dict the precise shape of the envelope, so we
cannot rule out other factors contributing to
the envelope shape.

We have solved numerically the one-
dimensional Schrodinger equation for sur-
faces A, B, and C as a function of the
dissociation energy to determine the ener-
gy-dependent phase differences, (¢, — ¢p)
and (@g — @), in analogy to the simple
example shown in Fig. 2. The photofrag-
ment orientation, /m[a,], is linearly propor-
tional to sin(¢, — ¢@g) and sin(egy — @c).
Comparison of the photodissociation-wave-
length dependence of these functions (Fig. 4, B
and C) to experiment shows that the interfer-
ence pattern is caused predominantly from dis-
sociation via surfaces A and B. Overall, we
conclude that at a photolysis wavelength of 490
nm, ICl dissociates predominantly via the B
state; at 560 nm, ICI dissociates predominantly
via the A state; and at intermediate wave-
lengths, the dissociation proceeds coherently
through both states. The oscillations of sin(¢, —
¢g) shown in Fig. 4B match very well the
experimental oscillations in Fig. 4A, in contrast
to the calculations shown in Fig. 4C. We con-
clude that the C state does not significantly
participate in the photodissociation. The match
at short wavelengths between Figs. 4A and 4B
indicates that the calculated surfaces A and B
are quite accurate, however, at longer wave-
lengths the calculated oscillations of sin(¢, —
¢p) are too rapid. We suggest that this discrep-
ancy may indicate that the shapes of the surfac-
es A and B need to be slightly improved.

To our knowledge, this study represents the
first observation that the photolysis of a mole-
cule with linearly polarized light causes the
production of oriented photofragments. Previ-
ously, oriented photofragments have been ob-
served using photolysis with circularly polar-
ized light (17-22), but such orientation does not
necessarily arise from matter-wave interfer-
ence. This technique is not limited to diatomic
molecules (23) and can be used to study excited
states and dissociative processes with unprece-
dented sensitivity. Conventional spectroscopy
is sensitive to the shape and nature of bound
electronic states. In contrast, the interference
pattern of the photofragment orientation is sen-
sitive to the shape and nature of dissociating
states. This technique can be used to investigate
the unimolecular decomposition of chemical
systems involving multiple electronic states by
coherently preparing more than one electronic
state of different symmetry. As such, the
technique may become an important probe of
wave-packet dynamics on multiple dissociative
surfaces.
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Reversal of Phencyclidine
Effects by a Group Il
Metabotropic Glutamate

Receptor Agonist in Rats
Bita Moghaddam* and Barbara W. Adams

Glutamatergic abnormalities have been associated with several psychiatric disor-
ders, including schizophrenia and addiction. Group Il metabotropic glutamate re-
ceptors were targeted to normalize glutamatergic disruptions associated with an
animal model of schizophrenia, the phencyclidine model. An agonist of this group
of receptors, at a dose that was without effects on spontaneous activity and
corticolimbic dopamine neurotransmission, attenuated the disruptive effects of
phencyclidine on working memory, stereotypy, locomotion, and cortical glutamate
efflux. This behavioral reversal occurred in spite of sustained dopamine hyperac-
tivity. Thus, targeting this group of receptors may present a nondopaminergic
therapeutic strategy for treatment of psychiatric disorders.

Several lines of evidence suggest that glu-
tamatergic mechanisms contribute to the
pathophysiology of schizophrenia (/-3).

28 AUGUST 1998

For example, phencyclidine (PCP) and oth-
er antagonists of N-methyl-D-aspartate
(NMDA) receptors have psychotomimetic
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properties in healthy individuals (4) and
exacerbate preexisting symptoms of schizo-
phrenia (5). However, drugs that target
ionotropic glutamate receptors are not con-
sidered therapeutically useful because of
the ubiquitous involvement of these recep-
tors in mediating fast synaptic transmission
throughout the central nervous system.
Metabotropic glutamate receptors (mGIuRs) on
the other hand may provide important pharma-
cotherapeutic targets for psychiatric disorders
associated with increased or decreased glutama-
tergic neurotransmission. These receptors mod-
ulate synaptic neurotransmission, and the het-
erogeneous localization of at least eight sub-
types of mGluRs (mGluR1 to mGIuR8) with
distinct functional properties suggests that glu-
tamatergic neurotransmission may be modulat-
ed in an anatomically and functionally distinct
manner (6). The subtypes of mGluRs are cur-
rently classified within three groups (I to IIT) on
the basis of sequence homology and pharma-
cology. The group II family of mGluRs, which
consists of mGluR2 and mGIuR3, is primarily
distributed in forebrain regions (6, 7). Stimula-
tion of this group of mGluRs mediates presyn-
aptic depression and decreases evoked release
of glutamate, suggesting that these receptors
regulate activated glutamate release by presyn-
aptic mechanisms (§—10).

