
Pharmacology B~ochemtstry & Behawor, Vol 28, pp 411-418 © Pergamon Journals Ltd , 1987 Pnnted in the U S A 0091-3057/87 $3 00 + 00 

Effects of Prenatal and Perinatal 
Administration of Phencyclidine on the 

Behavioral Development of Rat Offspring 

T O S H I T A K A  N A B E S H I M A ,  K A Z U M A S A  Y A M A G U C H I ,  M A S A Y U K I  H I R A M A T S U ,  
K A Z U H I R O  I S H I K A W A ,  H I R O S H I  F U R U K A W A *  A N D  T S U T O M U  K A M E Y A M A  

Department o f  Chemtcal Pharmacology and *Department o f  Medtctnal Chemtstry 
Faculty o f  Pharmaceuttcal Sciences, Metjo Untverstty, Nagoya 468, Japan 

Rece ived  16 Ma r c h  1987 

NABESHIMA, T., K YAMAGUCHI, M HIRAMATSU, K ISHIKAWA, H FURUKAWA AND T KAMEYAMA 
Effect~ of prenatal and pertnatal admlmstratton of phencychdme on the behavtoral development of rat offsprmg 
PHARMACOL BIOCHEM BEHAV 28(3) 411-418, 1987--The effects of prenatal and pennatal administration of a 
nonteratogemc dose ofphencychdlne (PCP) on the behavmral development of Sprague-Dawley rats were examined In the 
offspnng prenatally treated with PCP (10 mg/kg) between days 7 and 17 ofgestatmn, a decrease ~n maternal body weight ~n 
the gestation period, a decrease m fetal body weight and body length, a decrease in wabd~ty of offspnngs, and a decrease m 
the body weights of the offspring m the nursing period were observed Furthermore, PCP pups had difficulty performing the 
rota-rod task at 4 weeks and exhibited a decrease m sensitivity to challenged PCP at 5 weeks (female) In the offspnng 
prenatally treated w~th PCP between days 7 and 21 of gestation, a decrease tn the body weights of dams, fetuses and 
offspnng, and a decrease in the v~abd~ty of offspnngs were observed PCP pups showed an increase m the score for 
head-twitch response (male), a delay m the development of ambulation, negative geotax~s (male), bar holding and rope- 
descending behavmr (female) However, the PCP administration dunng prenatal (between days 17 and 21 ofgestatmn) and 
nursing periods showed only a decrease m vmbfllty and body weight of offspnng, and a delay ~n the development of the 
separation of eyehds These results suggest that more attention should be g~ven to the developmental toxtc~ty of PCP 

Phencychdme Prenatal and perlnatal admlmstratlon 
Offspnngs Rota-rod performance 

Behavioral development Developmental toxicity 

PHENCYCLIDINE (PCP) has been identified as a major 
drug of abuse [4]. In th~s capacity the chance of ~t being 
ingested by women of reproductive age is great, yet httle 
reformation ~s avadable regarding its possible adverse effects 
on reproduction, development and subsequent behavioral 
act~wty ~n offspring. However, Cooper et al [2] demon- 
strated that PCP administered to sows just  prior to dehvery 
crossed the placenta and remained in the plasma of the p~glet 
for at least 48 hr after delivery. Furthermore, the concentra- 
tion of PCP m the plasma was almost ten-t~mes higher ~n the 
piglets than m the sows. In the human neonate w~th a mother 
having a documented history of PCP abuse, PCP was de- 
tected m the newborn's  urine 7 days postpartum [8] In addi- 
tion, the concentration of PCP m the fetuses of mice was 7 
t~mes higher than in the plasma of dams Furthermore, ~n the 
fetuses PCP was not metabolized [14] All of the above 
suggest that PCP ~s able to cross the blood-placenta bamer  
easdy and remains m the fetus brain in h~gh concentrations, 
and that PCP has the potential to adversely affect the devel- 
oping nervous system. However, httle reformation ts avatl- 
able regarding its possible adverse effects on behavioral 
activity m offspring To this end, the effects of prenatal and 
pennatal  administration of a nonteratogemc dose of PCP on 
the behaworal development of Sprague-Dawley rats were 
examined 

METHOD 

Animals 

Twelve-week-old, sexually mature v~rgin female rats of 
the Sprague-Dawley substratn (Charles Raver Breeding C o ,  
Japan) were used in this phase of the study. Proestrus 
females were individually caged overmght w~th 12-week-old 
males of the same substrain and those exhibiting sper- 
matozoa in their vaginal lavage the following morning were 
considered to be in day 0 of pregnancy. Pregnant females 
were caged ind~wdually ~n a chmate-controlled facihty and 
ma~ntmned on Oriental Laboratory chow (Oriental Co., Ja- 
pan) and tap water ad hb. 

