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(3) 541–545, 2000.—In two experiments, researchers investigated the effects of manipulating serotonin
systems on the transport response and dorsal immobility response in developing rats. In Experiment 1, administration of ket-
anserin and cinanserin, but not metergoline, suppressed the transport response in 23-day-old rats. These agents were without
effect on dorsal immobility durations. In Experiment 2, administration of quipazine to 30-, 40-, and 50-day-old rats resulted in
significant increases in transport response intensities and dorsal immobility durations. Results are discussed with respect to
the nature of the transport response. © 2000 Elsevier Science Inc.
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IN developing animals, emergence of serotonergic (5-HT)
systems have traditionally been linked with a suppression of
locomotor activity (5,6,9,10). This generalization now appears
unwarranted (7), for manipulating 5-HT systems produces a
variety of effects on behavior, many of which appear to be
age dependent. For example, blocking these systems sup-
presses suckling in neonatal rats (20) but reinstates that be-
havior in slightly older animals (22). Stimulating the systems in-
creases mouthing, forward locomotion, and forelimb paddling in
neonates but suppresses peak activity in 14- to 18-day-old rats
(9). Finally, administration of the 5-HT agonist 2-(1-Piperazinyl)
quinoline maleate (quipazine) induces hindlimb stepping in spi-
nally-transected infant rats, allowing the possibility that 5-HT
neurons may activate hindlimb motor circuits (12), and de-
creases startle reactivity in adult rats (14).

In considering age-related differences with administration
of 5-HT agents, Ristine and Spear (16) proposed that early-
developing portions of 5-HT systems may mediate specific
behaviors critical to a young organism’s survival. As more
adult-like behaviors emerge, these early functions of 5-HT
may be suppressed. Related to this proposal, Geyer (7) re-
ported that direct agonists of 5-HT

 

1

 

 and 5-HT

 

2

 

 receptors de-
crease locomotor activity while agonists of 5-HT

 

1B

 

 receptors
activate locomotor activity. Therefore, different subsystems,
maturing during development, may subserve varying aspects
of the same behavior.

One behavior that is critical to a young rat’s survival is the
transport response (TR). Originally described by Brewster
and Leon (3), the TR occurs between the ages of 8 and 28
days, a time when the rat is relatively active and relatively un-
wieldy. In response to being firmly grasped by its dorsal sur-

face, the pup will actively flex and adduct its hindlimbs, ex-
tend and adduct its forelimbs, and adduct its tail, forming a
compact package for transport and enabling the mother to
more efficiently carry it. If the pup does not respond appro-
priately, the mother typically will drag, step on, and often
abandon it.

Based upon previous reports (15,26,27), Wilson et al. (25)
suggested that the TR is composed of two components, an ini-
tial quiescence followed by the active limb adduction. Inter-
estingly, Brewster and Leon (3) reported that the TR could
be elicited in 40-day-old animals, rats typically too old to
show the response, if the pups had been handled daily be-
tween the ages of 20 and 40 days. They suggested that this ef-
fect was due to a suppression of defense reactions, thereby re-
ducing behaviors that would interfere with the TR. Thus,
behavioral suppression may be a key factor necessary for elic-
itation of the TR.

Given the aforementioned observations (3,12,14), it seemed
reasonable that 5-HT systems might be involved in one or
more components of the TR. In this article, we present the re-
sults of two experiments in which we administered 5-HT antag-
onists to 23-day-old rats (Experiment 1) or a 5-HT agonist to
30-, 40-, and 50-day-old rats (Experiment 2) and tested for
TR. We hypothesized that if 5-HT systems are involved in
elicitation of the TR, blocking those systems should suppress
the response, while stimulating the systems perhaps would
cause a reinstatement of the TR. In addition, to get a better
understanding of the nature of these manipulations on TR,
we also recorded the dorsal immobility response (DIR) dura-
tions, as DIR is a complex inhibitory behavior (21) that may
be related to the TR (13,15).
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GENERAL METHOD

 

Subjects

 

Subjects in these experiments were 160 (20 litters) Sprague–
Dawley albino rats, 23, 30, 40, or 50 days of age at the time of
testing. Rats were derived from an established breeding col-
ony at Sam Houston State University, and were housed in
Plexiglas breeding cages on a 12 L:12 D schedule, with lights
on at 0700 h. Food and water were available ad lib. As no dif-
ferences in TR intensities have been measured between the
light and dark phases of the cycle (23), all testing occurred be-
tween 0930 and 1200 h (light phase).

