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Abstract 

 

 Prior research has demonstrated that ketamine causes deficits in object recognition and 

location memory following both acute and chronic administration (Pitsikas & Boultadakis, 2009; 

Venãncio et al., 2011).  Although it is well established that abuse of many different kinds of 

drugs during the critical developmental period of adolescence can lead to impairments in 

cognition later in adulthood (Gilpin et al., 2012; Wagner et al., 2010), no research has 

investigated the effects of chronic ketamine administration during adolescence and its effects on 

behavior in adulthood.  With recent research establishing that chronic ketamine during 

adolescence produces late-onset alterations in electrophysiology during adulthood (Featherstone 

et al., 2014), the current study examined the effect of chronic ketamine during adolescence on 

the object recognition (ORT) and location tasks (OLT).  Additionally, the current study sought to 

clarify how the combination of natural neurodevelopmental processes and NMDA receptor 

antagonism affected both short- and long-term performance on both the object recognition and 

location tasks.  Therefore, the animals received one injection of 25 mg/kg of ketamine daily for 

seven consecutive days during adolescence.  Following drug administration, the animals were 

assessed in a locomotor assessment and subsequently in behavioral testing on the object 

recognition and location tasks.  The animals underwent choice phases where they had to 

discriminate a novel object or location from a familiar object or location following a 15-minute 

and 24-hour delay during both adolescence and adulthood.  Ketamine administration produced 

impairments in object recognition and location tasks at all time points tested (i.e., adolescence 

and adulthood, 15m and 24h delays).  In addition, performance on the OLT was affected by both 

age and delay, with superior discrimination occurring in adult rats as compared to adolescent rats 

and at the 15-minute time point as compared to the 24-hour time point.  There was also a trend 

toward an age by delay interaction on the ORT such that older rats were more impaired than 

younger rats, but only at the 24-hour delay.  Taken together, the current findings expand the 

breadth of knowledge regarding the effects of ketamine on object recognition and location 

memory.  Specifically, this study suggests that administration during adolescence induces 

deficits in how rats explore novel objects and locations in adolescence and that these deficits 

persist into adulthood.   
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The Short and Long-Term Effects of Chronic Ketamine during Adolescence on Object 

Recognition Memory in Rats 

Ketamine 

Ketamine has been referred to as a ‘dirty’ drug (Morgan & Curran, 2006), primarily 

because of its complex and varying behavioral and neurochemical effects.  Since its inception in 

the early 1960s as an alternative to the anesthetic, phencyclidine (PCP), ketamine has been used 

in numerous fields of medicine, and research has indicated new potential directions for the 

‘dissociative anesthetic’ (Meyer & Quenzer, 2005, p. 358).  Currently, it is used as an anesthetic 

in pediatric work with children and remains the most widely used anesthetic in animal medicine 

(Meyer & Quenzer, 2005, p. 358; Morgan & Curran, 2011).  Similarly, ketamine is also used for 

pain management in both humans and animals and has produced significant pain-alleviating 

effects in many different conditions (Eichenberger et al., 2008; Schwartzman et al., 2009; 

Sorensen et al., 1995).  Due to its broad range of uses, better understanding the effects of 

ketamine would allow for advances in many fields of research. 

However, ketamine also produces adverse effects, including hallucinations, delusions, 

and drastic sensory and emotional changes (Morgan & Curran, 2011).  These negative effects 

have led to research on its potential effects as a novel agent in different fields of medicine.  

Symptomology similar to schizophrenia has been modeled in rats using ketamine to assess the 

wide range of signs indicative of this illness (Becker et al., 2003); similarly, ketamine induces 

transient schizophrenia-like symptoms in healthy humans (Morgan, Muetzelfeldt, & Curran, 

2004).  Additionally, research has demonstrated that ketamine may have implications for another 

psychiatric disorder, as it has been found to produce significant alleviation of depressive-like 

symptoms in animal models of depression (Autry et al., 2012; Koike, Iijima, & Chaki; 2011).  
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Comparable effects have been found in human participants as well, with a single dose rapidly 

improving depressive symptoms in patients with major depressive disorder and treatment-

resistant depression (Berman et al., 2000; Diazgranados et al., 2010). 

While the various negative effects of ketamine, ranging from vivid dreams and 

hallucinations to dissociation and psychosis, have been beneficial to some areas of medicinal 

research, these effects have also caused ketamine to become an increasingly popular drug of 

abuse, primarily at dance parties and raves (Corazza et al., 2012; Meyer & Quenzer, 2005, p. 

358; Morgan, Monaghan, & Curran, 2004).  Reasons for the increase may be due to its short 

time-to-effect (i.e., 30 seconds intravenously, 5-30 minutes intranasally, and 20 minutes orally), 

long-lasting duration of action (i.e., up to three hours), and low cost and accessibility, with its 

illegal use typically coming from the medical-grade drug (Corazza et al., 2012; Morgan et al., 

2004).  Ketamine has been ranked in popularity among many other common drugs of abuse, 

including cannabis, cocaine, and ecstasy (Hoare, 2010); it is a top-five drug of abuse in the 

United Kingdom and is the most abused drug in Hong Kong (Dick & Torrance, 2010; Morgan & 

Curran, 2011).  Importantly, in people aged 16-24, ketamine used doubled between 2007-2008 

and 2008-2009 (Hoare, 2010).  Similarly, first time use of ketamine in this age group increased 

1.8% over a three-year span, surpassing the use of ecstasy, amyl nitrate, amphetamines, and 

magic mushrooms (Hoare, 2010).  In the United States, ketamine has been used by an estimated 

2% of 10th and 12th graders (Johnston, O’Malley, Bachman, & Schulenberg, 2010).  While not as 

prevalent in the United States as some countries, ketamine use is on the rise and should still be 

considered a public health concern, particularly among adolescents and young adults. 

Unlike some drugs that have highly addictive qualities, there is contradictory evidence 

regarding development of dependence on ketamine.  It has been argued that ketamine has no 
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dependence liability (Chakraborty et al., 2011; Britt & McCance-Katz, 2005) and that there is 

little evidence of physiological withdrawal syndrome (Pal, Berry, Kumar, & Ray, 2002).  

However, others have indicated that ketamine use can result in physical (Morgan, Rees, & 

Curran, 2008) and psychological symptoms resembling withdrawal syndrome, including 

cravings and high tolerance (Jansen, 2000).  Regardless, it is well established that chronic abuse 

of many types of drugs can elicit cognitive impairments (Wood et al., 2013).  Research has 

attempted to clarify the underlying mechanisms that may contribute to these deficits; first, 

however, a basic knowledge of ketamine’s pharmacological properties is necessary. 

Neurobiology of Ketamine 

Ketamine’s main site of action is on glutamate, the major excitatory neurotransmitter in 

the brain, and is a non-competitive antagonist at the N-methyl-D-aspartate (NMDA) receptor 

(Meyer & Quenzer, 2005, p. 360).  Ketamine also works upon μ-opioid and non-opioid δ 

receptors, however, affinity for these sites is fairly low (Morgan & Curran, 2011).  When 

administered, it binds to the same NMDA receptor site as PCP, which is located in the calcium 

channel, and leads to an obstruction of calcium flow through these channels (Britt & McCance-

Katz, 2005; Chakraborty, Neogi, & Basu, 2011).  The blocking of the calcium channels results in 

decreased excitatory neurotransmission and has been associated with alterations in memory and 

cognition (Cotman & Monaghan, 1987).  Ketamine has also been shown to play a role in neural 

mechanisms essential for these processes, such as long-term potentiation and synaptic plasticity 

(Morgan & Curran, 2011).  At the neurochemical level, the blocking of NMDA receptors has 

been associated with serotonin, dopamine, and norepinephrine neurotransmitter systems (Britt & 

McCance-Katz, 2005).  Ketamine has been found to inhibit the reuptake of these three 
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neurotransmitters (Smith Larive, & Romanelli, 2002), as well as increase dopamine (DA) release 

in the prefrontal cortex (PFC) and midbrain (Britt & McCance-Katz, 2005).  

Ketamine-Induced Cognitive Impairments 

In addition to the well-documented psychological and physiological effects induced by 

ketamine, research has yielded data regarding its effects on a wide range of cognitive functions 

in humans and animals.  In rodents, research has produced varied findings in different types of 

memory assessments as well as different stages of memory (i.e., acquisition, consolidation, and 

retrieval) when a single dose of ketamine is administered.  Two studies administered doses 

ranging from 25-150 mg/kg in mice and found that none of the doses impaired spatial memory 

on the radial-arm maze or memory acquisition, consolidation, or retrieval in the Y-maze 

(Ribeiro, Rodrigues, Valentim, & Antunes, 2013; Valentim, Ribeiro, Olsson, & Antunes, 2013).  

Studies assessing the performance of rats on the Morris water maze have shown impairments in 

memory acquisition by 15 mg/kg and 100 mg/kg, consolidation by 100 mg/kg (Moosavi, Khales, 

Rastegar, & Zarifkar, 2012), and retrieval by doses of 15, 30, and 100 mg/kg (Duan et al., 2013; 

Moosavi et al., 2012).  Using similar doses of ketamine, Verma and Moghaddam (1996) found 

that 20 and 30 mg/kg of ketamine dose-dependently induced impairments on the T-maze, which 

is an assessment of spatial delayed alternation, indicating deficits in PFC-sensitive working 

memory. 

The effects of subchronic and chronic administration of ketamine on different types of 

memory assessments have been researched in rats as well.  Subchronic administration is, 

typically, the administration of a drug for a certain time period less than a week (Becker et al., 

2003), while chronic administration is typically a week or longer (Gama et al., 2012; Venãncio et 

al., 2011).  Rushforth, Steckler, and Shoaib, (2011) investigated the effects of ketamine at doses 
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of 10 and 30 mg/kg for 5 consecutive days on the odor span task (OST), which is a working 

memory task that involves detecting a novel odor from an increasing number of presented odors.  

They found dose-dependent deficits on the OST that persisted for 14 days following drug 

cessation, which suggests that ketamine induces persistent deficits in working memory.  Utilizing 

a similar administration schedule of 30 mg/kg for 5 consecutive days, Becker and colleagues 

(2003) found deficits in the ketamine-treated group on latent inhibition, as rats were unable to 

ignore irrelevant stimuli.  Ketamine, when administered at a dose of 25 mg/kg for 7 consecutive 

days, has also been found to impair performance on the inhibitory avoidance task, which, during 

training, presents rats with a shock upon stepping down from a platform.  During test, the 

animals are not presented with a shock and their latency to step off the platform is measured.  

Gama and colleagues (2012) found that the ketamine-treated rats had significantly lower latency 

to step off the platform during three different test intervals, indicating impairments in working, 

short-term, and long-term memory. 

Overall, the inconsistent findings in studies with rodents demonstrate that ketamine 

induces impairments in learning and memory, primarily spatial memory, in rats but not mice 

(Table 1).  Future research needs to further clarify which aspects of memory (e.g., acquisition, 

consolidation, and retrieval) are affected by which doses and administrations because, currently, 

the research is conflicting in regards to the dose-dependent effects of ketamine.   

Research done with humans has yielded findings consistent with the animal studies 

investigating the cognitive and behavioral effects of ketamine.  In a young adult (M age = 19.84 

years) sample of ketamine users who used the drug at least once per month for the last two years, 

Chan and colleagues (2013) found that users had impaired verbal fluency, verbal learning, and 

cognitive processing speed compared to controls.  Interestingly, ketamine has also been found to 
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cause impairments in healthy humans who had no history of ketamine use.  Dose-dependent 

deficits have been found in verbal and nonverbal (declarative) memory (Newcomer et al., 1999), 

while intravenous ketamine has produced deficits in free recall and recognition memory 

(Malhotra et al., 1996).  Reductions in the delayed recall of words presented immediately before, 

but not during, drug infusion, have been found, implying that ketamine interferes with early 

consolidation processes (Parwani et al., 2005).  Collectively, human research has demonstrated 

that ketamine can produce impairments in several domains of learning and memory. 
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Table 1. Effects of ketamine on learning and memory in rodents 

Note: All studies utilized an intraperitoneal (ip) injection route of administration. 

