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Ultrasonic vocalizations of preweanling rats: involvement of both
a ,-adrenoceptor and-opioid receptor systems
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Abstract

Stimulation of a ,-adrenoceptors ane-opioid receptors increases the ultrasonic vocalizations of preweanling rats. The purpose of the
present study was to determine whethkeyadrenoceptors and-opioid receptors modulate ultrasonic vocalization production via a
common mechanism. To that end, 11-day-old rats were injected with jkedrenoceptor antagonist yohimbife 0, 0.5, or 1.0/kwy
i.p.) or the k-opioid receptor antagonist nor-binaltorphimife 0, 5, or 10/kwy i.p.). After 15 min, the same rats were injected with
saline, thea ,-adrenoceptor agonist clonidite 0.25 pigy, i.p.), or thex-opioid receptor agonisirans-( +)-3,4-dichloroN-methyl-N-{2-
(1-pyrrolidinyD)-cyclohexy] -benzeneacetamide methanesulfofiate U-50,488; 2/kgn@p.). Results showed that both clonidine and
U-50,488 increased the ultrasonic vocalizations of preweanling rats. Not surprisingly, clonidine-induced ultrasonic vocalizations were
blocked by yohimbine, while U-50,488-induced vocalizations were blocked by nor-binaltorphimine. Importantly, yohimbine also
attenuated the vocalizations produced by U-50,488, whereas nor-binaltorphimine did not alter clonidine-induced ultrasonic vocalizations.
Thus, it appears thad ,-adrenoceptor anck-opioid receptor stimulation increases ultrasonic vocalization production via a common
mechanism. It is likely that th&-opioid receptors responsible for modulating ultrasonic vocalizations are loGapstiearti from the
a ,-adrenoceptors®© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction turn, act as signals that elicit maternal behaviors e.g., pup
retrieva) from the danf Allin and Banks, 1972; Smother-

Although ultrasonic vocalizations of young rodents have man et al., 1974 . More recently, Blumberg and colleagues
been actively studied since 19%6 Zippelius and Schleidt, have challenged this traditional view and have argued that
19560, there is a growing debate about the underlying ultrasonic vocalizations are dfacoustic by-produ&tof a
mechanisms responsible for ultrasonic vocalization produc- cardiovascular process called the abdominal compression
tion (see Hofer and Shair, 1993; Blumberg et al., 2000a . reaction( Blumberg et al., 1999, 2000n,b . According to
Traditionally, ultrasonic vocalizations have been inter- this interpretation, cold stress causes a reduction in heart
preted as a distress response produced by young animalsate and venous blood flow. To combat this situation, the
that are under cold stress or are separated from their danmyoung animal involuntarily engages in abdominal compres-
and littermates( Allin and Banks, 1972; Noirot, 1972; sion reactions that result in increased blood pressure and a
Hofer and Shair, 1978 . These ultrasonic vocalizations, in concomitant increase in ultrasonic vocalizations.

The neural mechanisms mediating ultrasonic vocaliza-
tions have been studied intensively, and various neuro-
transmitter systems have been implicated for reviews, see

* Corresponding author. Tel.:+1-909-880-5581; fax:+1-909-880- Kehoe, 1989; Bard and Engel, 1991 . For example, drugs
700§~ma” ks sedougamesushiedtl S A, MeDoubal that stimulaten ,-adrenoceptors ok-opioid receptors dra-

