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A modulatory role for serotonm has been de- Key words: Attachment behavior Vocalization- Infant

for the development and expression of the ul- rats - Serotonin - Development - Anxiety
mic call of infant rat pups during brief maternal

separations. In previous studies, serotonin reuptake in-
itors selectively reduced the rate of calling following

administration to 9 11-day-old pups and a Ultrasonic vocalizations emitted by rat pups during brief
neurotoxin (MDMA)systemalicallydisrupted separations from maternal care have proven to be a

thedevelopment of ultrasonic vocalizations butnot other sensitive probe for a variety of environmental and
measures of motor development. In the current studies, pharmacological stimuli (Hofer and Shair 1987; Kehoe
weextended our investigations to include drugs with 1988: Hofer et al. 1989). This behavioral response to
purported receptor subtype.selectivities. Consistent with separation has a number of useful features for pharma-
previousreports, acute administration of5HT_^agonists cological analysis and apparent construct validity for
buspironc and 8-OH-DPAT ((±)-8-hydroxy-2-(di-N- anxiety-related psychopathologies. The likelihood of

/lamino)tetralin) reduced the rate ofcallingat doses calling has a reliable developmental course, emerging
whichdid not affect motor activity or core body tern- soon after birth, peaking during the second week of

The rate reducing effects of buspirone persisted postnatal life, and then decreasing at the time of eye
_to I but not 2 h after injection. Administration ofpur- opening when the development of alternate strategies

5HT_, receptor agonists, CGSI2066B (7-triflu- may occur (Noirot 1966; Insel et al. 1988). Some inves-
(4-methyl-l-piperazinyl)-pyrrolo[l,2-a] quin- tigators have described these vocalizations as "separa-

and TFMPP (l-[3-fluoromethyl)phenyl]- lion-distress calls" because they are associated with vul-
increased the rate of calling depending on the nerability and may be a potent stimulus for maternal

of the drug for the 5HT_, receptor, dj-Pro- retrieval (Noirot 1972; Smotherman el al. 1974). The rate
a 5HT_ receptor antagonist, blocked the effects of rat pup distress vocalizations is inversely related to

8-OH-DPAT and TFMPP. m-CPP (1-(3-chloro- ambient temperature (Insel et al. 1988), and is also re-
_henyl)piperazine) and DOI ((±)-l-(2,5-dimethoxy-4- duced by the presence of littermates or familiar bedding

'l)-2-aminopropane), drugs with putative ac- odors (Hofer and Shair 1987).
at 5HT x, and 5HT2 receptor sites both decreased Rat pup vocal behavior is selectively affected by

but differed according to their effects on motor several psychoactive drugs. To date, this model appears
Ritanserin. a 5HT 2 and 5HT_c antagonist, to be most successful at detecting anxiolytic properties
a dose-related increase in call rate. A dose of for a broad spectrum of drug classes. For example, call-
with no apparent intrinsic effects effectively lng is reduced by low doses of benzodiazepines (Insel et

:onized DOI rate reducing effects but potentiated al. 1986; Gardner and Budhram 1987), opiates (Kehoe
rate reducing effects of m-CPP. These data extend and Blass 1986; Winslow and Insel 1991), serotonin

studies demonstrating a role for serotonin in the reuptake inhibitors (Winslow and Insel 1990a), and an-
of rat pup separation calls and further demon- tagonists at the N-methyl-D-aspartate-glycine receptor

that 5HT mav increase or decrease calling depend- complex (Winslow et al. 1990). Calling is increased by
with receptor subtype is affected, drugs with purported "anxiogenic" properties such as

pentylenetetrazol and the benzodiazepine inverse agonist
t't'qtw._'l._to.' J.T. Winslo_ FG-7142 (Insel et al. 1986).



in a previous study, we demonstrated that lesions of carbonate cages (55 x 3t x21 cra)until9 11 days etd. The vivariul_ ,droinistez
serotonin pathways with the neurotoxin MDMA altered temperature and lighting were constant at 24°C and 14-20 h light, lp-' per

development of USV. Although these results su__oest that dark cycle. Thirty minutes before testing, litters were removed as _, pically v
_ group from their home ca_,e and placed m a new ca_e with a Sn_l_ ter. Fiveserotonin is involved in the phvsiolomcal mediation of - , -