 

 

 

 

 Species Dose of ketamine Frequency of 

administration 

Behavioral task Results 

Becker et al. 

(2003) 

Male Sprague-

Dawley rats 

30 mg/kg  1x daily for 5 

consecutive days 

Elevated plus maze, 

latent inhibition 

No effects on elevated 

plus maze 2 or 4 

weeks after ketamine; 
4 weeks following 

ketamine, latent 

inhibition was 
disrupted 

Duan et al. (2013) Male Sprague 

Dawley rats 

30 mg/kg before 

retrieval phase of 
Morris Water Maze 

Single dose  Morris Water maze, 

locomotor activity in 
the open field 

Ketamine impaired 

spatial memory 
retrieval (less time in 

target quadrant) and 

increased locomotor 
activity 

Gama et al. (2012) Male Wistar 

rats 

25 mg/kg Chronic – 1x daily for 

7 consecutive days 

Inhibitory avoidance, 

locomotor activity in 
open field 

Ketamine increased 

locomotor activity 
and induced working 

(immediately after 
training), short-term 

(1.5 h after training), 

and long-term 
memory (24 h after 

training) deficits 

Moosavi et al. 
(2012) 

Male Sprague-
Dawley rats 

15 mg/kg 40 minutes 
before training; 15 or 

100 mg/kg 

immediately after 
training 

(consolidation); 

retrieval-15 or 100 
mg/kg 

Single dose  Morris water maze 15 mg/kg impaired 
memory acquisition 

and retrieval; 100 

mg/kg impaired 
memory acquisition, 

consolidation, and 

retrieval 

Ribeiro et al. 
(2013) 

Male C57BL/6 
mice 

25, 75, or 150 mg/kg Single dose Radial-arm maze 

 

No effects on 
working/reference 

memory  

 

Rushforth et al. 
(2013) 

Male hooded 
Lister rats 

10 and 30 mg/kg  1x daily for 5 
consecutive days 

followed by 2 day 

washout period 

Odor span task  Ketamine produced a 
dose-dependent 

impairment that 

persisted for 14 days 
following exposure 

Valentim et al. 

(2013) 

Male C57BL/6 

mice 

40 mg/kg Single dose Y-maze  No effects on memory 

acquisition, 
consolidation, or 

recall  

Verma & 

Moghaddam 
(1996) 

Male Sprague 

Dawley rats 

10, 20, or 30 mg/kg Single dose T-maze 20 and 30 mg/kg 

dose-dependently 
reduced percent 

correct choice in 

spatial delayed 

alternation  

Table Legend 

mg/kg – milligram/kilogram 

PND – post-natal day 

n – number of animals receiving manipulation/undergoing specific task 
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Neurobiological Mechanisms Underlying Ketamine’s Effect on Cognition            

Changes in many brain regions have also been discovered following ketamine 

administration, including the PFC, cerebellum, hippocampus, striatum, and cerebral cortex 

(Becker et al., 2003; Canever et al., 2010; Oliveira et al., 2011); however, not all evidence is 

consistent (Ribeiro et al., 2013; Valentim et al., 2013).  At the cellular level, enzyme levels in 

these regions have been altered by ketamine, including elevated creatine kinase, an enzyme 

important for energy in brain tissue (Canever et al., 2010).  Chronic ketamine administration of 

25 mg/kg over 7 days has induced changes in mitochondrial activity lasting up to 6 hours post-

administration in the hippocampus, striatum, and PFC (Oliveira et al., 2011), suggesting that 

ketamine affects the respiratory chain complex and crucial aspects of cell function, such as 

energy metabolism and compensatory mechanisms that promote cellular and neuronal survival.   

On the other hand, there is contradictory evidence regarding the effects of ketamine on 

some of the previously mentioned brain regions.  For example, ketamine has been shown to not 

affect neurodegeneration in brain areas typically affected by chronic drug use, such as the 

thalamic nucleus, striatum, and nucleus accumbens (Ribeiro et al., 2013).  Similarly, parts of the 

hippocampus and surrounding regions, including CA1, CA3, the dentate gyrus, all of which have 

high densities of NMDA receptor-binding sites (Monaghan & Cotman, 1985), have been 

demonstrated as immune to the neurodegenerative effects of ketamine, indicated by no 

differences in the number of dead cells compared to controls (Ribeiro et al., 2013; Valentim et 

al., 2013). 

Additionally, certain neurotransmitters have been shown to play a role in cognitive 

deficits induced by ketamine.  Verma and Moghaddam (1996) demonstrated a preferential 

increase of dopamine release in the PFC compared to the striatum.  Becker and colleagues (2003) 
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found that ketamine treatment led to increases in D2 receptor binding in the hippocampus and a 

decrease in glutamate receptor binding in the frontal cortex.  They found an increase in the 

density of DA transporters in the striatum and 5-HT (serotonin) transporters in striatum, 

hippocampus, and frontal cortex. 

Overall, there are inconsistencies within the literature regarding brain regions affected by 

ketamine.  Further research is necessary to provide insight into these differences, which may lie 

within the different methodological approaches used, including the doses, schedules, and routes 

of administration. 

Adolescence 

As ketamine is associated with a high prevalence of abuse, especially in adolescents (Wu, 

Schlenger, & Galvin, 2006), it is important to investigate potential links between ketamine and 

adolescence, both behaviorally and physiologically.  Adolescence has been broadly defined as a 

gradual transition period from childhood to adulthood; however, it is not defined by any one 

specific event (Pickles et al., 1998).  Therefore, it is difficult to determine the specific beginning 

and end of this critical developmental stage; however, it is generally agreed that human 

adolescence begins around age 12 (Dahl, 2004; Spear, 2000) and lasts until about 18 years of age 

(Eiland & Romeo, 2012; Spear, 2000); however, this range is not universally agreed upon.  The 

age of onset has been proposed as earlier by some, beginning at age 10 (Eiland & Romeo, 2012), 

while the offset of adolescence is sometimes considered to extend into the mid-twenties (Dahl, 

2004).  In rats, adolescence has been conservatively defined and considered to begin around 

postnatal day (PND) 28-30 (Eiland & Romeo, 2012; Spear; 2000) and extend anywhere between 

PND 42 (Spear, 2000) and 60 (Eiland & Romeo; 2012).  Rats between postnatal days 28-42 are 

often hyperactive and exhibit greater exploration in novel situations than other aged rats (Spear, 
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Shalaby, & Brick, 1980), similar to the typical behaviors of adolescent humans including high 

rates of exploration, emotional imbalance, and novelty-seeking (Eldreth, Hardin, Pavletic, & 

Ernst, 2013).  Not only is adolescence a period of physical change, it is a period of 

neurobiological change as well (Gulley & Juraska, 2013).   

Neurodevelopmental and Behavioral Changes during Adolescence 

At the neural level, there are many changes that occur during adolescence.  The PFC is an 

area involved in executive functioning (e.g., planning, problem solving, working memory, 

emotional regulation, and inhibitory control).  While many brain regions mature earlier, the PFC 

undergoes significant changes during adolescence and develops well into this stage of life (Giedd 

et al., 1996; Gogtay et al., 2004; Lenroot & Giedd, 2006; Sowell et al., 1999) across a variety of 

species (Spear, 2000).  Other changes found in this region include synaptic elimination of 

glutamatergic inputs (Huttenlocher, 1984; Zecevic, Bourgeois, & Rakic, 1989).  More 

specifically, in rats, cortical binding to NMDA receptors peaks in early adolescence (i.e., PND 

28), which is followed by a subsequent loss of about 1/3 of these cortical glutamate receptors 

during late/post adolescence (i.e., PND 60; Insel, Miller, & Gelhard, 1990).  In addition to this 

decrease of cortical NMDA receptors, sensitivity to neurotoxicity induced by NMDA antagonists 

increases significantly in late adolescence (i.e., PND 45; Farber et al., 1995).  This vulnerability 

to NMDA antagonist-induced hypofunction was found to be age-dependent, indicating a 

potentially more potent effect of ketamine during this period compared to rats less than a month 

old (Farber et al., 1995).   

The synaptic pruning and development during adolescence are presumed to be excitatory 

in nature and thought to result in a major decline in the amount of excitatory neurotransmission 

within the cortex (Rakic, Bourgeois, & Goldman-Rakic, 1994).  Substantial amounts of energy 
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are required for neural activity in the brain and this activity is typically estimated through 

measures of oxygen utilization, blood flow, and glucose metabolism (Spear, 2000).  The 

significant restriction of excitatory input to the cortex during adolescence results in deficits in 

two of these primary estimators; adolescent rats tend to have significantly lowered rates of 

oxygen consumption and glucose utilization (Tyler & van Harrevald, 1942) compared to adult 

rats.  Similarly, these measures of brain activity show developmental declines during 

adolescence.  This increased metabolic activity during development is particularly evident in the 

neocortex and forebrain regions (Chugani, 1994).  The neocortex has been found to play a 

significant role in learning and memory; more specifically, it has been implicated in gradual 

learning over multiple trials and is thought to work as a compensatory mechanism in the absence 

of normal hippocampal processing (Wiltgen et al., 2006).  Similar to the PFC, glutamate 

receptors in the hippocampus also undergo substantial pruning during adolescence, with a loss of 

about ¼ of the NMDA receptors in hippocampal pyramidal regions between PND 28 and 60 in 

rats (Insel, Miller, & Gelhard, 1990).  Also, GABAB synaptic transmission in this region 

develops relatively late, gradually maturing between PND 35 and 45, while another receptor 

complex, GABA/BDP, undergoes maturational changes as well, including an increased 

sensitivity to environmental changes and stressors (Nurse & Lacaille, 1999).  

Altogether, manipulations to developing brain regions involved in learning and memory 

processes, such as the PFC, hippocampus, and neocortex, during adolescence, may produce not 

only immediate but long-lasting deficits in cognition.  These regional changes along with 

alterations in cellular processes, such as the blocking of calcium flow induced by NMDA 

receptor antagonists, such as ketamine, and synaptic pruning during development may, 
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combined, produce the increased vulnerability to drug administration during adolescence that 

result in persisting cognitive deficits.  

 Moreover, being that adolescence is a period of great physiological change, behavioral 

research in adolescent-aged animals has attempted to provide a link to these physiological 

changes in the brain.  However, the research is limited and there have been conflicting results, 

making it difficult to draw conclusions regarding behavior in adolescent rats.  Spear (2000) 

discusses that younger rats often display worse performance on complex avoidance tasks 

compared to adult rats, potentially due to higher distractibility and an inability to maintain focus.  

However, Spear also argues that, on less challenging cognitive tasks, performance of rats may 

actually be enhanced compared to adult-aged animals, specifically in tasks requiring increased 

exploration and activity.  Additionally, adolescence is an influential and critical developmental 

stage that is associated with increased risk-taking behaviors in a variety of species.  This suggests 

that organisms within this transitional period may be more susceptible to environmental 

influences and everyday stressors compared to adults, including experimentation with 

substances.  Importantly, studies investigating adolescence have demonstrated that drug abuse 

during this period increases vulnerability to drug-induced cognitive impairment in adulthood as 

well (Pope et al., 2003).   

Recognition Memory 

Since ketamine acts upon NMDA receptors, which have high densities of binding sites in 

many regions important for learning and memory (Monaghan & Cotman, 1985), and there is 

some research that indicates robust ketamine-induced impairments in learning and memory, it is 

important that future research examines more specific aspects of these cognitive processes that 

are negatively affected.  Recognition memory is a cognitive process that allows both humans and 
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animals to tell familiar items from novel items (Meunier & Barbeau, 2013).  When researchers 

test recognition memory, subjects must identify whether they saw a particular item at an earlier 

time (Matlin, 2009, p. 129).  Research on recognition memory has clinical implications as it may 

help the understanding of cognitive deficits underlying disorders such as Alzheimer’s and 

schizophrenia (Meunier & Barbeau, 2013).  The object recognition and object location tasks 

(ORT/OLT) are two assessments used to study this capacity in rats and will be further examined 

in subsequent sections. 

