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CAZA, P A AND L P SPEAR Pharmacologtcal mampulatton of mtll~-mdu(ed behavtors m three-day-old rat pups 
PHARMAC BIOCHEM BEHAV 16(3)481-486, 1982 --The effects of a vanety of pharmacological agents on the mges- 
twe and behaworal activating responses to mtraoral milk infusion were investigated m three-day-old Sprague-Dawley rat 
pups Results indicated that the ingestive component--typified by a mouthmg response--was primarily influenced by 
serotonerg~c agents Mouthing behawor was increased following administration of the serotonerg~c agomst, qmpazme, and 
decreased following the serotonergic antagomsts, methyserg~de and meth~othepm In contrast, the behaworal activating 
component was not found to be clearly influenced by drugs affecting any one neurotransmltter system, suggesting the 
tentauve hypothesis that th~s actlvatmg response to mdk infusion may in part be modulated by interactions between several 
neurotransmltter systems 
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INTRAORAL Infusions of milk Induce both ingestive and 
behavioral activating responses in neonatal rat pups main- 
tamed in a warm environment [7,8] The ingestive compo- 
nent is typified by a mouthing action, 1 e , movement of the 
mouth and jaws while the activating response is charac- 
terized by a variety of behaviors such as forelimb paddling, 
hindlimb treading, rolling, curling and forward locomotion 
These behawors are observed when pups as young as one 
day postnatally receive milk infusions in a warm environ- 
ment, although such responses are rarely observed in 
animals this young not given diet infusions (1 e , [7]) Both 
the ingestive and activating behaviors induced by milk infu- 
sions are exaggerated following food and maternal depriva- 
tion For example, three-day-old pups exhibit greater re- 
sponses following 24 hours of deprivation than after one or 
seven hours [8] 

Neuroanatomlcal data suggest that the systems underly- 
Ing milk-induced ingestive and activating responses may be 
separable Knife-cuts transectlng dlencephallc brain regions 
markedly reduce the ingestive component of the behavioral 
sequence following milk infusions while leaving the activat- 
ing responses relatively undisturbed, more caudal mesence- 
phahc transectIons disrupt the actwatlng responses but not 
the ingestive mouthing response [13] Cellular dehydration 
has also been shown to differentially affect these two com- 
ponents, increasing mouthmg but with no significant influ- 
ence on the activation response [3] No additional physiolog- 

tcal or pharmacological separation of these behaviors has 
been reported 

The neurochemlcal mediation of another type of feeding- 
related response in the developmg rat, suckhng, has been 
investigated It appears that the suckhng response may be, at 
least in part, under serotonerglc control In rat pups begin- 
nmg at 15 days postnatally methyserglde, a serotonergIc 
antagonist, induces suckling behavior, qulpazme, a 
serotonerglc agonlst, has been shown to inhibit suckling in 
rat pups beginning at 10 days of age [17,27] In neonatal rat 
pups, the reverse pattern of pharmacologic modification has 
been observed SerotonergIc antagonists, such as 
methlothepin, metergohne and methyserglde, and the anti- 
chohnerglc agent, scopolamine, have been shown to mark- 
edly reduce suckling in three-day-old rat pups [22] Thus it 
appears that both serotonerglc and chohnerglc influences on 
the suckling response exist 

Although it has been suggested that the milk-reduced in- 
gestive response reflects a feeding system separable from 
suckling behavior [8,9], these two systems may share some 
commonallties as well For example, with milk-cannulation 
using Hall 's posterior placement technique, depravation has 
been shown to have little influence on intake in neonatal and 
infant rat pups [8], deprivation has likewise been shown to 
have little influence on suckling behavior in rat pups during 
the first week or two of life (see [2] for a review) Use of an 
anterior placement of the cannula for milk-induced ingestion 

Copyr igh t  © 1982 A N K H O  I n t e r na t i ona l  Inc  --0091-3057/82/030481-06503 00/0 