Drug Admimstratton 

The dose level of phencyclid~ne hydrochlonde (10 mg/kg" 
PCP synthetlzed by us, ~dentified by NMR and IR) used ~n 
the present study was selected on the bas~s of preliminary 
observations that PCP did not produce malformations at th~s 
dose. Three groups of animals were treated with PCP during 
different gestation periods (Fig. 1): (1) an experimental group 
in which the ammals received daffy IP mject~ons of PCP (10 
mg/kg) between 9:00-10.00 a.m. on days 7-17 of gestation 
(PCP/GT-~r); (2) on days 7-21 of gestation (PCP/GT-20; (3) on 
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FIG 1. Admlmstratlon schedule RR Rota-rod test, OP Open-field 
test 

days 1%21 of gestation and nursing period (PCP/G17-N~). 
Control groups of animals were treated with IP injection of 
saline PCP or saline was injected into the shallow medial 
abdomen of dams to avoid the womb The mother's weights 
were taken prior to every injection At this time the mothers 
were also examined for evidence of poor physical health or 
behavioral disturbance which might indirectly affect fetal 
development apart from direct effects of drugs upon the 
fetuses If a mother 's health was poor, she was discarded 
from the study 

Reprodu~ tton 

On day 21 of gestation, some part of the dams were killed 
by ether overdosage and the hve fetuses removed, weighed, 
sexed and examined for external malformations In addition, 
the number of corpora lutea, the number and position of 
implantation sites, and the number of dead and resorbed 
fetuses were recorded 

Neonate Development 

The presence of new-born pups was checked dally at ap- 
proximately 9"00 a.m. and 3:00 p.m in the plastic home 
cage The day of birth was designated as day 0 of age The 
body weight of the pups was measured on day 0 (at birth), 4, 
7, 14 and 21 postpartum On day 4, 4 males and 4 females 
were culled from each htter whenever possible 

Postnatal Tests of  Phystcal Development 

Aurtcule Test pups were examined dally for the day on 
which the auditory canals fully opened bilaterally. 

Dorsal hair Test pups were examined dally for the day of 
appearance of dorsal hair 

Eye opentng The pups were examined dally for the day 
on which their eyelids opened bdaterally 

Inctsor eruptton Test pups were examined dally for the 
day of bilateral appearance of lower incisors. 

The pups were examined dally from day 4 (auricle and 
dorsal hair) and day 14 (eye opening and Incisor eruption) 
postpartum until all test members of the htter were positive 
for the trait. 

Preweamng Test of  Neurobehavtoral Development 

Rtghttng reflex Test pups were tested dmly for righting to 
reorient from a supine to a prone position If the righting 
reflex was observed within 35 sec in one trial, the pup was 
considered positive The pups were examined dally from day 
4 postpartum until all test members of the htter were positive 
for the trait 

Walktng Test pups were observed daily for the day of 
appearance of locomotion in the fore- and hlndhmbs with 
abdomen not contacting the ground The pups were exam- 
lned dally from day 14 postpartum until all test members of 
the litter were positive for the trait. 

Free fall Test pups were dropped upside down from a 
height of 60 cm onto a sponge mat. Righting responses in 
mid-air and mode of landing were recorded The nud-alr 
righting response consists of a sequence of orderly move- 
ments proceeding in the rostrocaudal direction head rota- 
tion appears first, rotation of hlndhmbs last. The pups were 
examined dally from day 21 postpartum until all test members 
of the htter were positive for the trait 

Chff-drop averston Test pups were placed on the edge of 
a wooden platform with their noses and fore feet over the 
edge and then tested for whether they turn or crawl away 
from the edge Adult animals can turn or back away from the 
edge within 1 sec The pups were examined from day 3 to 21 
postpartum and the observational rating scales were as fol- 
lows. 0, no response, 1, backing within 10 sec; 2, backing 
within 3 sec, 3, backing within 1 sec 

Negattve geotaxts Test pups were placed on an inchned 
(45 °) board (which has a surface consisting of l-ram thick 
nylon mesh) with their heads pointing downward and then 
tested to see whether the pups turn to face upward. Adult 
ammals can chmb the lnchned board after a turn of 180 ° 
upward The pups were examined from day 2 to 21 
postpartum and the observational rating scales were as fol- 
lows" 0, falhng from the lnchned board; 1, supportmg of body 
weight but no turn on the inchned board, 2, an incomplete 
turn of less than 180 ° upward, 3, a turn of 180 ° upward; 4, 
chmblng after a turn of 180 ° upward. 