Object Recognition Task 

 Introduced in 1988, Ennaceur and Delacour developed the ORT in order to study the 

neurobiology underlying recognition memory in rats.  Unlike earlier tasks used to assess 

recognition memory, such as the delayed matching and non-matching-to-sample tasks, the object 

recognition task does not require rats to learn a rule since it is based solely on their spontaneous 

exploratory behavior towards objects (Ennaceur & Delacour, 1988).  The primary dependent 

variable is the amount of time spent exploring the objects and the difference is calculated, 

resulting in a discrimination ratio.  Typically, it is expected that rats will explore the novel object 

longer than the familiar object in a given test session.  There are many variations to the 

procedure of this task, however, similar methodology to the original task used by Ennaceur and 

Delacour (1988) and Ennaceur and colleagues (2005), with slight modifications, will be 

described and utilized in the current study. 

 For this task, an open box that contains objects made of different materials (i.e., glass, 

plastic, or metal) is used.  The objects weigh enough that they cannot be moved or displaced by 

the rats.  One day before testing, the rats undergo habituation, which is decreased exploratory 

behavior in response to a continued or repeated environment or stimulus (Leussis & Bolivar, 
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2006).  During habituation, the rats are allowed to explore the empty apparatus.  Two testing 

sessions are used, separated by delay.  Each session contains two trials; in the first trial (sample 

phase), two objects (familiar duplicates) are placed near the rear of the box equidistant from the 

back corners.  During the second trial (choice phase), a novel object replaces one of the 

duplicates and the original object is placed in the other back corner.  At the start of each trial, rats 

are placed in the center of the front wall, facing opposite the objects.  The duration of the sample 

phase is 5 minutes and the duration of the choice phase is 3 minutes (Ennaceur & Delacour, 

1988). 

 Environmental control measures are taken, including a sound-isolated room that contains 

enough light to provide constant illumination of the test apparatus as well as the cleaning and 

replacement of objects between trials to avoid olfactory cues.  As far as experimental control, the 

positioning of the objects in the choice phase is counterbalanced and randomized to avoid order 

effects.  Also, a different pair of objects is used during each session.  The counterbalancing and 

randomization of objects reduces the potential occurrence of place and preference effects; the 

objects also have no natural significance to the rats and have never been associated with 

reinforcement or reward (Ennaceur & Delacour, 1988; Ennaceur et al., 2005).  

Neural Mechanisms Underlying the Object Recognition Task 

 Research has clarified the neurobiological mechanisms involved during the ORT.  

Studies have shown that lesions to the hippocampus, fornix, or medial septal regions generate no 

effect in object recognition (Ennaceur & Meliani, 1992; Good et al., 2007; Langston & Wood; 

2010) and, at delays of 10 seconds and 1 minute between study and test phases, Clark and 

colleagues (2000) discovered intact object recognition.  However, at longer delays (i.e., 10 

minutes, 1 and 24 hours), Clark and colleagues (2000) found that rats with lesions to the 



 

15 

 

hippocampus and surrounding dorsal tissue had significantly impaired object recognition 

compared to sham-lesioned rats.  Temporary inactivation of neurons in the dorsal hippocampus 

induced by lidocaine in mice has resulted in impaired performance on this task after a 24 hour 

but not 5 minute delay (Hammond, Tull, & Stackman, 2004), suggesting different mechanisms at 

play during different stages of memory processes. 

 The mixed findings regarding the importance of the hippocampus in object recognition 

memory may be due to the amount of damage to this region, as studies have indicated that lower 

percentages of hippocampal damage (i.e., less than 75%) do not result in object recognition 

deficits after delays of 10 minutes, 1, 3, and 4 hours (Ainge et al., 2006; Broadbent, Squire, & 

Clark, 2004).  However, higher damage percentages (i.e., greater than 75%) have resulted in 

significant impairments after these delays (Ainge et al., 2006; Broadbent et al., 2004), suggesting 

that complete lesions or damage to the hippocampus will result in deficits in object recognition at 

delays larger than 5 minutes.       

According to Warburton and colleagues (2013), both the perirhinal cortex and the 

hippocampus are necessary to recognize the novel object if the two objects explored during the 

sample phase are different.  On the contrary, if the two objects explored during the sample phase 

are matching, the perirhinal cortex is necessary but the hippocampus is not (Barker & 

Warburton, 2011).   

Object Location Task 

 The procedure of the OLT is similar to that of the ORT; however, instead of replacing a 

familiar object with a novel object in the choice phase, a familiar object is relocated to a novel 

location (Ennaceur, Michalikova, Bradford, & Ahmed, 2005).  Typically, the rat will explore the 

novel location more than the familiar one.  This task is considered a spatial working memory 
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task because it forces the rat to remember and differentiate between spatial positions that have or 

have not been previously occupied by objects (Warburton et al., 2013).  

Neural Mechanisms Underlying the Object Location Task  

The neural mechanisms underlying successful performance on the OLT differ from those 

necessary for the ORT.  Lesions studies have demonstrated that performance on the OLT 

depends upon the hippocampus and fornix but not perirhinal cortex or medial PFC (Barker & 

Warburton, 2011; Ennaceur et al., 1996).  

Object Recognition and Age 

 Performance on both the object recognition and location tasks has been examined in rats 

of different ages.  In 2004, Anderson and colleagues investigated the differences between 18-

day-old pups and 90-day-old adult rats on the ORT.  They were tested at two different retention 

intervals (i.e., 1 minute or 2 hours) and found that the younger rats had significantly impaired 

object recognition at the 2-hour interval, suggesting that the lack of development in the pups 

compared to adults was the reason for the deficit.  To further investigate these findings, Reger 

and colleagues (2009) used three different age groups of rats: weanlings (i.e., PND 20-23), 

juvenile (i.e., PND 29-40), and young adulthood (i.e., PND 50+).  These three groups were 

exposed to four different retention intervals on the ORT (i.e., 0.25, 1, 24, or 48 hours).  The 

results of Reger and colleagues (2009) indicated that weanlings showed intact object recognition 

at the 15-minute and 1 hour intervals but impaired performance at longer time points, while the 

juvenile and adult rats showed novel object preference up to 24 hours.  While these results 

suggest that very young rats exhibit inferior long-term memory retention compared to that of 

older rats, it shows that the ORT can be performed successfully, albeit at shorter intervals, by 

these younger rats. 



 

17 

 

 The significant synaptic pruning of glutamate and NMDA receptors in the hippocampus 

and surrounding areas during development (Insel et al., 1990), along with development of 

regions indicated in this task, primarily the perirhinal cortex, may explain the increase in 

performance as the rats aged.  Perhaps regions surrounding the hippocampus, such as the 

neocortex, which has been indicated as an important compensatory mechanism in learning 

processes in the absence of the hippocampus (Wiltgen et al., 2006), may be further developed in 

the older rats, therefore providing stronger synaptic connections to enhance performance and 

compensate for underdeveloped regions at the longer retention intervals. 

Advantages of the Object Recognition and Location Tasks 

 Both the object recognition and location tasks are useful tools in the study learning and 

memory and the underlying neurobiological mechanisms (Ennaceur & Delacour, 1988).  First of 

all, they have potential for cross-species generalization because they have been used in rats, 

(Ennacuer & Delacour, 1988; Goulart et al., 2010; Silvers et al., 2007), mice (Clarke et al., 2000; 

Hammond et al., 2004), rabbits (Hoffman & Basurto, 2013) and monkeys (Buckmaster et al., 

2004; Peissig et al., 2007).  Also, neither the ORT nor OLT is restricted to a certain area of 

research, which allows for the studying of various issues, including learning, memory, preference 

for novelty, the brain mechanisms underlying recognition, and the effects of drugs on it (Antunes 

& Biala, 2012).  Also, they require no external motivation, reward, or punishment; however, a 

little training or habituation is required (Silvers et al., 2007).  They can also be completed in a 

relatively short period of time (Silvers et al., 2007) and lack overt stress factors (Reger et al., 

2009).  The freedom from response contingencies, the lack of training and stress-inducing factors 

involved make them an optimal task for examining development in rats (Reger et al., 2009) 

because, depending upon age, young rats may be vulnerable to such factors and unable to learn 
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certain task rules (Bachevalier & Beauregard, 1993).  Perhaps one of the main advantages of 

these two tasks includes the       

NMDA Antagonists and Recognition Memory 

 Single-dose administration of NMDA antagonists has been found to induce deficits in the 

object recognition and location tasks (de Lima et al., 2005; Grayson & Neill, 2004; King et al., 

2004), including some long-term deficits when administered prior to training as well as 

immediately after (de Lima et al., 2005).  Similar results have been found when using a chronic 

administration schedule.  PCP, when administered twice daily for 7 days at a 2 mg/kg dose 

followed by a 7-day washout period, resulted in significantly decreased exploration of the novel 

object (Grayson, Idris, & Neill, 2007).  Using a higher dose of 10 mg/kg, Hashimoto, Fujita, 

Shimizu, and Iyo (2005) administered PCP once daily for 10 days (i.e., days 1-5, 8-12) and 

found significant deficits on the ORT.  Comparable results have also been found in mice when 

administering the same dose but over the span of 14 days (Nagai et al., 2009).   

Ketamine and Object Recognition Memory 

 Deficits in spatial and non-spatial object recognition memory have been found when 

ketamine was administered acutely (Boultadakis & Pitsikas, 2011; Goulart et al., 2010; 

Nikiforuk et al., 2013; Pitsikas & Boultadakis, 2009; Pitskias, Boultadakis, & Sakellaridis, 2008) 

or chronically (Venãncio, Magalhães, Antunes, & Summavielle, 2011; Table 2).  In acute 

administration studies, ketamine has been administered prior to the sample phase in many 

different intervals (Goulart et al., 2010; Nikiforuk et al., 2013 Pitsikas & Boultadakis, 2009; 

Pitsikas et al., 2008).  A wide range of doses, administered 20 minutes prior to the sample phase, 

have impaired performance on both tasks (Pitsikas et al., 2008), as well as caused alterations in 

exploration time of the objects (Nikiforuk et al., 2013).  While Goulart and colleagues (2010) 
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found no significant impairments induced by ketamine at longer intervals (i.e., 24 hours), 

Pitsikas and Boultadakis (2009) did, showing that a much higher, anesthetic dose of 100 mg/kg 

given 24 hours prior to the sample phase reduced the discrimination index on both tasks.  On the 

other hand, ketamine has also been administered immediately (Boultadakis & Pitsikas, 2011; 

Goulart et al., 2010; Pitsikas et al., 2008) or 6 hours (Goulart et al., 2010) after the sample phase.  

Similar to administration prior to the sample phase, a wide range of doses have impaired 

performance on both tasks when given immediately after (Boultadakis & Pitsikas, 2011; Pitsikas 

et al., 2008).  Altogether, these findings suggest that ketamine, when administered acutely in a 

range of doses and time intervals, can induce impairments on many facets of non-spatial and 

spatial memory.   

 Research is limited regarding chronic administration of ketamine and its effects on object 

recognition memory; however, Venãncio and colleagues (2011) administered ketamine in doses 

of 5 or 10 mg/kg injected every 12 hours for 14 consecutive days.  Following ketamine 

administration, rats’ performance on the object recognition and OLTs was assessed.  Venãncio 

and colleagues (2011) demonstrated that the 5 mg/kg dose caused rats to preferentially explore 

the familiar object longer than the novel object during the ORT after a 15 minute delay but not 

24 hours.  This dose also impaired performance on the OLT, as this group of rats was the only 

one to not explore the novel location significantly longer after the 15-minute delay.  These 

findings further suggest that ketamine induces impairments in non-spatial and spatial working 

memory, even when administered chronically and provide rationale for the current study. 
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Table 2. Effects of ketamine on performance in the object recognition and location tasks 

 Species Dose of ketamine Frequency of 

administration 

Effects on ORT Effects on OLT 

Boultadakis & 
Pitsikas (2011) 

Male Wistar rats 100 mg/kg or 3 
mg/kg  

Single dose – 
immediately after 

sample phase on day 

2 (24 hours after 
sample phase on day 

1) 

Post-training 
administration of 100 

mg/kg decreased 

exploration time and 
impaired novel 

object recognition 

Not tested 

Goulart et al. (2010) Male Wistar rats 4, 8, or 20 mg/kg Single dose – either 

immediately after 
training, 6 hours after 

training, or 24 hours 

before training 

8 and 20 mg/kg 

doses immediately 
after training 

decreased preference 

for novel object; 20 
mg/kg group showed 

significantly lower 

preference for novel 
object during test 

compared to training 

Not tested 

Nikiforuk et al. 

