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Abstract

Following confinement to one chamber of a two-chamber exploration box (acquisition trial), male and female rats were intraperitoneally
injected with saline, glucose (50, 100 mg/kg) or tacrine (1, 3 mg/kg). Twenty-four hours later they were given free access to this chamber
and an identical novel one (retention trial). Tendencies to occupy the novel chamber (novelty-related location preferences) were increased
by both doses of glucose for females and by the higher dose for males. While neither dose of tacrine affected this response for females,
increased preferences occurred for males following the higher dose. However, when the higher doses of both agents were administered 2 h
after acquisition, there were no significant effects for either sex. In view of the rats’ lack of significant preferences for the novel chamber
when treated with saline both immediately and 2 h after acquisition, the results were interpreted as sex-dependent attenuation of forgetting by
post-acquisition treatment with both agents.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction behavior is determined by effects on memory, rather than on
performance or some motivational state such as fear, testing
Rats and mice have been frequently shown to have pref-should also be carried out after sufficient time has elapsed for
erences for the more novel of two mirror-image halves of acute effects of the drug to have worn EifB)].
an exploration box when allowed to choose freely between  Glucose has been shown to improve memory in a vari-
them (8,9,13,30] for a review sed14]). As memory is ety of experimental situations possibly through facilitated
likely to be involved in the animals’ ability to distinguish  synthesis of the “memory transmitter” acetylcholine (ACh),
between the more and the less novel alternatives, novelty-although alternative mechanisms have been proposed, such
related location preferences may provide a useful way of as improved glucose uptake in brain areas where extracellu-
measuring drug-modified memory that does not depend onlar glucose is low29]. Likewise, there is abundant evidence
learning and conventional reinforcement. However, if distinc- that increased brain ACh levels following treatment with
tions between drug effects on attentional/encoding processeghe acetylcholinesterase inhibitor, tetrahydroaminoacridine
and consolidation (or storage) are required, then it is neces-(tacrine), are associated with memory improvemgsitsThe
sary to adopt the equivalent of post-acquisition treatment in present study aimed to investigate the potential of novelty-
studies of memory based on learnif#g32]. Within a nov- related location preferences as a quick, valid test of memory
elty preference paradigm, this equivalent would comprise by assessing the effects of glucose and tacrine on rats’ ability
drug treatment after exposure to the alternative that will com- to distinguish between the novel and less novel (“famil-
prise the less novel during testing. To ensure that subsequentar”) halves of an exploration box. Since both compounds
enhance memory, their effects on novelty-related location
* Tel.: +64 3 364 2879; fax: +64 3 364 2181. preferences could enable an assessment of the extent to which
E-mail address: rob.hughes@canterbury.ac.nz. such preferences reflect the operation of memory processes.
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The apparatus and procedure adopted were modified ver-Animal Welfare Act, 1999. All drug treatment and testing proce-
sions of those used by the present author and co-workersdures were approved by the University of Canterbury’s Animal

for determining acute effects of a range of behaviorally
active drugs on preferences for novelty and actii8tyt 0,13,
20,21,25]

Sex differences in effects of behaviourally active drugs

and other influences have been a frequent outcome in stud

ies of both novelty-related location preferen{@4.1,22,26]
and related recognition of novel stimulus changes in a Y
maze[16,18,23] Therefore, the possibility of similar out-

Ethics Committee.

2.1.2. Apparatus
The rats were tested in one of four exploration boxes that were

positioned beside each other (55 cm apart) on a table in the center of

aroomilluminated by overhead fluorescent lighting. Each box com-
prised two 20 cmx 20 cmx 20 cm chambers (internal dimensions)
connected by an 8 cm 20 cm-high doorway in the wall between
them. During acquisition trials, this doorway was closed by means

comes was taken account of in the present study by examiningof a retractable guillotine slide. The back and side walls of each
the effects of the drug treatments in male and female ratschamber and the guillotine slide were constructed from wood and

separately.