Bar holdmg, Test pups were suspended by their forepaws 
on a thin (2 mm thick) wire which was extended horizontally 
at a height of 40 cm from floor level and then tested to see 
whether the pups attempted to chin with the forepaw, and 
support their bodies with their hmdllmbs. When the pups let 
go of the wire, they were caught m hand gently. The pups 
were examined from day 1 to 21 postpartum and the obser- 
vational rating scales were as follows 0, falhng from a thin 
wire; 1, supporting body with their forelimbs, 2, grasping the 
wire with one or both of the hlndlimbs within 30 sec in one 
trial 

Rope descent Test pups were made to grasp a 7-mm 
diameter woolen rope with their heads pointing upward and 
then tested to see whether the pups would fall or descend 
from the rope. The pups were examined from day 12 to 21 
postpartum and the observational rating scales were as fol- 
lows" 0, falling from the rope, 1, supporting body with their 
fore- and hlndhmbs a n d / o r  chmblng the rope, 2, trying to 
descend, but not releasing grip with paws: 3, turning around 
on the rope and trying to descend, but falhng from the rope, 
4, descending with the head m the leading position until the 
end of the rope 

Open-field test The open-field used for the pre-weamng 
rats was a gray box (38 cm wide x 75 cm long x 15 cm high) 
The floor of the apparatus was divided in 18 equally sized 
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FIG 2 Mean body weight of pregnant and lactat~onal dams treated w~th phencychd~ne 
(PCP) from day 7 of gestation to day 21 postpartum N=6--15 per data point, *p<0 05, 
**p<0 01 vs vehicle 

squares by black hnes The pup was placed in the central 
area of the box and following behavioral items were checked 
during 3-min sesstons from day 1 to 21 postpartum. (a) head- 
twitch (rapid lateral twitch of head s~mllar to pinna reflex), 
(b) head-weaving (slow lateral weaving of head without 
elevating the chest), (c) pivoting (turning the body more than 
90 ° using the forehmbs, with the pelv~s as a p~vot), (d) head- 
up (hft]ng the head while elevating the chest), (e) ambulatmn 
(the number of complete squares traversed by the rats on all 
fours), (f) reanng (standing only on the h~ndlimbs w~th the 
forehmbs not contacting the ground), (g) face-washing 
(washing the face or head whale s~ttmg), (h) paw-hcking (hck- 
lng the forelimbs or washing the mouth area whde lying or 
sitting down). In addition to recording the results of the 
above test, we also recorded the onset time as the duration 
(sec) from placement in the center of the box to the occur- 
rence of ambulation The apparatus was cleared of odors ~n 
between ammals in all tests 

Postweantng 

Rota-rod performance. Pups were weaned on day 21 
postpartum and sibhngs of the same sex were housed to- 
gether Rota-rod performance was measured at 4 weeks of 
age using a plastic rota-rod with dmmeter of 3 5 cm and the 
rough surface (N~hon Ikak]kai, Japan). A pup was put on the 
rota-rod revolving at 14 rpm and the number of falls from the 
rota-rod were totalled during a 3-min observation period. 

Open-field test Open-field measures were taken at 5 
weeks of age by two "bl ind"  observers. The open-field 
apparatus (110 cm wide × 110 cm long × 24.5 cm high) was 
painted gray, and divided ~nto 25 equally s~zed squares by 
black hnes. The pup was placed ~nto a corner square and the 
number of squares crossed was recorded by one "bhnd"  
observer and the number of instances of reanng, fur-licking, 
face-washing, unnat ion and defecation was recorded by a 
second "bhnd"  observer for a 3-min period Each observer 
measured the number of the same behavioral events in all 
tests. The open-field was cleaned after each trial and before 
another ammal was put into ~t [6] 

Statlstws 

In order to perform statistical assessments of differences 
among the groups, behavioral data from all animals m each 
group were averaged for each time period. The behavioral 
score represents the mean value ~n each group. 

