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bstract. A modulatory role for serotonin has been de-
gribed for the development and expression of the ul-
rasonic call of infant rat pups during brief maternal
gparations. In previous studies. serotonin reuptake in-
hibitors selectively reduced the rate of calling following
wute  administration to 9-1l-day-old pups and a
grotonin ncurotoxin (MDMA) systematically disrupted
thedevelopment of ultrasonic vocalizations but not other
measurcs of motor development, In the current studies.
v extended our investigations to include drugs with
purported receptor subtype selectivities. Consistent with
previous reports. acute administration of SHT, , agonists
buspirone and 8-OH-DPAT ((+)-8-hydroxy-2-(di-N-
popylamino)tetralin) reduced the rate of calling at doses
which did not affect motor activity or core body tem-
grature. The rate reducing effects of buspirone persisted
to 1 but not 2 h after injection. Administration of pur-
prted SHT,,; receptor agonists, CGS12066B (7-triflu-
romethyl-4(4-methyl- 1 -piperazinyl)-pyrrolo{1.2-a] quin-
waline) and TFMPP (1-[3-fluoromethyl)phenyl]-
Mperazine) increased the rate of calling depending on the
fecificity of the drug for the SHT,, receptor. d,/-Pro-
Manolol. a SHT, receptor antagonist, blocked the effects
fboth 8-OH-DPAT and TEFMPP. m-CPP (1-(3-chloro-
Phenyl)piperazinc) and DOI ((£)-1-(2,5-dimethoxy-4-
‘?dOphenyl)-Q-aminopropane). drugs with putative ac-
bns at SHT, . and SHT, receptor sites both decreased
ling but differed according to their effects on motor
tivity. Ritanserin, a 5HT, and SHT,. antagonist,
"oduced a dose-related increase in call rate. A dose of
lanserin with no apparent intrinsic effects effectively
lagonized DOI rate reducing effects but potentiated
trate reducing effects of m-CPP. These data extend
ious studies demonstrating a role for serotonin in the
Pression of rat pup separation calls and further demon-
dte that SHT may increase or decrease calling depend-
" on with receptor subtype is affected.
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Ultrasonic vocalizations emitted by rat pups during brief
separations from maternal care have proven to be a
sensitive probe for a variety of environmental and
pharmacological stimuli (Hofer and Shair 1987; Kehoe
1988 Hofer et al. 1989). This behavioral response to
separation has a number of useful features for pharma-
cological analysis and apparent construct validity for
anxiety-related psychopathologies. The likelihood of
calling has a reliable developmental course. emerging
soon after birth, peaking during the second week of
postnatal life. and then decreasing at the time of eve
opening when the development of alternate strategies
may occur (Noirot 1966; Insel et al. 1988). Some inves-
ligators have described these vocalizations as “separa-
tion-distress calls” because they are associated with vul-
nerability and may be a potent stimulus for maternal
retrieval (Noirot 1972; Smotherman el al. 1974). The rate
of rat pup distress vocalizations is inversely related to
ambient temperature (Insel et al. 1988), and is also re-
duced by the presence of littermates or familiar bedding
odors (Hofer and Shair 1987).

Rat pup vocal behavior is selectively affected by
several psychoactive drugs. To date, this model appears
to be most successful at detecting anxiolytic properties
for a broad spectrum of drug classes. For example, call-
ing is reduced by low doses of benzodiazepines (Insel et
al. 1986; Gardner and Budhram 1987), opiates (Kehoe
and Blass 1986; Winslow and Insel 1991), serotonin
reuptake inhibitors (Winslow and Insel 1990a), and an-
tagonists at the N-methyl-D-aspartate-glycine receptor
complex (Winslow et al. 1990). Calling is increased by
drugs with purported “anxiogenic” properties such as
pentylenetetrazol and the benzodiazepine inverse agonist
FG-7142 (Insel et al. 1986).




In a previous study. we demonstrated that lesions of
serotonin pathways with the neurotoxin MDMA altered
development of USV. Although these results suggest that
serotonin is involved in the physiological mediation of
USV. the specific serotonergic sub-system mediating call-
ing was not systematically studied. Previous studies of
drugs acting at SHT,, and SHT,, receptor sites have
demonstrated opposing effects on a variety of physiologi-
cal and behavioral measures including thermoregulation
(Wozniak et al. 1988, 1989), penile erection (Berendsen
and Broekkamp 1987) and ejaculation (Renyi and
Lewander 1989), and feeding behavior (Hutson et al.
1989). Biochemical studies have suggested that these
receptor subtypes may be differentiated by pre-versus
post-synaptic localization (Engel et al. 1986). although
this model has recently been questioned (Hamon et al.
1990). The physiologic effects of endogenous serotonin
may represent a balance of effects at several receptor
subtypes. In the current studies. we examine the dose-
effect functions. time-course. and agonist-antagonist in-
teractions of representative hegands at SHT, and SHT.
receptor subtvpes.

