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RESPONSES TO AMPLITUDE MODULATION IN INFERIOR COLLICULUS AND
THALAMUS

Anderson LA, Shackleton TM & Palmer A
MRC Institute of Hearing Research, University Park, Nottingham, NG7 2RD

We compare the responses of neurones in the inferior colliculus (IC) and medial
geniculate nucleus (MGN) of the anaesthetised guinea pig to sinusoidally amplitude
modulated signals. In the IC, we recorded single unit activity to 100% amplitude-
modulated best-frequency tones, while in the MGN we used 100% amplitude
modulated noise, because responses were recorded using an eight channel multi-
electrode array which simultaneously spanned different best frequencies. Both rate
(rMTFs) and synchronised rate modulation transfer functions (tMTFs) were
measured. MTF types found in the IC were consistent with previous IC reports, and
were also observed in the MGN. In both IC and MGN, rMTFs showed a variety of
shapes while tMTFs tended to be either low pass or band pass. MTF’s of IC neurones
showed a greater response modulation, higher best modulation frequencies, and
upper-frequency limits for significant synchronisation compared to MGN neurones.
Band pass tMTFs were more commonly observed in the IC (51%) than in the MGN
(30%). We also tested the hypothesis that the medial division of the MGN might
signal rapid amplitude variations to higher frequencies than the ventral division.
However, while 16% of medial MGN neurones were capable of following modulation
frequencies > 200 Hz, the ventral MGN also contained 4% of neurones which could
follow these higher rates. The present results are consistent with the hypothesis
that sensitivity to temporal variations in the stimulus envelope becomes
progressively restricted to lower frequencies ascending the auditory pathway.



EVIDENCE THAT 5-HT,4 BUT NOT 5-HT3; RECEPTOR STIMULATION DISRUPTS
TEMPORAL DISCRIMINATION PERFORMANCE IN RATS

Asgari K, Rickard JF, Zhang Z, Body S, Fone KCF?!, Bradshaw CM & Szabadi E
Psychopharmacology Section, Division Psychiatry
1School of Biomedical Sciences, University of Nottingham, UK

Introduction: The ability of rats to discriminate the durations of exteroceptive
stimuli is disrupted by 5-HT;p receptor agonists (Body et al., 2001, Pharmac.
Biochem. Behav. 71, 787-793). It is not known whether temporal discrimination is
sensitive to stimulation of other 5-HT receptor subtypes. We examined the effect of
quipazine, a 5-HT receptor agonist with nanomolar affinity for 5-HTs; receptors
(Sharif et al., 1991, Br. J. Pharmac. 102, 919-925) and micromolar affinity for 5-
HT,» and 5-HT;s receptors (Hoyer, 1988, J. Receptor Res. 8, 59-81) on temporal
discrimination. We also examined the effects of m-chlorophenylbiguanide (m-CPBG)
and MDL-72222 (5-HTs receptor agonist and antagonist) and ketanserin (5-HT;a
receptor antagonist).

Methods:.24 rats were trained to press levers for sucrose reinforcement under a
discrete-trials temporal discrimination schedule (Body et al., 2001). In each 50-s
trial, a light was presented for t s, following which two levers (A and B) were
presented. A response on A was reinforced if t<25 s, and a response on B if t>25 s.
After 90 training sessions, the rats received acute treatment with the following drugs
(doses, mg kg!): quipazine (0.5, 1, 2; s.c.), m-CPBG (2.5, 5, 10; i.p.); MDL-72222
(0.25, 0.5, 1; i.p.); ketanserin (0.5, 1, 2; s.c.); combined treatment with quipazine
(2) + ketanserin (2), and quipazine (2) + MDL-72222 (1). For each treatment,
logistic functions were fitted to the data, and psychophysical parameters were
estimated (Tsp: value of t corresponding to %B=50; Weber fraction: [T;5_T>5]/2Tso,
where T,s and T,5 are values of t corresponding to %B=75 and %B=25). Parameters
were compared between drug and vehicle-alone treatments (ANOVA, Dunnett’s test;
criterion, p<0.05).

Results: Quipazine displaced the psychometric curve to the right and reduced its
slope, these effects being reflected in significant increases in Tsp and the Weber
fraction; m-CPBG had no significant effect. The effects of quipazine were fully
reversed by ketanserin but not by MDL-72222.

Conclusions: Quipazine has a considerably higher affinity for 5-HTs than for 5-HT;x
receptors (see above). However m-CPBG’s failure to affect performance, and the
reversal of quipazine’s effects by ketanserin but not by MDL-72222, implicates 5-
HT,a rather than 5-HT; receptors in quipazine’s effects on temporal discrimination.

Acknowledgements. Supported by the BBSRC



ANDROGEN REQUIREMENT FOR ESTROGENIC STIMULATION OF
SPERMATOGENESIS IN HPG MICE

Baines Hl, Nwagwu Ml, Stewart J2, Kerr J83 & Ebling FJP1
1
School of Biomedical Sciences, University of Nottingham

2 3
AstraZeneca, Alderley Park; Dept of Anatomy and Cell Biology, Monash
University, Australia

The hypogonadal (hpg) mouse, in which testicular development is arrested at a
neonatal stage due to the absence of GnRH production, has been used as a model to
investigate the role of estrogens in the control of male fertility. Estrogen may exert
direct actions within the testes and/or indirect neuroendocrine actions via the release
of follicle stimulating hormone or other hormones from the pituitary gland. The
objective of this study was to determine whether the actions of estrogen require the
presence of androgens. Male hpg mice (n=5 per group) received subcutaneous
implants containing 17-estradiol (Sigma) and either the anti-androgen Casodex (40
mg/kg po, three doses per week for 50 days) or vehicle (po). As expected, estradiol
treatment induced significant increases in pituitary FSH levels and in wet weight of
the testes, seminal vesicles and epididymides compared to untreated control hpg
mice. Concurrent Casodex treatment did not affect the estrogen-induced increase in
pituitary FSH content, but markedly attenuated the estrogen-induced increase in
testicular weight. Casodex treatment had no effect on estrogen-induced
development of the seminal vesicles and epididymides. We infer that 1) increased
FSH production is not sufficient to explain the increase in testicular development
induced by estrogen treatment in hpg mice: there is a requirement for functional
androgen receptors for induction of testicular growth, and 2) estrogenic actions on
the seminal vesicles and epididymus, classically considered androgen-responsive
organs, are likely to be direct effects via estrogen receptors expressed in those
tissues.

Supported by AstraZeneca and a BBSRC committee studentship (HB).



THE ROLE OF LATERAL HESCHL’S GYRUS (HG) IN THE ANALYSIS OF
TEMPORAL ITERATION AND INTERAURAL CORRELATION: PART 11

Barrett D*, Hall S*, Akeroyd M? & Summerfield AQ*
IMRC Institute of Hearing Research, University Park, Nottingham, NG7 2RD
2MRC Institute of Hearing Research, Glasgow Royal Infirmary, Glasgow

In Experiment 1, Hall et al. (2004; see poster 69) found that temporal iteration,
compared with interaural correlation (IAC), evokes a much greater response in HG,
and one that is more consistent across listeners. However, in that experiment, not
only did the degree of temporal iteration vary between stimulus sequences, but the
value of the pitch was also varied within each stimulus sequence, making pitch a
more interesting (salient?) sound feature than IAC. The present study (Experiment
2) further explored this issue by determining whether the effect of IAC on the
pattern of cortical activation remains rather weak even when the correlated noise is
made more salient by varying the laterality of the sound source within stimulus
sequences. Experiment 2 employed a 3x3 factorial design to manipulate not only
temporal iteration and IAC, but also whether the number of iterations was fixed or
randomly varying and whether the interaural time difference (ITD) was fixed or
randomly varying.

Random effects analysis (N = 22) revealed a robust auditory activation (P<0.001)
spreading across and behind lateral HG in response to temporal iteration, that was
independent of whether the pitch value remained fixed or randomly varied. In
contrast, activation by correlated noise was only present for conditions in which the
ITD was varied. The peak of this activation occurred in the planum temporale (PT),
in a region that has not previously been associated with IAC. No activation was
observed in the current experiment for the uncorrelated noise.

Like Experiment 1, Experiment 2 supports a role for lateral HG in periodicity coding
(Patterson et al., 2002). In contrast, the results weaken support for the idea that
lateral HG is also a candidate for IAC processing. Rather, a bilateral region located
on PT seems to be engaged by correlated noise, but only when the ITD varies from
sound to sound. This result is consistent with a role for PT in representing spatial
attributes of sound (Hall et al., 2003).
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ANTIDEPRESSANT DRUGS AND NEURONAL PLASTICITY: EFFECTS OF ACUTE
FLUOXETINE TREATMENT ON THE MICROTUBULAR SYSTEM IN RAT BRAIN
REGIONS

Bianchi M**, Shah AJ, Hows M?, Hagan JJ3, Marsden CA' & Heidbreder CA3
LInstitute of Neuroscience, Nottingham University, UK

2Computational Analytical and Structural Sciences, GlaxoSmithKline
Pharmaceuticals, UK

3Center of Excellence for Drug Discovery in Psychiatry, GlaxoSmithKline
Pharmaceuticals, Italy

The molecular changes underlying the effects of antidepressant drugs on neuronal
plasticity [1] are complex and still not clear. Indeed, acute and chronic treatment
with the antidepressant fluoxetine (FLX) decreases and increases Brain Derived
Neurotrophic Factor (BDNF) expression, respectively [1, 2]. The intrinsic dynamic
instability of the cytoskeletal microtubular system is essential for axonal and dendrite
remodelling. In rat hippocampus, stressors and chronic antidepressant treatment can
alter the expression of microtubular proteins modulating microtubule dynamics [3].
Here we investigated the effects of acute FLX treatment on the microtubular system
in rat hippocampus, prefrontal cortex (PFC) and striatum.

Male Sprague Dawley rats (250-300g) were treated with saline (1ml/kg IP, n=4) or
FLX (10mg/kg IP, n=4), the brain removed 2h later and the hippocampus, striatum
and PFC dissected and homogenised. The ex vivo drug levels were measured using
HPLC/tandem mass-spectrometry. Western blots were performed to measure
tyrosinated alpha-tubulin (Tyr-Tub) and acetylated alpha-tubulin (Acet-Tub),
markers of the more dynamic (Tyr-Tub) and stable (Acet-Tub) forms of
microtubules, and the microtubule associated protein-2 (MAP-2) as dendritic marker.

The brain FLX distribution was significantly lower in the PFC compared to
hippocampus and striatum. Moreover, hippocampal Acet-Tub and MAP-2 were
increased and decreased, respectively while the Tyr-Tub was unchanged (Fig. 1).
Striatal Acet-Tub was also
significantly increased but not

Tyr-Tub and MAP-2. Finally,
Effects of acute FLX (10mg/kg IP) tgg . tharge miCI’OtlIJrE)?.Ilgl’

Fig. 1 Hippocampus:

rather than dendritic as the
levels of MAP-2 were

>

@ 160 - proteins  analysed  were
3 _ unchanged in the PFC. These
c 120 - b novel results suggest that
3 acute FLX may impair
E 80- sk microtubule dynamics and
S therefore neuronal
S 40 A remodelling in hippocampus
5 \ and striatum. The striatal
qg 0 L remodelling may be axonal
X

Tyr-Tub Acet-Tub MAP-2

mean+SEM, n=4 unchanged.
ANOVA: Fs46=12.46 p<0.0001 References: [1] Duman et
*P<0.05, **P<0.01 (Newman-Keuls test) al, Biol. Psychiatry, 1999, 46,

1181. [2] Altieri et al, Brain
Res., 2004, 1000, 148. [3] Bianchi et al., CDT-CNS Neurol. Disord., 2004 (in press)
MB is sponsored by GlaxoSmithKline and the University of Nottingham
Keywords: Microtubules, MAP-2, Fluoxetine, Mass-Spectrometry, Western Blot
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EFFECT OF QUIPAZINE ON FREE-OPERANT TIMING BEHAVIOUR: EVIDENCE
FOR INVOLVEMENT OF 5-HT,, RECEPTORS

Body S, Asgari K, Rickard JF, Zhang Z, Fone KCF!, Bradshaw CM & Szabadi E
Psychopharmacology Section, Division Psychiatry
1School of Biomedical Sciences, University of Nottingham, UK

Introduction: It has been proposed that striatal dopaminergic neurotransmission
plays a role in interval timing behaviour (Meck, 1996, Cogn. Brain Res. 3, 227-242).
5-HT; receptors are purported to be involved in regulating in dopamine release in the
forebrain (De Deurwaerdere et al., 1998, J. Neurosci. 18, 6528-6538). We examined
the effect of quipazine and m-chlorophenylbiguanide (m-CPBG) (5-HTs receptor
agonists) MDL-72222 (5-HTs receptor antagonist), and ketanserin (5-HT,5 receptor
antagonist), on temporal differentiation of operant behaviour in the free-operant
psychophysical procedure.

Methods: 24 rats were trained under the free-operant psychophysical procedure
(Body et al, 2003, Behav. Pharmac. 14, 599-607) to press two levers (A and B) in
50-s trials in which sucrose reinforcement was provided intermittently for responding
on A in the first half, and B in the second half of the trial. After 90 training sessions,
the rats received acute treatment with the following drugs (doses, mg kg):
quipazine (0.5, 1, 2; s.c.), m-CPBG (2.5, 5, 10; i.p.); MDL-72222 (0.25, 0.5, 1;
i.p.); ketanserin (0.5, 1, 2; s.c.); combined treatment with quipazine (2) +
ketanserin (2), and quipazine (2) + MDL-72222 (1). Percent responding on B (%B)
was recorded in successive 5-s epochs of the trials; logistic psychophysical curves
were fitted to the data from each rat under each treatment condition for the
derivation of timing indices (Ts, [time corresponding to %B=50%], and Weber
fraction [T75_T>5]/2Ts9, where T,5 and T,5 are values of t corresponding to %B=75
and %B=25). Parameters were compared between drug and vehicle-alone
treatments (ANOVA, Dunnett’s test; criterion, p<0.05).

Results: Quipazine dose-dependently reduced Ts, but did not affect the Weber
fraction. m-CPBG and MDL-72222 had no effect of timing performance. The effect of
quipazine was fully antagonised by ketanserin, but not by MDL-72222.

Conclusions: The results show that quipazine, but not m-CPBG, alters temporal
differentiation in the free-operant psychophysical procedure, reducing Ts,. The
antagonistic effect of ketanserin, but not MDL-72222, indicates that quipazine’s
effect is probably mediated via 5-HT,, receptors and not 5-HTs receptors. These
results are consistent with our previous findings with the 5-HT, receptor agonist 2,5-
dimethoxy-4-iodoamphetamine (DOI), in showing that 5-HT, receptor stimulation
alters temporal differentiation (Body et a/, 2003).

Acknowledgements. Supported by the BBSRC
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NEUROIMAGING STUDY OF THE EFFECTS OF TASK ORDER PREDICTABILITY
IN TASK-SWITCHING

Bonilha L, Jackson GM, Swainson R, de Haan R, Baylis GC & Rorden C

Rationale: Task-switching involves alternating between two or more different
activities. The brain mechanisms of task-switching are yet unclear, particularly
regarding to what extent response-suppression is involved in, or confounded with,
task-switching. It also remains unclear whether the activation of these brain regions
is influenced by the predictability of the task-order changes - i.e. whether subjects
know in advance which task will be required on subsequent trials.

Objective: We aimed to investigate using functional magnetic resonance imaging
(fMRI) the effects of task-order predictability in brain areas involved with task
switching while controlling for response-suppression.

Methods: Twenty six healthy young volunteers performed an fMRI experimental
paradigm in which they were presented with trials that either demanded an
immediate response ( "GO" task) or temporary response suppression ( "WAIT" task).
Task order was either predictable (alternating runs of two trials in each task) or
unpredictable. Images were obtained using a Philips Intera 3-Tesla scanner equipped
with a multiple element head-coil. Analyses of the fMRI data involved preprocessing
and statistical analysis, and were carried out using the FEAT tool (FMRI Expert
Analysis Tool). Contrasts were defined for comparison of different trials using a
corrected cluster significance threshold of p<0.05.

Results: Behavioural switch costs were significant for both types of task-order
predictability, but larger in the predictable condition. fMRI analysis revealed bilateral
activation of the supramarginal gyri, the inferior frontal gyri, and of the anterior
cingulate cortex when switch trials were compared to repeat trials.(Response-
suppression was controlled for by contrasting switch with repetition separately within
the GO and WAIT tasks.) Switching within a predictable task order was associated
with a greater activation of the medial portion of the left temporal lobe, of the
cerebellum and medial occipital cortex, when compared to switching within an
unpredictable task order.

Conclusion: Our results suggest that a network of brain structures is involved in the
task-set switching process. This network includes the inferior lateral frontal cortex,
the inferior parietal lobes and the anterior cingulate gyrus. In addition when task
switching is predictable the cerebellum and the medial temporal cortex are activated,
suggesting that the processing of timing and short-term memory is used to
consolidate the predictability of task-switching.
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ELEVATED LEVELS OF OSTEOPONTIN IN THE CEREBROSPINAL FLUID OF
PATIENTS WITH MULTIPLE SCLEROSIS

Braitch M,Nunan R, Niepel G & Constantinescu C
Division of Clinical Neurology, Nottingham University, U.K

Human Osteopontin (OPN) is a multifunctional glycoprotein. It is present at sites of
inflammation and is secreted by activated leukocytes and macrophages. There is
evidence that OPN is involved in the demyelination process. OPN is required for the
development of inflammatory demyelination in EAE, an experimental model of MS as
shown in OPN deficient mice. OPN up-regulation has been demonstrated in Multiple
Sclerosis (MS) and Experimental allergic Encephalomyelitis lesions. OPN induces IL-
12 and IFN-y, a Thl cytokine.

Aim: quantify the levels of OPN in cerebrospinal fluid (CSF) in patients with MS and
compare them to other inflammatory and non-inflammatory neurological conditions.

Method: CSF from 20 patients with MS, 9 patients with inflammatory neurological
disease (IND and 19 patients with non -inflammatory neurological disease (NIND)
were analysed for OPN by Enzyme linked immunoabsorbant assay (ELISA).

Results: CSF OPN levels were significantly higher in the MS group (Median
327.8ng/ml) in comparison to the NIND group (Median 271.9ng/ml, Mann Whitney
P=0.05). However there was no significant difference between MS and IND groups.
There was no significant difference in plasma OPN levels between groups. CSF levels
were much higher than corresponding plasma levels in all subjects.

