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FERNANDEZ-TERUEL, A., P. DRISCOLL, R. M. ESCORIHUELA, A. TOBElqA AND K. B.ATTIG. Postnatal 
handling, perinatal flumazenil, and adult behavior of the Roman rat hnes. PHARMACOL BIOCHEM BEHAV 44(4) 783- 
789, 1993.-The effect of infantile handling stimulation and/or perinatal flumazenil (Ro 15-1788; a benzodlazepine receptor 
antagonist; 3.7 mg/kg/day) administration on exploratory and emotional-related behavior was investigated using adult 
females from the Roman high- and low-avoidance (RHA/Verh and RLA/Verh) lines. When rats (6 months old) were exposed 
to a hexagonal tunnel maze including an illuminated central arena, it was found that RHA/Verh rats were more active, 
explored more maze area, showed more outward preference, and more frequently entered the illuminated center than RLA/ 
Verh rats. In addition, postnatal stimulation decreased emotional-related behavior in both lines of rats, as expressed by 
increased entry into, and time spent in, the central arena. Perinatal flumazenil treatment decreased entry into the maze central 
arena in both rat lines but this effect was counteracted by postnatal (handling) stimulation. Thus, the present study extends 
to adult RHA/Verh and RLA/Verh rats the positive long-lasting effects of postnatal handling and shows postnatal handling 
x flumazenil interactions in some behavioral parameters related to the pattern of exploration and exploratory efficiency. 
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THE existence of  a link between GABAergic transmission and 
anxiety was independently discovered by Costa et al. (1,8) and 
Haefely et al. (25,36) and was followed by the discovery of  
high-affinity recognition sites for the anxiolytic benzodiaze- 
pines [benzodiazepine receptors (BZRs)], which are coupled 
to GABA^ receptors in the mammalian CNS (34,37). It is 
generally accepted at present that the GABAA receptor com- 
plex, coupled to the chloride ionophore (GABAA/BZR/CI- 
complex), plays a major role in anxiety and stress. This is 
supported by the following evidence: a) Anxiolytic/anticon- 
vulsant benzodiazepines upregulate whereas anxiogenic/pro- 
convulsant (benzodiazepine receptor inverse agonists) 3- 
carbolines downregulate GABAergic transmission and b) the 
GABAA/BZR/CI- complex is also sensitive to the action of  
environmental stressful stimuli (2,5-7,38). 

Benzodiazepine receptors in the rat brain are detectable 8 
days before birth, their density reaching near maximal levels 
by 2 weeks after birth (4). It has been shown that BZR ontog- 
eny can be manipulated by perinatally administering BZR li- 
gands. Thus perinatal treatment with diazepam (average 5 
mg/kg/day)  or with the BZR antagonist flumazenil (3 mg/  

kg/day) lead, respectively, to enduring decreases or increases 
of  BZR density in adult rats, which are paralleled, respec- 
tively, by chronic anxiety or "fearlessness" (29,30). Interest- 
ingly, behavioral manipulations (such as postnatal handling of  
rats) that enduringly decrease anxiety or reactivity to stressful 
situations (10,14,26-28,32) have also been shown to produce 
an increase in BZR density in adulthood (3), as well as (possi- 
bly related to that) changes in the behavioral effects of fluma- 
zenil (Ro 15-1788) 5 mg/kg in rats undergoing stressful learn- 
ing tasks (15). 

The importance of  genetic factors on the effects of  environ- 
mental manipulations such as postnatal handling-stimulation 
have also been demonstrated (17,26,28). It is still an open 
question, however, as to whether both the early pharmacologi- 
cal (especially perinatal BZR ligand administration) and envi- 
ronmental (postnatal handling) manipulations can influence 
adult behavior in psychogenetically selected rat lines, such as 
Roman high- and low-avoidance rats, which have been se- 
lected and bred for rapid acquisition (RHA/Verh) vs. nonac- 
quisition (RLA/Verh) of  active, two-way avoidance. Adults 
of  the latter line show a lower density of  BZRs in several 
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brain regions (23), as well as lower GABA-stimulated chloride 
uptake (24), and are more emotional in behavioral tests (9, 
11,18,20,22,31,42). Possibly related, both rat lines differ in 
their response to drugs acting at the GABAA/BZR/CI- com- 
plex (12,16,31). In addition, decreased reactivity has been 
noted in weanling rats of  both lines after postnatal handling 
(17) and differential handling vs. flumazenil effects have been 
seen, also in weanlings (18). 

