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a  b  s  t  r  a  c  t

The  object  recognition  task  (ORT)  is  a popular  one-trial  learning  test  for animals.  In  the current  study,
we  investigated  several  methodological  issues  concerning  the task.  Data  was  pooled  from  28  ORT  stud-
ies,  containing  731  male  Wistar  rats.  We  investigated  the  relationship  between  3  common  absolute-
and  relative  discrimination  measures,  as well  as  their  relation  to  exploratory  activity.  In  this  context,
the effects  of  pre-experimental  habituation,  object  familiarity,  trial  duration,  retention  interval  and  the
amnesic  drugs  MK-801  and  scopolamine  were  investigated.  Our  analyses  showed  that  the  ORT  is  very
sensitive,  capable  of detecting  subtle  differences  in  memory  (discrimination)  and  exploratory  perfor-
mance.  As  a consequence,  it is  susceptible  to potential  biases  due  to (injection)  stress  and  side  effects
of  drugs.  Our  data  indicated  that  a  minimum  amount  of exploration  is required  in the  sample  and  test
trial for  stable  significant  discrimination  performance.  However,  there  was  no  relationship  between  the
level of  exploration  in the  sample  trial  and  discrimination  performance.  In addition,  the  level  of explo-
ration  in  the test  trial was positively  related  to  the  absolute  discrimination  measure,  whereas  this  was
not  the  case  for relative  discrimination  measures,  which  correct  for  exploratory  differences,  making  them
more  resistant  to  exploration  biases.  Animals  appeared  to remember  object  information  over  multiple

test  sessions.  Therefore,  when  animals  have  encountered  both  objects  in  prior  test  sessions,  the  object
preference  observed  in  the  test  trial of  1  h  retention  intervals  is probably  due  to  a  relative  difference
in  familiarity  between  the  objects  in  the  test  trial,  rather  than true  novelty  per se. Taken  together,  our
findings  suggest  to take  into  consideration  pre-experimental  exposure  (familiarization)  to objects,  habit-
uation to  treatment  procedures,  and  the  use  of  relative  discrimination  measures  when  using  the  ORT.
. Introduction

Twenty-three years ago, Ennaceur and Delacour [1] introduced

 new one-trial learning test for neurobiological studies. Since its
ntroduction it has been referred to as novel object preference
NOP) test [2],  novel object recognition (NOR) task [3] and object

Abbreviations: d1, discrimination index 1 (difference score); d2, discrimination
ndex 2 (relative difference score); d3, discrimination index 3 (investigation ratio);
1,  total object exploration in T1; e2, total object exploration in T2; i.p., intra peri-
oneal; NOP, novel object preference task; NOR, novel object recognition task; ORT,
bject recognition task; OLT, object location task; p.o., per os, oral injection; T1,
ample- or learning trial; T2, test trial.
∗ Corresponding author at: Department of Psychiatry and Neuropsychology,
aastricht University, P.O. Box 616, 6200 MD Maastricht, The Netherlands.

el.: +31 43 3881168; fax: +31 43 3884086.
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recognition task (ORT) [4].  In the present paper we use the ORT
abbreviation to refer to object recognition testing. The ORT is based
on the underlying principle that, in a familiar environment, lab-
oratory rodents show an instinctive attraction towards novelty,
or neotic preference [5].  In general, animals are allowed to freely
explore two identical sample objects during a sample- or learning
trial. After a certain delay, the animals perform a test trial, in which
they are confronted with one of the sample objects and a novel one.
If rodents show more interaction with the novel object during the
test trial, it can be presumed that they have remembered the sam-
ple object. This novel object preference is used as an indication of
memory.

Because it utilizes the natural behavior of the animals, the ORT

is relatively free of stress if properly administered. Furthermore the
property of one-trial learning makes it suitable for the examination
of temporal aspects of memory. Over time, it has become a widely
used tool for the assessment of memory functions in combination

dx.doi.org/10.1016/j.bbr.2012.03.022
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:jos.prickaerts@maastrichtuniversity.nl
dx.doi.org/10.1016/j.bbr.2012.03.022
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ith pharmacological treatments [6–10] and brain lesions [11–14].
he ORT is mainly used for rodent experiments, most research is
one with rats and mice but the task is also suitable for testing
ther rodent species [15]. It has also been successfully applied using
arger animal species like dogs [16], pigs [17,18] and horses [19],

aking it a versatile tool suitable for inter-species comparisons.
The most essential brain structures implicated in object recog-

ition memory of rodents, are the hippocampus and rhinal cortices,
he perirhinal and in particular the postrhinal cortex [20]. Of note,
he human and primate counterpart of the postrhinal cortex is the
arahippocampal cortex. Although there is much evidence that the
ippocampus is implicated in object recognition testing [21–23],  its
ole in processing of the actual object information is more an inte-
rative one, i.e. combining object and contextual information into
ntegral episodic memories [20,24]. Concerning object information
tself, the perirhinal cortex is considered to be the most crucial
tructure whereas the postrhinal cortex is implicated in contextual
nformation processing [24,25].

Many variations on the original task have been developed over
ime, making it difficult to compare results between different lab-
ratories. Differences exist in object and arena features like the
ize, shape and materials. Also, differences in animal strain, age,
ender, and housing conditions have been reported to influence
bject recognition [15,26–29].  Furthermore, different test proto-
ols are being used. For example, some studies use flexible sample
rial durations, allowing all animals to reach a specific amount of
bject interaction [12,30–32].  Other experiments have fixed sam-
le trial durations and consequently, each individual animal differs

n the amount of sample object exposure [1,11,25,33]. Before test-
ng starts, the animals are often familiarized or habituated and
rotocols differ greatly between laboratories. In some laborato-
ies the animals are allowed to familiarize with only the apparatus
2,11,12,23], others also introduce objects in the pre-experimental
hase [25] or even let the animals undergo the full testing proce-
ure, including injections [34,35]. Even more fundamental, there

s no consensus about the definition of object investigation. In the
riginal test, object investigation was defined as directing the nose
owards the object at a distance of 2 cm or less [1].  However, mini-

al  proximities of 1 cm [11] and 4 cm [2] have also been reported.
enerally, climbing and leaning on objects is not considered to be
bject examination [36], although some do in fact consider this to
e relevant object-directed behavior [2,37,38].

It is also important to note that novel object preference is being
nalyzed and reported in various ways. Some authors calculate the
bsolute difference in exploration times between the novel and the
ample object, resulting a difference score (DS). In others, object
iscrimination can also be reported in terms of the relative inter-
ction with each object in the test trial, resulting in a percentage
r investigation ratio (IR). Lastly, results of the ORT have also been
eported as the relative difference score (RDS), which divides the
S by the total time spent exploring both the objects in the test trial.
heoretically, random exploration would result in a (R)DS of 0 or
n IR of 0.5, a higher score indicates that an animal directed the
ajority of exploration towards the novel object, thereby impli-

ating that it has remembered the sample object. Since studies
enerally report only one of the different discrimination measures
t is difficult to directly compare them. To our knowledge, it has
ot yet been fully investigated, in one and the same study, how the
ifferent discrimination indices are related.