(2013) 

Male Sprague 

Dawley rats 

20 mg/kg Single dose – 45 

minutes before 
sample phase 

Ketamine groups had 

lower exploration 
time  

Not tested 

Pitsikas & 
Boultadakis (2009) 

Male albino Wistar 
rats 

100 mg/kg Single dose – either 
24, 48, or 72 hours 

before sample phase 

100 mg/kg 
administered 24 

hours prior to sample 

phase reduced 
discrimination index 

(standard conditions) 

100 mg/kg 
administered 24 and 

48 hours prior to 

sample phase 
reduced 

discrimination index 

Pitsikas et al. (2008) Male Wistar rats 0.3, 1, or 3 mg/kg Single dose – either 

20 minutes before 
sample phase or 

immediately after 

1 and 3 mg/kg 

impaired 
performance when 

administered 20 

minutes before 
sample phase or 

immediately after  

1 and 3 mg/kg 

impaired 
performance when 

administered 20 

minutes before 
sample phase or 

immediately after  

Venãncio et al. 

(2011)* 

Male Wistar rats 5 or 10 mg/kg Chronic – 2x daily 

for 14 consecutive 

days 

5 mg/kg dose 

resulted in lower 

discrimination index 
after 15 minute delay 

5 mg/kg dose 

impaired 

performance after 15 
minute delay 

*Note: All studies utilized an intraperitoneal (ip) injection route of administration except Venãncio et al. (2011; subcutaneous). 

The Current Study 

The current study will attempt to clarify some of the inconsistencies in the literature 

regarding ketamine-induced deficits in object recognition and location memory.  Despite the 

widespread use of ketamine by adolescents, not much is known about the immediate and long-

term consequences of sustained adolescent ketamine use on neural development and its overt 

effects on both adolescent and adult cognition.  While Gama and colleagues (2012) have 
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demonstrated that chronic administration of ketamine during adolescence can induce deficits in 

working, short- and long-term memory retention, the long-term effects of ketamine on object 

recognition memory have yet to be clarified.  Recent research has shown that chronic ketamine 

administered during adolescence results in delayed-onset alterations in physiology in adulthood 

(Featherstone et al., 2014).  While this is the first study to elucidate long-term effects of chronic 

ketamine on physiology, no studies, to our knowledge, have investigated the long-term effects of 

chronic ketamine during adolescence on behavior and cognition.   

The present study will investigate not only the short- and long-term effects of chronic 

ketamine on object recognition memory, but also the effects of age as well.  Short-term memory 

and long-term memory during both adolescence and adulthood will be assessed on spatial (i.e., 

OLT) and non-spatial (i.e. ORT) memory.  Many studies involving ketamine and object 

recognition memory have utilized adult rats but none have used adolescent rats, yet research has 

indicated that drug use during the critical period of adolescence can result in significant 

behavioral effects that can persist into adulthood (Gilpin, Karanikas, & Richardson, 2012; 

Maldonado-Devincci, Badanich, & Kirstein, 2010).  Research has also demonstrated that drug 

use during adolescence can result in a more robust impairment in cognition, specifically spatial 

memory, compared to use in adulthood (Sircar et al., 2010). 

The previously mentioned neural mechanisms underlying the effects of ketamine point to 

potential lasting neural modifications when administered during adolescence.  The synaptic 

pruning, development of brain regions, and prevalence of NMDA receptors in areas important 

for learning and memory processes provide further rationale for the current study.  Ketamine 

administered during this developmental period may inhibit NMDA receptor-dependent learning 
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during both the object recognition and location tasks not only in the short-term, but may also 

produce long-term deficits that persist into adulthood. 

Method 

Subjects 

Twenty-four experimentally-naïve Sprague-Dawley rats were used in this study. All rats 

were fed on an ad libitum schedule.  The rats were obtained at approximately 36-40 days old and 

weighed from 116-137g at the start of the study.  The rats were given one week for 

environmental adjustment before drug administration and behavioral testing and were handled 

daily for approximately 15 minutes.  The rats were weighed each day during the experimental 

period.  They were housed in the Jubilee Hall vivarium on a 12/12h light/dark cycle.  Approval 

of the Seton Hall Institutional Animal Care and Use Committee was obtained before the start of 

any experimental procedures. 

Apparatus 

 An experimental apparatus similar to that used in previous studies (Ennaceur & Delacour, 

1988; Ennaceur et al., 2005; Venãncio et al., 2011) was utilized with slight modifications.  The 

apparatus for the ORT was a tan plastic bin (dimensions: 67.8 x 40.1 x 35.3 cm).    

 The apparatus for the OLT was a similar tan plastic bin with additional visual cues, 

including a black bull’s-eye and a black and white striped pattern affixed to two adjacent sides of 

the bin.  The purpose of this was to introduce additional cues and differentiate between spatial 

(i.e., object location) and non-spatial (i.e., object recognition) memory (Kenny, Adoff, 

Wilkinson, & Gould, 2011).  The apparatuses were cleaned with an alcohol cleaning solution 

following each use.          
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The objects used in both tasks were made of biologically neutral material, including brick 

terracotta pots (d = 4.1 cm, h = 3.7 cm), plastic cylinders (d = 2 cm, h = 20 cm), empty clear 

glass bottles (5 x 5 x 13.5 cm), tin cans (d = 5 cm, h = 8.8 cm), empty aluminum cans (d = 6.0 

cm, h = 13.2 cm), empty brown glass bottles (d = 5 cm, h = 22 cm), and empty yellow glass 

vases (d = 5 cm, h = 22 cm).  The objects were heavy enough so that the rats could not displace 

them and there were multiple identical versions of each object, which allowed for the use of 

different versions of the same objects in the different phases to avoid object recognition through 

olfactory cues.  

To assess locomotor activity, a clear cubic arena was used (dimensions: 60.96 x 60.96 

cm).  The floor was a piece of plywood that was lined with black tape for later determination of 

the number of crossings.   

Stopwatches were used to record time spent in the experimental apparatuses. A camera 

mounted on the ceiling above the apparatuses was used to record all phases of the experiment 

(i.e., locomotor activity, habituation, sample phases, and choice phases) to a rewritable DVD for 

later coding. 

Drugs 

Half of the rats (n =12) received 25 mg/kg of ketamine, intraperitoneally (ip), prepared in 

saline at a volume of 1 mL/100 g while the other half received 25 mg/kg of saline (ip) injection.  

All doses were calculated based on the individual rats’ weights.  All rats received injections once 

daily for seven consecutive days.  This dose, route, and schedule of administration have been 

found to produce short- and long-term effects in adolescent rats (i.e., PND 52; Gama et al., 

2012). 
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Object Recognition Task 

There were four phases of the ORT.  First was habituation, where each rat was placed in 

the empty experimental apparatus for 10 minutes.  There were no objects present during 

habituation so the rats could become habituated to the apparatus itself.  The next day, the rats 

underwent the sample phase, which consisted of two identical objects present, and the rats were 

allowed to freely explore.  Lastly, there were two choice phases, one occurring 15-minutes 

following the sample phase and one after 24-hours.  For the choice phases, there was one 

familiar object that was previously presented in the sample phase, as well as a novel object, 

which the rats had never been exposed.  Different novel objects were used in both of the choice 

phases.  See Figures 1 and 2 for illustrations of the task during adolescence and adulthood.   

Object Location Task 

Similar to the ORT, there were four phases of the OLT.  The first was habituation, where 

each rat was placed in the empty experimental apparatus, with additional spatial cues, for 10 

minutes.  There were no objects present during habituation so the rats could become habituated 

to the apparatus itself.  The next day, the rats underwent the sample phase, which consisted of 

two identical objects present, and the rats were allowed to freely explore.  Lastly, there were two 

choice phases, one 15 minutes after the sample phase and one 24-hours after.  For the choice 

phases, one of the identical objects (i.e., familiar object) from the sample phase was moved to a 

novel location.  Different novel locations were used in both of the choice phases.  See Figures 1 

and 2 for illustrations of the task during adolescence and adulthood.   

Procedure 

Experimental procedures began one week after the rats’ arrival in the laboratory.  Each 

day, for 7 consecutive days, the animals received one intraperitoneal injection of 25 mg/kg of 
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ketamine or saline.  Body weight was monitored daily for the duration of the experiment.  Thirty 

minutes after the last injection, locomotor activity was evaluated by placing each rat individually 

into the open field arena for 15 minutes and the total number of line crossings measured, similar 

to the methodology of Gama and colleagues (2012).   

The order of tasks was counterbalanced between rats such that half of the animals were 

exposed to the ORT while the other half were exposed to the ORT.  Twenty-four hours after the 

locomotor activity assessment, the habituation phase of the previously determined task was 

conducted.  Each rat was placed in the empty experimental apparatus for 10 minutes (Venãncio 

et al., 2011) and underwent three days of habituation (Grayson et al., 2014).  There were no 

objects present during habituation so the rats could become habituated to the apparatus itself 

(Ennaceur & Delacour, 1988).   

Rats began the sample phase twenty-four hours later.  The sample phase consisted of two 

identical objects present, equidistant from the walls of the apparatus, and affixed to the floor 

either by a screw or duct tape.  The rats were placed in the middle of the apparatus, facing away 

from the objects, and allowed to explore for 3 minutes (Venãncio et al., 2011).  The total time 

(seconds) exploring each object was measured.  Following the sample phase, the rats were 

returned to their home cages.   

After a delay of 15 minutes, the rats underwent the choice phase, where they were 

allowed to explore for 3 minutes and were then returned to their home cages (Venãncio et al., 

2011).  The total time (seconds) exploring each object was measured.    

Twenty-four hours later, the rats underwent a second choice phase in which the same 

familiar object from the sample and first choice phases was presented with an entirely novel 

object (Venãncio et al., 2011).  Similar to the first choice phase, rats were allowed to explore for 
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3 minutes and then returned to their home cages.  The rats were then left undisturbed in their 

home cages for 48 hours.   

Following the 48-hour break, the rats began habituation to the task in which they had not 

been previously tested.  The rats underwent three days of habituation.  Twenty-four hours 

following the third day of habituation, the rats underwent the sample phase.   

Following a 15-minute delay, the rats underwent a choice phase.  Twenty-four hours 

later, rats underwent a second choice phase.  For each phase, the rats were allowed to explore the 

objects for 3 minutes and the total time (seconds) exploring the objects was measured.  Also, 

following each phase, the animals were returned to their home cages and left undisturbed until 

the next phase.  In accordance with other research (Gama et al., 2012), the testing done during 

these two weeks (PND 52-62) was during adolescence.   

After a 13-day delay, the rats were again assessed on both the ORT and OLT to evaluate 

the potential long-term effects of chronic ketamine administered during adolescence.  This 

session of behavioral testing took place in adulthood and tested the possible enduring effects of 

ketamine on non-spatial and spatial object recognition memory, respectively.   

These behavioral tests followed the same procedure as previously described.  However, a 

new set of objects was used for both tasks.  These two weeks of behavioral testing were 

operationalized as ‘adulthood’ as the testing occurred when the rats were substantially older (i.e., 

PND 76-86).  Animals underwent testing on the two tasks in opposite order which they were 

tested during weeks 1 and 2.  For example, if the rats were tested on object recognition during 

week 1 and object location during week 2, they were tested on object location during week 3 and 

object recognition during week 4.  See Figure 2 for task design for weeks 3 and 4 (adulthood).  

