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Kynurenic acid (KYNA) is a tryptophan metabolite that
is synthesized and released by astrocytes and acts as a
competitive antagonist of the glycine site of N-methyl-D-
aspartate receptors at high concentrations and as a non-
competitive antagonist of the a7-nicotinic acetylcholine
receptor at low concentrations. The discovery of increased
cortical KYNA levels in schizophrenia prompted the hy-
pothesis that elevated KYNA concentration may underlie
the working memory dysfunction observed in this popula-
tion that has been attributed to altered glutamatergic and/
or cholinergic transmission. The present study investigated
the effect of elevated endogenous KYNA on spatial work-
ing memory function in rats. Increased KYNA levels were
achieved with intraperitoneal administration of kynurenine
(100 mg/kg), the precursor of KYNA synthesis. Rats were
treated with either kynurenine or a vehicle solution prior to
testing in a radial arm maze task at various delays. Eleva-
tions of endogenous KYNA resulted in increased errors in
the radial arm maze. In separate experiments, assessment
of locomotor activity in an open field and latency to retrieve
food reward from one of the maze arms ruled out the pos-
sibility that deficits in the maze were attributable to altered
locomotor activity or motivation to consume food. These
results provide evidence that increased KYNA levels pro-
duce spatial working memory deficits and are among the
first to demonstrate the influence of glia-derived molecules
on cognitive function. The implications for psychopatho-
logical conditions such as schizophrenia are discussed.
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Introduction

Kynurenic acid (KYNA) is a tryptophan metabolite that
is synthesized and released in the brain by astrocytes.1

Depending on concentration, KYNA can act as a com-
petitive antagonist of the glycine site of N-methyl-D-
aspartate receptors (NMDARs)2 or as a modulator of
cholinergic function through noncompetitive blockade
of a7-nicotinic acetylcholine receptors (a7nAChRs).3–5

Both NMDAR and nAChR-mediated neurotransmis-
sion are crucial for many types of cognitive functions,6–10

and both receptors have been implicated in the patho-
physiology of schizophrenia.11–16

KYNA has recently been observed to be elevated in the
brain tissue17 and cerebral spinal fluid18 of individuals
with schizophrenia. This observation has prompted the
hypothesis that increased KYNA levels in schizophrenia
may contribute to the glutamatergic- and/or cholinergic-
mediated cognitive impairments that characterize this
population.3,19,20 Some of these cognitive impairments
include deficits in verbal and spatial working mem-
ory,21–23 which reflect difficulty with the maintenance,
updating, and manipulation of information in the face
of competing distractors or as environmental contingen-
cies change.24 Spatial working memory in particular has
been linked to the integrity of glutamatergic and cholin-
ergic function in rodent models.7,9 Thus, KYNA-induced
blockade of NMDARs and/or a7nAChRs may contrib-
ute to impairment in spatial working memory function.

Several recent studies have examined the effects of
increased KYNA concentration on behavior by adminis-
tering kynurenine, the precursor of KYNA. Kynurenine
readily crosses the blood-brain barrier where it is taken
up by astrocytes and converted into KYNA,1 resulting in
elevated KYNA concentration in brain regions where it is
normally synthesized and released. Elevating the level of
endogenous KYNA by this method has high face validity
for modeling changes in KYNA concentration in
schizophrenia in particular. For example, kynurenine is
elevated in schizophrenia17 but not in other disorders
such as Alzheimer disease, where increases in cerebral
KYNA content may be a product of a compromised
blood-brain barrier rather than alterations of kynurenine
pathway degradation per se.25,26
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The effects of kynurenine administration have been ex-
plored in studies of sensory gating, including prepulse in-
hibition and habituation of auditory evoked potentials.
Prepulse inhibition is a reduction of the response to a star-
tle-eliciting stimulus when it is preceded by a weaker pre-
pulse stimulus. Prepulse inhibition is thought to reflect
the ability to filter extraneous sensory information and
is widely regarded as a model of schizophrenia due to fre-
quent documentation of prepulse inhibition deficits in
persons with schizophrenia.27 In rats, kynurenine admin-
istration disrupted prepulse inhibition of the acoustic
startle response without affecting basal startle magni-
tude.20 A similar gating deficit was observed when 2 au-
ditory stimuli were presented 500 ms apart; kynurenine
disrupted the normal habituation of evoked potentials
in hippocampal neurons following presentation of the
second auditory stimulus, an effect that did not depend
on blockade of the glycine site of NMDARs.19