482 CAZA AND SPEAR 

experiments, however, results m a deprivation-dependent ef- 
fect on intake throughout the postnatal period [8] 

Psychopharmacologlcal approaches may provide a useful 
means for assessing the possible similarities and differences 
m the neurotransm~tter system modulatmn of these two 
forms of ingestmn While serotonerglc and chohnerglc 
antagomsts have been shown to disrupt suckling m neonates, 
their effects on independent mgestaon using the mdk- 
cannulatmn technique have not been mvestlgated It has 
been shown, however, in a non-mgestmn experiment, that 
the serotonergic agomst, qmpazlne, reduces an increase in 
mouthing behavior in neonatal rat pups that was dependent 
on the length of the deprivation period away from the mother 
[23] 

In order to begin to assess the psychopharmacolog,cal 
characteristics of behavmrs reduced by the mllk-cannulatlon 
techmque, the present experiment investigated the possible 
roles of serotonerglc and chohnerglc systems m the modula- 
tion of milk-induced ingestive and behavioral activating re- 
sponses m three-day-old rat pups In addition, c~- and 
fl-noradrenerglc influences on these responses were also 
examined since the noradrenerglc system appears to be 
functmnal in the early neonatal period I l l ] ,  and has been 
~mphcated in behaworal arousal (e g , [12]) and depravation 
alterations in locomotor activity [4,15] In adult animals 

In the present study, receptor antagonists were used to 
examine the role of these neurotransmltter systems m mod- 
ulating mdk-lnduced behaviors Receptor antagonists, when 
compared with receptor agonlsts or indirect-acting agomsts 
and antagonists, may provide a particularly useful tool for 
the psychopharmacologlcal assessment of the functional ac- 
tivity of a neurotransmitter system during ontogeny For 
example, responses ehclted by a neurotransmltter receptor 
agonlst, while indicative that functional receptors exist for 
that neurotransmltter, are not necessardy mdicatave of the 
presence of functmnal presynaptlc components In addition, 
failure to obtain behavmral responses wath an redirect-acting 
agonlst or antagomst may indicate elthe r (1) that although the 
neruotransmttter system may actually be functional, certain 
presynaptac components of the neurotransmltter system af- 
fected by the drug have not attained functional maturity or 
(2) that the neurotransmltter system itself is nonfunctional 
However, use of receptor antagomsts should provide an 
index of the functional slgmficance of the neurotransmltter 
system, since blocking the receptors of a nonfunctional neu- 
rotransmltter system presumably would be without observ- 
able effect Neurochemlcally, from the available data it ap- 
pears that postsynaptIc neurotransm~tter receptors not only 
are capable of binding antagonists and agomsts throughout 
the postnatal period, but that they retain their pharmacologi- 
cal specificity with age Neurotransmitter receptor binding 
experiments frequently use neurotransm~tter antagonists or 
agonlsts as hgands and have shown that specific hgand bind- 
ing to the receptors for the common putative neurotransmlt- 
ter systems Is ewdent in the early postnatal period (e g ,  [l, 
10, 14, 16]) Moreover, it appears that increases in the 
amount of binding of hgands with these receptors with age 
are characterized by an increase in the number of receptors 
without an alteration m their affimty (e g ,  [1, 10, 14, 16]), or 
in the ability of other agomsts and antagonists to competi- 
tively displace the hgands from the receptors (e g ,  [1]) 
Thus, in the present experiment, several receptor 
antagonists affecting different neurotransmltter systems 
were exammed for their influences upon milk-reduced 
mouthing and behavioral activation m this initial work be- 

ginning to assess the role of specific neurotransmltter sys- 
tems m the modulatmn of these age-specafic behavior pat- 
terns 

