC subjects 

decreased their performances to approximately the same 

degree as a function of reinforcement schedule (Fig. 3). 

No reliable interaction effects were found for the FR2, 

FR5, FRIO and FR20 schedules during the acquisition phase. 

Individual planned comparisons were conducted using an 

independent samples t test procedure. An examination of 

barpress performance differences between ALC and PF rats 

during the continuous (CRF) and partial reinforcement 

schedules (FR2->FR20) showed similar performance levels 

during acquisition under the CRF schedule (t[38]=.051, 

p=n.s.), but reliably different performance levels during 

the partial reinforcement schedule transitions 
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(t[48]=4.242, p=<.001). ALC rats acquired the operant 

barpress response, under the FR2->FR20 acquisition 

schedule, at a slower rate (15.7 BP/M) than the PF rats 

(22.3 BP/M, Fig. 3). 

A comparison of the acquisition rates of PF and UNT 

controls showed no reliable differences, (t[58J=1.96, 

p=n.s.). 

Competition Treatment 

The effects of the competition and ±n_ utero 

treatments on operant performance levels were assessed by 

Split-Plot factorial ANOVA analysis with repeated measures 

(trials) (2x3x3). Overall, it was found that exposure to 

competition for food (in the limited access situation) 

resulted in statistically reliable changes in operant 

performance levels, (F[1,74]=29.86, p<.001). All rats, 

regardless of dji utero treatment, displayed a large 

decrease in asymptotic operant performance levels (@ FR20) 

while in the paired competitive situation, compared to 

their pre-competition levels and non-competition controls 

(Table 2). Rats chambered in pairs but prevented from 

competing for food continued to perform at their previous 

asymptotic levels. 

Prenatal treatment itself had no consistent effects on 

asymptotic performance levels during the competition phase, 

(F[2,74]=0.130, p=n.s.), however, a covariate analysis 

using aquisition asymptote performance as a covariate 
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TABLE 2: Competition Phase Performance: Pre 
competition. Competition and Non
competition Conditions by Prenatal 
Treatment. 

^Pre-compet __ Compet _ Non-Compet 
X BP/M S.D. X BP/M S.D. X BP/M S.D. 

ALC 19.7(c) 12.7 12.2(a,d) 12.4 25.7(a,e) 24.1 
Prenatal 
Treatment 

PF 29.3(c) 15.6 7.3(b,d) 7.7 28.7(b,e) 16.2 

(a,c)= p<.01 (b)= p<.001 (d,e)= p=n.s. 

note: specific comparisons are indicated by the same letter 
(i.e., a :a) 
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factor showed a reliable interaction effect between 

prenatal treatments and competition status, (F[1,14]=6.08, 

p=.026), indicating that the dominant status of the subject 

is influenced by its prenatal treatment; ALC/DOM subjects 

perform at higher levels than PF/DOM subjects, while PF/SUB 

subjects perform at higher levels than ALC/SUB subjects 

(Fig. 4). 

All subjects increased operant performance levels 

across trials during the competition phase, (F[2,72]=8.09, 

p<.001), with subjects undergoing direct competition at the 

lowest performance levels for all trials (Fig. 5). Also, a 

statistically reliable interaction effect was found between 

competition treatments and trials, regardless of prenatal 

treatment, (F[2,148 ] = 3.20, p<.04). 

A_ priori contrasts were made using the independent 

samples t test procedure. Pre-competition and paired 

non-competition asymptotic performances were approximately 

equal for both ALC and PF subjects, indicating there were 

no reliable differences in operant performance merely due 

to the presence of another rat, (t[118 ] = 1.19, p = n.s.). 

A comparison of the ALC and PF subjects performances 

during competition failed to show any reliable difference, 

(t[58]=1.86, p=n.s.). 

Extinction 

Overall analysis of the extinction phase was by 

Split-Plot ANOVA with repeated measures (trials) (2x3x7). 
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Neither competition or prenatal treatments produced 

consistent effects on operant performance during 

extinction, (F[1,74]=1.32, p=n.s; F[2,74]=0.18, p=n.s.). 

Two additional split-plot ANOVAs using competition phase 

and acquisition asymptotic performances as covariate 

factors also failed to show any reliable prenatal treatment 

effects on extinction performance, (F[1,14]=0.08, p=n.s.; 

F[1,14]=0.05, p=n.s.). All groups displayed decreased 

operant performance levels across trials during extinction, 

(F[6,444]=21.60, p<.001). Also, a reliable interaction 

effect was found between the competition treatments and 

trials, (F[6,4441=2.47, p<.05 [Fig. 6]). 