Materials and methods

Subjects. Offspring of Sprague Dawley breeders (Taconic TFarms,
Germantown. New York) were housed with both parents i poly-
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Fig. 1. The acute effects of buspirone (rop) and 8-OH-DPAT (bor-
tom) on the frequency of ultrasonic calling (open symbols) and grid
cell crossing ( closed symbols) during a 2-min separation beginning
30 min after subcutaneous injection. Data are expressed as percent
change from a 2-min pre-injection test conducted immediately
before drug injection. Ferrical lines at each data point represent
+ 1 SEM. Asterisks represent Dunnett r-comparisons (P <0.05)
in the presence of significant overall treatment effects detected by
ANOVA

carbonate cages (55 x 31 x 21 em) until 9-11 davs old. The Vi\’arium
temperature and lighting were constant at 24° C and 14-20 j light.
dark cycle. Thirty minutes before testing. litters were removed asg
group from their home cage and placed in a new cage with g g

amount of home-cage bedding. Cages were transported to a lighteq
testing room adjacent to the vivarium. with an ambient lemperatype
maintained at 24+ 1° C. Unless otherwise specified each pup yeg
used once. '

Behavioral resting. Beginning 30 min after removal from lhe;;
home-cage. each pup was placed in a polycarbonate recording
chamber (46 x 29 cm) with a 5x 5cm grid drawn on the floor, A
microphone (Brucl and Kjaer. model 4385. Copenhagen) with
parabolic reflector was suspended 10cm over the cage floor tg
record pup ultrasonic vocalizations. Ultrasonic calls were trapg.
formed by a digital sound spectrum analysis system providinz
on-line the number of calls in cach 2-min session (Burkholder et 3]
1982: Inscl et al. 1986). The number of grid cells entered by the pup
was also collected during this period by visual scoring. At the eng
of a 2-min recording period. cach pup was weighed and recta]
temperature was mecasured (probe: YSI-K74367). Geotaxis, de.
fined as lateney to turn against a 307 inclined planc. was measured
1o assess motor coordination. Following collection of these baseline
measures. pups were miected with vehicle or drug subcutaneously
atthe nape of the neckh. then returned to ittermates. Approximately
30 nin ater. pups were retesied 1o assess drug effects. In time-
course studies, pups were re-tested over a 4-h period. Pups which
failed to emit at least 60 calls (<< 0% of pups tested) in the pretest
were excluded from further study.

Drug adminisiration. All drugs were administered subcutaneously,
30 min prior to testing. Each pup was used only once. Drugs were
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Fig. 2. The acute effects of CGS12066B tap/, and TFMPP (bq!tom?
on the frequency of ultrasonic calling (open symbols) and grid ¢€
crossing (closed symbols j during a 2-min separation beginning 30 ™"
after subcutancous injection. Data arc expressed as percent chang¢
from a 2-min pre-injection test conducted immediately before drug
injection. Vertical lines at cach data point represent + 1 SEM. Aster
isks represent Dunnett 7-comparisons (P<0.05) in the presence 0
significant overall treatment effects detected by ANOVA
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Fig. 3. The time course of 1O mg kg buspirone i ¢losed squares « and
LOmg kg CGST20608 1 closed cireles s and saline 1 open circles s col-
lected beginning 20 min afier subcutancous mjpection and measured
in repeated 2-min tests at 600 1200 and 240 nun atter mjectuon. Data
are eapressed as pereent change from a 2-min pre-injection test
conducted mmediately before drug imjection 1ertical lines an cach
data pomt represent = 1 SENLThe horizonral bar deprets = 1 SEAT
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SHT,