2. Experiment 1: treatment with glucose and tacrine
immediately following acquisition

In earlier work (referred to above), novelty-related loca-

tion preferences have usually been determined by confining

rats to one half of a square four-chamber exploration box for
2 h followed by drug administration and then, 20 min later,
allowing them to freely venture into the novel mirror-image
half from the two previously experienced familiar chambers.
For 10 min, the time spent in the novel versus familiar half,
and ambulation within and between each were typically

were painted black, and the roof and front wall comprised clear Per-
spex. The light levels on the floor of the four boxes ranged from 42
to 45 Ix. A computer and keyboard sat on another table facing the
clear front walls of the boxes from where a seated observer recorded
the animals’ behavior. No rat was able to see the occupants of the
other three boxes.

2.1.3. Memory-enhancing agents

Rats were intraperitoneally injected with either isotonic
saline (0 mg/kg), 50 or 100 mg/kg-glucose, or 1 or 3mg/kg
tacrine  (1,2,3,4-tetrahydro-9-amino-acridine  hydrochloride,
Sigma-—Aldrich, Australia) in volumes of 1 ml/kg. Both compounds
were dissolved in fresh saline. The doses chosen were within
the ranges of those shown to improve rats’ memory in other
experimental situation@4,33]

recorded. While this would enable drugs to act on consol-

idation of information acquired during confinement, acute 2.1.4. Procedure

pharmacological effects on other processes could not be Half the rats were assigned to a group that would be adminis-

ruled out because the subjects were tested while still underteréd saline or glucose, and the other half was assigned to a group
the drugs’ influence. Therefore, the procedure adopted in o receive saline or tacrine. In squads_, of four, e_ach ratv_vas confined
the present experiment was essentially the same as earlieFor 2 h to one chamber of an exploration box with the slide separat-

Ing the two chambers in place i.e., an acquisition trial. It was then
except that a two (rather than four)-chamber box was usecIremoved and administered either saline, or a dose of the compound

and, 24N later, the rats were tested for 5 (rather than 10)appropriate to the group it had been assigned to. Twenty-four hours
min after the agents’ acute effects had worn off. The shorter |5ter, it was returned to the same chamber of the same box from
time of testing reflected the smaller size of the apparatus which the slide separating the two chambers had been removed. For
and the goal of achieving a quick but valid test of memory exactly 5min, the total time the rat spent in each chamber and, as
that does not depend on learning. Previous unpublishedan estimate of locomotor activity, the number of transitions it made
observations had supported a memory basis for this taskbetween the two were recorded i.e., a retention trial. Every 2 or 3
by establishing significant preferences (but without a sex days later, the whole procedure was repeated until the rat had expe-
difference) for the more novel chamber when eight male and rienced two acquisition trials (being confined to the left chamber for
eight female rats were confined to one chamber, injected °"€: and to the right for the other) followed by two retention trials
with isotonic saline and tested 20 min later (meaS(E.M.) with saline and each dose of the compound appropriate to its group.

The order of administration of the three doses was randomised
= Y - =
ijriafoegzn)ce 55.26 #2.42)%, one-sample/(15)=2.17, for each rat. As novelty-related location preferences are partially

dependant on the presence of self-generated odo{tRgS5], the

box was not cleaned between acquisition and retention trials, but,
between different rats, it was thoroughly washed with a 4% solu-
tion of Powerquat Blue (150 g/l alkylbenzyldimenthylammonium
chloride).