The aim of the present study was to determine if postnatal 
handling and/or perinatal flumazenil treatment are also able 
to induce enduring changes in the activity, exploration, and 
emotional reactivity of  adult RHA/Verh and RLA/Verh rats. 

METHOD 

Animals 

Fourteen pregnant RHA/Verh and 16 pregnant RLA/Verh 
female rats (80th generation of selective breeding) were used 
in the present study. Animals were maintained with food (Na- 
fag 890) and tapwater available ad lib, and lights were on 
from 0900-2300 h. On gestation day 15, they were randomly 
distributed across the eight experimental groups (four groups 
from each fine) to which their offspring would be assigned 
(see below). From these females, 74 female offspring were 
used for the present experiment; 37 RHA/Verh and 37 RLA/ 
Verh. The experimental groups were as follows: RHA/CON, 
7 RHA/Verh offspring that had been exposed to vehicle (see 
the Drug Treatment section) from prenatal day 15 to postnatal 
day 14, receiving no postnatal handling; RHA/FLU,  14 
RHA/Verh rats that had received perinatal flumazenil (aver- 
age dose 3.7 mg/kg/day) from prenatal day 15 to postnatal 
day 14, without being handled postnatally; RHA/HAN,  6 
RHA/Verh pups that had received no flumazenil treatment 
but were postnatally handled from day 1 to day 21 (see below 
for procedure); RHA/HAN-FLU,  10 RHA/Verh pups that 
had received both treatments, perinatal flumazenil plus post- 
natal handling. The respective RLA/CON (n = 7), RLA/ 
FLU (n = 12), RLA/HAN (n = 8), and RLA/HAN-FLU 
(n = 10) groups received the corresponding treatments. All 
pups were weaned at postnatal day 22. They were group 
housed in macrolon cages with food (Nafag 890) and water 
continuously available and received no further treatment(s) 
until the experiment was carried out when they were 6 months 
old. The different experimental groups each consisted of  rats 
from at least three different fitters (which had 10-12 pups 
each). 

Perinatal Flumazenil Treatment 

From gestation day 15 to the 14th day after giving birth, 
mothers (from both lines) assigned to that treatment were 
given drinking water containing flumazenil (prepared fresh 
daily, dissolved in ethylene glycol plus water; final concentra- 
tion 0.5°10), whereas the remaining mothers received only wa- 
ter plus the same concentration of  vehicle. Every 24 h (in 
the morning), the consumed volumes were determined. The 
average dally dose of  flumazenil was 3.7 mg/kg (relative to 
the weight of dams plus the litter). 

It is reasonable to assume that fetuses and pups will be 
exposed to flumazenil (during the critical period of  BZR onto- 
genesis; see the introductory section) because: a) it has been 
shown that some benzodiazepines cross placenta and are ex- 
creted in milk (13), and pre- or perinatal treatments with BZR 
agonists or antagonists (i.e., flumazenil) induce long-lasting 
changes in BZR density in the brain (21,29); b) the direction 

of these changes depend upon the type of ligand (agonist or 
antagonist) and the dose used (21,29,30); and c) the enduring 
behavioral effects and upregulation of  BZR induced by peri- 
natal exposure to low doses of flumazenil [3 mg/kg/day on 
average; (29,30)] are similar to those produced by chronic 
administration of flumazenil 4 mg/kg to adult Sprague- 
Dawley rats (29,33,39-41), indicating, therefore, that perina- 
tally administered flumazenil reaches the fetuses and pups and 
interacts with BZR in a way similar to that of  chronic fluma- 
zenil administered to adult rats. 