SHT,, receptor agonists buspirone [/F(3.23) = 19.940.
P <000t and 8-OH-DPAT [/(3.34) = 24.63K8. "< 0.001]
produced similar profound decreases in the rate of ul-
trasonic calling by separated rat pups (FFig. ). Significant
differences were detected at all three doses examined.
Changes in the number of grid ccells crossed were also
detected but only after administration of the highest
doses of both buspirone (17, = 2.80, - 0.05) and 8-Oll-
DPAT (1,,= 345, P <0.05). Geotaxis was disrupted by
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Fig. 4. The acute effects of d,/-propranolol (left panel; on the
frequency of ultrasonic calling ( open symbols ) and grid cell crossing
fclosed symbols) during a 2-min separation beginning 30 min after
subcutaneous injection. Data are expressed as percent change from
a 2-min pre-injection test conducted immediately before drug injec-
tion. Fertical lines at cach data point represent + 1 SEM. Asterisks
represent Dunnett 1-comparisons (P < 0.05) in the presence of sig-
nificant overall treatment effects detected by ANOVA. Also por-

the highest dose of 8-OH-DPAT (1,,=4.59. P <0.05) by
not buspirone. Core body temperature wis not signifi.
cantly affected by either drug at the doses testeq
(Table 1).

The time course of buspirone’s effects on ultrasonjc
calling (Fig. 3) revealed a significant reduction in callip
beginning 30 min after imection (/p,=3.06. P<(.05
which continued up to 60 (1p,=2.72. P<0.05) but not
120 min. No evidence of a “rebound™ eflect was detecteq
at 240 min after injection.

SHT,, agonists TEFMPP and CGS12066B also signifi.
cantly affected the rate of calling of rat pups: however,
complex dose-response differences emerged (Fig. 2),
CGS12066B produced a dose-related increase in calling
[F(3.20)=7.075. P<0.001]. Incrcases were significant at
both the 1.0 (7, =2.51. P<0.05)and 3.0 mg kg (1,=4.15,
P <0.05) doses. CGS12066B also mcreased the number
of grid cell crossings exhibited at the 3.0 mg kg (7,=2.5],
P-<0.05). TEMPP increased the rate of calling. but only
at the 0.3 mg-ke dose (7, = 2.34. /-7 0.05) while the high-
dose  sigmbicanthy decreased calling v, =241,
ooens Core bodvy temperature and geoldXis were not
affected at the doses tested tor either drug (Table 1), A
study of the ume course of CGST2066B cffects on USVs
revealed a sigmificant inerease v calling 30 min after
mjection (7, = 3.16. P~<0.05) which remamed high at
60 min (7;,=2.79. P <0.05) but rcturned 1o baseline at
120 min. As with buspirone no “rebound™ cffect was
detected at 240 man (Fig. 3).

d I-Propranolol (1.0 10.0) selectively aflected the rate
of ultrasonic calling in rat pups measured 30 min after
injection [/(3.23) = 10.613. <0.05] but only at the high-
est dose. After 10.0 mg/kg d./-propranolol. the rate of
calling (1,,=4.347. P <0.05) was significantly reduced,
while cell crossing. geotaxis. and core body temperature
were unaflected at any of the doses tested (Fig. 4). Ad-
ministration of a 5.0 mg'kg d./-propranolol had no mea-
surable effect on the behavior of pups but blocked the

Nl
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0.5 +
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trayed (right panel) are the effects of co-administration of d/-
propranolol (5.0 mg/kg) with TEFMPP (0.5 mg/kg) or éS-Oi‘[-DPAT
(0.5 mg/kg) on the frequency of ultrasonic calling. Asterisks
represent Dunnett r-comparisons with vehicle control treal:
ment (P <0.05), plusses represent Dunnett /-comparisons bet
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ate reducing effects of 0.5 mg/kg 8-OH-DPAT (1, =2.26,

<0.05) on calling compared to 8-OH-DPAT alone.
combined administration of 0.5 mg/kg TFMPP and
50 mg/kg d.I-propranolol was associated with a signifi-

ant reduction in rate of calling compared to vehicle

(,D=3.26], P<0.05) and 0.5mg/kg TFMPP alone
(10:5'710‘ P<0.05) (Fig. 4).

5HT1(’/5HT2

n-CPP produced a dose related decrease in the rate of
w@lling [F(3.25)=15.816, P<0.001) and increased grid cell

.4 rossings [F(3.25)=7.695. P<0.001] by infant rat pups.

Calling was reduced at two doses of m-CPP
0.5:0p=2.71:1.0: 1, =4.00. P<0.05). Grid cell crossing
was increased at the highest dose (1.0: 1,=4.18.
p<0.05). Acute administration of DOI significantly af-
fected the rate of ultrasonic calling [F(3.22)=21.16.
p<0.05} and grid cell crossing [F(3.22)=6.57. P<0.05]
(Fig. 3). Calling was reduced at three doses of DOI (0.03

Jb=2.67:0.1:1,=705:03:1,=6.26. P<0.03). Grid cell

ossing was reduced at the two higher doses (0.1:
p=3.62:0.3: 1,=3.19. P<0.05).