2.1. Materials and methods

2.1.1. Animals

The subjects were 24 male and 24 female Long-Evans hooded
rats, approximately 5 months old. They were housed in cages of 3
or 4 same-sexed animals and kept in 12-h light:12-h dark condi-
tions with an ambient temperature of 2 °C, and with ad libitum ) .
food and water. They were tested during the dark phase of their ~ FOr €ach rat in each memory-enhancing agent group,
light/dark cycle. All rats were maintained and tested in accordance the percent time/day that the novel chamber was occupied
with requirements of Parts 5 (Codes of Welfare) and 6 (Use of (novelty-related location preference) and the transitions/day
Animals in Research, Testing, and Teaching) of the New Zealand between the two chambers was calculated. The effects of

2.2. Results
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Fig. 1. Mean £S.E.M.): (a) percent time/day spent in the novel chamber
(preference for novelty) and (b) transitions between the two chambers follow-
ing post-acquisition treatment with glucose for males {1) and females
(n=12).” Significantly different from saline (0 mg/kg) treatment condition.
tSignificantly greater than a chance expectancy of 50%.

the two agents on the two responses were assessed by inde-

pendent two-way repeated measures ANOVAs for each sex
separately.

2.2.1. Effects of glucose
The data from one male rat was excluded from analyses
because of a failure to move from the familiar chamber on

most occasions. Results of the post-acquisition glucose treat-

ment for all other rats are outlined kig. 1

The glucose effect on later occupancy of the novel cham-
ber was significant for both maleg(@,20)=4.11pP <0.035)
and femalesK(2,22) = 6.95P < 0.005). As shown by Sché&ff
tests, this was due to significantly higher occupancy following
100 mg/kg for males, and following both doses for females.
As shown by one-sampletests, preference for occupying

41

treatment with the higher dose for both malg4@) =2.51,
P<0.035) and females((L1) = 2.32,P < 0.05). According to

a between-groupstest, the overall difference between the
two sexes was not significar{Z1) = 0.88, NS).

While the dose effect on transitions was highly signif-
icant for females K(2,22) =24.54,P <0.0001) because of
increases following 100 mg/kg alone, there was no signifi-
cantglucose effect on this response for mat€2,20) =0.37,
NS). However, females made significantly more transitions
than males#(21) =2.93,P <0.008).

2.2.2. Effects of tacrine

Later effects of post-acquisition THA are showrHig. 2

The drug effect on occupancy of the novel chamber was
significant for males K(2,22)=3.81,P<0.04) due to an
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Fig. 2. Mean &£S.E.M.) (a) percent time/day spent in the novel chamber
(preference for novelty) and (b) transitions between the two chambers fol-
lowing post-acquisition treatment with tacrine for males (. 2) and females
(n=12).” Significantly different from saline (0 mg/kg) treatment condition.

the novel chamber was significantly greater than chance afteriSignificantly greater than a chance expectancy of 50%.
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increase with 3mg/kg to the extent that it was significantly 3. Experiment 2: treatment with glucose and tacrine

preferred to the familiar alternativg({1) =3.04,P <0.015). 2 h after acquisition

However, the drug effect was not significant for females

(F(2,22)=0.06, NS). The overall sex difference was also not  Inview of the effect of 100 mg/kg post-acquisition glucose

significant ¢(22) =1.35, NS). on transitions in females, a second experiment was designed
The tacrine effect on transitions was significant for nei- to assess the possibility that both glucose and tacrine were

ther males£(2,22) =0.07, NS) nor female$'(2,22) =1.03, still exerting some acute action during retention trials. It was

NS), and the overall sex difference was not significant therefore decided to essentially repeat Experiment 1 but to

(#(22)=0.19, NS). administer the higher dose of each compound 2 h following
(rather than immediately after) acquisition trials, by which
2.3. Discussion time most consolidation in this type of task could reasonably

