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Introduction

Volatile anesthetics and opioids provide the standard of anesthesia care, yet in no
case is it understood how these molecules cause the anesthetic traits of analgesia,
immobility, amnesia, blunted autonomic control, and loss of consciousness. The
correlation of anesthetic potency with lipid solubility, and the suggestion that
anesthesia resulted from a generalized distortion of the neuronal lipid bilayer,
have been supplanted by evidence that at clinically relevant concentrations
anesthetic molecules bind to hydrophobic sites on cell surface proteins [1]. We
postulated in 1994 that brain regions which evolved to regulate states of sleep are
preferentially involved in generating anesthetic states [2]. Support for such a
postulate requires data demonstrating that the endogenous neurochemicals
regulating sleep and wakefulness are significantly altered by anesthetics. This
research program is using in vivo microdialysis to test the hypothesis that release
of neurotransmitters and neuromodulators regulating states of sleep and
wakefulness is altered by opioids and volatile anesthetics.

Methods

Brain regions studied include those areas known to contribute to the regulation of
sleep (prefrontal cortex, basal forebrain, pontine reticular formation) and nuclei
related to the respiratory depression caused by sleep, volatile anesthetics, and
opioids (e.g., hypoglossal and trigeminal). Studies use anesthetized and behaving
animals. Neurotransmitter and neuromodulator systems investigated to date
include acetylcholine (ACh), opioid, nitric oxide (NO), hypocretin/orexin, and
adenosine.  Microdialysis samples are quantified during electrographically
confirmed states of wakefulness, non-rapid eye movement (NREM) sleep, and
rapid eye movement (REM) sleep. Studies using anesthetized animals monitor
and maintain levels of isoflurane or halothane. At the completion of
experiments, brains are processed for histological confirmation of dialysis sites.

Results

Cholinergic neurotransmission in the medial pontine reticular formation increases
cortical activation and REM sleep. ACh release in the pontine reticular
formation is significantly decreased by isoflurane, halothane, enflurane,
morphine, and fentanyl [3]. The basal forebrain provides cholinergic input to the
cortex, and morphine decreases ACh release in prefrontal cortex, in part, by
actions at the levels of the basal forebrain [4]. NO modulates neuronal
excitability and dialysis delivery of the NO donor NOC-12 to mouse pontine




reticular formation increases ACh release, and the soluble guanylate cyclase
inhibitor ODQ decreases pontine reticular formation ACh release [5]. The
hypothalamic peptide hypocretin/orexin promotes wakefulness. The resumption
of wakefulness from isoflurane anesthesia is delayed by a hypocretin receptor
antagonist and by genetic ablation of hypocretin neurons [6]. Dialysis delivery
of hypocretin/orexin to rat pontine reticular formation causes a concentration
dependent increase in ACh release [7], consistent with the possibility that
delayed wake-up in hypocretin/orexin deficient mice is modulated by pontine
reticular formation ACh. Adenosine promotes sleep and microdialysis delivery
of an adenosine agonist into the pontine reticular formation decreases ACh
release and delays recovery time from halothane anesthesia [8]. Dialysis deliver
of opioids to the pontine reticular formation decreases local adenosine levels [9],
consistent with evidence that adenosine promotes sleep whereas opioids disrupt
sleep [10]. Dialysis delivery of opioids increases ACh release in hypoglossal
[11] and trigeminal [12] nuclei.

Discussion

No single brain region and no single molecule causes sleep or anesthesia. The
confluence of evidence, however, suggests that ACh may be a unifying molecule
through which volatile anesthetics and opioids alter traits characteristic of both
anesthesia [3] and sleep [13].
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Introduction

Synaptic transmission can vary enormously depending on the recent activity
history of the neuronal pathway, with modifications lasting from milliseconds to
months, or longer. Short-term and long-term plasticity underlie dysregulation of
the mesocorticolimbic dopamine system, with important behavioral and
psychiatric consequences [1, 2]. Glucocorticoid receptor (GR) actions in the
VTA are critically implicated in enhancement of glutamate-dopamine synaptic
strength in the ventral tegmental area (VTA) [3]. This GR-mediated plasticity is
functionally similar to that resulting from a single exposure to drugs of abuse [3].
Furthermore, GR activation in the VTA is implicated in modulation of glutamate-
evoked dopamine cell burst firing activity and NMDA-mediated responses [4].
However, due to the highly transient nature of DA neuronal activity and
consequent phasic nucleus accumbens (NAc) dopamine release, little is known
about the role of midbrain GRs in mediating this important signal. We have
explored the role of VTA GRs in the modulation of phasic dopamine efflux in the
NAc evoked by stimulation of the medial prefrontal cortex (mPFC) and ventral
subiculum of the hippocampus (VHIP). In particular, we have assessed how the
responsiveness of the NAc dopamine signal to these inputs is modulated over the
short and long-term by GR actions in the VTA. Such short and long-term shifts
in phasic NAc dopamine neurotransmission have important implications for
information processing in hippocampal and cortical circuitries dysregulated in
pathologies of schizophrenia and addiction.