The aim of our study is to shed more light on the effects of
amiliarization and habituation to the procedures on the mea-
ures of exploration and discrimination in the ORT. Additionally,

e want to deepen our understanding of the relationships between

he different discrimination and exploration measures in the
ample- and test trial. This could be helpful in determining
he minimum amount of exploration required for reliable object
 Research 232 (2012) 335– 347

discrimination, by this we mean the amount of exploration that
represents normal exploratory behavior and allows for a meaning-
ful statistical interpretation. We  have included historical data from
28 ORT studies performed in our lab to test the potential of several
drugs to reverse natural or drug-induced forgetting. To investi-
gate the latter, 1 h retention intervals were used in combination
with amnesic drugs, the non-competitive N-methyl-d-aspartate
(NMDA) receptor antagonist MK-801 or the muscarinic receptor
antagonist scopolamine. Both drugs have proven reliably to attenu-
ate the novel object preference in a 1 h retention delay, likely due to
drug induced memory impairment [6,39,40]. 24 h retention inter-
vals were used to investigate drug effects on natural forgetting,
as our male Wistar rats normally do not discriminate anymore
between the novel and the familiar object after such an interval
[1,8,33–35].

2. Methods

2.1. Animals

All experiments were performed using male Wistar rats ordered from Harlan
(the Netherlands). The animals (n = 731) were ordered at an age of 2 months and
tested between 3 and 5 months of age. After arrival, animals were individually
housed in standard MakrolonTM Type III cages with sawdust bedding. A cardboard
tunnel with a diameter of 10 cm,  length of 12.5 cm and a 0.5 cm thick wall was pro-
vided as enrichment together with a piece of wood. Food and water were provided
ad  libitum, water was  acidified (pH ∼3) to prevent bacterial infections and refreshed
every week. Testing was  done in the same room as where the animals were housed.
During the first two weeks the rats were allowed to get accustomed to a reversed
12 h day/night cycle (lights were on from 19:00 till 07:00). After this they were
habituated to handling and familiarized with the testing procedures. All testing was
done during their active phase, i.e. during dark phase at daytime. During the dark
phase red fluorescent tubes provided illumination for which the rat-retina is rela-
tively insensitive. A radio played softly, providing background noise 24 h a day, also
during testing. The room temperature was  kept constant at 20 ◦C and the humidity
of  the air was kept within a range of 60–80%.

2.2. Apparatus

The test setup that was used is a slightly adapted version of the object recog-
nition task as described by Ennaceur and Delacour [1]. Instead of a square arena
of  65 cm × 45 cm × 45 cm,  as used by Ennaceur and Delacour, a circular arena, with
a  diameter of 83 cm was used in our studies. The floor plate and back-half of the
arena wall were made of gray (RAL 7035) polyvinyl chloride. The frontal half of the
40  cm high arena wall was made of transparent polyvinyl chloride to enable direct
observation of the animals. Light intensity on the apparatus floor was about 20 lux.
Illumination was provided by red fluorescent tubes in the ceiling and a 40 W light
bulb, which was  switched on during behavioral observations, in the corner of the
room covered by a lamp-shade.

Two  objects were placed at symmetrical positions on the left and right side of
the  arena, the center of the object was positioned 24 cm from the arena wall. Four
different sets of objects were used. Each set consisted of 3 identical copies. The
different objects were: (1) a standard 1 L transparent glass bottle (diameter 10 cm,
height 22 cm)  filled with water, (2) a metal cube (5 cm × 7.5 cm × 10 cm)  with two
tunnels (diameter 1.5 cm) drilled across, (3) a cone (height 16 cm, diameter at base
18  cm)  consisting of a gray polyvinyl chloride base with a collar on top made of
aluminum (diameter 5.0 cm)  and (4) a solid, ‘bullet-shaped’ aluminum cube with a
tapering top (8 cm × 8 cm × 13 cm) and a groove near the bottom. The four sets of
objects were rotated over the test sessions, using the novel object from the previous
session as familiar object in the subsequent session. Because we only used 4 sets
of objects the objects were re-used after the 4th test session. So from the 4th test
session on, the novel object was always the same object as the familiar object from
3  test sessions before. Rats were unable to displace the objects, a picture of each
object is shown in Fig. 1.

2.3. Experimental procedure and treatment conditions

An ORT session consisted of a sample (T1) and a test trial (T2), of 3 min  each,
separated by a retention interval of 1 h or 24 h. At the start of each trial animals
were placed in front of the objects, facing the wall. During T1 animals were con-
fronted with two identical sample objects, a1 and a2. In T2 these were replaced by

a  ‘fresh’ sample object, a3, and a novel object, object b. The objects were cleansed
before each trial with a damp cloth containing a 70% ethanol solution. During a trial,
animals could freely explore the arena and objects, the time spent interacting with
each individual object during T1 and T2 was recorded live on a personal computer.
Six experienced observers contributed to the current dataset. We have previously
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Fig. 2. New objects used in supplementary experiment. Two completely novel sets
of  objects were introduced to test the relativity of novelty. Object set 1 consisted
of  red tin cans and set 2 contained white porcelain cups. (For interpretation of the
ig. 1. Standard objects used in the ORT. The different objects used in the ORT were:
1)  a bottle, (2) a cube, (3) a cone and (4) a bullet shaped piece of aluminum. Rats
ere unable to displace the objects.

hown that experienced observers achieve very high levels of concordance on both
xploration and discrimination parameters of the ORT [41].

Before experimental testing, the animals need to be habituated to the apparatus
nd  the testing procedures. Although familiarization with the apparatus is known
o  affect object interaction and possibly discrimination [38], there is no apparent
onsensus about what should be involved in ORT familiarization. In our lab two
amiliarization protocols are used, depending on the type of retention delay which
ill be used in the subsequent experiment. We  use a ‘1 h familiarization protocol’ to
repare animals for 1 h retention interval testing in combination with drug-induced
orgetting. However, when animals are prepared for testing of natural forgetting
uring a 24 h retention interval we use a ‘24 h familiarization protocol’, which is a
lightly adapted version of the ‘1 h familiarzation protocol’.

In  both protocols (schematically presented in Table 1), familiarization starts
ith a 3 min  habituation trial in the empty arena on 2 consecutive days, in order

o  let the animals get accustomed to the test environment. After this we start with
he 1st familiarization session, a test session with a 1 h retention interval in which
he  animals are not subjected to any injections. This is followed by the 2nd famil-
arization session, a 24 h retention interval test, also without injecting the animals.
hese first 2 sessions combined with the first 2 habituation trials give the animals
ufficient opportunity to get accustomed to handling and ORT test procedures. On a
ubsequent day, animals are familiarized to the administration procedure via saline
njections, without submitting the animals to ORT testing. These can be one or more
njections, intra peritoneal (i.p.) and/or oral (p.o.), depending on the demands of
he  subsequent experiment. Usually, we  observe that the animals still discriminate
etween the novel and old object in the 2nd familiarization session. Therefore, in

24 h familiarization protocol’, we continue with 24 h retention intervals, until the
nimals show no discrimination anymore. This is different from the ‘1 h familiariza-
ion protocol’, which is completed by subjecting the animals to a final 1 h retention
nterval in the 3rd familiarization session. In both protocols, training beyond the
nd session always includes saline injections at the same time point, volume and
ia  the same route as will be used during the subsequent experiment. This is done
o  check whether the animals still perform properly when the ORT procedures are
pplied in combination with the injections. Usually, the familiarization data are not
eported in articles because no scientific hypotheses were tested. However, we have
ncluded the familiarization data in the current dataset, to investigate the effects of
raining on exploration and discrimination.

