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Abstract

Although the neurotransmitters/modulators glutamate and, more recently, glycine have been
implicated in the development and maintenance of Alcohol Use Disorder (AUD) in preclinical
research, human proton magnetic resonance spectroscopy (H-MRS) studies have focused solely
on the measurement of glutamate. The purpose of the present analysis was to examine the relative
associations of brain glutamate and glycine levels with recent heavy drinking in 41 treatment naive
individuals with AUD using 1H-MRS. The present study is the first that we are aware of to report
in vivo brain glycine levels from an investigation of addiction.

Dorsal Anterior Cingulate Cortex (dACC) glutamate and glycine concentration estimates were
obtained using Two-Dimensional J-Resolved Point Resolved Spectroscopy at 3 Tesla, and past 2-
week summary estimates of alcohol consumption were assessed via the Timeline Followback
method. Glutamate (B= -0.44, = -3.09, p= 0.004) and glycine (B=-0.68, = -5.72, p< 0.001)
were each significantly, inversely associated with number of heavy drinking days when considered
alone. However, when both variables were simultaneously entered into a single regression model,
the effect of glutamate was no longer significant (B= -0.11, = —0.81, p= 0.42) whereas the effect
of glycine remained significant (B= -0.62, = -4.38, p< 0.001).

The present study extends the literature by demonstrating a unique, inverse association of brain
glycine levels with recent heavy drinking in treatment naive individuals with AUD. If replicated
and extended, these data could lead to enhanced knowledge of how glycinergic systems change
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with alcohol consumption and AUD progression leading to pharmacological interventional/
preventative strategies that modulate brain glycine levels.
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Introduction

Glycine, a non-essential amino acid that is biosynthesized from serine, has key
neurotransmission functions at inhibitory synapses in the spinal cord, brainstem, and
cerebellum and at excitatory synapses throughout the brain, as a requisite co-agonist of
glutamate at N-methyl-D-aspartate [NMDA\] receptors (1-3). Glycine and glutamate are
each sequestered within astrocytes with extracellular and synaptic levels tightly-regulated by
the astrocytic transporters GlyT1 and GIuT, respectively (4). Calcium ion flux through
activated NMDA receptors (NMDAR) has been identified as critical to synaptic plasticity, a
well-supported cellular mechanism of learning and memory (5). Not surprisingly, then,
dysregulated NMDAR functioning is hypothesized to be central to the development of a
wide variety of neuropsychiatric, neurodegenerative diseases, and addictions including
Alcohol Use Disorder (AUD) (6).

Preclinical research has long demonstrated that ethanol directly inhibits NMDA-activated
ion currents (7). Compensatory NMDAR adaptations that develop in response to chronic
ethanol administration are believed to heavily contribute to the behavioral phenomena of
ethanol tolerance, withdrawal, and relapse, including: a) increased presynaptic glutamate
release and b) increased postsynaptic function of NR2A and NR2B subunit-containing
NMDAR (reviewed in (8)), along with, c) decreased prefrontal glycine release during
inhibitory control challenge (9), and d) restoration of normal inhibitory control via inhibition
of GlyT1-mediated glycine transport (9).

Despite the critical importance of bot/h glutamate and glycine to NMDAR function, and
purportedly to the neurobehavioral phenomenology of AUD, in-vivo proton magnetic
resonance spectroscopy (H-MRS) investigations of people with AUD have focused almost
exclusively on glutamate (or more commonly, the combination of glutamate and glutamine,
termed “GIX™) - in large part because of the methodological challenges involved with
measuring brain glycine levels using 1H-MRS at commonly-available magnetic field
strengths (e.g., 3 Tesla). In line with the preclinical literature, these studies have generally
found abnormal levels of cortical glutamate in individuals with AUD relative to healthy
control participants (10-12).