! Present addréss: Depagrtment of 'Psychollo.gy, Hunter éollege of the matically increase umasomc, vocalization production of
City University of New York, 695 Park Avenue, New York, Ny 10021, Young rats( Kehoe and Harris, 1989; Kehoe and Boylan,
USA. 1994; Nazarian et al., 1999; Blumberg et al., 2000a ;
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whereas, drugs that stimulageopioid or GABA, recep- fornia State University, San Bernardino. Litters were culled
tors decrease ultrasonic vocalizations Carden and Hofer,to 10 rat pups at postnatal day(4 day@arturition . One
1990; Winslow and Insel, 1991; Fish et al., 2000 . In the rat from each litter was randomly assigned to each treat-
latter case, available evidence suggests thaipioid and ment group. There was an approximately equal number of
GABA , receptor systems do not interact when modulating male and female rats per group. The colony room was
ultrasonic vocalizationé Carden and Hofer, 1990 . In con- maintained at 22- 24°C and kept under a 12:12 lightlark
trast, it has not yet been determineddf,-adrenoceptor  cycle. Testing was done in a separate experimental room
and k-opioid receptor systems independently mediate ul- and was conducted during the light phase of the cycle.
trasonic vocalization production, or if they act through a
common mechanism. If a common mechanism is involved,
it is not known whether the interaction between neuro-
transmitter systems occurs centrally or peripherally, nor is
it known whether stimulatinga ,-adrenoceptors ang- Ultrasonic vocalizations were assessed in a clear Plexi-
opioid receptors affects ultrasonic vocalization production glas chambef 2& 20x 20 cm housed inside a heated
by modulating distress and anxiety e.g., Kehoe, 1989; incubator maintained at 38 (+1°C). A Mini-3 ultrasonic
Hard and Engel, 1991 , or by altering cardiovascular func- detector( Ultrasound Advice, London, UK was suspended
tioning (e.g., Blumberg et al., 20003,b . 8 cm above the floor of the behavioral testing apparatus.
The goal of this project was to determine whether The ultrasonic detector was tuned to 40 kHz1 kH2),
a,-adrenoceptor andk-opioid receptor systems interact because a setting of 4045 kHz provides the highest rate
when modulating the ultrasonic vocalization production of of ultrasonic vocalization detectiofi Hofer and Shair,
preweanling rats. To that end, 11-day-old rats were co-ad-1978 . Ultrasonic vocalizations were recorded and later
ministered either yohimbine hydrochloride an.-adren- analyzed by observers blind to drug treatment conditions.
oceptor antagonist or nor-binaltorphimine dihydrochloride Rectal temperatures were assessed using a BAT-12 micro-
(a x-opioid receptor antagonjst , along with either cloni- probe thermometef Physitemp Instruments, Piscataway,
dine hydrochloridel anx ,-adrenoceptor agonjst drans- NJ, USA.
(+)-3,4-dichloroN-methyl-N-[2-(1-pyrrolidiny) -cyclohex-
yllbenzeneacetamide methanesulfondte U-50,488; a
k-opioid receptor agonist . The purpose of using this injec-
tion paradigm was to determine whethér) a the interac-
tion between theu ,-adrenoceptor and-opioid receptor Clonidine, U-50,488, nor-binaltorphimine, and yohim-
systems is*bidirectional (i.e., both receptor antagonists bine were purchased from Signfa St. Louis, MO, USA .
attenuate the effects of the opposing agonist Xirig , b theAll drugs were dissolved in saline and injected intraperi-
interaction is“unidirectiona? (i.e., only one receptor an- toneally(i.p) at a volume of 5 kg.
tagonist attenuates the effects of the opposing agonist
drug, or(c)_ there is no.interac.tion between the tWO 5 4 Procedure
neurotransmitter systen(s i.e., neither receptor antagonist
attenuates the effects of the opposing agonist drug . It was
originally hypothesized that the interaction between the 2.4.1. Experiment 1
a,-adrenoceptor ané-opioid receptor systems would be The purpose of the first experiment was to determine a
“bidirectional’ (i.e., yohimbine would attenuate U- dose of clonidine that would reliably stimulate ultrasonic
50,488-induced ultrasonic vocalizations and nor-binal- vocalization production in preweanling rats. To that end,
torphimine would attenuate clonidine-induced ultrasonic eight litters of 11-day-old ratéN = 40) were used. Indi-
vocalization$ . If it is determined that,-adrenoceptor and  vidual rats from each litter were injected with saline or
k-opioid systems interact to modulate ultrasonic vocaliza- clonidine( 0.05, 0.1, 0.25, or 0.5 Mg, i.p.) and returned
tion production, then additional studies will be needed to to the home cage for 15 min. Rats were then taken to a
examine whether these drug effects are mediated centrallyseparate experimental room and placed in the testing appa-
or peripherally. ratus. Ultrasonic vocalizations were measured during a
20-min testing session, with rectal temperature being
recorded immediately afterwards. As testing on each rat
was completed, it was anesthetized using sodium pento-
barbital and returned to the home cage. This procedure has
the advantage of maintaining litter siZe rat pups often
2.1. Subjects begin vocalizing when the number of littermates apprecia-
bly declines , while eliminating the ultrasonic vocaliza-
Subjects were 175 rat pups of Sprague—Dawley descenttions of the returning raf see also Carden et al., 1991,
(Harlan, Indianapolis, IN, USA , born and raised at Cali- 1993 . The latter effect is essential, because returning a

2.2. Apparatus

2.3. Drugs

2. Materials and methods
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vocalizing rat to a litter can stimulate ultrasonic vocaliza-
tions in untested rats.