METHOD 

5 ubje~ t~ 

Two hundred and sixty-one (261) three-day-old male and 
female Sprague-Dawley derived rat pups bred at SUNY- 
Blnghamton were used for this lnvestagat,on All pups were 
housed with their parents and conspeclfiCS an standard 
maternity cages and maintained on a 16 hr hght/8 hr dark 
illumination cycle (hght onset at 0600 hrs) The day of par- 
tun tmn was designated as postnatal Day 0 Litters were cul- 
led to 10 pups within 24 hrs of birth Litters containing fewer 
than seven pups were not used On postnatal Day 2, all pups 
were removed from their parents and placed with con- 
speczfics in a holding incubator maintained at 33 -  + I°C Test- 
ing began 24 hrs after the initiation of the depnvatmn proce- 
dure 

Apparatus  

For testing, pups were individually placed in 500 ml glass 
beakers located reside a humidity-controlled incubator 
(Leahy Manufacturing Company), maintained at 33-  + I°C and 
illuminated for testing by a 25 W light bulb m a 24 cm diame- 
ter reflector that was placed inside the incubator Intraoral 
infusion tubing was attached to a 23 gauge needle fitted on a 
1 ml synnge, and consisted of approximately 10 cm of PE 10 
polyethylene tubing (Clay Adams) and approximately three 
feet of PE 20 tubing jointed together by a 25 gauge needle 
The tubing was passed through a small access aperture lo- 
cated m the front of the incubator door Milk was delivered 
lntraorally through the tubing by an infusion pump (Sage 
Instruments, Model 341) situated outside the incubator A 
rectal probe (YSI series, 500, Model number 511) was used 
to measure the pup s Internal temperature 

PI o~ edm e 

Testing procedures developed by Hall [8] were used m the 
experiment Approximately one hour prior to testing, all 
pups were weighed to the nearest 0 01 g, and implanted with 
oral cannulas (PE 20 polyethylene tubing) in the back of their 
mouths using the posterior placement procedure outlined by 
Hall [8] This placement essentially forces subjects to ingest 
any milk delivered, and was chosen for use so that differen- 
tial effects of the drugs on mouthing and activation could be 
examined With the anterior placement, milk that is not 
actively ingested by mouthing will not be consumed, hence, 
drugs affecting mouthing would also affect milk consumption 
and thus might influence the magnitude of the activation re- 
sponse 

Fifteen minutes prior to testing, the pups to be tested 
received a subcutaneous injection of one of five drugs 
utdlzed in each study, and were replaced into the holding 
incubator For Study A, the drug doses were 10 mg/kg and 20 
mg/kg of the serotonerglc antagomst, methysergide maleate 
(Sandoz, Inc ), 8 mg/kg and 16 mg/kg of the fl-adrenergic 
antagonist, propranolol hydrochloride (Sigma) and 0 9% 
physiological saline In Study B, 1 0 mg/kg and 2 5 mg/kg of 
the serotonerglc agonist, quipazme maleate (Miles Labora- 
tories), 3 0 mg/kg and 15 0 mg/kg of the a-adrenergic 
antagonist, phentolamme hydrochlorlde (CIBA) and sahne 
were used Saline, 2 5 mg/kg and 10 mg/kg of the serotoner- 
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gtc antagomst, methlothepm (Hoffman-LaRoche) and 2 0 
mg/kg and 8 0 mg/kg of  the cholmerglc antagomst,  
scopolamine hydrobromtde (Sigma) were tested in Study C 
All drugs were mixed on the day of  admimstratlon and were 
rejected m a volume of 5 cc/kg Following injectton, pups 
were asstgned to milk- or no milk-infusion condtttons, thus m 
each study one pup from each htter was randomly placed in 
one of  the l0 treatment condtUons (2 Mdk × 5 Drug Doses) 
At least etght antmals were tested under each drug and infu- 
sion (mdk or no-milk) condmon m each of the three studies 

