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Abstract

Decisions about novelty/familiarity are critical in determining whether or not information should be attended to, and possibly encoded, for

long-term storage. We have reported that fetal and neonatal rats exhibit an increase in orofacial movements (e.g., perseverative mouthing and

mouth movements, and licks) upon tasting saccharin (SAC), if it was experienced previously. E19 rat fetuses can acquire this taste

recognition memory and retain it for at least 5 days (P3). In the current study, we sought to evaluate the role of N-methyl-D-aspartate

(NMDA) receptors in establishing a taste recognition memory. Pregnant Sprague±Dawley rats received ketamine (NMDA receptor

antagonist) (doses: 0, 50, or 100 mg/kg, ip). One-half hour later, we performed a reversible spinal block on each pregnant dam, and E19

fetuses received an oral injection of 10 ml, 0.3% SAC or water (control) while in utero. The uterus was replaced and the pups were later born

via a normal vaginal delivery. On P3, all pups experienced oral lavage of 10 ml, 0.3% SAC, and motor responses were recorded. As expected,

non-drugged control neonates tasting familiar SAC exhibited significantly more perseverative mouth movements, as well as total mouth

movements and licks, than did pups tasting novel SAC. However, this taste recognition memory response was not observed in rats exposed to

ketamine in utero. The data suggest that early non-associative taste memories may be disrupted by NMDA receptor blockade. D 2000

Elsevier Science Inc. All rights reserved.
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The ability to discriminate between novel and familiar

objects is well documented in adult humans [10,46], as well

as other animals [8,30]. Reactions to novelty have been

viewed as preparatory ones, which facilitate the reception of

information and allow the organism to choose an instanta-

neous response to be made within a particular context [30].

There is an incentive±motivational component of responses

to novelty as the animal becomes more prepared to respond

to significant stimuli in the environment [4,35]. Moreover,

there is a memorial component to novelty responses, since

novelty can only be specified in relation to an animal's past

experience [30].

Animals must discriminate between a stimulus' novelty

and familiarity in order to determine whether or not the

information should be attended to, and possibly encoded,

for long-term storage [49]. Making decisions about the

novelty of a stimulus is presumably more conducive to

survival than is automatically duplicating information that

may be already available in the memory store. Determining

and seeking out novelty is also an adaptive means by which

animals avoid stimulus re-exposure and therefore maximize

the amount of new (i.e., non-redundant) information avail-

able [22].

There is a growing literature suggesting that very young

organisms may make discriminations between novel and

familiar objects [10]. Because the gustatory and olfactory

systems are fairly well developed late in gestation [44],

researchers in several laboratories have been studying these

systems as a means of assessing the ability of perinatal rats

to detect and remember stimuli. For example, young rats can

discriminate between a novel taste and a familiar taste that

was first experienced in utero. Smotherman [40] exposed

E20 rat fetuses to either apple juice or saline via amniotic

fluid. When presented with a choice between apple juice

and tap water, young-adult rats prenatally exposed to apple

juice consumed more apple juice than control rats lacking

the prenatal experience with this taste. Hepper [14] has
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demonstrated that if pregnant dams eat garlic they produce

offspring that exhibit an enhanced preference for the odor of

garlic when tested 12 days after birth. Additional evidence

suggests that pre and early postnatal exposure to citral (a

lemon odor) induces rat pups to exhibit a preference for

nipples painted with citral [33]. Likewise, recent reports

from our laboratory indicate that neonates exhibit different

orofacial motor responses to the taste of saccharin (SAC)

depending on whether or not it was tasted in utero [25].

A variety of studies suggest that brain N-methyl-D-

aspartate (NMDA) glutamate receptors are involved in

memory formation (see Ref. [34] for review). This view

has been strengthened by reports that long-term potentiation

(a widely studied model of use-dependent changes in

synaptic efficacy and information storage in the brain) is

mediated by NMDA receptors [12]. NMDA receptor

antagonists impair place learning in a water maze [29],

and interfere with step-through passive avoidance learning

[6]. Furthermore, prior administration of ketamine (a well-

known non-competitive NMDA receptor antagonist [45])

blocks the formation of a conditioned taste aversion (CTA)

in adult [1,49], neonatal [28], and fetal rats of age E19 or

older [24]. These behavioral paradigms all involve associa-

tive learning of a conditioned stimulus±unconditioned sti-

mulus pairing. The current paper extends these findings and

investigates the extent to which ketamine can influence non-

associative memory formation in fetal rats.