See Table 3 for complete procedural timeline. 
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Data Analysis 

All statistical analyses were performed using SPSS statistical software.  The statistical 

level of significance was considered at p < 0.05.  Partial eta squared (ηp
2) was used as a measure 

of effect size (Richardson, 2011); a ηp
2 of .0099 revealed a small effect size, .0588 for a medium 

effect size, and .1379 for a large effect (Cohen, 1988).  Follow-up analyses for interactions with 

trends toward significance were conducted if there was prior rationale to do so (Wilcox, 1987); a 

trend toward significance was considered as a p value that ranged from .05 - .10.  Data are 

presented as mean ± standard error of the mean (SEM).  Differences between the weights of the 

ketamine and saline groups during the experimental period were evaluated using a 2 (drug: 

ketamine or saline) x 27 (day: 1-27) mixed-design ANOVA.  Differences between the mean total 

number of lines crossed during the locomotor activity assessment for the ketamine and saline 

groups were analyzed by using an independent-samples t-test.  Preference of rats’ exploration of 

objects or locations during the sample phases was analyzed using paired-samples t-tests.  A 2 

(drug: ketamine or saline) x 2 (age: adolescence or adulthood) x 2 (delay: 15 minutes or 24 

hours) x 2 (order: ORT/OLT, OLT/ORT) mixed-design ANOVA was conducted to evaluate total 

exploration time.  Also, a discrimination ratio (D) was calculated: [D = (N – F)/(N + F)].  The 

discrimination ratio represents the difference in exploration time expressed as a ratio of the total 

time spent exploring the novel and familiar objects/object locations in the choice phases 

(Boultadakis & Pitsikas, 2011; Ennaceur & Delacour, 1988; Ennaceur et al., 2005; Venãncio et 

al., 2011).  A discrimination ratio closer to 1 indicates a stronger preference for the novel 

object/object location, whereas a discrimination ratio closer to 0 or -1 indicates a preference for 

the familiar object/object location (Boultadakis & Pitsikas, 2011; Pitsikas et al., 2008).  

Discrimination ratios were analyzed using a 2 (drug: ketamine or saline) x 2 (age: adolescence or 
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adulthood) x 2 (delay: 15 minutes or 24 hours) x 2 (order: ORT/OLT, OLT/ORT) mixed-design 

ANOVA.  Drug and order were analyzed as between-subjects variables while age and delay were 

analyzed as within-subjects variables.   
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Table 3. Procedural Timeline 

PND  

45 - 51 Animals received 25 mg/kg (ip) of ketamine 

(n = 12) or saline (n = 12) once daily 

51 (n = 24) – 30 minutes following the last 

drug administration 

Locomotor activity assessed for 15 minutes 

52 – 24 hours following the last drug 

administration – behavioral testing – object 

recognition (n =12)/object location (n = 12) 

Habituation – 10 minutes of exploration 

53 Habituation – 10 minutes of exploration 

54 Habituation – 10 minutes of exploration 

55 Sample phase – 3 minutes of exploration 

55 – 15 minutes after sample phase  Choice phase – 3 minutes of exploration 

56 – 24 hours following choice phase  Choice phase – 3 minutes of exploration 

58 – behavioral testing – object recognition    

(n =12)/object location (n = 12)* 

Habituation – 10 minutes of exploration 

59 Habituation – 10 minutes of exploration 

60 Habituation  – 10 minutes of exploration 

61 Sample phase – 3 minutes of exploration 

61 – 15 minutes after sample phase Choice phase – 3 minutes of exploration 

62 – 24 hours following choice phase  Choice phase – 3 minutes of exploration 

63 – 75 Additional behavioral testing (separate 

experiment) 

76 – behavioral testing – object recognition    

(n =12)/object location (n = 12) 

Habituation – 10 minutes of exploration 

77 Habituation – 10 minutes of exploration 

78 Habituation – 10 minutes of exploration 

79 Sample phase – 3 minutes of exploration 

79 – 15 minutes after sample phase  Choice phase – 3 minutes of exploration 

80 – 24 hours following choice phase  Choice phase – 3 minutes of exploration 

82 – behavioral testing – object recognition    

(n =12)/object location (n = 12)* 

Habituation – 10 minutes of exploration 

83 Habituation – 10 minutes of exploration 

84 Habituation – 10 minutes of exploration 

85 Sample phase – 3 minutes of exploration 

85 – 15 minutes after sample phase Choice phase  – 3 minutes of exploration 

86 – 24 hours following choice phase  Choice phase – 3 minutes of exploration 

*Object recognition/location tasks were counterbalanced; animals underwent testing on task in 

which they had not been previously tested during that session of testing 
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Results 

Weight 

A 2 (drug: ketamine or saline) x 27 (day: 1-27) mixed-design ANOVA was used to assess 

whether there were significant changes in mean body weight during the experimental period.  

The purpose of this analysis was to assess growth rate throughout the experiment and look for 

possible effects of drug administration.  This analysis revealed a significant main effect of day, 

F(26, 572) = 1055.460, p = .000, ηp
2 = .980, reflecting increased weight over time.  Additionally, 

there was trend toward significance for the main effect of drug, F(1, 22) = 3.122, p = .091, ηp
2 = 

.124, with a medium-large effect size.  Follow-up independent-samples t-tests revealed a trend 

toward a significant difference in weight between the ketamine- and saline-treated groups 

beginning on day 3, t(22) = -.1933, p = .066, d = .15.  The ketamine-treated rats had significantly 

lowered weights between days 4, t(22) = -2.400, p = .025, d = .21, and day 11, t(22) = -2.476,  p 

= .021, d = .22, of the experimental period.  The weights between the two groups remained 

trending toward significance between days 12, t(22) = -1.950, p = .064, d = .15, and 16, t(22) = -

2.020, p = .056, d = .16, of the experimental period (Figure 3).  There were no significant 

differences in weight between the ketamine and saline groups during adulthood (i.e., 

experimental days 18-27; Figure 4).  
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Figure 3. Mean body weight during post-natal days 45-62 (adolescence); error bars represent 

SEM.  Black line represents days of ketamine administration. * p < .05 compared to the saline-

treated group.   

 

 

 

Figure 4. Mean body weight post-natal days 76-86 (adulthood); error bars represent SEM. 
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Locomotor Activity  

An independent-samples t-test indicated that, on average, the ketamine-treated rats (M = 

219.92, SE = 23.432) did not cross more lines than the saline-treated rats (M = 257.50, SE = 

14.439) during the locomotor activity assessment, p = .175.  See Figure 5. 

Figure 5. Mean total number of lines crossed during open-field locomotor assessment; error bars 

represent SEM. 

 

Object Recognition Task 

Sample Phase Exploration  

During the sample phase of the ORT, ketamine-treated rats (M = 57.08 seconds, SE = 

3.21) spent significantly less time exploring the objects as compared to the saline-treated rats (M 

= 68.50 seconds, SE = 3.33) during adolescence, t(22) = -2.467, p = .022, d = .22; however, 

during adulthood, there was no difference in total exploration time between the two groups, p = 

.204. 
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 To see whether the time spent exploring the objects differed within each drug condition, 

further paired-samples t-tests were conducted.  These revealed that the ketamine-treated rats did 

not differ in their time exploring the left and right objects during adolescence, p = .547; however, 

during adulthood, the ketamine-treated rats spent significantly more time exploring the right 

object (M = 29.17, SE = 2.03) as compared to the left (M = 21.42, SE = 1.38), t(11) = 2.879, p = 

.015, d = .27.  The saline-treated rats did not differ in their time spent exploring the left and right 

objects during adolescence or adulthood, ps > .065.   

Choice Phases - Total Exploration Time 

A 2 (drug: ketamine or saline) x 2 (age: adolescence or adulthood) x 2 (delay: 15 minutes 

or 24 hours) mixed-design ANOVA revealed a significant main effect of drug, F(1, 22) = 6.685, 

p = .017, ηp
2 = .233, indicating that the ketamine-treated rats (M = 45.40, SE = 1.578) spent 

significantly less time exploring the objects compared to the saline-treated rats (M = 56.24, SE = 

2.215).  It also revealed a significant main effect of age, F(1, 22) = 11.959, p = .002, ηp
2 = .352, 

on total exploration time during the ORT, indicating that the rats spent more time exploring the 

objects during adolescence (M = 54.73, SE = 2.063) than they did during adulthood (M = 46.94, 

SE = 2.086).   

Additionally, there was a trend toward significance with a medium effect size for the 

interaction between delay and drug, F(1, 22) = 3.554, p = .073, ηp
2 = .139, indicating that the 

performance at different time points varied based on drug administration.  Follow-up 

independent samples t-tests, with Bonferroni-adjusted alpha levels of .025 per test, revealed 

significant between-groups differences in total exploration time of the objects.  The ketamine-

treated (M = 42.00, SE = 2.547) rats spent less time exploring the objects compared to the saline-

treated rats (M = 56.71, SE = 3.514) during the 15-minute choice phases, t(46) = -3.389, p = 
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.001, d = .45, while there was no difference on the total exploration time between the ketamine-

treated (M = 48.79, SE = 2.267) and saline-treated (M = 55.83, SE = 2.772) rats during the 24-

hour choice phases, t(46) = -1.967, p = .055, d = .28.  Together, this indicates that the saline-

treated rats performed similarly at both the 15-minute and 24-hour delays, while the ketamine-

treated rats explored significantly less during the 15-minute delay. This is illustrated in Figure 6.      

 

 

     

Figure 6. Delay x drug interaction on total exploration time (seconds) during the choice phases 

of the ORT; error bars represent SEM. * p < .05 compared to the saline group. 
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Choice Phases - Discrimination Ratio 

 A 2 (Drug: ketamine or saline) x 2 (age: adolescence or adulthood) x 2 (delay: 15 minutes 

or 24 hours) mixed-design ANOVA revealed a significant main effect of drug, F(1, 22) = 

13.163, p = .001, partial η2 = .374, indicating that discrimination ratios for the ketamine-treated 

rats were significantly lower than those for the saline-treated rats, which suggests that the 

ketamine-treated rats explored the novel object less than the familiar object compared to the 

saline-treated rats and indicates impaired memory for the familiar object as a result of ketamine 

administration.  See Figure 7.   

 

Figure 7. The main effect of drug on discrimination ratio during the choice phases of the ORT; 

error bars represent SEM. * p < .05 compared to saline group.  

 

Additionally, there was a main effect of delay, F(1, 22) = 32.180, p = .000, partial η2 = 

.594, indicating that the rats’ discrimination ratios were significantly higher during the 15-minute 

delay compared to the 24-hour delay.  This indicates that, on average, the rats spent significantly 

more time exploring the novel object compared to the familiar object during the shorter delay.   

 

 

* 
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Also, this analysis revealed a trend toward a significant interaction between the age of the 

rats and delay, F(1, 22) = 4.050, p = .057, partial η2 = .155.  Follow-up paired-samples t-tests 

revealed no significant difference between adolescence and adulthood during the 15-minute 

choice phase, p = .305; however, there was a significant difference between the discrimination 

ratios during adolescence (M = .181, SE = .036) and adulthood (M = .069, SE = .042) during the 

24-hour choice phase, t(23) = 2.196, p = .038, d = .17, indicating that the effect of delay was 

more pronounced during adulthood than it was during adolescence (Figure 8).   

     

 

Figure 8. Age x delay interaction on discrimination ratios during the ORT; error bars represent 

SEM. * p < .05 compared to the 24-hour delay during adulthood.   

 

 

* 
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Order Effects in the ORT 

 A 2 (order: ORT first or OLT first) x 2 (drug: ketamine or saline) x 2 (age: adolescence 

or adulthood) x 2 (delay: 15 minutes or 24 hours) mixed-design ANOVA was used to assess 

potential order effects.  This analysis revealed a trend toward a significant main effect of order 

on discrimination ratios during the ORT, F(1, 20) = 4.172, p = .055, partial η2 = .173, but not on 

total exploration time, F(1, 20) = 2.149, p = .158, partial η2 = .097, indicating that rats that 

underwent the OLT first during adolescence (ORT first during adulthood; M = .2468, SE = 

.0304) spent significantly longer exploring the novel object compared to the rats that underwent 

the ORT first during adolescence (OLT first during adulthood; M = .1698, SE = .0306), 

indicating better discrimination and memory for the familiar object.  See Figure 9. 

 

Figure 9. Effect of order on discrimination ratios during the ORT; error bars represent SEM. * p 

< .05 compared to the group that underwent OLT testing first.   