be expected to have occurred. Thus, if the enhancement of

The effects of both compounds on occupancy of the novelty-related location preferences observed in Experiment
novel chamber suggested sex-related improvements of mem- had been due to attenuated forgetting, the treatment might
ory through better recall of the chamber to which the be expected to have no effect on this response. However, if
affected animals had been previously confined, and thuspersisting acute effects of the compounds had been respon-
greater preferences for the more novel alternative. How- sible for the results, then there should be a similar outcome.
ever, as there were no obvious preferences for occupying
the novel chamber following treatment with saline for both 3 ;. paterials and methods
sexes, 50mg/kg glucose and 1mg/kg tacrine for males,
and both doses of tacrine for females, it seems likely that, The subjects were a further 20 male and 20 female hooded
under these conditions, the rats may have forgotten whichrats (approximately 4.5 months old) kept in the same conditions
chamber they had been confined to 24 h beforehand. So,as for Experiment 1, and given acquisition and retention trials in the
any increases in occupancy of the novel chamber (to thesame exploration boxes. Post-acquisition intraperitoneal injections
point where this chamber was preferred to the more famil- of éither saline, 100mg/kg glucose (for half the rats) or 3mglkg
iar alternative) were probably due to attenuated forgetting. tacrine (for the other half) were given 2 h after each 2-h acquisition

. : rial, when individual rats wer nfin ne chamber in X.
Because treatment with glucose and tacrine occurred afterna: whe dividual rats were confined to one chamber in a bo

. . Th tofth d identical to that adopted in E i t
acquisition and was followed by testing in the apparent ©restotthe proceclire was dentical’o thar acopiec in Experimesn

. 7 1. Each rat experienced two acquisition and two retention trials with
absence of their acute effects, it is reasonable to Suggestither saline or, depending on its group, glucose and tacrine.

that both compounds had acted on central memory pro-
cesses.

The only effect of post-acquisition treatment on transi-
tions was a subsequent increase following 100 mg/kg glu-
cose for females only. Since this response is more likely
to indicate heightened general activity rather than attenu-
ated forgetting, it is difficult to account for the result. One
possibility is glucose-induced establishment of an associa-
tion with reduced fear of the apparatus and thus a greater
tendency to shuttle between the two chambers. Although
there is some limited evidence of anxiolytic or “calming”
effects of glucosd3], this would not explain why gener-
ally less emotionally reactive female ré® would be more
affected than males. Alternatively, it is possible that, even
after 24 h, females were still experiencing a type of acute ener- ) .

.. . Mean &S.E.M.) per day of percent time spent occupying the novel cham-
gising effect of th? compo_und, which to some ex_tent could ber and total transitions between both chambers following treatment with
have also determined their novelty-related location prefer- gicose 2 h after acquisition, and results of repeated meastests
ences. It was therefore deemed advisable to investigate the
effects of post-acquisition glucose and tacrine administered Valos
fto both sexes outside qf a_reasonable_ tlme_-frame for ANy " percent/day occupancy of 45.94 (6.09) 47.4346.22) 0.33
influence on the consolidation of acquired information to the novel chamber
occur. Transitions/day 6.0040.76)  4.8040.57) 2.48

The greater number of transitions made by females in the ggmales
glucose- (but not tacrine-) treated group reflected their higher  percent/day occupancy of 47.69 (-4.59) 50.0342.26) 0.50
level of locomotor activity compared with males. This type the novel chamber
of sex difference in rats has been consistently reported for _Transitions/day 7.6040.71)  8.004£0.60) 062
many yearg2]. * P<0.04.

3.2. Results

Tables 1 and dutlined the effects of treatment with both
compounds (for each sex separately) and the results of
tests performed on novelty-related location preferences and
transitions.

Neither compound had a significant effect on novelty-
related location preferences for either sex. As shown by
one-sample-tests, there were no significant preferences for
either chamber shown by males or females in any treat-
ment condition. Nor was the overall sex difference significant

Table 1

Saline 100 mg/kg t(9)
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Table 2 . _ involves choosing the more novel of two T-maze arms based
Mean @ S.E.M.) per day of percent time spent occupying the novel chamber on memory for the more familiar alternati\['az9]. Sponta-
d total transitions between both chambers following treatment with tacri L . .
and totatfransitions between both chambers following reaimentwiin lacrine neq\,5 alternation is disrupted by hippocampal lesions and
2 h after acquisition, and results of repeated measttests . . . . . .
also by anticholinergic drugs injected either systemically or