1. Method

1.1. Subject

The subjects were perinatal Sprague±Dawley rats (male

and female) obtained from timed-pregnant female rats

supplied by Zivic-Miller Laboratories (Zelienople, PA).

The date of conception (i.e., the first day that a vaginal

plug was detected) was designated as `̀ embryonic day 0''

(E0). Pregnant animals (from which our subjects were

derived) were individually housed in plastic `̀ shoe box''

cages (44.45 cm long� 21.59 cm wide� 20.32 cm high).

Home cage temperature was maintained at 23±26°C under a

12/12-h light:dark cycle (lights on at 0600 h).

1.2. Fetal injections

Pregnant rat dams carrying E19 fetuses were injected

with either 0, 50, or 100 mg/kg, ip, ketamine HCl in saline

vehicle. These doses were selected based on previous HPLC

studies documenting the amount of ketamine present in the

brain of fetuses 0.5 h after maternal injections with this

NMDA receptor antagonist [29]. A maternal dose of 100

mg/kg, ip, ketamine produces fetal brain levels of approxi-

mately 14 mg/g. Similar brain levels have been shown to be

sufficient to block the formation of CTAs in fetal and

neonatal rats [24,28].

Casual observation of the dams, 30 min following keta-

mine injections, indicated that 50 mg/kg, ip, ketamine

induces stereotypic head movements and either enhance-

ment or little change in spontaneous locomotion. The higher

dose of ketamine (100 mg/kg, ip) produced akinesia. These

data are consistent with those from other labs indicating that

low doses of ketamine frequently cause an increase in

locomotor movements, whereas higher doses cause a reduc-

tion in movement and `̀ catalepsy'' [2,32]. Similar effects

have been reported when bar-pressing behaviors were

measured [20].

One-half hour after the ketamine injection, the dams

were briefly anesthetized with isoflurane before they

underwent a reversible spinal block procedure. A 30-gauge

needle was used to inject lidocaine HCl 2% and epinephr-

ine 1:100,000 (in a volume of 100 ml) between the first

and second lumbar vertebrae. This procedure is effective in

producing (a) a complete abdominal and hind limb paraly-

sis, (b) consistently long periods of spinal anesthesia ( > 45

min), and (c) complete recovery after the anesthesia. There

is no indication that litters are adversely affected by this

procedure [42].

The analgesic dam was restrained in a plastic holding

apparatus and her vision of the fetal injection procedure

restricted. Both uterine horns were exposed through a mid-

line laparotomy, and the hind legs and lower abdomen

immersed in a warm bath (37.5 � 1°C) containing isotonic

saline (Locke's solution). Both horns of the uterus were

exteriorized through the abdominal incision, and were

allowed to float freely in the bath. The rat fetuses were

seen through the semi-transparent walls of the uterus and

positioned for accurate placement of injections. All fetuses,

in a particular litter, received oral lavage with either SAC

(10 ml, 0.3%) or H2O (10 ml) via a 30-gauge needle.

Following the injections, the uterus was replaced, the

abdominal wall and the skin of the pregnant rat sutured,

and the wounds infused with a local anesthetic (bupivicaine,

0.25%) in order to produce post-surgical analgesia.