 

 

 

* 
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Summary of findings for the ORT 

 Ketamine-treated rats explored the objects less than the saline-treated rats during the 

ORT, and this was true during both the 15-minute and 24-hour delays.  Further within-groups 

analyses revealed that the ketamine-treated rats explored significantly less during the 15-minute 

delay as compared to the 24-hour delay, whereas the saline-treated rats performed similarly 

during both delays.  Ketamine was also found to induce deficits in the rats’ discrimination ratios, 

as they were significantly lower than those for the saline-treated rats, indicating poorer memory 

for the familiar object.   

When collapsing across the drug groups, the rats had better discrimination during the 15-

minute delay as compared to the 24-hour delay.  Additionally, the rats had lower discrimination 

ratios in adulthood during the 24-hour delay, indicating that the effect of delay was more 

pronounced during adulthood than it was during adolescence.  However, there was an effect of 

order on discrimination ratios, indicating that the rats that underwent the ORT first during 

adolescence had poorer discrimination and memory for the familiar object as compared to the 

rats that underwent the OLT first during adolescence.   
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Object Location Task 

Sample Phase Exploration  

During the sample phase of the OLT, the opposite pattern of results as compared to the 

sample phase of the ORT was found.  Specifically, during adolescence, there was no difference 

in total exploration time between the ketamine- and saline-treated groups, p = .380.  However, 

during adulthood, the ketamine-treated rats (M = 45.33, SE = 2.44) spent significantly less time 

exploring the objects as compared to the saline-treated rats (M = 56.58, SE = 2.63) during 

adolescence, t(22) = -3.132, p = .005, d = .31.   

To see whether the time spent exploring the objects differed within each drug condition, 

further paired-samples t-tests were conducted.  The ketamine-treated rats did not differ in their 

time spent exploring the objects during adolescence, p = .176; however, during adulthood, the 

ketamine-treated rats spent significantly more time exploring the right object (M = 26.08, SE = 

2.15) as compared to the left one (M = 19.25, SE = .938), t(11) = 3.052, p = .011, d = .30.  The 

saline-treated rats did not differ in their time spent exploring the left and right objects during 

adolescence or adulthood, ps > .481.   

Choice Phases - Total Exploration Time 

 2 (Drug: ketamine or saline) x 2 (age: adolescence or adulthood) x 2 (delay: 15 minutes 

or 24 hours) mixed-design ANOVA revealed a significant interaction between age and delay, 

F(1, 22) = 36.672, p = .000, partial η2 = .625, indicating that the total exploration time during the 

two different delays differed based on the age of the rat at time of testing.  Follow-up paired-

samples t-tests revealed that, on average, during adolescence, rats spent more time exploring the 

objects during the 15-minute choice phase (M = 31.38, SE = 2.058) compared to the 24-hour 

choice phase (M = 25.21, SE = 1.542), t(23) = 2.968, p = .007, d = .28.  On the contrary, during 
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adulthood, rats spent more time exploring the objects during the 24-hour choice phase (M = 

38.75, SE = 2.507), on average, compared to the 15-minute choice phase (M = 27.29, SE = 

1.417), t(23) = -4.991, p = .000, d = .512.  This is illustrated in Figure 10. 

 

 

Figure 10. Age x delay interaction on total exploration time (seconds) during the choice phases 

of the OLT; error bars represent SEM. * p < .05 compared to the 24-hour delay during 

adolescence, # p < .05 compared to the 15-minute delay during adulthood. 

 

Choice Phases - Discrimination Ratio 

 2 (Drug: ketamine or saline) x 2 (age: adolescence or adulthood) x 2 (delay: 15 minutes 

or 24 hours) mixed-design ANOVA revealed a significant main effect of drug, F (1, 22) = 4.981, 

p = .036, partial η2 = .185, indicating that the ketamine-treated rats had impaired object 

discrimination when compared to the saline-treated rats.  This ANOVA also revealed a 

significant main effect of age, F (1, 22) = 11.547, p = .003, partial η2 = .344, indicating that the 

rats had higher discrimination ratios during adulthood as compared to adolescence.  Lastly, there 

* 

* 
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was a main effect of delay, F (1, 22) = 29.074, p = .000, partial η2 = .569, indicating that the rats 

had superior object discrimination during the 15-minute choice phases as compared to the 24-

hour choice phases.  See Table 4. 

 

Group N Discrimination Ratio 

Adolescence Adulthood 

15-

minute 

delay 

24-hour 

delay 

15-

minute 

delay 

24-hour 

delay 

Ketamine 12 .206 -.080 .086 .119 

Saline 12 .280 .007 .282 .180 

 

Table 4. The main effects of age, delay, and drug on discrimination ratio during the choice 

phases of the OLT.  Data displayed are the mean discrimination ratios for the ketamine and 

saline groups during all time points tested. 

Order Effects in the OLT 

 A 2 (order: ORT first or OLT first) x 2 (drug: ketamine or saline) x 2 (age: adolescence 

or adulthood) x 2 (delay: 15 minutes or 24 hours) mixed-design ANOVA was used to assess 

potential order effects.  This analysis revealed a significant age by order interaction on total 

exploration time, F(1, 19) = 10.040, p = .001, partial η2 = .514, indicating that the total time the 

rats spent exploring the locations during the two ages varied based on the order in which the 

underwent the tasks.  Follow-up t-tests revealed that rats that underwent testing on the OLT first 

during adolescence (M = 33.42, SE = 2.034) spent significantly more time exploring the 

locations during adolescence compared to the rats that underwent the ORT first (M = 23.17, SE = 

1.008), t(46) = -4.515, p = .000, d = 0.17.  The opposite pattern of results was true during 

adulthood; the rats that underwent the ORT first (M = 36.08, SE = 2.488) spent significantly 
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more time exploring the locations compared to the rats that underwent the OLT first (M = 29.96, 

SE = 2.036), t(46) = 1.905, p = .063, d = .55.  See Figure 11. 

 

Figure 11. Age x order interaction on total exploration time during the OLT; error bars represent 

SEM. * p < .05 compared to the group that underwent OLT testing first.   

 

 Additionally, this ANOVA revealed a significant delay by order interaction on total 

exploration time, F(1, 19) = 6.699, p = .018, η2 = .251, indicating that the total time the rats spent 

exploring the locations during the two delays varied based on the order in which they underwent 

the tasks.  Follow-up t-tests revealed that rats that underwent testing on the OLT first during 

adolescence (M = 32.25, SE = 2.098) spent significantly more time exploring the locations 

during the 15-minute delay compared to those that underwent the ORT first (M = 26.42, SE = 

1.210), t(46) = -2.408, p = .02, d = .72.  However, during the 24-hour delay, there was no 

difference between the rats that underwent testing on the OLT first during adolescence (M = 

* 
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31.13, SE = 2.028) and those that underwent the ORT first (M = 32.83, SE = 2.911), t(46) = .482, 

p = .632, d = 0.14.       

 

Figure 12. Delay x order interaction on total exploration time during the OLT; error bars 

represent SEM. * p < .05 compared to the group that underwent OLT testing first.   

 

Summary of findings for the OLT 

 Unlike during the ORT, there were no ketamine-induced effects on total exploration time 

during the OLT and the ketamine-treated rats did not differ from the saline-treated rats.  

However, similar to the ORT, there was a ketamine-induced effect on discrimination ratios, 

suggesting that ketamine administration impaired memory for the familiar location compared to 

the saline-treated rats.  

When collapsing across drug groups, analyses revealed that the total exploration time 

during the 15-minute and 24-hour delays differed based on the age of the rat at the time of 

testing.  During adolescence, rats spent more time exploring the objects during the 15-minute 

* 
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delay compared to the 24-hour delay.  On the contrary, during adulthood, rats spent more time 

exploring the objects during the 24-hour choice phase compared to the 15-mintue choice phase. 

However, the order in which the tasks were administered had a significant effect on the 

exploration time during the two ages and delays.  Rats that underwent the OLT first during 

adolescence spent more time exploring the locations during adolescence as compared to the rats 

that underwent the ORT first.  The opposite pattern of results was true during adulthood, where 

the rats that underwent the ORT first spent significantly more time exploring the locations as 

compared to the rats that underwent the OLT first. 

Additionally, the order of tasks had an effect on total exploration time during the two 

delays.  Rats that underwent testing on the OLT first during adolescence spent more time 

exploring during the 15-minute delay as compared to those that underwent the ORT first. 

Furthermore, discrimination ratios were found to be higher during adulthood as compared 

to adolescence, suggesting that older rats had better memory for the familiar locations.  Lastly, 

discrimination ratios were higher during the 15-minute delay compared to the 24-hour delay, 

suggesting that the rats had better memory for the familiar locations during the shorter delay.  

Importantly, no order effects were found for discrimination ratios.   

   

 

 

 

 

 

 



 

47 

 

Discussion 

 The current study sought to elucidate the effects of chronic ketamine during adolescence 

on short- and long-term recognition memory in rats.  The results demonstrated that the current 

administration of chronic ketamine during adolescence interacted with typical neurodevelopment 

to impair short- (i.e., 15 minutes) and long-term (i.e., 24 hours) memory in ORT and OLT both 

immediately (i.e., adolescence) and long-term (i.e., adulthood).  In addition, performance on the 

OLT was affected by both age and delay, with superior discrimination occurring in adult rats as 

compared to adolescent rats and at the 15-minute time point as compared to the 24-hour time 

point, indicating better memory for the familiar location during adulthood and the shorter delay.  

There was also a trend toward an age by delay interaction on the ORT such that older rats were 

more impaired than younger rats, but only at the 24-hour delay, indicating poorer memory for the 

familiar object following the longer delay during adulthood.    

Object Recognition Task – Total Exploration Time 

Ketamine caused impairments on the ORT, which is a non-spatial memory assessment 

that requires animals to explore objects during a study phase and differentiate between new and 

old objects in subsequent test phases (Ennaceur & Delacour., 1988).  During adolescence, the 

ketamine-treated rats spent significantly less time exploring the objects as compared to the 

saline-treated rats during the sample phase.  Similarly, during the choice phases, ketamine caused 

the rats to spend significantly less time exploring the objects as compared to the saline-treated 

rats.  More specifically, the ketamine-treated rats explored less following the 15-minute delay 

during both adolescence and adulthood, which suggests that ketamine produces short-term 

alterations in time spent exploring the objects that are present both transiently and persistently.  

Although the rats underwent three days of habituation to the apparatus, it may be that the 
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ketamine-treated rats did not properly habituate to the apparatus or did not produce a lasting 

representation, which would result in more time exploring the apparatus as if it was novel during 

the choice phases.  Prior research has shown that chronic ketamine produces alterations in 

habituation, indicated by the lack of decreasing exploratory behavior in an open field arena 

across sessions compared to control rats (Venãncio et al., 2011).  At the neural level, glutamate is 

known to facilitate memory retention, while NMDA antagonists have been shown to dose-

dependently decrease habituation (Rosat et al., 1992), which strengthens the argument that 

NMDA antagonists, such as ketamine, can modify habituation properties. 

Additionally, the finding that the ketamine-treated rats explored significantly less during 

the 15-minute choice phases contradicts previous research that has investigated the effects of 

ketamine following similar delays; Venãncio and colleagues (2011) found that chronic 

administration of 5 or 10 mg/kg doses of ketamine resulted in no differences in total object 

exploration following 15-minute and 24-hour delays compared to saline controls.  On the other 

hand, an acute 20 mg/kg dose of ketamine administered 24 hours prior to the sample phase has 

been found to increase total exploration time during the choice phase following a 24-hour delay 

compared to saline controls, while the same dose produced no differences following a delay of 

only 90 minutes (Goulart et al., 2010).  Being that, in the current study as well as the previously 

cited studies (Goulart et al., 2010; Venãncio et al., 2011), behavioral testing took place well after 

the ketamine had cleared, it is clear that there is a residual, long-lasting effect of ketamine that 

alters total exploration time of the objects.  However, the mechanisms underlying this behavioral 

phenomenon are unclear, and future research will need to explore the potential dose-dependent 

effects of ketamine on time spent exploring objects, as well as attempt to elucidate the 
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mechanisms underlying the differences between the ketamine-induced effects following different 

delays.   