A supplementary experiment was performed to investigate whether the object

iscrimination we  observed in the 2nd familiarization sessions is due to the absolute
ovelty of the novel object, i.e. animals encounter the novel object for the first time

n  their life. Data from this experiment was not included in the other analyses in this
rticle, because different object sets were used. 24 fully familiarized animals were

Table  1
Familiarization protocols.

Familiarization 
protocol 

Empty 
are na 

Empty 
are na 

1st
sess ion 

2nd
sess i

1 h 3 min  3 min 
1 h 

interval 
24 

inter

24 h 3 min 3 min 
1 h 

interval 
24 

inter

The 1 h and 24 h familiarization protocols are initially the same, 

empty arena for 2 consecutive days, followed by a 1 h retention 

injections. After this animals were familiarized the injection proce
volume required by the subsequent experiment. After this the pro
in  the 1 h familiarization protocol and only 24 h test sessions in 

the  full experimental procedure is applied and from the 4th sess
Familiarization is completed when animals show no more object d
(1  h protocol).
references to color in this figure legend, the reader is referred to the web  version of
the article.)

subjected to a 24 h retention interval in the usual test setup that has been described
above. However, we used 2 new sets of objects that were completely novel to the
animals as novel and familiar object (Fig. 2). The objects in the sets were red tin cans
(diameter 9 cm,  height 11.5 cm) and white porcelain cups (diameter 7.3 cm,  height
9  cm). Animals were tested twice and in the 2nd test session, 96 h after the 1st test
session, the animals received the exact same objects in the same locations as in the
1st test session.

The dataset contained 3771 individual ORT sessions divided over conditions
which were based on the retention interval used (1 h or 24 h), pharmacological treat-
ment and whether the data was collected during or after familiarization, which will
be referred to as ‘non-familiarized’ and ‘familiarized’ animals, respectively.

Four different treatment groups with a 1 h retention delay were included in the
dataset. First, animals that did not receive any kind of treatment were labeled the
‘1  h untreated’ group. Second, the ‘1 h saline’ group contained animals that received
1  ml/kg saline i.p., 30 min  before T1. In addition, these animals received an injection
with the vehicle of the experimental drug. Because the dataset was  composed of
animals from different experiments, these additional vehicle injections vary in com-
position (saline, 1–20% pluronic solution with tylose 0.5–3%, saline with 2% tween
80,  tylose solutions of 0.5–5% with 2% tween 80, and 1% tylose with 5% mannitol),
volume (1–10 ml/kg), timing (2 h or 0.5 h before T1, or 3 h after T1), and adminis-
tration route (i.p. or p.o.). Third, the ‘scopolamine’ group was treated identical to
the  ‘saline’ group, only now the 1 ml/kg saline injection contained scopolamine, dis-
solved in a concentration of 0.1 mg/ml. Finally, the ‘MK-801′ group received the
same treatment as the scopolamine group, but now a concentration of 0.125 mg/ml
MK-801 was  dissolved in the 1 ml/kg saline injection. So, the 1 h untreated group
did not receive any injections. All other 1 h groups received a vehicle injection in
addition to a saline, scopolamine, or MK-801 injection.

In  the remaining experiments, pharmacological agents that are considered to
facilitate memory were administered to subjects in order to assess their ability to
counteract the natural decline of novel object preference that is seen in untreated
subjects over a 24 h retention delay. From these experiments, only the conditions in
which the animals received no pharmacological treatment, i.e. untreated and vehicle
treated animals were included in the dataset. Together with the familiarization data
from the 24 h retention experiments these sessions will be referred to as the ‘24 h’
group. The vehicles used varied between experiments, for details, see the vehicles

described for 1 h retention experiments. Administration route was either i.p. or p.o.
and injections were always given after T1 (0 min–3 h). Compositions are amongst
the vehicles described for the 1 h retention studies. To summarize, animals in 24 h

on 
3rdInj. 

sess ion 
4thsess ion  5th 

sess ion 
h 
val 

Salin e
ip/po

1 h interval
+ saline inj.

1 h interval
+ vehicle inj.

1 h interval
+ vehicle inj.

h 
val 

Saline
ip/po

24 h interval
+ saline inj.

24 h interval
+ vehicle inj.

24 h interval
+ vehicle inj.

as indicated by the dotted line. Starting with 3 min in the
test session and a 24 h retention test session without any
dures by one or more saline injections, using the route and
tocols diverge, with only 1 h test sessions being performed

the 24 h familiarization protocol. From the 3rd session on,
ion on saline injections are replaced by vehicle injections.
iscrimination (24 h protocol) or good object discrimination
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Table  2
Measures in the object recognition task.

Exploration Discrimination

e1 = a1 + a2 d1 = b − a3

d2 = d1/e2
e2  = a3 + b d3 = b/e2

The output variables e1, e2, d1, d2 and d3 can be calculated from the time spent
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Fig. 3. 1 h familiarization protocol – exploration. The development of e1 and e2
in the 1 h familiarization protocol. The x-axis shows the familiarization sessions in
chronological order, additional information about particular sessions is specified
within brackets. All sessions used 1 h retention intervals, except for the 2nd session,
in  which a 24 h retention interval was used. With the exception of the 3rd session,
animals did not receive injections during familiarization (sessions 1–3), during test-
ing  (4th and ≥5th session) animals did receive injections. The 4th session represents
xploring both identical objects (a1 and a2) in the first trial (T1), and the time spent
n  exploring the familiar (a3) and novel (b) object in the second trial (T2).

xperiments either received a single vehicle injection after T1, or did not receive
ny  injection.

.4. Statistical analysis

The basic output measures in the ORT are the times spent by rats in exploring
ach  object during T1 and T2. From these basic output measures, several variables
an  be calculated (see Table 2). e1 and e2 are measures of the total time spent investi-
ating both objects during T1 and T2, respectively. The d1 index depicts the absolute
ifference between the sample and the novel object. The d2 index is a relative mea-
ure of discrimination corrected for the level of exploration in the test-trial (e2) and
he  d3 index shows the proportion of e2 devoted to the novel object.

One-sample t-statistics were performed to assess whether the d1 and d2 indices
ere different from zero, since random exploration in T2 would result in equal

xploration of both objects. The d3 index was compared to 0.5 because if both objects
n  T2 are equally explored, the proportion of exploration directed towards the novel
bjects will be 50%. Between group effects on e1, e2 and the d measures were also
ssessed using one-way ANOVA. In case of significant differences, pair-wise com-
arisons were performed using Bonferroni correction. The relation between the
ifferent output measures was  investigated by calculating their Pearson correlation
oefficient.