2.4.2. Experiment 2

The goal of Experiment 2 was to determine whether the
k-opioid receptor antagonist nor-binaltorphimine would
modify the ultrasonic vocalization production of clonidine-
or U-50,488-treated rats. For this purpose, clonidine was
administered at a dose of 0.25 pkp (based on the results

of Experiment 1 , whereas U-50,488 was administered at
2.5 mg/kg. This dose of U-50,488 was chosen because a

dose range of 1-4 nxkg produces substantial numbers of
ultrasonic vocalizations in preweanling réts Carden et al.,
1994; Kehoe and Boylan, 1994; Nazarian et al., 2999 .
Eight litters of 11-day-old rat§N = 72) were used. Indi-
vidual rats from each litter were injected with nor-bi-
naltorphimine( 0, 5, or 10 mgkg, i.p.) and placed back in
the home cage. After 15 min, rats were injected with
saline, U-50,488( 2.5 mgkg, i.p.), or clonidine( 0.25
mg/kg, i.p) and returned to the home cage for a second
time. After an additional 15 min, rats were placed in the

testing apparatus and ultrasonic vocalizations were as-

sessed for 20 mif divided into four 5-min time blogks .

Rectal temperatures were measured immediately after test-

ing.
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Fig. 1. Mean(+ S.E.M) number of ultrasonic vocalizatiofs upper ggaph
and rectal temperatures lower graph of 11-day-old fats-8 per
group injected with clonidiné 0.0, 0.05, 0.1, 0.25, or 0.5/kg, i.p.),

15 min prior to being placed in the testing apparatus. Ultrasonic vocaliza-

tions were assessed for 20 min, with rectal temperatures being measure

immediately afterwards.” Significantly different from rats given 0.0
mg/kg clonidine, P < 0.05.
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Fig. 2. Mean(+ S.E.M) number of ultrasonic vocalizations of 11-day-old
rats(n=8 per group injected with nor-binaltorphimife nor-BNI; 0O, 5,
or 10 mg/kg, i.p) 30 min prior to behavioral testing, and saline upper
graph , 2.5 mgkg U-50,488( middle graph , or 0.25 ryigg clonidine
(lower graph 15 min prior to testing. Ultrasonic vocalizations were
assessed for 20 min divided into four 5-min time blocKs . Significantly
different from similarly treated rats given O rygg nor-BNI (open
circles, P < 0.05.

2004

2.4.3. Experiment 3

Results of Experiment 2 showed that clonidine-induced
ultrasonic vocalizations were not modified by nor-bi-
naltorphimine. To extend these findings, an additional
experiment was conducted in which we determined whether
the «,-adrenoceptor antagonist yohimbine would modify
the ultrasonic vocalization production of U-50,488- or
clonidine-treated rats. Seven litters of 11-day-old Kdts
=63) were used. Individual rats from each litter were
injected with yohimbing( 0, 0.5, or 1.0 mg, i.p) and
placed back in the home cage. After 15 min, rats were
injected with saline, U-50,488 2.5 mgg, i.p.), or cloni-
dine (0.25 mgkg, i.p) and returned to the home cage for

second time. After an additional 15 min, rats were placed
in the testing apparatus and ultrasonic vocalizations were
assessed for 20 min divided into four 5-min time blocks .
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Rectal temperatures were measured immediately after test- 600
ing. Saline -O-0.0 mg/kg Yohimbine
—- 0.5 mg/kg Yohimbine
L -i- 1.0 mg/kg Yohimbine
2.5. Satistics 400
Analyses of variancé ANOVAs were used for statisti-
cal analysis of ultrasonic vocalization and rectal tempera- 2004
ture data. For each of these analyses, litter effects were
controlled by using within-litter statistical procedures i.e., i\i\a\
a within analysis using one valygeonditior/ litter) (Zor- w © M *-——a =
rilla, 1997). In Experiment 1, ultrasonic vocalization and 5 U-50,488
rectal temperature data were analyzed using one-way T 8007
(treatment ANOVAs. In Experiments 2 and 3, ultrasonic %
vocalization data were analyzed using3 X 4 (pretreat- 8 800 3_6’/__5\3
mentX treatmentx time) ANOVAs; whereas, rectal tem- %, * %
perature data were analyzed using 3 (pretreatmenk g H—_i\i
treatment ANOVAs. Post hoc analysis of the data was 8 200- . * * *
made using Tukey testP < 0.05 . Separate between-sub- 5 r/r"t—_!
ject ANOVAs indicated that mean number of ultrasonic 0
vocalizations did not differ according to gender, so data Clonidine
were presented collapsed across the sex variable. The lack 800+
of statistically reliable gender differences was not surpris-
ing, because it is commonly reported that male and female 600+
preweanling rats exhibit similar levels of basal and drug-
induced ultrasonic vocalizatiorfs Meyer and Yacht, 1993; 4001
Dastur et al., 1999; Nazarian et al., 1999 . o aull
200 * * * *
0 T T T T
3. Results 1 2 3 4