There was also a difference in total exploration time during the ORT based on the age of 

the rats; specifically, the rats spent more time exploring the objects during adolescence compared 

to adulthood.  This increased exploration during adolescence may be due to the novelty of the 

task.  In adolescence, it was the first time that the rats were exposed to the task, while in 

adulthood, the objects were novel but the task itself was not.  This finding is in agreement with 

some prior research that has examined different ages of rats on total exploration time during the 

ORT.  Silvers and colleagues (2007) demonstrated that adolescent rats more rapidly approach a 

novel object in a familiar environment, as well as spend more time with a novel object relative to 

a familiar one.  In the same way, adolescent rats display higher levels of overall activity in a 

novel environment and tasks that require exploration (Spear, 2000).  While they used older rats 

(i.e., almost 2 years of age), Burke and colleagues (2010) demonstrated similar results.  They 

found that the aged rats, compared to adult (i.e., PND 90) rats, spent significantly less time 

exploring the objects.  While the rats used by Burke and colleagues (2010) were significantly 

older than the rats used in the current study, this research provides further rationale for the idea 

that, throughout the lifespan of rats, they explore less as they get older; however, the prior 

literature is not consistent in this regard.  No differences in total exploration time were found 

between four different ages of rats, weanlings (PND 20-23), juveniles (PND 29-40), adults (PND 

50), and older adults (PND 90; Heyser & Ferris, 2012; Reger et al., 2009). 

Object Recognition Task – Discrimination Ratios 

Furthermore, ketamine induced deficits in discrimination ratios, which are an indication 

of the rats’ preference for the novel versus the familiar object while controlling for differences in 
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total exploration time, during the choice phases of the ORT.  As previously mentioned, higher 

discrimination ratios indicate a stronger preference for exploring the novel object (i.e., > .000), 

while a lower discrimination ratio signifies a weaker preference for exploring the novel object 

(Ennaceur & Delacour, 1988; Pitsikas et al., 2008).  The current study revealed that ketamine-

treated rats had significantly lower discrimination ratios, indicating that these rats preferentially 

explored the novel object less than the familiar object compared to the saline-treated rats during 

the choice phases.  This drug-induced impairment in object recognition memory is in line with 

research examining the effects of acute (Pitsikas et al., 2008) as well as chronic (Venãncio et al., 

2011) ketamine on discrimination ratios during this task.  However, the fact that ketamine 

produced impairments in adolescence as well as adulthood suggests a long-lasting effect of drug 

administration on the rats’ abilities to differentiate a novel object from a familiar one.  While 

prior research has shown that chronic ketamine during adolescence can produce deficits in short- 

and long-term memory during adolescence (Gama et al., 2012), the current study provides the 

first evidence that chronic ketamine during adolescence can result in recognition memory deficits 

in adulthood.  Jablonski and colleagues (2013) recently examined the effect of acute 

administration of an NMDA antagonist, MK-801, in juvenile (i.e., PND 31) rats prior to training 

on the object recognition and OLTs and found that MK-801 produced deficits in the object 

location, but not object recognition, task compared to controls following a 5-minute delay.  They 

suggested that the ORT may become increasingly difficult as the choice-phase delay increases, 

possibly requiring a greater involvement of NMDA receptors and/or additional brain regions, 

such as portions of the hippocampus or PFC (Jablonski et al., 2013; Gaskin et al., 2009).  

Therefore, being that ketamine induced deficits in both short- and long-term recognition 

memory, it may be that the localization of NMDA receptor impairment is delay-dependent and 
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underlying regions depend on the time between sample and choice phases.  More specifically, 

the ORT may require the involvement of additional NMDA receptors in the PFC, which plays a 

role in working memory (Lenroot & Giedd, 2006), during shorter delays, such as 15 minutes, 

whereas during longer delays, such as 24 hours, more NMDA receptor activation in the 

hippocampus, which has been shown to be integral for long-term object recognition (Hammond 

et al., 2004), may be required for better performance.  Therefore, the administration of an 

NMDA antagonist, such as ketamine, would likely inhibit the activation of NMDA receptors in 

these regions, resulting in the deficits seen in the current study. 

In addition to the drug-induced effects on discrimination ratios, there was a trend toward 

an interaction between age and delay on discrimination ratios during the ORT.  This finding 

revealed that the rats had significantly lower discrimination ratios during the 24-hour choice 

phase in adulthood compared to the 24-hour choice phase in adolescence.  These results are not 

in line with some previous research investigating the effects of different ages and delays on 

recognition memory.  Reger and colleagues (2009) demonstrated that adult rats (i.e., PND 50+) 

explored the novel object significantly more following both 15-minute and 24-hour choice 

phases compared to weanlings (i.e., PND 20-23), and this preference did not decrease until after 

a 48-hour delay, indicating that adult rats have intact object recognition memory up until 48 

hours following exposure to the sample phase.  On the other hand, Burke and colleagues (2010) 

found that aged (i.e., almost 2 years old) rats, compared to significantly younger, adult (i.e., PND 

90) rats, spent less time exploring the objects following 15-minute, 2-hour, and 24-hour choice 

phases.   

The current findings may indicate a stronger role of the perirhinal cortex, which is 

important for novel object recognition during shorter delays (Antunes & Biala, 2012), and lower 
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activation in the hippocampus, which is important for coding object memory and maintaining 

strong novel object preference after long but not short delays (Hammond et al., 2004).  

Hammond and colleagues (2004) found that hippocampal-lesioned rats showed no differences in 

sample phase object exploration time, as well as no alterations in their habituation; however, 

after a 24-hour delay, these rats exhibited impaired object recognition memory, which supports a 

delay-dependent role of the hippocampus in object recognition memory.  This idea of delay-

dependent and compensatory mechanisms has been found in other medial temporal lobe regions 

during other types of learning, such as contextual fear conditioning.  Specifically, Wiltgen and 

colleagues (2006) found that animals with hippocampal lesions were able to learn at rates 

comparable to non-lesioned rats during short-delays; however, learning over multiple trials was 

impaired in the lesioned rats and other mechanisms, such as the neocortex, are thought to 

activate and compensate during longer delays.  Together, these parallel findings across different 

types of learning suggest a similar, yet dynamic, role of different brain regions and future 

research investigating these roles more specifically may provide a better understanding of basic 

processes as well as implications for different illnesses and disorders.   

Furthermore, during the ORT, analyses revealed that rats that were first exposed to the 

OLT during adolescence had higher discrimination ratios compared to those that underwent 

testing in the ORT first.  Generally speaking, this difference in performance may be due solely to 

exposure to the apparatus.  The rats that were first exposed to the OLT were habituated in a 

similar apparatus to ORT, but with the addition of two spatial cues.  This may have elicited 

additional internal mechanisms, thereby improving performance on the later tasks.  See table 5 

for a summary of ORT results.   
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Object Location Task – Total Exploration Time 

 While the hippocampus may play a role in long-term object recognition memory 

(Hammond et al., 2004), the OLT is a spatial task that requires animals to explore identical 

objects during a sample phase and differentiate between new and old locations of the objects in 

subsequent choice phases, and is considered to be hippocampus-dependent (Barker & 

Warburton, 2011; Ennaceur & Delacour, 1988; Ennaceur et al., 1996).  As previously mentioned, 

the ketamine-treated rats explored the objects significantly less as compared to the saline-treated 

rats during the sample phase of the ORT during adolescence; however, during the sample phase 

of the OLT, the opposite trend of results were found, as the ketamine-treated rats spent less time 

exploring the objects as compared to the saline-treated rats during adulthood.   

Regarding the choice phases of the OLT, the rats spent more time exploring the objects 

during the 15-minute choice phase compared to the 24-hour choice phase during adolescence, 

whereas, during adulthood, the opposite pattern of results emerged, where rats spent significantly 

more time exploring the objects during the 24-hour choice phase compared to the 15-minute 

choice phase.  The findings in adolescence are to be expected, since the task is new to the rats 

following the 15-minute delay; however, the opposite trend in adulthood is a surprising result.  

Burke and colleagues (2010) found that aged rats (i.e., 2 years old) do not show an overall 

habituation to object exploration nor do they show declines in motivation to explore.  Contrary to 

the current findings, they found that older rats had reduced object exploration following longer 

delays (i.e., 24 hours) and suggested that this age-associated deficit was because of intervening 

stimuli spontaneously encountered during the long delay periods, which may have shared 

common features with the objects presented during the choice phase (Burke et al., 2010).  This, 

along with the possibility that older rats may be less able to discriminate different stimuli that 
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share common features (Burke et al., 2010), may have led to the increased exploration time 

during the 24-hour choice phase in adulthood.  Importantly, the pattern of results for total 

exploration time of the ketamine- and saline-treated rats during the 24-hour choice phase of the 

OLT during adulthood is proportional to the pattern of the discrimination ratios, with the two 

groups spending a similar amount of time exploring both the familiar and novel object locations.  

Therefore, it may be that, in adulthood, intervening stimuli with similar features experienced 

during longer delays altered previously-existing representations and, ultimately, caused the rats 

to spend more time exploring the objects.  

Furthermore, during the OLT, there were order effects found during total exploration 

time, but not discrimination ratios, suggesting the order in which the rats underwent the tasks did 

not affect their abilities to discriminate a novel location from a familiar one.  Rats that underwent 

testing on the OLT first during adolescence spent more time exploring the objects during 

adolescence compared to the rats that underwent the ORT first, whereas the opposite pattern of 

results was true during adulthood.  In addition to the rats’ exploration during the two ages 

varying based on the order of tasks, rats that underwent testing on the OLT first during 

adolescence spent more time exploring the objects during the 15-minute delay compared to those 

that underwent the ORT first, whereas there was no difference in total exploration time between 

the two groups during the 24-hour delay.  

Object Location Task – Discrimination Ratios 

Similar to the findings in the discrimination ratios during the ORT, ketamine-treated rats 

were found to have significantly lower discrimination ratios compared to saline-treated rats 

during the OLT.  While research pertaining to whether or not object location is sensitive to 

pharmacological manipulations is not as common as studies involving the ORT (Pitsikas, 2007), 
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Pitsikas and colleagues (2008) demonstrated that acute subanesthetic doses of 1 and 3 mg/kg, but 

not 0.3 mg/kg, of ketamine, administered either before or after training, resulted in significantly 

lowered discrimination ratios.  Interestingly, acute administration of much higher doses of 

ketamine (i.e., 100 mg/kg) has also been found to produce deficits in discrimination ratios that 

persist up until 72 hours following drug treatment (Pitsikas & Boultadakis, 2009), while, more 

recently, Jablonski and colleagues (2013) found that acute administration of another NMDA 

antagonist, MK-801, induced deficits in the discrimination ratios of juvenile rats (i.e., PND 31) 

during the OLT.  While it is difficult to draw conclusions from studies using such varied 

methodology and pharmacological manipulations, this research further solidifies the role of the 

hippocampus in successful performance on the OLT, as it is an NMDA receptor-abundant region 

(Monaghan & Cotman, 1985).   

 Moreover, the rats in the present study had significantly higher discrimination ratios 

during the 15-minute choice phases compared to 24-hour choice phases, demonstrating impaired 

object discrimination at the longer time interval.  This is to be expected, considering that it is 

substantially more difficult to maintain a representation of objects after a 24-hour delay as 

compared to a 15-minute delay, and is comparable to work done by Ennaceur and Delacour 

(1988), who found that discrimination ratios were significantly lower following a 24-hour delay 

compared to shorter delays, such as 1 minute, 1 hour, and 4 hours.    

Additionally, during adolescence, the rats had significantly lower discrimination ratios 

than they did during adulthood, indicating impaired object discrimination during adolescence.  