Conclusion: CSF OPN levels were significantly increased in MS the groups in
comparison to the NIND group, but not compared with the IND group. The lack of
significant difference in plasma OPN between the groups may be related to metabolic
processes. , Which deactivate plasma OPN (e.g. thrombin). Although increased CSF
OPN levels are not specific to MS, they can potentially be used as markers of
inflammatory disorders.
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IDENTIFICATION OF NOVEL TARGETS FOR ORGANOPHOSPHORUS
PESTICIDES IN RAT BRAIN AND THYMUS TISSUE

Carter WG, Rathbone A, Tarhoni M & Ray DE
MRC Applied Neuroscience Group, University of Nottingham Medical School

We are carrying out a proteomic search for organophosphorylation targets at low
levels of exposure to organophosphorus pesticides. Organophosphorus compounds
primarily elicit their toxic affects by covalently binding serine hydrolases such as
acetylcholinesterase, and it has been hypothesised that low-level toxicity may result
from interactions with sensitive but hitherto unrecognised protein targets in the brain
or immune system.

Brain and thymus homogenates obtained from saline-perfused, essentially blood-free
tissues in normal F344 rats were incubated with the oxon forms of five
organophosphorus pesticides (chlorfenvinphos, diazinon, malathion, azamethaphos,
and chlorpyrifos) at concentration/times producing only 30% inhibition of
acetylcholinesterase. Homogenates were also prepared from rats given pirimiphos-
methyl (350 mg/kg p.o.) this also produced approximately 30% inhibition of brain
acetylcholinesterase. Protein extracts were subsequently incubated with the serine
hydrolase inhibitor tritiated-diisopropylfluorophosphate (DFP) to label all potential
targets. Proteins were resolved by both 1D and 2D-PAGE, and label imaged using a
highly sensitive 2-D radiation detector (Richards et al. 2000). Novel
organophosphorus targets were recognised by a reduction in DFP radiolabelling after
pre-incubation with the test organophosphates relative to normal control tissue.

DFP labelling was seen at 1659 pmoles per g brain and at 1811 pmoles per g
thymus. In addition to acetylcholinesterase, novel brain organophosphorus targets
with approximate molecular weights of 28, 32, 42, 70, and 83 kDa were detected. A
subset of the brain targets: the 28, 70, and 83 kDa proteins were also present in
thymus, plus two additional proteins at 58 and 68 kDa. These latter two proteins
were specific targets for chlorfenvinphos-adduction.

Our results indicate that several proteins are present in rat brain and thymus that
are adducted by organophosphates at exposure levels that would not produce acute
toxicity. Using column fractionation, and the application of bioinformatics tools to
target MW and pl information, we aim to identify all of these protein targets, and
then to evaluate the likely biological consequences of their organophosphate-
adduction.

Richards, P.G., Johnson, M.K. & Ray, D.E. 2000 Mol. Pharmacol. 58, 577-583

Key words: organophosphate, proteomic, chlorfenvinphos
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NEUROACANTHOCYTOSIS PRESENTING AS DYSTONIC TREMOR

Cifelli A, Sawle G, Vesey P* & Bajaj N
Department of Neurology and Neuropsychology*
Queen’s Medical Centre, Nottingham, UK

Objective: To highlight the variability of clinical presentation of neuroacanthocytosis

Background: Neuroacanthocytosis can present with cognitive impairment, seizures,
weakness and areflexia, dysarthria and dysphagia and a variety of movement
disorders, most commonly chorea. To our knowledge, no cases presenting with
dystonic tremor have been described.

Results: A 63-year-old gentleman presented with a 20-year history of action tremor
in the right arm. He had a non contributory past medical history and a negative
family history for neurological disorders. He was a non-smoker and drank very little
alcohol. Neurological examination revealed a coarse right upper limb tremor, which
was present on action and posture, with dystonic features. There was no focal
dystonia, rest tremor, rigidity, bradykinesia, reduced amplitude of movements or
impairment of the postural reflexes. There was impaired sensation to light touch up
to mid-shin bilaterally and vibration sense was decreased up to the knees. Joint
position sense was normal. He was areflexic. Neuropsychological assessment showed
deficits of processing speed, basic attention, working memory, verbal fluency and
evidence of mild frontal executive dysfunction. A blood film revealed that 60% of the
red blood cells were acanthocytes. Nerve conduction studies demonstrated a
generalised sensory-motor axonal neuropathy. Creatine kinase was within normal
limits. Kell blood group testing excluded the McLeod phenotype. Laboratory tests for
other causes of dystonia and acanthocytosis were negative including routine
haematology and biochemistry, vasculitic markers, copper and caeruloplasmin,
vitamin E, cholesterol and triglyceride s, serum electrophoresis and high resolution
lipid electrophoresis. Visual evoked potentials and electroretinogram were normal.
Brain MRI showed a small degree of hyperintensity and volume loss in the head of
the right caudate nucleus. 1H Magnetic Resonance Spectroscopy did not disclose
any metabolic abnormality. Chorein protein levels were normal.

Conclusion: This case illustrates the heterogeneity of presentation in
neuroacanthocytosis. Elevated CK levels and the classical phenotype may be absent.
We believe this to be the first case of neuroacanthocytosis presenting as dystonic
tremor.
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INTRACEREBROVENTRICULAR HISTAMINE CAUSES HYPOPHAGIA IN
SIBERIAN HAMSTERS

Enright R**, Schuhler A, Barrett P?, Morgan PJ? & Ebling FJP?*
ISchool of Biomedical Sciences, University of Nottingham
Rowett Research Institute Aberdeen

The Siberian hamster (Phodopus sungorus) undergoes annual cycles of obesity and
leanness and therefore offering great potential for studying energy homeostasis and
body weight. Decreased expression of the H3 autoreceptor has been observed in the
dorsal tuberomammillary nucleus in lean hamsters, suggesting that an increase in
histamine tone might contribute to the winter catabolic state. The objective of the
study was therefore to investigate the effect of centrally infused histamine on
appetite and energy balance. Hamsters were implanted under general anaesthesia
with a guide cannula into the third ventricle. The effects of subsequent central
administration of histamine were observed on food, water intake, and behaviour in
conscious free moving animals. In the first study, 100 nmol of histamine
significantly (P<0.01) decreased food intake at 1, 2, 4 and 6 hours post injection,
but the animals appeared to be sedated and hypothermic at this dose. A second
study used a lower dose of histamine (20 nmol). This dose significantly (P<0.01)
decreased the percentage of time spent feeding within the first 30 minutes post
injection, and significantly (P<0.05) decreased food intake in the first hour post
injection, but had no effect on the proportions of time the hamsters spent resting,
grooming or active. Although the hypophagic effect of a high dose of histamine may
be a consequence of sedation, the hypophagic effects at the lower dose may reflect
true suppression of satiety by histamine. Hypothermia observed at the higher dose
of histamine may indicate a role for this neurotransmitter in the development of
torpor in hamsters in winter photoperiod. We concluded that histamine is a potential
regulator of both caloric intake and thermoregulation.

Supported by a BBSRC committee studentship.
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DIFFERENTIAL EFFECTS OF GLUCOCORTICOIDS ON THE ACTIVATION OF
STAT4 BY INTERLEUKIN-12 AND INTERFERON-BETA

Fahey AJ Robins A & Constantinescu CS
Division of Clinical Neurology, University of Nottingham, UK. NG7 2UH

Introduction: Glucocorticoids are involved in the regulation of many physiological
systems and are commonly used in the therapy of inflammatory, autoimmune and
allergic diseases as immunosuppressive agents. Glucocorticoids inhibit Thl whilst
enhancing Th2 cytokine secretion. Interferon -beta (IFN-B) dampens the Thil
response in multiple sclerosis (MS), whilst interleukin -12 (IL-12) promotes Th1 cell
differentiation. Both utilise the same signalling pathway, signal transducer and
activator of transcription 4 (STAT-4).

Aim: To observe the effect of dexamethasone on the activation of STAT-4 by IFN-j,
IFN-a or IL-12.

Method: PHA/IL-2 induced T cell blasts, (1x10°) were either untreated or pretreated
with 100ng/ml dexamethasone for 30min. Both sets of cells were either left
unstimulated or incubated with either IFN-B, IFN-a, or IL-12 for 30min. STAT4
activation was assessed by intracellular staining with anti-phosphorylated STAT4
(pSTAT-4) antibody.

Results: IFN-B, IFN-a and IL-12 stimulation resulted in increased pSTAT-4
generation when compared to unstimulated cells. Dexamethasone alone had no
effect on pSTAT-4 generation. Prior stimulation with dexamethasone followed by
incubation with IFN-a or IL-12 resulted in a decrease in pSTAT-4 generation. Prior
incubation with dexamethasone and then IFN-B resulted in an increase in pSTAT-4
generation.

Discussion: Glucocorticoids appear to have a differential effect on the activation of
STAT4 by IL-12 and IFN-B. Glucocorticoids appear to decrease the ability of T cells to
respond to IL-12, whilst enhancing the effect of IFN-B on STAT 4 activation. The
results therefore suggest that a combination of IFN-B and steroids may benefit in the
treatment of MS.
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CENTRAL NORADRENERGIC MODULATION OF AUTONOMIC FUNCTIONS:
COMPARISON OF MODAFINIL AND CLONIDINE

Freeman C, Hou RH, Langley RM, Szabadi E & Bradshaw CM
Psychopharmacology Section, Division of Psychiatry, University of
Nottingham

Introduction: Noradrenergic neurons located in the lower brain stem, mainly in the
locus coeruleus, play a role in arousal and modulate autonomic activity. The alpha-2
adrenoceptor agonist clonidine can “switch off” the activity of the locus coeruleus,
thereby leading to sedation, and to a sympatholytic / parasympathomimetic effect
(Szabadi & Bradshaw 1996, J Psychopharmacol 10 (Suppl 3), 6-18). Modafinil is a
novel wakefulness-promoting agent licensed for the treatment of narcolepsy
(Broughton, R.]J.et al 1997, Neurology 49, 444-451). The mode of action of modafinil
is not known: one possibility is that it may activate the central noradrenergic system.

Methods: 16 healthy male volunteers participated in four experimental sessions at
weekly intervals in which they received (1) modafinil 200mg (2) clonidine 0.2mg (3)
modafinil 200mg and clonidine 0.2mg (4) placebo, according to a balanced double-
blind protocol. Pupil diameter was measured with a binocular pupillometer under four
light intensities (darkness, 6, 91, 360 Cd m™). Light reflex response were evoked by
green light flashes (200 ms; 8.5 x 1073, 7.0 x 102 and 0.43 mW cm™), and
darkness reflex responses by switching off the background illumination of 1700 Cd
m™2. Spontaneous pupillary fluctuations in darkness were measured by the
Pupillographic Sleepiness Test (AmTech, Weinheim, Germany). The level of alertness
of the subjects was assessed using subjective self-ratings and measurement of
critical flicker fusion frequency. Systolic and diastolic blood pressure, heart rate, and
salivary output were also recorded. Data were analyzed with ANOVA, with individual
comparisons.

Results: Clonidine reduced pupil diameter, the initial velocity and amplitude of the
darkness reflex response, critical flicker fusion frequency, subjective alertness, blood
pressure and salivary output, and it increased the recovery time of the light reflex
response, and the pupillary unrest index. Modafinil increased pupil diameter, the
initial velocity of the darkness reflex response, and critical flicker fusion frequency.
Modafinil reduced the effects of clonidine on pupil diameter and the pupillary unrest
index.

Conclusions: Clonidine exerted effects consistent with its central sympathetic and
sedative properties. Modafinil increased the level of arousal and evoked pupillary
effects consistent with the enhancement of the sympathetic influence on the iris. In
contrast to clonidine, modafinil failed to affect non-pupillary autonomic functions, but
managed to partially antagnized some of the pupillary effects of clonidine. These
results suggest that modafinil has a selective activating effect on those central
noradrenergic neurons which are involved in the maintenance of arousal and
pupillary control (i.e., the locus coeruleus), whereas clonidine has more widespread
effects involving both coerulear and extra-coerulear central noradrenergic neurones.

Keywords: modafinil — clonidine — central noradrenergic system - locus coeruleus -

sympathetic / parasympathetic effect - autonomic activity - arousal - pupillary
control
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PROGESTERONE REDUCES EDEMA FORMATION AND INFLAMMATORY GENE
EXPRESSION FOLLOWING TRANSIENT AND PERMANENT FOCAL CEREBRAL
ISCHEMIA IN MALE MICE

Gibson CL?", Constantin D*?, Coughlan TC"*?, Prior MJW?, Bath PMW? &
Murphy SP*?

LInst Cell Signalling, ?Inst Neuroscience, 3Sir Peter Mansfield MR Centre,
University Nottingham Medical School, Nottingham, United Kingdom

There are reported to be gender differences in damage sustained following cerebral
ischemia. We have shown progesterone to be neuroprotective following transient
experimental cerebral ischemia, in terms of reducing lesion volume and enhancing
functional recovery (Gibson & Murphy, J. Cerebral Blood Flow Metab 24: 2004). The
current study employed a 60 minute period of middle cerebral artery occlusion at the
end of which male mice were administered progesterone or vehicle. Two days
following transient ischemia, T2-weighted MRI revealed a significant decrease in the
amount of edematous tissue present following progesterone treatment. Using Real-
Time PCR, expression of genes associated with the inflammatory response was
determined at various time points (6h, 24h, 48h, 7d) following ischemia, and
progesterone treatment resulted in their suppression. We also explored the
neuroprotective potential of progesterone following permanent ischemia. At the
onset of ischemia male mice received progesterone or vehicle, and were sacrificed at
24h for inflammatory gene expression or at 48h for lesion volume calculation.
Analysis revealed that progesterone suppressed gene expression and also reduced
the lesion volume present 48h following ischemia. Thus, progesterone treatment is
neuroprotective following both transient and permanent ischemia. Some of its effects
may be attributed to reduced edema formation and suppression of inflammatory
genes.

Support Contributed By: USPHS-NIH NS29226 (SM)
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SPINAL CORD ATROPHY IN MULTIPLE SCLEROSIS: RELATIVE
CONTRIBUTIONS OF WHITE MATTER AND GREY MATTER VOLUME LOSS

Gilmore CP?*, DeLuca GC?, Bb L3, Owens T*, Lowe J°, Esiri MM*® &
Evangelou N*

Department of Neurology, Queens Medical Centre NHS Trust, Nottingham
2Department of Clinical Neurology, University of Oxford

3Department of Pathology (Neuropathology), VU Medical centre,
Amsterdam, and National Competence Center for MS, Department of
Neurology, Haukeland University Hospital, Bergen, Norway

“Department of Economics, University of Nottingham

°Department of Neuropathology, University of Nottingham

®Department of Neuropathology, Oxford Radcliffe NHS Trust

Longitudinal imaging studies have demonstrated progressive spinal cord atrophy in
multiple sclerosis (MS), with the degree of atrophy correlating with clinical disability.
We have previously reported that spinal cord atrophy is limited to the upper regions
of the cord. However, we have a limited understanding of the substrate of this
atrophy including the relative contributions of white matter and grey matter volume
loss.

We address this issue in a histopathological study using post-mortem material from
55 MS cases and 33 controls. For each of the MS and control cases transverse
sections were taken from 5 levels of the spinal cord (upper cervical, lower cervical,
upper thoracic, lower thoracic and lumbar levels). The total cross-sectional area of
the cord and that of the grey and white matter was measured. Multiple regression
models were estimated, controlling for sex, age and location of the cord section.

The cross-sectional grey matter area was not significantly different between MS
cases and controls (p = 0.705). Similarly, the cross-sectional grey matter area was
not reduced at the upper cervical (p = 0.754), lower cervical (p = 0.734), upper
thoracic (p = 0.946), lower thoracic (p = 0.592) or lumbar (p = 0.740) levels, in
comparison to the controls. In contrast, the white matter area was significantly
reduced in the MS cases compared to controls (p = 0.001). Specifically, the white
matter area was reduced at the upper cervical (p = 0.039), lower cervical (p =
0.035) and upper thoracic (p = 0.021) levels in comparison to controls, but not at
the lower thoracic (p = 0.836) or lumbar (p = 0.599) levels.

Our series represents the largest post-mortem study of spinal cord atrophy in MS.
Our results indicate that spinal cord atrophy in MS is due to white matter, rather
than grey matter, volume loss. While previous studies have demonstrated significant
grey matter atrophy in the cerebral cortex and the thalamus in MS, our results
suggest that this is not the case in the spinal cord. The absence of spinal cord grey
matter atrophy raises the possibility of site-specific differences in grey matter
pathology in MS. Further work is required to determine the mechanisms by which the
grey matter of the spinal cord is “protected” from atrophy.
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FUNCTIONAL MAGNETIC RESONANCE IMAGING STUDIES OF NOXIOUS-
EVOKED BRAIN ACTIVATION IN ANAESTHETISED RATS

Governo R, Shah Y, Prior M, Marsden C, Morris P & Chapman V

Intraplantar injection of capsaicin produces primary and secondary hyperalgesia,
modelling some of the symptoms associated with persistent pain states. Functional
magnetic resonance imaging (fMRI) studies of Blood Oxygen Level Dependent
(BOLD) haemodynamic responses have demonstrated nociceptive-evoked activation
of the brain (Malisza and Docherty, 2001). Here, T2-weighted BOLD-contrast fMRI
was used to study the time course of capsaicin-evoked BOLD responses in halothane
anaesthetised rats (Shah et al., 2004). Rapid Acquisition Relaxation Enhanced
(RARE) sequence data was obtained from a continuous scan comprising of 12 basal
volume sets collected every 4 min 40sec, followed by intradermal injection of
capsaicin (30pg/5pul saline with 7% Tween 80, n=8) and a further collection of 18
volume sets. Data were analysed using SPM99 (random effects analysis, p<0.05).
Capsaicin-evoked significant increases in BOLD response in the stria terminalis
(T=4.87, p<0.05), ventral-medial thalamic nuclei (T=9.8, p=0.01) and PAG
(T=5.52, p=0.01), with maximal values of 2.91+0.25%, 1.10+0.11% and
2.58+0.18% post-injection, respectively. Moreover, maximal effects of capsaicin
were observed 80-85 minutes post injection. These data indicate that fMRI studies
of capsaicin-evoked brain activation are a useful approach for the study of CNS
responses to hyperalgesia.

Malisza KL, Docherty JC (2001) Capsaicin as a source for painful stimulation in
functional MRI. J Magn Reson Imaging 14: 341-347.

Shah YB, Prior MJ, Dixon AL, Morris PG, Marsden CA (2004) Detection of cannabinoid
agonist evoked increase in BOLD contrast in rats using functional magnetic
resonance imaging. Neuropharmacology 46: 379-387.

Work supported by Pfizer.
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THE EFFECT OF HORMONE REPLACEMENT THERAPY ON STROKE RISK, TYPE
AND OUTCOME: A SYSTEMATIC REVIEW OF DATA FROM RANDOMISED
CONTROLLED TRIALS

Gray LJ & Bath PMW
Institute of Neuroscience, University of Nottingham

Background: The risk of stroke is low in pre-menopausal women and increases
rapidly following the menopause, coincident with diminished circulating levels of
oestrogen and progesterone. Hence, hormone replacement therapy (HRT) might
protect post-menopausal women from stroke.

