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Alcohol enters the brain,

and can be directly detected by 'H MRS

(FFT or Morlet Wavelet Analysis)
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Introduction

Alcoholic Brain Diseases

o Multiple neurologic syndromes
o Two distinct etiologies
o Several postulated mechanisms



Mechanisms of
Alcoholic Brain Disease

Experience Transmitter
Activation T Noradrenaline: 1 dopamine
Euphoria 1 Dopamine: 7 opioids

Anxiolysis/ataxia T GABA
Sedation/amnesia T GABA + | NMDA

Nausea Stimulation 5-HT; receptors
Withdrawal 1 Calcium flux:
T L-type channels; T NMDA
receptors

| Magnesium

} x-2-adrenoceptor inhibition

Focus of this talk will be glutamate
1. Glutamate neurotoxicity (NMDA receptor defect)
1. Glutamate — Glutamine — GABA cycle defect



Two Current Views of Glutamate-Glutamine Cycle

(1) Magestretti - Yale
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Two Current Views of Glutamate-Glutamine Cycle

(1) Neuroscience (H. Bradford and others)
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Both are highly simplified versions ot true physiology
which is an active area of research world-wide.



Multiple Neurologic Syndromes

o Korsakov, Wernicke, Marchiafava-
Bignami

o Central pontine myelinolysis;
cerebellar degeneration
o HEPATIC ENCEPHALOPATHY

H.O. Conn
Yale




Two Distinct Etiologies

ALCOHOL

Chronic

Hepatltls

DIRECT: Alcoholic Encephalopathy
INDIRECT: Hepatic Encephalopathy

What is the relationship between them?




Investiaational Methods

Neuroradiology_
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In vivo
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Reveals Osmotic and Metabolic Disturbances in Human
Hepatic Encephalopathy
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MRS offers a

remarkable
series of non-
Invasive tools

BEYOND MRI: FUNCTIONAL BRAIN STUDIES AT HMRI
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Modern Metabolism

Genome — Proteome - Metabolome
(Enzymes)
Receptors Transporters Concentrations
Flux
Most studies are of cells, membrane preps,
etc.

INTEGRATED IN VIVO STUDY WITH NMR IS A
VITAL TOOL



Human Brain

Metabolome
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HE # AE

(Partly established by Taylor and others at UCSD)

Differentiating Acohol Encephalpathy and Chronic Hepatic
Encephalopathy on the Basis of NAA/mI
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HE iIs a neuropsychiatric disorder

o ) Results in Liver No. of Patients
Test Normal Range Disease Patents™ Outside Normal Limits
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Simple localized '"H MRS shows the
neurochemical disorder of HE to be diffuse:
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HE Is a graded disease

Il

Ml
. L‘WJ bw’

B.y-Glx

J\.ﬂ\my

Liver Disease

P I

‘f I
; V‘L‘" i.\ - Severe HE
L3 A
WM
4 3 2 1 0




'H MRS is more specific than neuropsych

Comparison of Results of Neuropsychologic and MR Spectroscopic Evaluation in

Identification of HE in 20 Cases

o And 2-3 times more
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Dynamic Study is Required
1SC MRS in vivo

1. Cumbersome; costly; research
only?
2. New methods

FDA IND Protocols

Patient Friendly, Cost Effective
Protocols

Clinical MR Scanners
Multi-site trials




Data Analysis
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Magnetic Resonance in Medicine 45:981-993 (2001)

[1-"*C] Glucose MRS in Chronic Hepatic
Encephalopathy in Man

Stefan Bliiml,"** Angel Moreno-Torres,'® and Brian D. Ross’

o [1-13C]-labeled glucose was
Infused intravenously In a single
dose of 0.2 g/kg body weight over
15 min In six patients with chronic
hepatic encephalopathy, and three
controls.

o Serial 13C MR spectra of the brain
were acquired.



atients exhibited the following
characteristics relative to normal
controls:

1) Cerebral glutamine concentration was
Increased (12.6 +/- 3.8 vs. 6.5 +/- 1.9
mmol/kg, P < 0.006) and

2) glutamate was reduced (8.2 +/- 1.0 vs.
9.9 +/- 0.6 mmol/kg, P < 0.02).




3)

13C incorporation into glutamate
C4 and C2 positions was reduced
In patients (80 min after start of
Infusion

C4: 0.43 +/- 0.09 vs. 0.84 +/- 0.15
mmol/kg, P < 0.001;

C2: 0.20 +/- 0.03 vs. 0.45 +/- 0.07
mmol/kg, P < 0.0001).



13C Incorporation into bicarbonate was
delayed (90 +/- 21 vs. 40 +/- 10 min,
P < 0.003), and

5) the time interval between detection of
glutamate C4 and C2 labeling was
longer in patients (22 +/- 8 vs. 12 +/-
3 min, P < 0.03).

6) Glutamate C2 turnover time was
reduced in chronic hepatic
encephalopathy (17.1 +/- 6.8 vs. 49.6
+/- 8.7 min, P < 0.0002).




3) 13C accumulation into glutamine C2
relative to its substrate glutamate C2
Increased progressively with the

severity of clinical symptoms (r = 0.96,
P<0.01).

o These data indicate

disturbed neurotransmitter
glutamate/glutamine cycling and

reduced glucose oxidation in chronic
hepatic encephalopathy. [1-13C] glucose
MRS

provides novel insights into disease
progression and the pathophysiology of
chronic hepatic encephalopathy.




Glucose Time Courses
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Glu, Time Course

Glu C, Isotopic Enrichment (%)
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Glutamate and Aspartate Enrichment
Severely Restricted in HE Brain In Vivo
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Glutamine Enrichment
Lags Behind Glutamate
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Severity of Clinical HE is reflected by
Glutamate Flux in vivo
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Highly Suggestive of a Glutamate
Neurotransmitter Defect
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If so, this is a different GNT defect from that
recently described in Alzheimer’'s Disease
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[NAA]

13C MRS might therefore be a
powerful tool for
distinguishing AE from HE
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Conclusions |

1. AE Is multiple syndromes

2. Some or ALL may involve glutamate
axis

3. Based on human 13C MRS, two or more
distinct GNT defects
(Type I = N, Type Il = A)

4. Based on more detailed animals studies
with 13C, 1°N, and bran dialysis plus
special inhibitors, at least EIGHT types
of GNT defect can be envisioned
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Conclusions I

o Hepatic encephalopathy is a distinct
form of alcoholic encephalopathy
that definitely involves glutamate
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