Frequency data were analyzed using F~sher's Exact 
Probability Test or Wilcoxon's Rank Sum Test on a litter 
basis, e.g., the proportion of implantation s~tes, malforma- 
tmns, resorptions, v~ability, physical development. The data 
from the preweaning test of neurobehavioral development 
were analyzed using a two-factor analys~s of variance 
(ANOVA) with repeated measuring of both factors (drug × 
day x subject). All other parameters were analyzed using the 
two-taded Mann-Whitney U-test or the two-taaled Student's 
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T A B L E  1 

MATERNAL AND FETAL FINDING ON DAY 21 OF GESTATION BY 
LAPAROTOMY OF PREGNANT RATS TREATED WITH 

PHENCYCLIDINE (PCP) ON DAYS 7-21 OF GESTATION (G7-~7) 

Vehicle PCP 10 mg/kg 

11 24 No of dams 
Corpora luta 

Total 
Mean +- S E 

Implants 
Total 135 377 
M e a n - - - S E  123 +_13 157 +_05* 

73 0 91 5 
No of hve fetuses 133 358 

M e a n _ S E  121 +-14 149 --_05 
No of dead fetuses 2 19 

(total %) (1 5) (5 0) 
Implanat~on s~tes 0 0 
Early resorption 2 18 
Late resorption 0 0 
Dead 0 1 
Fetal body weight (g) 5 42 +- 0 10 5 00 +- 0 05* 
Sex ratio 105 94 

(male/female × 100) 
Weight of placenta (g) 0 48 +_ 0 02 0 47 +_ 0 01 
Body length of fetuses (cm) 4 14 +_ 0 03 3 96 +_ 0 02* 
Brachydactyly of forehmbs 0 1 

185 412 
168 -4-10 172 ___04 

*p<0 01 vs vehicle (two-tailed Student's t-test) 

T A B L E  2 

VIABILITY OF PUPS ON 21 DAY OF WEANING FROM DAMS TREATED WITH PHENCYCLIDINE (PCP) ON DAYS 7-17 (GT_~r) AND DAYS 7-21 
(G7_2~) OF GESTATION AND ON DAYS 17-21 OF GESTATION AND NURSING PERIOD (G17--N=a) 

Gr-17 G~-zl GT-Nzl 

PCP PCP PCP 
Vehicle 10 mg/kg Vehicle 10 mg/kg Vehicle 10 mg/kg 

No of dams 15 
No ofhve  pups Day 0 210 

Day 4 
Before culhng 206 
After culhng 114 

Day 7 114 
Day 14 114 
Day 21 114 

Vmbthty ~ndex (%)* 98 1 
Weaning ~ndex (%)5" 100 

6 15 14 8 9 
85 210 173 122 128 

63 206 137 122 100 
43 114 103 64 66 
43 114 103 64 66 
43 114 103 64 66 
43 114 102 64 65 

74 1~ 98 1 79 2~ 100 78 
100 100 990 100 98 

15 
5 

*(No of hve pups on day 4/No of pups born alive) × 100 
~'(No o fhve  pups on day 21/No ofhve  pups on day 4) × 100. 
:~p<0 01 vs vehicle (Wdcoxon's rank sum test) 
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t-test The difference between two comparable sets of results 
was considered s~gmficant when p < 0  05 

R E S U L T S  

Effect of  Prenatal and Permatal PCP Admmistratton on the 
Body Wetght of  Dams and Offspring m the Gestatton and 
Nurstng Periods 

The body weights of dams in the PCP/Gr_~r and PCP/Gr_2~ 
groups decreased mgnrficantly compared to the control 
group during the gestation period, but not ~n the PCP/Gtr-Nz~ 
group (F~g. 2). The decrease in body weight of dams was 
observed only in the PCP/Gr-21 group during the nursing 
period (Fig 2) 

The body weights of  offspnng m the nursing period de- 
creased s~gnfficantly ~n all of  the PCP-treated groups (F~g. 3). 
The fetal body weights and body lengths by  day 21 of gesta- 
tion had been s~gnlficantly decreased by the prenatal PCP 
administration (day 7-17 of gestation) (Table 1). In add~tton, 
the wabihty of  offspring in all of  the PCP-treated groups was 
significantly decreased on day 4 postpartum (Table 2). 