PCP and other psychotomimetic NMDA
.antagonists increase glutamate eftlux (11, 12)
and may produce their cognitive and loco-
motor effects, at least in part, by poten-
tiating glutamatergic neurotransmission at non-
NMDA receptors (2, 11). In rodents (11, 13)
and humans (/4), antagonists of non-NMDA
receptors or pretreatments that attenuate glu-
tamate release reduce mnemonic and other
behavioral effects of NMDA receptor antag-
onists. Hence, reduction of presynaptic glu-
tamatergic activity by targeting group II
mGluRs may present an approach for revers-
ing those behavioral effects of PCP associat-
ed with increased glutamatergic activity.

Animals were treated with the sys-
temically active and highly selective ago-
nist of group II mGluR (+)-2-aminobicyclo-
[3.1.0]-hexane-2,6,-dicarboxylate monohydrate
(LY354740) (15) or vehicle before they re-
ceived PCP (/6). The highest dose of
LY354740 used [10 mg of LY354740 per kil-
ogram of body weight intraperitoneal (ip) injec-
tion] has been shown to not affect basal gluta-
mate efflux but to normalize depolarization-
induced activation of glutamate release (9).
This dose also does not affect neuromuscular
coordination, spontaneous locomotor activity,
or learning and memory as assessed by passive
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avoidance responding (/5).

The increase in glutamate efflux in the
prefrontal cortex produced by PCP was abol-
ished in animals that were pretreated with the
mGluR agonist LY354740 (Fig. 1). In con-
trast, activation of dopamine release by PCP
in the prefrontal cortex or the nucleus accum-
bens was not reduced by this pretreatment
(Fig. 2).

Stimulation of group II mGluRs nearly
abolished PCP-induced locomotor activity
and significantly reduced the total stereo-
typy score, primarily because of a decrease
in head rolling, a hallmark of behavioral
activation by NMDA receptor antagonists
(Fig. 3). This behavioral reversal at a dose
of LY354740 that is without an effect on
spontaneous locomotion (/5) is distinct
from similar effects reported with mono-
amine receptor antagonists, including the
antipsychotic drugs haloperidol and cloza-
pine, in that this latter class of drugs reduc-
es locomotor activation by PCP at doses
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that, by themselves, produce marked loco-
motor inhibition (/7).

The effect of LY354740 was also as-
sessed on PCP-induced impairment of dis-
crete-trial delayed alternation task. This is a
rodent working memory paradigm that in-
volves continuous changing of strategy and
thus is not prone to overtraining as in or-
dinary T-maze delayed alternation tasks
(12). Pretreatment with LY354740 reduced
the deficits induced by 5 mg of PCP per
kilogram of body weight and abolished the
deficits induced by a PCP dose of 1 mg/kg
(Fig. 4).

The reduction in PCP-induced glutamate
efflux by the mGIuR agonist suggests that
this drug ameliorates the behavioral effects of
PCP by attenuating presynaptic glutamatergic
activity, a mechanism consistent with reports
that non-NMDA receptor antagonists and
glutamate release inhibitors reduce the be-
havioral effects of PCP or ketamine (71, 13,
14). However, because in vivo selectivity of

g w
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Fig. 1. Effect of pretreatment with the group Il mGIuR agonist LY354740 (10 mg/kg ip injection)
(®; n = 6) or vehicle (O; n = 7) on stimulation of glutamate efflux by PCP (5 mg/kg ip injection)
in the (A) prefrontal cortex and (B) nucleus accumbens of freely moving rats. PCP injection after
vehicle (water) produced a significantly greater effect on extracellular glutamate concentrations in
the prefrontal cortex (P < 0.05, f = 2.2) than in animals pretreated with LY354740. Similar results
were observed in the nucleus accumbens; however, because of a greater degree of variability, the
difference in the two groups did not reach statistical significance.
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Fig. 2. Effect of pretreatment with the group II mGluR agonist
LY354740 (10 mg/kg ip injection) (@) or vehicle (O) on stimulation of
dopamine efflux by PCP (5 mg/kg ip injection) in the (A) prefrontal
cortex or (B) nucleus accumbens of freely moving rats. Animals
pretreated with LY354740 exhibited a significant increase in dopa-
mine release in the nucleus accumbens (P < 0.001, f = 6.4) and
prefrontal cortex (P < 0.001,f = 7.2). ®,n=6 (A)and 8 (B); O,n=
7 (A) and 8 (B). (C) The lack of effect of LY354740 (10 mg/kg) by
itself on dopamine release in both regions is shown. Prefrontal cortex,
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LY354740 and the source of the activated
extracellular glutamate by PCP is presently
unknown (11, 12), other mechanisms involv-
ing glial cells or postsynaptic interactions
between mGluRs and NMDA receptors can-
not be ruled out.