Planned comparisons were made by the independent 

samples t test procedure. These analyses showed that the 

operant performance of the PF group was reliably lower 

during the later extinction trials (trials 5,6 &7) as a 

function of direct competition (direct competition subjects 

had lower performance levels compared with non-competition 

controls), (t[58]=-2.665, p=.009 [Fig. 6]). The ALC 

prenatal treatment group failed to display these 

competition treatment differences during the same 

extinction trials (t[58 ]=-.469, p = n.s.). 

Spontaneous Recovery 

The spontaneous recovery phase was also analyzed by 

Split-Plot ANOVA with repeated measures (2x3x12). A 

reliable trials effect was found during the non-reinforced 
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spontaneous recovery phase (F[11,814]=6.24, p<.001), with 

all groups showing initially high operant performance 

levels during the first trial followed by declines in 

performance during subsequent trials. No reliable 

differences were found, however, between ALC and control 

subjects (PF, UNT) in performance during spontaneous 

recovery, (F[2,74]=1.24, p=n.s.). Covariate ANOVA analyses 

using competition phase and acquisition asymptote 

performances as covariate factors also failed to establish 

any consistant prenatal treatment effects on spontaneous 

recovery performance, (F[1,14] = 1.90, p = n.s.; F[1,14] = 2 . 73 , 

p = n . s . ) . 

Subjects previously exposed to direct competition 

displayed lower operant performance levels than 

non-competition subjects during spontaneous recovery, 

(F[l,74]=6.27, p=.01, [Fig. 7]). 

Planned comparisons were made with the independent 

samples t test procedure. A comparison of the 

ALC/competition and ALC/non-competition subjects showed no 

reliable differences during spontaneous recovery, 

(t[238]=1.87, p=n.s.). Reliable differences between PF 

subjects however, were found, (t[238]=2.62, p<.01). PF 

subjects previously exposed to direct competition had 

consistently lower performance levels when compared with 

non-competition subjects (PF/competition = 10.3 BP/M; 

PF/non-competition = 13.1 BP/M). The effects of jji 
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utero and competition treatments on spontaneous recovery 

performance were also reliable (t[238 ] = 2.00, p<.05) and 

indicated that PF subjects previously exposed to direct 

competition had reliably lower performance levels than 

ALC/competition subjects during spontaneous recovery 

(PF/Competition=10.3 BP/M; ALC/competition=13.5 BP/M; Fig. 

7). 

Competitive Status 

A simple comparison of the number of food pellets 

earned by individual subjects during the paired competition 

condition was used to classify subjects in a competitive 

pair as "Dominant" or "Subordinate." Rats earning the 

majority of pellets dispensed during the direct competition 

condition were classified as the dominant subject of the 

pair. A dependent samples t test was used to assess the 

validity of these classifications as rat pairs were matched 

for weight, gender, operant performance, handling, 

environment, nutrition and genetic homogeneity. A 

reliable difference in reinforcements earned was found 

between subjects classified as "Dominant" or "Subordinate" 

during the paired competition condition, (t[18]=6.16, 

p<.001), with dominant rats earning the greater number of 

reinforcements compared with subordinate rats (DOM=20.5 X 

pellets; SUB=7.8 X pellets). 
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Chi Square analysis indicated that competitive 

status(D0M/SUB) was not reliably related to prenatal 

treatment, (X*[l]=1.35, p=n.s. [Table 3]). 

An overall split-plot ANOVA analysis with repeated 

measures (trials) using the acquisition asymptote 

performance as a covariate factor indicated that 

competition status (DOM,SUB) consistantly affected operant 

performance during the competition phase, (F[1,14]=10.11, 

p=0.006), with the dominant subjects displaying higher 

barpress rates compared with their subordinates (D0M=13.9 

3BP/M; SUB=4.4 BP/M). 

Competitive status also produced a reliable effect on 

operant performance during extinction (F[1,18]=6.575, 

p=.018), with dominant subjects showing higher performance 

levels than subordinates (D0M=22-8 BP/M; SUB=16.6 BP/M; 

Fig. 8). Hov/ever, no reliable differences were found in 

extinction performances between DOM and SUB subjects when 

the subjects were matched for the number of reinforcements 

received during their previous direct competition trials 

(t[16]=-.548, p=n.s.). 