In the current study, elevations of endogenous KYNA
were achieved by intraperitoneal (IP) injection of kynur-
enine. The 100 mg/kg dose of kynurenine used in this
study has been previously shown to result in a 37-fold in-
crease of cerebral extracellular KYNA 2 hours postinjec-
tion28 and was the same dose that resulted in prepulse
inhibition deficits.20 Kynurenine was administered 2
hours prior to testing in an 8-arm radial maze with vary-
ing delays between each arm entry. It was hypothesized
that increased KYNA concentration would interfere with
spatial working memory in the radial arm maze task, es-
pecially as the temporal delays between each arm entry
were increased. At the conclusion of the working memory
task, rats were tested in an open field to examine the pos-
sibility that KYNA-induced alterations in working mem-
ory could be explained by changes in locomotor activity.
To address the possibility that elevated KYNA alters
motivation to consume food reward, a separate group of
rats was tested in the radial arm maze for latency to con-
sume food reward.

Materials and Methods

Subjects

Subjects included 52 male Long Evans rats (Harlan,
Indianapolis, IN), approximately 3 months of age at
the start of the experiment. Of these rats, 40 were used
in the radial arm maze working memory experiment
and the open field experiment, while 12 were used in
the radial arm maze motivation experiment. Rats were
individually housed, with free access to water. All rats
were placed on a restricted feeding regimen to maintain
them at 85% of their initial free-feeding weights. Some of
the rats were previously used in a fear conditioning task,
while other rats were used in an appetitive Pavlovian
conditioning task prior to their inclusion in the current
experiment. None of these rats received any prior phar-

macological manipulation. Rats were cared for in accor-
dance with all Institutional Care and Use Committee
(IACUC) and Association for Assessment and Accredita-
tion of Laboratory Animal Care (AAALAC) guidelines.

Radial Arm Maze Apparatus

Spatial working memory and motivation studies were
conducted in a standard 8-arm radial arm maze (Med
Associates, St Albans, VT). The maze consisted of an oc-
tagonal-shaped central platform area measuring 35 cm in
diameter. All 8 arms radiated from the central platform
and each arm measured 61 cm in length, 9 cm in width,
and 16.8 cm in height and was placed at equal angles
around the perimeter of the central platform. Food
cups were located 2 cm from the end of each arm. In total,
2 sets of photobeams were located in each arm at a height
of 2 cm. All components were constructed from clear
polypropylene. The maze was located in a small, sound-
proof room with visually distinct cues mounted on the
walls. Data from our laboratory indicate that rats use
a hippocampal-dependent allothetic strategy in navigating
this maze (A. C. Chess, unpublished observations, 2006).

Open Field Apparatus

Twenty-four-hours after completion of the maze task, lo-
comotor activity in an open field was assessed. The open
field chamber (43.2 3 43.2 cm) was composed of plexi-
glass walls and was connected to a personal computer
running Open Field Activity Software (Med Associates,
St Albans, VT). The chamber was equipped with 16 pho-
tobeams mounted on the sides at 2 different heights (3.5
and 7.5 cm from the floor) to monitor locomotor activity.

Drugs

L-kynurenine (L-KYN; Sigma, St Louis, MO) was pre-
pared fresh daily. L-KYN was dissolved in 2N NaOH
and brought to a final volume (30 mg/ml) with 0.1 M 4-
(2-hydroxyethyl)-1-piperazineethanesulfonic acid buffer.
HCl (1N) was used to bring the pH to ;8.4. Rats were
given IP injections of 100 mg/kg 2 hours prior to testing.
This dose produces a 37-fold increase in brain KYNA 2
hours postinjection,28 and because KYNA is the final
metabolic product of this sidearm of the kynurenine path-
way, the observed behavioral effects cannot be attributed
to increases of downstream molecules. Further, L-KYN
administration does not produce significant elevations
of other molecules of kynurenine degradation (eg, quino-
linic acid).19,29

Behavioral Procedure and Data Analysis

Radial ArmMaze:WorkingMemory. Once rats reached
their target weights, they were habituated to the maze over
4 daily sessions. The first 2 days of habituation included
5 minutes of free exploration throughout the entire maze.
Food pellets were scattered through the maze and in
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the food cups. The last 2 days of habituation included
5 minutes of free exploration with food pellets only present
in the recessed food cups. Rats were monitored to ensure
that they were eating food pellets out of all the food cups
by the end of habituation training.

