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Phenobarbital: Effects of Long-Term Administration 

on Behavior and Brain of Artificially Reared Rats 

Abstract. Two doses of phenobarbital were given daily for 2 weeks to infant rats 

fed by intragastric cannulas. The larger dose (60 milligrams per kilogram of body 
weight) resulted in decreased spontaneous activity and increased responses to novel 
stimuli. The smaller dose (15 milligrams per kilogram) resulted in increased spon- 
taneous activity and also an increase of responses to novel stimuli. The larger dose 
produced a 12 percent reduction in brain growth, while the smaller dose was asso- 
ciated with a 3 percent reduction in brain growth. 
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The rapid growth the brain undergoes 
early in its development causes it to be 
vulnerable to exogenous insults (1). Al- 

though a number of centrally acting 
drugs are commonly used for treating hu- 
man infants, there is little experimental 
information regarding the effects of such 
drugs on brain or behavioral devel- 
opment. 

Exposure to drugs during infancy in 
laboratory animals has been shown to re- 
sult in behavior and brain alterations lat- 
er in life (2, 3). Drug-induced under- 
nutrition, however, often accompanies 
neonatal drug treatments, and since 
early undernutrition itself causes behav- 
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ioral changes (4), it is difficult to interpret 
these studies. The purpose of the study 
described here was to examine directly 
the developmental effects of phenobarbi- 
tal administered chronically during in- 
fancy to artificially reared pups. 

Male Wistar rats (4 to 5 days old) were 
selected for body weight within a range 
of 6 to 11 g. The animals (N = 46) were 
lightly anesthetized with ether, and intra- 
gastric cannulas were permanently im- 
planted by means of a technique similar 
to that refined by Hall (5). Once the can- 
nulas were implanted, the pups were 
placed in circular plastic dessert cups (12 
cm in diameter and 8 cm deep), which 
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Table 1. Effects of phenobarbital on brain growth. Data are expressed as means + standard 
error. Weights are expressed in grams. 

Low doses of phenobarbital High doses of phenobarbital 
(15 mg/kg) (60 mg/kg) 

Differ- Differ- 
Tissue e ence 

weighed Cnrl Experi enceperi- weighed Control pe from Control Exper- from 
mental mental 

(N = 7) con- (N = 12) con- 
(N 12) trol (N 15) trol 

(%) (%) 

Body 32.1 + 1.7 30.7 + 2.7 -4 34.2 + 2.9 33.8 + 2.4 -1 
Brain* 1.34 + 0.05 1.101 + 0.07 -3 1.213 + 0.05 1.077 + 0.061 -12 
Cerebrum 0.831 + 0.03 0.820 + 0.05 -1 0.907 + 0.04 0.808 + 0.041 -11 
Cerebellum 0.146 + 0.01 0.144 + 0.01 -1 0.160 + 0.01 0.147 + 0.01t -9 

*The brainstem is included. tP < .01, t-test. 
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floated in a warm water bath (40?C). The 
cannulas were connected to syringes 
filled with milk formula (5) and mounted 
on an infusion pump (5). The room that 
housed the water bath was on a 12-hour 
reverse light cycle. Every morning the 
animals were disconnected from the 
pumps, the syringes were washed and re- 
filled, and the cannulas were flushed with 
saline. Each plastic washer securing the 
cannula at the stomach was checked and 
loosened whenever necessary to ac- 
commodate the animal's growth. 

On day 5, the pups were assigned by 
weight to control and experimental 
groups, and for the next 13 days the ex- 
perimental group (N = 27) received dai- 
ly subcutaneous injections of phenobar- 
bital, while the control group (N = 19) 
received subcutaneous injections of the 
vehicle. In the first of two studies, the 
experimental group (N = 15) received 
"high" doses (60 mg/kg) of phenobarbi- 
tal; in the second study, the experimen- 
tal group (N = 12) received "low" doses 
(15 mg/kg) of phenobarbital. Immediate- 
ly after the injections, the animals were 
placed back in their cups and returned to 
the water bath. All the cannulas were re- 
connected to the infusion pump at least 1 
hour after the last injection and the pump 
speed was adjusted to infuse approxi- 
mately 0.5 ml more milk formula than 
the previous day. 

At 18 or 19 days of age, all the animals 
were tested in a circular open field enclo- 
sure (60 cm in diameter) with the floor 
divided into 10-cm squares. Each animal 
was gently placed in the center of the 
field and immediately covered with a 
plastic cup (12 cm in diameter, 8 cm 
deep). After 10 seconds, this cup was 
lifted and the number of locomotions- 
that is, squares centered (both forepaws 
placed into an adjacent square), and the 
time spent rearing (both forepaws off the 
floor)-was recorded by two trained ob- 
servers, one of whom was unaware of 
the animal's group assignment. The first 
5 minutes of the test were conducted un- 
der dim illumination (one overhead fil- 
tered fluorescent light) with a masking 
white noise present (approximately 45 
db). After 5 minutes, intermittent flash- 
ing lights (one overhead 75-watt bulb) 
and noises (two electromagnetic relays 
clicking on and off quickly, resembling 
teeth chattering) were present for an ad- 
ditional minute. 