Competitive status also showed a consistent effect on 

spontaneous recovery performance (F[1,18J=4.317, p=0.049), 

again with higher performance levels by DOM subjects 

(D0M=11.3 BP/M; SUB=8.3 BP/M; Fig. 9). A follow up related 

samples t test was done with subjects matched for number of 

reinforcements received during competition; no 
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TABLE 3: Competition Status by Prenatal 
Treatment (Observed Frequencies; 
Overall Chi Square Analysis*) 

Competitive Status 

DOM SUB 

ALC 6.0 3.0 
Prenatal 
Treatment 

PF 4.0 6.0 

•H- X̂  (1)= 1.35, p = n.s. 
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consistent difference in spontaneous recovery performances 

between DOM and SUB were found (t[8J=-.738, p=n.s.). 

No reliable interaction effects were found between 

±n_ utero treatment and competitive status for either 

extinction or spontaneous recovery. 

Analyses of post hoc pair contrasts were by the 

Student's t test procedure. The Bonferroni procedure was 

used to adjust alpha levels (p=.05/# comparisons) 

(Harris, 1975; Morrison, 1976; Myers, 1979). DOM/ALC 

subjects displayed consistently higher operant performance 

levels than SUB/ALC subjects immediately after the direct 

competition trials (retest phase) (DOM/ALC= 37.3 BP/M; 

SUB/ALC= 20.1 BP/M), (t[52]=3.980, p<.001). PF subjects, 

however, failed to show any reliable performance 

differences related to their competitive status during the 

retest phase, (t[58 ] = 1.820, p = n.s.). 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Physical Characteristics 

Blood Plasma-ETOH Concentration 

In the present study samples for measurement of ETOH 

concentration in plasma were taken from pregnant dams whose 

offspring were not used. In a recent study by Gordon, 

Baraona, Miyakawa, Finkelman and Lieber (1985) blood-ETOH 

concentrations after ethanol administration were measured 

in blood samples drawn from the tails of pregnant rats by 

excision of the tip of the tail. These investigators 

concluded that these blood samples were not reliably 

different from aorta samples and consequently were valid 

and representative of true blood-ETOH concentrations. They 

also found that maximum blood-ETOH concentrations occured 

at approximately 90 minutes after intragastric administra

tion of ethanol. Several investigators have reported 

widely variable blood-ETOH concentrations using a aqueous 

solution vehicle ad lib. (Wiener, Shoemaker, Koda & 

Bloom, 1981; Henderson & Schenker, 1977; Leichter & Lee, 

1982). Alcohol-fed dams in the present study averaged 

40.05 mg% BAG throughout gestation, a blood plasma-ETOH 

concentration below the average value reported by 

investigators using similar procedures. These blood plasma 

ethanol differences may be due, at least in part, to 

differences in solution palatability which may have altered 
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consumption levels and thus created dose-related changes. 

Also, the temporal consumption patterns may have been 

altered as a function of the various procedural differences 

in alcohol administration resulting in differences in 

blood-ETOH concentration. Blood samples in this study were 

collected at 12:30 p.m., while collection times reported by 

previous studies varied from early morning to evening 

(Wiener et al., 1981; Henderson & Schenker, 1977; Leichter 

& Lee, 1982). All alcohol-fed and plasma sample dams in 

this experiment were provided with a liquid diet on a ad 

lib. basis, however, it should be noted that dams 

received fresh diet solutions each morning between 10 am 

and noon. Since blood-ETOH concentrations have been shown 

to vary greatly with time of day (Wiener et al., 1981; 

Henderson & Schenker, 1977), blood alcohol differences may 

simply reflect differences in collection times. 

Nutritional Issues 

The isocaloric pair-feeding procedure used throughout 

pregnancy in the present study was generally successful 

because the mean gestational weight-gain was approximately 

equal for alcohol and yoked pair-fed control dams. It has 

been speculated that ethanol may reduce food intake, 

absorption or utilization of nutrients in vivo (Barone et 

al., 1974) and thereby produce undernutrition or 

malnutrition. The gestational weight gains for the alcohol 

and yoked control dams in this study were adjusted for 
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differences in total litter birth-weights. The mean 

gestational weight gains represent the net maternal weight 

gain. 