The SHT,/5SHT, receptor antagonist ritanserin
produced a dose-related increase in the rate of calling
IF3.27)= 13.69, P<0.05] at 1.0 (1,=2.52. P<0.05) and
30mg/kg (15,=6.25. P<0.05) (Fig. 5). Locomotor activ-
ity, geotaxis and core body temperature were unaffected
it the doses tested (Table 2). Combined administration
of 0.1 mg/kg DOI and 0.3 mg/kg ritanserin resulted in a
significant blockade of the reduction in calls (7,=3.51,
P<0.05) and grid cell crossing (1p=2.11. P<0.05)

Table 2. SHT,/SHT, Agonists and antagonists
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Fig. 5. The acute cffects of m-CPP (topj and DOI (hottom ) on the
frequency of ultrasonic calling ( open symbols) and grid cell crossing
( closed symbols) during a 2-min separation beginning 30 min after
subcutaneous injection. Data are expressed as percent change from
a4 2-min pre-injection test conducted immediately before drug injec-
tion. Fertical lines at each data point represent = | SEM. Asterisks
represent Dunnett 7-comparisons (P <0.05) in the presence of sig-
nificant overall treatment effects detected by ANOVA

Drug Dose n= Vocalizations Activity Geotaxis Body temperature
calls/2 min cells/2 min latency (s) °C
% Pre-treatment % Pre-trcatment A Pre-treatment A Pre-treatment
+SEM +SEM +SEM +SEM
n-CPP (112.11+ 8.38) (63.69+ 2.97) (9.14+0.8) (35.11+£0.23)
0.00 7 11098+ 5.30 77.89 + 10.29 =1.61+2.66 —0.29+£0.31
0.10 6 §3.84+ 18.6% 85.28 £ 13.31 -0.17+2.03 —0.42+0.38
0.50 7 61.24+ 12.06* 79.19+ 5.64 —0.23£3.50 —0.46+0.12
1.00 6 34.54116.61* 138.19 £ 11.11* 0.75+£2.99 —0.67+0.31
b01 (119.57+ 8.03) (63.74+ 3.67) (6.74 £ 0.75) (35.08 +0.12)
0.00 6 91.29+ 2.33 111,19+ §.88 1.67+£2.72 —0.08£0.15
0.03 6 67.51+£10.49 103.42+£15.57 0.80x1.63 —0.20+0.41
0.10 6 33.59+ 4.77* 61.40+ 7.81* 0.86+£2.09 —0.36+£0.14
0.30 6 35.50+ 6.30* 63.39+ 9.51* 7.00+£2.63* —0.80+0.34
Kianserin (106.25+ 7.48) (41.64 = 2.96) (11.36 + 1.23) (34.27+0.19)
0.0 8 91.33+ 9.58 88.00+£10.25 0.88+2.11 —0.06+0.22
0.3 6 117.22+10.88 107.53 £ 14.36 4.40x1.63 —020+0.12
1.0 6 130.77 + 12.52* 84.01 —16.91 3.33+2.36 —-0.58+£0.35
3.0 8 179.44 £ 10.51* 87.58 £ 10.05 1.40 +2.85 —0.06+0.26
Kianserin 0.3
+mCPp 0.5 6 6.53+ 0.793+ 99.11 £ 16.61 2.83+£3.24 0.00+0.00
+DO] 0.1 6 75.56+ 4.823+ 9291+ 798 0.33+£1.36 0.17+£0.21

kld.type in parentheses the mean+ 1 SEM for the pre-injection
tline at each measure. * Represents significant Dunnett's r com-
Son of drug effects with vehicle control (P <0.05), + represents

comparisons between agonist and agonist-antagonist combinations
in the presence of significant ANOVA
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Fig. 6. The acutc effects of ritanserin (/efr punel; on the frequency
of ultrasonic calling (open svmbols) and grid cell crossing (closed
svmbols; during a 2-min scparation beginning 30 min after sub-
cutancous injection. Also presented (right panel are the cffects of
co-administration of ritanserin (0.3 mg ‘kg) and DOI(G.1 mg-kg) or
m-CPP (0.3 mg kg) on the frequencey of ultrasonic calling. Asterisks

produced by DOI alone (Fig. 0). Combined adminmistra-
tion of 0.5mgke m-CPP and 0.3 mg kg ritanserin did
not block and instead appeared to potentiate the rate
reducing effects of m-CPP on ultrasonic calling com-
pared to m-CPP injected alone (7, = 3.51. P<0.05).

