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GOLUB, M. Maze exploration in juvenile rats treated with cortieosteroids during deveh)pment. PHARMAC. BIOCHEM. 
BEHAV. 17(3) 473-479, 1982.--The possibility of permanent damage to brain function after developmental corticosteroid 
treatment has been raised in connection with therapeutic use of potent synthetic corticosteroids during the period of brain 
development in the human fetus and infant. In the present study, brain function was evaluated in rats treated during brain 
development with triamcinolone acetonide (TAC). A subtoxic dose (0.9 mg/kg), which did not retard growth, was used. 
TAC treatment at two periods of post-embryonic brain development (day 0 and day 10 postnatal) led to deviations from 
normal exploration strategies in a radial maze. Treatment on day 16 gestation was effective only in males. Neonatal 
TAC-treatment also affected spontaneous alternation in a T-maze. Measures which reflected arousal-activity levels during 
behavioral tests, such as time to initiate exploration and time to complete exploration, were not affected by treatment. 
These results suggest that the development of complex brain function in rats can be altered by subtoxic corticosteroid 
treatment in the perinatal period. 
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TREATMENT of rodents with large doses of corticosteroids 
(cortisol or corticosterone) during the first few days after 
birth produces a characteristic syndrome including stunting 
of growth and retardation of motor development [28,29]. Ef- 
fects of this treatment on the developing brain include a per- 
manent reduction of brain weight and DNA content [7,15] 
and changes in neuronal morphology [20,31]. 

Behavioral changes are also seen in rodents as part of the 
corticosteroid runting syndrome. These include: retarded 
appearance of simple reflex and motor patterns [30], a tran- 
sient increase in spontaneous motor behavior in post- 
weaning period [16], a higher level of responding on operant 
schedules [15], greater sensitivity to shock in a shock 
avoidance situation [22], and decreased sexual responsive- 
ness [34]. 

Little is known, however, about the behavioral conse- 
quences of developmental corticosteroid treatment at doses 
which do not produce the severe general developmental tox- 
icity described above. Such information is of interest in view 
of the clinical utility of corticosteroid therapy reigmens in 
pregnancy and early childhood. 

In particular, the use of corticosteroids as preventive 
therapy for neonatal respiratory distress syndrome (RDS) 
has prompted attempts to anticipate harmful effects of low 
level prenatal treatment on the brain [3, 25, 33]. Recently, 
Johnson, et al. [17], have reported that prenatal be- 
tamethasone treatments which influenced lung maturation in 
monkeys also reduced the head circumference of the fetus. 
Frank and Roberts [12] have shown that low level prenatal 

~Supported by NRSA award HD05567, NIH  grant  HD08658. 

dexamethasone treatment in rats lowers the brain weight of 
the near-term fetus. On the other hand, clinical studies of 
children treated antenatally with betamethasone have not 
demonstrated cognitive performance deficits [18]. 

The present experiment examines exploratory behaviors 
in young rats treated during brain development with subtoxic 
doses of triamcinolone (TAC). This synthetic corticosteroid 
was chosen for study because it is the most potent cortico- 
steroid teratogen in rodents [35], and it also exerts a 
teratogenic action in the CNS in primates [13,14]. Spatial 
exploration was selected as the measure of behavioral func- 
tion because it is an important element in the adaptive behav- 
ior of rats. It can also be effected by treatments that damage 
the developing brain [5,27]. 

EXPERIMENT 1: SUBTOXIC DOSE RANGE 

In order to determine an appropriate dose level for the 
behavioral studies, developmental toxicity of TAC was in- 
vestigated in rats injected subcutaneously on the day of birth 
with dosages ranging from 2/xg to 4000/xg per pup. At the 
higher doses, 200 to 4000/xg, the typical corticosteroid runt- 
ing syndrome was observed as outlined in Table 1. 

At doses between 8 /xg and 80 /xg per pup, symptoms 
decreased in severity with dosage and at 2 dose levels under 
8/xg per pup (or about I mg/kg) no signs of the toxicity syn- 
drome were observed. 