 

Materials

 

Quipazine, ketanserin, and metergoline were purchased
from Research Biochemicals, Inc., Natick, MA. The vehicle
substance, ascorbate, was purchased from Sigma Chemical
Co., St. Louis, MO. Cinanserin was generously donated by
Bristol-Myers Squibb, Princeton, NJ. Doses for specific drugs
were based upon prior research (4,11,17–19).

 

Procedure

 

Prior to parturition, pregnant female rats were placed in
Plexiglas breeding cages containing wood chips as bedding.
Cages were checked daily at 0900 and 1600 h for the presence
of newborn litters. The day a litter was first detected was con-
sidered postpartum day (PPD) 0. On PPD 1, litters were
culled to 8–10 animals, and on PPD 21, subjects were weaned
but continued to be housed in groups in breeding cages. On
the day of testing, pups were removed from their home cages,
placed in breeding cages containing fresh bedding, and ran-
domly assigned to various drug-dosage groups (

 

n

 

 

 

5

 

 10),
based upon a split-litter design. Because no sex differences
are apparent in TR intensities (23), sex of the subject was not
considered a factor.

Prior to testing, each rat was given the appropriate drug regi-
men, removed to a second room, and marked with a felt-tipped
pen for later identification, and then tested as described below.
Blind experiments were performed, as the experimenters han-
dling the rats and the individuals scoring the responses were un-
aware of any particular treatment of any particular animal.

Following drug administration, each animal was subjected
to two behavioral measures. All rats first were tested for TR
intensity. This consisted of an experimenter grasping the pup
by the nape of the neck between the experimenter’s thumb
and first two fingers and firmly squeezing [see (28)]. Re-
sponse intensity was recorded on a scale of 0 to 5, with one
point awarded for each forelimb, hindlimb, and/or tail that
was adducted to the subject’s ventrum. The rat was given
three trials with approximately 2-min intertrial intervals.

DIR duration was then measured. This consisted of gently
holding the pup by the skin of the nape of the neck between the
experimenter’s thumb and index finger and suspending it above
a tabletop. Duration was measured from the time of suspension
until the pup made an escape response, defined as an abrupt
jerking of its body, directed at the experimenter’s hand. Sub-
jects were given three trials with intertrial intervals of approxi-
mately 5 min and a maximum of 300 s for each trial [see (13)].

 

Data Analysis

 

Data were analyzed using analyses of variance (ANO-
VAs) with Newman–Keuls a posteriori procedures being
used to determine differences between specific groups. Dif-

ferences with a probability of less than 0.05 were considered
to be statistically significant.

 

EXPERIMENT 1

 

In this experiment, to assess if 5-HT systems are involved
in the TR when the response occurs naturally, we adminis-
tered varying doses of the 5-HT antagonists metergoline, ket-
anserin, and cinanserin to 23-day-old rats and tested for TR
intensity and DIR duration. If one or more of the compo-
nents of the TR is subserved by 5-HT systems, then blocking
those systems should result in decreases in TR intensity.

 

Procedure

 

Thirty minutes prior to testing, 70 23-day-old rats were
randomly assigned to seven drug conditions (

 

n

 

 

 

5

 

 10) and

FIG. 1. TR intensity in 23-day-old rats as a function of dose of
metergoline (M), ketanserin (K), or cinanserin (C), and trial.

 

TABLE 1

 

MEAN TR INTENSITIES (

 

1

 

SE), COLLAPSED ACROSS
TRIALS, AS A FUNCTION OF DRUG CONDITION

Condition

 

Vehicle 2.63*
(0.42)

Metergoline 2.5 mg/kg 5.0 mg/kg
1.50 2.30†

(0.54) (0.44)
Ketanserin 1.5 mg/kg 3.0 mg/kg

0.53 0.77
(0.26) (0.27)

Cinanserin 2.5 mg/kg 5.0 mg/kg
1.13 0.50

(0.37) (0.19)

*Denotes different from all groups except the 5.0-
metergoline group.