Although the psychotomimetic and cogni-
tive effects of PCP are often attributed to the
effects of this drug on dopamine neurotrans-
mission (3), attenuation of the behavioral ef-
fects of PCP by the mGluR agonist was not
accompanied by a reduction in dopamine re-
lease. This observation is consistent with
findings indicating that dopaminergic neuro-
transmission is dissociated from locomotor
and other behavioral effects of NMDA recep-
tor antagonists (/2, /8) and questions a direct
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Fig. 3. Pretreatment with the group I mGluR
agonist LY354740 (10 mg/kg ip injection) [@; n
=11 (A) and 6 (B)] significantly reduced the (A)
locomotor-activating effects of PCP (P < 0.001,
f = 8.9) and (B) total stereotypy score (P <
0.05, f = 1.7) as compared with vehicle (wa-
ter)—pretreated rats [O; n = 10 (A) and 5 (B)].
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role for dopamine in the psychotomimetic
effects of PCP.

Although extrapolation of data from ro-
dent models to complex human syndromes
such as acute PCP intoxication or schizo-
phrenia may be problematic, the behavioral
measures in the present study are generally
considered relevant to the clinical phenom-
enology. Locomotor activity in the rodent
may be a useful indicator of the propensity
of a drug to elicit or exacerbate psychosis
in humans (3, /9), and cognitive tasks with
a working memory component may model
the frontal lobe dysfunctionality and work-
ing memory deficits associated with
schizophrenia (/9, 20). Furthermore, ste-
reotyped tendencies have been reported in
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(C) The effect of this pretreatment on oral stereotypy and head rolling scores totaled for the 2-hour
period after PCP injection is shown. A lower dose of LY354740 (1 mg/kg ip injection) was without
a significant effect on the locomotor activations produced by PCP (25).
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Fig. 4. Effect of vehicle (water), PCP (1 or 5 mg/kg ip injection), c
and PCP + LY354740 (10 mg/kg ip injection) on discrete-trial 100

delayed alternation performance in rats. Animals were trained
until their performance of percentage of correct choice (total of
10 choice runs) at (A) 10- and (B) 40-s delays was stabilized for
at least five consecutive days (C). A “baseline performance” at
each delay was defined for individual animals as the average of
correct choices on three consecutive days before drug injection.

% Correct choice

Water (H,O) or LY354740 (10 mg/kg) was injected immediately I e

before PCP and 50 to 60 min before testing. Treatment with both

Days

doses of PCP impaired the performance at 10- (O) and 40-s (A)
delays. Pretreatment with LY354740 significantly reversed the impairment of a PCP dose of 1
mg/kg at both delays and a PCP dose of 5 mg/kg at the 40-s delay (*, P < 0.05, as compared with

water-treated group; n = 5 to 9).
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schizophrenics, and this behavior may be of
importance to schizophrenic symptomatol-
ogy, not merely in the context of move-
ment, but-also relating to organization of
thought and perseveration (2/). The present
observation that LY354740 reduced the
head-rolling stereotypy in the rodents may
be of particular importance because repet-
itive head rolling is commonly reported in
individuals suffering from PCP psychosis
(22). Thus, our finding that stimulation of
group II mGluRs reduces all the above
behavioral effects of PCP suggests that tar-
geting these receptors may ameliorate
symptoms of acute PCP psychosis in hu-
mans and, assuming that PCP psychosis is a
valid model of schizophrenia, may be ef-
fective in treating related symptoms of
schizophrenia. Of note, the putative pep-
tide neurotransmitter N-acetyl-aspartyl-
glutamate, whose levels have been reported
to be abnormal in schizophrenic brains
(23), is an endogenous agonist for group II
mGluRs (24).