We recently published evidence of an inverse association of cortical glutamate levels with
recent heavy drinking, indicating lower glutamate levels with higher levels of heavy
drinking, in treatment-naive AUD participants (13). The present investigation is a follow-up
examination of the shared and unique associations between glutamate, glycine, and recent
heavy drinking in AUD using a specialized Two-Dimensional (2D) 1H-MRS acquisition
sequence capable of reliably measuring glycine (Figure 1) as well as glutamate (14).
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Material and methods

Results

Data were pooled from two studies of treatment-naive individuals with Alcohol Use
Disorder for the present investigation (/7=20 (13), 7/=21 (15)). All participants were required
to be between the ages of 21 and 40, to meet Diagnostic and Statistical Manual of Mental
Disorders (DSM-1V; (16)) criteria for alcohol dependence (including the “loss of control
over drinking” and/or “inability to cut-down or stop drinking” criteria), to report consuming
at least 20 standard drinks, with at least one heavy drinking day (i.e., = 5/4 standard drinks
in a day for men/women), in each of the two weeks preceding the study, and to not be
actively seeking AUD treatment. Exclusion criteria included current DSM-1V Axis |
disorder other than alcohol dependence or nicotine dependence, positive urine drug or
alcohol breath screens on the day of the scan, history of severe alcohol withdrawal (seizure,
delirium tremens, need for inpatient or outpatient detoxification), and current alcohol
withdrawal symptoms (i.e., Clinical Institute Withdrawal Assessment of Alcohol Scale,
Revised [CIWA-Ar; (17)] > 3). Furthermore, participants could not be taking any
psychotropic medications. Additional MRI-related exclusion criteria included presence of
non-MRI safe objects in the body, claustrophobia, history of traumatic brain injury, or
pregnancy. Recent heavy drinking was defined as the total number of heavy drinking days
reported over the 14 days preceding MRI (as in (13)), as measured by the calendar-based
Timeline Followback instrument (18).

The present study utilized the same imaging methods described in more detail in (13),
including, acquisition of 2D J-PRESS data from an 18.75 cubic-centimeter (2.5cm x 2.5cm x
3.0cm) volume located within the dorsal Anterior Cingulate Cortex (dACC; i.e., the portions
of Brodmann areas 24 and 32 dorsal to the genu of the corpus callosum), acquisition of T1-
weighted images for segmentation and partial volume correction, spectral fitting via the
ProFit algorithm, and metabolite scaling to un-suppressed water (corrected for within-voxel
CSF fraction). Prior research has established the adequate model fit (M SD] Cramer-Rao
Lower Bound = 5.9 [1.3]) and test-retest reliability (intra-subject CV = 12-13%) of glycine
as measured by 2D J-Resolved Point Resolved Spectroscopy (J-PRESS) at 3 Tesla in healthy
volunteers (Figure 1, (14)). Bivariate associations of dACC glutamate and glycine levels
with recent heavy drinking were individually characterized via bivariate scatterplots and
multiple linear regression models, with heavy drinking in the previous 14 days as the
dependent variable. In total, 4 regression coefficients were tested for statistical significance;
a was conservatively set to p< 0.0125 (note, the observed pattern of results did not depend
on adoption of this a level relative to a standard nominal a level of p<0.05 per test). To rule
out coincident myo-inositol signal as an alternative explanation for potential significant
associations between glycine and recent heavy drinking (see Figure 1), we added myo-
inositol to the regression model as a covariate.

A total of 41 AUD participants were included in the present analysis (see Table 1 for
demographic and alcohol use characteristics). 1H-MRS data were characterized by an
average water linewidth of 6.07 FWHM (SD = 0.48) and an average NAA signal-to-noise
ratio of 652.50 (SD = 105.83). Prior to evaluating glutamate and glycine levels as

Neurosci Lett. Author manuscript; available in PMC 2020 July 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prisciandaro et al.