Saline 8 ma/kg 1©) directly into the hippocampufs]. Decreased exploration
Males of a novel environment with repeated exposure (habitua-
Pif::gg:?’c%‘:;g:?cy of 47.97(267) 45.9243.47) 052 tion learning or familiarization) is accompanied by increased
Transitions/day 9.65¢1.10)  6.95¢099) 2.20 activity of hippocampal acetylcholing4]. Therefore, it is
Females not unreasonable to propose thqt modifigd cholinergically
Percent/day occupancy of 52.92 (:3.85) 56.3844.21) 1.13 based memory processes involving the hippocampus were
the novel chamber mainly responsible for the effects of glucose and tacrine on
Transitions/day 10.1540.95) 11.3040.82) 1.32 responsiveness to novelty in the present study. Consequently,
* p>0.05<0.10. the procedure adopted in the two experiments would seem to
have some potential as a quick and simple test of forgetting
in either treatment group (glucose—males = 46 £8.72), that does not rely on learning or conventional reinforcement.
females =48.8642.77),1(18) =0.34, NS; tacrine—males = The sex-related effects suggest sex differences in sensi-
46.95 @-2.39), females =54.6543.73),#(18) = 1.74, NS). tivity to each of the compounds, namely, greater sensitivity

For males only, transitions were significantly reduced by to glucose by females, but greater sensitivity to tacrine by
glucose, and a similar reduction with tacrine approached males. While in the related response-to-change paradigm pre-
significance. The overall sex difference (favoring females) acquisition administration of glucose improved female (but
in this response was significant in both treatment groups not male) rats’ ability to recognise an inter-trial change in Y-
(glucose—males =5.40H 0.63), females=7.8040.57), maze-arm brightneq46], this sex difference did not occur
1(18)=2.84, P<0.015; tacrine—males=28.30+0.84), following post-acquisition treatmeiit7,24] It is therefore

females =10.7340.78),#(18) =2.12,P <0.05). possible that any sex difference (favoring females) in sensi-
tivity to glucose could depend on the particular experimental
3.3. Discussion setting in which the rats are tested. Nevertheless it is still

possible that, in both the earlier stufy6] and Experiment

Because of the lack of effects on novelty-related location 1 of the present investigation, apparently greater sensitivity
preferences of treatment with either glucose or tacrine 2 h of females to glucose may have been due to sex differences
after acquisition, the results of this experiment support the in glucose utilization. Therefore, four male and four female
likelihood that, increases in this response with both com- rats of the same strain and age that were housed in the
pounds observed in Experiment 1, were due to attenuatedsame conditions as those tested in Experiments 1 and 2 were
forgetting, rather than to any persisting acute effects. How- intraperitoneally injected with 100 mg/kg glucose. Twenty
ever, the decrease in transitions for male (but not female) minutes later, the saphenous vein in a hind leg of each rat
rats following treatment with both compounds suggests a was punctured with a hypodermic needle, and a sample of
currently inexplicable additional sex-dependent effect that is blood pipetted in accord with a procedure developed for small
probably unrelated to modified memory processes. Although laboratory animal§7]. The glucose content of the samples
it is remotely possible that there may have been some acutewas then determined by means of an Arkrey Super Glucocard
effects still operating for males only, this seems unlikely 1l glucose meter. The meaa:-6.E.M.) levels for males and
because, while such effects were consistent with what canfemales were 4.7G10.11) and 4.1640.26) mmol/l, respec-
accompany activity changes with acute tacrjB&], they tively. The difference between the groups was not significant
were contrary to what characterizes glucfisg. (¢(9) =1.50, NS) thereby suggesting that there was probably

Again the overall sex differences in transitions reflected no sex difference in glucose utilization at least 20 min after
the higher locomotor activity of female rats observed in a administration (when pre-acquisition glucose treatment has

variety of other experimental settinff. been shown to affect females’ behavior more than males’
[16]).