Postnatal Stimulation (Handling) Treatment 

At postnatal day 1, the handling treatment started, consist- 
ing of first removing the mother and then pups from the nest 
twice daily (first time between 1030 and 1300 h and second 
time between 2000 and 2230 h). The first dally handling ses- 
sion consisted of  first separating and weighing each mother 
and then weighing pups and placing them gently and individu- 
ally in plastic cages fined with paper towels for a period of 10 
min. After 5 min in this situation, each pup was individually 
(and gently) handled for 5 s and returned to the respective 
cage for the remaining 5 rain. At the end of the 10-rain period, 
each pup was gently handled for 3 s and then returned to its 
home cage. When all pups from one litter were back in their 
home cage, the mother was also returned to it. The same 
procedure, without weighing animals, was done at the evening 
(second time) handling session. Handling treatment finished 
at postnatal day 21 (1 day before weaning). 

Litters pertaining to nonhandled groups (i.e., CON and 
FLU groups; see the Animals section) were left undisturbed 
until weaning. 

Behavioral Testing Procedure 

A hexagonal tunnel maze with a diagonal diameter of  1.4 
m and containing concentric interconnected alleys was used 
[see the "complex maze" (31) and Fig. 1]. A total of 42 infra- 
red photocell units, indicated in Fig. 1, which were interfaced 
to an IBM-XT personal computer were uniformly distributed 

FIG. I. The alley configuration in the hexagonal tunnel maze, in- 
cluding a brightly illuminated central arena and unlit alleys and nine 
strategically placed barriers. The starting point is indicated by the 
(6X,, 
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within the maze alleys. Entry into and exit from the central, 
750 cm 2 (brightly illuminated) arena could be measured. The 
ceiling and side walls were fitted together to form a unit that 
could be lifted from the floor to permit easy removal of  a 
subject and subsequent cleaning. The maze contained eight 
barriers, arranged in such a way as to allow exploration of  the 
maze with or without entering the central arena. The central 
open arena was illuminated by a 60-W incandescent light bulb 
suspended 43 cm above the center. The rest of  the maze was 
not illuminated and contained several blind alleys, as shown 
in Fig. 1. 

Behavioral testing was carried out between 1030 and 1700 
h. Each rat received a single 6-min test in the maze, each test 
beginning with the placement of  the rat into the outer maze 
alley through a door in the ceiling of  the maze apparatus 
(indicated by the X in Fig. 1). At  the conclusion of  each test, 
the floor of  the maze was thoroughly wiped clean. 

Before testing, animals were habituated to the experimental 
room for at least 7 rain. The order of  testing was arranged so 
that approximately equal numbers of  rats from each treatment 
condition and genetic line were tested during each portion of  
the light cycle. The parameters scored during the maze testing 
were: a) total activity (TA, number of  photobeam interrup- 
tions); b) explored area (EA, number of  different photobeam 
activated); c) percentage of  outward activity (%OA, percent- 
age of  the number of  photobeam interruptions in the outer 
part of  the maze adjusted for TA); d) percentage of  inward 
activity (%IA,  percentage of  the number of  photobeam inter- 
ruptions in the inner part of  the maze adjusted for TA); e) 
entries into the central illuminated arena (EC); f) percentage 
of  entries into the illuminated arena adjusted for TA (%EC 
= EC/TA x 100); g) time in the center (TC); and h) the 
average time per entries in the center ( rC/EC) .  

RESULTS 

Significant line effects appeared in TA, F(1, 72) = 65.0, 
p < 0.001 (Fig. 2a), EA, F(I ,  72) = 51.41, p < 0.001 (Fig. 
2b), %OA, F(1, 72) = 47.27, p < 0.001 (Fig. 2c), and EC, 
F(I ,  72) = 4.32, p < 0.05 (Fig. 3a), indicating that R H A /  
Verh rats were more active and explored more area, their 
outward activity was greater, and they made overall more 
entries to the center than the RLA/Verh line. Conversely, the 
percentage of  inward activity [%IA, F(I ,  72) = 51.80, p < 
0.001; Fig. 2d] and the average duration of  entries to the 
center [TC/EC, F( I ,  72) = 11.01, p < 0.01; Fig. 3d] was in- 
creased in RLA/Verh females with respect to RHA/Verh.  