†Different from all groups except vehicle group.
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given intraperitoneal (IP) administrations of either 0.2%
ascorbate, metergoline (2.5 or 5.0 mg/kg), ketanserin (1.5 or
3.0 mg/kg), or cinanserin (2.5 or 5.0 mg/kg). The rats were
then tested as described above.

 

Results

 

TR intensities for this experiment are presented in Fig. 1.
To better see the drug effects reported here, these data, col-
lapsed over trials, are presented in Table 1. A two-factor (drug
condition 

 

3

 

 trials) ANOVA revealed a statistically significant
drug effect, 

 

F

 

(6, 63) 

 

5

 

 4.91, 

 

p

 

 

 

,

 

 0.05, a significant trials effect,

 

F

 

(2, 126) 

 

5

 

 3.99, 

 

p

 

 

 

,

 

 0.05, and a nonsignificant drug 

 

3

 

 trials in-
teraction, 

 

F

 

(12, 126) 

 

5

 

 1.35, NS. Collapsed across trials, post
hoc procedures revealed that rats in the 0.0-mg/kg group had
stronger TR intensities than subjects in all other groups except
for rats in the 5.0-mg/kg metergoline group. Rats in the 5.0-
metergoline group had TRs more intense that rats in the 1.5-
and 3.0-ketanserin and 2.5- and 5.0-cinanserin groups. With re-
spect to the trials effect, TRs were more intense in trial 3 than
in trial 1. No other differences were statistically significant.

DIR durations are presented in Fig. 2. These data, collapsed
over trials, are presented in Table 2. An ANOVA on these data

revealed a significant trials effect, 

 

F

 

(2, 126) 

 

5

 

 5.44, 

 

p

 

 

 

,

 

 0.05,
with a nonsignificant drug effect, 

 

F

 

(6, 63) 

 

5

 

 2.17, NS, and a non-
significant drug 

 

3

 

 trials interaction, 

 

F

 

(12, 126) 

 

5

 

 1.31, NS. Post
hoc analyses showed that DIR durations were longer in trial 1
than in trials 2 or 3. No other differences were significant.

 

EXPERIMENT 2

 

Early-maturing 5-HT systems play an important role in fa-
cilitating age-appropriate behaviors, for example, suckling,
with many of these behaviors being suppressed as these sys-
tems further develop (16). To determine if the TR is being
suppressed, either by later-developing 5-HT components or
by other neurotransmitter systems, we chose to attempt to re-
instate the response by stimulating 5-HT systems in rats typi-
cally too old to show the response. If 5-HT systems are in-
volved, then stimulating those systems should produce
increments in response intensity.

 

Procedure

 

Subjects were 90 30-, 40-, and 50-day-old rats. Within age
groups, each subject was randomly assigned to one of three
dosage groups and given an IP administration of either 0.0,
2.5, or 5.0 mg/kg of quipazine. The subjects were then tested
as described above.

 

Results

 

Data for TR intensity in this experiment are presented in
Fig. 3. These data, collapsed over trials, are presented in Ta-
ble 3. A three-way (age 

 

3

 

 dose 

 

3

 

 trial) ANOVA revealed a
significant age effect, 

 

F

 

(2, 81) 

 

5

 

 5.92, 

 

p

 

 

 

,

 

 0.05, a significant
dose effect, 

 

F

 

(2, 81) 

 

5

 

 43.77, 

 

p

 

 

 

,

 

 0.05, and a significant trials
effect, 

 

F

 

(2, 162) 

 

5

 

 22.69, 

 

p

 

 

 

,

 

 0.05. The age 

 

3

 

 dose interaction
was not statistically significant, 

 

F

 

(4, 81) 

 

5

 

 1.28, NS, the age 

 

3

 

trials effect was not significant, 

 

F

 

(4, 162) 

 

5

 

 0.61, NS, the dose 

 

3

 

trial effect was not significant, 

 

F

 

(4, 162) 

 

5

 

 1.58, NS, and the
age 

 

3

 

 dose 

 

3

 

 trials triple interaction was not statistically sig-
nificant, 

 

F

 

(8, 162) 

 

5

 

 0.46, NS. Post hoc analyses revealed that
doses of 2.5 and 5.0 mg/kg of quipazine resulted in significant
increases in TR intensity as compared with 0.0 mg/kg. Also,
30-day-old rats had significantly more intense TR intensities
than had 40- or 50-day-old rats. In addition, TR intensity in
trial 3 was significantly stronger than in trial 1. No other dif-
ferences were statistically significant.