5-Min Time Blocks

- . L Fig. 3. Mean(+ S.E.M) number of ultrasonic vocalizations of 11-day-old
3.1. Effects of clonidine on ultrasonic vocalizations rats (n=7 per group injected with yohimbineé 0, 0.5, or 1.0 sfig,

i.p.) 30 min prior to behavioral testing, and salifte upper graph, 2.5
Clonidine produced a dose-dependent increase in themg/kg U-50,488( middle graph , or 0.25 g clonidine( lower graph
ultrasonic vocalization production of 11-day-old réts up- 15_ r_nin pr_ior to testing. l_JItrgsonic vocalifatio_ns were asse_ssed for 20 min
h. Fig. I : treat t effedi(4.28 — 14.76, P (divided into four 5-min time blocKs .” Significantly different from

per grapn, 'g » rea m_en eliedt 4, i _< similarly treated rats given 0 mrkg yohimbine( open circlés P < 0.05.

0.001. Specifically, rats given 0.25 or 0.5 prigg clonidine

emitted more ultrasonic vocalizations than saline controls.

Rectal temperatures were also affected by clonidine, as rats

injected with higher doses of clonidire 0.1, 0.25, or 0.5 3.2. Effects of nor-binaltorphimine on clonidine- and U-

mg/kg) had significantly lower rectal temperatures than 50,488-induced ultrasonic vocalizations

saline-treated raté lower graph, Fig) 1 ; treatment effect

F(4,28 = 12.24, P < 0.001. Overall, U-50,488- and clonidine-treated rats emitted
more ultrasonic vocalizations than saline contiols Fig. 2 ;
treatment main effect,F(2,14 =55.91, P < 0.001. k-
Opioid receptor blockade differentially affected ultrasonic

Table 1 vocalization production depending on the type of receptor

Mean (+S.E.M) rectal temperaturd8C) of 11-day-old rat{n=8 per agonist giver( i.e., amx,-adrenoceptor ok-opioid recep-

group injected with saline, U-50,488 2.5 pkp), or clonidine( 0.25 t ist . M Y Z.f. I binaltorohimi d

mg,/kg) 15 min after being pretreated with nor-binaltorphimine nor-BNI or agonist . More speci If:a Y' nor-bina o.rp Imine cause ]
a dose-dependent reduction in U-50,488-induced ultrasonic

Treatment  Dose of nor-BNI mykg) . . . . . .
vocalizations( middle graph, Fig.)2 , while leaving cloni-

0 5 10 dine-induced ultrasonic vocalizations unaffected lower
Saline 3478+04D 35294039  3518+0.39 graph, Fig. 2; pretreatment treatment interaction,
U-50,488  34.72+018  34.64+£0.39 34541039 F(4,28 = 20.87, P < 0.001. nor-Binaltorphimine did not

Clonidine  33.34+0.192  33.19+0.242  33.34+0.292 ) - )
affect the ultrasonic vocalizations of saline-treated rats

2Significantly different from saline-treated rat® < 0.05). (upper graph, Fig. P .
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Table 2

Mean (+S.E.M) rectal temperaturdsC) of 11-day-old rat{n=7 per
group injected with saline, U-50,488 2.5 pkp), or clonidine( 0.25
mg/kg) 15 min after being pretreated with yohimbine

Treatment  Dose of yohimbirle migg)

0.0 0.5 1.0
Saline 34.97+0.39 34.400+0.4D 34.84+0.32
U-50,488 34.51+0.36 34.71(+0.189 34.44+0.40
Clonidine 33.23+0.3D% 33.69+£0.3D* 33.89+0.46°%

&Significantly different from saline-treated rat® < 0.05).

As in Experiment 1, clonidiné 0.25 mixg) decreased
the rectal temperatures of 11-day-old rats, while U-50,488
had no effec( Table)l ; treatment main effeE(2,14) =
30.21, P < 0.001. nor-Binaltorphimine did not modify the
clonidine-induced reduction in rectal temperatures.