Even et al. [9] have reported that steroids present in one

amniotic sac may diffuse across the fetal membranes to

other fetuses in the uterus. Although the injection was

placed in the mouth of the fetus, SAC almost certainly also

spilled into the amniotic fluid and may have moved into

adjacent uterine compartments. If different pups in a litter

had different oral injections, this could have confounded our

conditioning procedure. For this reason, we did not mix

different taste injections within litters. This procedure

necessitates special data analysis techniques (see Statistical

Analyses). The number of subjects/litters involved in this

study were: 50 mg/kg ketamine [SAC pretreatment, N = 27/

6; water pretreatment, N = 17/5]; 100 mg/kg ketamine [SAC

pretreatment, N = 21/5; water pretreatment, N = 26/6]; saline

controls [SAC pretreatment, N = 10/2; water pretreatment,

N = 25/9].

Despite plans that called for equal Ns/group, experiments

like those we describe here are frequently influenced by
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factors that make this difficult to achieve. In our laboratory,

we have found that litter size can vary from 1 to 18.

Infrequently, neonates appear very pale (suggesting poor

oxygenation) or neglected (and dehydrated), and are

excluded based on presumed health/viability problems.

Approximately 20% of litters manipulated on E19 do not

come to term. Note that the statistical analyses employed

(see Statistical Analyses) adjust for unequal Ns.

1.3. Behavioral testing

Rat pups were born via a normal vaginal delivery

and were maintained with their dam until behavioral

testing on P3. Twenty minutes before the behavioral

test, pups were separated from the dam and placed with

littermates in a small plastic container sitting on a warm

(38.5 � 0.5°C) heating pad. This container was covered

with gauze and maintained in a temperature-controlled

incubator (ambient temperature = 28 � 1°C) until immedi-

ately before testing of the litter began. For the behavioral

observations, neonates were placed in a warm (ambient

temperature = 28 � 1°C), high-humidity chamber on a glass

plate, warmed (via constantly circulating water) to

36 � 1°C. All pups received oral lavage with 10 ml SAC

through a blunt/smooth 18-gauge stainless steel infusion

needle. Subjects were then placed (ventral side down) on

the glass plate. Using a mirror, behavior was videotaped

from below the animal for 1 min before (baseline), and

after, oral injection.

1.4. Dependent variables

Rat behaviors were recorded on videotape and later

reviewed and scored with the help of The Observer

computer program developed by Noldus Information Tech-

nology. Using a modification of the methods described by

Smotherman et al. [41], we sorted observed spontaneous

neonatal behaviors into 12 exclusive and exhaustive cate-

gories. The scoring system is a reliable one. Within our

laboratory, inter-rater reliability correlations have ranged

from rs of .67±.99 with a mean of .91. Because they were

the most sensitive indicators of taste recognition, this paper

focuses on orofacial movements: (a) a combination of

mouth movements and licks and (b) an index of perse-

verative mouthing. A mouth movement was defined as an

opening and closing of the mouth. Each protrusion of the

tongue was counted as a licking movement. The combined

mouthing and licking statistic was computed for each

subject by totaling the number of mouth movements and

licks. The index of perseverative mouthing represented the

number of times a mouth movement was followed by

another mouth movement (within a 2-s period). For

example, if there was a 2-s sequence of movements such

as: `̀ mouth, mouth, head, mouth, head, gape, mouth,'' this

bout of behavior would receive a perseverative mouthing

score of 3.

1.5. Statistical analyses

The data were analyzed via a two-way analysis of

variance [ANOVA: Drug (0, 50, or 100 mg/kg ketami-

ne)�Taste pretreatment (SAC or water)] using a linear

model (SAS, SAS Institute, Cary, NC) compensating for

unequal N values [16]. Since all the rats in a particular litter

received the same conditioning treatment, we included litter

as an independent, random, and nested factor (within the

two pre-exposure treatments). This approach controls for

litter effects and offers a direct statistical test of the

significance of such effects [7,15]. In the current analysis,

however, if an initial examination of the data failed to reveal

a significant litter effect, a subsequent analysis was run

without consideration of litter. Post-hoc comparisons of the

SAC-pretreated and water-pretreated rats, within each drug

dose, were conducted using the Duncan's multiple range test

[16]. An a = .05 was adopted throughout these tests.