Interestingly, the R L A / H A N - F L U  group showed the high- 
est TC/EC values, being significantly different from RLA/  
CON rats (p < 0.05, Duncan's test) and leading to a nearly 
significant line x flumazenil interaction in that measure, F( I ,  
72) = 3.41,p = 0.07 (Fig. 3d). 

Postnatal handling induced overall increases in EC, F(I ,  
72) = 9.09, p < 0.01 (Fig. 3a), %EC, F(1, 72) = 6.43, p < 
0.02 (Fig. 3b), and TC, F(1, 72) = 12.25, p < 0.001 (Fig. 
3c). Flumazenil decreased e/0EC, F(1, 72) = 4.28, p < 0.05 
(Fig. 3b) and a similar (however nonsignificant) tendency was 
observed in EC and TC. Such flumazenil effects were never- 
theless reversed by postnatal handling, especially in the RLA/  
Verh line (p < 0.05 between R L A / F L U  and R L A / H A N -  
FLU groups, Duncan's test; Figs. 3a-3c). 

Analysis of  variance showed significant postnatal han- 
dling x flumazenil interactions in %OA,  F(1, 72) = 12.41, 
p < 0.01; (Fig. 2c) and in %IA,  F( I ,  72) = 11.57, p < 0.01 
(Fig. 2d), probably reflecting the fact that either treatment 

increased %OA and decreased e/0IA in both rat lines when 
administered alone, while the combination of  both treatments 
in the RLA/HAN-FLU group led to values similar to these of  
RLA/CON rats in both parameters (Figs. 2c and 2d). 

DISCUSSION 

The present results on activity, explored area, and entries 
into the center replicate previous studies that consistently 
found that adult RHA/Verh rats are more active and go more 
readily through the illuminated center than do RLA/Verh rats 
(11,31,35). Moreover, comparing the activity of  the outer and 
inner parts of  the maze between both lines, the percentage of  
photobeam interruptions in the outer alley was greater for 
RHA/Verh animals with respect to RLA/Verh,  with the con- 
trary being the case with regard to the inner part of  the maze. 
This agrees with other studies (11,35) and has been interpreted 
as being indicative of  a more efficient exploratory behavior 
by the RLA/Verh line, as, although they explored a smaller 
maze area (as shown by the explored area index), their activity 
in the inner and outer alleys was more similar (42-54% in the 
outer and 41-56% in the inner, depending upon the treatment 
groups; Fig. 2c-d) than in the RHA/Verh line (53-67% and 
26-430/0, respectively). 

Despite a lack of  significant handling effects on activity 
and explored area, it is worth mentioning that the tendency to 
an increase in such parameters was clear, as indicated by the 
fact that RHA/Verh controls were more active and explored 
more maze area than RLA/Verh controls, but that this signifi- 
cant difference was not present when comparing RHA/Verh  
controls to RLA/Verh-HAN animals (due to the relative in- 
crease in activity and explored area observed in the last group; 
see Figs. 2a and 2b). 