Dose levels for the behavioral experiments were thus set 
slightly below 1 mg/kg at 0.9 mg/kg. Records of mortality and 
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T A B L E  1 

RELATIONSHIP BETWEEN N E O N A T A L  TAC DOSAGE AND OCCURRENCE OF 
CORTICOSTEROID RUNT1NG SYNDROME 

Mean 5 Day Mean Survival 
Dose Animals* Weight Change Time (Days) 

4 mg M+F  13~7, 4.7 
2 mg M+F  14/Q 4.5 
1 mg M+F - 1 2 9 ;  4.5 
400 ~g M+ F 129; ~ 4.5 
200/xg M+F  - 1 lqZr 5.3 
80/xg M + F  - 13o~ 8.0 
50/xg F 01~ 8.0 

M - 12c~ 9.0 
20 fig F -- 0It;; 14.0 + 

M 15q4 9.0 
8 /xg F - 0 1 ~  14.0+ 

M 12% 9.0 
4/zg F + 15e~f 14.0+ 

M +[192 14.0+ 
2 #g F + 16~/c 14.0+ 

M * 129~ 14.0+ 

} 

Corticosteroid Runting 
Syndrome: 

stunted growth 
shortened snout 
sparse hair 
thin skin 
lack of subcutaneous fat 
weakness and tremor 
delayed milestones 

No Runling Observed 

*M=male; F=female; N, 2-4/group. 

weight  gain ob ta ined  dur ing  the  behav io ra l  s tudies  and  of  
organ weights  ob ta ined  at n e c r o p s y  s h o w e d  no drug effects  
on these  pa r ame te r s .  

E X P E R I M E N T  2: E F F E C T  O F  N E O N A T A L  TAC-  
T R E A T M E N T  ON S P A T I A L  E X P L O R A T I O N  

The  effect  of  neona ta l  T A C - t r e a t m e n t  on spat ial  explora-  
t ion was s tudied  us ing the  radial  maze  and  the  T -maze  (Fig. 
1). The  T - m a z e  and  the  radial  maze  h a v e  b e e n  used to s tudy  
spatial  exp lo ra t ion  in adul t  ra ts  a f te r  h ippocampa l  les ions  
[9,21], or  a f te r  d e v e l o p m e n t a l  bra in  damage  [5,27]. T h o s e  
t r e a t m e n t s  lead to charac te r i s t i ca l ly  rigid exp lo ra t ion  pat- 
t e rns .  In the  T -maze ,  the an imal s  exp lo re  one  o f  the two 
cho ices  r a the r  than  a l te rna t ing  cho ices  as a normal  rat  does.  
In the  radial  maze ,  the  an imal  uses  a repet i t ious  pa t t e rn  in 
mov ing  f rom cen t ra l  a rea  into success ive  cho ice  a rms .  Maze  
b e h a v i o r s  were  tes ted  b e t w e e n  20 and  30 days  of  age b e c a u s e  
s p o n t a n e o u s  a l t e rna t ion  in the  T - m a z e  has  been  repor ted  to 
deve lop  dur ing  this  t ime per iod  in the  rat  [4, 10, 1 I]. 

METHOD 

Design 

A l i t t e rmate  cont ro l  des ign  was used in which  each  TAC-  
t r ea ted  an imal  was m a t c h e d  to a veh ic le - t rea ted  l i t t e rmate  of  
the  same  sex and  b i r thweigh t .  E x p e r i m e n t s  in the  T -maze  
and  radial  maze  were  each  c o n d u c t e d  in two repl ica tes  of  
four  l i t ters ,  ha l f  of  e ach  l i t ter  be ing  ass igned  to the  TAC-  
t r e a t m e n t  g roup  and  hal f  se rv ing  as cont ro ls .  

Proc~,~l l lr t ,  s 

Pregnan t  a lb ino  female  rats,  60-90 days  old, were  re- 
ce ived  f rom the  suppl ier  ( S i m o n s o n  Labo ra to r i e s ,  Gilroy,  
Cal i fornia)  on 17-19 days  of  ges ta t ion  and  were  ma in ta ined  
on 12-12 light cycle  (dark  cycle  10 p.m.  to 10 a .m.)  wi th  food 
and wa te r  avai lable  cont inua l ly .  