3.3. Effects of yohimbine on clonidine- and U-50,488-in-
duced ultrasonic vocalizations

Once again, rats given U-50,488 or clonidine emitted
more ultrasonic vocalizations than saline contiols Fig. 3 ;
treatment main effect=(2,12 = 49.71, P < 0.001. Impor-
tantly, the a ,-adrenoceptor antagonist yohimbine reduced
the ultrasonic vocalization production of saline-, U-50,488-,
and clonidine-treated rats; pretreatmerreatmentx time
interaction, F(12,72 = 2.94, P < 0.01. More specifically,
yohimbine ( 0.5 or 1.0 mgkg) decreased the ultrasonic
vocalizations of saline-treated rats on time blocks 1 and 2
(upper graph, Fig. B and clonidine-treated rats on time
blocks 1-4( lower graph, Fig.)3 . Yohimbine also caused a

dose-dependent reduction in the ultrasonic vocalizations

produced byk-opioid receptor stimulation. The lower dose
of yohimbine (0.5 mgkg) decreased U-50,488-induced

ultrasonic vocalizations on time blocks 1, 3, and 4, whereas

the higher dose of yohimbiné 1.0 rvlgg) decreased

U-50,488-induced ultrasonic vocalizations across the entire

testing sessiof middle graph, Fig. 3 .

Rectal temperatures of clonidine-treated 11-day-old rats

were lower than saline contro{s Table 2 ; treatment main
effect, F(2,12 = 27.00, P < 0.001. Although a trend was
apparent, yohimbine did not significantly affect the rectal
temperatures of clonidine-treated rats.

4, Discussion
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duction of preweanling raté see also Hard et al., 1988;
Kehoe and Harris, 1989; Carden et al., 1994; Nazarian et
al., 1999; Blumberg et al., 20003,b . Saline-treated rats
emitted a moderate number of isolation-induced ultrasonic
vocalizations that decreased as the testing session pro-
gressed. As predicted, the,-adrenoceptor antagonist
yohimbine reduced both clonidine- and U-50,488-induced
ultrasonic vocalization§ Fig.)3 . In contrast, theopioid
receptor antagonist nor-binaltorphimine attenuated U-
50,488( ax-opioid receptor agonist , but not clonidine-in-
duced ultrasonic vocalizations Fig) 2 . Therefore, it ap-
pears thata ,-adrenoceptor ané-opioid systems interact
when mediating ultrasonic vocalization production, but in
a more complex manner than originally hypothesized.

Rectal temperatures of rats were also affected by drug
treatment. For example, clonidine reduced rectal tempera-
tures of 11-day-old rats in a dose-dependent manner. Ultra-
sonic vocalizations of clonidine-treated rats generally var-
ied inversely with rectal temperaturés Fig. 1 . Clonidine’s
effects on these two measures were dissociable, however,
as yohimbine fully attenuated clonidine-induced ultrasonic
vocalizations without significantly altering rectal tempera-
tures ( Table 2 . Thex-opioid receptor agonist did not
affect rectal temperatures, although U-50,488 did increase
ultrasonic vocalizations.

When data from this study are considered as a whole, it
appears that a functional,-adrenoceptor system is neces-
sary for k-opioid-mediated ultrasonic vocalization produc-
tion, but the reverse is not the case. Specifically, antago-
nism of a,-adrenoceptors attenuated U-50,488-induced
ultrasonic vocalizations, while antagonism efopioid re-
ceptors did not alter clonidine-induced ultrasonic vocaliza-
tions. Thus, thek-opioid and o ,-adrenoceptor systems
interact in a“unidirectional manner to modulate ultra-
sonic vocalization production. The most parsimonious ex-
planation is that thex-opioid receptors responsible for
inducing ultrasonic vocalizations are locatédpstreart
from the critical « ,-adrenoceptors. The exact location of
these a,-adrenoceptors andk-opioid receptors is un-
known, but some pertinent evidence is available.

Although speculative, it is likely that clonidine in-
creases ultrasonic vocalization production in at least one of
the following ways. First, clonidine may stimulaie -
adrenoceptors in brain regions responsible for mediating
distress and anxiety Kehoe and Harris, 1989 . Second,
a,-adrenoceptor agonists are capable of decreasing heart
rate and blood pressure through central mechanisms Mc-
Auley et al., 1989; Mollace et al., 1989; Aicher and Drake,
1999, so clonidine may indirectly enhance ultrasonic vo-
calization production by initiating abdominal compression

The purpose of the present study was to assess whethereactiong see Blumberg et al., 2000a,b . Third, stimulation

the o ,-adrenoceptor and-opioid receptor systems stimu-
late ultrasonic vocalizations through a common mecha-
nism. As reported previously, we found that clonidine an
a ,-adrenoceptor agonjst and U-50,488 efopioid re-
ceptor agonist increased the ultrasonic vocalization pro-

of a,-adrenoceptors located on postganglionic fibers
causes hypotension and bradycarflia Szabo et al., 1989;
Wong, 1993 , thus, clonidine may induce abdominal com-
pression reactions and a concomitant increase in ultrasonic
vocalizations through peripheral mechanisms.
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