The important functional characteristic of
this group of mGIuR agonists, which has
relevance for their clinical utility, is that,
unlike dopamine antagonists or drugs that
target the ionotropic glutamate receptors, a
significant amelioration of the cognitive and
motoric effects of PCP was observed at a
dose that was without a measurable effect on
animals’ spontaneous activity or on dopami-
nergic neurotransmission. This observation is
consistent with an autoregulatory function for
these receptors whereby they inhibit gluta-
mate release under conditions of high agonist
availability. Thus, targeting mGluR receptors
may offer exquisite functional selectivity by
specifically modulating those presynaptic
sites where glutamatergic neurotransmission
is abnormally regulated.
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Independent and Epigenetic
Regulation of the Interleukin-4
‘Alleles in CD4™ T Cells

Mark Bix and Richard M. Locksley*

How an individual effector T cell acquires a particular cytokine expression
pattern from many possible patterns remains unclear. CD4™ T cells from F,
mice, which allowed assignment of the parental origin of interleukin-4 (IL-4)
transcripts, were divided into clones that expressed IL-4 biallelically or
monoallelically from either allele. The allelic pattern was transmitted as a
stable epigenetic trait. Regulation of cytokine expression by a mechanism
that treats each allele independently suggests a probabilistic process by
which a diverse repertoire of combinatorially assorted cytokine gene ex-
pression patterns could be generated among the clonally related daughters

of a single precursor cell.

Descriptions of T helper (T,;) cell types that
express cytokine patterns distinct from the
classic Tyl and Ty,2 subsets are not readily
explained by current models of T cell differ-
entiation from naive to cytokine-expressing
effector cells (/). The unusual cytokine pat-
terns appear as if generated by combinatorial
assortment of probabilistically expressed
genes (2, 3). We hypothesized that a proba-
bilistically regulated gene would have two
chances to be expressed in diploid cells and
that, if the two alleles were regulated inde-
pendently, a mixture of cells that used either
one or both alleles should exist within a
population expressing the gene.
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Although the IL-4 gene was nonpoly-
morphic among a number of traditional
Mus musculus inbred strains, a polymor-
phism in exon 1 allowed discrimination of
the IL-4 cDNA of inbred strains from the
CAST/Ei strain, by differential sensitivity
to the restriction enzyme Bsg I (Fig. 1A)
(4). CD4* T cells from (129 X CAST/
Ei)F, hybrid mice were stimulated in vitro
under conditions that favored the genera-
tion of IL-4—expressing effector cells (9).
Even under such conditions, the frequency
of IL-4—expressing cells is less than 5%
(3). We used a limiting-dilution approach
to screen for monoallelic IL-4 gene expres-
sion (6), a strategy used to demonstrate
monoallelic expression among olfactory re-
ceptor genes (7).

Under these conditions of limiting tem-
plate, the semi-nested polymerase chain re-
action (PCR) approach was, on average,
capable of detecting IL-4 transcripts 30%
of the time from a repeatedly screened
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cDNA aliquot. Consequently, the PCR as-
say was done multiple times on each of the
nine samples that revealed the presence of a
single allele (8). As demonstrated by dif-
ferential sensitivity to Bsg I digestion, three
samples screened repeatedly revealed only
the CAST/Ei allele, whereas six revealed
only the BALB/c allele [Fig. 1B and (9)].
These data were consistent with monoal-
lelic expression and prompted further stud-
ies with cloned cells.

Analysis of cloned cells allows the di-
rect investigation of gene expression in
individual cells and thus avoids the statis-
tical imprecisions of the limiting-dilution
approach. We examined a panel of 30
CD4* T cell clones generated from
(BALB/c X CAST/Ei)F, hybrid mice by
stimulation with allogeneic H-2° cells in
the presence of recombinant IL-4 and IL-12
monoclonal antibody (mAb), conditions
that favor the establishment of IL-4—pro-
ducing clones (/0). Of these alloreactive
clones, 25 expressed 1L-4, and 12 could be
expanded and maintained long-term. Sev-
enteen hours after activation of resting
clones with immobilized mAbs to the T cell
receptor (TCR) and CD28 (/I), RNA was
isolated and screened for the parental origin
of the IL-4 transcripts. Twelve (48%) of the
25 clones revealed monoallelic expression
(eight BALB/c, four CAST/Ei) and 13 re-
vealed biallelic expression [Fig. 2A and
(9)]. The twofold bias in favor of monoal-
lelic expression of the BALB/c rather than
the CAST/Ei allele was not statistically
significant. These data confirmed the sug-
gestion from the limiting-template analysis
that monoallelic IL-4 expression does oc-
cur. Because some clones expressing IL-4
from either one or both alleles were ob-
tained from a single animal [experiment A
(10)], the data suggested a process distinct
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