Two pups (one no-mtlk and one mdk-infuston) were 
tested stmultaneously m adjacent testing chambers lm- 
medtately prior to testing, each subject 's  oral cannula was 
connected to the mfuston tubmg and the pup was placed m 
the testmg chamber Subjects assigned to the mdk-mfuslon 
condmon recewed a 10 sec spurt of  approx]mately 0 04 cc of  
milk (warm Half-n-Half dairy cream) every 60 sec Thus, the 
total volume of mdk dehvered to mfused pups during the 10 
mm test period was approxtmately 0 4 cc Throughout the 10 
mm test, behavioral ttme-sampltng data were collected at 20 
sec tntervals (see [21], for detads of  the ttme-samphng pro- 
cedure) At each of the 30 samphng pertods, the emttted 
behavtors of  each of  the two pups were observed and tnd]- 
vtdually recorded Behavtoral categories mcluded roll, curl, 
hmdhmb treadmg, forehmb paddhng, groommg, mouthing, 
forward locomotion and lymg still Internal body tempera- 
ture was measured Immedtately after testmg as any body 
temperature changes induced by the drugs could influence 
the vtgor and/or the frequency of  the behavtors examined 
All testmg was conducted between 1100 and 1400 hrs 

RESULTS 

Internal body temperature,  the total amount of mouthmg 
and total actwtty were chosen as dependent measures for 
analysts Smce prehmmary exammatton of the data indicated 
that the various acUvtty measures were htghly correlated 
with each other, a compostte total acttv~ty score was deter- 
mined for each pup by summmg the total number of  pad- 
dhng, treadmg, rolhng and forward locomotion behavtors ex- 
hibited dunng the 10 mm testing period The amount of  sta- 
ttonary or lying stdl behavtor was a mtrror-lmage of  the total 
activity dtsplayed by a subject and therefore will not be dts- 
cussed The other behaviors observed,  grooming and curl- 
rag, occurred so mfrequently that stattstical analyses could 
not be performed usmg these measures 

Data from the salme-mjected subjects were collapsed 
across the three studtes to form a pooled control group Each 
of  the six drugs assessed--propranolol ,  qulpazme, 
methysergide, methtothepln, phentolamme and scopol- 
a m i n e - w a s  compared separately wtth the sahne control 
groups Thus, for each dependent  measure, a 2 (Mdk 
Condltton) × 3 (Drug Dose) ANOVA was calculated for each 
of  the stx drugs Duncan 's  Multiple Comparison Tests were 
used for post-hoc comparisons Stgnificance levels were es- 
tabhshed at an a s 0  05 To facdttate discussion of  the drug 
acttons, the three dependent  measures,  i e ,  mouthing, total 
activity and internal body temperature,  will be discussed 
separately 

Mouthing 

It is evtdent from exammatton of  Fig 1 that pups recetv- 
mg mfustons of  mdk exhlbtted significantly more mouthmg 
behavtor than those not receiving the infustons Moreover,  
mouthing behavtor was mfluenced by drugs actmg upon the 
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Mean number of occurrences of mouthing behawor m mdk- 
and no milk-refused 5-day-old pups following various drug injec- 
tions 

serotonergtc system Both doses of  the serotonergtc agomst, 
qmpazlne, elevating mouthing m infused as well as non- 
refused pups, F(2,77)--7 69, p < 0  001 Conversely,  the 
serotonergtc antagomsts, methtothepm and methyserglde, 
depressed thts behavior,  F(2,76)=3944,  p < 0 0 0 1  and 
F(2,76)=15 62, p < 0 0 0 1 ,  respecttvely However,  thts de- 
pression was greater for the subjects gtven mdk mfustons 
than for those recetving no mdk (Mt lk×  Drug Dose mterac- 
ttons F(2,76)=5 15 ,p<0  01 and F(2,76)=10 8 7 , p < 0  001 for 
each of  the two drugs, respectwely) These interactions are 
probably the result of  a low basehne tnctdence of  mouthmg 
behavtor m non-infused pups and may not reflect any differ° 
enUal selectwity of  these antagomsts on mdk-mduced 
mouthing The only other drug which mfluenced mouthing m 
these studtes was the 16 mg/kg dose of  the fl-adrenerglc 
antagonist, propranolol This dose decreased mouthing be- 
havtor for both mfused and non-mfused subjects, 
F(2,78)=4 45, p < 0  05 A lower dose of  this same drug, 8 
mg/kg, had no effect on mouthmg The other drugs admmts- 
tered the a-adrenerg~c antagomst, phentolamme, and the 
antlchohnerglc drug, scopolamine, did not significantly 
modtfy the mouthtng behawor of either mtlk-mfused or non- 
mfused pups Thus, pharmacologtcal modificaUon of  the m- 
gestlve mouthmg response appears to be relatively confined 
to those agents affecting the serotonerg~c system 