On pos tna ta l  day 0, pups  were  r e m o v e d  f rom nes t  for 
neona ta l  d rug  or  vehic le  inject ion.  On pos tna ta l  days  5, 10 
and  15, pups  were  weighed and  bedding  was changed  with- 
out  d i s tu rb ing  the  nes t  area.  On pos tna ta l  day  21, l i t ters were  
weighed and  w e a n e d  by t rans fe r r ing  pups  in g roups  of  five,  
ba lanced  for  sex and t r ea tmen t  group,  to separa te  plastic 
cages.  

F o r  neona ta l  in ject ions ,  m o t h e r  was r e m o v e d  f rom the 
b reed ing  cage within 12 hours  a f te r  birth.  L i t te rs  were  then  
r e m o v e d  with as little d i s tu rbance  of  nest  a rea  as poss ib le ,  
and  each  pup was p laced  in one  c o m p a r t m e n t  of  an egg car- 
ton and  w a r m e d  to 27°C with a heat  lamp;  they were  then 
weighed,  sexed and  marked  by inject ing ink unde r  the dorsal  
skin of  the foot  pad a rea  I l l .  Pups  were  m a t c h e d  in pairs  for 
weight  and  sex,  and  one  pup in each  pair  was  ass igned  to the 
drug t r e a t m e n t  group.  L i t t e r s  were  culled to ten by el iminat-  
ing an imals  wi thou t  weight -sex  ma tches .  

hljections 

Tr i amc ino lone  ace ton ide  suspens ion  (Kenalog-40,  
Squibb)  was di luted with vehic le  to a c o n c e n t r a t i o n  of  0.4 
mg/ml j u s t  pr ior  to inject ion.  All in ject ions  were  de l ivered  
s u b c u t a n e o u s l y  in neck  region to hand - r e s t r a ined  animal  at a 
dose  of  0.9 mg/kg, us ing a 100 tx l i ter syr inge and 27 gauge 
needle .  L ike -vo lume  in jec t ions  of  vehic le  se rved  as cont ro l  
in ject ions .  

Behavioral Testin~,--T-Ma~e 

A floor less  T-maze  c o n s t r u c t e d  of  p lywood  pain ted  b lack  
was used for  test ing.  Paper  towels  were  p laced  unde r  the 
maze  and  fo rmed  the floor. The  towels  were  changed  af ter  
tes t ing  of  each  animal .  Th ree  maze  a rms ,  4 .5x  14x 16 cm,  
could be a s s e m b l e d  to be used in t e r changeab ly  as s tar t  arm 
and right  and  left goal arm.  Gui l lo t ine  doors  were  inse r ted  in 
each  a rm to form a start  c o m p a r t m e n t  and to conf ine  the 
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T M A Z E  

# 

RAD/AL MAZE 

EXPLORATION STATEGIES 

- . . . .  R I G H T  TURN 
. . . . . . . . . .  L E F T  T U R N  

FIG. 1. Schematic of spatial mazes. In the T-maze, the animal is 
released from the start compartment, and can choose a right or left 
turn exploration strategy at the choice point. In the radial maze, the 
animal chooses a right or left turn strategy as it exits from one arm 
and moves to another. 

animal after a goal arm was chosen. The maze was located in 
the home cage room. 

Prior to testing, animals were adapted to the maze by 
placing each weanling cage group (5 pups) in the maze for a 
5-min period on day 17 of age. 

Animals received two daily test sessions of  two trials each 
between 21 and 30 days of age with at least four hours inter- 
vening between the ~wo daily sessions. Order of  testing of  
each weanling cage group, and each animal within the cage 
group, was determined with a random schedule. 

At the beginning of  each session, the animal was placed in 
the start compartment for 3 sec, the door was removed and a 
timer was activated to record choice latency. If the animal 
failed to leave the start box within one minute, it was re- 
placed in the home cage and tested again after its cagemates. 
Once the animal entered a goal arm with all four paws, it was 
confined there for 30 sec and then returned to the start com- 
partment for the second trial after which it was returned to 
its home cage. All tests were scored by a trained observer 
who was unaware of the treatment group of animals. 

