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MIDDAUGH, L. D.~ C. A. SANTOS, III, AND J. W. ZEMP. Phenobarbital during pregnancy alters operant behavior of 
offspring in C57BL/6J mice. PHARMAC. BIOCHEM. BEHAV. 3(6) 1137-1139, 1975. - Offspring of C57BL/6J injected 
daily with phenobarbital for the last third of pregnancy responded less than control animals when maintained on various 
fixed ratio schedules of reinforcement. The response decrement became more pronounced as the schedule demands were 
increased and was noted in offspring of both sexes. The highest dose (80 mg/kg) was less effective than the 2 lower doses 
(20 mg and 40 mg/kg) in producing the decrement which may reflect a selection factor due to high neonatal mortality 
previously reported at this dose. The study provides no evidence of the mechanism mediating the long term behavioral 
abnormality but does clearly extend the finding of such changes to doses which do not produce increased neonatal 
mortality or noticeable morphological changes. 

Prenatal maternal phenobarbital Operant behavior in C57BL/6J mice 

PHENOBARBITAL is being ingested by a substantial 
rumber  of pregnant women. Epidemiological studies 
suggest that from 24 to 32 percent of pregnant women 
ingest some type of sedative, frequently phenobarbital, 
generally during the last trimester [4,5].  There are also a 
number of  women with epilepsy using phenobarbital as an 
anticonvulsant throughout pregnancy [3,5].  In addition, 
the drug is used by members of  the drug subculture 
including use during pregnancy [3]. Finally, phenobarbital 
has been administered to gravid women for 2 week periods 
prior to parturition as a prophylaxis for neonatal hyper- 
bilirubinemia [16].  In spite of the frequent use of 
phenobarbital during pregnancy, there is relatively little 
information regarding potential effects of the drug on 
offspring, particularly long-term effects. Although adminis- 
tering the drug to pregnant women as a prophylaxis for 
neonatal hyperbilirubinemia has been reported to produce 
no detrimental side effects [16], a thorough investigation 
for possible effects is absent [15]. Withdrawal symptoms 
have been noted in neonates addicted to the drug during 
pregnancy [31 and high doses of  phenobarbital injected 
into pregnant rats can increase fetal death and produce 
morphological abnormalities in surviving offspring [ 8 ]. 

There is also some evidence that mature offspring of rats 
[ 1,7] and of  mice [9, 10, 17] injected with the drug during 
pregnancy have altered brain function as evidenced by 
behavior abnormalities. 

We have previously reported the results of experiments 
on offspring of C57BL/6J mice injected daily with pheno- 
barbital for the last third of pregnancy [9, 10, 17]. 
Increased neonatal mortality and reduced body weight in 
mature surviving offspring were noted for animals injected 
with either 80 mg or 40 mg/kg of the drug [171. A 20 
mg/kg dose had no significant effect on these measures. The 
high dose of the drug produced reductions in offspring 
brain weights accompanied by reduced levels of nucleic 
acids and protein. We have also reported that offspring of 
mice injected with a 40 mg/kg dose of the drug for the 
same time period were retarded in the development of  
several motor reflexes [9] and differed from controls on 3 
behavioral tests conducted after maturity [10]. A compre- 
hensive study varying drug dose and assessing the behavioral 
affects on mature offspring of both sexes, however, is 
currently absent from the literature. 

The purpose of  the study reported here was to assess the 
effects of  phenobarbital ( 2 0 - ,  4 0 - ,  and 80 mg/kg) injected 
into pregnant mice for the last third of pregnancy on lever 
responding by offspring maintained on increasing fixed 
ratio schedules of  reinforcement. This task was previously 
effective in differentiating female offspring of animals 
injected with 40 mg/kg phenobarbital from control mice. 

METHOD 

Animals for the study were C57BL/6J mice (Mus 
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1800-  musculus) ob ta ined  f rom our  b reeder  colony.  They  were 
• . . o + o 

main ta ined  m a t em pe r a t u r e  regulated room (23 - 2 C) on 
12 h r  l igh t :dark  cycle and  had food  and wate r  available ad 
lib unt i l  tes t ing which  required food depr iva t ion .  Preg- 
nancies  were de t e rmined  by inspec t ion  for sperm plugs each 
morn ing  and  were verif ied by  weight  gains ( > 4  g) 12 days 
af te r  plug de tec t ion .  Animals  in the drug groups were 
in jec ted  subcu t aneous ly  each m or n i ng  wi th  2 0 - ,  4 0 - ,  or 
80 mg p h e n o b a r b i t a l  sod ium per kg bodywe igh t  (P20,  P40,  
P80) for  the  last 6 or 7 days of  pregnancy.  Saline con t ro l  
(SC) animals  were in jected for the  same t ime per iod wi th  
0.9 percen t  saline. In each case, the  an imal  was in jec ted  
wi th  a 0 .008 ml so lu t ion /g  body  weight .  On the day of  
delivery,  the  l i t te r  was culled to 6 and offspr ing were reared 
by the i r  biological  m o t h e r  un t i l  weaning at 21 days of  age. 
Af te r  weaning,  animals  were caged accord ing  to sex wi th  
2 6 animals  per  cage un t i l  behaviora l  assessment  when  they  
were ma in ta ined  in individual  cages. 