Neonatal Characteristics 

There were no noticeable physical defects observed in 

the offspring of either the alcohol-fed or control dams. 

This finding was consistent with previously reported 

findings by this laboratory (Cogan et al., 1983b; Cohen, 

Cogan, Jones & Cogan, 1985), where the same rat strain and 

method of ethanol administration were employed, and with 

findings of other investigators employing similar rat 

strains and procedures (Gordon, Streeter & Winick, 1981; 

Wiener et al . , 1981; Leichter & Lee, 1982). 

The offspring of alcohol-fed dams were, on the 

average, heavier than the newborn pups of yoked control 

dams. This surprising finding runs-counter to birth-weight 

findings of a large number of previous FAS animal studies 

(Pilstrom & Kiessling, 1967; Mirone, 1958; Tze & Lee, 1975; 

Thadani et al., 1977; Ellis & Pick, 1976; Henderson & 

Schenker, 1977; Abel, 1978; Caul et al., 1979). Indeed, 

decreased birth weight may be one of the most 

characteristic physical parameters of FAS. The finding 

that prenatally treated newborns had higher birth weights 

may have resulted from a maternal behavior pattern noted on 

three occasions during the course of this study, i.e., 

cannibalism of dead or sickly newborns by alcohol-fed dams. 
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In one case the litter size was reduced below the 

acceptable minimum and and could not be included in the 

study. The remaining two cases were excluded because of 

large birth time differences with surrogate dams. 

Selective cannibalism on undersized newborns would bias pup 

weights towards higher averages and could account for this 

finding. The possibility of unobserved cannabalism cannot 

be ruled out as dams were checked for new litters at 12 

hour intervals, providing ample opportunity for cannibalism 

to occur. Two alternate explanations are equally 

plausable; the longer gestation period demonstrated in 

ethanol-treated dams may have produced heavier pups by 

giving them longer to grow iji utero or the smaller 

litters demonstrated in ethanol-fed dams resulted in 

increased pup weights because fewer pups got more of the 

available nutrients ±n_ utero. 

There were no consistent differences between the 

alcohol and control groups with regard to newborn 

mortality. The possibility of cannibalism by alcohol-fed 

dams has already been raised and may be a relevant factor 

in this finding as well. If a greater proportion of Sickly 

or dead pups was born to alcohol-fed dams and higher rates 

of cannibalism by these dams occured, the higher newborn 

mortality rates would cancel out, resulting in a false 

finding of no reliable mortality differences between the 

alcohol and control groups. The finding that alcohol-fed 
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dams had fewer pups per litter is consistent with this 

explanation as higher rates of cannibalism by alcohol 

treated dams would also result in smaller litter sizes. 

One alternative explanation may be that higher average pup 

weights for alcohol treated dams merely represented a 

statistically spurious finding. 

Alcohol-fed dams had fewer pups per litter compared 

with control dams. This finding is open to at least two 

intrepretations; one, that reduced litter size is 

characteristic of the direct effects of iji utero 

alcohol exposure and, as such, is consistent with findings 

reported by many previous investigators (Tze & Lee, 1975; 

Thadani et al., 1977; Ellis & Pick, 1976; Henderson & 

Schenker, 1977; Abel, 1978; Caul et al., 1979); two, an 

alternative explanation consistent with this study's 

finding would propose that litter size was not reduced for 

alcohol-fed dams but selective cannibalism of underweight, 

sickly or dead pups resulted in the smaller litter size 

findings. 

The ingestion of ethanol during gestation resulted in 

an increase in gestation length. Alcohol-fed dams 

delivered at an average of 22.6 days while the yoked 

controls delivered at an average of 22.0 gestation days. 

Since the normal gestation period for albino rats is 21-23 

days, both groups fell within the normal range; however, 

the pattern of parturition differed reliably as a function 
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of maternal alcohol ingestion. This finding was consistent 

with the findings of Martin et al. (1977a) who employed a 

similar ethanol administration procedure and with clinical 

reports on the use of ethanol in humans to prevent or delay 

labor onset (Castr, Gummerus & Saarkoski, 1975). 

No differences in neonatal mortality or neonatal 

weight-gains were found, which is consistent with previous 

findings using similar ethanol doses, administration 

procedures and Sprauge-Dawley rats by this laboratory 

(Cogan et al. , 1983a, b, c; Cohen et al., 1983, 1985). 