It is especially worth noting, in addition, that postnatal 
handling still had significant positive effects on EC, %EC, 
and TC in 6-month old animals (5 months after such treatment 
finished) and that such effects were apparently greater in 
RLA/Verh than in RHA/Verh rats (although there was no 
significant line x handling interaction; see Figs. 3a-c). That 
trend was similar to what we observed previously in weanling 
RHA/Verh and RLA/Verh animals (17,18). Because the de- 
gree of  entry into the illuminated arena is likely related to 
anxiety or emotional reactivity (11,17,18,31,35), our results 
appear to reflect a long-lasting (slight but overall significant) 
reduction of  anxiety-like behavior as a consequence of  postna- 
tal handling. Conversely, perinatal flumazenil treatment ap- 
peared to have enduring detrimental effects in anxiety-related 
parameters (i.e., reductions of EC, %EC, and TC in fluma- 
zenil-treated groups). Such an effect of  perinatal flumazenil 
treatment was in the opposite direction of  that found by Mar- 
czynski et al. (29) but is unlikely to be due to dosage differ- 
ences because our present dose (3.7 mg/kg/day)  was similar 
to that used by those authors (3 mg/kg/day) .  On the other 
hand, they reported anti-anxiety-like activity even when using 
a 4-mg/kg/day dose (in adult Sprague-Dawiey rats), whereas 
anxiogenic-like effects were obtained only when using a quite 
higher dose of  6.6 mg/kg/day  (29). Thus, the disagreement 
between our results and Marczynski et al.'s findings is more 
likely accounted for by differences between the strains of  rats 
used in each study (RHA/Verh and RLA/Verh vs. Sprague- 
Dawley), which further indicates that genetic (as well as other 
predispositional) factors must be taken into consideration 
when studying the effects of  drugs. 

An interesting finding from the present study, also re- 
ported for the first time, was that flumazenil detrimental ef- 
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FIG. 2. Effects of 21 days of postnatal stimulation (HAN; handled groups) and perinatal fhimazenil treatment 
(FLU; flumazenil-treated groups) on total activity (a), explored area (lo), % outward activity (c), and % 
inward activity (d) in the hexagonal tunnel maze test in Roman low- and high-avoidance (dark and open bars, 
respectively) female rats. Means (:t:SEM) are represented. * p  < 0.05 vs. RHA/Verh-CON rats; @p < 0.05 
vs. the respective RHA/Verh group with the same treatment; *p < 0.05 between the groups indicated by the 
lines (Duncan's test). 
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FIG. 3. Effects of 21 days of postnatal stimulation (HAN; handled groups) and perinatal flumazenil treatment 
(FLU; flumazenii-treated groups) on entries into the center (a), % of entries into the center (b), time in the 
center (c), and time in the center/entries into the center (d) in the hexagonal tunnel maze test in the same 
Roman low- and high-avoidance (dark and open bars, respectively) rats as in Fig. 2. Means (+  SEM) are 
represented. *p < 0.05 vs. FLU group of the same rat line; , p  < 0.05 vs. RLA/Verh-CON group (Duncan's 
test). 
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fects were prevented by postnatal handling treatment in both 
rat lines (see HAN-FLU groups, Fig. 3). This is partially in 
agreement with what we found previously in weanling R H A /  
Verh and RLA/Verh rats treated with postnatal handling and/  
or perinatal flumazenil (18). In fact, when tested in a minia- 
ture and less complex (because there were no barriers in the 
alleys) version of the same tunnel maze used in the present 
study a detrimental effect of  perinatal flumazenil (especially 
in EC and %EC) was observed only in RHA/Verh  weanlings 
(but not in RLA/Verh pups, leading thus to line x flumazenil 
interactions in EC and %EC in that previous study), and this 
effect was partially counteracted by postnatal handling (18). 

Summarizing the present results and those obtained in our 
previous studies, the main conclusions are: a) Postnatal han- 
dling has long-lasting (slight but significant) positive effects 
on emotional behavior in RHA/Verh  and RLA/Verh rats (as 
indicated by the analysis of  variance's overall significance of 

postnatal handling treatment on EC, %EC, and TC mea- 
sures); b) the effects of perinatal flumazenil on emotivity- 
related behavior appear to vary across different strains of rats 
(14,18,29); c) the animal's age at the time of  testing can also be 
important [(18) and the present study]; d) and the interaction 
between perinatai flumazenil and postnatal stimulation effects 
can also vary depending upon the strain, sex, testing situation, 
and the age of  animals [(14,18,19) and the present study]. 

ACKNOWLEDGEMENTS 

This work received support from the FISSs (89/0502, 92/0712), 
the DGICYT (PM88/0075), and from a CIRIT grant (5292, 1989). 
A.F.T. also received support from a CIRIT fellowship (November 
1989) and P.D. from a SSA/FSRA grant. The authors thank Drs. W. 
Haefely and J. R. Martin of Hoffman La Roche, Basel, Switzerland, 
for a generous supply of flumazenil. 