Page 4

independent predictors in multiple regression models, age, sex, race, education, and smoking
status were first evaluated as potential covariates. None were significantly associated with
recent heavy drinking in regression models (all ps < 0.15) and were therefore not considered
further. Glutamate and glycine were moderately correlated with one another (r=0.54, p<
0.001). Next, glutamate and glycine were each entered into separate regression models
predicting recent heavy drinking. Glutamate (= —0.44, &= -3.09, p= 0.004) and glycine (=
-0.68, &= -5.72, p< 0.001) were each significantly, inversely associated with recent heavy
drinking when considered alone (i.e., lower glutamate and glycine levels were each
significantly associated with higher levels of heavy drinking). However, when both variables
were simultaneously entered into a single regression model, the effect of glutamate was no
longer significant (3= -0.11, & -0.81, p= 0.42) whereas the effect of glycine remained
significant (= —0.62, &= -4.38, p< 0.001). Figure 2 displays bivariate, zero-order
scatterplots (top panel) and partial regression plots (bottom panel) of these associations.
Importantly, adding myo-inositol as a covariate (8= 0.04, £ 0.19, p= 0.85) to the regression
model did not alter the pattern of observed findings (glycine p=-0.62, &= -4.29, p< 0.001;
glutamate p=-0.14, £ -0.71, p= 0.48). Together, these results suggest that dACC glycine,
and not glutamate, levels were uniquely, and significantly related to recent heavy drinking in
treatment naive individuals with AUD.

Discussion

The primary finding from the present study was that dACC glycine levels were uniquely and
significantly related to recent heavy drinking in treatment naive AUD individuals. While
initially observed to be significant, the association of glutamate levels with recent heavy
drinking could be explained by the relationship (variance shared) between glutamate and
glycine. The present IH-MRS study is the first that we are aware of to report brain frontal
glycine levels related to alcohol consumption in AUD individuals. It is, therefore, possible
that the effects of recent drinking on brain glycine dynamics might whole, or in part, explain
the previously reported abnormal glutamate levels in AUD (e.g., (10-12)).

Unlike glutamate, glycine levels can only be measured using specialized spectral-editing 1H-
MRS methods (e.g., 2D J-PRESS, TE-averaged PRESS) at clinical magnetic field strengths
(19). The few available studies that have reported brain glycine levels using these methods
have found that they sensitively capture increases in glycine following oral glycine
administration (20), as well as, theoretically-predicted elevations in first-episode psychosis
patients relative to unaffected controls (21). Although suitable spectral-editing 1H-MRS
methods are relatively more challenging to implement, and therefore more sparsely
represented in the literature at present time, our findings suggest that implementation of such
methods will be important to advancing research on the pathophysiology of AUD.

Recently, there has been growing interest in glycine, both as a co-agonist of NMDAR and as
an important primary brain target of ethanol (22), which has naturally led to the development
and investigation of compounds that selectively inhibit the glycine transporter, GlyT-1, in
particular, derivatives of sarcosine (N-methylglycine). Because astrocytes in close proximity
to GlyR and/or NMDAR express GlyT-1, inhibition of GlyT-1 has the potential to disrupt
multiple potential mechanisms of the acute and chronic effects of alcohol consumption on
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the neurobehavioral phenomena of intoxication, alcohol reinforcement, withdrawal, and
relapse (22). Before these hopes can be potentially realized, however, studies are needed to
investigate the effects of GlyT-1 inhibitors on brain glycine levels, along with the effects of
medication-induced changes in brain glycine levels on clinically relevant behavioral
measures of AUD phenomenology.

The results of the present study should be interpreted in light of several limitations. First, the
recent drinking variable relied entirely on subjective self-report; supplementation of
subjective drinking data with objective biomarkers of recent alcohol consumption would
strengthen confidence in our findings. Second, because assessment for the present study was
limited and the sample was selected to be homogeneous on a number of key alcohol
diagnostic and drinking variables, we were not able to evaluate correlations of brain glycine
concentrations with additional clinically meaningful variables (e.g., alcohol craving). Third,
the software used to process 2D J-PRESS data for the present study did not allow for explicit
modeling of co-edited macromolecule signals, which may have disproportionately added
systematic error variance to glutamate, but not glycine, estimates (19). Fourth, we did not
attempt to control for participants’ cognitive state during tH-MRS acquisition, which may
have added error variance to glutamate estimates (23). Participants were instructed only to
remain still during the scan. Fifth, although 2D J-PRESS substantially reduces the overlap
observed between glycine and myo-inositol signals, it does not eliminate it completely (see
Figure 1). Notably, follow-up analyses demonstrated that the pattern of findings obtained in
the present study did not change when participants” myo-inositol levels were covaried.
Finally, a major limitation of 1H-MRS in general is that estimated metabolite levels reflect
total tissue concentrations, which cannot discern between specific compartmental (e.g.,
neurotransmitter versus metabolic) signal contributions. This limitation makes it difficult to
predict how adding glycine measurements to studies involving associations of glutamate
levels with AUD phenomenology (e.g., alcohol withdrawal) should affect results. It also
makes it difficult to predict whether, and in what direction, medications shown to affect
glutamatergic or glycinergic neurotransmission in preclinical research will impact glutamate
and/or glycine concentrations in humans (4). Expanding such preclinical research to include
1H-MRS scanning would provide an invaluable backwards-translational bridge that could
greatly improve the success rate of medication development efforts.