Total Acttvtty 

As can be seen in Fig 2, milk infusion reduced a signifi- 
cant increase in the amount of total activtty dtsplayed by the 
pups After admlnistrat]on of  the 16 mg/kg dose ofproprano-  
Iol, a significant mcrease in total acttvtty was evident m both 
mdk- and non-mllk-infuston pups, F(2,77)=4 93, p < 0  01 
Pups recetvmg the lower (8 mg/kg) dose of  this drug, al- 
though not significantly different from saline control 
ammals,  exhtbtted total acttvtty scores intermediate to pups 
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FIG 2 Mean number of occurrences of actlwty (sum of paddhng, 
treading, forward locomotion, and rolling behawors) in milk- and no 
milk-refused 3-day-old pups following varmus drug |njectlons 

reJected with the 16 mg/kg dose and those reJected with 
sahne Qmpazlne also elevated total activity, however,  this 
elevation was only evident m non-refused subjects (Milk × 
Drug Dose interaction F(2,76)=3 09, p < 0  05 Methlothepln 
depressed total actlwty and this effect was greater m infused 
relative to non-refused pups (Milk × Drug Dose interaction, 
F(2,76)=3 81, p < 0  05) Given that the other serotonerglc 
antagomst, methyserglde, did not influence total activity and 
that qmpazme and methlothepm have been shown to influ- 
ence catecholammerglc systems as well as the serotonerglc 
system (l e , [5,6]), it Is difficult to interpret the influence of 
these particular drugs on total activity as indicative of  a 
serotonerglc modulation of this behavior The other drugs 
used, the a-noradrenerg]c agonlst, phentolamlne, and the 
antlchohnerglc agent, scopolamine, did not sIgmficantly ef- 
fect total activity 

lntetnal Body Temperatme 

Table 1 lists the mean internal body temperature of  in- 
fused and non-refused pups following drug administration 
and testing Only two of the drugs affected th~s measure 
There was a significant effect of drug for scopolamine and 
methysergide with no significant Drug x Milk interaction in 
either case Scopolamine significantly elevated body tem- 
perature, F(2,59)=4 40, p < 0  05, while body temperature 
was depressed after methyserglde, F(2,74)=9 08, p < 0  001 
As neither of  these drugs Influenced activity, and no consis- 
tent relationship between drug-reduced body temperature 
and mouthing changes Is apparent, pharamcologlcal mod- 
ulation of mdk-mduced behavioral responses does not ap- 
pear to be related to an alteration in body temperature 

DISCUSSION 

The results of  the present study suggest that the ingestive 
and behavioral activating components of the milk-reduced 
response can be separated pharmacologically, as well as 
neuroanatomlcally as was previously reported The ingestive 
component,  mouthing, seems to be sensitive to serotonerglc 

TABLE 1 

MEAN INTERNAL BODY TEMPERATURES (°C) 
(MEANS/STANDARD ERROR OF MEAN) 