At 90 days of  age, the  behavior  of  the  pups  f rom the  
various t r e a t m e n t s  was assessed using an operan t  task 
requir ing the  animal  to make an increasing n u m b e r  of  
responses  per uni t  of r e i n f o r c e m e n t  across days. The  
animals  were tes ted  in 1 of  6 ope ran t  chamber s  enclosed  in 
sound  a t t e n u a t e d  boxes.  The  chamber s  (16 × 16 x 11.4 
cm) were cons t ruc t ed  of  Plexiglas wi th  stainless steel  grid 
floors. A food tray wi th  a 1.9 x 2.5 cm open ing  was 
centra l ly  located  on one wall at f loor  level. A Lehigh Valley 
Model  No. 1 2 1 - 0 3  roden t  lever located 4 cm to one side of  
the  food t ray and  3.0 cm above the  f loor  served as the  
response indicator .  Eight grams dead weight  on the  lever 
ac t iva ted  a microswi tch  which  in i t i a ted  p rogramming  equip-  
ment .  Af te r  one week on a food depr iva t ion  schedule  which  
reduced body  weight  to 75--85  percent  of ad lib levels, the  
animals  were famil iar ized wi th  the  tes t  c h a m b e r  and  
self- trained to press the  lever for food r e i n f o r c e m e n t  ( 2 0 m g  
Noyes  pellets).  Af te r  this, animals  were run  30 min per  day 
for 5 days on each of  the  fol lowing schedules  of  re inforce-  
men t :  CRF  (1 response per  r e in fo rcemen t ) ,  FR5  (5 
responses  per  r e in fo rcemen t ) ,  FR20 ,  and  FR40 .  Male 
animals  were addi t iona l ly  run three  days each on FR80 ,  
F R 1 2 0 ,  and  F R 1 6 0 .  

R E S U L T S  

In jec t ing  p regnan t  mice wi th  p h e n o b a r b i t a l  did no t  a l ter  
the  abil i ty of  offspr ing to acquire the  lever response  
p roduc ing  food re in forcement •  A p p r o x i m a t e l y  90 percen t  
of  the animals  in each group acqui red  the  response  to a 
cr i ter ion of  > 10 responses  per session dur ing  two 15 rain 
self shaping sessions. The remain ing  animals  me t  this  
cr i ter ion af te r  t w o  add i t iona l  30 min  sessions. 

The effect  of these t r e a t m e n t s  on behav ior  m a i n t a i n e d  
by the  var ious fixed ra t io  schedules  of  r e i n f o r c e m e n t  was 
assessed by compar ing  the  drug groups of  each sex wi th  
the i r  respect ive SC groups• Mean responses  genera ted  per  
daily session unde r  each schedule  of  r e i n f o r c e m e n t  (i.e., 
over a 5 day tes t  per iod)  were calculated for each  animal  
and served as an index  of  its pe r fo rmance  on the par t icular  
schedule• Since there  was a great deal of  individual  var ia t ion  
wi th in  each  group,  par t icular ly  on the h igher  f ixed ra t io  
schedules,  group t endenc ies  are repor ted  as medians .  These  
data are summar ized  in Fig. 1. 

Con t ro l  animals showed  the  expec t ed  increased re- 
spond ing  wi th  increasing demands  of  the  r e i n f o r c e m e n t  
schedule.  For  males, s tat ist ical  compar i son  of individual  

Male 

6 0 0  " 

~400 ,  

£ 1200"  r: 

o 

I 0 0 0 -  

8 0 0 -  

Q. 