These limitations notwithstanding, the present study extends the literature by demonstrating
a unique inverse association of frontal brain glycine, but not glutamate, levels with recent
heavy drinking in treatment naive individuals with AUD. If these results are replicated and
extended to behavioral/subjective measures, this could lead to an enhanced knowledge of
how glycine systems might impact aspects of AUD and could lead to pharmacological
interventional/preventative strategies targeted to modulate brain glycine levels to prevent or
treat AUD.
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Highlights

Glutamate and glycine disturbances have been reported in alcohol use
disorder

In vivo MRS research has focused exclusively on glutamate disturbances in
people

Glutamate and glycine levels were each associated with recent heavy drinking

Lower metabolite concentrations correlated with relatively more heavy
drinking

Only associations involving glycine were significant, controlling for
glutamate levels
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Figure 1.
(a) Representative 2D Jresolved IH MRS data recorded from a single healthy control

subject. The expanded spectral region (chemical shift: 1.5 — 4.1 ppm, J: £30 Hz) is shown
for visualization purposes. (b) The individual myo-inositol and glycine 2D spectral fits as
estimated using the ProFIt software, with color coding used to discriminate the two
metabolites. (¢) Simulated short-TE PRESS data (top spectra) and the J= 0 Hz row (bottom
spectra) extracted from the individual 2D spectral fits for myo-inositol and glycine. For
conventional PRESS, the 3.55 ppm glycine singlet resonance is dominated by the strongly
overlapping methine resonances of myo-inositol. Due to strong Jcoupling operating
between the myo-inositol methine protons, 2D tresolved *H MRS distributes their peaks
along the second dimension, largely reducing the signal contribution along the J= 0 Hz axis
thus enhancing the detectability of the uncoupled glycine methylene singlet resonance.
Signal integration between the chemical region 3.50 — 3.60 ppm region shows that the myo-
inositol-to-glycine peak area ratio is reduced from 9.4 to 2.8 for the 2D +resolved (/= 0 Hz)
situation. The ProFit software, however, uses individual 2D MRS basis functions for all
included metabolites, thus the discrimination of myo-inositol and glycine is further
enhanced through the constrained chemical shift and Jcoupling information supplied to the
fitting algorithm.
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Figure 2.
Associations of glutamate and/or glycine with total number of heavy drinking days (nHDD)

within the past 14 days. 7op panel = scatterplot and linear fit between a) glutamate and
nHDD (left) and b) glycine and nHDD (right). Bottom panel = Partial regression plot and
linear fit between a) glutamate and nHDD, controlling for glycine (left) and b) between
glycine and nHDD, controlling for glutamate (right).
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Table 1.

Demographic and alcohol use characteristics of the sample (7=41)

Variable

No. (%) of participants / Mean

Standard Deviation

Gender (male) 32 (78.0%)
Smoking Status (=10 cigarettes/day) 39 (95.1%)
Race (Caucasian) 35 (85.4%)
Age 26.98
Education (number of total years) 14.24
Alcohol Dependence Scale 10.93
# Heavy drinking days (past 14 days) 6.32
Drinks per drinking day 7.23
Days since last drink 1.71

6.15
2.02
5.10
3.55
3.35
1.12
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