Methods: Randomised controlled trials of HRT were identified from the Cochrane
Library, reviews and reference lists of relevant papers. Event rates for stroke (total,
non-fatal, ischaemic, haemorrhagic, poor outcome), myocardial infarction and
pulmonary embolism (PE) were extracted and analysed using the Cochrane
Collaboration’s software, Revman. Sensitivity analyses were performed by type of
HRT: oestrogen alone (mono) versus combined oestrogen and progesterone (dual).

Results: Fourteen trials (t), involving 34,976 subjects, were identified. HRT was
associated with significant increases in total stroke, odds ratio (95% confidence
intervals) 1.29 (1.12-1.47, t=14), non-fatal stroke 1.23 (1.06-1.44, t=11) stroke
leading to death or disability/dependency 1.56 (1.11-2.20, t=4), ischaemic stroke
1.28 (1.06-1.56, t=5), and PE 1.73 (1.30-2.29, t=8), and a trend to more fatal
stroke 1.28 (0.87-1.88, t=12). HRT was not associated with haemorrhagic stroke
1.06 (0.64-1.75, t=5), transient ischaemic attack 1.00 (0.75-1.33, t=6) or coronary
heart disease 1.04 (0.92-1.16, t=11). No heterogeneity was present in any analysis.

Conclusions: HRT is associated with an increased risk of stroke, especially of

ischaemic type. Subjects having a stroke on HRT appear to have a worse outcome.
HRT cannot be recommended in the prevention of stroke.
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EFFECTS OF A NEUROTENSIN AGONIST (PD 149163) ON ASSOCIATIVE
LEARNING IN A TRACE CONDITIONING PROCEDURE

Grimond SK, Norman C, Bennett GW & Cassaday HJ
Institute of Neuroscience, Schools of Psychology and Biomedical Sciences,
University of Nottingham

Introduction: Neurotensin (NT) has been demonstrated to be a cognitive enhancer
in object recognition and Morris water maze tasks in pilot experiments in
Nottingham. We therefore further examined the cognitive effects of NT, using the NT
agonist PD 149163, and an aversive trace conditioning procedure to test conditioning
to both discrete and contextual stimuli (Norman & Cassaday 2003 J. of
Psychopharmacology 17(1) 67-76). Conditioning is reduced when a trace interval
intervenes between conditioned stimulus (CS) and unconditioned stimulus (UCS),
possibly because this renders the CS a less useful predictor.

Methods: In a conditioned suppression of drinking procedure, male Lister Hooded
rats (72) were trained to drink and number of licks was used as the learning
parameter. Baseline drinking was measured for 10 days. After this there was 1 day
of conditioning under drug treatments (O0mg/kg, 0.25mg/kg, 1mg/kg PD 149163), in
which a sound (CS) was presented immediately or with a trace of 30sec, before a
foot shock (UCS). An additional contextual stimulus (flashing light) was presented
throughout the conditioning session as an alternative (less useful) predictor of the
UCS. Two days of extinction followed the conditioning, one day for each stimulus,
with light presented on day 1 and sound on day 2. Learning was measured as
suppression of drinking.

Results: The extinction test for sound showed a significant conditioning advantage
in the non-trace compared with trace group in controls. However, at the 0.25mg/kg
dose, there was no significant difference as the conditioning for the trace group was
as good as for the non-trace conditioned group. The extinction test for the flashing
light showed no effect of trace or drug as none of the groups associated this stimulus
with foot shock.

Conclusions: Our study demonstrates that the compound PD 149163 (at 0.25
mg/kg, but not at 1mg/kg) was able to improve the capacity to associate a less
predictive discrete CS to an UCS but was without effect on conditioning to the
extended background stimulus.

This work was supported by the Institute of Neuroscience, University of Nottingham,
and the Wellcome Trust (reference 055330)
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THE ROLE OF LATERAL HESCHL’S GYRUS (HG) IN THE ANALYSIS OF
TEMPORAL ITERATION AND INTERAURAL CORRELATION: PART I

Hall D*, Akeroyd M? & Summerfield AQ*

IMRC Institute of Hearing Research, University Park, Nottingham, NG72RD
2MRC Institute of Hearing Research, Glasgow Royal Infirmary, Glasgow,
G31 2ER

This fMRI experiment locates the neural bases of the analysis of two different types
of fine temporal acoustic structure; i) temporal iteration in a regular-interval noise
(RIN) and ii) interaural correlation (IAC). Primarily, we test whether the analysis of
these two acoustic attributes shares a common neural architecture in the human
auditory cortex, since separate lines of evidence suggest that lateral HG is a common
site of activation (Budd et al., 2003; Patterson et al., 2002). In Experiment 1, three
levels of temporal iteration (no pitch, a weak pitch from a RIN with one add-and-
delay iteration, and a strong pitch from a RIN with 16 add-and-delay iterations) were
crossed with two levels of IAC (correlations of zero and unity) in 450-ms dichotic
noise bursts. All RIN sequences had pitch values that varied randomly from burst to
burst, but were chosen from 16 steps of Fy ranging from 51-110 Hz. All correlated-
noise sequences had an ITD of zero, giving a sound location at the centre of the
head.

Group analysis (N=18, random effects, P<0.001) revealed a widespread linear
increase in activation as a function of temporal iteration (left 1264 voxels; right 938
voxels), including lateral HG. Pairwise comparisons between correlated and
uncorrelated noise conditions revealed a significant effect of correlated noise (14
voxels) in a region undercutting the right lateral HG and an effect of uncorrelated
noise (220 voxels in the left and 49 voxels in the right) at the postero-medial
boundary of HG extending onto the planum temporale. Activations by temporal
iteration and IAC were partly co-localised, but this result does not necessarily imply
that the processing of temporal iteration and IAC involves the same neuronal
population. We observed striking individual differences in the IAC activation patterns
across listeners. None of the listeners had significant activation for the effect of
correlated noise, while the bilateral effect of uncorrelated noise occurred in 6
listeners. In contrast, the bilateral linear effect of temporal iteration was present in
every listener.

This evidence suggests that common mechanisms in processing temporal iteration
and IAC, such as across-frequency integration, are probably instantiated a stage
earlier in the auditory pathway than lateral HG. Lateral HG may play a ro coding
the perceptual properties of periodicity, such as pitch salience.

References

Budd TW, Hall DA, Gongalves MS, Akeroyd MA, Foster JR, Palmer AR, Head K,
Summerfield AQ (2003) NeuroImage: 20 1783-1794

Patterson RD, Uppenkamp S, Johnsrude IA, Griffiths TD (2002) Neuron: 36 767-776
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IS THERE A PITCH MAP IN THE LOW-FREQUENCY REGION OF HUMAN
AUDITORY CORTEX?

Hall D*, Holmes R* & Fridriksson J?

IMRC Institute of Hearing Research, University Park, Nottingham
2Department of Communication Sciences and Disorders, University of South
Carolina, USA

Here we investigate the relationship between frequency and periodicity sensitivity in
14 listeners. Specifically, we address whether the response to temporal pitch is co-
localised with a low-frequency-sensitive region, as indicated by optical and
electrophysiological recordings in the Mongolian gerbil using amplitude-modulated
tones (Schulze et al., 2002).

We used regular-interval noise (RIN) to generate temporal pitch and a Philips 3T MR
scanner to measure sound-evoked activation. Listeners were presented with three
types of signal (sinusoid, RIN and random noise), at low (800Hz) and high (4.5 kHz)
centre frequencies. The pitch value was 60 Hz for both the low- and high-spectrum
RIN. The spatial location of low-frequency dependent response regions (low-FDRR)
was defined by contrasting the three low-frequency signals with the three high-
frequency signals (P<0.001). High-FDRRs were defined by the converse statistical
contrast. Multiple peaks of frequency-dependent activation were located across the
auditory cortex, most notably in lateral areas for low-FDRRs and at the medial
borders of Heschl’s gyrus (HG) for high-FDRRs. The effect of pitch was defined by
contrasting the two RIN conditions with their matched random-noise counterparts. In
general, the pitch effect was centred on the postero-lateral aspect of HG. When
averaged across listeners, this pitch effect was co-localised with the 20% of the low-
FDRR and 2% of the high-FDRR. Across listeners, the median location of the low-
FDRR pitch peak occurred just behind Heschl’s sulcus immediately behind lateral HG.
The high-FDRR pitch peak also occurred in the vicinity of Heschl’s sulcus, but at a
more medial location. These points are consistent with two endpoints of a frequency
gradient across a postero-lateral non-primary field, according to fMRI data reported
by Talavage et al. (2004). One interpretation of this result is that the postero-lateral
field might be particularly sensitive to pitch information.

If a map of periodicity is realised in the human auditory cortex, we predict that
stimuli with identical periodicity will be mapped onto the same location independent
of their spectral content. On average, there were only 12 voxels of conjoint
activation between the effects of the low- and the high-spectrum pitch, reflecting 7
% of the total pitch-related activity.

We conclude that the effect of pitch does occur more in the low- than the high-FDRR
and has a lateral focus. However, the data do not support the presence of a pitch
map in this region.

References

Schulze H, Hess A, Ohl FW, Scheich H (2002) Eur J Neurosci 15: 1077-1084.
Talavage TM, Sereno MI, Melcher JR, Ledden PJ], Rosen BR, Dale AM. (2004)
J Neurophys 91: 1282-1296
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GBR 12909 PRETREATMENT IN RATS ALTERS ATTENTIONAL COMPONENTS
OF THE 5-CSRTT DURING TRAINING AND TEST SESSIONS; A POTENTIAL
MODEL FOR ADHD

Hewitt KN, Beal DJ, Hollis C, King MV, Marsden CA & Fone KCF
Institute of Neuroscience, School of Biomedical Sciences,
University of Nottingham, Nottingham, NG7 2UH

Introduction: The five-choice serial reaction time task (5-CSRTT) is an established
paradigm which assesses attention and impulsivity that has been used herein to
evaluate behavioural changes in a developmental model of attention deficit
hyperactivity disorder (ADHD). ADHD may involve fronto-striatal hypodopaminergic
function and increased dopamine transporter (DAT) expression, and is characterised
by decreased attention and increased impulsivity. We have attempted to model the
behavioural effects of ADHD in rats by producing rebound increases in DAT following
withdrawal from the irreversible DAT inhibitor GBR 12909 [Hewitt et al., 2001 1J.
Psychopharm. 15, A68)]. Here we assess changes in 5-CSRTT performance both
during the initial training period and, following training, the effect of the dopamine
(DA) D, receptor antagoinist, raclopride in GBR 12909 and vehicle pretreated and
withdrawn rats.

Method: Male Lister hooded rats (PND=24, n=8 per group), were pretreated with
either GBR 12909 (30 mg/kg) or vehicle 2 ml/kg 4 b.d i.p. After 30 days drug
withdrawal animals were food restricted and trained daily to ‘nose-poke’ respond to
obtain a food pellet reward to a brief light stimulus randomly presented in one of 5
holes. Training continued until a stable base line was reached. The effects of
raclopride (0.01-0.1 mg/kg ip) were then examined on 5-CSRTT in both groups.

Results: During training, in particular in the first 7 days, GBR 12909 pretreated rats
made greater percentage and number of correct responses with fewer trials omitted,
and decreases in both correct response and reward collection latencies (all at least
p<0.05). In contrast, when the stable base line was reached GBR 12909 pretreated
rats showed increased correct and premature responses and total preservative
correct trials (all p<0.05) compared to controls. Irrespective of pre-treatment,
raclopride (0.1 mg/kg) reduced the number of completed, correct and total
preservative trials and increased percentage missed (all p<0.05).

Conclusions: Postnatal manipulations of the dopaminergic system associated with
withdrawal from treatment with GBR 12909, results in sustained attentional
alterations. However, this effect may not involve alterations of the DA D, receptor
due to the similarity in response to raclopride in both pre-treatment groups. Results
suggest that long-term changes in dopaminergic functioning may provide a useful
tool for studying the effects of new ADHD compounds.

This work was supported by the Health Foundation.
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ELECTROLYTIC LESIONS OF THE SHELL (BUT NOT CORE) SUB-TERRITORY OF
THE NUCLEUS ACCUMBENS POTENTIATE CONTEXTUAL CONDITIONING IN
TRACE CONDITIONED RATS

Horsley RR, Norman C & Cassaday HJ
University of Nottingham, Nottingham, NG7 2RD

Introduction: Research with stimulus selection paradigms has produced compelling
evidence that selective learning processes are affected by dopaminergic
interventions. For example, latent inhibition (LI) and blocking are disrupted by the
dopamine (DA) agonist amphetamine and lesions to the nucleus accumbens (NAcc).
However, the neuropsychopharmacological mechanisms involved are the subject of
theoretical controversy.

Previously, we have found amphetamine to affect stimulus selection in a trace
conditioning task. In an aversive procedure, amphetamine can increase conditioning
to a trace CS. In an appetitive procedure, amphetamine can promote the distribution
of responding towards the end of the trace interval. Amphetamine effects on
contextual conditioning in these procedures have been inconsistent.

As the next step, we therefore examined the effects of selective electrolytic lesions of
the NAcc on stimulus selection in trace conditioning tasks; the results from the
appetitive study are reported here.

Methods: 75 male Wistar rats were given selective electrolytic lesions of the NAcc
(shell versus core sub-territories, with a sham-lesioned control group).

In the trace conditioning procedure the strength of discrete cue conditioning was
manipulated by introducing a (10 s) trace between the CS-US presentations, while
the comparison groups had contiguous CS-US pairings.

Results: Results showed that lesion condition did not affect the differential rates of
conditioning to the noise CS in the trace and contiguously conditioned groups.
Distribution of responding within the trace interval was also unaffected. However,
there was a very clear effect of shell lesion on contextual conditioning in that we
consistently found elevated responding to the context provided by the conditioning
box. This effect was restricted to the shell lesioned group conditioned over a trace
interval.

Conclusions: Neither lesion affected the rate of (trace) conditioning. This suggests
that the reduced stimulus salience produced by trace conditioning is functionally
different from that produced by stimulus preexposure in LI.

However, the shell lesion selectively increased contextual conditioning in the trace
conditioned group (therefore, the lesions were not simply ineffective). Enhanced
contextual conditioning could contribute to the effects of accumbens lesions in LI.

Supported by a Wellcome Trust project grant (Ref: 055330) and a University of
Nottingham School of Psychology studentship.
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LEARNING THE PREDICTABILITY OF FORCE CONTROL: A NEUROIMAGING
STUDY

Jackson CPT, Bowtell RW, Morris RG & Jackson SR

Motor action involves a network of brain structures including cortical and sub-cortical
areas. The aim was to determine using fMRI which brain areas are involved in
learning the predictability of the required force output across time.

Nine subjects participated in an experimental design in which they had to oppose a
regular, repeated force sequence produced by a coil implemented within a 3T
magnet by flexing the metacarpal phalangeal and inter-phalangeal joints of the right
index finger. The force in the coil was produced by a series of current pulses
generated by a MATLAB program. Functional magnetic resonance images were
obtained while subjects learned to predict the onset and magnitude of the force
sequence.

Preprocessing and statistical analysis were performed using SPM2. Images were
realigned, spatially normalised and then smoothed. Haemodynamic responses were
modelled with a canonical haemodynamic response function and its first-order
temporal derivative. Contrasts were defined for all force trials and rest trials, and
also for early, middle and late force trials and rest trials.

Significant activation of premotor areas, primary motor cortex and cerebellum along
with somatosensory areas were observed when the main effect of force was
investigated. Early force trials showed more activation in premotor and motor cortex
areas, whereas late force trials showed increased activity in the parietal lobe and
cerebellum.
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CANNABINOID CB2 RECEPTOR ACTIVATION IN THE PERIPHERY INHIBITS
MECHANICALLY EVOKED RESPONSES OF SPINAL NEURONES IN A RAT
MODEL ON NEUROPATHIC PAIN

Jhaveri M, Kendall D & Chapman V
School of Biomedical Sciences, University of Nottingham, Nottinghamshire

Cannabinoid CB, receptor activation produces anti-nociception in the absence of
psychoactive effects (Malan et al., 2001, Pain, 93, 239). Systemic administration of CB,
receptor agonist AM1241 reduces tactile allodynia and thermal hyperalgesia in a model of
neuropathic pain (Ibrahim et al., 2003, PNAS, 100, 10259). The aim of the present study
was to investigate the effects of peripheral CB, receptor activation on cutaneous
somatosensory processing in the spinal nerve ligation (SNL) model of neuropathic pain.
Here we compare the effects of intraplantar injection of the selective CB, receptor agonist
JWH-133 on mechanically-evoked responses of spinal neurones in sham-operated and
neuropathic rats.

Tight ligation of L5-L6 spinal nerves was performed in male Sprague-Dawley rats. A
control group of rats received sham surgery. 14-17 days post surgery, extracellular
single-unit recordings of ipsilateral deep (laminae V-VI) dorsal horn neurones were made
in isoflurane anaesthetised SNL and sham-operated rats. Innocuous (6, 8, 12 g) and
noxious (21, 45, 80 g) mechanical stimuli were applied to the peripheral hindpaw and
evoked responses of spinal neurones (spikes/s) were recorded. The effects of
intraplantar injection of JWH-133 (5 ug or 15 pg in 50 ul) or vehicle (< 3% ethanol in
distilled water with Tween 80) on mechanically-evoked responses of spinal neurones were
recorded at 10 min intervals for 60 min. The ability of selective CB, antagonist
SR144528 to block the effects of JWH-133 was also studied. SR144528 (10 ug in 50 ul,
intraplantar) was injected 30 min before JWH-133 (15 pg in 50 ul, intraplantar). Data
were analysed with Mann-Whitney test, P < 0.05.

Mechanical stimulation of the hindpaw receptive field produced graded stimulus-intensity
dependent increase in neuronal firing in SNL and sham-operated rats. Intraplantar
injection of the lower dose of JWH-133 (5 ug) in sham-operated rats significantly (P <
0.05) inhibited innocuous (6, 8, 12 g)- evoked responses of spinal neurones, but not
noxious (21, 45, 80 g)- evoked responses of spinal neurones, compared to vehicle.
Intraplantar injection of the lower dose of JWH-133 (5 ug) in SNL rats significantly (P <
0.05) inhibited noxious (21, 45, 80 g)-evoked responses of spinal neurones, but not
innocuous (6, 8, 12 g)-evoked responses of spinal neurones, compared to vehicle. The
higher dose of JWH-133 (15 png) significantly inhibited both innocuous and noxious
mechanically-evoked responses of spinal neurones in sham-operated and SNL rats,
compared to vehicle. Intraplantar injection of SR144528 (10 nug) alone did not produce
marked changes in mechanically-evoked responses of spinal neurones in SNL or sham-
operated rats. Intraplantar pre-administration of SR144528 (10 ug) attenuated JWH-133
(15 pg)-mediated inhibition of mechanically-evoked responses of spinal neurones in both
sham-operated and SNL rats.