Following the 4 habituation sessions, all rats partici-
pated in 24 days of training. No drug was administered
during this time. One trial was conducted each day, dur-
ing which a rat was placed in the central hub of the maze
and was always oriented in the same direction within the
central hub. The doors for all arms were raised simulta-
neously. The rat could enter any of the 8 arms to obtain
a food reward. Arm entry was defined by placement of all
4 paws inside the arm. Following an arm entry, the doors
for all the arms were simultaneously closed, with the ex-
ception of the entered arm which remained open to the
central hub. After consuming the food, the rat left
the arm and returned to the central hub. The door to
the arm that was just traversed was then closed. After
a delay of 5 seconds, all doors opened again, and the
rat was allowed to choose any of the 8 arms. This pro-
cess was repeated until all arms were entered and all
food was consumed or until 5 minutes elapsed. Rats
were evaluated on 3 measures: errors of commission re-
fer to reentering a previously entered arm on that trial,
errors of omission refer to failure to enter an arm on a tri-
al, and total errors refer to the sum of errors of com-
mission and errors of omission.

Effects of cholinergic manipulations can be detected by
sufficiently demanding task conditions30 (ie, a delay
interposed between each arm entry instead of one delay
after a series of arm entries). The radial arm maze pro-
cedure used in this study was employed because of its
difficulty relative to other commonly used behavioral
procedures.31,32 Rats were excluded from subsequent
testing at the various delays if they exhibited more
than one error on average during the last 3 days of train-
ing. This criterion was adopted to ensure that all rats par-
ticipating in the test phase had acquired the task so that
subsequent increases in the temporal delay between arm
entries would yield measurable decrements in perfor-
mance. To ensure that performance of L-KYN and
Vehicle rats was equivalent prior to receiving drug, ani-
mals were assigned to drug conditions such that each
groups’ performance during the training segment of
the experiment was equivalent.

During the test phase, rats received injections of either
L-KYN or Vehicle 2 hours prior to each trial. The test
phase consisted of the introduction of 3 counterbalanced
delays (5, 15, and 30 seconds) between each arm entry
over 3 days of testing. Thus, rats in each group received
a random sequence of delays during the test phase. Rats
were allotted 300, 355, and 575 seconds to complete the
5-, 15-, and 30-second delay trials, respectively. Errors
were recorded as described above. Typically, rats in this
task vary the order in which arms are entered each

day; thus, this training protocol engages working memory
and not reference memory. Working memory requires
maintenance and updating of information during a single
trial while reference memory requires consolidation and
retrieval of information across multiple trials.33

Analysis of Radial Arm Maze Working Memory
Data During the training portion of the experiment,
a repeated-measures analysis of variance (ANOVA)
was conducted on the total errors for each day of train-
ing, with Day as the repeated measure and Group as the
between-subjects variable. During the testing portion of
the experiment, a repeated-measures ANOVA was con-
ducted on the number of errors of omission, errors of
commission, and total errors (errors of omission þ errors
of commission), with Drug Treatment (L-KYN vs Vehi-
cle) as a between-subjects variable and Delay (5, 15, or 30
seconds) as the repeated measure. A between-subjects
analysis of errors at the 5-second delay was planned to
address the possibility that addition of the drug after
24 days of training produced state-dependent effects.

It was expected that the majority of errors of commis-
sion would occur toward the end of a trial as the demands
on working memory were progressively increased. To de-
termine whether errors of commission were exhibited pre-
dominantly during the later portions of a given trial, the
total arm entries were divided in half for each rat. Using
a paired-samples t test, errors of commission exhibited
during the first half of the arms entered were compared
with the errors of commission exhibited during the
second half of the arms that were entered.

Open Field. Twenty-four-hours after the last day of
maze testing, rats received an injection of the same solu-
tion they received during the maze experiment. Two hours
following injection, rats were placed individually in the
open field chamber and were allowed to explore the cham-
ber for 10 minutes, during which time the total distance
traveled was monitored by a computer. The chamber
was cleaned with a Quatricide solution between animals.