Although tacrine did not appear to affect novelty-related

4. Conclusions location preferences in female rats, it is possible that this

outcome was merely due to a shifted dose-response curve.
The results of both experiments support dependence ofA dose higher than 3 mg/kg might produce an effect similar
novelty-related location preferences in an exploration box on to that observed for males following this dose in the present
rats’ memory for the chamber to which they had been pre- study. If so, this would suggest that the males were more sen-
viously confined during acquisition trials. The sex-related sitive to the memory-enhancing effects of the drug. While
increases in this response with both glucose and tacrinea possible sex difference in rats’ sensitivity to tacrine does
suggest enhanced memory in the form of attenuated forget-not appear to have been reported previously, there is some
ting. A related paradigm, spontaneous alternation behavior,evidence that men afflicted with Alzheimer’s disease may
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derive more short-term cognitive benefits from tacrine ther- [12] Hughes RN. The role of self- and other-animal-produced odors in
apy than womef28]. Male rats also required lower doses of rats’ preferences for novelty in an exploration box. Psychobiology
the NMDA agonist,p-cycloserine, than females to restore 1991,19:168-74. . .

their memory-related recognition of a brightness change [13] Hughes RN. Effects of physostigmine on novelty-related location

. . e preferences. Pharmacol Biochem Behav 1992;43:125-9.
[18]. This outcome probably involved facilitation of gluta-  [14] Hughes RN. Intrinsic exploration in animals: motives and measure-

mate activity through partial agonism of the NMDA receptor ment. Behav Proc 1997;41:213-26.
and consequential interactions with ACh in its actions on [15] Hughes RN. Sex differences in novelty-related location preferences
memory-associated septo-hippocampal mechanj&ra3]. of hooded ratsQ J Exp Psychol 1999,52B:235-52.

h . . 16] Hughes RN. Sex-related glucose effects on responsiveness to
Ittherefore seems pos&blethatthese sexdifferencesin eﬁ‘ecté brightness change in middle-aged rats. Pharmacol Biochem Behav
of both tacrine ana-cycloserine may reflect greater respon- 2002:73:485-90.

siveness of males to increased ACh levels. Alternatively, [17] Hughes RN. Effects of glucose on responsiveness to change in young
lower responsiveness to both drugs by females may have  adult and middle-aged rats. Physiol Behav 2003;78:529-34.
been at least partially due to some interference with their [18] Hughes RN. Responsiveness to brightness change in male and

tion arisina from estr licinfluen n behavior. Even female rats following treatment with the partial agonist of the

actionarisingtro es' us cychic uences onbehavior. tve N-methylp-aspartate receptorp-cycloserine. Behav Brain Res

so, the greater effectiveness of glucose for females suggests  2004:152:199-207.

that any attenuation of their forgetting may have arisen not [19] Hughes RN. The value of spontaneous alternation behavior (SAB)

fromincreased synthesis of ACh, but from some other central ~ as a test of retention in pharmacological investigations of memory.

action of the compound, such as increased glucose uptake b){ Neurosci Biobehav Rev 2004;28:497-505, o

the brain[29] 20] Hughes RN, Blampied NM, Stewart WJ. Scopolamine induced
’ changes in activity and reactions to novelty. Pharmacol Biochem

Behav 1975;3:731-4.
[21] Hughes RN, Greig AM. Effects of caffeine, methamphetamine and
Acknowledgement methylphenidate on reactions to novelty and activity in rats. Neu-
ropharmacology 1976;15:673-6.

. . . [22] Hughes RN, Horsburgh RJ. Some behavioural effects of prenatal
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[24] Hughes RN, Neeson LT. Prevention of memory loss for a brightness
change in adult and middle-aged rats by postacquisition treatment
with glucose. Pharmacol Biochem Behav 2003;76:119-23.
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