2. Results

The current data indicate that perinatal rats can discri-

minate between a novel and familiar taste. On P3, control

rats (i.e., those that did not receive ketamine on E19)

previously treated with SAC, exhibited significantly more

mouth movements and licks than rats previously treated

with water on E19 (see Fig. 1). Similarly, perseverative

mouth movements were much more prominent in neonates

tasting familiar SAC (see Fig. 2). The ANOVA of the

mouthing and licking data revealed a significant SAC

Fig. 1. Mean � S.E.M. mouth and lick movements of P3 neonates following

a taste of SAC. Rats that tasted SAC on E19 exhibited significantly

( * P�.05) more mouth movements and licks (compared to control rats that

received oral lavage of water on E19) when re-exposed to SAC on P3. This

differential behavioral response to a novel vs. familiar taste was not

observed in rats pretreated with ketamine. Compared to non-drugged

animals, rats pretreated with ketamine significantly reduced mouth and lick

movements following exposure to a familiar tastant (yP < .05). This

phenomenon was not observed in rats tasting novel SAC.

G.A. Mickley et al. / Pharmacology, Biochemistry and Behavior 67 (2000) 575±581 577



pretreatment effect [ F(1,120) = 9.49; P < .05], and a signifi-

cant Drug�Taste pretreatment interaction [ F(2,120) = 3.17;

P < .05]. Likewise, the ANOVA of the perseverative mouth

movements following SAC drinking also showed a signifi-

cant SAC pretreatment effect [ F(1,120) = 5.90; P < .05],

and a significant Drug�Taste pretreatment interaction

[ F(2,120) = 3.78; P < .05]. Post-hoc analyses indicated that

the differential motor response to novel vs. familiar SAC

was significant for the non-drugged control animals. How-

ever, ketamine-treated rats exhibited similar orofacial move-

ments independent of their history with SAC (see Figs. 1

and 2). Thus, both 50 and 100 mg/kg doses of ketamine

blocked this taste recognition memory.

Post-hoc analyses provided a clear indication that

ketamine significantly reduced both perseverative mouth-

ing, as well as combined mouth and lick movements

following a familiar taste of SAC. This effect was promi-

nent in animals treated with either 50 or 100 mg/kg

ketamine. On the other hand, a trend for ketamine to

increase these orofacial movements when SAC was novel

did not achieve statistical significance. These data indicate

a rather selective effect of ketamine on orofacial responses

following exposure to a familiar tastant. At the same time,

ketamine has a more limited effect on responses to a novel

gustatory stimulus.

Baseline mouthing and licking movements were low

(and not significantly different) for both groups of non-

drugged control animals that were about to taste familiar

(mean � S.E.M. = 4.2 � 1.32) or novel SAC (5.04 � 1.01).

Moreover, ketamine pretreatment did not significantly alter

these levels of baseline orofacial movements.

3. Discussion

The data presented here indicate that P3 neonatal rats

exhibited different orofacial movements depending on

whether the taste of SAC was novel or familiar. The

frequency of mouthing and licking responses is enhanced

following lavage with familiar SAC and relatively sup-

pressed after novel SAC. Ketamine administered before

the initial taste manipulation (on E19) significantly

reduced the differential response to novel vs. familiar

SAC 5 days later.

The behaviors associated with this taste recognition

memory may have ethological implications for the rat. In

contrast with gaping mouth movements, which may func-

tion to expunge aversive tastes from the mouth, the mouth-

ing and licking responses we recorded are consummatory

and presumably aimed at ingestion [11]. Thus, few mouth-

ing and licking movements may be associated with neopho-

bia in reaction to a novel taste. Conversely, the enhanced

mouthing and licking movements we recorded following

lavage with a familiar taste may indicate recognition of the

safety of the sweet solution Ð leading to ingestion.