- _ amount of home-cage bedding. Cages were transported to a lighted ,nducted
USV. the specific serotonergic sub-system mediating call- testing room ad acent to the vivarium, with an ambient temperature tone (0.
ing was not systematically studied. Previous studies of maintained at 24± 1° C. Unless otherwise specified each pup wall ensured
drugs acting at 5HT_A and 5HTn_ receptor sites have usedonce. :ectsof

cOS t206(
demonstrated opposing effects on a variety of physiologi- Behavioral testing. Beginning 30 mtn after removal from t}_ (rt=8-10 1
cai and behavioral measures including thermoregulation home-cage, each pup was placed in a polvcarbonate recording idDMA r,
(Wozniak et al. 1988. 1989), penile erection (Berendsen chamber (46 x 29 cra) with a 5 x 5 cm grid cirawn on the floor. A pressed th
and Broekkamp 1987) and ejaculation (Renyi and microphone (Bruel and Kjaer. model 4385. Copenhagen) withi lnsel 1990
Lewander 1989), and feeding behavior (Hutson et al. parabolic reflector was suspended 10cm over the cage floor td function n
1989). Biochemical studies have suggested that these record pup ultrasonic vocalizations. Ultrasonic calls were trans., agonists,t!

receptor subtypes may be differentiated by pre-versus formed by a digital sound spectrum analysis system providin'_ cOS1206('
on-line the number of calls in each 2-mm session (Burkholder et al. 4-hperiod

post-synaptic localization (Engel et al. 1986). although 1982: Inseletal. 1986).TJlenumberofgridccllsenteredbythepup effects of
this model has recently been questioned (Hamon et al. was also collected durin,.z, this period by visual scorine. At the end (0.1-10.0 r
1990). The physiologic effects of endogenous serotonin of a 2-mtn recording period, each pup was weighed and rectal kg)with o
nlav represent a balance of effects al several receptor temperature was mcasurcd (probe: YSI K74367). Geotaxis, de. Theacute

subtypes. In the current studies, we examine the dose- lined as latcncx to turn against a 30* inclined plane, was measured kg), and
efiecl functions, tinle-coursc, and agonist-antagonist in- to assess motor coordination. Following collection el'these baseline (0.3-3.0 m
tcractiolls 0_' l'cpI'OS0Iltatixc lioands al griT. and 5HT, measures, pups _ere imecled xxith xchicle or drug subcutaneously

- ' . at thc nape _,_ thc noeL. then ?cturncd to ttttcrmatc>. -kpvroximately Drugm'cp,
roceptol- subtypes. 3oIllin[iltCl.pup>,x_ercrote,lcd It, assessdrug ell'cots.In time- TFMPP.1

Cotlrsc sludics, pups x_cl-c l'olcslcd oxcl :1 4-h period. Pups which solved in i
failed Io emil ill least 60 calls I < liD, of pups tcslcd) m the pretest

Materials and methods v,crc cxchlded I'rom l'urlher studx.

Sutqccrv. Offspring of Spraguc Dawlex brccdcrs (Taconic Farms. Druq adminLvtration. All drugs x_rc_'Cadmmistercd subcutaneously, Table 1.51
Gcrmantown. New York) were housed with both parents m poi>- 30 mm prior to testing. Each pup was used only once. Drugs were
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Fig. i. The acute effects of buspirone (topi and 8-OH-DPAT (hot- Fig. 2. The acute effects of CGS12066B (topi, and TFMPP (bottom,
· _ (open symbols) and grid celltomi on the frequency' of ultrasonic calling (open vrmboh'J and grid on the frequency of ultrasonic callim,

cell crossing rclosedsymbols) during a 2-mtn separation beginning crossing (closedsrmbolsl during a 2-mtn separation beginning3Omm (l-Propra;
30 mtn aftcr subcutaneous injection. Data are expressed as percent after subcutaneous injection. Data arc expressed as percent change + DPA'I
change from a 2-mtn pre-injection test conducted immediately from a 2-mtn pre-injection test conducted immediately before drug +TFMF
before drug injection, l'ertica/ lines at each data point represent injection. Verticallines at each data point represent 4- 1 SEM. Aster_ '_
± 1 SEM. Asterisks represent Dunnett t-comparisons (P<0.05) i.s'ksrepresent Dunnetl t-comparisons (P<0.05) in the presence 0_ il01d type

Pre-injectio
in the presence of significant overall treatment effects detected by significant overall treatment effects detected by ANOVA l)Unnett's

ANOVA __
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Uhrasonic Vocalizalions tile highest dose of 8-OH-DPAT 11, = 4.59. P < 0.051 but rate red.