These data demonstrate that local peripheral activation of CB, receptors produces
marked inhibitions of mechanically-evoked responses of spinal neurones in a model of
neuropathic pain. Importantly CB, receptor activation attenuated both innocuous and
noxious mechanically-evoked responses, suggesting that the reported behavioural effects
of CB, receptor activation on mechanical allodynia in neuropathic rats may be mediated
by a local peripheral site of action. These inhibitory effects of CB, receptor activation in
neuropathic and sham-operated rats may be mediated via an indirect inhibitory effect on
immune responses (Facci et al., 1995, PNAS, 92, 3376) and / or a putative direct site of
action on peripheral nerves (Patel et al., 2003, Brit J Pharmacol, 140, 261).
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PROGESTERONE ADMINISTRATION REDUCES LESION VOLUME AND
IMPROVES COGNITIVE DEFICIT AFTER TRAUMATIC BRAIN INJURY IN MALE
MICE

Jones NC, Constantin DC, Prior MJW & Murphy SP

Progesterone has been shown to be beneficial in various models of experimental
trauma in rats (Shear et al, Exp Neurol, 178(1): p59-67, 2002). However, the
mechanism of this neuroprotection remains to be elucidated. The current study was
undertaken to determine whether progesterone was beneficial in a trauma model in
mice, and whether the protective effects of progesterone are due to an alteration of
the inflammatory response. Unilateral cortical cryogenic injury in the mouse is a
simple and highly reproducible model of acute CNS injury, which produces structural
injury and behavioral deficits (Jones et al, J Neuropath Exp Neurol, 63: 2004). We
subjected male mice treated with either progesterone (8 mg/kg ip at t=0, 6 and 24
hours after injury) or vehicle (100% DMSO) to cryogenic injury and examined
outcome via lesion size (TTC staining) and a cognitive behavioral task (Morris water
maze). Furthermore, we examined the effect of progesterone on inflammatory gene
expression using quantitative RT-PCR (Tagman) and edema formation using
magnetic resonance imaging and brain/water measurements. Progesterone reduced
(28%) lesion volume 48 hours after injury and improved cognitive recovery 21 days
after injury. TNF-a and IL-18 mRNAs were both significantly upregulated after injury
compared to sham, but progesterone treatment had no effect on this upregulation.
Furthermore, progesterone did not alter edematous tissue as assessed using MRI, or
affect water content of the injured hemisphere. In conclusion, progesterone reduces
injury and improves behavior following trauma but not through an obvious effect on
the inflammatory response.

Wellcome Trust project grant (SM)

29



TIME COURSE OF SSRI-INDUCED 5-HT;o RECEPTOR DESENSITISATION IN
THE ADULT RAT

1Kendall I, *Fone KCF, Clarke NP & *Marsden CA

lInstitute of Neuroscience, School of Biomedical Sciences, Queen’s Medical
Centre, University of Nottingham Medical School, Nottingham, NG7 2UH, UK
?Pfizer Global R&D, Ramsgate Road, Sandwich, Kent, CT13 9NJ, UK

Introduction: Chronic treatment with selective serotonin reuptake inhibitors (SSRI)
is required for effective therapy. Long-term blockade of 5-HT reuptake is thought to
desensitise 5-HT;p receptor mediated autoinhibition of 5-HT neurones ultimately
leading to enhanced 5-HT function. This study investigated the effect of SSRI
treatment on 5-HT;, receptor responsiveness after 7 and 21 days, with the SSRI
fluoxetine (FLX) on 5-HT;, mediated behavioural and neuroendocrine responses.

Methods: 56 adult male Lister hooded rats received FLX (10mg/kg p.o) or water
(1ml/kg p.o) for 7 (sub-chronic) or 21 (chronic) days. Core body temperature,
serotonin syndrome and locomotor activity evoked by acute challenge with the 5-
HT;» receptor agonist 8-OH-DPAT (0.3mg/kg i.p) or saline (1ml/kg i.p) were
measured. 20 min post injection rats were killed by decapitation and plasma
corticosterone and glucose levels determined by radioimmunoassay and glucose
oxidase assay respectively.

Results: FLX alone significantly increased the response to a novel environment
(locomotor and exploratory rearing) on d7 but not d21 compared to controls (p<0.05
Duncan New Multiple Range), while basal core body temperature was unaffected at
either time. FLX significantly attenuated 8-OH-DPAT-induced hypothermia on d21
but not d7 compared to controls (p<0.01 DNMR), however, FLX did not attenuate 8-
OH-DPAT induced reduction in rearing at either time. 8-OH-DPAT-induced serotonin
syndrome (flat body posture (p<0.01), lateral head weaving (p<0.01) and reciprocal
forepaw treading (p<0.05)) was significantly attenuated on d21, in contrast, only flat
body posture was significantly attenuated on d7 (p<0.01 Mann-Whitney U-Test).
FLX alone had no effect on the 8-OH-DPAT-induced increase in plasma corticosterone
on d7 or d21, but significantly lowered basal corticosterone levels on d21 compared
to controls, an effect not apparent at d7 (p<0.01 DNMR). FLX significantly
attenuated 8-OH-DPAT-induced hyperglycaemia at d7 but not at d21.

Conclusions: The results indicate that FLX treatment enhanced the response to a
novel environment after 7 but not 21 days, while functional desensitisation of the 5-
HT,;, receptor was seen after 21 but not 7 days. It remains to be determined
whether the environmental response and changes in the 5-HT;, receptor are causally
related.

Ian Kendall is BBSRC CASE award student sponsored by Pfizer Global R&D

30



REVERSAL OF GABAERGIC DEFICITS IN OBJECT DISCRIMINATION BY RO
04-6790, A SELECTIVE 5-HTg RECEPTOR ANTAGONIST

King MV?, Sleight AJ?, Marsden CA* & Fone KCF?*

LInstitute of Neuroscience, School of Biomedical Sciences, QMC, University
of Nottingham, Nottingham, NG7 2UH, UK

°PRBD-N, F. Hoffmann-La Roche, CH-4070, Basel, Switzerland

Introduction: Blockade of excitatory 5-HTg receptors elevates glutamate and ACh
release in the rat frontal cortex and dorsal hippocampus (Dawson et al. 2001
Neuropsychopharmacol. 25, 662-8; Shirazi-Southall et al. 2002
Neuropsychopharmacol. 26, 583-94; Reimer et al. 2003 J. Med. Chem. 46, 1273-6).
Expression of 5-HT, receptors on GABAergic interneurones (Woolley et al. 2000 Brit.
J. Pharmacol. 131S, 238P) could explain these increases in excitatory
neurotransmission, and hence the reported nootropic effects of the 5-HTg receptor
antagonists. In the present study performance of the novel object discrimination
(NOD) task, a two-trial test of recognition memory, was pharmacologically impaired
by the GABA uptake inhibitor SKF89976A (Borden et al. 1994 Eur. J. Pharmacol. 269,
219) or diazepam. The ability of the selective 5-HT¢ receptor antagonist Ro 04-6790
(Sleight et al. 1998 Brit. J. Pharmacol. 124, 556-62) to reverse these cognitive
impairments was then examined.

Methods: NOD was performed using methods adapted from Woolley et al (2003
Psychopharmacol. 170, 358-67). Male Lister-hooded rats (120-200g, n=11-12 per
group) were habituated (60min, -24h) to individual test arenas then received two
3min trials separated by a 2h interval; ‘familiarisation’ with two identical objects, and
‘choice’ with one familiar and one novel. Pre-treatment with SKF89976A (10,
20mg/kg), diazepam (2, 4mg/kg), vehicle control (1ml/kg water or 0.5% w/v
methylcellulose), or saline i.p. occurred 40min prior to familiarisation, followed by Ro
04-6790 (10mg/kg) or 1ml/kg saline i.p. 20min prior to familiarisation. 7d later
each rat received the opposite drug/vehicle combination to serve as its own control.
Student’s paired t-test was used to compare the time at the two objects in each trial.

Results: No group showed a preference for either object during familiarisation.
Vehicle treated rats spent significantly (P<0.01) longer exploring the novel than the
familiar object during the choice trial, and SKF89976A and diazepam abolished this
discrimination. Ro 04-6790 alone had no effect due to lack of an initial impairment
(Woolley et al 2003 Psychopharmacol. 170, 358-67), but successfully reversed both
the SKF89976A (10mg/kg; P<0.01) and diazepam (2mg/kg; P<0.05) induced
deficits.

Conclusion: These data support the hypothesis that modulation of GABAergic

neurotransmission underlies the cognitive effects of the 5-HT¢ receptor antagonists.
This work is sponsored by F. Hoffmann-La Roche, who also provided Ro 04-6790
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VOLUNTARY ATTENTION TO AUDITORY MOTION MODULATES ACTIVITY IN
MOTION-SENSITIVE REGIONS OF THE HUMAN AUDITORY CORTEX

Krumbholz K2, Eickhoff S*, Shah NJ*, Zilles K* & Fink GR*
LIME, Research Center Jiilich, D-52425 Germany
°MRC Institute of Hearing Research, University Park, Nottingham NG7 2RD

Attention to a given visual stimulus feature is known to modulate the early sensory
processing of that feature in the human visual cortex. In contrast, any feature-
specific effects of attention in the human auditory cortex have so far remained
elusive. The current study shows that selective attention to auditory motion
modulates motion-related activity in the human planum temporale and parieto-
temporo-occipital junctional area.

Stimuli were based on random noise whose temporal fine structure and/or interaural
delay were manipulated to create sounds with changing pitch (tones) and noises (no
pitch) that were either stationary or moved continuously in azimuth. In two of four
test conditions, the stimulus was a moving tone (single sound). In the other two test
conditions, the stimulus consisted of two sounds, played simultaneously, of which
one was a stationary tone and the other was a moving noise. In each case, the
listener was instructed to attend either to the pitch or to the motion and indicate
reversals in pitch or motion direction via button press. In two baseline conditions,
the stimulus was a stationary tone or a moving noise, and the listener had to
indicate reversals in pitch or motion, respectively. A total of 560 whole-brain EPI
images were acquired from each of 19 listeners with a 1.5-T Siemens Sonata FMRI
scanner and submitted to a random-effects group analysis.

To reveal areas associated with the sensory processing of pitch or motion in the
absence of attention, each of the two single-sound test conditions was contrasted
with its respective attentional setting-matched baseline. The sensory effect of pitch
was confined to superior temporal regions anterior to those involved in the sensory
processing of motion. The sensory motion effect comprised medial and posterior
parts of the planum temporale and the parieto-temporal operculum. Contrasting the
attention to motion with the attention to pitch test conditions revealed that the
sound-evoked activation in these regions was significantly modulated by attention, in
that the responses were considerably larger when attention was directed to motion
than when it was directed to pitch. The effect was particularly pronounced in the test
conditions in which motion and pitch were associated with different sounds. These
results provide the first evidence for attentional modulation of feature- and object-
specific sensory processing in the human auditory cortex.

Acknowledgement
Supported by the Helmholtz Association and the Medical Research Council.
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PRE-SACCADIC SPATIAL COMPRESSION: A MODEL

Liddle E & Jackson SR
School of Psychology, University of Nottingham

Psychophysical studies have repeatedly demonstrated that visual stimuli presented
close to the onset of a saccadic eye movement are mislocalised spatially. Peri-
saccadic mislocalisation errors are frequently large in magnitude; can precede the
onset of an eye movement by some 100ms; reach maximum effect around the time
of saccade onset; and have been linked to changes in the receptive field properties
of neurons within the parietal cortex that show anticipatory shifts in their receptive
fields immediately prior to a saccadic eye movement. Such cells are thought to
dynamically and predictively re-map visual space in advance of an eye movement, so
that the representation of a visual stimulus is translated from a coordinate system
with the initial fixation point as origin, to one with the upcoming fixation point as
origin. When post-saccadic visual references are available, the pattern of
mislocalisation is best characterised by a compression of visual space toward the
target of the saccadic eye movement, in some cases against the direction of the eye
movement; however, when no post-saccadic visual reference frame is available,
mislocalisations are made only in the direction of the saccade. This dissociation
suggests that different visuospatial processes may give rise to the different forms of
bias observed with and without post-saccadic visual references. We present a
theoretical model that accounts for these patterns of mislocalisation and postulates
two components to the remapping process. The first is a pre-saccadic component, in
which the retinotopic location that the probe will occupy on saccade completion is
predicted. This component is disrupted by the transient onset of the probe stimulus.
The second component is a post-saccadic process whereby the spatiotopic
representation of the old and new points of origin are recalibrated in the light of
post-saccadic visual references. Where such a reference is unavailable, spatiotopic
representation of both old and new fixation points is subject to systematic error.
Model simulations show that the pattern of pre-saccadic mislocalisation errors
observed can be attributed to the interaction between pre- and post-saccadic sources
of error.
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VISUAL TEMPORAL ORDER JUDGMENT IN DYSLEXIA

Liddle E, Jackson GM & Jackson SR
School of Psychology, University of Nottingham

In a series of experiments, dyslexic and non-dyslexic participants were given a
lateralized temporal order judgment (TOJ) task in which they were asked to report
the onset order of two visual stimuli, presented one to each hemifield. Results
suggest that dyslexic subjects are significantly impaired on this task as compared
with non-dyslexic participants, and that the degree of impairment on the task
correlates with the severity of reading impairment. The prediction made by reading
severity remains when scores representing likely presence of ADD are partialled out.
These however significantly predict further impairment on the task. Moreover, two
dissociated factors appear to contribute to TOJ] task impairment. One loads
predominantly on responses to left-first stimuli pairs, and on pairs presented at short
stimulus onset asynchronies (SOAs). The other loads predominantly on responses to
right-first pairs, particularly at long SOAs. These factor loading patterns suggest that
the first may reflect a deficit in right hemisphere circuits involved in stimulus onset
detection, and that the second may reflect a deficit in left hemisphere circuits
involved in temporal order perception. Factor scores on the first significantly predict
long word reading accuracy, particularly of non-words, suggesting it may reflect
disrupted letter position encoding. Low scores on this factor also predict impairment
on an ADD symptom cluster representing sustained

attention. Factor scores on the second significantly predict exception word reading
accuracy, word reading latency and picture naming speed. Low scores on this factor
also predict impairment on an ADD symptom cluster representing organizing and
activating routines.
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INTERAURAL LEVEL DIFFERENCES PRODUCE PHASE SHIFTS IN INTERAURAL
TIME DIFFERENCE SENSITIVITY AT THE INFERIOR COLLICULUS

Liu L, Shackleton TM & Palmer AR
MRC Institute of Hearing Research, University Park, Nottingham, NG7 2RD

A major cue for the localisation of low frequency sounds is the microsecond time
differences in the arrival of sounds at the two ears (manifest as an interaural phase
difference) caused by different path lengths from the auditory source. The phase
differences are converted into mean discharge rate differences by neurones in the
medial superior olive that respond when inputs from the ears arrive coincidentally.
The output of such coincidence detectors peaks at an interaural delay that exactly
matches and compensates for the difference in neural transmission time of the nerve
impulses to the neurone. Precisely timed inputs to the coincidence detectors are
provided by securely relaying auditory nerve activity that is synchronised to the
waveform at the ear (phase-locking). Any factors that affect the phase at which the
impulses are locked to the waveform should affect the coincidence detection process
and hence the interaural time sensitivity. One such factor is the level of the signal at
the ear: for frequencies above and below the characteristic frequency there are
progressive phase leads and lags as the sound level is increased. It has been
previously shown that interaural level differences in the signals do cause shifts in the
best phase (the interaural phase that produces maximum activity of the coincidence
detectors). In these studies however, the relation of the signals to the neurones
best frequency was not very clear. Here, by using specific frequencies at, above,
and below best frequency, we test whether the affects of interaural level differences
at the output of the coincidence detectors is consistent with the degree of phase shift
with level seen in the auditory nerve or whether other factors also contribute. We
measured interaural phase difference sensitivity of 72 cells in the inferior colliculus of
the anaesthetised guinea pig as a function of frequency and interaural level
difference. We fixed the level of a contralateral tone at 20 or 30 dB re threshold and
varied the level of the ipsilateral tone in 10 or 15 dB steps above and below this
level. For all units there was a “null” frequency (not necessarily the best frequency)
where this made no difference to the ITD curves. For 28/41 units which showed
some effect, for frequencies below the null frequency, best phase moved more
contralaterally with increase in the ILD (i.e. contra more intense). Above the null
frequency the best phase moved ipsilaterally with increasing ILD. For the remaining
13/41 these changes in best phase were reversed. The changes in best phase were
maximally about 0.2 cycles. Both the direction and the magnitude of these shifts in
the best phase for the majority of units are generally consistent with observations of
changes in phase with level at the auditory nerve.
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INHIBITION OF SPINAL REFLEXES BY INTRATHECAL MORPHINE AND ITS
DEPENDENCE ON ACTIVITY |IN DESCENDING PATHWAYS [IN THE
DECEREBRATED RABBIT

Lo WC, Harris J & Clarke RW
School of Biosciences, University of Nottingham, Sutton Bonington Campus,
Loughborough, LE12 5RD, UK

Intrathecal administration of the p-opioid receptor agonist fentanyl inhibits reflex
responses of medial gastrocnemius motoneurones evoked by electrical stimulation of
the sural nerve. This effect is reduced after low thoracic spinalization or intrathecal
administration of the selective a,-adrenoceptor antagonist RX 821002 (Clarke et al.,
1998), suggesting that activity in spinally-projecting adrenergic neurones facilitates
the efficacy of spinally-applied opioids. In the present study we have investigated
whether the actions of intrathecal morphine are supported in the same way.

Twenty-four rabbits were decerebrated under isoflurane (2 - 5 %)/N,0 anaesthesia,
of which 9 were spinalized at the thoracolumbar junction. Reflexes were evoked in
the medial gastrocnemius (MG) muscle nerve by electrical stimulation of the
ipsilateral sural nerve at an intensity sufficient to excite C fibres (134 times
threshold). Responses were averaged and integrated by computer, and analyzed in 3
time bands relative to the stimulus: 5 - 12 ms (phase 1); 12 - 100 ms (phase 2) and
100 - 250 ms (phase 3). Morphine was administered intrathecally in incrementing
doses of 1, 2, 7 and 20 ug kg'! at intervals of 30 min to give a cumulative total dose
of 30 pg kg. In 7 non-spinalized animals morphine was preceded by intrathecal
administration of RX 821002 at 100 pg. Experiments were terminated by i.v.
injection of saturated KCI solution.