Discussion

Serotonin receptor ligands sclectively increase or de-
crease the rate of ultrasonic calling by infant rat pups
depending on the receptor subtype affected. SHT, 4 and
SHT,/SHT,¢ agonists reliably decreased calling at rela-
tively low doses. In contrast. both SHT,,, agonists and
a SHT,/SHT,. antagonist incrcased calling at doses
which did not appear to aflect other measures of arousal.
An extensive literature associates serotomin with the
modulation of affective states (Soubrie 1986) and the
development of psychopathology (sec for example Erikk-
son and Humble 1990). Although in clinical studies.
buspirone. an agonist at the SHT,, receptor site, is an-
siolvtic (Taylor 1987) and several serotonin reuptake
inhibitors appear to be anti-obsessional (Insel and Wins-
Jow 1990). animal models devcloped for detecting the
anxiolytic effects of benzodiazepines have not consistent-
Iv shown efficacy for serotonergic agents (Brockemp and
Jenk 1989: Insel and Winslow 1991).

The rat pup separation call can be reduced by several
classes of anxiolytic drugs including the benzodiazepine
agonists (Gardner 1985; Insel et al. 1986). glycine an-
tagonists (Winslow et al. 1990), and the 5-HT reuptake
inhibitors (Winslow and Insel 1990a). In addition,
several putative anxiogenic compounds, such as pentyl-
enetetrazol and FG-7142. increase the rate of calling
(Insel et al. 1988). The rate-reducing effects of buspirone
and 8-OH-DPAT reported here provide further evidence
of the sensitivity and selectivity of the rat pup separation
paradigm for the detection of anxiolytic efficacy. These
findings replicate and extend previous reports (Hérd and

DOl mCPP

0.1 + 0.5 +

Ritanserin Ruansernin

represent Dunnetts /-test comparisons of drug with vehicle controj
trcatment (P <0.05). pluses represent Dunnctt  7-comparisong
between DO or m-CPP alonce or in combination with ritanserin,
in the presence of significant overall trcatment cffects detected by
ANOVA

Engel 1988: Mos and Ohvier [989: Winslow and Inse)
1990b) by demonstrating that drug induced decreases in
calling recover within 2 h after injection and can be
antagonized by the SHT, receptor antagonist d,l-pro-
pranolol.

The effects of SHT,, agonists CGS12066B and
TFMPP varied according to the sclectivity of each drug
for the SHT,, receptor subtype. CGS12066B produced
a reliable. dose-related increase in the rate of USV, while
TFMPP also increased calling but only at low doses (0.3,
0.5mg/kg) and decreased calling at a higher dose
(3.0 mg/kg). Although both drugs have been charac-
terized as preferential SHT,, agonists (Middlemiss and
Hutson 1990). only CGS12066B has been characterized
as sclective. while TEMPP has significant activity at
SHT, and SHT, receptors (Neale ct al. 1987 Titeler et
al. 1987: Curzon and Kennctt 1990: Middlemiss and
Hutson 1990). While an increase in USV production has
been noted with clinically anxiogenic compounds such as
PTZ and FG-7142. neither TEFMPP or CGS12066B has
been tested clinically. In clevated plus-maze and social
interaction tests, TFMPP has previously been charac
terized as “anxiogenic. but this action has been ascribed
to stimulation of both SHT,¢ (Kennett et al. 1989) and
SHT,, (Benjamin et al. 1990) receptors. Benjamin et al.
(1990) failed to detect anxiogenic effects for CGS12066B
and reported that CGS12066B blocked the anxiogeni
effects of TFMPP. The current results in the rat puP
suggest that high doses of TFMPP resemble m-CPP and
DOI thus may reflect actions on SHT,/SHT, ¢ receptors
(Kennett et al. 1989; Curzon and Kennett 1990; Haruig
et al. 1990). This interpretation is supported by oW
finding that co-administration of a non-effective dose 0
d,I-propranolol with an excitatory dose of TFMPP 1¢
sulted in a significant reduction of ultrasonic calling
compared to increased calling produced by TFMPP

alone. d,/-Propranolol at the dose used here preferenﬁal'

ly antagonizes SHT,, and SHT,; receptors relative 10
Hutso?