Behavioral Testing--Radial Maze 

The maze was a root less  octagonal maze constructed of 
masonite. Each alley was 7 . 5 x 1 5 . 0 x l l . 2  cm and opened 
into the central area. The threshold of each alley consisted of 
a 0.3 cm masonite barrier. The maze was placed on the floor 
of  the animal room on white bench paper, which was 
changed as needed if animals defecated or urinated. 

On day 18 of  age, animals were adapted to the maze by 
placing each cage group as a whole in the maze for a 5 min 
period. Maze testing was carried out on days 22, 25 and 28. 

At the beginning of  each testing session, the animal was 
placed in the central area of the maze facing an arm, re- 
leased, and allowed 5 minutes to explore the maze. Alleys 
were recorded in the order entered along with the time of 
entry and exit from the alley. Any animal not completing five 

alley choices in 5 rain was returned to the maze for another 
trial after cagemates completed testing. 

Behavioral Measures 

Measures of exploration strategy were based on how 
often the animal used a "right turn" or "left  turn" strategy 
in chosing a maze arm (see Fig. 1). In the T-maze, a 2-trial 
test session was scored as "repeat ing"  if the animal chose 
the same arm on the second trial that it had chosen on the 
first trial. In the radial maze, a 5 rain test was classified as 
" repeat ing"  if the strategy chosen most often (-left  turn" or 
"right turn") in exploring successive maze arms was used 
more frequently than would be expected on the basis of 
chance (0.50 probability, binomial test). Because of the 
dichotomous scoring strategies used, all group differences in 
strategy measures were evaluated with a nonparametric 
statistic (X2). 

In addition to the strategy measures, latencies were re- 
corded during each session to assess possible differences in 
arousal-activity levels in TAC-treated and control animals. 
In the T-maze, the average choice latency per animal on 4 
trials of  a given day was the latency score. For the radial 
maze, a latency measure (seconds per arm) was obtained by 
dividing the number of seconds in the test period by the 
number of arms chosen during the test period. Latency 
measures were converted with a log transformation and 
analyzed in a 3 factor (Sex, Treatment, Age) repeated meas- 
ures analysis of variance (ANOVAR). 

RESULTS AND DISCUSSION 

Analysis of strategy scores demonstrated significantly 
more rigid exploration patterns in TAC-treated animals than 
in nontreated animals in both mazes. By the end of the ten 
day test period (see Fig. 2). Because the rigid exploration 
patterns developed in both maze situations between 25 and 
28 days of age, it is possible to suggest that neonatal TAC 
treatment affects a behavior regulating system which ma- 
tures during this period in the rat. 

The TAC treatment effect on strategy measures was 
found when male and female data were pooled for analysis, 
and when treated females were compared separately to 
same-sex controls. However,  treated and nontreated males 
did not differ significantly on any test day. 

Analysis of latency measures demonstrated no effect of  
TAC-treatment, or interaction of treatment with sex or age. 

The information on choice latencies is useful in consider- 
ing possible indirect effects of TAC on choice strategy 
mediated by changes in activity-arousal level. Maturation of 
a major arousal-regulating system in the rat at about 28 days 
of age has been demonstrated by Campbell, Lytle and 
Fibiger [61, Moorcroft [19] and Blozovski and Bachevalier 
[2]. Increase in choice latencies in the present study at 27-28 
days of  age may also reflect the maturation of this system. 
However,  since TAC treatment did not influence choice 
latencies, it seems unlikely that the TAC effect on explora- 
tion strategies was mediated by changes in activity-arousal. 

EXPERIMENT 3: COMPARISON OF THREE 
T R E A T M E N T  PERIODS 

The developmental period for producing changes in 
exploration strategies was explored by administering TAC 
treatment at 3 postembryonic ages, day 16 gestation, day 0 
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postnatal and day 10 postnatal, known to be susceptible to 
brain damage [8,26]. 