[6o1 · not buspirone. Core body temperature was not signifi. ?-_0.05

120 ,,_ The time course of buspirone's effects on ultrasonic cant re(
a calling (Fig. 3) revealed a significant reduction itl calling (tv= 3.2

6 80 be_innino,,_ 30mtn after injection. Cfr,=5-06., P<0.05)_ 11v=5,7
which continued up to 60 (tt)=2.72, t <0.05) but not

?' 40 · 120 min. No evidence cfa "rebound" effect was detected

] _ at 240 nlin after injection. 5HTlc/?5HTi n agonists TFMPP and CGS12066B also signifi.

04 ..... cantly affectedthe rate of callingof rat pups; however, rn-CPP
pre 30 60 120 240 complex dose-response differences emerged (Fig. 2). callingD

Time Since Ineclion(mtn) CGS12066B produced a dose-related increase in calling crossing
,. ,-s,.)

I.,g. 3. Thc mnc course el' I.O mg kg buspir,mc . ,'/,,.,,,d.,,i,,,,',. and [F(._._()) = 7.075. P < O.001]. Increases were significant at Calling
_.31, , = (Il)= .-.1.O mg kg ('(}Fi 121}66B ( c/,,scd ct'rclc.s, and saline (.pcn oh',Ms, col- both tile 1.0 (G)= '_ - P < 0.05) and '_.0 mg k,, 4.15, (0 $'6>=

lcctcd beginning 311illin al'lcr subcutaneous ln.lcclion and nlcasurcd 1'_< 0.05) doses. CGS 12066B also incrc;.tscd tile number was inc

in repealed 2-mtn tests at/,Il. 121}. and 240 mtn at/cT mice/ion, l)ata el'grid cell crossJllgs cxhJbJlcd ill thc 3.0 tllg kg 1z,=2.51, , p<0.05
arc cxpt-esscd :ix percent change From a 2-mm l_l'c-iniccllon Io.l P-z {LOS) TFMPP increased thc I'illc ol'calliI/o, but only fcc/cd t'.
conduclcd imlllcdiulel\ bel'orc dt-ug itliccllOll I cl'tlctl/ /titUs ;11 CilC[I ' '

dala !_,,ml pcl_'cscn! - I NlM 'Ihch.rt__..i,d/,,.'dcpR'l. - I Nt 'xI ;.11 lhcO.3 mg kgdosc{[_,=2.54, /'-:O.OSlxvhilc thchigh, {?<_ .( $

!o: :: r,R'-Ivciil:q_.cn! Ivcclucncx o! tdlrasonl_, caiitng Is.ltl[,, '.ut'u. CS: (ti)st..' '-,lglllJiCilnll\ qi'dCl'gilbC(.: cailinc Ig,=2.41. j(Fig. 5_
,chi l)unncli ;-COllU_di'lnOllx 1,1'. ri {15} DCtX\t.'t_'ll \eBtcl,' ,iIlC dill: /' it {Iq ('Ol'C bOUi\ [Ctllp:2Filitlre :{P, td gCOt:.lXis were not _io--6
\ilitlC' ill CitCh tlII/C llOllII III tilt.' pFCSCIICtP Of 5,1glllllCillll '_\Clili, all'cc/cd ill thc doses tgSlgCi l'or cilhcl' dr/lc tTable l). A J crossinu
mR'rat_'lioll ct/cci., dclccR'd bx .\ N( )\.X bclx_ct:l_ Inl,: .,uRc lrHcciltm studx (.)11thc time course of ('(i5120661t cfi'ccts on USVs re,=3.62

amitrcatmcm revealed a signilicanl increase in calling 30 mtn after j Thc
injection (g_=3.16, 1'<0.1)5) which remained high at iProducct
61tmtn (ti, = 2.79, /'<().05) but returned lc/ baseline at ]f13.27):

511'1'_ 1211min. As with buspironc no -rebound" effect was }}.0mg/k
dclcclcd al 2411mtn (l:ig. 3). Ilty, geot;