Data for the DIR are presented in Fig. 4. Mean drug ef-
fects, collapsed over trials, are presented in Table 4. An
ANOVA revealed a significant dose effect, 

 

F

 

(2, 81) 

 

5

 

 22.67,

 

p

 

 

 

,

 

 0.05, a significant trials effect, 

 

F

 

(2, 162) 

 

5

 

 25.00, 

 

p

 

 

 

,

 

 0.05,
and a significant dose 

 

3

 

 trial interaction, 

 

F

 

(4, 162) 

 

5

 

 2.76, 

 

p

 

 

 

,

 

0.05. The age effect was not significant, 

 

F

 

(2, 81) 

 

5

 

 0.97, NS,
the age 

 

3

 

 dose interaction was not significant, 

 

F

 

(4, 81) 

 

5

 

 1.50,
NS, and the age 

 

3

 

 trials effect was not significant, 

 

F

 

(4, 162) 

 

5

 

1.20, NS. The age 

 

3

 

 dose 

 

3

 

 trials interaction was not statisti-
cally significant, 

 

F

 

(8, 162) 

 

5

 

 0.81, NS. Post hoc analyses re-
vealed that in trials 1 and 2, DIR durations were greater for
rats in the 5.0-mg/kg groups than in the 0.0- and 2.5-mg/kg
groups. In trial 3, rats in the 5.0-mg/kg groups had durations
greater than rats in the 0.0-mg/kg groups. No other differ-
ences were statistically significant.

 

GENERAL DISCUSSSION

 

Ristine and Spear (16) asserted that precocial portions of
5-HT systems mediate some behaviors critical to survival in
young animals. During maturation, these early systems may be

FIG. 2. DIR duration in 23-day-old rats as a function of dose of
metergoline (M), ketanserin (K), or cinanserin (C) and trial.

 

TABLE 2

 

MEAN DIR INTENSITIES (

 

1

 

SE), COLLAPSED
ACROSS TRIALS, AS A FUNCTION OF

DRUG CONDITION

Condition

 

Vehicle 77.81
(25.60)

Metergoline 2.5 mg/kg 5.0 mg/kg
21.77 21.55
(2.43) (5.29)

Ketanserin 1.5 mg/kg 3.0 mg/kg
86.72 103.24

(28.13) (32.25)
Cinanserin 2.5 mg/kg 5.0 mg/kg

65.05 98.34
(25.07) (23.78)
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suppressed by later-developing portions, which subserve adult-
typical behaviors. In the experiments presented here, we tested
the notion that 5-HT systems are involved in the TR, a behavior
that is crucial to survival of young rats and is suppressed later on,
as these animals reach adulthood. We hypothesized that if 5-HT
systems are involved in the TR, then administering 5-HT antago-
nists should suppress the response in younger animals and ad-
ministering a 5-HT agonist should reinstate the response in older
animals. In both cases, these hypotheses were confirmed.

Data from Experiment 1 show that ketanserin and cin-
anserin, but not metergoline, were effective in eliminating the
TR in young rats. There did appear to be a slight, albeit non-
significant, decrease in TR intensity with 2.5 mg/kg of meter-
goline, but the high TR intensities in the 5.0-mg/kg group
were very consistent. Therefore, we are reluctant to write
these results off as a spurious finding. Perhaps the systems in-
ducing the TR are not sensitive to metergoline in young ani-
mals or interference from other systems masked any effects of
this particular drug. Regardless, two of the three antagonists
suppressed the TR, indicating that 5-HT systems are func-
tional with respect to the behavior in 23-day-old rats.