COMPETITION BEHAVIOR 

Competition 

Rats in direct competition displayed marked reductions 

in operant performance levels compared with rats in the 

non-competition condition and to their own precompetition 

levels. Several early investigators have reported the 

effects of the social presence of another animal on operant 

behavior. These studies used pairs of animals which were 

reinforced on a competitive basis. Lepley (1937) paired 

rats matched on asymptotic performance in a straight alley 

runway and found that when only the first subject to reach 

the goal box was rewarded, the losers quickly decreased 

their running speed after a few trials, while winners 

remained stable at previous asymptotic speeds. Another rat 

study by Winslow (1940) followed the same procedure but 

failed to attain statistically reliable differences between 
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winners and losers. He also found no reliable difference 

between winners and losers in response speed using a 

multiple-unit T maze. Another study by Winslow (1944) 

employed cats using the straight alley direct competition 

procedure. Results indicated that the direct competition 

conditions produced slower running speeds in both subjects 

compared with unpaired subjects in the non-competition 

condition. Thus, results of the earliest studies were 

conflicting and provided no clear evidence that competition 

per se altered operant performance. One obvious 

explanation for the present study's finding that 

competition subjects had depressed operant performance 

levels was that subordinate rats were prevented from making 

the barpress response by the dominant rat, thereby 

decreasing the overall average performance for both rats 

and increasing performance differences between them as a 

result. This explanation, however, was inconsistent with 

other findings from this study which showed that dominant 

rats had lower operant performance rates during direct 

competition compared with their own pre-competition 

performance rates, and that operant performances were 

consistently lower for dominant rats during direct 

competition compared with performances of non-competition 

rats. These findings suggested that the competition 

situation was responsible for the declines in performance. 

The simplest explanation consistent with these findings may 
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be that the dominant rat had to maintain overt aggression 

or at least aggressive postures constantly during 

competition to maintain control of the operant lever. This 

behavioral requirement decreased the time available for 

active barpressing and therefore resulted in a barpress 

rate decrease. 

As dominant rats gained firmer control of the lever, 

barpress response rates increased towards previous 

asymptotic levels. Presumably, given enough time in the 

paired competition situation, dominant rats would finally 

re-attain previous asymptotic performance levels as their 

dominance became complete and full-time lever pressing once 

again became possible. Another finding supportive of this 

interpretation was that SUB subjects showed performance 

rate declines during the last third of the competition 

trial period while barpress performance rates increased as 

a function of time (trials) throughout the competition 

phase for DOM subjects. 

The paired non-competition situation was included in 

the present experiment to serve as a control to evaluate 

the effects of the presence of another rat within visual 

and pheromonal range on operant performance. Since a 

vented, transparent partition between adjacent chambers 

prevented direct competition for lever control (each 

chamber had its own lever), presumably any differences in 

operant performance could be attributed to the presence of 
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the other rat. Social facilitation effects on learning and 

performance have been clearly demonstrated by Zajonc 

(1965). Indeed, inter individual influences on behavior 

were first noted in a very early study by Triplett in 1897 

(cited in Zajonc, 1965). The study of co-action effects 

involves a paradigm in which individuals are observed while 

simultaneously engaged in the same activity while in full 

view of one another, in situations not involving direct 

competition. The universal nature of social facilitation is 

suggested by experiments using ants as subjects (Chen, 

1937: cited in Zajonc, 1965). Chen observed that nest 

building activity increased dramatically for individual 

ants when allowed to work in groups of two and three. This 

facilitation effect was confined to the immediate group 

situation and returned to previous solo levels when ants 

were observed working as individuals. The co-action 

paradigm is similar to the paired non-competition treatment 

condition in the present study. Direct competition was 

prevented by a transparent partition. A comparison of 

previous, solo asymptotic performance levels with 

performance levels in the co-action situation (paired 

non-competition condition) showed no reliable differences 

and therefore failed to demonstrate a social facilitation 

effect. However, the absence of support for social 

facilitation in this case may be due to a performance 
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ceiling effect because the subjects were already at their 

operant asymptotic levels prior to this testing period. 

Competitive Status 

During direct competition, rats which controlled the 

operant lever and consumed the majority of food pellets 

were classified as "dominant." This objective measure of 

competitive dominance was statistically reliable and 

replicated findings reported by Gilbert and Sparber (1979) 

who employed a similar competitive operant chamber 

procedure. 