. Results

.1. Familiarization effects

.1.1. 1 h familiarization protocol
The 1 h familiarization protocol involves 3 test sessions. The

1st session’ (n = 443), which is a 1 h retention interval. The ‘2nd
ession’ (n = 444), a 24 h retention interval. Familiarization is com-
leted after the ‘3rd session’, a 1 h retention interval (n = 336) with
aline injection(s). The ‘4th session’ was also included separately
n = 96). All subsequent 1 h saline test sessions were combined and
ill be referred to as the ‘≥5th session’ (n = 901). These test sessions

nly included data from vehicle treated animals.
The development of e1 and e2 is depicted in Fig. 3. One-

ay ANOVA showed that e1 and e2 were significantly different
ver the course of familiarization, F(4,2215) = 101.78, p < 0.001 and
(4,2215) = 11.55, p < 0.001, respectively. Individual sessions were
ompared via post hoc analyses with Bonferroni correction. This
evealed that, in the 1st session, e1 was higher than in all subse-
uent sessions (p < 0.001). Furthermore, e1 in the 2nd session was
ignificantly higher, compared to the ≥5th session (p < 0.001). e2
roved to be not significantly different in the 1st, 2nd and ≥5th ses-
ions (p > 0.05). In the 3rd session, e2 was higher than in all other
essions (p < 0.05). The 4th session showed a lower e2 compared to
ll other sessions (p < 0.01), except for the ≥5th session, which had

 statistically equal e2 (p > 0.05).
Paired-samples t-tests were performed on e1 and e2 within each

ession, the results of which are displayed in Fig. 3.
The d1 values of the successive sessions are shown in Fig. 4A.

sing one-sample t-tests, the d1 was found to be significantly
igher than zero in all of the sessions. ANOVA revealed that the d1
alues of the familiarization sessions were significantly different

(4,2215) = 54.39, p < 0.001. Post hoc comparison revealed no signif-
cant differences between the 1st, 4rd and ≥5th session (p > 0.05),

hereas d1 in the 2nd session was lower (p < 0.001) and d1 in the
rd session was higher (p < 0.001) compared to all other sessions.
the first 1 h saline test sessions after familiarization, session ≥5 is a collection of the
remaining 1 h saline test sessions. A difference between e1 and e2 is indicted with
asterisks (paired-samples t-test, *p < 0.05; ***p < 0.001).

One-sample t-tests showed that all conditions in the 1 h
familiarization protocol had d2 and d3 values that were signif-
icantly higher than 0 and 0.5, respectively (Fig. 4B). Like d1,
ANOVA showed that the d2 and d3 measures were significantly
different between sessions; F(4,2215) = 62.13 for d2 and p < 0.001
F(4,2215) = 61.94, p < 0.001 for d3. Bonferroni t-tests showed that the
d2 and d3 values in the 2nd session were significantly lower com-
pared to all of the other sessions (p < 0.001). This is in contrast with
the 3rd session, in which both were significantly higher than all
the other sessions (p < 0.01), except the 4th (p > 0.05). No further
differences were found.

3.1.2. 24 h familiarization protocol
The first two sessions in the 24 h familiarization protocol were

the same sessions as those in the 1 h familiarization protocol. The
protocols diverge after the 2nd familiarization session. Hence, in
both protocols the same data was  used for the analyses of the 1st
and 2nd session. In the 24 h familiarization protocol, the ‘3rd ses-
sion’ was a 24 h interval (n = 96) with saline injection(s), after this
the experiments started. The ‘4th session’, which is the first 24 h
vehicle test session, was  also included (n = 48) in the analyses and
the remaining 24 h vehicle test sessions were combined in the ‘≥5th
session’ (n = 267). The e1, e2, d1, d2 and d3 measures of the different
sessions are graphically presented in Figs. 5 and 6.

In Fig. 5, e1 and e2 are shown for each session. ANOVA
demonstrated that exploration varied significantly between the dif-
ferent sessions, e1 F(4,1293) = 69.76 and e2 p < 0.001 F(4,1293) = 24.29,
p < 0.001. Post hoc analysis with Bonferroni correction showed that,
compared to all other sessions, e1 was  higher in the 1st session
(p < 0.001) and lower in the 4th session (p < 0.001). No e1 differences
were found between the 2nd, 3rd and ≥5th session (p > 0.05). The e2
value of the 3rd session was higher than that of the other sessions
(p < 0.05), whereas e2 in the 4th session was lower (p < 0.001). Fur-
thermore, e2 in the ≥5th session was  lower than in the 1st and 2nd

session (p < 0.05). No difference was  found between the e2 measure
of the 1st and 2nd session (p > 0.05).

Within each individual session, e1 and e2 were compared using
paired-samples t-tests. It was found that e2 was higher than e1
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Fig. 4. 1 h familiarization protocol – discrimination. The d1 measure (A), d2 and d3 measures (B) of the different familiarization sessions in the 1 h familiarization protocol. The
x-axis  shows the familiarization sessions in chronological order, additional information about particular sessions is specified within brackets. All sessions used 1 h retention
intervals, except for the 2nd session, in which a 24 h retention interval was used. With the exception of the 3rd session, animals did not receive injections during familiarization
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sessions 1–3), during testing (4th and ≥5th session) animals did receive injections. T
s  a collection of the remaining 1 h saline test sessions. A difference from the 1st fam
ifferences from zero are indicated with hashes (one-sample t-tests, ###p < 0.001).

n the 2nd, 3rd and 4th sessions t(443) = 9.22, p < 0.001, t(95) = 5.37,
 < 0.001 and t(47) = 3.56, p < 0.001, respectively. On the other hand,
n the 1st session e2 was lower than e1 t(442) = 8.37, p < 0.001 and
n the ≥5th session no statistically significant difference was found
(266) = 1.01, n.s.

The mean d1 values of the 24 h familiarization protocol and sub-

equent test sessions are graphically presented in Fig. 6A. One-way
NOVA showed that d1 values are significantly different between
essions F(3,728) = 3.50, p < 0.05. Post hoc analysis was performed
sing Bonferroni correction. The d1 value was shown to be higher

ig. 5. 24 h familiarization protocol – exploration. The development of e1 and e2
n  the 24 h familiarization protocol. The x-axis shows the familiarization sessions
n  chronological order, additional information about particular sessions is specified

ithin brackets. All sessions used 24 h retention intervals, except the 1st session, in
hich a 1 h retention interval was  used. With the exception of the 3rd session, ani-
als did not receive injections during familiarization (sessions 1–3), during testing

4th and ≥5th session) animals did receive injections. The 4th session represents
he first 24 h vehicle test sessions after familiarization, session ≥5 is a collection of
he  remaining 24 h vehicle test sessions. A difference between e1 and e2 is indicted
ith asterisks (paired-samples t-test, ***p < 0.001). Of note, because the familiariza-

ion protocols are identical up to the 3rd session, the 1st and the 2nd familiarization
essions in the 24 h familiarization protocol are the same as those in the 1 h famil-
arization protocol.
h session represents the first 1 h saline test sessions after familiarization, session ≥5
ation session is indicated with asterisks (Bonferroni t-tests, ***p < 0.001). Significant

in the 1st session, compared to the rest of the sessions (p < 0.001).
Additionally, the 2nd session was found to have a higher d1 than
the 4th and ≥5th sessions (p < 0.05). Finally, d1 was higher in the
3rd session compared to the ≥5th session (p < 0.01).

The d2 and d3 measures of the 24 h familiarization sessions are
shown in Fig. 6B. ANOVA showed significant differences between
familiarization sessions on d2 F(4,1293) = 68.25, p < 0.001 and d3
F(4,1293) = 67.56, p < 0.001. Bonferroni t-tests revealed that d2 and d3
were higher in the 1st session, compared to all subsequent sessions
(p < 0.001). Furthermore, both measures were found to be higher in
the 2nd session, compared to the 4th and ≥5th session (p < 0.05).
Finally, the 3rd session was  found to have higher d2 and d3 values
compared to the ≥5th session (p < 0.05).