In decerebrated, non-spinalized rabbits morphine significantly (Friedman's ANOVA, p
< 0.04, n = 8) and non-selectively inhibited MG reflexes median values of 35, 62
and 58% of pre-morphine values after the 30 pug kg™ cumulative dose for phases 1,
2 and 3 respectively. In animals pre-treated with RX 821002, the equivalent changes
induced by morphine were to 32, 55 and 91% of pre-morphine values, and only the
changes in phase 1 and 2 reflexes were significant (Friedman's ANOVA, p < 0.02, n
= 7). In spinalized animals, morphine failed to inhibit phase 1 reflexes but reduced
both phase 2 and 3 responses to median values of 48% of pre-drug values
(Friedman's ANOVA, p < 0.0001, n = 9) after the highest dose. Only the effects on
phase 1 reflexes were significantly different between preparations (Kruskal-Wallis
ANOVA, p < 0.01 at 30 pg kg').

Thus, inhibition of short-latency reflexes by spinally-applied morphine is dependent
on activity in descending pathways, whereas its actions against long-latency reflexes
do not appear to be. However, morphine does not interact with endogenous
noradrenaline in the same way as fentanyl.

Clarke, R.W. et al. (1998) Pain, 78, 197 - 207

Supported by BBSRC.
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ARE PROSACCADES AS REFLEXIVE AS WE THINK THEY ARE?

Mueller S*, Sivasathiaseelan D?, Swainson R* & Jackson G?
1School of Psychology, University of Nottingham
“Division of Psychiatry/Behavioural Sciences, University of Nottingham

Traditionally, switch costs are defined as the performance differences in latencies
and/or errors when participants have to switch between two tasks in comparison to
repeating the same task, observed even after prolonged preparation (residual switch
costs). Previous studies have used prosaccades (eye movements toward a target)
and antisaccades (eye movements into the opposite direction to a target) to
demonstrate that residual switch costs are absent in eye movements, suggesting
that the relatively reflexive nature makes them immune from switch costs.

Infrared eye-tracking was used to measure eye movements toward or away from
two potential stimuli (Experiment 1), changing between prosaccades and
antisaccades every four trials. In contrast to previous findings, switch costs were
apparent in the error rates when switching to prosaccades. In addition, the
difference between prosaccades and antisaccades was smaller than expected. It was
thought that presenting two stimuli might decrease the usual difference between
relatively reflexive prosaccades and voluntary antisaccades thus altering the
paradigm into a choice reaction time task. This difference was increased by
eliminating one target in Experiment 2. Again, replicating Experiment 1, switch costs
were apparent in error rates in prosaccades. However, when only one stimulus was
presented, the usual difference between pro- and antisaccades (antisaccade cost)
became apparent. The results indicate that even when the difference between
saccades that are thought to be predominantly “voluntary” or “reflexive” is
increased, it is the more reflexive saccades that show switch costs, a finding that
casts doubt on the assumed reflexivity of prosaccades.
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G-CSF REDUCES EDEMA FOLLOWING TRANSIENT FOCAL CEREBRAL
ISCHEMIA

Murphy SP*?, Coughlan TC*?, Prior MJW?3, Bath PMW?, Bielby-Clarke KE*?"
& Gibson CL'?

YInst Cell Signalling, ?Inst Neurosci., 3Sir Peter Mansfield MR Centre,
University of Nottingham Medical School, Nottingham, United Kingdom

Granulocyte colony-stimulating factor (G-CSF), a member of the cytokine family of
growth factors, is neuroprotective following transient experimental cerebral ischemia,
and reduces lesion volume and enhances functional recovery (Gibson et al., 2004).
Neuroprotective mechanism(s) of action may include anti-apoptotic effects, anti-
inflammatory effects, and the ability to mobilise bone marrow stem cells which may
act to repair damaged CNS. The current study employed 60 minutes of focal cerebral
ischemia and, at the start of reperfusion, male mice received G-CSF (50 ug/kg, s.c.)
or vehicle. Two days later T2-weighted MRI revealed a decrease in the amount of
edematous tissue present in G-CSF treated mice. Following MRI mice were sacrificed,
and the brain water content (contra- and ipsilateral hemispheres) was estimated
using the 'wet-dry' method. This revealed a reduction in water content in the
ipsilateral hemisphere of G-CSF treated mice compared to vehicle. Such an effect of
G-CSF treatment is consistent with its known anti-inflammatory actions.

Support Contributed By: USPHS-NIH NS29226 (SM)
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REPEATED SENSORY CONTACT WITH AN AGGRESSIVE MOUSE RAPIDLY
LEADS TO AN ANTICIPATORY INCREASE IN CORE BODY TEMPERATURE AND
PHYSICAL ACTIVITY THAT PRECEDE THE ONSET OF AVERSIVE RESPONDING

Pardon MC?', Kendall DA*', Pérez-Diaz F?, Duxon M*® & Marsden CA*

University of Nottingham Medical School, Institute of *Neuroscience, School
of Biomedical sciences, Queen’s Medical Centre, Nottingham, NG9 3BW, UK

2 IFR 70 des Neurosciences, CNRS UMR 7593. Hopital de La Salpétriére,
Pavillon Clérambault, 47 Bd de I’h6pital, 75651 Paris Cedex 13, France.
*Neurology CEDD, GlaxoSmithKline Pharmaceuticals, New Frontiers Sciences
Park, Third Avenue, Harlow, Essex CM19 5AW, United Kingdom

The present study investigated whether the “psychological threat” induced by
sensory contact with an aggressive conspecific would be a sufficient factor in
inducing behavioural and physiological disturbances. Repeated sensory contact with
an aggressive mouse (social threat) in a partitioned cage was compared with
repeated exposure to a novel partitioned cage in male NMRI mice. We first examined
parameters of stress responsiveness (body weight, plasma corticosterone levels,
frequency of self-grooming and defecation). The temperature and physical activity
responses to stress were also recorded during and after the four weeks of stress
using radiotelemetry. Finally, cognitivo-emotional performance was assessed after
acute stress and two and four weeks of stress by measuring decision-making,
sequential alternation performance and behaviour in the elevated T-maze. Social
threat had a greater impact than novel cage exposure on most parameters of stress
responsiveness, although mice did not habituate to either stressor. Social threat
rapidly led to an anticipatory rise in core body temperature and physical activity prior
to the scheduled stress sessions. Such anticipation developed within the first week
and persisted for 9 days after ending the stress procedure. Some memory
impairment in the sequential alternation test was found in stressed mice,
independent of the stressor. Following 4 weeks of stress, inhibitory avoidance in the
elevated T-maze was enhanced in socially stressed mice and reduced in novel cage
mice. The sustained anticipation of stress in the social threat group preceded
aversive responding. It remains to be established whether anticipation contributes to
the development of aversive responses.
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SOCIAL THREAT AND NOVEL CAGE STRESS INDUCED SUSTAINED
EXTRACELLULAR-REGULATED KINASE1/2 (ERK1/2) PHOSPHORYLATION
BUT DIFFERENTIAL MODULATION OF BDNF EXPRESSION IN THE
HIPPOCAMPUS OF NMRI MICE

Pardon MC*, Roberts RE?, Marsden CA', Duxon MS® & Kendall DA*

University of Nottingham Medical School, Institute of *Neuroscience

2Cell Signalling, School of Biomedical Sciences, Queen’s Medical Centre,
Nottingham >Neurology CEDD, GlaxoSmithKline Pharmaceuticals, New
Frontiers Sciences Park, Third Avenue, Harlow, Essex CM19 5AW, United
Kingdom

The extracellular signal-regulated kinasel/2 (ERK1/2) pathway has a key role in cell
survival and brain plasticity, processes that are impaired following exposure to
stressful situations. We have recently validated two repeated intermittent stress
procedures in male NMRI mice, social threat and repeated exposure to a novel cage,
which result in clear behavioural effects following 4 weeks of application. The present
results demonstrate that both repeated intermittent stress procedures alter the
activity of the ERK1/2 pathway in the brain, as shown by changes in phosphorylated
ERK1/2 protein expression and in the expression of downstream proteins:
phosphorylated CREB (cAMP response element binding protein) and BDNF (brain
derived neurotrophic factor), in the hippocampus, the frontal cortex and the
hypothalamus. The hippocampus showed greater susceptibility to stress as the two
stressors increased phospho-ERK1/2 and BDNF expression under acute condition.
Following, repeated stress hyperphosphorylation of ERK1/2 was associated with up-
regulation of hippocampal BDNF expression in the social threat group but not in mice
exposed to novel cage. This suggests a shift from pro-survival to pathological effects
of ERK1/2 with repeated novel cage exposure, where sustained activation of ERK1/2
may constitute an early event in stress-mediated brain pathology. The sustained
BDNF up-regulation in the hippocampus of mice subjected to repeated social threat
could be related to rewarding aspects of aggressive interactions, already suggested
by our previous studies.
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MOTOR INTENTION: THE EFFECT OF MOVEMENT PROGRAMMING ON
TACTILE DISCRIMINATION JUDGEMENTS

Pears S, Newport R & Jackson SR
Institute of Neuroscience, University of Nottingham

Three studies investigated how motor intention affects tactile discrimination
performance. The first study investigated temporal order judgements of tactile
stimuli delivered to the index fingers of each hand prior to the onset of a unimanual
or bimanual arm movement. The results of this study suggested a decrease in tactile
sensitivity of the non-moving arm. However, discrimination performance was not
measured independently for the moving and non-moving arms. A second study was
therefore conducted to measure tactile sensitivity independently for each arm. In this
study participants performed a two-point discrimination task (i.e. judge the number
of taps delivered to the forearm prior to movement onset). The results showed a
clear drop in sensitivity for the moving hand. The aim of the final study was to
explicate the apparently contradictory results of the first two experiments. In this
task participants were required to judge whether a tactile stimulus was delivered
before or after they initiated a unimanual reaching movement. The results
demonstrated that the perceived temporal order of the onset of a tactile stimulus
and the onset of a self-generated movement is different depending on whether the
stimulus is delivered to the moving or non-moving limb. This result suggests that the
planning of a unimanual arm movement can result in the moving and non-moving
limbs adopting different representations of time, and could therefore explain the
apparent discrepancy in the findings of the two previous experiments.
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CONFLICT RESOLUTION IN VISION AND AUDITION: BEHAVIOURAL AND
NEUROIMAGING DATA

Roberts K, Hall D & Summerfield Q
MRC Institute of Hearing Research, Nottingham, UK

Introduction: Conflict resolution is generally studied within the visual modality,
using tasks such as the colour-word Stroop task or variants of Eriksen and Eriksen’s
flanker task. However, it is not clear whether there is a supramodal facility for
conflict resolution, independent of input modality. The studies reported here used a
visual colour-word Stroop task, a visual flanker task, and an auditory pitch-word
Stroop task to investigate behavioural and neural correlates of conflict resolution in
the visual and auditory modalities.

Method: 40 subjects took part in a behavioural study in which conflict was elicited
using a visual colour-word Stroop task, a visual flanker task, and an auditory pitch-
word Stroop task. All three tasks were effective at eliciting interference (incongruent-
neutral reaction times = 62ms, 117ms and 119ms respectively). Further, significant
correlations were found between the reaction time costs on the three tasks. To
investigate whether these behavioural similarities were the result of a common
neural mechanism, a subset of these subjects (n=16) took part in a follow-up fMRI
study. This study compared cortical activation associated with conflict resolution
arising from the visual colour-word Stroop task and the auditory pitch-word Stroop
task. Images were acquired using a 3T MR scanner with a custom-built head gradient
coil. The study used a blocked design, incorporating three conditions (incongruent,
neutral and congruent) plus a fixation baseline. Each block consisted of 14 trials
presented over 24 seconds (TR=3sec). Images had a resolution of 3x3x8mm, with
each scan consisting of 22 coronal slices.

fMRI Results: Data were normalised into MNI space and analysed using a random
effects analysis in SPM99, with an activation threshold of p<0.001 uncorrected, and
an extent threshold of 14 voxels. Areas associated with conflict were identified by
comparing activation during incongruent blocks with activation during neutral blocks.
Conflict monitoring and resolution in the visual colour-word Stroop and auditory
pitch-word Stroop produced overlapping areas of activation in the anterior cingulate
cortex (ACC) (figure 1) and dorsolateral prefrontal cortex (DLPFC) (figure 2).
Adjacent and slightly overlapping areas of the parietal lobe were also active (figure
3).

Conclusions: Conflict resolution is associated with similar behavioural costs in vision
and audition. The fMRI study revealed overlapping activation in areas commonly
associated with conflict monitoring and resolution (ACC and DLPFC), but modality-
dependent activation in the parietal lobe, which is more typically associated with
selective attention.
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SYSTEMATIC LOCALISATION OF TRANSCRANIAL MAGNETIC STIMULATION
DELIVERY SITE IN A SACCADE TASK

Ryan SE & Jackson SR
Institute of Neuroscience, University of Nottingham.

Previous studies have demonstrated a role for the parietal lobes in saccadic
behaviour; in particular, an area in the primate parietal cortex, area LIP, has been
identified as important for saccade planning (e.g. Duhamel et al, 1992a; Li et al,
1999). A potential human homologue for this area, referred to as the ‘parietal eye
field" (Andersen et al, 1997) has been suggested on the basis of imaging studies
using saccade tasks in humans (e.g. Heide et al, 2001; Medendorp et al, 2003,
Merriam et al, 2003).
This experiment is part of a larger study investigating parietal contribution to eye

movement planning and control. Transcranial magnetic stimulation was applied to
a number of different sites over parietal cortex in an attempt to systematically

determine the location of the purported parietal eye field on an individual basis.

This study differs from much previous research in which TMS has been delivered
to the parietal cortex (e.g. Miri et al, 2000; Terao et al, 1998; van Donkelaar and
Miri, 2002), in that it does not assume that a common site of stimulation will be
effective for every subject. The proposed inappropriateness of this assumption
appears to be validated by the results of the current study, which revealed a large
amount of individual variability in the location of the site where TMS most
increased saccadic latency to a visual target.
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DISSECTING THE CORTICAL AND SUBCORTICAL SUBSTRATES OF COGNITIVE
IMPAIRMENT IN AGEING AND DEMENTIA COMBINING VOXEL BASED
ANALYSIS OF HIGH RESOLUTION AND DIFFUSION MRI IN 75 SUBJECTS

Samann PG, Ackl N, Schreiber YA & Auer DP
Max Planck Institute of Psychiatry (MPIP), Munich, Germany, NMR Research
Group

The neurodegenerative processes underlying Alzheimer's disease (AD) and its
presumed precursor syndrome mild cognitive impairment (MCI) are accessible by in
vivo MR imaging studies, using either classical volumetry or voxel-based
morphometry (VBM). Reduced grey matter volumes are the most apparent finding in
structural MR imaging with a strong association to general and specific cognitive
impairment in MCI and AD. Neuropathological studies, however, have for long
revealed changes within white matter (WM), which occur as secondary phenomena
following the degeneration of cortical neurons and also as primarily AD-specific
process. In the course of the cascade-like progression of the limbic and neocortical
neurodegeneration, white matter affection may even be an additive or
"multiplicative" factor as reduced synaptical input could contribute to the next stage
of neurodegeneration.

Diffusion tensor imaging (DTI) studies in AD and MCI showed altered diffusivity and
fractional anisotropy (FA) in WM and GM regions, mainly in accordance with known
cortical atrophy patterns, and for selected regions as the corpus callosum, temporal
and posterior cingulate white matter interrelations with overall dementia grade have
been found. However, there seems an unexploited potential of diffusion imaging to
link specific white matter tract disintegration to cognitive dysfunction.

In this study, we applied statistical parametric mapping of high resolution structural
and diffusion MR images in 75 subjects (25 patients with clinically probable AD, 31
patients with amnestic MCI and 19 healthy elderly controls) to non-invasively identify
cortical and subcortical substrates which are related to the transition from 'healthy
aging' to MCI and AD. We hypothesised that different anatomical patterns of reduced
white matter integrity and grey matter volume would underly impairment of various
cognitive domains.

In mild AD, different degrees of altered WM ultrastructure were found with emphasis
on the temporal lobes and the left hemisphere. Interrelations with verbal memory
performance indicate that WM disintegration as reflected by decreased FA may
contribute to clinically relevant memory decline. While interrelations with MMSE wee
rather unspecific, we observed subtest-dependent changes of patterns of FA
reduction. Preliminary results from analogue grey matter correlational analysis
revealed that for delayed verbal recall, savings, verbal fluency and Boston naming
test temporomesial atrophy plays a major role, whereas symptoms of apraxia seem
to be affected by frontal and parietal loss of cortical parenchyma.

Methodological refinement, as e. g. use of ideal study templates for normalisation of
diffusion imaging and T1-weighted imaging voxel based analysis would be helpful to
afford parallel analysis of result maps. For the dissection of the anatomical substrate
of memory networks, independent components of correlation should further be
searched for in a combined SPM model.

In summary, we successfully applied VBM on DTI data and identified a pattern of
white matter disintegration adjacent to GM volume losses associated with the
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transition from healthy ageing to MCI and mild Alzheimer's disease. Moreover,
circumscribed white matter tract disintegration seems to be involved in verbal
memory decline as indicated by voxel-based correlational analysis. The deployed
combined structural and DTI-VBM approach paves the way for a more

comprehensive analysis of cortical and subcortical networks subserving specific
cognitive domains.
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DIAZEPAM SUPPRESSES THE ACQUISITION BUT NOT THE EXPRESSION OF
‘FEAR-POTENTIATION’ OF THE ACOUSTIC STARTLE RESPONSE IN MAN

Scaife JC, Langley RW, Bradshaw CM & Szabadi E
Psychopharmacology Section, Division of Psychiatry, University of
Nottingham, UK

Introduction: Sudden auditory stimuli elicit a short-latency muscular response
(acoustic startle response: ASR) which is enhanced during presentation of a
conditioned stimulus (CS) that has previously been paired with an aversive
unconditioned stimulus (US) (“fear-potentiation”). In rodents, acute treatment with
benzodiazepines blocks both the acquisition of fear-potentiation and the expression
of fear-potentiation induced by prior exposure to CS/US pairing (Risbrough et al.,
2003, Neuropsychopharmac., 28,654-663). We have examined the effect of
diazepam on the acquisition and expression of fear-potentiation of the ASR in man.

Methods: 46 male volunteers (18-35 years) participated in two sessions separated
by 7 days. In session 1, they were exposed to 20 2-s presentations of a light (CS)
(mean inter-stimulus interval, 25 s), 50% of which terminated with an electric shock
to the wrist (1.8 mA, 50 ms) (US). Somatosensory potentials evoked by the US were
recorded from the scalp at Cz. In session 2, the CS was presented 20 times without
the US; a random 50% of CS presentations terminated with a sound pulse (40-ms
115-dB 1-kHz); an equal number of sound pulses was presented without the CS.
Electromyographic responses of the orbicularis oculi muscle to the acoustic stimuli
were recorded from electrodes placed on the lower eyelid. Subjects received placebo
or diazepam 10 mg in the two sessions according to a double-blind protocol: group 1
(n=12), placebo/placebo; group 2 (n=11), placebo/diazepam; group 3 (n=12),
diazepam/placebo; group 4 (n=11), diazepam/diazepam. In each session, alertness
was measured using visual analogue self-rating scales and critical flicker fusion
frequency (CFFF) before treatment and after the recording session. The data were
analysed by ANOVA (criterion, p<.05).