SHT, and 5HT, receptors (Middlemiss and
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»
1990). The current findings are consistent with the

é ypothesis that d./-propranolol blocked the 5HT,,
4 gediated rate increasing effects of TFMPP which
a gmerged at low doses. while not affecting or enhancing
Q e SHT2/5HT, . mediated rate decreasing effects which

;merged at higher doses.

The SHT,'SHT, ¢ receptor agonists DOI (Shannon et
o 1984; Titeler et al. 1988) and m-CPP (Hamik and
peroutka 1989) produced a dose-related decrease in the
ate of calling. Although these effects might suggest an-
dohvtic efficacy, both drugs had effects on associated
gehaviors: DOI significantly reduced motor activity and

%h 2

itgy Qeisrupted geotaxis whereas m-CPP increased motor ac-
- fvity. These motor disturbances suggest that changes in
ntro] fwocal behavior were non-specific. Curiously. the SHT,/
sons EHT,c receplor antagonist ritanserin increased the fre-
erin, quency of vocalization resembling an anxiogenic profile.
d by The effects of m-CPP and ritanserin on pup behavior run
ounter to the available clinical data: m-CPP appears
— [xiogenic (Zohar et al. 1987). whercas ritanserin has
peer: reported to have anxiolvtic efficacy (Ceulemans et
il 1985).

ns;l Co-administration of ritanserin and agonists vielded
S ggfferent cflects for DOI and m-CPP. The ritanserin
-~ be tlockade of DOI's effects on USV is consistent with the
oT0- B0l effect being mediated by either the SHT, or SHT
reeptor. Co-administration of m-CPP and ritanserin
gnd esulted in a greater decrease in USV than observed
rug following cither drug alone. This latter result may reflect
‘C?d the emergence of other pharmacologic effects of m-CPP
hile fie. SHT,, or adrenergic effects) in the presence of
0.3, HT,/SHT, . receptor blockade (Hamik and Peroutka
lose 1989). Indeed. rat pup USV have previously been shown
rac- M be exquisitely sensitive to drugs affecting adrenergic
and rceptors (Hard et al. 1988: Winslow and Insel 1990a).
I_Z‘?d - The effects of serotonergic drugs on ultrasonic vocal
al Wehavior do not appear to be secondary to effects on
-.r edl ermoregulation or respiration. Although previous re-
‘;11:19 ports in adult rats have detected hypothermia following
h a; FOH-DPAT (Gc')odwm ctal. 1987: Wozniak etal. 1988)
has ud hyperthermia following m'-CI.’P (Wozniak et al.
cial 1989). we were unable to detect sxgmﬁcanllchanges in the
rac- ore body temperature of infant rats with any of the
bed ﬂlbstances' tested. This difference between infant and
and Wult rats in thermoregulatory response to serotonergic
Cal. gents may be an another example of what Enters and
66B Year (1988) have called “ontogenetic transitions™ in the
anic havioral response of infant rats to serotonergic drugs.
pup addition, the reducti_on of ultrasonic vocalization after
and T,, and 5HT, agonists does not appear to be second-
‘O lo respiratory depression, as recent studies of
rtig Jrotonergic modulation of neonatal respiration suggest
our R &nerally stimulatory effect of 8-OH-DPAT and DOI

. of gMorin et al. 1990).
vrC- n summary. consistent with previous reports. ago-
ling g3ts at the SHT,, receptor mimicked the effects of
PP g¥eral classes of anxiolytics in their reduction of ul-
ial- §¥0nic vocal behavior of 9-11-day-old pups. In con-
: 10 g8t to these SHT, ,-mediated effects, SHT,, receptor
son Feands generally increased ultrasonic vocalization. This

logenic-like effect of low doses of TEMPP and all

S

doses of CGS12066B appears to be associated with the
relatively high selectivity of these drugs for the SHT
receptor, while the rate reducing effects of high doses of
TFMPP and all doses of m-CPP and DOI appear to be
more closely related to SHT, or 5HT, activity. Clarifica-
tion of the SHT, and SHT, mechanisms must await the
development of highly selective SHT, receptor antago-
nists. In an earlier study, we demonstrated that serotonin
lesions significantly decreased rat pup ultrasonic vocal-
ization (Winslow and Insel 1990b). These previous re-
sults, taken together with the current data using relative-
ly selective receptor ligands. suggest a role for serotonin
in the modulation of vocal behavior. based on a balance
of inhibiting and facilitating receptor influences.
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