The data presented here are consistent with the idea that

the classification of a taste, as novel or familiar, may be

based predominantly in the memory of the previous gusta-

tory experience. NMDA receptor blockade with ketamine

reduces the orofacial response to a previously experienced

taste and reduces responding to a level that is similar to the

initial reaction when the stimulus is novel. The baseline

motor responding in ketamine-treated rats is not signi-

ficantly different than that of non-drugged animals. Like-

wise, ketamine did not significantly alter orofacial motor

responses to novel SAC. Thus, our data indicate that fetuses

pretreated with ketamine on E19 are not generally hypoac-

tive upon tasting SAC on P3. Rather, having had ketamine

before initial exposure to SAC on E19, rats selectively

reduce their ingestive-like mouth movements when a famil-

iar taste is presented on P3. In essence, the neonates

responded as if the taste was novel.

This taste recognition memory is a non-associative

memory and has some similarity to the `̀ priming'' phenom-

enon that has been well studied in human subjects. Human

priming often involves an increased facility for detecting or

identifying words, or other stimuli, as a result of their prior

presentation [43,47]. According to Vriezen et al. [48, p.

944], `̀ . . . the mere presentation and processing of an item

is sufficient to leave a trace in the perceptual representation

system [37,38,47]. It is the reactivation of this trace on

subsequent presentations that accounts for the repetition

priming effect.'' This facilitative effect is presumably

mediated by a neural memory system separate from that

involved in performance on explicit or direct tests of recall

and recognition [43].

The underlying mechanisms of the phenomenon

described here have not been fully explored. Ketamine

may block this taste recognition memory response by either

Fig. 2. Mean � S.E.M. of perseverative mouth movements of P3 neonates

following a taste of SAC. Rats that tasted SAC on E19 exhibited

significantly ( * P�.05) more perseverative mouthing (compared to control

rats that received oral lavage of water on E19) when re-exposed to SAC on

P3. This differential behavioral response to a novel vs. familiar taste was

not observed in rats pretreated with ketamine. Compared to non-drugged

animals, rats pretreated with ketamine significantly reduced perseverative

mouth movements following exposure to a familiar tastant (yP < .05). This

phenomenon was not observed in rats tasting novel SAC.
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impairing the memory of SAC or by altering the original

gustatory sensation. However, several lines of evidence

suggest that NMDA receptors may have a limited role in

taste sensation. Non-NMDA receptors are more abundant

than NMDA receptors in taste buds [5]. Similarly, neuronal

responses in the nucleus of the solitary tract (the second

order neurons of the taste pathway) are completely blocked

by the non-NMDA receptor antagonist 6-cyano-7-nitro-

quinoxaline-2,3-dione (CNQX) but are not significantly

affected by the NMDA receptor antagonist APV [39].

Ketamine, in particular, has minimal ability to modulate

sweet taste sensations. Data from our laboratory indicate

that rats normally prefer 0.3% over 0.6% SAC, and keta-

mine does not disrupt this pattern of consumption [26]. It

should be noted that the ketamine doses (0.1, 1.0, or 10 mg/

kg, ip) used in these sensory control experiments were lower

than those employed in the current studies (50 or 100 mg/

kg, ip). However, other reports indicate that ketamine doses

ranging from 0.1 to 70 mg/kg, ip, can block a CTA in young

rats [28]. Thus, it seems that doses of ketamine that fail to

alter taste discriminations are still capable of blocking CTA

formation. While not conclusive, this dissociation between

the effects of ketamine on sensation and memory suggests

that the drug's effects on conditioning are not always tied to

drug-induced sensory changes.

Further information regarding NMDA receptor blockade

and sensory experience may be obtained from the literature

on gustatory habituation and neophobia. An intact gustatory

capacity would be important to the demonstration of taste

habituation. Our laboratory, and researchers in other labora-

tories, have shown that rats treated with < 70 mg/kg of

ketamine are capable of habituating to the taste of SAC

[1,28]. Additional evidence indicating that blockade of

NMDA receptors has a limited ability to alter gustatory

sensation comes from experiments involving other NMDA

receptor antagonists, phencyclidine (PCP) and MK801.

Mastropaolo et al. [19] showed that an injection of PCP

did not prevent rats from adjusting their drinking of SAC,

depending on whether it had been previously associated

with LiCl in a CTA paradigm. A similar failure to disrupt

gustatory neophobic effects was observed when the NMDA

receptor antagonist MK-801 was used [36].