AnalysisofOpenFieldActivityData. Locomotor activity
was analyzed using a repeated-measures ANOVA. The
total distance traveled was averaged into five 2-minute
blocks. Each block was treated as a repeated measure,
while Group (L-KYN vs Vehicle) was the between-
subjects factor. To further assess whether locomotor
activity might explain the radial arm maze findings,
separate Pearson correlation coefficients were calculated
for the Vehicle and L-KYN groups to determine if ac-
tivity levels in the open field predicted the total number
of errors in the radial arm maze.

Radial Arm Maze: Motivation. A separate group of 12
rats were trained to eat from the recessed food cup at the
end of one of the maze arms. On the first 3 days of training,
rats were placed in the central platform of the maze. The
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door to one of the arms was raised, and rats were permit-
ted to explore and eat food pellets scattered along the arm
and in the food cup for 5 minutes. On 3 subsequent train-
ing days, pellets were available only in the food cup.
Latency to eat food pellets from the start of the trial
(opening of the door) was recorded. After 6 total days
of training, rats were matched into equivalent groups
based on training latency and were then given IP injections
of either L-KYN or Vehicle 2 hours prior to each test day
over 3 days. Test days were identical to the last 3 training
days. Latency was recorded over these 3 test days.

Analysis of Radial ArmMazeMotivation Data. Latency
to eat food pellets was analyzed over the 3 test days using
a repeated-measures ANOVA with Day as the repeated
measure and Group as the between-subjects variable. An
alpha level of 0.05 was used for all analyses.

Results

Rats were excluded from testing at the various delays in
the radial arm maze working memory study if they
exhibited more than one error on average during the
last 3 days of training. Thus, of the 40 rats trained on
this task, 21 were excluded from the analyses because
they failed to meet this strict criterion or because they re-
ceived the wrong injection. In all, 19 rats remained in the
study, resulting in the following final sample sizes: vehi-
cle, N = 9; L-KYN, N = 10. In the motivation study, all 12
rats were retained for the analyses, resulting in the follow-
ing final sample sizes: Vehicle, N = 6; L-KYN, N = 6.

Working Memory Training

Rats gradually acquired the ability to obtain food
rewards with very few errors at the standard 5-second
delay (figure 1). Using total errors as the dependent vari-
able, a repeated-measures ANOVA revealed a significant
effect of Day, F23,391 = 18.2, P < 0.05, but no effect of
Group or a Group 3 Day interaction, indicating that
the rats’ radial arm maze performance was roughly equiv-
alent prior to receiving drug.

Working Memory Testing

Figure 2 illustrates radial arm maze performance during
the test phase. Examination of total errors revealed
a main effect of Delay, F2,34 = 4.183, P < 0.05, and
a main effect of Group, F1,17 = 4.618, P < 0.05, but
no Delay 3 Group interaction. Heterogeneity of vari-
ance was detected using Levene’s test for equality of
variance. Thus, an independent-samples t test was cal-
culated assuming unequal variance. This test revealed
a significant difference between Vehicle- and L-KYN–
treated rats, t(43) = �2.3, P < 0.05, with Vehicle-treated
rats exhibiting fewer total errors (M = 0.78, SD =
0.93) than L-KYN–treated rats (M = 1.67, SD =
1.88). Comparison of the 3 delay conditions revealed
a significant difference between the 5- and 30-second
delays, t(18) = �3.19, P < 0.05, with fewer errors
exhibited during the 5-second delay (M = 0.58, SD =
0.96) compared with the 30-second delay (M = 1.89,
SD = 1.66). Comparisons of the 5- and 15-second delays
and the 15- and 30-second delays failed to reach signif-
icance. To address the possibility of state dependence in
the second phase of the task, an independent-samples

Fig. 1. Total errors (errors of omission þ commission) during
the training portion of the radial arm maze task using a 5-second
delay between each arm entry. Rats decreased total errors as training
progressed over 24 daily sessions. No drug treatments were given
during the training portion; the separate plots of Vehicle and L-
KYN groups are intended to illustrate the equivalence of the groups’
radial maze performance prior to receiving drug. All data are mean
6 SEM.