Effect of Prenatal and Pennatal PCP Admtmstratton on the 
Maturattonal Landmarks and Stmple Behavtoral 
Development Tasks m Offsprtng 

Phystcal development before weanmg There was no sig- 

nnqcant difference in the development of  separation of au- 
ncule,  appearance of  dorsal hair, separatmn of  eyelids, 
eruption of  lower incisors, righting reflex, walking and free 
fall between the control and all of  the PCP-treated groups, 
except for a delay in the separation of  eyelids m the 
PCP/GIr-N2~ group. Separation of  eyehds of  all ammals was 
observed on day 15 and 16 of  postpartum ~n the control and 
PCP/G1~-N21 groups, respectively 

Neurobehavtoral development before weamng. The score 
for the head-twitch response was lughest at birth and gradu- 
ally decreased,  thereafter it was not observed 2 weeks 
postpartum In the offspnng of  the PCP/Gr-21 group, the 
score for head-twitch response was significantly increased 
compared to that of  the control group (F~g. 4). 

There was no clear difference ~n the development of  
head-weaving and head-up response between the control and 
P C P / G T - 2 ~  group 

PCP produced a delay in development  ~n open-field be- 
havmr Prenatal PCP admlmstraUon (day 7-21 of gestation) 
retarded the development of  ambulation ~n the open-field, 
although PCP failed to affect the onset of  ambulation (Fig. 5) 
A delay in the development of  rearing was found ~n the off- 
spnng derived from the dams treated w~th PCP (day 7-21 of 
gestation), but not a sigmficant one No d~fferences in the 
development of  pivoting, face-washing and paw-hcklng were 
observed between the control and PCP-treated group (Fig 
5) 

In the prenatal  PCP-treated male offspring (day 7-21 of  
gestation), the development of negatwe geotax~s was re- 
tarded, but not cliff-drop aversion behavior.  On the con- 
trary, ~n the female offspnng of  the dams treated with PCP, a 
delay in the development of  bar-holding and rope-descending 
behavior was observed (Fig 6) 

The frequency of  face-wasMng ~n the male offsprings of  
PCP/Gr_ ,  and male and female offspnngs of P f P / G r - 2 1  

groups and that of ambulation ~n the female offspnngs of 
PCP/G~r-N2t group was significantly higher, compared to the 
control group, at the age of  5 weeks (Table 3). 

Neurobehavloral development after weamng. The 
number of  drops from the rota-rod was slgmficantly high in 
the female offspnng of  the PCP/G~_t7 group at the age of  4 
weeks There was no difference ~n the rota-rod performance 
between the control and PCP/G~r-N2~ groups (Fig. 7). 

D I S C U S S I O N  

Little informaUon lS available on the potential em- 
bryotox~c~ty and teratogemclty of  PCP in laboratory 
animals, although the chance of  it being ingested by women 
of  reproductive age is great [8]. However ,  permanent 
changes in concentraUons of 5-hydroxytryptamme have 
been noted m the brmns of offspnng after male and female 
rats have been adrmmstered the chemical in their drinlong 
water  before and after mating, and to females dunng the 
nursing period [15]. In addition, Jordan et al [6] have re- 
ported that PCP administered prenatally in very high doses 
(25-40 mg/kg) possesses definite teratogemc potential ~n the 
Sprague-Dawley rat When given chronically as single dally 
IP injections dunng the middle third of  gestaUon, or acutely 
as a single IP injection dunng days 10-14, m dose levels 
greater than 25 mg/kg, PCP produced a variety of  malforma- 
tions in a significant number of offsprings Marks et al [9] 
have also reported that PCP admimstered prenatally to the 
mouse produces a variety of  gross structural defects but only 
at doses that are highly toxic to the dam. Jordan et al. [6] and 
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FIG 5 Development of open-field behavior ~n pups from dams treated w~th phencychdme 
(PCP) from day 7 to 21 of gestation N =  19-51 per data point 