The gestational treatment was administered to mother at 
same mg/kg dosage as the postnatal treatments were ad- 
ministered to pups. Because littermate controls could not be 
employed for gestational treatment, additional litters in 
which all animals received vehicle injections served as con- 
trois. 

In this experiment, only the radial maze was used, and a 
quantitative measure of rigidity of exploration strategy was 
derived for each test session. This is in contrast to the 
dichotomous scoring system ("repeat ing" and "'non- 
repeating") used previously to measure exploration strat- 
egies. With a quantitative measure, parametric statistics and 
factorial designs could be utilized more effectively in 
evaluating the TAC treatment effect. 

METHOD 

l)esiA, n 

The design of this experiment is outlined in Table 2. For 
the first two groups (day 0 and day 10 postnatal treatment) 
injections were administered to individual pups after birth 
and a littermate control procedure was used, as in Experi- 
ment 1. For the third group (day 16 gestation treatment) 
injections were administered to the pregnant female and a 
fourth group of animals injected with vehicle at all time 
points (whole litter control) was added to the experiment to 
provide controls for the gestational treatment group. Four to 
six pregnant females were assigned to each of the 4 experi- 
mental groups. 

Procedlo'es 

Virgin female Sprague Dawley rats (Simonson Laborato- 
ries, Gilroy, CA) were bred by caging 3-4 with a male on day 
of estrous as determined from vaginal smears. On day 16 of 
gestation, subcutaneous injection of either triamcinolone or 
vehicle was administered to pregnant females. On day 19 of 
gestation, pregnant females were transferred to plastic tub- 
type breeding cages with sawdust and paper nesting material 
and procedures used in the previous experiment were em- 
ployed for the remainder of pregnancy and the postnatal 
period. 

Behavioral Testing 

The radial maze and procedures for testing were de- 
scribed in the previous experiment with the following mod- 
ification: (1) Duration of the test; animals remained in the 
maze until 16 arm choices were made, rather than for a 5 
minute period. (2) Time of testing; animals were tested early 
in the dark cycle (6-10 p.m.) rather than during the light 
cycle. (3) Age of testing; all animals were tested once at 35 
days of  age. (4) Adaptation; animals were adapted on 3 suc- 
cessive post-weaning days (25, 28, 32 days of age) by placing 
each animal in one arm of the radial maze with access to the 
rest of the maze blocked by a masonite door at the threshold 
of the arm. (5) Arousal measures; grooming, rearing and de- 
fecation were recorded cumulatively during each session. 

Behavioral Measures 

Two quantitative measures of rigidity of exploration 
strategy were derived from the sequence of maze arms cho- 
sen for exploration during each session. Choice sequences 
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FIG. 2. Frequency of occurrence of repetitive maze expk)ration 
patterns in rats treated neonatally with TAC and in vehicle-injected 
controls. Group differences: *X2(l) 6.36, p- 0.025: ",X~I1)-5.07, 
p<0.025: $X~(1)=5.71, p<0.025. 

for each animal were processed with a computer program 
which classified each choice of an arm as "'right turn," "left 
turn" or "'opposite choice.'" Thirty-five day old animals 
sometimes ran across the open area in the center of the 
maze, a behavior not seen in younger animals; this made it 
necessary to add the third classification of strategy choice, 
"'opposite choice."  From this information, two scores were 
obtained, a "change strategy" score which was the numbel 
of strategy choices that were not the same as the preceding 
choice, and a "favorite strategy" measure which was the 
frequency of the strategy chosen most often as a percent ot 
all choices, Because of the different control procedures 
used, prenatally and postnatally treated animals were eval- 
uated in separate ANOVARS. 
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T A B L E  2 

INJECTION SCHEDULE FOR EXPERIMENT INVESTIGATING SENSITIVE PERIODS FOR 
TAC-INDUCED BEHAVIORAL EFFECT 

Injection Time 

Treatment Day 16 Gestation Day 0 Postnatal Day 10 Postnatal 
Group (Mother Injected) (Pups Injected) (Pups Injected) 

Prenatal 
treatment 

Neonatal 
treatment 

Postnatal 
day I0 
treatment 

Whole litter 
control 

TAC VEH VEH 

VEH split [VEH VEH 
litter \ TAC VEH 

VEH split ~/VEH VEH 
litter \VEH TAC 

VEH VEH VEH 

TAC=triamcinolone acetonide 0.9 mg/kg. 
VEH equal volume vehicle injection. 