Data from Experiment 2 show a reinstatement of the TR
with quipazine. One possible explanation for this effect is that
the drug suppressed motor output, reducing behaviors which
normally interfere with the TR, for example, struggling, and in-

ducing quiescence, an initial component of the TR (25). A sec-
ond possibility is that administration of the drug resulted in an
increase in locomotor activity. Geyer (7) reported that the pre-
dominant effect of particular 5-HT releasers on subreceptor sys-
tems is to stimulate locomotor activity. If the effect we reported
in this study was a function of locomotor activation, then we
would assume that the quipazine administered here stimulated
the second component of the TR, active limb adduction. The re-
sults of quipazine’s effect on DIR duration in Experiment 2 lead
us to believe that the former explanation, quipazine decreased
motor output, is the more reasonable explanation at this time.

Several authors have proposed that the TR is related to
DIR (13,15), and that appears to be the case with data from
Experiment 2, reported here. Two caveats to this conclusion
must be considered, though. First, 5-HT blockers failed to
have a significant effect on DIR in Experiment 1. This lack of
effect may be a function of age, a variable that has been
shown to affect DIR’s response to drugs (13), and later-devel-
oping portions of 5-HT systems may be more susceptible to
chemical intervention, producing an effect on DIR in older
but not younger rats. A second caveat is that we reported pre-
viously (25), and here, sensitization effects for both TR and
DIR with repeated stimulation; TR increases and DIR de-
creases with repeated trials. The lack of a consistent positive
linear relationship, both across trials and between ages, be-

FIG. 3. TR intensity as a function of age, drug dosage, and trial.

 

TABLE 3

 

MEAN TR INTENSITIES (

 

1

 

SE), COLLAPSED ACROSS TRIALS, AS
A FUNCTION OF AGE AND QUIPAZINE DOSE

Dose

Age 0.0 mg/kg 2.5 mg/kg 5.0 mg/kg

 

30 Days* 0.60 3.13

 

†

 

3.40

 

†

 

(0.28) (0.12) (0.17)
40 Days 0.60 2.40

 

†

 

2.87

 

†

 

(0.22) (0.38) (0.34)
50 Days 0.47 1.56

 

†

 

2.40

 

†

 

(0.19) (0.46) (0.49)

*Denotes different from 40 and 50 days.

 

†

 

Different from 0.0-mg/kg groups.

FIG. 4. DIR duration as a function of age, drug dosage, and trial.

 

TABLE 4

 

MEAN DIR INTENSITIES (

 

1

 

SE), COLLAPSED ACROSS TRIALS,
AS A FUNCTION OF AGE AND QUIPAZINE DOSE

Dose

Age 0.0 mg/kg 2.5 mg/kg 5.0 mg/kg*

 

†

 

30 Days 30.34 31.16 153.92
(8.94) (9.21) (26.93)

40 Days 46.43 95.70 123.56
(12.23) (26.57) (28.21)

50 Days 28.95 43.73 130.45
(7.71) (14.52) (22.11)

*Denotes different from 0.0- and 2.5-mg/kg groups in Trials 1 and 2.

 

†

 

Different from 0.0-mg/kg groups in Trial 3.
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tween TR and DIR is a cause of some concern. One possibil-
ity for this discrepancy is that different neurotransmitter sys-
tems may be subserving these sensitization effects and
currently we are considering this prospect.

As has been suggested for other behaviors (16), the under-
lying neurochemical cause for the suppression of the TR in
older animals may be late-developing 5-HT systems. If this is
the case, giving quipazine, which has an affinity for 5-HT

 

3

 

 re-
ceptors (8), may induce enough activity in these receptors to
overcome more rostrally occurring systems and the normal
behavioral suppression that occurs during ontogeny. The re-
sult is that the response returns.

An alternative explanation, though, is that quipazine may be
working indirectly through other systems. Stimulation of 5-HT

 

3

 

receptors has been shown to inhibit acetylcholine release (1).
Stimulation of these receptors also results in striatal dopamine
release (2). Both of these systems, acetylcholine and dopamine,
have been shown to be involved in elicitation and/or suppres-
sion and reinstatement of the TR (15,24–26). Therefore, over-
coming the apparent suppression of the TR with 5-HT stimula-
tion during adulthood may be through direct or indirect
mechanisms. We currently are addressing that possibility.
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