The hypothesis that prenatal alcohol exposure, through 

its detrimental effects on response inhibition, would 

result in higher levels of aggession and dominance was not 

fully supported by the data obtained in the present study. 

In utero treatment produced no reliable differences in 

dominance. These findings differed from a report by Krsiak 

et al. (1977) in which mice prenatally exposed to alcohol 

displayed significantly greater levels of aggression 

compared with controls. However, the absence of 

pair-feeding and surrogate rearing controls introduce the 

possibility of nutritional and maternal interaction 

confounds and make a direct comparison with the present 

study difficult. Also, differential species sensitivity to 

prenatal alcohol exposure may account for these differences 

(Abel, 1981). 
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Once subjects had experienced direct competition, 

however, operant performance was consistently altered, 

regardless of iji_ utero treatment. Dominant subjects 

had consistently higher performance levels during both 

extinction and spontaneous recovery than subordinate 

subjects. Since dominant subjects always received more 

reinforcements than subordinates during competition trials, 

higher resistance to extinction due to differential 

reinforcement experience appears to be the simplest 

explanation to account for observed performance differences 

during both extinction and spontaneous recovery. 

Additional support for this explanation was provided by the 

finding that when DOM and SUB subjects were matched for 

reinforcements received during competition, performance 

differences between them disappeared during extinction and 

spontaneous recovery. 

While prenatal alcohol exposure appearently does not 

change the intensity of agonistic responses in a 

competitive situation (i.e., fails to consistently 

influence the dominance of ALC subjects) it does appear to 

be associated with altered response patterns during 

agonistic interactions. Prenatal alcohol treatment had a 

differential effect on the performance of subjects during 

the direct competition condition depending upon their 

competitive status (DOM/SUB). Compared to PF/DOM subjects, 

ALC/DOM subjects showed consistantly higher barpress 
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performance levels. Since differences in asymptotic 

performance levels were cofactored out during analysis, the 

higher number of barpresses made by ALC/DOM subjects could 

not have resulted from barpress rate differences, but must 

have resulted from the ALC/DOM subjects having relatively 

more time to barpress during the competition period. This 

suggests that once ALC subjects achieved dominance, they 

maintained their dominant control of the operant lever more 

consistently than dominant PF subjects for the reminder of 

the competition period. Similarly, once ALC subjects were 

subordinated by another subject, they remained subordinate 

and stayed away from the operant lever more consistently 

than PF subordinates. Deficits in response inhibition 

facilitate response perseveration. This inflexible 

behavioral pattern displayed by ALC subjects during direct 

competition suggests abnormally high levels of response 

perseveration and is therefore compatable with the response 

inhibition deficit hypothesis. 

Learning Behavior 

Acquisition 

The present study demonstrated that during the 

acquisition of an FR operant response, rats prenatally 

exposed to ethanol learned at a slower rate than controls. 

This finding is consistent with a similar study by Riley et 

al. (1980) who measured a positive dose-response 

relationship between the ethanol dose level and operant 
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barpress performance during acquisition. Reinforcement 

schedules were progressively increased from FR2 to FR33. 

Offspring receiving the highest prenatal ethanol dose 

showed the slowest learning rate compared with lower dose 

level offspring and untreated controls. 

In general, the operant performance of rats under 

fixed-ratio reinforcement schedules tends to be stable and 

relatively high. The high rate of response under FR 

schedules occurs because the subject's response rate 

determines the frequency of reward, since high response 

rates result in faster reward delivery. Response stability 

is an inverse function of the size of the response-reward 

ratio. Smaller ratios produce stable response rates; 

larger ratios result in a pause immediately following 

reinforcement (Tarpy, 1975). The highest ratio used in the 

present study was FR20, which resulted in a high, stable 

response rate at asymptote with no significant post 

reinforcement pause. ALC offspring had the lowest barpress 

response rate (compared with controls) and the lowest 

asymptotic response peak during both the acquisition 

transition phase (CRF->FR20) and at the final fixed-ratio 

schedule (FR20), suggesting that prenatal alcohol adversely 

affected both the learning rate and capacity. 