Results: Diazepam reduced self-rated alertness and CFFF. In sesson 1, Dz reduced
the amplitude of the US-evoked somatosensory P200 and N410 potentials. In session
2, the ASR was enhanced in the presence of the CS. This fear-potentiation was
attenuated in subjects who received diazepam in session 1, but was not affected by
the treatment given in session 2.

Conclusions: The results indicate that diazepam blocks the acquisition of fear-
potentiation of the ASR in man, as in animals. This effect of diazepam may reflect
suppression of the pavlovian conditioning process and/or reduction of somatosensory
effect of the US.
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IN VIVO MR ASSESSMENT OF HIPPOCAMPAL VOLUME AND NEUROCHEMICAL
CHANGES IN RATS WITH ALTERED CORTICOSTEROID MILIEU

Schubert MI*, Kalisch R**, Sotiropoulos 1%, Catania C?, Almeida OFX?, Sousa
N° & Auer DP*

Magnetic Resonance Imaging and Spectroscopy  Study  Group
°’Neuroadaptations Group, Max-Planck-Institute of Psychiatry, Munich,
Germany

3University of Minho, Braga, Portugal

“Wellcome Department of Imaging Neuroscience, Functional Imaging
Laboratory, London, United Kingdom

Synopsis: Hippocampal volume loss in major depression supposedly results from
elevated levels of glucocorticoids. To further investigate steroid-associated
hippocampal pathology, rats with long-term alterations of the corticosteroid milieu
were examined by in vivo MR-morphometry and proton spectroscopy at 7T.
Depletion of corticosteroids by adrenalectomy was characterized by hippocampal
volume loss, consistent with histological evidence of neurodegeneration. Also, the
known neuroprotective effect of low dose glucocorticoid substitution was confirmed
by MR morphometry. Further detrimental effects of dexamethasone, however, were
not reflected by MR volumetry but led to metabolic changes (increased glutamate,
decreased glucose) indicating steroid-induced excitotoxicity.

Introduction: Hippocampal pathology seems to be a hallmark of various mental
diseases. Over the last decade, high-resolution MRI enabled ready assessment of
such volume changes in extensive patient databases. These studies together with
histological evidence of glucocorticoid-induced neurotoxicity in rats have led to the
hypothesis that hippocampal volume loss in major depression may result from
elevated levels of glucocorticoids (Ref. 1), but direct evidence is lacking. To further
characterize the nature of these hippocampal volume changes, this combined
ultrahigh-field MRI and MRS study was performed in rats with long-term alterations
of the corticosteroid milieu.

Animals were pretreated in analogy to previous histological studies (Ref. 2, 3) to (i)
analyze whether in vivo MR-morphometry is sensitive to known neurodegenerative,
neurotoxic and neuroprotective effects of adrenalectomy, glucocorticoid and
mineralocorticoid substitution respectively, and to (ii) characterize and possibly
distinguish associated neurochemical alterations by proton MRS.

Material and Methods: Male Wistar rats were studied at 4.5 months; 3/4 groups
were adrenalectomized (ADX) at 2 months and subsequently treated as follows:
controls (CON, n= 5), saline for 10 weeks (ADX, n=5), corticosterone 7.5 pg/ml
drinking water (CORT, n=6) and dexamethasone 0.313 pg/ml drinking water (DEX,
n=7).

MRI Protocol and Animal Preparation: Rats were anesthetized with isoflurane
and mechanically ventilated, monitored continuously and kept warm by a heated
water pad. Triplanar pilot images were used for reproducible orientation of 20
coronal images (TR=4000 ms, TE=19.4 ms, RARE factor 4, six averages, resolution:
0.068x0.068x0.75 mm?>, 39 min 19 sec scan duration). 'H MRS of the left
hippocampus was acquired using a PRESS sequence (TR=5000 ms, TE=17 ms,
NA=256, voxel size 3x2x2mm?3, 21 min 20 sec scan duration). After the MR
experiment animals were decapitated for histology.
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Data Analysis: Both hippocampi were manually outlined on six consecutive slices
using the manufacturer’s software (FUNtool, Bruker). Volumes were calculated for
both sides and normalized to the total intracranial volumes (TICV). Left hippocampal
volumes were correlated to stereological histology-based volume calculation.
Metabolite concentrations were estimated using LCModel (S.W. Provencher) and
normalized to tissue water. For group comparison, multivariate analysis of variance
was done. All values are given as means +/-SD.

Results Morphometry: Normalized hippocampal volumes (HV) and TICV differed
between groups (Wilks, p=0.05) mainly due to altered TICV and marginal effects
from right (RHV) and total HV (THV). LSD post hoc tests revealed that the RHV, left
HV (LHV) and THV were significantly reduced in the unsubstituted ADX group
compared to the ADX+DEX and CON rats (p<0.05). Corticosterone substituted rats
(CORT) had significantly larger right HV compared with ADX alone. All groups
showed consistently larger right than left HV (p<0.001). Left hippocampal volumes
obtained from MR analysis correlated well with those from histological volume
analysis, ranging from r=0.67 to r=0.83.

Proton spectroscopy: The groups also differed in the metabolite profiles (Wilks'
Lambda p<0.05), mainly due to significantly changes in glutamate (Glu), myo-
inositol (Ino) (p=0.05), and marginal effects from glucose (Glc). Post hoc LSD
testing demonstrated significant differences between ADX+DEX and all other groups
(p<0.05), namely elevated Glu and reduced Glc.
In addition, NAA was significantly reduced in the ADX+DEX group in comparison with
ADX rats (p<0.05), and marginally compared with CON rats. Whereas Ino was
significantly increased in the ADX+DEX group compared to the ADX and ADX+CORT
group (p<0.05), in the ADX group, it was significantly decreased compared with CON
rats (p<0.05).

Conclusion: This multimodal MR study has proved useful to longitudinally and non-
invasively explore structural and biochemical effects of altered corticosteroid milieu,
namely ADX-related neurodegeneration as well as the neuroprotective effect of low-
dose corticoid substitution. The failure to demonstrate further volume loss in the
dexamethasone treated group may be due to limited sample size or possibly
indicates the need to separately analyze hippocampal subfields. Proton spectroscopy,
on the other hand, only showed metabolic changes in the DEX group with elevated
glutamate and reduced glucose concentrations, well in line with steroid-induced
excitotoxicity.
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MATERNAL SEPARATION IN THE RAT: A MODEL FOR EARLY
ENVIRONMENTAL MODULATION OF STRESS-REACTIVITY?

Slotten HA, Kalinichev M*, Middlemiss D*, Hagan J*, Marsden CA, Fone KCF
Institute of Neuroscience, School of Biomedical Sciences, Queen's Medical
Centre, University of Nottingham, NG7 2UH, Nottingham, UK

*Psychiatry CEDD, Biology Department, GlaxoSmithKline, New Frontiers
Science Park, Harlow, Essex, CM19 5AW, UK

Introduction: Adverse childhood experience such as maternal separation (MS)
increases the risk of developing psychiatric disorders later in life. Repeated daily MS
of newly born rats produces long-term changes in neurochemistry and behaviour
that is highly dependent on the protocol and strain used. This study characterises the
nature of changes produced by a commonly utilised MS protocol (Plotsky and
Meaney, 1993, Mol Brain Res, 18, 195-200).

Methods: On post-natal days (PND) 3-15 (09.00-12.00h), male and female Long-
Evans hooded rats were separated from their dams for three hours daily in
temperature and humidity controlled incubators. Non-handled controls remained with
the dams. Starting at ninety days old, and with at least a one-week interval between
tests, behaviour was assessed in the elevated plus maze (5 min), activity boxes
(2h), and the elevated T-maze (5 min x 3 consecutive emergence trials). Body
weight was measured monthly, and animals were humanely killed and arterio-venous
trunk blood collected for plasma corticosterone determination.

Results: Rearing condition had no effect on the plus maze behaviour, but females
made a higher percentage of open arm entries (F(1,88)=16.83, p<0.0001) and
stayed there longer (F(1,88)=19.60, p<0.0001) than males. In the locomotor boxes
MS animals had significantly higher horizontal activity (F(1,88)=5.78, p<0.05) than
non-handled controls, and irrespective of rearing, male rats had higher horizontal
F(1,88)=6.97, p<0.01) but lower vertical (F(1,88)=124.00, p<0.0001) activity than
females. On the T-maze, non-handled rats took significantly longer to leave the
closed arm than MS rats (F(1,88)=5.73, p<0.05), and males took longer than
females (F(1,88)=11.89, p<0.001) irrespective of rearing. Basal plasma
corticosterone was significantly lower in MS than in non-handled rats (F(1,42)=5.55,
p<0.05), and females had higher levels than males (F(1,42)=102.00, p<0.0001),
irrespective of rearing. From PND 60, MS rats weighed more than controls
(F(1,88)=7.34, p<0.01).

Conclusions: The current MS paradigm had limited effects on behaviour and plasma
corticosterone. Consistent gender effects were found, confirming previously reported
sex differences in anxiety and stress-reactivity. The magnitude of changes with MS
was relatively small and may be insufficiently robust to characterise the effects of
antidepressant treatment in this paradigm.
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A RANDOMISED PLACEBO-CONTROLLED PILOT TRIAL OF GRANULOCYTE-
COLONY STIMULATING FACTOR IN MOBILISING BONE MARROW STEM
CELLS IN SUB-ACUTE STROKE: THE ‘STEM CELL TRIAL OF RECOVERY
ENHANCEMENT AFTER STROKE’ (STEMS) PILOT STUDY

Sprigg N, Bath P, Russell N, Walker M, Zhao L & Willmot M
Division of Stroke Medicine, Institute of Neuroscience
D Floor, South Block, Queens Medical Centre, Nottingham

Background: Loss of motor function is common after stroke and often leads to
significant long-term disability. Stem cells are capable of self renewal and of
differentiating into multiple cell types. Transplantation of bone marrow stem cells in
experimental stroke improves motor recovery. In humans bone marrow stem cells
can be mobilised into the circulation using granulocyte-colony stimulating factor (G-
CSF). This approach has been found to be effective in experimental stroke where G-
CSF also leads to improved survival, reduced infarct size and enhanced functional
recovery.

Aims: To assess the safety, feasibility of administration, tolerability and degree of
mobilisation of marrow stem cells by G-CSF.

Design and Methods: 42 ischaemic stroke patients with a motor weakness 7-30
days post stroke will be randomised to 1 of 7 doses of G-CSF (10° - 10° u/kg) in a
placebo-controlled dose-escalation trial. Randomisation is stratified by patient age,
sex and stroke severity. Patients with dependency, primary intracerebral
haemorrhage, dementia, coma or malignancy will be excluded. The primary outcome
is the effect on circulating CD 34+ stem cells. Secondary outcomes are safety,
feasibility of administration, tolerability, and effects on impairment, disability and
dependency.

Current status: The trial has recruited 12 patients since 1/8/2003: mean age 76,
male 6, mean baseline severity (Scandinavian Stroke Scale) 34 and median 58,
mean CD34+ 3.22 and mean white cell count 8.2.

Conclusions: The results will help inform the design of further trials including the
planning of a large definitive trial assessing the safety and efficacy of G-CSF.
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COMPRESSION STOCKINGS AND THE PREVENTION OF SYMPTOMATIC
VENOUS THROMBOEMBOLISM: DATA FROM THE TINZAPARIN IN ACUTE
ISCHAEMIC STROKE TRIAL

Sprigg N, Gray LJ, Bath PMW, on behalf of TAIST Investigators
Institute of Neuroscience, University of Nottingham, UK

Background: Venous thromboembolism (VTE) is a well-recognised preventable
complication of acute stroke. While compression stockings reduce the risk of VTE in
surgical patients their benefit in acute stroke remains uncertain.

Methods: Tinzaparin in Acute Ischaemic Stroke Trial (TAIST) was an international
randomised controlled trial comparing 10 days of treatment with tinzaparin (175
IU.kg™?, 100 IU.kg™) with aspirin (300 mg od). The use of stockings and incidence of
symptomatic VTE were prospectively recorded. The efficacy of stockings in
preventing adjudicated symptomatic VTE (deep vein thrombosis, DVT, and/or
pulmonary embolism, PE) during or within 5 days of completing randomised
treatment was assessed using logistic regression adjusted for known VTE risk factors
and treatment.

Results: 28 VTE (1.9%, DVT 18, PE 13) occurred within 15 days of enrolment in
1,479 patients. Those wearing bilateral stockings for 10 days showed a non
significant reduction in the odds of VTE compared to those who wore stockings
inconsistently or none, odds ratio (OR) 0.65 (95% confidence intervals, CI 0.26-1.65
p=0.37). Mild stroke (OR 0.95, 95% CI 0.92-0.97, per point increase in SNSS
p=0.0002) and treatment with tinzaparin (in a dose dependent manner) were
associated with a reduced risk of VTE.

Conclusions: Compression stockings could reduce the rate of VTE by about 35% in
patients with acute ischaemic stroke. However, the uncertainty in this finding, low
frequency of VTE, and costs (financial, nursing time) of stockings highlight the need
for a large randomised-controlled trial (such as CLOTS) to examine the use of
compression stockings in this patient group.
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BASOLATERAL AMYGDALA DOPAMINE MODULATION OF STARTLE
PLASTICITY IN THE RAT

Stevenson CW?' ? & Gratton A2

lInstitute of Neuroscience, University of Nottingham Medical School,
Nottingham

’Douglas Hospital Research Centre, McGill University, Montreal, Qc., Canada

Introduction: The amygdala has been implicated in modulating plasticity of the
acoustic startle response (ASR) however it remains unclear to what extent the
dopamine (DA) projection to the amygdala is involved in this process. Thus, in the
present study the effects of basolateral amygdala (BLA) DA receptor antagonism on
prepulse inhibition (PPI) and habituation of the ASR were examined.

Methods: In two experiments, separate groups of male Long-Evans rats received
bilateral intra-BLA infusions of the D1 receptor antagonist SCH 23390 (3.2, 6.4 ug),
the D2/D3 receptor antagonist raclopride (2.5, 5.0 pg) or saline prior to behavioural
assessment. In the PPI experiment, testing began immediately after drug infusions.
In the habituation experiment, animals were subjected to startle pulses over two
consecutive once-daily sessions. Prior to testing on Day 1, separate groups of
animals received intra-BLA infusions of drug. Animals were re-tested 24 hours later
(Day 2) without prior drug infusion, in order to assess possible treatment effects on
within- and between- session habituation of the ASR.

Results: In the PPI experiment, intra-BLA SCH 23390 or raclopride had no effect on
the mean ASR. Intra-BLA SCH 23390 enhanced and raclopride disrupted PPI, both in
a dose-dependent manner. In the habituation experiment, both within- and
between-session habituation were observed in saline-treated controls. Within-
session habituation was also seen in SCH 23390- and raclopride-treated animals, on
both Day 1 and Day 2. Evidence of between-session habituation was also observed
in SCH 23390-treated animals. However, compared to vehicle, both intra-BLA SCH
23390 and raclopride attenuated initial startle responsivity on Day 1, but not Day 2.
No evidence of between-session habituation was found in raclopride-treated animals,
although this probably reflected the attenuated initial response to the startling
stimulus on Day 1 rather than a reduced rate of habituation on Day 2.

Conclusions: These results indicate that PPI is modulated by BLA DA transmission.
They also suggest that, while the DA projection to the BLA may not be involved in
habituation of the ASR, BLA DA may mediate the perceived aversive nature of
initially startling stimuli.

Support: Canadian Institutes of Health Research and le Fonds de la Recherche en
Santé du Québec.
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MAPPING FUNCTIONAL CHANGES IN RAT BRAIN IN RESPONSE TO ALTERED
SEROTONERGIC FUNCTION USING BOLD FMRI

Steward CA, Prior MJW, Chapman V, Morris PG & Marsden CA

1Sir Peter Mansfield Magnetic Resonance Centre, School of Physics and
Astronomy, University of Nottingham, University Park, Nottingham
?Institute of Neuroscience, Queen’s Medical Centre, University of
Nottingham, Nottingham NG7 2UH, United Kingdom

Introduction: Dysfunction in the brain serotonergic (5-HT) system is thought to
underlie human depression!. Selective Serotonin Re-uptake Inhibitors (SSRIs) are
widely used antidepressant drugs whose therapeutic onset are delayed for several
weeks whilst neuroadaptive changes take place in the brain, after which the
previously disturbed serotonergic neurotransmission is restored?. A suggested way of
hastening the action of SSRIs is to combine them with 5-HT receptor antagonists.
This effect has been shown with 5HT;, autoreceptor antagonists in rats, but was
more variable in the clinic**. 5-HT,c receptor antagonists may also accelerate the
therapeutic onset of SSRIs and the mechanisms involved are under investigation®.

Aim: BOLD contrast fMRI is a rapidly developing technique that can be used to
investigate indirect measures of neuronal activity in response to a pharmacological
challenge in vivo®. The aim of the study was to map functional responses of whole
rat brain to acute systemic administration of the SSRI citalopram’ and the highly
selective 5-HT,c antagonist SB242084® both alone and in combination using BOLD
fMRI in vivo.

Methods: Male Sprague Dawley rats (210-260g) were maintained under isoflurane
(~2% with N,0/0,) anaesthesia and inserted with a subcutaneous cannula
previously loaded with either vehicle (2-OH-propyl-B-cyclodextrin solution),
citalopram (10mg/kg, Lundbeck), SB242084 (2.5mg/kg) or citalopram and
SB242084 combined (n=8 rats/group). Rats were imaged using RARE implemented
on a 2.35T Bruker Biospec Avance imaging system: Acquisition time=280s, NEX=8,
TR=4379ms, TE=62.7ms, flip angle 90°, matrix dimensions=64x64, FOV=5cm).
Basal scans of whole rat brain (30 X 1mm coronal slices) were collected for 1 hour
after which drugs were injected, and scanning continued for a further 3 hours. FMRI
data were pre-processed and analysed (drug versus basal) using Fixed Effects
analysis (SPM99¢), Due to the low number of rats per group and the inter-rat
variability in response within the groups, SPM_T maps were thresholded to p<0.05
and were converted into probability maps (Medx, Sensor Systems) which display the
number of rats exhibiting BOLD responses in different brain areas. According to
binomial distribution, in order for a response to be deemed significant (p<0.05, i.e.
not due to chance), a response must be observed in 6 or more rats in a group of 8.