This is a somewhat surprising finding, considering younger rats are typically more hyperactive 

and perform better on tasks that require exploration (Spear, 2000).  However, this deficit in 

adolescence may be due to natural developmental processes.  The significant synaptic pruning of 
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glutamate receptors and NMDA receptors in the hippocampus, as well as the restriction of 

excitatory input that occurs during adolescence (Spear, 2000) may have produced the age-

dependent deficits seen in the spatial OLT in the current study.  By the time the rats were tested 

in adulthood, they were no longer undergoing synaptic pruning and there was no restriction in 

excitatory input (Spear, 2000).  Thus, enhanced synaptic connections and increased excitatory 

input to essential brain regions may be the underlying cause of the significantly higher 

discrimination ratios seen during adulthood on the OLT.  It is also possible that the enhanced 

exploration and impaired discrimination in the younger rats was the result of increased 

locomotor activity.  While this variable was measured in adolescence to assess the possible effect 

of ketamine on locomotion, it was not measured during adulthood for comparison.  Therefore, it 

is possible that the rats in the present study exhibited some degree of hyperactivity, which may 

have impacted an ability to see drug-induced changes during that age period.  See table 6 for a 

summary of OLT results.     

Locomotor Activity 

While ketamine induced deficits on performance during the object recognition and 

location tasks, it did not produce effects on the locomotor activity assessment.  Not only was this 

assessment utilized to examine the effects of drug administration, but also to examine initial 

locomotor activity differences between the two groups before behavioral testing in the object 

recognition and location tasks, which require extensive exploration and movement (Ennaceur & 

Delacour, 1988).  In the present study, ketamine- and saline-treated rats did not significantly 

differ in the total number of lines crossed during the locomotor activity assessment, which 

indicated no drug-induced alterations in locomotion.  The lack of difference between the 

ketamine- and saline-treated groups on total number of lines crossed suggests that differences 
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between the two groups in total exploration time during the sample and choice phases of the two 

tasks are not likely due to a preliminary difference in exploratory behavior.  This finding is in 

agreement with some previous research; however, there are some inconsistencies in the literature 

regarding the effects of ketamine on locomotor activity.  Similar to the current study, Venãncio 

and colleagues (2011) found that chronic ketamine did not increase locomotor activity compared 

to controls, while Becker and colleagues (2003) found that 30 mg/kg of ketamine for 5 

consecutive days produced no differences following the final injection between the ketamine- 

and saline-treated rats.  However, the lack of an effect of ketamine on locomotor activity in the 

present study suggests that alterations in object exploration as a consequence of ketamine 

administration were not due to motor effects.   

In contrast to the present findings, Gama and colleagues (2012) found that ketamine 

significantly increased distance covered at 5, 10, and 15 minute time points in the open-field task 

following the same drug administration dose, schedule, and delay following the last 

administration (i.e., 30 minutes) in same-aged rats as the current study.  A primary reason for the 

difference in results between Gama and colleagues (2012) and the current study may be the 

strain of rat used.  While they were the same age, Gama and colleagues used Wistar rats and the 

current study used Sprague-Dawley rats.  Moreover, Hou and colleagues (2013) found that 

chronic administration of three different doses (i.e., 25, 50, and 100 mg/kg i.p., 7 days) resulted 

in a significant increase in locomotor activity compared to the saline control group.  

Additionally, ketamine has demonstrated stimulant-like properties in lower (i.e., 5 mg/kg) doses, 

as well as different combinational effects when these doses are combined with other drugs on 

motor activities such as locomotion, stereotypy, and ataxia (Lai, Lee, & Yin, 2013).  

Weight 
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Moreover, body weight was monitored throughout the experimental period to assess 

growth rate throughout the experimental period and look for variability due to drug 

administration.  Although ketamine-treated rats showed significantly lower body weights during 

days 4-11, these effects did not persist through adulthood.  These findings are in opposition to 

some previous research that used a chronic ketamine administration (i.e., 7 days, 15mg/kg), 

which was found to increase body weight and food consumption (Gracia et al., 2009).  However, 

these findings are similar to others (Venãncio et al., 2011), which revealed that ketamine-treated 

rats had significantly lowered weights compared to the controls throughout the experimental 

period.  These latter findings are in agreement with studies investigating chronic ketamine 

administration in humans; participants reported side effects such as nausea and vomiting with 

consequent loss of appetite (Cvrcek, 2008).  Additionally, ketamine is known to interfere with 

gustatory trace in a dose-dependent manner (Traverso et al., 2008), which may also account for 

the reduced food intake and, ultimately, significantly lowered weight.  However, it is important 

to note that these effects on weight were short lived and it is unlikely that ketamine produced any 

long-term gastrointestinal changes that could account for the behavioral effects of the drug 

observed in adulthood.    

Limitations  

While this is, to our knowledge, the first study to simultaneously examine the effects of 

chronic ketamine administration during adolescence on both the ORT and OLT, there are some 

potential confounds.  During the sample phases of the object recognition and location tasks, the 

rats are expected to not display a preference for either object because it is their first exposure 

(Ennaceur & Delacour, 1988; Ennaceur et al., 2010).  However, in the current study, during the 

sample phases for both the object recognition and location tasks during adulthood, the ketamine-
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treated rats spent significantly more time exploring the right object as compared to the left one.  

As the two objects presented during the sample phases are identical, it is difficult to speculate 

why this initial preference may be present; however, this finding may be a potential limitation of 

the current study and may have affected exploration in subsequent phases. 

While often considered advantageous, these two tasks also have disadvantages that must 

be considered (Ennaceur et al., 2010).  Ennaceur (2010) discusses that our lack of knowledge 

about the perceptual capabilities in rats and mice is one potential limitation underlying these 

tasks.  The argument is that we know very little about how these rodents discriminate between a 

familiar and novel object and, ultimately, how their memory performance is achieved.  Ennaceur 

(2010) points out that the distinction between ‘preference for a novel object’ and ‘novelty 

detection and encoding’ has yet to be determined.  ‘Preference for a novel object’ is when an 

object is already represented in memory and ‘novelty detection and encoding’ is an immediate 

response.  Lastly, Ennaceur discusses the involvement of episodic memory and not working 

memory during these tasks, arguing that they are not working memory tasks because the rat 

explores objects and returns to its home cage without training and they are not expecting to be 

tested again.  However, the task requires episodic memory as the rats are exposed to objects (i.e., 

what), context (i.e., where), and during a particular time, date or age (i.e., when) and testing of 

the temporal (i.e., when) remains very difficult (Ennaceur, 2010). 

 Aside from the tasks used, there are other potential methodological limitations worth 

mentioning.  In the current study, we are presuming that 7 days of daily ketamine administration 

produced long-lasting changes in brain structure and function.  While it has recently been shown 

that chronic ketamine during adolescence results in electrophysiological alterations during 
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adulthood (Featherstone et al., 2014), the current study did not directly assess physiological 

changes. 

 One potential interpretation matter with the current results is differentiating between the 

15-minute and 24-hour choice phases and ensuring that they are due to memory and not practice.  

The present findings on the ORT and OLT suggest that it is due to memory and not practice.  On 

both the ORT and OLT, the results demonstrated that the rats had better discrimination ratios 

during the 15-minute delay, which is to be expected since it is a significantly shorter time to hold 

a memory trace as compared to 24 hours.  If this was not a memory deficit and was due to 

practice, one would expect better discrimination during the later delay because there is additional 

exposure to the objects.  However, to directly assess this matter, future studies would do well to 

include an additional control group that undergoes a choice phase solely after 24 hours.      

Conclusion 

Although there are potential limitations in the current study, there are many implications 

for future research investigating the effects of ketamine on the object recognition and location 

tasks.  An extensive amount of research, in both animals (Becker et al., 2003) and humans 

(Newcomer et al., 1998), has revealed that ketamine induces symptoms similar to the positive, 

negative, and cognitive symptoms of schizophrenia.  The object recognition and location tasks 

are considered to contain an episodic memory-like component (Ennaceur, 2010), which is 

impaired in individuals with schizophrenia (Gruzelier et al., 1988).  Additionally, there is a lot of 

emerging evidence pointing toward schizophrenia as a developmental illness (Gama et al., 2012), 

and NMDA hypofunction is considered as a convergence point for the progression and 

symptoms of it (Snyder & Gao, 2013).  Thus, being that chronic administration of NMDA 

antagonists mimics the symptoms seen in this devastating illness, this line of research may 
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provide novel ways to investigate potential causes, mechanisms, and interventions through 

multidisciplinary approaches.    

In conclusion, the current study provides evidence of short-term and long-term effects of 

chronic ketamine administration on both object recognition and object location memory.  While 

recent research has established that chronic ketamine during adolescence produces deficits in 

short- and long-term memory during adolescence (Gama et al., 2012) as well as late-onset 

alterations in electrophysiology in adulthood (Featherstone et al., 2014), this is the first study to 

display cognitive impairments in adulthood following chronic ketamine during adolescence.  An 

extensive amount of research has been done during the critical period of adolescence, as studies 

have demonstrated that drug use during adolescence can result in robust impairments in 

cognition (Sircar et al., 2010), as well as increased vulnerability to drug-induced impairment 

(Pope et al., 2003) and persisting deficits in adulthood (Gilpin et al., 2012; Maldonado-Devincci 

et al., 2010; Wagner et al., 2012).  Additionally, being that adolescence is a prime time for 

experimentation with substances (Spear, 2000) and developmental delays in certain brain regions 

can result in higher risk for substance abuse (Fishbein, 2000), it is important that future research 

provides links between physiological and behavioral evidence during both adolescence and 

adulthood to further clarify the impact of drugs not only during development, but later in life as 

well.   
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Table 5. Summary of main effects and interactions on ORT 

 

Total exploration time Discrimination ratio 

 Drug Age Delay Order  Drug Age Delay Order 

Drug Ketamine 
explored 

less than 

saline 

n/a ns Ketamine-
treated 

rats 

explored 
less 

during 

15m 
delay, 

whereas 

saline-
treated 

rats 

explored 
equally 

during 

both 15m 
and 24h 

ns Ketamine-
treated rats 

had lower 

discrimination 
ratios 

n/a ns ns ns 

Age Adolescence 

explored 

more than 
adults 

ns n/a ns ns ns ns n/a Rats had 

lower 

discrimination 
ratios during 

adulthood 

during 24h 

delay 

ns 

Delay ns Ketamine-

treated 
rats 

explored 

less 
during 

15m 

delay, 
whereas 

saline-

treated 
rats 

explored 

equally 
during 

both 15m 

and 24h 

ns n/a ns Rats had 

higher 
discrimination 

ratios during 

15m as 
compared to 

24h 

ns Rats had 

lower 
discrimination 

ratios during 

adulthood 
during 24h 

delay 

n/a ns 

Order ns ns ns ns n/a Rats that 

underwent 

ORT first 
during 

adolescence 

had lower 
discrimination 

ratios 

ns ns ns n/a 

 

  

  

Table Legend 

ns – not significant 

n/a – not applicable 
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Table 6. Summary of main effects and interactions on OLT 

 

Total exploration time Discrimination ratio 

 Drug Age Delay Order  Drug Age Delay Order 

Drug ns n/a ns ns ns Ketamine-
treated rats 

had lower 

discrimination 
ratios 

 

n/a ns ns ns 

Age ns ns n/a Adolescent 

rats 
explored 

more 

during 
15m; adult 

rats 

explored 
more 

during 24h 

 

During 

adolescence, 
rats that 

underwent 

OLT first 
during 

adolescence 

explored 
more; 

during 

adulthood, 
rats that 

underwent 

ORT first 
explored 

more 

 

Adult rats had 

higher 
discrimination 

ratios 

ns n/a ns ns 

Delay ns ns Adolescent 

rats 

explored 
more during 

15m; adult 

rats 
explored 

more during 

24h 
 

n/a During 

15m, rats 

that 
underwent 

OLT first 

during 
adolescence 

explored 

more 

Rats had 

higher 

discrimination 
ratios during 

15m choice 

phase 

ns ns n/a ns 

Order ns ns During 

adolescence, 
rats that 

underwent 

OLT first 
during 

adolescence 

explored 
more; 

during 

adulthood, 
rats that 

underwent 

ORT first 
explored 

more 

 

During 

15m, rats 
that 

underwent 

OLT first 
during 

adolescence 

explored 
more 

n/a ns ns ns ns n/a 

 

  Table Legend 

ns – not significant 

n/a – not applicable 
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