3.2. Novelty

In our experimental ORT setup, 4 sets of objects are used. These
4 sets are rotated over the animals in such a way  that the famil-
iar object from a certain test session serves as novel object 3
test sessions later. For example, if a particular object was used
as familiar object in test session 1, the animal will encounter it
again as novel object in test session 4. During analysis of the 24 h
familiarization protocol we found that animals only do not discrim-
inate between objects anymore (in a 24 h retention interval) in the
4th test session (Section 3.1.2). To investigate whether this phe-
nomenon was  related to the re-use of the object-sets we performed
a supplementary experiment in which animals (n = 24) performed
two consecutive 24 h retention sessions. These animals had already
encountered all 4 sets of standard objects and showed no discrim-
ination in a 24 h retention interval. In the 24 h test session of this
experiment two completely new sets of objects were used, meaning
that the animals had never before encountered these objects. The
new objects are shown in Fig. 2. In the 1st session the novel object
encountered by the animals in T2 was absolutely novel (i.e. never
before encountered) to the animals. The 2nd 24 h test session was 4
days later and exactly identical to the 1st session for each individ-
ual animal, meaning that the exact same objects were presented

as being familiar or novel. Thus, in the 2nd test session the novel
object is not novel anymore in an absolute sense, but it is novel
relative to the familiar object in that particular test session. The
exploration measures of the 1st and 2nd test session are presented
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Fig. 6. 24 h familiarization protocol – discrimination. The d1 measure (A), d2 and d3 measures (B) of the different familiarization sessions in the 24 h familiarization protocol.
All  sessions used 24 h retention intervals, except the 1st session, in which a 1 h retention interval was  used. With the exception of the 3rd session, animals did not receive
injections during familiarization (sessions 1–3), during testing (4th and ≥5th session) animals did receive injections. The 4th session represents the first 24 h vehicle test
sessions after familiarization, session ≥5 is a collection of the remaining 24 h vehicle test sessions. A difference from the 4th session (first test session) is indicated with asterisks
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Bonferroni t-tests, *p < 0.05; ***p < 0.001). Significant differences from zero are indi
rotocols are identical up to the 3rd session, the 1st and the 2nd familiarization ses
rotocol.

n Fig. 7 and discrimination measures are graphically presented in
ig. 8.

.3. Treatment effects of MK-801 and scopolamine

To assess the effect of different treatment conditions on behav-
or in the ORT, only familiarized animals were incorporated. The
ata used in the analysis of the treatment effects are graphically
resented in Figs. 9 and 10.

Comparison of the different treatment conditions with ANOVA
evealed that there were differences in e1 F(3,1678) = 7.94, p < 0.001
nd e2 measures F = 9.61, p < 0.001. Post hoc analysis showed
(3,1678)
hat in T1, untreated animals explored less compared to saline
1 h) treated animals (p < 0.001). In T2 no differences between
hese groups were found. Also, in comparison with saline (1 h)

ig. 7. Absolute and relative novelty – exploration. Exploration of objects that are
bsolutely novel or relatively novel. Animals performed two  24 h retention sessions
ontaining the exact same objects, divided by a 4-day period. The x-axis shows the
onsecutive sessions in which they were confronted with objects they had never
ncountered before (absolute novelty) and the same objects again (relative nov-
lty). A difference from the 1st session (absolute novelty) is indicated with asterisks
Bonferroni t-tests, ***p < 0.001).
with hashes (one-sample t-tests, ###p < 0.001). Of note, because the familiarization
 in the 24 h familiarization protocol are the same as those in the 1 h familiarization

treated animals, e2 was  lower in scopolamine treated animals
(p < 0.001). Furthermore, paired-samples t-tests pointed out that
e2 was increased compared to e1 in all 1 h intervals. The effects of
the different treatments on exploration are visualized in Fig. 9.

The effects of the different treatments on discrimination are
depicted in Fig. 10.  Significant differences were found on the d1
F(3,1678) = 222.64, p < 0.001, d2 F(3,1678) = 266.29, p < 0.001 and d3
measures F(3,1678) = 266.29, p < 0.001. Post hoc analysis revealed no
significant differences (p > 0.05) between the untreated animals
and animals in the saline (1 h) condition on any of the discrimina-
tion measures. Also, saline (1 h retention interval) treated animals
showed significantly more discrimination than animals treated
with scopolamine or MK-801 (p < 0.001). This was  the case for d1
(Fig. 10A), d2 and d3 measures (Fig. 10B).

3.4. Relationships between exploration and discrimination
measures

To investigate the relationship between the level of exploration
in the learning and test trial and the three different discrimination
measures, only the treatment conditions in which animals discrim-
inated were included. Thus, only sessions from the 1 h untreated
and 1 h saline conditions were included and overall Pearson’s cor-
relations were calculated between e1 and e2, as well as their
correlations with d1, d2 and d3. Additionally, the same correlations
were analyzed separately for familiarized animals and animals that
were not yet fully familiarized to investigate whether there was a
difference in this respect between fully familiarized animals and
animals that still underwent familiarization (Table 3).

Cohen [42] postulated the following guidelines for the inter-
pretation of the correlation coefficient; r = 0.1–0.23, small effect;
r = 0.24–0.36, medium effect; r = 0.37–1, large effect. According
to these criteria a positive, large overall correlation was  found
between e1 and e2. There was  no significant correlation between
e1 and d1, whereas the negative correlations between e1 and
d2/d3 were only very low. A large positive overall correlation was

found between e2 and d1. Correlations between e2 and d2/d3 were
also positive, but very low. The same was  found when familiar-
ized and non-familiarized animals were separately analyzed (data
not shown). The relations between d1/d2 and e2 are graphically
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Fig. 8. Absolute and relative novelty – discrimination. The d1 (A), d2 and d3 measures (B) of the same objects in two consecutive 24 h retention sessions. Animals were
confronted with objects they had never seen before (absolute novelty) in the 1st session and the same objects again in the 2nd session (relative novelty). Sessions were
separated by a 4-day period. Differences from the 1st session (absolute novelty) are indicated with asterisks (Bonferroni t-tests, *p < 0.05) and significant differences from
zero  are indicated with hashes (one-sample t-tests, ##p < 0.01; ###p < 0.001).

Fig. 9. Amnesic treatments – exploration. Effects of different treatments on
exploratory behavior in T1 (e1) and T2 (e2) in a 1 h retention interval. The x-axis
shows the different treatment conditions and the inter-trial interval. Differences
from the saline (1 h) condition are depicted with asterisks above the error bars
(Bonferroni t-tests, *p < 0.05; ***p < 0.001), underlined asterisks indicate a differ-
ence  between e1 and e2 within the treatment conditions (paired-samples t-tests,
*
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**p  < 0.001).
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earson correlations (r) between d1, d2, d3, e1 and e2. Animals from the untreated and 

ere  calculated. Additionally, familiarized (fam., n = 948) and non-familiarized (non-fam.
hown  below each individual r value.
presented in Fig. 11,  illustrating the clear relationship of d1 with
e2, but not for d2, which corrects for exploratory differences.

Within the familiarized and non-familiarized groups, subdi-
visions were made based on the total amount of exploration of
the individual animals, to investigate the relationship between
exploration and discrimination in further detail. For each explo-
ration time bin group, one-sample t-tests were performed assessing
whether d1 and d2 were significantly higher than zero and whether
d3 was  different from 0.5.