53



Results: Neither the vehicle nor the citalopram produced reproducible BOLD effects
relative to basal. However, SB242084 produced significant positive BOLD responses
(increases in blood flow relative to basal) in brain regions including the caudate
putamen (CPu, fig 1) and the amygdala, and negative BOLD responses (decreases in
blood flow relative to basal) were observed in CA2/CA3 hippocampal (hip) regions,
the region of the raphe (RLi), the cingulate and retrosplenial (RS) cortices and the
medial geniculate (MG, fig 2). The combination of citalopram and SB242084
produced less functional change than SB242084 alone; no positive BOLD effects
were detected, and relatively small negative BOLD responses were found in areas
including CA2/CA3 hippocampal fields.

Discussion: Functional responses to manipulation of the 5-HT system were detected
using BOLD contrast fMRI. The lack of acute citalopram-induced effect in the present
study may be due to 5-HT;, receptor-mediated reduction in 5-HT neuronal firing rate
and consequently only a modest increase in 5-HT release in terminal regions, as
previously documented in electrophysiological®> and microdialysis* experiments. In
contrast, SB242084 produced robust BOLD responses in rat brain regions rich in 5-
HT.c receptors'! indicating that SB242084 altered tonic activity via 5-HT.c receptors
in these areas. The marked effect in the striatum supports a role for 5-HT,¢ receptors
in the regulation of dopaminergic function!?>. The combination of the two drugs
resulted in a smaller BOLD response than with SB242084 alone (fig 2 & 3). The lack
of effect with citalopram may suggest that our BOLD technique lacks adequate
sensitivity to detect effects that may occur, but that these effects are unmasked by
co-treatment with the 5-HT,c antagonist.

Conclusions: The present study demonstrated that acute citalopram produced no
significant functional changes while the 5-HT,¢c receptor antagonist produced changes
in brain areas innervated by 5-HT. Acute citalopram diminished the response to 5-
HT,c receptor antagonism possibly by a competitive mechanism involving enhanced
endogenous 5-HT levels. Thus, functional changes in the serotonergic system can be
detected using BOLD fMRI in rats in vivo.

References: ! Blier P (2003) Eur Neuropsychopharmacol, 13, 57-66 2 Stahl SM
(1998) J Affect Disord, 51, 215-235 3 Arborelius L, Nomikos GG et al (1995) Naunyn
Schmiedebergs Arch Pharmacol, 352, 157-165 % Hjorth S, Bengtsson HJ and Milano S
(1996) Eur J Pharmacol, 316, 43-47 ° Cremers TIFH, Bosker FJ et al (2003) Proc 10"
Int Conf on In Vivo Methods, p28-30 © Leslie RA and James MF (2000) Trends
Pharmacol Sci, 21, 314-318 7 Hyttel J (1994) Int Clin Psychopharmacol, 9 suppl 1,
19-26 8 Kennett GA, Wood MD et al (1997) Neuropharmacology, 36, 609-620 °
Friston KJ, Holmes PA et al (1995) Hum Brain Mapp, 2, 189-210 !° Paxinos G and
Watson C (1996) The Rat Brain in Stereotaxic Coordinates 3™ Ed !! Clemett DA,
Punhani T et al (2000) Neuropharmacology, 39, 123-132 !2 De Deurwaerdere and
Spampinato U (2001) Trends Pharmacol Sci, 22, 502-504
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CANNABINOID INDUCED APOPTOSIS IN HUMAN MEDULLOBLASTOMA CELLS 1S
CASPASE DEPENDENT BUT CASPASE INDEPENDENT IN RAT GLIOMA CELLS.

Storer LCD,' Walker DA,? Coyle B? & Parker TL!

Institute of Neuroscience, School of Biomedical Sciences, 2Department of Child Health,
3Institute of Genetics, School of Biology, University of Nottingham, Queen’s Medical Centre,
Nottingham, NG7 2UH (Introduced by David A. Kendall)

Cannabinoids have been shown to induce apoptosis, decrease tumour growth and inhibit
tumour angiogenesis in a number of different transformed cell lines and primary cells
(Sanchez et al., 1998; Blazquez et al., 2003; Guzman, 2003). In this study the effect of the
cannabinoid 1 (CB;) and 2 (CB,) receptor agonist, WIN-55,212-2, was investigated on
human medulloblastoma (Daoy) tumour cells and rat glioma (C6) cells.

Cells were seeded onto poly-D-lysine coated coverslips at a density of 75,000cells/ml. The
presence of CB; receptors was determined by fluorescent immunocytochemistry. The
apoptotic effect of cannabinoids was studied by replacing the media after 24 hours with
either WIN-55,212-2, the CB; antagonist, AM281 or WIN-55,212-2 and AM281 in
combination. Positive controls were incubated with 5ng/ml TNFa or 10uM MG132, known
apoptotic inducers. Cells grown in the presence of DMSO (carrier) provided the baseline level
of apoptosis. Cells were stained with Hoechst 33258 or terminal deoxynucleotidyl transferase
nick end labelling (TUNEL). Apoptotic and normal cells were uniformly random sampled and
data analysed using ANOVA and Tukey’s multiple correction test (n = 10). Western blot
analysis using antibodies against caspase-3 and caspase-9 was performed to identify
cleavage of proforms and hence activation of the caspase cascade.

CB; receptors were identified on both Daoy and C6 cells. The morphological and biochemical
changes induced by WIN-55,212-2 were consistent with the apoptotic changes observed in
positive controls. DNA fragmentation and apoptotic bodies were observed. Significant, drug
dependent, apoptosis was observed with WIN-55,212-2 concentrations of 10™M, 5x107°M,
2x10™°M and 10°M [apoptotic index of 84.3%. 72.4%, 63.8%, (p<0.001) and 34.9%
(p>0.05) respectively] in Daoy cells. Significant, drug dependent, apoptosis was observed
with WIN-55,212-2 concentrations of 10*M, 5x10™M and 2x10°M [apoptotic index of 73.6%
(p<0.001), 48.2% and 28.0% (p>0.05) respectively] in C6 cells. Antagonist treatment alone
had no effect on apoptosis, and apoptosis was inhibited in both cell types when the
combination was administered. For western blotting, cells were incubated with either 5x10°
°M WIN-55,212-2 or 5x10°M WIN-55,212-2 and 10™M AM281 in combination for 3 and 7
days. Loss of full length (proform) caspase-3 and caspase-9 was observed in Daoy cells
following incubation with WIN-55,212-2. No loss of either proform was detected following
incubation with the combination, Unexpectedly, no loss of caspase-3 or caspase-9 proforms
were observed in C6 cells following incubation with WIN-55,212-2 or the combination.

These results indicate that the apoptotic effect of WIN-55,212-2 on Daoy and C6 cells is
mediated by the CB; receptor, with different apoptotic mechanisms for Daoy and C6 cells:
Daoy cells being caspase dependent and occurring via mitochondria peturbation, and C6
cells being caspase independent. We intend to further confirm this using the caspase
inhibitor, ZVAD. These results provide evidence to justify further investigation of
cannabinoids as therapeutic agents in the treatment of medulloblastoma and glioma brain
tumours.

Blazquez et al. (2003) The FASEB Journal 17:529-531; Guzman, M. (2003) Nature Reviews
3: 745-755; Sanchez et al. (1998) FEBS Letters 472: 39-44
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A MODEL OF IMMEDIATE CHANGES IN INFERIOR COLLICULUS TUNING
FOLLOWING SPIRAL GANGLION LESIONS

Sumner C
MRC Institute of Hearing Research, University Park, Nottingham

Following damage to restricted regions of the cochlea, neurons in the auditory
pathway corresponding to the damaged regions along the tonotopic axis can
apparently ‘retune’ themselves to be selective to other frequencies, corresponding to
adjacent undamaged parts of the cochlea spiral. The mechanisms underlying this
‘retuning’ are unknown. The effects are most noticeable in the high in the pathway
(thalamus and cortex; e.g. Kamke et al., 2003) and several weeks after the cochlea
lesions (Robertson and Irvine, 1989). However, such retuning has also been
observed in the inferior colliculus of adult cats immediately after lesions to small
numbers of spiral ganglion cells (Snyder and Sinex, 2002). The rapidity of these
changes rules out slower processes of plasticity such as axonal growth. One
hypothesis to explain fast changes in neural receptive fields is that the removal of
peripheral input also removes inhibitory influences. This ‘unmasks’ responses from
inputs to neurons that were already present, but suppressed by the inhibition. Here,
a neural model is presented which is based on the unmasking hypothesis. It may
explain the responses observed in the inferior colliculus.

References

Kamke MR, Brown M, Irvine DRF (2003). J of Comp Neurol 459:355-367
Robertson D, Irvine DR (1989). J Comp Neurol 282:456-471

Snyder RL, Sinex DG (2002). Journal of Neurophysiol 87:434-452
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MEASUREMENT OF CERVICAL SPINAL CORD CROSS-SECTIONAL AREA FOR
ESTIMATING CORD ATROPHY RATE IN MULTIPLE SCLEROSIS BY MRI

Tench CR, Morgan PS & Constantinescu CS

The cervical spinal cord is a common site of involvement in multiple sclerosis (MS).
Atrophy of the spinal cord, which reduces the cord cross-sectional area (CSA), is
thought to result from axonal or myelin loss in MS and contribute significantly to
disease progression. Using magnetic resonance imaging (MRI) to measure cervical
cord atrophy rate in MS, by detecting change in CSA, is challenging since the normal
cervical cord diameter is only around ten times the voxel width of high-resolution
images. Reproducible edge detection based image analysis procedures have been
developed and applied to this task. While the usefulness of these methods has been
demonstrated, the measurement of CSA in the presence of partial volume (PV)
averaging limits accuracy and can result in systematic overestimation. Here a new
method of measuring cervical cord CSA, which uses edge detection to automatically
locate the cord edge voxels and image intensities to correct for PV averaging, is
introduced. Experiments on an idealised phantom and on normal subjects have been
performed and the results of the new method compared with edge detection alone.
Analysis of experimental error resulting from PV averaging showed how the new
procedure can theoretically improve accuracy beyond edge detection alone. A custom
made plastic phantom, consisting of 11 rods of known diameter (largest 10mm and
reducing in 0.2mm steps), was scanned ten times using a Magnetisation Prepared
Rapid Acquisition Gradient Echo (MPRAGE) sequence with isotropic 1mm voxels.
Between each scan the phantom was repositioned. The standard deviation of
measured areas, averaged over the 11 rods, was 1.2mm?2 using edge detection, and
0.28mm2 with PV correction. This experiment also revealed a 3.15% overestimation
in CSA due to the limited accuracy of the scanner. Ten normal subjects were scanned
using the MPRAGE sequence and a head coil to acquire a whole brain image that
included the cervical cord. Scans were repeated twice, with the subject being
removed from the scanner between scans. Measurements showed a coefficient of
variation of 0.55% for the new procedure, compared to 0.92% for edge detection
alone.

In conclusion, estimating the degree of PV averaging improves the accuracy of
cervical cord CSA measurements beyond that of edge detection alone, and allows
accurate measurement of a standard phantom to guard against scanner drift in
longitudinal studies and correction for inter-scanner variance in multi-centre trials.
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IMPROVED WHITE MATTER FIBRE TRACKING BY DIFFUSION TENSOR
IMAGING USING RELAXATION LABELLING

Tench CR, Morgan PS, Wilson W, Blumhardt LD & Constaninescu C
School of Medical & Surgical Sciences, University of Nottingham

Diffusion tensor imaging promises a robust means of visualizing in vivo white matter
fibers in individual subjects, and of inferring direct connection between distant points
in the brain. By following the primary eigenvector of the diffusion tensor, trajectories
may be defined which trace the path of the underlying fiber tract. However, fiber
tracking is prone to cumulative error from acquisition noise and partial volume,
limiting the repeatability of such techniques. An image processing method based on
stochastic labeling, by which the noisy primary eigenvectors may be re-configured
according to anatomically reasonable assumptions, is described. The method's
potential to improve fiber tracking is demonstrated on real data acquired from
healthy volunteers. Trajectories defined within the corpus callosum are rendered
using 3D graphic imaging software, and the results compared before and after
processing. Fiber tracking was shown to produce anatomically plausible results, and
typical errors were largely resolved by the method. Further, the sensitivity of
trajectories to their start point was greatly reduced after processing. The use of
stochastic labeling may therefore improve the reliability of experiments using white
matter fiber tracking.
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RAT LANGUAGE: CHANGES IN ULTRASONIC CALL STRUCTURE IN RESPONSE
TO PCP ADMINISTRATION

Tunstall B, Beckett SRG?', Shackleton T? & Mason R*
ISchool of Biomedical Sciences, University of Nottingham, Nottingham
2 MRC Institute of Hearing Research, Nottingham, United Kingdom

Introduction: and Aim Ultrasonic vocalisations (USVs) produced by rats are used as
an indicator of affective state (Burgdorf and Panksepp, 2000). It is not clear whether
information is contained within the fine structure of the calls. The aim of this study
was to investigate whether there were differences in call structure of the 50 kHz and
the 74 kHz 'tweet' USVs (Tunstall, 2003) in response to administration of the NMDA
receptor antagonist phencyclidine (PCP), which has been shown to alter affective
state in rats (Kitaitchi et al., 1996).

Methods: Calls between 20 Hz and 150 kHz were digitally recorded from male
Lister Hooded rats (250-350g , n=6) using an ultrasound detector (UltraSoundGate
112) and associated analysis software (SASLab-Pro V.4.21 Avisoft, Germany) during
an eight day conditioned place preference paradigm, pairing rats with PCP (4 mg.kg-
1 ) compared with vehicle saline (1 ml.kg-1 ) on alternate days. The type and
number of each call were counted and the fine structure was analysed in the
temporal and frequency domains.

Results: PCP altered the temporal and frequency components of both the 50kHz and
74kHz USVs making them less well organised than those normally produced.
However, calls on vehicle-paired days more closely resembled drug-naive calls.
There was a trend for rats to make fewer calls on PCP-paired days compared with
vehicle-paired days (t-test P=0.1).

Conclusion: PCP affects the call structure of the 50 kHz and 74 kHz USVs in rats
and may influence the number of calls.

References:

Panksepp, J. & Burgdorf, J. (2000) Behav Brain Res, 115, 25-38
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RAT ULTRASONIC VOCALISATIONS: SORTING THE PIPS FROM THE SQUEAKS

Tunstall BY, Beckett SRG?, Shackleton T2 & Mason R?
1 Institute of Neuroscience, School of Biomedical Sciences
2 MRC Institute of Hearing Research, University of Nottingham, UK

Introduction: In most studies involving the measurement of ultrasonic vocalisations
(USVs) in adult rats, calls have been classified into two categories, a 22 kHz call and
a 50 kHz call associated with fear and anxiety (Jelen et al, (2003) Beh. Brain Res,
141: 63-72) and rewarding situations (Burgdorf and Panksepp, (2000) Beh. Brain
Res.,115: 25-38), respectively.

Analysis of the USVs has revealed different call structures (Brudzynski, (1998) Dev
Psychobiol, 34: 195-204).This study characterises different call structures recorded
in response to administration of the NMDA receptor antagonist phencyclidine (PCP)
during a conditioned place preference (CPP) paradigm. Principal component analysis
(PCA) was used to determine any differences between the 50 kHz 'classical' call, the
74 kHz 'tweet' and the combined 50 kHz and 'tweet' (Tunstall, 2003, Soc.
Neuroscience Abs. 627.3) and aid comparisons between different phases of the CPP
paradigm.

Methods: Male Lister Hooded rats (250-350g, n=10) were habituated to an arena
with two distinct visual sides, then the two sections were partitioned. Rats were
paired with PCP (4mg.kg-1 i.p.) on one side and saline vehicle on the other on
alternate days over a six day period. On the last day, the partition was removed and
no drug or vehicle was administered. USVs were digitally recorded on all days using
a 150 kHz-bandwidth ultrasound detector (UltraSoundGate 112) and associated
analysis software (SASLab-Pro Avisoft, Germany; Statistica, StatSoft, USA).

Results: The number of calls increased 15-fold between the pre-conditioning and
post-conditioning phase. During conditioning, call numbers were lower on PCP paired
days compared to saline paired days. This was attributed to a PCP-induced decrease
in locomotor activity. PCA analysis revealed that the three call types separated into
discreet clusters in the pre-conditioning phase, reflecting the different calls. This
profile was lost during the post-conditioning phase, consistent with the loss of call
structure.

Conclusion: Application of PCA was found to be a useful aid to the identification of
USVs and for tracking drug-induced changes in call structure.

Beth Tunstall is sponsored by a MRC studentship.
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SINGLE SHOT MULTI-SLICE PERFUSION WEIGHTED IMAGING (EVISTAR)

Van der Zwaag W, Francis S & Bowtell R
Sir Peter Mansfield Magnetic Resonance Centre, University of Nottingham

Introduction: Typically, in multi-slice ASL images are acquired in rapid succession
with slice acquisition from most distal to most proximal to the tag. This is an
inefficient way to monitor perfusion as inflowing, tagged blood reaches the proximal
slices first. However, if the slice acquisition order is reversed, tagged blood
magnetisation destined for more distal slices would be destroyed.

Echo Volumar Imaging (EVI) allows a multi-slice image to be acquired in a single
shot. Combining EVI and ASL simplifies paradigm design, image processing and
reduces sensitivity to through slice motion. In this study, EVI is combined with
EPISTAR to measure simultaneous BOLD and perfusion changes on activation.

Methods: Six subjects were scanned using a 3 T scanner with a 27-cm diameter
TEM volume excitation coil and a home-built, 4-cm diameter, receive surface coil.
The EVI pulse sequence was implemented with rewind gradients. Reference maps
were used to reduce image distortion.

fMRI data were acquired with 3 x 3 x 3 mm? resolution in a 64 x 32 x 8 matrix, with
an echo time of 44 ms.

The imaging slab was placed sagittally over the somatosensory and motor cortex.
Immediately prior to tagging, magnetisation in the imaging slab was saturated.

The tag/control slabs were also applied sagittally. One tag/control image pair was
sampled every 6 seconds with a TI of 1.2 s.

Subjects were shown a visual cue for 60 seconds, during which they were asked to
tap their fingers, followed by 60 seconds rest. This cycle was repeated 10 times,
resulting in a total experimental time of 20 minutes. 6 parameter AIR motion
correction, temporal and spatial filtering was applied. Tag-control pairs were
subtracted to form perfusion difference images.

Results: Perfusion difference images were used to identify perfusion changes
correlated with the motor task. Control images were used to identify areas of BOLD
activation. For all subjects, activation was found in the primary motor cortex in both
BOLD and perfusion maps. Thresholds were chosen so that the number of voxels
designated active was comparable in both maps. This enables the comparison of the
activation site location.

Perfusion difference signal increased by 89 % during activation. The BOLD signal
change was found to be 4.6 %. Small differences in the site of activation identified
by the BOLD and perfusion data was found. This may be due to the different
physiological basis of the signal changes.