Fig. 2. Total errors (errors of omission þ commission) during
the testing portion of the radial arm maze task at 3 counterbalanced
delays (5, 15, and 30-seconds). L-KYN rats exhibited significantly
more total errors than rats in the Vehicle condition. All data are
mean 6 SEM.
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t test was conducted at the 5-second delay. There was
no significant difference between Vehicle- and L-KYN–
treated rats at the 5-second delay, suggesting that im-
paired performance at the longer delays in the L-
KYN–treated group was not simply a product of
state-dependent effects.

The main effect of Group described above does not ap-
pear to be driven by errors of commission (see table 1 for
separate listing of errors of commission and omission).
For errors of commission, there was a significant main
effect of Delay, F2,34 = 4.02, P < 0.05, but no significant
effect of Group or a Group 3 Delay interaction. In con-
trast, a significant main effect of Group was observed for
errors of omission, F1,17 = 5.36, P < 0.05. Nevertheless,
there was no significant effect of Delay nor was there
a significant interaction for errors of omission. Levene’s
test revealed heterogeneity of variance, and thus, a t test
was conducted assuming unequal variances. This
comparison revealed significantly more errors of omis-
sion in the L-KYN group (M = 0.97, SD = 1.43)
compared with the Vehicle group (M = 0.22, SD = 0.51),
t(37) = �2.678, P < 0.05. To test whether the elevation
of errors of omission in the L-KYN group was due to dif-
ferences in the total number of arms entered, t tests were
calculated to compare the groups on the total number
of arm entries at each delay. There were no significant
differences between the total number of arm entries
made in the Vehicle or L-KYN groups at any of the
delays. To address whether the increase in errors of omis-
sion in the L-KYN group was due to differences in la-
tency to complete the task, independent-samples t tests
were conducted on latency at each of the 3 delays. There
were no differences in latency between the groups at any
of the tested delays.

Errors of commission during the first and second
halves of each trial were compared. Collapsed across
delays, both Vehicle, t(26) = �3.328, P < 0.05, and
L-KYN–treated rats, t(29) = �3.2, P < 0.05, exhibited
significantly more errors during the second half of the
arm entries on a given trial (Vehicle: M = 0.59, SD =
0.75; L-KYN: M = 0.82, SD = 1.34) compared with
the first half (Vehicle: M = 0.19, SD = 0.48; L-KYN:
M = 0.15, SD = 0.40). This suggests that both groups
had difficulty maintaining spatial information as the trial
progressed. There were no between-groups differences in

errors of commission during either the first or second
portion of the trial at any of the delays.

Open Field

In all, 2 rats were excluded from these analyses due to
technical difficulties with the data collection leaving
sample sizes of 7 and 10 for the Vehicle and L-KYN
groups, respectively. A repeated-measures ANOVA was
conducted using the Greenhouse-Geisser correction for
violation of sphericity. There was a significant main effect
of Block, F3, 41 = 13.504, P < 0.05, but no main effect of
Group or a Group 3 Block interaction, indicating that
both groups habituated locomotor activity in the open
field at the same rate (figure 3). Although it was not sta-
tistically significant, there appeared to be greater activity
in the Vehicle group compared with the L-KYN group
during the fifth block. Nevertheless, the fifth block of lo-
comotor activity was not significantly correlated with to-
tal errors in the radial arm maze task in either the Vehicle
or L-KYN groups, suggesting that any slight variations
in locomotor activity were unlikely to account for radial
arm maze performance.

Motivation Task

A repeated-measures ANOVA revealed no significant
main effects of Day or Group; thus, the latency to con-
sume food reward did not differ between Vehicle (M =
6.56, SD = 3.36) and L-KYN–treated rats (M = 8.78,
SD = 7.02). In addition, there was no Day 3 Group in-
teraction, suggesting that elevated KYNA does not affect
motivation to eat from the recessed food cup in the maze
and that this lack of effect is stable across 3 days of drug
administration.

Discussion

The present results indicate that increases in endogenous
KYNA concentration disrupt spatial working memory
and that this disruption is not attributable to general
alterations in locomotor activity or motivation to con-
sume food reward. These findings are consistent with
both the basic science literature which has documented
disruption of spatial working memory following either
NMDA or nicotinic receptor blockade, and the clinical
literature, which describes similar deficits in individuals

Table 1. Average Errors of Commission and Omission in Vehicle and L-KYN Groups at Each of 3 Temporal Delays.