REFERENCES 

1. Biggio, G.; Brodie, B. B.; Guidotti, A.; Costa, E. Mechanism by 
which diazepam, muscimol and other drugs change the content 
of cyclic GMP in cerebellar cortex. Proc. Natl Acad. Sci. USA 
74:3592-3596; 1977. 

2. Biggio, G.; Concas, A.; Corda, M. G.; Giorgi, O.; Sanna, E.; 
Serra, M. GABAergic and dopaminergic transmission in the rat 
cerebral cortex: Effect of stress, anxiolytic and anxiogenic drugs. 
Pharmacol. Ther. 48:121-142; 1990. 

3. Bodnoff, S. R.; Suranyi-Cadotte, B.; Quirion, R.; Meaney, M. 
J. Postnatal handling reduces novelty-induced fear and increases 
[3H]flunitrazepam binding in rat brain. Eur. J. Pharmacol. 144: 
105-107; 1987. 

4. Braestrup, C.; Nielsen, M. Ontogenetic development of benzodi- 
azepine receptors in the rat brain. Brain Res. 147:170-173; 1978. 

5. Concas, A.; Serra, M.; Atsoggiu, T.; Biggio, G. Foot-shock stress 
and anxiogenic/5-carbolines increase t[35S]butylbicyclophosphor- 
othionate binding in the rat cerebral cortex, an effect opposite to 
anxiolytics and .y-aminobutyric mimetics. J. Neurochem. 51: 
1868-1876; 1988. 

6. Corda, M. G.; Biggio, G. Stress and GABAergic transmission: 
Biochemical and behavioral studies. In: Big#o, G.; Costa, E., 
eds. GABAergic transmission and anxiety. New York: Raven 
Press; 1986:121-136. 

7. Corda, M. G.; Longoni, B.; Giorgi, O.; Fermtndez-Teruel, A.; 
Biggio, G. Chronic treatment with FG 7142 reduces the function 
of the GABA^ receptor-coupled chloride ionophore in rats. Neu- 
rosci. Res. Comm. 3:167-174; 1988. 

8. Costa, E.; Guidotti, A.; Man, C. C. Evidence for involvement of 
GABA in the action of benzodiazepines: Studies on rat cerebel- 
lum. In: Costa, E.; Greengard, P., eds. Mechanism of action of 
benzodiazepines. New York: Raven Press; 1975:113-130. 

9. D'Angio, M.; Serrano, A.; Driscoll, P.; Scatton, B. Stressful 
environmental stimuli increase extracellular DOPAC levels in the 
prefrontal cortex of hypoemotional (Roman high-avoidance) but 
not hyperemotional (Roman low-avoidance) rats. An in vivo vol- 
tammetric study. Brain Res. 451:237-247; 1988. 

10. Denenberg, V. H.; Garbatani, J.; Sherman, G.; Yutzey, D. A.; 
Kaplan, R. Infantile stimulation induces brain lateraiization in 
rats. Science 201:1150-1152; 1978. 

11. Driscoll, P.; Biittig, K. Behavioral, emotional and neurochemical 
profiles of rats selected for extreme differences in active, two-way 
avoidance performance. In: Lieblich, I., ed. Genetics of the 
brain. Amsterdam: Elsevier Biomedical Press; 1982:95-123. 

12. Driscoll, P.; Stubi, R. Dose-related effects of pentobarbitai on 
the genetic differences seen between paired, Roman high- or low- 
avoidance rats in a shuttle box. Pharmacol. Biochem. Behav. 22: 
435-439; 1985. 

13. Erkkola, R.; Kangas, L.; Pekkarinen, A. The transfer of diaze- 

pam across the placenta during labor. Acta Obstet. Gynecol. 
Scand. 52:167-170; 1973. 