Fig. 12A and B shows the discrimination measures plot-
ted against subsequent time bins of e1 and e2 in famil-
iarized animals, thus showing the relationship between the
level and the discrimination measures. Table 4 shows the
frequencies per time bin for e1 and e2 of both the famil-
iarized and non-familiarized animals, as well as the min-
imal amount of exploration that was required for reliable
discrimination performance. Meaning that, when exploration fur-
ther increased the d1 and d2 values remained significantly higher
than zero, or 0.5 in case of the d3 measure. It was  found that
non-familiarized animals required 9–10 s of exploration in T1,
whereas familiarized animals only needed 6–7 s of exploration.
Both non-familiarized and familiarized animals generally needed
more exploration in T2, as compared to T1. In T2, non-familiarized

animals also needed more exploration compared to familiarized
animals, 11–12 s and 9–10 s, respectively. This means that, in T1,
3.7% of the non-familiarized animals and 0.4% of the familiarized

d2 d3

m. Non-fam. All Fam. Non-fam. All Fam. Non-fam.

3
s.

−0.04
n.s.

−0.17
0.000

−0.16
0.000

−0.21
0.000

−0.16
0.000

−0.16
0.000

−0.21
0.000

7
00

0.54
0.000

0.12
0.000

0.12
0.000

0.10
0.001

0.12
0.000

0.12
0.000

0.10
0.001

1 h saline conditions were pooled together and overall (all, n = 1896) correlations
, n = 948) animals were analyzed separately. The corresponding significance level is
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Fig. 10. Amnesic treatments – discrimination. The effects of the different treatments on d1 (A) and d2/d3 (B) in a 1 h retention interval. Different treatment conditions are
shown  in the x-axis. Hashes (one-sample t-test, ###p < 0.001) denote differences of d1 and d2 from 0, or 0.5 in case of d3. Significant differences from the saline (1 h) treated
group  are indicated by asterisks (Bonferroni t-tests, ∗∗∗p < 0.001).

Table 4
Exploration and discrimination frequencies.

2520 15 14 13 12 11 10 9 8 7 6 0–5 Exploration (s) Total >50 50 45 40 35 30  

e1 non-fam.  (n) 7 13 25 50 90 213 260 54 42 34 31 26 18 17 9 3 2 3 911 14 

% of total n 23.4 28.5 5.9 4.6 3.7 3.4 2.9 2.0 1.9 1.0 0.3 0.2 0.3 100 1.5 0.8 1.4 2.7 5.5 9.9 

e1 fam.  (n) 140 78 114 184 208 195 32 36 20 12 15 13 9 7 2 2 2 984 4 1 

% of total n 2119.8 3.3 3.7 2.0 1.2 1.5 1.3 0.9 0.7 0.2 0.2 0.2 100 0.4 1.1 4.1 7.9 11.6 18.7 .1 

e2 non-fam.  (n) 18 27 44 96 173 216 189 29 20 17 20 13 8 5 4 5 1 2 907 20 

% of total n 2320.8 3.2 2.2 1.9 2.2 1.4 0.9 0.6 0.4 0.6 0.1 0.2 2.2 2.0 3.0 4.9 10.6 19.1 .8 100 

e2 fam.  (n) 2155 72 141 185 228 163 21 22 17 17 13 4 6 2 4 3 0 987 13  

% of total n 2316.5 2.1 2.2 1.7 1.7 1.3 0.4 0.6 0.2 0.4 0.3 0.0 100 1.3 2.1 5.6 7.3 14.3 18.7 .1 

F .) animals reaching the criteria for subsequent exploration bins in a 1 h retention exper-
i t time bins, ranging from its own value to that of the prior exploration bin. Threshold
e ignificant in subsequent time bins, are indicated by a vertical line.
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Fig. 11. Correlation of exploration and discrimination measures. Relationship
requencies and percentages of familiarized (fam.) and non-familiarized (non-fam
ments. The total amount of e1 or e2 is depicted in the header row for subsequen
xploration values, i.e. minimal exploration required for discrimination to remain s

nimals did not show sufficient exploration for reliable discrim-
nation performance. In T2, 4.2% of the non-familiarized animals
nd 1.5% of the familiarized animals did not reach the exploration
hreshold. Thus, the proportion of animals that showed a sufficient
mount of exploration was bigger in the familiarized group.

.5. Trial duration

The within-trial development of exploration and discrimination
as assessed in familiarized animals using a 1 h interval (n = 36), the

otal exploration in T1 and T2 was divided over 6 time bins of 30 s
ach. Exploration was distributed over the consecutive time bins
s follows: 27.8%, 17.5%, 18.5%, 12.7%, 10.8% and 12.7% in T1, and
9.7%, 21.8%, 16.3%, 12.3%, 9.9% and 10% in T2 (Fig. 13B). The cumu-

ative exploration was also calculated after 30 s, 60 s, 90 s, 120 s,
50 s and 180 s of trial duration (Fig. 13A). Exploration kept increas-

ng with time, ANOVA showed that the differences between trial
urations were significant in both T1 F(5,210) = 48.65, p < 0.001 and

2 F(5,210) = 44.15, p < 0.001. The results from Bonferroni post hoc
nalysis are displayed in Fig. 13A.

Development of d1, d2 and d3 measures was analyzed in the
ame cumulative fashion as e1 and e2 (Fig. 14). The d measures were

between exploration in the test trial (e2) and the d1/d2 measures for familiarized
and non-familiarized animals pooled together, the best fitting straight line is defined
by  Y = bX + a, where Y = d1 or d2, X = e2, b = the slope of the line and a = the intercept,
and r = the Pearson’s correlation coefficient.
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Fig. 12. Discrimination measures plotted against exploration level. Exploration in the learning trial (e1, Fig. 8A) and test trial (e2, Fig. 8B) plotted against d1, d2 and d3, for
familiarized animals. Subsequent time bins range from the previous value to the maximally shown value. For d1 and d2 groups that significantly differed from 0 (one-sample
t-test,  p < 0.05) are encircled with a black line, when the difference was insignificant a grey color was used as outline. The d3 measure was compared to 0.5 and indicated with
triangles. For significance indication, the same color coding is used as with the d1 and d2 measures. Vertical black lines show the point from which discrimination remained
stable.

Fig. 13. Distribution of exploration within trials. Distribution of exploration in T1 and T2 presented in time bins of 30 s. Fig. 11A shows the cumulative exploration, given the
hypothetical situation if the trial would have been stopped after the time bin depicted on the x-axis. Fig. 11B shows the exploration per time bin as a percentage of the total
exploration over 180 s. A significant increase from the preceding time bin is indicated by asterisks (Bonferroni t-tests, (*)p < 0.06; *p < 0.05; **p < 0.01).

Fig. 14. Distribution of discrimination within the test trial. Cumulative d1 value (A), or d2/d3 value (B) given the hypothetical situation that the test trial T2 would have been
stopped after the time bin depicted on the x-axis. Differences from zero (d1 and d2) or 0.5 (d3) are indicated with hashes (one-sample t-tests, ###p < 0.001). A significant
difference from the first time bin is indicated with asterisks (Bonferroni t-tests, (*) p < 0.06; *p < 0.05; ***p < 0.001).
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alculated for the hypothetical situations that the trial ended after
0 s, 60 s, 90 s, 120 s, 150 s and after the actual duration of 180 s.
ne-sample t-tests showed that d1 and d2 measures were signif-

cantly higher than zero for all theoretical trial durations. ANOVA
evealed significant differences in the d1 measure between trial
urations F(5,210) = 4.49, p < 0.001, but not in the d2 F(5,210) = 0.53,
.s. and d3 measures F(5,210) = 0.53, n.s. Post hoc analyses were per-

ormed using Bonferroni t-tests, results are displayed in Fig. 14A
nd B.