T A B L E  3 

OPEN-FIELD BEHAVIOR IN 5-WEEK-OLD PUPS FROM DAMS TREATED WITH PHENCYCLIDINE (PCP) ON DAYS 7-17 OF GESTATION 

GT-]r G7-2] GT-Nz~ 

PCP PCP PCP 
Behaviors Sex Vebacle 10 mg/kg Vehicle 10 mg/kg Vehicle 10 mg/kg 

Locomotor male 331 --- 8 0  38.7 +_ 5 0  36.1 ___ 4 2  348 --- 6 2  313 ± 7 9  361 _-. 75  
female 249~-  65  1 7 9 ±  5 6  433--- 5 4  437___93 363--- 6,8 603 ± 43"  

Reanng male 4 4 ± 0 9  8 5 ± 0 9 *  1 0 2 ± 1 3  135___28 8 5 ± 2 . 1  6 7 - - _ 1 4  
female 3 4 ± 1 0  3 3 ± 1 0  1 0 3 ± 1 4  1 3 3 ± 2 1  6 8 ± 2 . 0  7 0 ± 1 3  

Face-wastung male 0 5  ± 0 3  15 + -03"  0 9 ±  03  56---  085 21 ± 0 . 2  16 +-03  
female 1 6 _ + 0 5  2 0 ± 0 4  0 5 ± 0 3  2 8 ± 0 6 5 "  1 9 ± 0 , 6  2 0 - - - 0 3  

Fur-hck~ng male 0 01  ± 01 0 2  +- 01  0 4  ± 0 2  05  ± 03  01 _+ 01 
female 0 1 _ + 0 1  01  ± 0 1  0 4 - - - 0 3  0 0 1 ± 0 1  0 1 + - 0 1  

Unnat~on male 0 6 _ + 0 2  0 5 ± 0 2  1 4 + _ 0 7  0 4 ± 0 2  0 8 ± 0 3  0 6 ± 0 3  
female 0 7 _ + 0 2  0 3 ± 0 2  1 0 ± 0 . 5  03___02 0 8 ± 0 4  0 6 - - - 0 4  

Defecation male 24---  0 8  21 ± 0 6  10 ± 0.4 15 ± 0 7  28  ± 0 7  23  ± -07  
female 2 4 + _ 0 5  2 2 ± 0 8  0 5 _ + 0 3  1 7 ± 0 8  1 9 _ + 0 4  0 9 ± 0 4  

Values are the mean --- S E *p<005 ,  5.p<001 vs vehicle (Mann-Wh~tney's U-test) 
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FIG 6 Development of bar holding, rope descending, negative 
geotax~s and chff-drop aversion behavior ~n pups from dams treated 
w~th phencychdlne (PCP) from day 7 to 21 of gestation N= 19-51 
per data po~nt 

Goodwm et al. [3], however, have reported behavioral ef- 
fects among offspring prenatally exposed to a dose below the 
level (5-10 mg/kg) for produong malformations In the off- 
spnng prenatally exposed to PCP, delay ~n development of 
locomotor and chmb~ng skdls in Sprague-Dawley rats [6] and 
a greater number of instances of reanng ~n Cox Swiss mice 
[3] have been observed However, Hutchlng et al. [5] could 
not confirm the developmental tOXlOty of PCP by measunng 
locomotor activity In W~star rats at dose levels below the 
teratogemc threshold. 

The present study was camed out to further examine the 
developmental tox~city of PCP since prewous authors exam- 
reed PCP toxloty only at one phase of gestation For this 
purpose, three different administration schedules were em- 
ployed. PCP administration at prenatal, perinatal and nurs- 
ing periods faded to develop toxicity (except for the delay ~n 
the developmental of separation of eyehds), whde prenatal 
PCP adm~mstratlon from day 7 to 17 and from day 7 to 21 of 
gestation produced varieties of behavioral tax,city in off- 
sprang Maternal behavior was affected by administration 
dunng perinatal and nursing periods, but not by the prenatal 
administration schedule (data not shown) Therefore, the 
particular administration period is very critical m the devel- 
opmental tax,city of PCP, although maternal behavior does 
not contribute to producing the toxicity. 