14. Escorihuela, R. M.; Fermtndez-Teruel, A.; Nfifiez, J. F.; Zapata, 
A.; Tobefia, A. Beneficial effects of infantile stimulation on cop- 
ing (avoidance) behavior in rats are prevented by perinatal block- 
ade of benzodiazepine receptors with Ro 15-1788. Neurosci. Lett. 
126:45-48; 1991. 

15. Escorihuela, R. M.; Fern~indez-Teruel, A.; Nfifiez, J. F.; Zapata, 
A.; Tobefia, A. Infantile stimulation and the role of the benzodi- 
azepine receptor system in adult acquisition of two-way avoidance 
behavior. Psychopharmacology (Bed.) 106:282-284; 1992. 

16. Fermtndez-Teruel, A.; Escorihuela, R. M.; Driscoll, P.; Tobefia, 
A. Stressful situations and putative endogenous ligands for ben- 
zodiazepine receptors: The importance of controlling the speci- 
fic characteristics of the aversive situation and differential emo- 
tionality in experimental animals. Experientia 47:1051-1056; 
1991. 

17. Fern~tndez-Teruel, A.; Esconhuela, R. M.; Driscoll, P.; Tobefia, 
A.; Battig, K. Infantile (handling) stimulation and behavior in 
Roman high- and low-avoidance rats. Physiol. Behav. 50:563- 
565; 1991. 

18. Fern~mdez-Teruel, A.; Escorihuela, R. M.; Driscoll, P.; Tobefia, 
A.; Battig, K. Differential effects of early stimulation and/or 
perinatal flumazenil in young Roman low- and high-avoidance 
rats. Psychopharmacology (Bed.) 108:170-176; 1992. 

19. Fern~ndez-Teruel, A.; Escorihuela, R. M.; Jim~nez, P.; Tobefia, 
A. Infantile stimulation and perinatal administration of Ro15- 
1788: Additive anxiety-reducing effects in rats. Eur. J. Pharma- 
col. 191:111-114; 1990. 

20. Fermlndez-Teruel, A.; Escorihuela, R. M.; Nfifiez, J. F.; Gom/l, 
M.; DriscoU, P.; Tobefia, A. Early stimulation effects on novelty- 
induced behavior in two psychogenetically-selected rat lines with 
divergent emotionaiity profiles. Neurosci. Lett. 137:185-188; 
1992. 

21. Gallager, D. W. Prenatal exposure to a benzodiazepine agomst, 
antagonist, and electroshock: Effects on postnatal development 
of benzodiazepine binding site and seizure threshold. In: Usdin, 
E.; Skolnick, P.; TaUman, J. F.; Greenblatt, D.; Paul, S. M., 
eds. Pharmacology of benzodiazepines. Old Working Surrey, 
Great Britain: The Gresham Press; 1982:473--484. 

22. Gentsch, C.; Lichtsteiner, M.; Driscoll, P.; Feer, H. Differential 
hormonal and physiological responses to stress in Roman high 
and low avoidance rats. Physiol. Behav. 28:259-263; 1982. 

23. Gentsch, C.; Lichtsteiner, M.; Feer, H. 3H-Diazepam binding 
sites in Roman high- and low-avoidance rats. Experientia 37: 
1315-1316; 1981. 

24. Giorgi, O.; Orlandi, M.; Pibiri, M. G.; Esconhuela, R. M.; 
Corda, M. G. Strain-related differences in GABAergic and dopa- 



E A R L Y  H A N D L I N G  A N D  F L U M A Z E N I L  IN R O M A N  R A T S  789 

minergic transmission in Roman high-avoidance and Roman low- 
avoidance rats. Behav. Pharmacol. 3(Suppl. 1): 12; 1992. 

25. Haefely, W.; Kulcsar, A.; Mohler, H.; Pieri, L.; Polc, P.; Schaff- 
net, R. Possible involvement of (3ABA in the central actions of 
benzodiazepines. In: Costa, E.; Greengard, P., eds. Mechanism 
of action of benzodiazepines. New York: Raven Press; 1975:131- 
151. 

26. Levine, S.; Broadhurst, P. L. Genetic and ontogenetic determi- 
nants of adult behavior in the rat. J. Comp. Physiol. Psychol. 
56:423-428; 1963. 