Our evidence that ketamine does not significantly

impair taste sensation in fetuses is also supported by the

observation that ketamine (100 mg/kg administered

through the maternal circulation Ð as in the current study)

can actually enhance CTAs of E18 rat pups [23]. This age-

dependent response to NMDA receptor blockade has been

recently been explored in some depth [27]. Apparently,

NMDA receptor blockade does not eliminate the ability of

these younger fetuses to taste, since they can associate

SAC and LiCl on E18, and then exhibit a CTA when tested

over 2 weeks later [23]. It should be noted that ketamine's

lack of ability to modulate taste might not predict its

influence on other sensory systems [17,18,32]. However,

if it is the case that ketamine has a limited ability to alter

gustatory sensation, then the data reported here may reflect

ketamine's ability to disrupt this non-associative taste

recognition memory.

Alternatively, since fetuses were under the influence of

ketamine on E19 but not during the behavioral test on P3, our

findings may be influenced by state-dependent effects of the

drug [31]. Experiments aimed at differentiating state-depen-

dent effects from memory disruptions typically include a

group of animals that are under the drug's influence both at

the time of acquisition and testing. Ketamine has been used

as a pediatric anesthetic [3,21] and has clear dose-dependent

effects on spontaneous motor activity [2,20,32]. Thus, giving

50±100 mg/kg of ketamine to P3 neonates before behavioral

testing would have significantly impaired the animal's ability

to move and, therefore, to demonstrate a taste recognition

memory. We have reported previously that ketamine impairs

the formation of a CTA in neonatal rats [28]. Within the

context of this study we controlled for state-dependent

effects by administering lower doses of ketamine (i.e., ones

that did not significantly retard movement) before behavioral

testing. This procedure did not reveal state-dependent effects

of ketamine. Our data are consistent with those of Welzl et al.

[49], who did not detect state-dependent effects of ketamine

(25 mg/kg) on gustatory learning in adult rats. However,

some state-dependent effects of this same dose of ketamine

have also been reported [1]. Since the ideal state-dependent

control study (with equal doses of ketamine administered at

times of training and test) could not be performed in the

context of the current taste recognition memory experiment,

the means by which ketamine blocks perinatal taste recogni-

tion memories remains uncertain.

The data presented here should be extended to determine

the generalizability and robustness of ketamine's effects on

memory. As described above, we have previously shown

that ketamine can impair associative memory formation in

E19 fetuses [24] and P0 neonates [28]. A ketamine dose as

low as 0.1 mg/kg, ip, administered to neonates, can block

formation of a CTA [28]. However, behavioral testing of

these animals occurred when the animals were < 2 weeks

old. Future experiments should attempt to extend our work

by measuring behavioral responses later in development

when animals have a broader response repertoire. The

effects of ketamine on both associative and non-associative

memories should also be explored, as should the lowest

portions of the dose±response curve. Finally, the use of

behavioral measures not directly influenced by NMDA

receptor blockade would allow further estimation of keta-

mine's state-dependent effects on learned responses.

NMDA receptor antagonists have a well-known ability to

block the formation/expression of a variety of associative

memory tasks in adult animals. Ketamine or MK-801

induces learning/performance deficits in mature animals

learning a water maze [50], a delayed alternation task

[13], or undergoing classical fear conditioning [51]. Further,

ketamine administration (0.1, 10, or 70 mg/kg, ip) can block

CTA formation in neonatal (P0) rats [28]. Our data extend
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these findings and suggest that the acquisition/demonstra-

tion of non-associative memories, established in fetuses,

may also be impaired by NMDA receptor blockade.

The apparent ability of fetuses to exhibit differential

behavioral responses to a taste dependent on its novel, or

familiar, characteristics reinforces the current concept of the

fetus and neonate as sophisticated sensors and responders

to the uterine and extra-uterine environment. Our data

indicate that NMDA receptor blockade can disrupt this

taste recognition memory response. Future studies will

explore further the specific neural mechanisms by which

this disruption is mediated.
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