When the learning deficits were closely examined, it 

was clear that the inferior learning performance of ALC 

subjects occured primarily during partial reinfocement 
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rather than continuous schedules. Compared with PF control 

subjects, ALC rats were slow learners during the fixed-

ratio acquisition schedule transitions. This finding is 

generally consistent with two recent FAS operant studies 

(Martin et al., 1977a; Riley et al., 1980) and suggests 

that the learning ability of ALC subject's appears normal 

during the acquisition of an operant response on a simple 

(CRF) schedule, but that their learning impairment becomes 

increasingly more obvious as the difficultly of the 

learning task increases. This finding suggests that the 

ability of ALC subjects to adapt rapidly to new schedule 

demands is impaired and may result from an overly 

persistent operant performance based on demands of earlier 

reinforcement schedules. 

There were no reliable differences in barpress 

response rates during acquisition between the PF and UNT 

control groups. This suggests there were no significant 

nutritional effects on learning ability associated with the 

isocaloric liquid-diet consumed by the yoked PF control 

dams during gestation. This was also consistent with the 

notion that the observed performance deficits in ALC 

subjects compared to PF subjects were due to the direct 

effects of iji utero ethanol exposure rather than to 

nutritional or ethanol-nutritional interaction effects. 

It appears unlikely that the lower performance rates 

recorded during acquisition by alcohol treated offspring 
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were due to simple motor dysfunction rather than impaired 

learning. ALC subjects increased their barpress response 

rates as a function of increased reinforcement schedule 

d.emands and practice. Generally the response rates of ALC 

subjects exceeded those of the UNT controls on previous 

fixed-ratio schedules during acquisition schedule 

transitions. Therefore it is unlikely that motor 

incoordination alone can account for the observed ALC 

response rate deficits. 

The possibility that motivational differences or 

hyperactivity in ALC offspring could account for their 

lower performance rates during acquisition may also be 

discounted. Decreased motivation on the part of ALC 

subjects would be expected to decrease resistance to 

extinction and produce faster extinction rates (Perin, 

1943), while hyperactivity would be expected to facilitate 

ALC response rates throughout acquisition, results both 

contrary to this study's findings. 

Extinction 

Prenatal alcohol treatment failed to consistently 

influence extinction performance. This finding was 

contrary to those reported by one group of investigators 

(Riley et al . , 1979a, b, d) who concluded that ijl utero 

ethanol exposure was associated with deficits in response 

inhibition leading to an increased resistance to 

extinction. However, each of these previous studies lacked 
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at least one of the controls included in the present study; 

i.e., yoked pair-fed controls for possible nutritional 

effects, out- or cross-fostered surrogate rearing controls 

for maternal-neonate behavioral interaction effects, 

separation between prenatal and postnatal ethanol effects 

and nutritionally complete liquid-diet vehicles for ethanol 

administration with water available ad_ lib, to prevent 

dehydration effects. Since the possibility of confounding 

was present with any one of these factors, conclusions 

drawn from these previous studies must be viewed with 

caution. 

While competition treatments failed to reliably affect 

the overall performance of subjects during extinction, an 

examination of operant performance by trials indicated that 

subjects previously exposed to direct competition 

accelerated their extinction rate more rapidly than 

non-competition subjects, producing a reliable interaction 

effect between competition treatment and trials. Since 

differential pre-extinction reinforcement experience has 

been demonstrated to reliably affect resistance to 

extinction (Williams, 1938), rats previously exposed to 

direct competiton should have displayed faster extinction 

rates because they received fewer reinforcements compared 

with non-competition controls. Similarly, SUB subjects 

should display faster extinction rates than DOM subjects 

during extinction. These relationships were demonstrated 
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in the present study and therefore are supportive of this 

explanation. 

Spontaneous Recovery 

Generally, spontaneous recovery data were consistent 

with extinction findings, i.e., ±n^ utero treatment had 

no reliable effects on performance during spontaneous 

recovery and performance patterns approximated the 

characteristic performances described in the learning 

literature for untreated rats (Tarpy, 1975). 

Previous exposure of subjects to direct competition 

produced performance differences during spontaneous 

recovery similiar to those found during extinction. 

Competition subjects showed the lowest performance levels 

(compared with non-competition subjects) throughout 

spontaneous recovery trials, a finding internally 

consistent with observed performances during direct 

competition and extinction trials. 