5}tq'_A receptor agonists buspironc I/"(3,23)_ 19.941). d./-Propranolol (1.0 10.0) sclcctix'cly affected the rate lat thc dc
/'<CC(lC)Il and 8-()t-I-I)I'AT [1:13,34)= 24.638, /'_(LO()I 1 of ultrasonic calling in rat pups measured 30 mtn after 0f0.1 mg
produced sin)ilar prefer, nd decreases in thc rate oF ul- injection [1:13,23)= IO.613.1><0.05] but only itt thehigh- significar
trasonic calling by separated ral pups (Fig. I). Significanl cst dose. After I0.O lng/kg d./-propranolol, The rate of P<0.05)
differences were dc/cc/cd itt all three doses examined, calling (tl,--4.347. 1'<0.05) was significantly reduced,
('hangcs in thc nunlbcr of grid cells crossed xvcrc also \vhilc cell crossing, gcc/axis, and core bt)dx temperature
dc/cc/cd but only after administration oF thc highest wcrc unafi'cctcd itt any' Of thc doscs tested (Fig. 4). Ad- Table2. 51
doses oF both bttspironc (/, = 2.80, /' < 0.05) and 84)11- ministration oF a 5.() nag kg d./-propranolol had no mea-
I)PAT (g,= 3.45. 1'<().05). (;coTaxis was disrupted b\ surablc cfi'col on thc behavior of pups but blocked the Drug

t
l'ropranolol TFMPI' 8-()11-I)I'AT I iii.C_
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Fig. 4. The acute effects of d,/-propranolo[ (lc/? pane// on the craved (ri qht panelj are the effects of co-administration of al,l-
frequency of ultrasonic calling (opensl'mbols) and grid cellcrossing propranolol (5.0 rog/kg) with TFMPP (0.5 rog/kg) or 8-OH-DPAT htanserin
rc/osedsymholsj during a 2-mtn separation beginning 30mtn after (0.5 mg/kg/ on the frequenc5 of ultrasonic calling. Aswrisks *mCPP
subcutaneous injection. Data are expressed as percent change from represent Dunnett t-comparisons with vehicle control treat- *DOt
a 2-mtn pre-injection test conducted immediately before drug injec- men/ (P < 0 05), plusses represent Dunnett /-comparisons between ___
tion. l'ertical lme.sat each data point represent ±1 SEM. Asterisks agents/ drug alone or in combination with d.l_propranolol' [01dtype in
represent Dunnett /-comparisons (P < 0.05) in the presence of sic- in the presence of significant overall treatment effects detectedby _line at e:
nificantoveralltreatmenteffectsdetectedbyANOVA.Alsoper- ANOVA /risenofd/

_..iL



q,

reducing effects of 0.5 mg/kg 8-OH-DPAT (rD = 2.26. is0.
on calling compared to 8-OH-DPAT alone.

)rnbined administration of 0.5 mg/kg TFMPP and 150.

)rng/kg d,l-propranolol was associated with a signifi- -= 12o. "
reduction in rate of calling compared to vehicle _ ' 0

=3.261, P<0.05) and 0.5mg/kg TFMPP alone E 9oi

_- 5.710, P < 0.05) (Fig. 4). _,, 60
,

c/5HT2 30

0 _ i

-CPP produced a dose related decrease in the rate of Veh 0.1 0.5 1.0

calling [F(3,25) = 5.816, P < 0.001] and increased grid cell
[F(3,25)= 7.695. P<0.001] by infant rat pups.
was reduced at two doses of m-CPP _50"1

).5:rD= 2.71 ' 1.0'
rD= 4.00. P< 0.05). Grid cell crossing

vas increased at the highest dose (I.0: /D=4.18. 1201 _Acute administration of DOI significantly al-
the rate of ultrasonic calling [F(3,22)=21.16. _ 904/ {_

_<0.05] and grid cell crossine [F(3,22)=6.57, P<0.0*,] I
5 t. Caliin,,z was reduced att* three doses of DOI 10.{)3- 5 _- -r * '- *. - E o(i-i

- ', 7. · 7.05: 0.3: = 6.26. P < (1.(}5t. Grid cell ?- jt_---6,. 0. l q) = ID :_

crossing was reduced at the two higher doses (0.1' _ 3o] ·
tD=3.62: 0.3' rD=3.19. P<0.05).