Prenatal PCP administration from day 7 to 21 of gestation 
produced delays ~n the development of locomotion ~n males 
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FIG 7 Rata-rod performance ~n 4-week-old pups from dams treated 
with phencychd~ne (PCP) from day 7 of gestation to day 21 
postpartum N=19--51 per data point, *p<0 05 vs vehicle 

and females, and in bar-holdmg and rope-descending behav- 
ior in female offspnng of Sprague-Dawley rats. The drffer- 
ences in both behavioral parameters were not observed at a 
later t~me and the PCP groups eventually caught up w~th the 
control groups These would be consistent w~th the results of 
Jordan et a! [6] in Sprague-Dawley rats These findings, how- 
ever, are ~ncons~stent with the report of I-Iutch~ngs et al [5] 
using W~star rats The rat strain may have contributed to the 
discrepancies m these results since our methodology and the 
age of our animals at testing, as well as the prenatal dosing 
schedules are very similar to those of HutchIngs et al. [5]. 
The intensity of stereotyped behawor induced by PCP at the 
same dose levels was greater ~n Sprague-Dawley rats than m 
Wistar rats, whde the abd~ty to metabohze PCP was greater 
in the W~star strain than in the Sprague-Dawley straan (un- 
pubhshed results) Therefore, the W~star strain may be more 
tolerant to PCP toxioty than the Sprague-Dawley strain. 

The present experiments showed that PCP delayed the 
development of negative geotaxis in male offspnngs. In ad- 
dition, an increase ~n the score for the head-twttch response 
was observed ~n the male offspnngs prenatally treated with 
PCP. The differences ~n both behavioral parameters were 
observed only m the early period after birth As mentioned ~n 
the Introduction, the newborn animal is not able to 
metabolize PCP [14] Furthermore, ~t ~s well known that PCP 
produces motor ~ncoord~nation [10] and head-twitch re- 
sponse [13]. Taken together, the effects of PCP on the nega- 
tive geotax~s and head-twitch response may be due to a di- 
rect effect of the residual presence of PCP 

After weaning, the rata-rod performance and the open- 
field behavior of pups at the age of 4 and 5 weeks were 
investigated Consistent results showing PCP-toxicity were 
not obtained, however, the number of locomotor counts was 
~ncreased ~n the female pups of PCP Glr-N21 group. Further- 
more, the frequency of face-washing in the open-field was 
~ncreased In the 5-week-old pups of the PCP G7-21 group 
The female pups of the same group showed an increased 
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n u m b e r  of  d rops  f rom the  ro ta - rod .  T he  emotional~ty of  the  
pups  of  P C P  G7-2~ g roup  m~ght be  ~ncreased,  s ince  the  
n u m b e r  of  ins tances  of  face-washing  ~s one  o f  the  indicators  of  
emot iona l i t y  [1] O t h e r  p a r a m e t e r s  of  emot iona l i t y  did no t  
c h a n g e  in the  P C P  G7_2~ g roups  The re fo re ,  we shou ld  
fu r t he r  ~nvest~gate th is  pmnt .  

To ou r  knowledge ,  a s tudy  d e m o n s t r a t i n g  sex d~ffer- 
e n c e s  ~n the  d e v e l o p m e n t  o f  toxic i ty  o f  P C P  in l abo ra to ry  
an imal s  has  no t  b e e n  pub l i shed .  In  adu l t  ra ts ,  we h a v e  re- 
p o r t e d  tha t  sex  d i f fe rences  in the  in tens i ty  of  P C P - l n d u c e d  
b e h a v i o r  and  the  m e t a b o h c  ra te  o f  P C P  do exis t ,  and  t ha t  
t he se  sex  d i f f e rences  are  re la ted  to s e x - h o r m o n e s  [11,12]. 
One  m e c h a n i s m  w h i c h  m ay  a c c o u n t  for  the  d i f fe rence  m 
senslt~Vlty to P C P ' s  tox ic i ty  in male  and  female  offspr ing is 
the  ef fec t  o f  P C P  on  the  b a l a n c e  of  the  neona t a l  h o r m o n a l  

miheu .  Clear ly ,  h o w e v e r ,  w h e t h e r  the  more  comple x  al tera-  
t ions  in n e u r o b e h a w o r a l  func t ion  o b s e r v e d  fol lowing pre-  
na ta l  P C P  admin i s t r a t i on  may  be  a c c o u n t e d  for  b y  ear ly  
h o r m o n a l  i m b a l a n c e s  awai t s  a more  t h r o u g h  u n d e r s t a n d i n g  
o f  the  in t e rac t ions  o f  the  ear ly  e n d o c n n e ,  neura l ,  and  
m e t a b o h c  e n w r o n m e n t .  
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