General Discussion 

The acquisition of a progressively increased fixed-

ratio reinforcement schedule was influenced by iji utero 

alcohol treatments, with alcohol treated offspring 

displaying the slowest learning and lowest capacity 

compared to controls. The detrimental effects of prenatal 

alcohol exposure on learning ability during the acquisition 

of an operant barpressing response suggests that ALC 

offspring were slower than controls to adjust to changing 
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reinforcement schedule demands during fixed-ratio schedule 

transitions. This suggests high levels of response 

perseveration and is consistent with a response inhibition 

deficit explanation. 

Exposure to direct competition in the operant 

situation produced performance differences independent of 

in utero treatment. Subjects in competition with one 

another for control of a single operant lever consistently 

displayed lower performance levels. Previous competition 

experience influenced performance on subsequent trials 

during extinction and spontaneous recovery with direct 

competition subjects displaying consistantly lower per

formance levels compared with non-competition controls. 

Finally, the competitive status of a subject had a marked 

effect on future operant performance, i.e., dominant 

subjects consistently outperformed their subordinates 

during extinction and spontaneous recovery. The nature of 

the competitive situation itself resulted in fewer 

reinforcements for direct competition subjects (compared to 

non-competition subjects). Therefore, differential 

reinforcement experience appears to be the most parsi

monious explanation for the observed differences in 

performance between the two groups during extinction and 

spontaneous recovery. Similarily, competitive status 

affected subsequent performance levels. Dominant rats 

always received the greater number of reinforcements during 
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direct competition trials, therefore they would be expected 

to exhibit a greater resistance to extinction in subsequent 

non-reinforced trials (extinction and spontaneous recovery 

phases), which they did. It appears that the observed 

effects of competition and competitive status on operant 

performance represent an artifact of the competition 

treatment procedures rather than any intrinsic behavioral 

property of competitive interactions. Differential 

reinforcement experience therefore would appear to be an 

adequate explanation for both findings. 

It should be mentioned at this point that while 

prenatal alcohol exposure did not show a statistically 

reliable effect on extinction and spontaneous recovery 

performances, a close examination of the overall 

performance pattern during extinction and spontaneous 

recovery suggests that ALC subjects were more resistant to 

extinction than their controls. The failure of prenatal 

treatments to reliably affect extinction and spontaneous 

recovery performances appears to be inconsistent with 

acquisition findings, and findings of other studies. 

However, intervening competition activities may have 

temporarily altered behavior sufficiently to obscure subtle 

prenatal treatment response changes. Alternately, the 

standard FR extinction trial procedures may not have been 

sensitive enough to detect subtle response inhibition 

changes . 
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A general explanation suggested by these findings may 

be that prenatal alcohol exposure resulted in declines in 

response inhibition through the direct effects of prenatal 

ethanol exposure. Indirect functional evidence was 

consistent with reported findings of lesions to hippocampal 

neural structures associated with response inhibition (Abel 

et al., 1983). The slower learning rates and lower 

capacities along with the inflexible behavioral patterns 

which characterize the agonistic interactions during 

competition suggests abnormally high levels of persever

ation behavior in adult ALC subjects. These behavioral 

patterns are consistent with deficits in response 

inhibition rather than a generalized learning dysfunction 

explanation . 

It should be pointed out that while this study 

employed a single prenatal ETOH dose level, ETOH effects on 

response inhibition appear to be generally related to dose 

magnitude. These findings may be expanded and/or clarified 

in future research by employing multiple prenatal ETOH 

doses, thereby allowing the evaluation of possible 

dose-effect relationships. 

Since the pregnant dams in the present study were 

provided with an ethanol liquid-diet solution a^ lib., 

maximum blood-ETOH concentrations would be expected to vary 

as a function of their temporal consumption patterns and 

the 90 minute assimilation period. If this blood-ETOH 
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concentration variability could be reduced in future 

studies, more accurate dose-effect findings may be possi

ble. The surgical implantation of a subcutaneous osmotic 

ETOH pump could provide a rate controlled drug delivery 

system which would increase dose accuracy and stabilize 

temporal blood-ETOH concentrations throughout the treatment 

period . 

Finally, the present study used FR reinforcement 

schedules throughout. The use of DRL schedules in future 

FAS studies may prove to be more sensitive to subtle alter

ations in response perseveration as these schedules differ

entially reinforce low rates of responding, a behavioral 

requirement particularly sensitive to impairments in 

response inhibition. 
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