Methods

Male hooded-Wistar rats were urethane (1.5 g/kg, i.p.) anesthetized and mounted
in a stereotaxic frame in accordance with [5]. A single bipolar stimulating
electrode was implanted into the left mPFC at 35° along the ML plane (final
bregma coordinates: AP +3.2 mm, ML +0.6 mm, DV -3.2 mm) or left vHIP (AP
-6.1 mm from bregma, ML +5.3 mm from midline, DV -6.0 mm from dura) of
each rat. A drug infusion cannula (80 pum o.d.) was inserted into the VTA
(interaural coordinates: AP +3.0 mm, ML +0.5 mm, DV +2.2 mm). Carbon-fiber
recording electrodes (~500x10 um) were implanted into the left NAc core
(bregma coordinates: AP 1.7 mm, ML +1.2 mm, DV -7.0 mm). An Ag/AgCl
reference/auxiliary electrode was placed onto contralateral cortical tissue.



Fixed potential amperometric recordings were conducted as previously described
[6]. In one series of experiments burst-like (10 pulses at 100 Hz) stimulation was
applied to either the mPFC or vHIP and a one-off tetanic stimulation (TES)
(1000 pulses at 100 Hz) was delivered. The TES was either preceded or
followed by intra-VTA GR activation with corticosterone (1 pg/ul). In a second
series of experiments, paired trains of burst-like stimulation (10 pulses at 100 Hz)
were applied to either the mPFC or vHIP. Changes in the first and second phasic
dopamine signal in response to intra-VVTA corticosterone (1 pg/ul) were assessed.

Results and Discussion

Application of a TES to the mPFC induced a significant attenuation (p<0.01) of
mPFC-evoked phasic dopamine efflux (data not shown). This long-term
depression (LTD) lasted for over 2 hrs, with a maximal decrease of 33+15% at
30 mins. Intra-VTA infusion of corticosterone (1 pg/ul) 2 mins prior to TES
reversed the direction of plasticity, blocking LTD and permitting the expression
of long-term potentiation (LTP) for approximately 2 hrs. Intra-VTA infusion of
corticosterone 2 mins post-TES resulted in a similar potentiation of the evoked
response, but extended the duration of LTP for >4 hrs (Fig 1A). In contrast,
application of a TES to the vHIP did not significantly alter the transient vHIP-
evoked NAc dopamine signal (data not shown). Intra-VTA infusion of
corticosterone 2 mins prior to TES significantly attenuated vHIP-evoked
dopamine release for ~2 hrs. Interestingly, when intra-VTA corticosterone
infusion was delivered 2 mins post-TES a significant potentiation of the evoked
dopamine response was observed for approximately 2 hrs (Fig 1B).
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Figure 1. Long-term potentiation of mMPFC and vHIP-evoked NAc dopamine efflux.
Intra-VTA corticosterone (1 pg/1 pl) infusion 2 min post-TES (1000 pulses at 100 Hz)
induces LTP of mPFC (A) and vHIP (B) evoked (10 pulses at 100 Hz) phasic NAc
dopamine efflux. Each response represents the average of six burst-like stimulation-
evoked responses pre (control) and post (in mins) infusion.

Application of paired burst-like stimulation to the mPFC or vHIP significantly
attenuated the second evoked NAc dopamine response relative to the first in each
instance (Fig. 2A and 2C). Intra-VTA corticosterone (1 pg/ul) reversed the
direction of this plasticity from short-term depression (STD) to short-term



potentiation (STP) of phasic NAc dopamine efflux (Fig. 2B and 2D).
Interestingly, corticosterone treatment also enhanced the first dopamine response
evoked by mPFC stimulation, but not that of vHIP stimulation.
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Figure 2. Short-term plasticity of mPFC and vHIP-evoked NAc dopamine efflux.
Intra-VTA corticosterone (1 pg/1 pl) infusion reverses STD (A & C) of the second (red
lines) of the paired mPFC (B) and vHIP (D) evoked (10 pulses at 100 Hz) phasic NAc
dopamine signals, while differentially affecting the first. Each response represents the
average of six burst-like stimulation-evoked responses pre (control, A & C) and 30 mins
post-infusion (B & D).

These data highlight the important role for intra-VTA GRs in the modulation of
both short and long-term plasticity of phasic mesoaccumbens dopamine
neurotransmission. Thus, GRs appear to mediate the computational processing
capacity of the mesocorticolimbic system, as well as contribute to the
establishment of long-term neuroadaptations. This capacity may underlie the
established role of GRs in dysregulation of mesoaccumbens dopamine
neurotransmission observed in pathologies of schizophrenia and addiction [3].
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