T A B L E  3 

COMPARISON OF TAC-TREATED RATS AND VEH CONTROLS ON TWO MEASURES OF EXPLORATION 
STRATEGY AT 35 DAYS OF AGE IN THE RADIAL MAZE 

Strategy Changes Favorite Strategy 
(Per 16 Maze Arm Choices) (% of All Strategy Choices) 

VEH TAC t d[  p VEH TAC t df p 

Females 
Postnatal treatment 9.8 8.1 1.92 24 0.05 45 54 2.48 24 0.01 
Prenatal treatment 9.8 10.3 0.38 32 NS 47 47 0.01 32 NS 

Males 
Postnatal treatment 8.7 10.6 1.92 22 0.05 54 45 2.32 22 0.02 
Prenatal treatment 9.5 10.5 1.38 26 0.10 53 44 3.18 26 0.005 

RESULTS AND DISCUSSION 

Pos tna ta l  T A C  t r e a t m e n t  in f luenced  bo th  the  " c h a n g e  
s t r a t e g y "  and  the  " f a v o r i t e  s t r a t e g y "  measu re s ,  wi th  the  
d i rec t ion  of  the  effect  d e p e n d i n g  on  the  sex of  the  animal .  
T A C  t rea ted  females  in genera l  made  more  rigid or  repe t i t ive  
choices ,  while  t r ea ted  males  had  less rigid s t ra tegies  than  
con t ro l s .  This  was  re f lec ted  in a s ignif icant  Sex by  Trea t -  
men t  in te rac t ion  in the  3-factor  (Sex,  T r e a t m e n t ,  T ime of  
T r e a t m e n t )  A N O V A R .  F o r  the s t ra tegy change  m e a s u r e s  
Sex by  T r e a t m e n t  in t e rac t ion ,  F(1 ,24)=8 .56 ,  p < 0 . 0 0 5 ;  for  
the  favor i te  s t ra tegy  measu re s  Sex by T r e a t m e n t ,  
F (1 ,46)=9 .05 ,  p = 0 . 0 0 4 .  Ind iv idua l  g roup  c o m p a r i s o n s  are 
p r e s e n t e d  in Table  3. 

Bo th  pos tna t a l  t r e a t m e n t  ages  (day 0 and  day 10) had 
s imilar  effects  on  behav io r .  The  p rena t a l  t r e a t m e n t  (day 16 
ges ta t ion)  p r o d u c e d  a behav io ra l  effect  s imilar  to tha t  of  
pos tna ta l  t r e a t m e n t  in males ,  bu t  did not  a l ter  the  b e h a v i o r  of  
females  (see Table  3). 

T h e s e  da ta  sugges t  tha t  the re  is no  " 'cr i t ical  p e r i o d "  for  
p roduc ing  the  T A C  effect  on  exp lo ra to ry  behav io r .  Dose-  
effect  s tudies  would  be n e c e s s a r y  to de t e rmine  with cer-  

ta in ty  w h e t h e r  some per iods  are more  sens i t ive  than  o thers .  
H o w e v e r ,  the  lack o f  t ime specif ici ty  seen  here  makes  it 
less likely tha t  this  behav io ra l  effect  of  TAC t r e a t m e n t  is due 
to in t e r f e rence  with the  d e v e l o p m e n t  of  a specif ic  b ra in  
s t ruc tu re ,  and  more  likely tha t  a nonspec i f ic  effect  on bra in  
g rowth  is involved .  