Drug Milk-Infused No Mdk-lnfused 

Saline 30 36/0 36 30 80/0 26 
Propranolol 8 mg/kg 29 62/0 82 ~0 10/0 "~8 

16 mg/kg 30 18/0 39 30 ~0/0 21 
Phentolamme 3mg/kg 30 54/0 38 30 10/0 31 

15 mg/kg 30 88/0 38 31 04/0 24 
Qmpazlne 1 0 mg/kg 30 47/0 31 30 89/0 49 

2 5 mg/kg 30 66/0 32 30 69/0 32 
Methyserglde 10 mg/kg 28 90/0 45 30 59/0 3 I 

20 mg/kg 29 48/0 34 29 76/0 27 
Meth~othepm 2 5 mg/kg 30 96/0 36 31 57,0 49 

10 mg/kg 30 71/0 71 31 60/0 46 
Scopolamine 2 mg/kg 32 28/0 22 31 57/0 29 

8 mg/kg ~1 83/0 50 ~1 78/0 q8 

modulation The serotonerglc receptor antagonists, methy- 
serglde and methlothepln, depressed mouthing, con- 
versely the serotonerglc agomst, qulpazlne, increased the 
occurrence of thls behavior The behavioral activating re- 
sponses induced by milk infusions were influenced by the 
/3-adrenerglc antagonist, propranolol, as well as by two drugs 
affecting the serotonerglc system, qulpazlne and methlothe- 
pin 

The pharmacological modification of the mouthing re- 
sponse in this experiment is similar to that reported for suck- 
ling behavior m three-day-old rats [23] In that investigation, 
it was reported that three different serotonerglc antagonists, 
including both methyserglde and methlothepln, markedly re- 
duced the suckling behavior of three-day-old pups Thus, it 
appears that the serotonerglc system may be involved in 
modulating both of these two feeding-related behaviors 
These two forms of ingestion have also been reported to be 
similar in terms of ingestive control Hall observed that dep- 
rivation had little influence on the intake of neonatal and 
infant rat pups in mflk-cannulatlon experiments in which 
posterior cannula placements were used [8] A similar lack ot 
influence of  depnvation IS also seen when examining suck- 
hng behavior in rat pups during the first week or two of life 
(e g , [2]) Thus, both psychopharmacologlcal evidence and 
evidence with respect to intake control suggest that these 
two forms of feeding-related behaviors may share some 
s]mllarltles in terms of neural mediation 

This suggestion, however, must be tempered by the lack 
of effect of the antlchohnerglc drug, scopolamine, on mouth- 
mg behavior in the present experiment In the Spear and 
Rlstlne [23] study, scopolamine was reported to be effective 
in reducing suckling of three-day-old rat pups The ~ubjects 
in the Spear and Rlstlne [23] experiment, however, were not 
deprived at the time of testing whereas the subJects in the 
present investigation had been separated from their mother, 
and hence food. for 24 hrs prior to testing Spear and Rlstlne 
[23] have hypothesized that both a serotonerglc and a 
chollnerg]c control of suckling exists and that these two 
systems are dlfferentmlly affected by food deprivation The 
serotonerglc system may exert a greater influence when the 
pup is food deprived since levels of this neurotransmitter 
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drastically increase in the deprived neonatal rat [25.26] 
Therefore, the observed discrepancy concerning the effect of 
scopolamine on modifying the mouthing response in the 
present experiment and the suckling response in the study of 
Spear and Rlstlne [23] could merely be related to differences 
in the deprivational state of the pup. rather than reflecting a 
dffferentml chohnerglc involvement m these two types of 
oral behavior 

Although mouthing behavior was predominantly influ- 
enced by serotonergic manipulation, it was also reduced by 
the 16 mg/kg dose of the/3-adrenerglc antagonist, proprano- 
lol Conversely, at this dose, total activity was elevated The 
lower dose of this drug (8 mg/kg) had no significant effect on 
mouthing or on total activity Spear and Ristlne [23] also 
reported a sJmdar dose-dependent effect on propranolol on 
suckling behavior, although 16 mg/kg of propranolol slgntfi- 
cantly reduced suckling, higher and lower doses were with- 
out effect 