. Discussion

.1. Exploration and discrimination

We found a large positive correlation between e1 and e2, indi-
ating that there is consistency in the amount of exploration of
ndividual animals. Correlation coefficients found between e1 and
he d measures were slightly negative, indicating that higher explo-
ation levels in the sample trial T1 are not associated with better
iscrimination performance, a phenomenon previously reported by
askin et al. [2]. This may  suggest that the amount of exploration

n T1 does not reflect the quality of memory encoding. On the other
and, it is also possible that discrimination ratios are not a valid
stimate of memory strength, as was argued by Gaskin et al. [2].
he slightly negative correlation that was observed in our study
ight be explained by the assumption that rats with higher e1 val-

es spent less time familiarizing with the environment (contextual
nformation), which has been shown to increase novelty preference
37,38]. During each trial, animals distribute their attention over
he objects and the arena. Therefore, a higher e1 measure might
mply that animals spent less time exploring the arena and there-
ore acquired relatively less contextual information. If the context is
ess familiar in the test trial, the contrast between the novel object
nd the context might be a fraction lower. However, it should be
oted that the low correlations only turned out significant because
f the high number of subjects in our analysis, that is, the explained
roportion of the total variance is very low.

In the test trial T2, exploration (e2) and d1 had a high positive
orrelation, whereas e2 only had low positive correlations with d2
nd d3. Therefore, d2 and d3 are less biased by exploratory activ-
ty. The latter was also observed in an object location test (OLT)
sing a protocol similar to ours, but, in T2, the location of one of the
amiliar objects is changed instead of replacing it by a novel object
43]. These findings make the d2 and d3 measures more suited for
onditions that may  affect the exploratory activity in animals, e.g.,
hen testing pharmacological compounds or the effects of stress.
f note, again the low correlation had turned significant due to the
igh number of subjects.

Non-familiarized animals required at least 10 s of object inter-
ction in T1 and 12 s in T2 for reliable object discrimination. This
mount was lower for familiarized animals which needed 7 s and
0 s of object exploration in T1 and T2, respectively. The major-

ty of the animals reached this amount of exploration. In T1, but
.7% of the non-familiarized animals and 0.4% of the familiarized
nimals did not show sufficient exploration. The same pattern was
ound in T2, with insufficient exploration in 4.2% and 1.5% of non-
amiliarized and familiarized animals, respectively. This indicates
hat, when using non-familiarized animals, a substantial drop-out
ue to insufficient exploration levels has to be considered.

Within our 3 min  trials, exploration kept increasing significantly
ver the first 90 s. Both in T1 and T2, the first 90 s contributed

oughly 66% of the total exploration, this corresponds to the find-
ngs of Dix and Aggleton [44] who found that most discriminative
xploration was displayed in the first 2 min  of a trial. In our exper-
ments d1 and d2 measures were already significantly higher than
 Research 232 (2012) 335– 347

zero after a trial duration of 30 s in T2. The same holds for d3
with respect to its reference value of 0.5. Within this 30 s trial
duration, the level of exploration in T2 was already 8 s, which
was approximately 30% of the total exploration and close to the
required minimum amount of exploration (9–10 s) that we found
to be necessary for reliable discrimination performance in familiar-
ized animals. After a trial duration of 60 s, the minimum exploration
criterion is always met  in T2. Indicating that, using our protocol,
a trial duration of 60 s is already sufficient in T2. In a recent study
using a similar test protocol, but for object location memory, Ozawa
et al. [43] observed the same minimum trial durations.

In contrast to Dix and Aggleton [44], we  found that the d1 mea-
sure kept increasing with trial duration of T2, meaning that longer
trials will intrinsically produce better discrimination performance.
On the other hand, after a 1 h delay, the d2 and d3 measures were
insensitive to the trial duration of T2 and remained stable during
the whole trial duration of 3 min. In a recent OLT study using a sim-
ilar test protocol, it has been shown that at longer delays, when
the memory trace is ‘weaker’, the d2 measure will decrease after
1–2 min  with increasing trial duration of T2 [43]. Nevertheless,
the above observations make d2 and d3 the preferred measures
for inter-experimental comparisons. However, when comparing
experimental designs with a fixed exploration level, d1 may also
be a useful measure.

4.2. Familiarization

In the 1 h familiarization protocol, animals discriminated sig-
nificantly between the objects in T2 in all familiarization sessions.
This finding indicates that naïve animals are intrinsically capable of
object discrimination, so the ORT indeed appears to utilize the rat’s
natural tendency towards novelty [1].  The first two familiarization
sessions were identical in both the 1 h familiarization protocol and
24 h familiarization protocol. It was found that e1 decreased from
the 1st to the 2nd familiarization session, whereas the level of e2
remained the same. In addition, we observed that e1 was  higher
than e2 in the first familiarization session. It has been shown that
exposure (3 min) to a novel environment is sufficient to elicit a
stress response in rats [45,46]. The decrease in e1 from the 1st to
the 2nd familiarization session, as well as the decrease from e1 to
e2 in the 1st familiarization session could be explained by behav-
ioral habituation [47], since the stress response has been shown to
decrease with repeated exposures to a stressor [45]. On the other
hand, the 1st familiarization session is the first time the animals
encounter objects in the arena. Therefore, e1 in this session may
also be elevated out of curiosity or arousal.

In the 1 h familiarization protocol and the 24 h familiarization
protocol, there was  an increase in e2 in the 3rd session whereas e1
did not change from the 2nd to the 3rd session. In both protocols,
the e2 value of the 3rd session was higher than the e2 value in
any of the other sessions. The ‘3rd’ familiarization session was the
first session in which the animals were tested in combination with
(saline) injections. This is likely to induce a stress reaction due to the
discomfort of the injection procedures [48,49]. In the our studies,
animals received (minimally) one saline injection 30 min before
T1 in the 1 h retention studies and in the 24 h retention studies
animals received a vehicle injection between 0 min  and 3 h after T1.
It is, however, unlikely that e2 was  directly affected by stress, since
in the 3rd session, e1 remained unchanged compared to the prior
session in which animals did not receive injections. Furthermore,
in the 24 h familiarization protocol T2 was performed at least 21 h
after the time of injection. After this interval the stress response

will be normalized [45].

The increased exploration in T2 might the result of a mem-
ory effect. That is, the detection of a novel object may  increase
arousal and thereby exploratory activity. Indeed, all discrimination
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easures of the 3rd familiarization session were higher compared
o any of other individual sessions except the 4th. Many stud-
es have shown that stress can have varying effects on memory
unctioning [50–55].  Memory can be facilitated when stress is expe-
ienced in the same context and around the time of learning [56].
herefore, experiencing the injections close to T1 for the first time
ight have enhanced memory formation during T1.
From the 3rd session onward, e1 measures did not significantly

ecrease anymore in the 1 h protocol and e2 values of the 1st, 2nd
nd 4th sessions were all equal to that of the ≥5th session. In the
4 h training protocol, we observed an exploratory drop in the 4th
amiliarization session. In this session, both e1 and e2 were sig-
ificantly lower than in any of the other sessions. In the 5th test
ession of the 24 h training protocol, e1 returned to the level of the
rd session. Also the level of e2 increased to a level identical to that
f e1, indicating that when the familiar object is not remembered
he objects in T2 were equally interesting to the animals as those
n T1. The drop in exploration in the 4th session of the 24 h training
rotocol is difficult to explain, since animals underwent exactly the
ame procedure as in the ≥5th session. However, this finding might
e incidental, since this condition only incorporated animals from

 small experiments.