A str iking cha rac te r i s t i c  of  the  T A C  effect  on  s t ra tegy 
measu re s  in this  e x p e r i m e n t  was the  di f ference b e t w e e n  
sexes .  T rea t ed  females  d isp layed  more  rigid exp lora t ion  pat- 
t e rns  than  con t ro l s ,  an effect  tha t  was  s imilar  to that  re- 
corded  in radial  and  T-mazes  in the  first expe r imen t .  How-  
ever ,  t r ea ted  males  in the second  e x p e r i m e n t  had  less rigid 
exp lora t ion  s t ra tegies  than  l ike-sex cont ro ls .  Since sexual  
m a t u r a t i o n  is p roceed ing  in the rat  at abou t  the age w h e n  the  
an imals  were  t e s t ed  (35 days) ,  it is poss ible  tha t  the  sex- 
specif ici ty  of  drug ac t ion  is p roduced  th rough  in te rac t ion  
with o the r  behav io ra l  changes  and  does  not  pers is t  into 
matur i ty ;  h o w e v e r ,  we have  no expe r imen t a l  ev idence  on 
this  point .  

Ana lys i s  of  weight  and ac t iv i ty-arousa l  measu re s  
d e m o n s t r a t e d  tha t  no TAC t r e a t m e n t  group differed f rom its 
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appropr i a t e  cont ro l  on these  measu re s ,  but  that  an ima l s  f rom 
li t ters split for  t r e a t m e n t  ( l i t te rmate  cont ro l  p rocedure )  dif- 
fered f rom those  in which  all pups  rece ived  the  same treat-  
ment  (whole  l i t ter  con t ro l  p rocedure) .  The  an imal s  f rom split 
l i t ters were  l ighter  in weight  and  had sho r t e r  e m e r g e n c e  
t imes  and  comple t i on  t imes  than  an imals  f rom homogen-  
ous ly  t r ea ted  li t ters.  W h e n  the  five t r e a t m e n t  g roups  (3 
T A C - t r e a t e d  and 2 cont ro l )  were  c o m p a r e d  on measu re s  of  
e m e r g e n c e  t ime,  comple t ion  t ime and weight  us ing a two- 
fac tor  ( T r e a t m e n t  Group ,  Sex) A N O V A R ,  a s ignif icant  ef- 
fect  of  t r e a t m e n t  g roup  was  found  on  all th ree  m e a s u r e s :  
weight:  T r e a t m e n t  F(4,101=9.19,  p < 0 . 0 0 1 ;  e m e r g e n c e  time: 
T r e a t m e n t  F(4 ,110)=9.48 ,  p < 0 . 0 0 1 :  comple t ion  t ime: 
T r e a t m e n t  F(4 ,110)=5.39 ,  p < 0 , 0 0 1 .  Individual  g roup  com- 
pa r i sons  ( N e w m a n - K e u l s  p rocedure )  ind ica ted  that  g roups  
made  up of  an imals  f rom li t ters split for  t r e a tmen t  (pos tna ta l  
TAC groups  and  split l i t ter  con t ro l s )  di f fered from groups  of  
an ima l s  f rom h o m o g e n o u s l y  t rea ted  l i t ters  (prenata l  T A C  
group and whole  l i t ter  cont ro ls ) .  

This  in fo rmat ion  is in a g r e e m e n t  with  la tency measu re s  in 
the p rev ious  e x p e r i m e n t  and  indica tes  that  ac t iv i ty  and 
arousal  in the test  s i tuat ion were not  appa ren t ly  af fected by 
d e v e l o p m e n t a l  TAC t r ea tmen t .  

Examina t i on  of  defeca t ion ,  g rooming  and rear ing  meas-  
ures revea led  no group  di f ferences .  

This  pa t t e rn  of  resul ts  s t rongly  suggests  that  the split- 
l i t ter  rear ing  s i tua t ion in i tself  p roduced  subs tan t ia l  behav-  
ioral changes  in offspring.  Bo th  cont ro l  g roups  rece ived  
identical  in jec t ions  of  vehic le  and ident ical  handl ing,  and 
thus  dif fered only  in tha t  spl i t - l i t ter  con t ro l s  were  ra ised  with 
T A C - t r e a t m e n t  l i t t e rmates .  Appa ren t ly  some aspec t  of  this 
rear ing  s i tua t ion p r o d u c e d  s ignif icant  changes  in weight  and 
la tency  measu res .  The  l i t t e rmate  cont ro l  p rocedu re  has been  
used in the  major i ty  of  behav io ra l  e x p e r i m e n t s  with  neona ta l  
cor t i cos te ro id  t r ea tmen t ,  it is poss ible  thai  a l t e ra t ions  in 
n o n t r e a t e d  l i t t e rmates  due to rear ing  in l i t ters split for  t reat-  
men t  are an impor tan t  un recogn ized  l ec to r  tha t  should  be 
cons ide red  in the in te rp re ta t ion  of  these  expe r imen t s .  