Commission Omission

5 - second 15 - second 30 - second 5 - second 15 - second 30 - second

Vehicle 0.33 6 0.24 0.44 6 0.18 0.89 6 0.2 0.11 6 0.11 0.11 6 0.11 0.44 6 0.24

L-KYN 0.4 6 0.22 0.5 6 0.22 1.2 6 0.44 0.3 6 0.21 1.4 6 0.65 1.2 6 0.33

Note: Data are mean number of errors 6 SEM.
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with schizophrenia, a population exhibiting increases in
KYNA concentration. Furthermore, the results support
the hypothesis that increased concentration of KYNA
may contribute to the observed deficits in working mem-
ory in persons with schizophrenia.

The observation that L-KYN and Vehicle rats did not
differ on errors of commission in the present study sug-
gests that the impaired performance of L-KYN rats was
not driven by perseverative responding on any particular
arm or subset of arms. Instead, L-KYN rats exhibited
a significant increase in errors of omission by failing to
enter arms they had not yet entered on that particular
trial. This effect did not depend on locomotor activity lev-
els, total number of arm entries required to complete the
trial, latency to complete the trial, or motivation to eat
from the recessed food cup. It is unclear whether this in-
crease in errors of omission in the L-KYN group reflects
an inability to update spatial information as the trial pro-
gresses or an inability to maintain information about
spatial locations visited earlier in the trial. In addition,
the increased number of errors in L-KYN–treated rats
does not appear to be simply the result of state-dependent
effects because Vehicle- and L-KYN–treated rats ex-
hibited comparable performance at the 5-second delay.

Increased errors of omission in L-KYN–treated rats
may be understood in the context of experiments involv-
ing other NMDA and nicotinic receptor compounds. For
instance, the nicotinic receptor antagonist mecamyl-
amine increased errors of omission in a water maze dis-
crimination task34 and in a sustained attention task.35

Similar increases of omission errors were observed in a
sustained attention task following nicotine withdrawal
or dopamine receptor blockade in rats.36 The latter effect
suggests the possibility that administration of KYNA in
the current study may have increased omission errors

through blockade of presynaptic a7nAChRs on dopami-
nergic neurons. Intrahippocampal infusions of the spe-
cific NMDA glycine site antagonist 7-chlorokynurenic
acid similarly increased errors of omission in a water
maze discrimination task.37 Thus, it is unclear whether
the increased errors of omission in the current study
were a consequence of NMDA or nicotinic receptor
mechanisms, although the lack of an effect at the 5-
second delay provides indirect evidence against KYNA-
induced NMDAR antagonism.

Several previous studies examined the behavioral
effects of increased KYNA concentration by administer-
ing exogenous KYNA. Peripheral KYNA administra-
tion did not disrupt the ability to use olfactory cues to
differentiate between novel and familiar conspecifics.38

A similar study reported enhancements in social and ob-
ject recognition following peripheral KYNA administra-
tion.39 These results are difficult to interpret, however,
because peripherally administered KYNA is essentially
unable to cross the blood-brain barrier.2

Another study found that intracerebroventricular
infusions of exogenous KYNA did not affect the formation
of simple associations between a visual cue and food,
although KYNA administration for 2 days prior to
conditioning altered subsequent conditioned orienting
behavior compared with rats not receiving drug preexpo-
sure.40 Posttraining infusions of KYNA into the shell of
the nucleus accumbens increased working memory and
reference memory errors in a 4-arm baited 8-arm radial
maze task in one study41 but not in another similar study.42

Although administration of KYNA directly into the brain
circumvents the problems associated with peripheral in-
jection, the application of exogenous KYNA results in
a ubiquitous elevation of KYNA that is distributed ho-
mogeneously throughout the tissue, which can also con-
found interpretation. In contrast, administration of the
precursor kynurenine as in the current study and other
recent reports19,20 results in elevations of endogenous
KYNA concentration in regions where it is normally syn-
thesized and released, more accurately modeling clinical
conditions and likely producing more valid results.