600 -  

4 0 0 -  

2 0 0  - 

T~ea,me0t ~ 
Schedule CRF 

 151 
o o 

FR5 

o o 

FR20 FR40 

1 

1138 MIDDAUGH,  SANTOS AND ZEMP 

o o o o 

FRSO FRI20 FR(60 

800- 

c ® £ 6 0 0 -  

o 
a m 4 0 0 -  

c ec ~ 

g o 2oo- ",5 

L3 
Treatment  0._ c° 

Schedule CRF 

Female 

FR5 F R 2 0  F R 4 0  

FIG. 1. Effect of phenobarbital during pregnancy on lever re- 
sponding of mature offspring maintained under various fixed ratio 
(FR) schedules of reinforcement. Animals were 90-day-old offspring 
of C57BL/6J mice injected daily with saline (SC) or phenobarbital 
at doses of 20 mg (P20), 40 mg (P40), or 80 mg (P80) per kg body 
weight for the last third of pregnancy. See text for statistical 
analysis. The bars represent medians determined from Ns of 6 -11  
per group. Upper and lower graphs summarize performance of male 

and female offspring respectively. 

drug groups  wi th  saline cont ro l s  via Mann-Whi tney  U-Tests 
[ 13] es tabl i shed  s ignif icant  r educ t ions  in responding  at the  
95 pe rcen t  level of  conf idence  for the  P40 and P20 groups 
beg inn ing  at F R 4 0  and ex t end ing  t h r o u g h  the highest  
schedule  tes ted.  The median  score for the  P80 group does 
no t  differ  s ignif icant ly  f rom tha t  of  the SC group un t i l  FR 
160. 

The pa t t e rn  of  r e spond ing  for SC females was similar to  
tha t  of  males bu t  at a reduced  level. Female  animals  of the 
P80 group r e sponded  at rates somewha t  higher  than  the SC 
group on all schedules  tes ted,  however ,  none  of  these  
di f ferences  are significant .  A signif icant  reduc t ion  in 
responding  by  the  P40 group compared  to e i ther  the SC or  
P80 groups  was n o t e d  for all schedules  tes ted  excep t  CRF.  

D I S C U S S I O N  

This  s tudy  clearly establ ishes tha t  in jec t ing mice wi th  
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phenobarbital for the last third of pregnancy produced long 
lasting behavioral changes in offspring of both sexes. In this 
,;tudy, responding maintained by various fixed ratio sched- 
ules of  reinforcement was reduced. The reduction became 
more pronounced as the animal was required to increase its 
response output per unit of reinforcement (i.e., on the 
higher ratio schedules). We have previously reported [17] 
that the two higher doses of  phenobarbital (80 mg and 40 
mg/kg) caused a weight reduction in mature surviving 
offspring and it could be argued that the reduced weight 
might contribute to the reduction in response output due 
lo the increased effort required of the lighter animals to 
depress the lever. This however, is certainly not a complete 
explanation since the highest dose produced the greatest 
weight reduction [17] yet in the current study had the 
least effect on response output. In addition, female 
offspring of  animals injected with 40 mg/kg of pheno- 
barbital have previously been reported to show a response 
decrement on a similar task differing only in that the 
iesponse was merely contact with a metal disc which 
presumably would be independent of body weight [ 10]. In 
the same study, it was also shown that the response 
decrement was due to the schedule and not to the length of 
time on food deprivation. 

The reduced effect of the higher drug dose in the current 
study was certainly unexpected and we currently have no 
explanation for this finding. Reverse dose-response effects 
have been reported in other studies on the effects of 
maternally administered amphetamine or morphine on 
offspring [2, 12, 17]. It should also be noted that the 80 
mg/kg dose of  phenobarbital produces a large increase in 
neonatal mortality [17] hence, selection factor might 

account for the reduced behavioral effect noted in surviving 
offspring. In addition, we have found that 80 mg/kg of this 
drug injected into adult animals produced behavioral effects 
different from that of the two lower doses used in this 
experiment (L. D. Middaugh, unpublished observations). 
Whereas the 80 mg/kg dose depressed responding main- 
tained by a variable interval schedule of reinforcement, 20 
mg and 40 mg/kg doses produced an increased response 
output. It is thus probable that the different doses are 
producing different physiological effects on either the 
pregnant animal or her fetuses. 

The mechanism mediating these long-term behavioral 
changes is currently unknown. Possibly, changes in mother- 
infant interaction essential for normal development [6] 
may have contributed to the observed behavioral changes in 
adult offspring. Either abrupt withdrawal from the drug 
following parturition or the previously reported [17] 
changes in neonates of animals injected with the drug 
would be capable of altering this interaction. 

It is also known that phenobarbital can cross the 
placenta in both animals [14] and humans I l l ] ;  and is 
reported to be highly concentrated in fetal liver, adrenal, 
and brain stem tissue. Hence, it is possible that the drug 
may be interfering with the development of the brain 
and/or pituitary adrenal system to produce the long-term 
behavioral effects. 

Although this study provides no information regarding 
the mechanism by which phenobarbital injected into 
pregnant animals produces the long lasting changes in 
offspring behavior, it does clearly establish the existence of 
such alterations and should prompt further investigation of 
the extent and mechanism of the change. 
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