.3. Novelty

In the 24 h familiarization protocol, all discrimination measures
f the first 3 sessions were significantly above chance level, indicat-
ng that the animals discriminated between the objects. In the 1st
ession this is to be expected, since a 1 h retention interval was used.
n the 2nd and 3rd session discrimination measures were signifi-
antly above chance level, indicating that the animals remembered
he familiar object over a 24 h retention delay. However, from the
th session on the rats stopped discriminating between the novel
nd familiar object after a 24 h delay. This observation might be
xplained by the manner in which the 4 sets of objects were pre-
ented to the animals, as was therefore investigated into detail.

In our experiments, the object sets were rotated over the indi-
idual animals in such a way that, after the 3rd session, the novel
bject in T2 was the same as the familiar object from 3 sessions
efore. This might imply that Wistar rats are able to remember
bject information much longer than 24 h, since in every exper-
ment at least 9 days were interposed between the 1st and 4th
est sessions. It is even possible that rats permanently retain object
nformation after a single test trial and after the first acquain-
ance only temporal information is updated. We  found support
or this view in the supplementary experiment in which we used
wo completely new sets of objects in a 24 h retention interval.
n the first of 2 consecutive sessions, the fully familiarized ani-

als again discriminated between the objects. In the following
ession, which was identical to the first one, discrimination had dis-
ppeared again. This supports the notion stated by Ennaceur [57]
hat after the first single encounter with an object, rats only recon-
olidate or perform a ‘familiarity update’ in successive encounters.

e also found a marked decrease in overall exploration from the
st to the 2nd test session, which indicates a habituation effect
hat cannot be explained by environmental factors, since these
emained the same. Animals only stopped discriminating between
bjects after a 24 h retention interval if they had had an encounter
ith the novel object in a previous session. Hence, natural ‘for-

etting’ in a 24 h interval might not reflect the forgetting of the
otal object representation, but only that of the temporal aspect
f the object representation. After the initial encounter with an

bject, animals probably reconsolidate the object information each
ime that an object is encountered, adding new contextual informa-
ion (object location, last time encountered) to the already existing
bject representation. Therefore the object that was  more recently
 Research 232 (2012) 335– 347 345

encountered (i.e. the familiar object) is likely to be more familiar
compared to a relatively less familiar object (i.e. the novel object),
that is an object which’s representation was  less recently updated.
This relative difference in familiarity is forgotten within 24 h.

4.4. Pharmacological deficit models

In the experimental phase of our experiments, untreated and
saline treated animals were well capable of discriminating between
the novel and the old object and no differences were found between
the d measures of both conditions. As mentioned above, data from
the familiarization protocols showed that animals that discriminate
between objects have an increased exploration level in T2, as com-
pared to T1. This was also the case in fully familiarized untreated
and saline treated animals.

In the ≥5th session of the 24 h familiarization protocol, ani-
mals showed no discrimination above chance level and e2 remained
equal to e1. This exploration pattern was also observed in scopo-
lamine treated animals, which also did not discriminate between
objects in T2. Scopolamine is a muscarinic receptor antagonist
which, amongst others, is used to mimic  cognitive deficits in
Alzheimer’s disease [9].  The increase in e2 was  markedly reduced
compared to the e2 of saline treated rats in the 1 h retention inter-
val. However, the difference still turned out significant, due to the
large dataset (n = 715).

MK-801 treated animals were also unable to discriminate
between objects in T2, yet e2 was  significantly increased com-
pared to e1, which was similar to the e1 of saline treated animals.
MK-801 is a non-competitive NMDA receptor antagonist that is
used as a model for schizophrenia because it mimics both pos-
itive and negative symptoms of the disorder [58]. MK-801 is a
potent cognition impairer, but sensory, locomotor and toxicologi-
cal side effects have been shown to become problematic with doses
higher than 1 mg/kg and may  already influence ORT performance
at lower doses [40,59]. Young Wistar rats have been shown sus-
ceptible for non-cognitive side effects like increased locomotion
and stereotypic movements at a dose of 0.5 mg/kg [60]. With age,
animals become more resistant to these side effects (Pesic et al.
[60]). MK-801 reaches maximum brain concentrations, 30 min  after
(i.p.) administration [61], thereby exactly coinciding with our T1.
Increased locomotion has been reported to last up to 90 min  after
injection, whereas other side effects like ataxia and head weaving
have shorter durations, of around 30 min  and 60 min, respectively
[60–62]. It might therefore be that, in T1, increased locomotion was
masked by other side effects that are related to distorted percep-
tion and lack of coordination. In T2, on the other hand, these other
side effects will have faded. Therefore, the increase in e2 might be
explained by locomotor effects of MK-801 treatment.

4.5. Considerations when using the object recognition task

The ORT is a sensitive, reliable memory assessment tool that
is able to detect subtle behavioral and cognitive effects. However,
although the basic drive behind the task is very straightforward,
i.e. rats are drawn to novel objects, there are more underlying fac-
tors influencing behavior and memory performance. For example,
injection stress increased exploration when animals experienced
it for the first time and thus, may  directly affect discrimination
measures. It is therefore highly recommended that animals are
familiarized to the complete testing and administration procedure
during familiarization, to prevent bias during the experiment.

We found that, in our protocol, familiarized Wistar rats only

require 7 s of exploration in T1 and 10 s of exploration in T2, to
achieve reliable discrimination performance. Both in T1 and T2, ani-
mals already achieved these exploration levels after a trial duration
of 60 s. Additionally, only a weak negative relationship was  found
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etween e1 and the d measures. Therefore, it would be advisable to
se fixed trial durations, since testing with an exploration thresh-
ld will lead to different trial durations for each animal which in
urn will cause differences in context familiarization between ani-

als. This familiarization bias [37,38] can be minimized by using
 fixed trial duration that is long enough for the animals to reach
eliable discrimination performance. Using our testing conditions,
oth T1 and T2 should last at least 60 s.

It is commonly believed that Wistar rats are unable to remember
bjects over a 24 h retention period, our findings, however, suggest
hat part of the object information is retained for a longer period
s Ennaceur suspected [57]. Animals only stopped discriminating
etween objects after a 24 h retention interval if they had pre-
iously encountered the novel object. Taking these findings into
ccount, one should familiarize the animals to all the different
bjects during familiarization or provide completely novel sets of
bjects for each test session to prevent confusing consolidation
ith reconsolidation processes.

Several different discrimination measures are used to report
ndings in the ORT and different names are used to indicate
hem. Basically, two types of discrimination measures can be used,
bsolute and relative measures. We  found that the absolute dis-
rimination measure d1 is positively correlated to exploratory
ctivity. Hence, more active/exploratory animals are assumed to
how better discrimination compared to animals that are less
xploratory active. This makes absolute discrimination measures
ulnerable to any factors affecting exploration, like (injection)
tress and drug-induced side effects. Relative discrimination mea-
ures such as d2 and d3 correct for a potential bias in exploratory
ctivity and thus might be more suited for comparing ORT studies
etween laboratories.
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