Pharmacological modulation of the milk-induced behav- 
ioral activation is difficult to interpret Although c~-nor- 
adrenerglc agonists such as clonldlne reduce hyperac- 
tivity in rat pups younger than 20 days of age [18, 20, 21], 
blocking the c~-noradrenergic system with phentolamine in 
the present experiment had no effect on the milk-induced 
behavioral activation Indeed. the only neurotransmltter 
antagonist that was observed to decrease milk-reduced be- 
havioral actwation was methlothepln This finding is consis- 
tent with previous observations that methlothepm produces 
behavioral depression in rat pups [23] Since this sedating 
effect of methlothepin has not been observed after adminis- 
tration of other serotonergic antagonists to neonates (see 
[23], also the present study), it seems improbable that this 
effect of  methiothepin is serotonergically mediated 
Methlothepln, however,  has been reported to block 
dopaminerglc and noradrenergic receptors to some extent as 
well as serotonerglc receptors [5] Thus, it is possible that 
the sedating effects of methlothepln are a result of general 
monoamlnergic blockade Perhaps more than one neuro- 
transmitter system is revolved in modulating behavioral ac- 
tivation in the neonate According to this hypothesis, phar- 
macological manipulation of a single neurotransmltter sys- 
tem may be ineffective in reducing behavioral activation be- 
cause of  substrate redundancy in the neurotransmltter sys- 
tems mediating this response Such substrate redundancy 
might be expected if the activation response is critical to the 
survival of the neonate Indeed, a recent finding by Pederson 
and associates [19] illustrates the potential importance of 
activation to the neonatal pup They demonstrated that 
young pups can learn to attach to the mother 's  nipple when a 
nonbiologic odor is painted on the nipple, if and only if the 
pup was previously behaviorally activated (by stroking or 
amphetamine injection) in the presence of  this odor This 
suggestion of redundant neurochemlcal controls of behav- 
rural activation in neonates is most conjectural and needs to 
be substantmted by further experimentahon 

Two of the drugs used m this experiment, propranolol and 
quipazlne, were observed to increase total activity The 
serotonerglc agomst, qulpazme, increased baseline, but not 
milk-induced, behavioral activation responses, whereas the 
fl-adrenergic antagonist, propranolol, increased these re- 
sponses m both milk-infused and non-infused pups 
Qulpazme has previously been shown to induce behaworal 
activation and mouthing in neonates [22] Since the latter 
response, but not the former is affected by maternal depri- 
vation, these two qutpazIne induced responses may be 
mediated by drug-induced interactions with different neuro- 
transmitter systems Qulpazlne, although primarily a 
serotonergic agonlst, has also been reported to interact with 
the noradrenergic system as well [6] Perhaps qutpazlne- 
induced mouthmg is mediated by interaction with 
serotonerglc systems while qmpazine-lnduced activation is a 
function of the drug's interaction with noradrenerg~c sys- 
tems In the present experiment, the fl-noradrenerglc 
antagonist, propranolol, at a dose of 16 mg/kg, elevated total 
activity The fl-adrenerg~c system has been proposed to be 
primarily inhibitory m nature in adult ammals [24] These re- 
sults suggest that the/3-adrenerglc system may be function- 
ing In an adult-typical inhibitory fashton very early m 
postnatal life Indeed the noradrenerglc systems previously 
have been suggested to be functional even m neonatal rat 
pups [11] 

The results of the present experiment suggest that the two 
components of the pup's response to milk infusions may be 
modulated by separable neurotransmltter systems As a pre- 
hmmary hypothesis, we propose that the ingestive mouthing 
response may be primarily serotonerglcally-medlated while 
the mtlk-lnduced behavioral activating response may In part 
be modulated by interactions between several neurotrans- 
mitter systems, including the noradrenerg~c system Clearly, 
more work is needed to characterize neurotransmltter sys- 
tems or subsystems that are involved in influencing these 
age-specific behaviors of  neonates Different drugs as well as 
ontogenetic characterizations of drug-reduced responses 
need to be examined The induction of behaviors by milk- 
infusion appears to be one useful model system for such 
investigations 
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