The 5HT_c/5HT: receptor antagonist ritanserin o4

produced a dose-related increase in the rate of calling 7h 0.03 0.'1 0.3

13.69, P<0.05] at 1.0 (rD= 2.52, P<0.05) and Fig. 5. The acute effects ofm-CPP flop; and DOI (bottom; onthe
(tr)= 6.25, P< 0.05) (Fig. 5). Locomotor activ- frcqucncyofultrasonJccalling(open._3'mbols) and grid cell crossing

it3',geotaxis and core body temperature were unaffected (closed ,?mhols) during a 2-rain separation beginning 30 min after
at the doses tested (Table 2). Combined administration subcutaneous injection. Data are expressed as percent change from

a 2-min pre-injection test conducted immediateh' before drug injec-
0f0.1 rog/kg DOI and 0.3 mg/kg ritanserin resulted in a tion. Vertical lines at each data point represent = I SEM. Astertsks
significant blockade of the reduction in calls (ID = 3.51, represent Dunnett t-comparisons (P<0.05) in the presence of sig-
P<0.05) and grid cell crossing (In=2.1 1, P<0.05) nificant overall treatment effects detected by ANOVA

[able2. 5HT2/5HT_c Agonists and antagonists

l)rug Dose n = Vocalizations Activity Geotaxis Body' temperature
catls/2 min cells/2 min latency (s) °C
% Prc-treatment % Pre-trcatment A Pre-treatmem A Pre-treatment
±SEM ±SEM +SEM ±SEM

m-CPp (112.11± 8.38) (63.69± 2.97) (9.144-0.8) (35.11±0.23)
0.00 7 110.98± 5.30 77.89+ 10.29 -1.61+2.66 -0.29±0.31
0.10 6 83.84±18.68 85.28+ 13.31 - 0.17±2.03 -0.42±0.38
0.50 7 6t.24+ 12.06' 79.19± 5.64 -0.23=t:3.50 -0.46±0.12
1.00 6 34.54:i:16.61' 138.19±11.11' 0.75± 2.99 - 0.67± 0.31

DOI ( 119.57 ± 8.03) (63.74 ± 3.67) (6.74 ± 0.75) (35.08 ± O.i2)
0.00 6 9t.29± 2.33 111.19± 8.88 1.67±2.72 -0.08+0.15
0.03 6 67.51± 10.49 103.42± 15.57 0.80± 1.63 -0.20+0.41
0.t0 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

[itanserin (106.25:t: 7.48) (41.64± 2.96) (11.364-1.23) (34.27±0.19)
0.0 8 91.33± 9.58 88.00:i:10.25 0.88±2.11 -0.06±0.22
0.3 6 117.22+10.88 107.53±14.36 4.40± 1.63 -0.20+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

ltitanserin 0.3

+rnCPp 0.5 6 6.53+ 0.793+ 99.11±16,61 2.83±3.24 0.00±0.00
+DOI 0.1 6 75.56_ 4.823+ 92.91+ 7,98 0.33±1.36 0.17±0.21

type in parentheses the mean ± 1 SEM for the pre-injection comparisons between agonist and agomst-antagonist combinations
each measure. * Represents significant Dunnett's t corn- in the presence of significant ANOVA

effects with vehicle control (P< 0.05), + represents
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Fig. 6. '['he acute effects of ritanserm rlr_/l pure'l; on thc frequent) represent Dmmett's t-test comparisons of drug with vehicle control vocal be _
of ultrasonic calling _o/wn .?mho/.v; and grid cell crossing rclo.wd treatment (P<0.053, pluses represent Dunnen t-comparisons 5HT x. rt

s3',/hols; during il 2-mtn separation beginning 30 mm after sub- between DOI or m-CPP alone or m combination with ritanserin, quency (
cutaneous in.ieclion. Also presented ( rigllt/)am'/, arc thc effects of m the presence of significant overall treatment effects detected by The effec
co-administration ofritanserin (1._rog'kg) and DO[ ((LImg kg)or ANOVA I

m-('PP (0.5 mg kg) on IbC frequent} of ullrasonic calling..4s'tcri._/,._ -_ i counter
I anxioger
[ been rep
}al. 1985

rvodtlced b'_ DOI alone (Fig. 01. Colnblned adlnmisll'a_ E/igc} 19Sa: Mo.s and ()brier 1989: \\:Jl2sJovc and Insel i Co-ac

tion of 0.5 mgkg rn-CPP and 0.3 mg kg ritanserin did 1990b) bi' demonstrating that drug induced decreases in 1differentnol block and instead appeared lo polenliatc thc r:tte calling recover within 2 h after injection and can be blockadt
reducing effects of m-CPP on ultrasonic calling corn- antagonized by thc 5HTj receptor antagonist dj-pro- DOJ effe,

pared to m-CPP injected alone ([, = 3.51, P< 0.05). pranolol, receptor.
The efl_ects of 5HTr, agonists CGSI2066B and resulted