After the last animal was tested in the 
open field, all the animals were decapi- 
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tated and their brains were quickly re- 
moved. The cerebellum was separated 
and weighed, and the remaining brain 
sample was divided by a transcollicular 
cut into cerebrum and brainstem and 
weighed. At the time of decapitation, 
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blood was collected from the experimen- 
tal animals to determine blood levels of 
phenobarbital. 

Daily subcutaneous injections of high 
doses of phenobarbital from day 5 to 18 
resulted in a highly significant brain- 
growth retardation but did not affect 
body growth. When the dose of pheno- 
barbital was reduced to 15 mg/kg, there 
were no differences in brain growth be- 
tween experimental and control animals 
(6) (Table 1). 

Serum concentrations of phenobarbi- 
tal at the time of death (that is, approxi- 
mately 30 hours after the last phenobar- 
bital injection) ranged from 7 ,/g/ml to 13 
,ug/ml in the group given high doses of 
phenobarbital and from 2 ,xg/ml to 3 ,/g/ 
ml in the group given low doses. 

A reversal of spontaneous activity pat- 
terns was noted as the dosage of pheno- 
barbital was increased. Low doses of 
phenobarbital resulted in a marked in- 
crease of activity within the cups as was 
apparent by the consistently agitated 
bobbing of the cups in the water bath. 
High doses resulted in less agitation in 
the water bath, suggesting sedation. 

When tested in the open field, both ex- 
perimental groups ambulated in a normal 
manner, with no indications of any mo- 
tor deficits. During the first 5 minutes of 
open field testing, the animals given high 
doses of phenobarbital locomoted less 
(P < .001, t-test) and spent less time 
rearing (P < .005, t-test) than the control 
animals (Fig. 1), whereas the animals 
given low doses were no different from 
control animals. During the sixth minute 
of open field testing, the sudden stimula- 
tion of flashing lights and noise caused 
the animals given low doses to locomote 
significantly more (P < .05, t-test) than 
the control animals (Fig. 1). 

Control animals responded to novel 
stimulation by reducing their locomotor 
activity as if they were becoming cau- 
tious (P < .05; Fig. 1). Neither group ex- 
hibited this behavior suppression during 
novel stimulation. In addition, both 
groups slightly increased their orienting 
behavior in response to sudden stimula- 
tion. 

Long-term administration of pheno- 
barbital during infancy in a dose that al- 
lows survival and results in normal 
curves for body growth (7) produces 
marked brain-growth retardation which 
is independent of nutritional intake. In 
earlier work (3) considerable phenobar- 
bital-induced brain-growth deficits were 
found, especially in the cerebellum. The 
rat pups used in the earlier studies, how- 
ever, were reared normally, and the 
group injected with phenobarbital had a 
reduced nutrient intake, as their lower 
body weights indicate. The resulting un- 

6 JANUARY 1978 

dernutrition, which has its own brain- 
growth retardation effects, may have ag- 
gravated a phenobarbital effect on brain 
growth. In the present study, since nutri- 
tional intake was the same for all the ani- 
mals, there were no differences in body 
weights between control and experimen- 
tal animals; moreover, compared to the 
rest of the brain, the growth-retarding ef- 
fects of phenobarbital were not exces- 
sive in the cerebellum, which is espe- 
cially vulnerable to undernutrition (8). 

Long-term phenobarbital administra- 
tion during infancy produced a marked 
reduction in spontaneous activity of the 
group given high doses of phenobarbital. 
Although the spontaneous activity pat- 
terns of this group differed from those of 
the groups given low doses, both groups 
exhibited increase responses to high lev- 
els of stimulation (flashing lights and 
noises at the end of the open field test). 
Thus, spontaneous activity patterns are 
dissociated in these experiments from 
stimulus-bound responsiveness. Since 
the central arousal and inhibitory sys- 
tems of the rat were still developing dur- 
ing the time of drug exposure (2, 9), one 
may speculate that phenobarbital inter- 
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Fig. 1. The behavior of the th 
rats during the fifth minute (the 
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(the 1 minute of stimulation). 
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feres with the development of inhibitory 
mechanisms that are responsible for 
modulating arousal responses. 

A similar paradoxical response to phe- 
nobarbital can be seen in human infants. 
This drug may produce drowsiness or 
hyperactivity (10), depending on dosage 
and development of tolerance to the 
drug. When hyperactivity is a problem, 
some workers recommend an increase in 
phenobarbital dosage to overcome this 
effect (11). In our studies with rats, we 
have discovered that when dosage is in- 
creased so as to result in reduced activi- 
ty, the brain-growth retardation in ani- 
mals given high doses of phenobarbital 
included a significant reduction of nucle- 
ic acid, protein, and cholesterol content 
of the brain (12). Since the maturation of 
central arousal and inhibitory systems 
takes place during the time infants are 
given centrally acting drugs, it becomes 
a matter of concern to describe the ef- 
fects of these agents upon brain devel- 
opment and behavior. 
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