27. Levine, S.; Haltmeyer, (3. C.; Karas, (3. G.; Denenberg, V. H. 
Physiological and behavioral effects of infantile stimulation. 
Physiol. Behav. 2:55-59; 1967. 

28. Levine, S.; Wetzel, A. Infantile experiences, strain differences, 
and avoidance learning. J. Comp. Physiol. Psychol. 56:879-881; 
1963. 

29. Marczynski, T. J.; Hawkins, M. C.; Swann, P. (3.; Krivograd, 
A. F.; Patel, M. K.; Dugich, M. Perinatal upregulation of benzo- 
diazepine receptor ontogenesis: "Fearless" and more efficient 
goal-directed behavior of adult rat progenies. Neurotoxicol. Tera- 
tol. 10:101-111; 1988. 

30. Marczynski, T. J.; Urbancic, M. Animal models of chronic anxi- 
ety and "fearlessness." Brain Res. Bull. 21:483-490; 1988. 

31. Martin, J. R.; Oettinger, R.; Driscoll, P.; Buzzi, R.; B/ittig, K. 
Effects of chlordiazepoxide and imipramine on maze patrolling 
within two different maze configurations by psychogenetically 
selected lines of rats. Psychopharmacology (Bed.) 78:58-62; 
1982. 

32. Meaney, M. J.; Aitken, D. H.; van Berkel, C.; Bhatnagar, S.; 
Sapolsky, R. M. Effect of neonatal handling on age-related im- 
pairments associated with the hippocampus. Science 239:766-768; 
1988. 

33. Medina, J. H.; Novas, M. L.; de Robertis, E. Chronic Ro 15-1788 
increases the number of benzodiazepine receptors in rat cerebral 
cortex and hippocampus. Eur. J. Pharmacol. 90:125-128; 1983. 

34. Mohler, H.; Okada, T. Demonstration of benzodiazepine recep- 
tors in the central nervous system. Science 198:849-85 l; 1977. 

35. Nil, R.; Battig, K. Spontaneous maze ambulation and Hebb- 
Williams learning in Roman high-avoidance and Roman low- 
avoidance rats. Behav. Neural. Biol. 33:465-475; 1981. 

36. Polc, P.; Haefely, W. Effects of two benzodiazepines, phenobar- 
bitone and baclofen, on synaptic transmission in the cat cuneate 
nucleus. Arch. Pharmacol. 294:121-131; 1976. 

37. Squires, R. F.; Braestrup, C. Benzodiazepine receptors in the rat 
brain. Nature 266:732-734; 1977. 

38. Trullas, R.; Havoundjian, H.; Skolnick, P. Stress-induced 
changes in t-[35S]butylbicyclophosphorothionate binding to "y- 
aminobutyric acid-gated chloride channels are mimicked by in 
vitro occupation of benzodiazepine receptors. J. Neurochem. 49: 
968-974; 1987. 

39. Urbancic, M.; (3adek, M. A.; Marczynski, T. J. Chronic expo- 
sure to flumazenil: Anxiolytic effect and increased exploratory 
behavior. Pharmacol. Biochem. Behav. 35:503-509; 1990. 

40. Urbancic, M.; (3adek, M. A.; Marczynski, T. J. Chronic fluma- 
zenil (Ro 15-1788) facilitates acquisition and retention of a swim- 
escape response in rats. Neuropsychobiology 24-17-24; 1990. 

41. Urbancic, M.; Marczynski, T. J. Chronic exposure to Ro 15- 
1788: Differential effect on flunitrazepam binding to cortex and 
hippocampus. Eur. J. Pharmacol. 171:1-7; 1989. 

42. Walker, C. D.; Rivest, R. W.; Meaney, M. J.; Aubert, M. L. 
Differential activation of the pituitary-adrenocortical axis after 
stress in the rat: Use of two genetically selected lines (Roman low- 
and high-avoidance rats) as a model. J. Endocrinol. 123:477-485; 
1989. 