t ion.  H o w e v e r ,  there  were no group d i f ferences  in body 
weights  or  general  ac t iv i ty -a rousa l  levels  and  no signs of 
d e v e l o p m e n t a l  toxici ty in the t rea ted  an imals  used in these  
behav io ra l  s tudies .  

The  behav io ra l  effect desc r ibed  in this expe r imen t  was 
s e x - d e p e n d e n t :  the d i rec t ion  of  the devia t ion  from contro l  
differed in males  and females .  W h e t h e r  this was due to dose 
level,  age of  tes t ing or  specif ici ty of  drug ac t ions  is not c lear  
f rom the  in format ion  ga the red  to date .  The  effect nlay also 
be specif ic  to juven i le  stage of  d e v e l o p m e n t ,  as we have not 
tes ted  fully mature  animals .  

Severa l  cha rac te r i s t i c s  of  the p resen t  s tudy make  it par- 
t icular ly re lewmt  to the ques t ion  of  poss ible  impa i rmen t  of 
bra in  func t ion  in h u m a n s  af ter  d e v e l o p m e n t a l  cor t icos te ro id  
the rapy .  

(11 The  dose  levels used are low. G r o w t h  re ta rda t ion .  
which  is f requen t ly  used as an index for adjus t ing the rapeu t ic  
levels  of  cor t i cos te ro id ,  was not seen at the behaviora l ly  
effect ive  dose  level.  In addi t ion ,  no signs of the well- 
d o c u m e n t e d  d e v e l o p m e n t a l  toxici ty s y n d r o m e  for cor t ico-  
s te ro ids  were  obse rved .  

(2) The  agent  used,  t r i amcino lone ,  is a syn the t i c  cor t ico-  
steroid with a potency similar to c o m m o n l y  used therapeut ic  
agents .  

(3) The  drug appea red  to be most  efl 'ective dur ing  the 
per iod of  rapid bra in  g rowth  in the rat.  Cor t i cos te ro ids  ad- 
min is te red  as p rophy lax i s  for r esp i ra to ry  d is t ress  s y n d r o m e  
are admin i s t e r ed  dur ing  the last t r imes ter ,  a per iod of  rapid 
brain  g rowth  in humans .  

(4) The  b e h a v i o r  affected involved  regulat ion of  relat ively 
complex  s p o n t a n e o u s  b e h a v i o r  pa t te rn ,  This  type o[ 'a  deficil 
might not readily emerge  from rout ine  deve lopmen ta l  screen  
ing tests  in infants  s ince it does  not necessar i ly  imply a mat- 
ura t ional  lag: howeve r ,  this type  of  deficit  may be re levanl  1o 
s y n d r o m e s  of  i nadequa te  regula t ion of  act ivi ty  and a t t en t ion  
in chi ldren  [32]. 

G E N E R A L  D I S C U S S I O N  

These  da ta  d e m o n s t r a t e  tha t  long- te rm changes  in behav-  
ioral func t ion ing  can  be p roduced  by re la t ively  b r i e f  low- 
level t r e a t m e n t  with co r t i cos t e ro ids  dur ing  the per iod of  
b ra in  d e v e l o p m e n t  in the  rat.  The  behav io ra l  measu re s  af- 
fec ted  were  c o n c e r n e d  with the  f lexibil i ty of  exp lo ra to ry  pat- 
te rns  in spat ial  mazes .  The  behav io ra l  t e chn iques  do not  
al low ident i f ica t ion of  specific cogni t ive  p rocess  affected,  for  
example ,  m e m o r y ,  r e sponse  inhibi t ion or spat ial  d i scr imina-  
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