Conclusions and future work: EVI has been shown to be suitable for ASL
perfusion fMRI. Future work will include acquisition of data at a range of TI values to
allow quantification of perfusion.

References: (1). Y. Kao, 1998, Magn Reson Med, 39:662-665. (2). P. Mansfield et

al, 1995, J Comput Assist Tomogr. 19:847-52; (3). R.R. Edelman, 1994, Radiology,
192:513-520. (4). W. van der Zwaag, 2004, Proc. ISMRM 2004, p. 207
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ORGANOTYPIC CULTURE OF INTACT SKELETAL MUSCLE

Whelband E, Pinot Cardoso SM & Wigmore PM
Institute of Neuroscience, School of Biomedical Sciences, University of
Nottingham, Queen's Medical Centre, Nottingham, NG7 2UH, UK

Much of our understanding of skeletal muscle cell development is based upon
research carried out on dissociated cultures of myogenic cells. Such cultures have
long been used to provide a model of myogenesis, since the cells can be induced to
exit the cell cycle and differentiate to form muscle fibres. However muscle fibre
formation in vivo is very different occurring in two waves that are controlled both
temporally and spatially to produce a regular array of fibres that constitute the
muscle. In addition this process forms two types of fibres (primary and secondary),
which are morphologically distinct.

In order to overcome the limitations of cell culture we have developed a muscle
organ culture system that can sustain cell division over a couple of days and allow
the process of differentiation to continue. Consequently this system provides a model
of myogenesis that better mimics the in vivo situation. Rat rib cages with intact
intercostals muscles were cultured in either a roller or stationary culture system for a
period of two days. In the roller culture system rib cages spent the same time
immersed in media as they did exposed to the air. In contrast, stationary cultures
were constantly immersed by media and had a continuous supply of oxygen.
Samples were analysed on day 0 and day 2 for the expression of Ki67, a cell division
marker, to determine which system maintained the most proliferation.

Gene transfer into intact muscle was also achieved by square wave electroporation.
Green fluorescent protein (GFP), a marker gene, was transfected into the internal
intercostal muscle and expression was visible after 24 hours. GFP was found to be
expressed in both muscle fibres and cells.
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AN INVESTIGATION OF DISTURBED CEREBRAL LATERALITY IN THE
SOMATOSENSORY PROCESSING SYSTEMS OF PEOPLE WITH
SCHIZOPHRENIA

White TP, Francis ST & Liddle PF

The diagnosis of schizophrenia is complicated by the diversity of symptoms
presented by its sufferers. Hence, in addition to clinical symptoms, other core
physiological traits are being sought to facilitate diagnosis of this severe and
prevalent medical condition. Many sensory and cognitive deficiencies have been
detected in association with schizophrenia, and a substantial body of evidence
indicates that disturbed lateralization of cerebral functions is a fundamental feature
of schizophrenia (Crow, 1990). Somatosensory processing systems exhibit distinct
lateralisation in healthy individuals and are therefore ideal for investigating
discrepancies of lateralisation in people with schizophrenia. While Event-Related
Potential (ERP) studies report that the tactile response of a healthy individual is
characterised by a strong contralateral hemispheric response and a weaker and later
ipsilateral hemispheric response, the pattern of response exhibited by people with
schizophrenia is less well-defined. Several studies, most notably by Jones and Miller
(1981) and Cooper et al. (1985), have documented an alteration in the normal
healthy pattern of information processing. They assert that the lateralisation of this
response is disturbed by schizophrenia, resulting in a more uniform response in both
hemispheres. This finding has been contested by several other groups.
Improvements in ERP technology, most notably in the density of electrode array and
the digitalisation of signal, in conjunction with the advent of functional Magnetic
Resonance Imaging (fMRI) techniques, provide us with the opportunity to ascertain
whether the theory of disturbed lateralisation in the early somatosensory processing
systems of people with schizophrenia is correct. We aim to accurately quantify the
differences between activity in the left and right side of the brain of patients with
schizophrenia as compared to healthy individuals. This poster will discuss the
preliminary findings of our work.

Keywords: lateralisation, somatosensory, event-related potential
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ATYPICAL ANTIPSYCHOTIC DRUGS INCREASE CELL PROLIFERATION IN THE
SUB VENTRICULAR ZONE OF THE LATERAL VENTRICLES AND PREFRONTAL
CORTEX

Wigmore PM, Green W, Patil P, Marsden CA & Bennett GW
Institute of Neuroscience, School of Biomedical Sciences, University of
Nottingham, Queen's Medical Centre, Nottingham, NG7 2UH

The sub granular zone (SGZ) of the dentate gyrus, within the hippocampus, and the
sub ventricular zone (SVZ) of the lateral ventricles are some of the few areas of the
brain that continue to generate new neurones throughout adult life. Cell proliferation
in these regions can be influenced by a variety of external factors including drug
treatments.  Other regions of the adult brain, including the prefrontal cortex, show
low levels of cell division which produce glia. Patients suffering from schizophrenia
show cortical atrophy, due to reduced numbers of glia, accompanied by significant
cognitive impairments. Treatment of schizophrenia frequently involves
administration of the atypical neuroleptics olanzapine or risperidone as they not only
alleviate positive and negative symptoms but may also aid cognitive recovery.
Atypical neuroleptics have recently been reported to increase the generation of new
neurones in the adult brain.

In the present study adult rats were given either risperidone (0.5mg/kg) or
olanzapine (2mg/kg) in their drinking water for 21 days. Working memory was
assessed on the first and last day of treatment using an object discrimination test.
Immunohistochemical detection of the proliferation marker Ki-67 were used to
identify dividing cells in the SGZ, SVZ and prefrontal cortex. Both risperidone and
olanzapine significantly improved performance in the object discrimination test while
olanzapine significantly increased cell proliferation in the SVZ and prefrontal cortex.
Neither drug significantly increased proliferation in the SGZ.  Schizophrenia shows
characteristics of a neurodevelopmental disease and the action of antipsychotics in
increasing cell proliferation in several regions of the brain may indicate modes of
action in addition to their effects on neurotransmitter function.
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LATE ENTRANTS

A GENERAL LINEAR MODEL FOR MEG BEAMFORMER IMAGING

Brookes MJ*, Gibson AM?*, Hall SD?, Furlong PL?, Barnes GR?, Hillebrand AZ?,
Singh KD?, Holliday 1E?, Francis ST* & Morris PG*

1Sir Peter Mansfield Magnetic Resonance Centre, School of Physics and
Astronomy, University of Nottingham, University Park, Nottingham

>The Wellcome Trust Laboratory for MEG Studies, Neurosciences Research
Institute, Aston University, Birmingham, UK.

Introduction: Recent studies (23 have shown that the use of beamformer-based
analyses can significantly improve spatial resolution in MEG. By projecting raw MEG
data through beamformer spatial filters, estimates of changes in electrical activity
can be made at chosen locations in the brain. In this work, we extend these methods
by application of the General Linear Model (GLM) ¥ to MEG beamformer analysis.

Methods: A beamformer spatial filter, tuned to location 6, takes the form of a
weights vector, Wy . A single weight parameter exists for each MEG channel and
these are defined such that the electrical source strength Yo (t) at time t is given by
3.

Yy O=Womt)  [1]

Where m(t) is the instantaneous vector of field measurements across the scalp. By
sequential application of equation 1 to all time samples in an MEG dataset, a vector
time course, Yo for location 8 can be constructed. Temporal patterns of activation

that are expected in Yg can be modeled using the GLM, which states *):
Yg=Ghy+e [2]
The design matrix g has a single column for each effect modeled, é@ contains

parameters representing the magnitude of each modeled effect ande represents
deviations from the model. Estimates of ﬂ& and its associated error allow for

computation of a T-score for each location in the brain and hence formulation of
volumetric images.

MEG data were simulated using the configuration of a 151-channel Omega system
(CTF Systems Inc.) and a source space based on a subject’s head. A dipolar source
was simulated on the cortical surface with orientation perpendicular to the cortical
surface. This source was designed to model a sustained field response previously
observed experimentally in somatosensory cortex *). Simulated physiological and
thermal noise was added to represent a realistic experimental situation. The GLM-
beamformer method described above was then employed to locate this simulated
source.

Results and Discussion: Figure 1 shows the results of the simulation. The red
overlay shows the volumetric T-statistical image from the GLM-beamformer method
and the green marker (labeled DC) shows the exact position of the simulated DC
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source. The GLM-beamformer method localized the source to within an error of
<5mm, the resolution limit of the beamformer used.

This study shows that the application of the general linear model to MEG beamformer
images can be successfully used to map the spatial distribution of a sustained field
effect in simulated data. However, application of our method extends beyond simple
sustained. By employing the Hilbert transform to a virtual electrode timecourse, the
GLM method can be used to obtain images of gain or loss of oscillatory power in any
given frequency band. Thus, this method enables statistical mapping of oscillatory
cortical electrical activity as well as simple sustained fields.

References: 1) Singh et al, Neuroimage 16 (103-114), 2002. 2) Robinson and Vrba,
Recent advances in Biomagnetism 302-305, Tohoku University Press, 1999. 3) Van
Veen et al, IEEE Transactions on Biomedical Engineering 44(9), 1997. 4) Worsley
and Friston, Neuroimage 2 (173-181), 1995. 5) Forss et al, Neuroimage 13 (497-
501) 2001.
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MEG CORRELATES OF THE FMRI BOLD RESPONSE TO VISUAL STIMULATION

Brookes MJ?*, Gibson AM?*, Hall SD?, Furlong PL?, Barnes GR?, Hillebrand A?,
Singh KD?, Holliday IE?, Francis ST* & Morris PG*

1Sir Peter Mansfield Magnetic Resonance Centre, School of Physics and
Astronomy, University of Nottingham, University Park, Nottingham, NG7
2RD, UK

The Wellcome Trust Laboratory for MEG Studies, Neurosciences Research
Institute, Aston University, Birmingham, UK.

Introduction: The fMRI BOLD response is largely driven by an increased energy
demand caused by postsynaptic events in active neuronal tissue V. The
neuromagnetic fields measured in MEG also originate from postsynaptic current flow.
Thus, the MEG signal may provide insight into the cause of the BOLD effect. In this
study we investigate electromagnetic phenomena in visual cortex and show that the
BOLD response is a spatiotemporal covariate of oscillatory power change and a
sustained field response.

Methods: FMRI data were obtained using a 3T MRI scanner, with insert head
gradient coil and a whole head TEM RF coil. MBEST EPI images were collected from
10 continuous coronal slices at the back of the head (TE=40ms, TR=100ms, matrix
size 64x64, voxel size 4x4x6mm?3). Images were processed using standard
techniques in Spm99 (¥, MEG data were recorded using a 151 channel CTF Omega
system with a sample rate of 625Hz. In order to spatially map stimulus related
oscillatory power changes Synthetic Aperture Magnetometry  was applied. To map
the spatial distribution of a sustained field effect, the MEG beamformer approach
was used in conjunction with the general linear model ® to create volumetric T-
statistical images. In both fMRI and MEG studies, subjects were presented with a full
field visual stimulus, (a static checkerboard).

Results and Discussion: Four volunteers took part in the study; typical results
from a single subject are given. Figure 1 shows the spatial distribution of the BOLD
effect (to a corrected p-value of 0.05), 8-13Hz-desynchronisation (Thresholded at
T=3), 55-70Hz-synchronization (Thresholded at T=0.5), and the sustained field
(Thresholded at T=3). Figure 2 shows the time course of the sustained field,
together with the Hilbert transform of the 8-13Hz desynchronization, and 55-70Hz
synchronization.

Loss of oscillatory power in a specific frequency band is thought to be a correlate of
increased neuronal activity ¥, and hence spatiotemporal covariation with the BOLD
response is expected ®. Our work demonstrates the presence of a visual sustained
field in MEG similar to that previously observed in somatosensory ® and auditory
cortex. This visual sustained field also looks to be a spatiotemporal correlate of the
BOLD response. Sustained fields may be caused by either a sustained cortical input,
or the summation of asynchronous firing of neural networks. Such effects may make
a significant contribution to increased energy requirement, hence to the BOLD signal.
Our results also depict a weak synchronization of 55-70Hz oscillatory activity, in
agreement with recent findings .

References: 1) Attwell and Laughlin, J. Cerebral Blood Flow and Metabolism 21
(1133-1145), 2001. 2) Pfurtschellar and Lopes da Silva, Clinical Neurophysiology 110
(1842-1857), 1999. 3) Singh et al, Neuroimage 16 (103-114), 2002. 4) Robinson
and Vrba, Recent advances in Biomagnetism 302-305, Tohoku University Press,
1999. 5) Van Veen et al, IEEE Transactions on Biomedical Engineering 44(9), 1997.
6) Worsley and Friston, Neuroimage 2 (173-181), 1995. 7) Logothetis et al, Nature
412 (150-157) 2001. 8) Forss et al, Neuroimage 13 (497-501) 2001. 9)
Lammertmann and Lutkenhoner, Clinical Neurophysiology 112 (499-513) 2001.
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C. ELEGANS, A TOOL FOR NEUROSCIENCE

de Pomerai D, Duce IR, Usherwood PNR, Kendall D, Shaw P & Bell DR

C elegans is a powerful model system for neurobiology. The anatomical connections
and developmental pathway of the 302 neurons of the nervous system are known in
detail, and the complete genome sequence and availability of powerful genetic tools
enable the setting and answering of fundamental questions in neurobiology.

We set out some of these tools available in this laboratory, such as rapid
transgenesis and simple analysis, and how this has been applied to model problems,
such as the mechanism of action of black widow spider venom, the psychotropic
effects of fluoxetine, and understanding the genetic control of protein aggregation in
neurodegenerative disease.

68



LPA RECEPTOR EXPRESSION IN THE RAT SPINAL SENSORY SYSTEM

Kasorn A, Kendall DA & Alexander SPH
School of Biomedical Sciences, University of Nottingham Medical School,
Queens Medical Centre, Nottingham NG7 2UH

Lysophosphatidic acid (1-acyl-2-sn-glycero-3-phosphate, LPA) is a naturally
occurring phospholipid, generated from activated and injured cells. LPA has growth
factor-like activity and also mediates various cellular functions in many cell types
(Anliker & Chun, 2004). Biological effects of LPA, which include Ca?* mobilization,
regulation of cytoskeleton, induction of mitogenesis and cell migration, are mediated
by activation of cognate G protein-coupled receptors (LPA1, LPA2, LPA3 and LPA4;
Anliker & Chun, 2004). The LPA1 receptor has been implicated in nociception at the
spinal level (Renback et al., 2000). The objectives of this study were to investigate
the expression of LPA receptors in rat lumbar spinal cord and dorsal root ganglia
(DRG) using radioligand binding and RT-PCR techniques.

Experimental tissues were harvested from male Sprague-Dawley rats (180-220 g).
Lumbar spinal cords were dissected and prepared for [*°S]GTPOS binding
experiments in cryostat sections and particulate preparations (n>3; Leggett et al.,
2004). Receptor expression was examined in lumbar spinal cord (dorsal and ventral
halves) and L4-L6 DRG (n=4) by the RT-PCR technique.

Table 1: [**S]GTPOS binding (% binding in the absence of ligand)

Control BSA (0.2 %)
LPA (1 uM) 96 £ 8 167 £ 23*
Morphine (10 pyM) 121 £ 9 151 + 25
HU-210 (1 uM) 99 + 4 141 + 10*

[**S]GTPOS binding responses to LPA and the cannabinoid agonist HU-210 (Leggett
et al., 2004), but not morphine, were significantly enhanced (*p<0.05, Student’s t-
test) in the presence of bovine serum albumin (BSA, 0.2 %, Table 1). In the
presence of BSA, LPA enhanced [**S]GTPOS in a concentration-dependent manner in
rat lumbar spinal cord membranes (pECso value 6.97 + 0.10; Rynax 130 £ 4). In
tissue cryostat sections examined for [*°S]GTPIS autoradiography, LPA (1 uM) and
morphine (10 uM) significantly enhanced binding in the dorsal horn of the spinal cord
(117 £ 5 % and 120 £ 2 % control, respectively, p<0.05, 1-way ANOVA with
Dunnett’s post-hoc test).

RT-PCR analysis of extracts from the spinal cord and DRG indicated the presence of
Ipal mRNA in dorsal and ventral spinal cord and DRG, while /pa3 mRNA was only
observed in the DRG.

The elevation of [**S]GTPOS in the dorsal spinal horn by LPA indicates the presence
of LPA receptors in that region, although whether these receptors are \on primary
afferent nerve terminals or cell bodies in that region awaits further investigation. Our
results indicate the expression of LPA1l receptors in dorsal and ventral spinal cord
and DRG, while LPA3 receptors appear to be limited to the DRG. In the absence of
selective ligands for LPA receptors, it is not yet possible to identify which receptor(s)
mediate the responses observed.

Anliker B & Chun ] (2004) J. Biol. Chem. in press
Leggett ID et al. (2004) Br. J. Pharmacol. 141, 253-62
Renback K et al. (2000) Mol. Brain Res. 75, 350-354
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PHYSIOLOGICAL AND BEHAVIOURAL EFFECTS OF THYROTROPIN
RELEASING HORMONE (TRH) IN SIBERIAN HAMSTERS

Schuhler A**, Brameld JM?, Warner A, Finney N*, Bennett GW* & Ebling FIP*
ISchool of Biomedical Sciences and 2School of Biosciences, University of
Nottingham

The Siberian hamster accumulates fat reserves in long summer photoperiod, but
shows a long-term decrease in food intake and body weight when exposed to a short
winter photoperiod. We have previously shown that central administration of the
tripeptide thyrotropin releasing hormone (TRH) decreased food intake in Siberian
hamsters in both photoperiods (Steward et al., 2003, Neuroreport 14: 687). The aim
of this study was to investigate whether TRH plays a role in energy balance by direct
central mechanisms independent of the control of the production of thyroid
hormones (T3/T4). We first studied the effects of intraperitoneal administration of
TRH (5 and 50 mg/kg) on feeding and other behaviours. Within the first hour both
doses of TRH decreased food intake and the highest dose of TRH increased body
temperature and activity as assessed by radiotelemetry. Hamsters placed in
calorimetric chambers showed an increase in their oxygen consumption after
injection of TRH (both 5 and 50 mg/kg) in the first hour after administration
compared to vehicle treatment. In contrast there was no acute increase in oxygen
consumption or body temperature after injection of the thyroid hormones T3 (3
mg/kg ip) or T4 (3 mg/kg ip). Measurement of free T4 in blood samples collected 30-
240 min after TRH (50 mg/kg ip) treatment revealed no effect on the production of
T4 compared to the vehicle treatment. Our studies suggest that TRH not only
promotes a catabolic state by inducing hypophagia, but also increases energy
expenditure by direct central mechanisms independent of the control of the thyroid
axis in Siberian hamsters.

Funded by BBSRC project grant 42/S17106.
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