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Introduction
• Ketamine is a glutamate-NMDA receptor antagonist that has both abuse 

liability and has shown efficacy for treatment resistant depression in 

adolescents.

• However, enduring consequences for adolescent ketamine exposure are less 

well studied. 

• Repeated treatment with other glutamate-NMDA receptor antagonists (e.g., 

phencyclidine, dizocilpine) have been shown to produce enduring cognitive 

deficits.

• Targeted periods of environmental enrichment has been shown to attenuate 

these types of PCP-induced deficits.

• We examined the effects of adolescent ketamine treatment (vs control) and 

the effects of enrichment (vs no enrichment control) on behavior and 

cognitive assessments.
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Recent research surrounding ketamine has focused both on its use as a

drug of abuse but also for its therapeutic potential in individuals diagnosed

with treatment-resistant depression. However less is known about long term

effects following ketamine use. Previously published work has suggested

that ligands functioning as antagonists at the glutamate NMDA receptor

(e.g., dizocilpine, ketamine, phencyclidine) can produce enduring

impairments in various animal models of cognition. These deficits target

both hippocampal- and frontal-mediated learning tasks. Prior literature also

suggests that behavioral interventions like environmental enrichment, when

targeted during sensitive periods of development, may ameliorate or reverse

pharmacologically-induced developmental insults. The goals of these

experiments were to first investigate whether subchronic ketamine

administration during development would produce cognitive and behavioral

impairments, and then examine if exposure to environmental enrichment

might impact the drug-induced developmental insults. Male and female rats

that were obtained from commercial sources (Envigio) were pair-housed

and used as subjects in these experiments. These experiments used a 2

(drug) x 2 (enrichment) factorial design, with 8-12 animals in each of the 4

experimental groups (ketamine + enrichment; vehicle + enrichment;

ketamine + no enrichment; vehicle + no enrichment). Animals were

administered 30 mg/kg (ip) of ketamine or vehicle once daily, for 10 days

during adolescence and experienced home cage enrichment measures or

no enrichment. Enrichment procedures consisted of home cage running

wheels, small box houses to create a multi-level environment, colored

plastic tubes and wood toys, and periodic foraging food enrichment. Non-

enriched subjects were pair-housed in standard laboratory caging with

wood chip bedding. Cage mates were always in the same experimental

condition. All subjects had free access to food and water except during

behavioral testing. All animals then experienced a series of behavioral and

cognitive tasks during adulthood that assessed locomotor behavior in an

open field, memory for novel objects after a short delay period, and

behavior in an elevated zero-maze, which is a well validated task to assess

anxiety-like behavior. Our hypotheses were that ketamine treatment during

adolescence would produce selective insults and that environmental

enrichment would attenuate these deficits. Results and implications from

our on-going data collection will be discussed.

These are adolescent rats at arrival in the 

lab (approximate age PND 23)

Conclusions & Implications
• There was no effect of either drug or environmental enrichment 

manipulation on open field exploratory behavior. 

• Animals treated with ketamine had worse recognition than those treated 

with vehicle. There was trend level association for an effect of enrichment 

to improve recognition. However, there was no significant interaction. 

• There was a robust association for ketamine treatment to produce 

decreased anxiety-like behaviors. 

• Taken together, these data suggest subchronic ketamine treatment in 

rodents may both impair recognition memory and improve anxiety-like 

behaviors. 

• Adolescent Long Evans rats (both 

male and female) were acquired 

from a commercial source 

(Envigio) and arrived at the 

laboratory at approximately 

postnatal day (PND) 23 after 

weaning. 

• Subjects were group housed with 

free access to food and water and 

allowed to acclimate to the lab for 

about 1 week.

• Subjects were pair housed before 

experimental manipulations began.

• Cage mates were always in the 

same condition.

Enrichment

Results

Subjects

Drugs
• Ketamine HCl was purchased 

commercially (Covetrus). 

• Subjects received daily ip

injections of ketamine or saline 

vehicle in the home cage room. 

• Injections were delivered at a 

volume of 1 ml/kg. Injections 

continued for 10 d (PND 35-44). 

• Animals were assessed in 

behavior and cognition tasks 

beginning at PND 70, which 

corresponds to early adulthood. 

Approximately one-half of the subjects 

received daily injections of ketamine, 

while the other half received saline vehicle 

injections on the same schedule.

• All animals were same-

sex pair-housed.

• Non-enriched animals 

(left frame) had standard 

wood chip bedding and 

shredded paper in their 

home cage. 

• Enriched animals, had I 

addition, access to a 

variety of supplements 

(right frame), including 

fruit snacks, running 

wheels, tunnels, wooden 

toys, and cellulose chew 

toys.

Design

Ketamine Vehicle

Environmental

Enrichment
Ket + EE Veh + EE

No

Enrichment
Ket + no EE Veh + no EE

Figure 1. Open Field (exploratory behavior)

Subjects explored the open field and total distance (cm) was 

recorded. There were no main effects of either drug nor of 

environmental condition. Behavior was comparable across all 

conditions (all ps > .61)

Figure 2. Novel Object Recognition (memory)

Subjects receiving ketamine had a significantly 

worse recognition (p = .04) than those receiving 

vehicle. There was a trend level association (p = 

.08) for enrichment to improve memory. 

Figure 3. Elevated Zero Maze (anxiety)

There was a significant effect (p = .01) for 

ketamine treatment to increase time spent in 

open regions, suggesting less overall anxiety 

than the vehicle treated subjects. There was 

no effect of enrichment. 
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