Spatial working memory deficits are one manifestation
of the core neuropsychological working memory deficits
characterizing schizophrenia.21 For example, visuospa-
tial working memory deficits are observed in this popu-
lation using a task previously shown to recruit Walker
area 46 in nonhuman primates,23 an area that is homol-
ogous to dorsolateral prefrontal cortex (DLPFC) in
humans. Recent human imaging studies confirm involve-
ment of DLPFC in both the maintenance and manipula-
tion of spatial information over time and demonstrate
less recruitment of this region in schizophrenic subjects
compared with controls.43 Elevated KYNA concentra-
tion has been observed in the DLPFC of schizophrenic
brains,17 suggesting the possibility that compromised
spatial working memory ability in schizophrenia may

Fig.3. Locomotoractivity in anopen field. L-KYN andVehicle rats
did not differ in the total distance traveled during a 10-minute free
exploration test. All data are mean 6 SEM.
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occur through blockade of NMDARs and/or a7nAChRs
in prefrontal cortex.

Alternatively, KYNA-induced spatial working mem-
ory impairments could be mediated by the hippocampus,
a structure that has been extensively implicated in the
ability to maintain spatial locations in working mem-
ory.44 The current study required that the rats use a
win-shift strategy that is known to depend on the integrity
of the hippocampus. Both NMDARs and a7nAChRs are
highly concentrated in the hippocampus,7,45 and thus,
KYNA-induced blockade of these hippocampal receptors
could disrupt spatial working memory function. Consis-
tent with the present findings, intrahippocampal infu-
sion of the nonselective nicotinic receptor antagonist
mecamylamine46 or the specific NMDA glycine site
antagonist 7-chlorokynurenic acid6 increased incorrect
panel choices in a 3-panel runway task. Similarly, infu-
sion of either a7nAChR or a4b2nAChR antagonists
into the ventral hippocampus decreased the number of
arm entries before reentry of a previously entered arm.10

Although our experimental design did not allow us to
directly determine whether the results were produced by
the action of KYNA at NMDARs or a7nAChRs, several
factors suggest that the observed deficits in working
memory were due to blockade of a7nAChRs. First, a
slightly higher dose of kynurenine (150 mg/kg) than
the one used in the current study (100 mg/kg) was found
to impair sensory gating, an effect that was not attribut-
able to blockade of the glycine site of the NMDAR.19

Secondly, administration of 100 mg/kg kynurenine in
rats has been previously shown to produce up to 37-fold
increases in extracellular KYNA concentration from
basal levels of 17.1 6 1.1 nM.28 Thus, a 100 mg/kg
dose of kynurenine may maximally increase KYNA con-
centration to ;0.5 lM, which is in the range of endog-
enous KYNA concentration,1 and has been shown to
preferentially affect a7nAChR rather than NMDAR
function in vitro.3 For example, 0.1 and 1.0 lM
KYNA-reduced a7nAChR activity by 20% and 40%, re-
spectively, while these same concentrations had no effect
on NMDARs in the presence of added glycine. In the
absence of glycine, 0.1 and 1.0 lM KYNA-reduced
NMDAR activity by 10% and 20%, respectively.3 Fur-
thermore, KYNA primarily targets a7nAChRs at phys-
iologically relevant concentrations in knockout mice
lacking the biosynthetic enzyme for KYNA.4 Neverthe-
less, caution should be exercised in using results from in
vitro studies to make inferences regarding the receptor
mechanisms involved in the current study.

The current results provide evidence that KYNA, a
glia-derived molecule, is capable of influencing cognitive
functions that depend on intact NMDA or nicotinic recep-
tor transmission. These findings suggest that increased
KYNA concentration observed in schizophrenia may con-
tribute to cognitive impairment. This line of reasoning
would also suggest that cognitive symptoms reminiscent

of schizophrenia would be expected in diseases affecting
immune function and consequent KYNA concentration.
Interestingly, individuals infected with HIV-1 can develop
HIV-associated dementia, in addition to exhibiting reac-
tive astrocytes47 and increases in kynurenine, kynurenic
acid, and its biosynthetic enzyme kynurenine aminotrans-
ferase.26 These findings lend support to the notion that
upregulation of kynurenine and KYNA may contribute
to symptoms that are similar to those observed in schizo-
phrenia and extend the implications of our data to cases in
which the source of this upregulation is immune activated.
Further research is required to determine the neural
regions mediating the behavioral effects of KYNA. Of
additional importance is the development of therapeutic
tools capable of targeting the kynurenine pathway, with
the goal of attenuating cognitive impairments induced
by increased KYNA concentration.
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