TFMPP varied according to thc selectivity of each drug followinl
Discussion lbr the 5HTr, receptor subtype. CGSI2066B produced the emer

it reliable, dose-related increase in the rate of USV, while (i.e. 5H'}
Serotonin receptor ligands selectively increasc or dc- TFMPP also increased calling but only at low doses (0.3, 5HT2/5 I_
crease the rate of ultrasonic calling by infant rat pups 0,5 mg/kg) and decreased calling at a higher dose 19893.In
depending on thc receptor subtypc affected. 5HT;^ and (3.0 rog/kg) Although both drugs have been charac- to be ext
5HT2/5HTx. agonists reliably decreased calling at rela- terized as preferential 5HTr, agonists (Middlemiss and receptors
lively lou doses. In contrast, both 5HT_j, agonists and Hutson 19903. only CGSI2066B has been characterized The et
it 5H'I'2;5HTlc antagonist increased calling at doses as selective, whilc TFMPP has signilicant activity at behavior
which did not appcar to affect other measures of arousal. 5HT_ c and 5HT 2 receptors (Neale et al. 1987: Titeler el thermorc

An extcnsive literature associates serotonin with the al. 1987: Curzon and Kennctt 1990: Middlemiss and [portsin:

modulation of affective states (Soubrie 19863 and the Hutson 19903. While an increase in USV production has [8-OH-DI
development ofpsychopathology (sec for example Erikk- been noted with clinically anxiogenic compounds such as [and hyp,
son and Humble 19903. Although in clinical studies, PTZ and FG-7142, neither TFMPP or CGSI2066B has [ 19893,wc
buspirone, an agonist at the 5HTr/, receptor site, is an- been tested clinically, In elevated plus-maze and social core bod
xiolytic (Taylor 19873 and several serotonin reuptake interaction tests, TFMPP has previously been charac- substanct
inhibitors appear to be anti-obsessional tinsel and Wins- terized as "anxiogenic". but this action has been ascribed adult rat5
low 19903. animal models developed for detecting the to stimulation of both 5HT_c (Kennett et al. 19893 and agents m:
anxiolytic effects of benzodiazepines have not consistent- 5HTr, (Benjamin et al. 19903 receptors. Benjamin et al. Spear ( 19
Iv shown efficacy for serotonergic agents (Broekemp and (1990) failed to detect anxiogenic effects for CGS12066B behavior.,
Jenk 1989: Insel and Winslow 19913. and reported that CGS12066B blocked the anxiogenic InaddJtJt

The rat pup separation call can be reduced by several effects of TFMPP. The current results in the rat pup 5HT_Aa_
classes of anxiolytic drugs including the benzodiazepine suggest that high doses of TFMPP resemble m-CPP and ary to t
agonists (Gardner 1985; Insel et al. 19863, glycine an- DO1 thus may reflect actions on 5HT2/5HT;c receptors Serotoner
tagonists (Winslow et al. 19903, and the 5-HT reuptake (Kennett et al. 1989; Curzon and Kennett 1990; Hartig
inhibitors (Winslow and Insel 1990a). In addition, et al. 19903. This interpretation is supported by our ^general
several putative anxiogenic compounds, such as pentyl- finding that co-administration of a non-effective dose of (MorJn eIn sur
enetetrazot and FG-7142, increase the rate of calling d,l-propranolol with an excitatory dose of TFMPP re-
tinsel et al. 19883. The rate-reducing effects of buspirone sulted in a significant reduction of ultrasonic calline _ists at' SeVeralcl
and 8-OH-DPAT reported here provide further evidence compared to increased calling produced by TFMPP
of the sensitivity and selectivity of the rat pup separation alone, d,/-Propranolot at the dose used here preferential' trasonic ,
paradigm for the detection of anxiolytic efficacy, These ly antagonizes 5HTr^ and 5HT_, receptors relative to Ir^st !o l
findings replicate and extend previous reports (Hfird and 5HT_c and 5HT2 receptors (MJddlemiss and HutsOn liganctsgtt_xiogen'

k_



0). The current findings are consistent with the doses of CGS12066B appears to be associated with the
_othesis that d./-propranolol blocked the 5HT,, relatively high selectivity of these drugs for the 5HT_,

ated rate increasing effects of TFMPP which receptor, while the rate reducing effects of high doses of
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