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Summary. The activity of gamma-aminobutyrate amino-
transferase (GABA-T) and monoamine oxidase (MAO-
A and -B) was measured in 42 postmortem human brains.
Three brain regions (frontal cortex, cingulate cortex and
hypothalamus) from 23 controls without known neuro-
logical or psychiatric disorder and from 19 suicide vic-
tims were analysed. The suicide victims were classified
according to the use of violent and non-violent methods
and to the presence or absence of a known history of de-
pressive disorder. No difference was found between the
series of suicide victims and the control subjects with re-
gard to GABA-T activity. Carbon monoxide poisoning
and death by drug overdose, however, were found to re-
duce the activity. The MAO-B activity did not differ be-
tween the groups. With MAO-A, however, a significant
elevation (¢r=2.01; P <0.05) was found in the hypo-
thalamic region of the suicide victims. The difference
seemed to be confined to the subgroup of suicides with a
record of depressive disorder.
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Introduction

There have been many reports of a disturbed function of
brain serotonergic mechanisms in patients with suicidal
behaviour. Thus, the levels of serotonin (5-HT) and/or
its metabolite 5-hydroxyindoleacetic acid (5-HIAA) have,
in several studies, been found to be reduced in brain tis-
sue and/or cerebrospinal fluid (CSF) from both depressed
and non-depressed patients (Shaw et al. 1967; Bourne et
al. 1968; Pare et al. 1969; Lioyd et al. 1974; Beskow et
al. 1976, Asberg et al. 1976; Triaskman et al. 1981; Mont-
gomery and Montgomery 1982; van Praag 1983; Asberg
1986; Roy et al. 1987). Moreover, in the subgroup of sui-
cidal patients with low levels of 5-HIAA in the CSF, the
attempts have been by more active and violent methods
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than in patients with normal or high levels (Asberg et al.
1976; Triaskman et al. 1981). It should, however, be noted
that there have also been studies showing no change or
even increased CSF levels of serotonin or 5-HIAA in
subjects who had attempted suicide (Kauert et al. 1984;
Stanley et al. 1986; Arato et al. 1987). The results from
the studies on CSF are paralleled by findings of low mono-
amine oxidase activity (MAQO; E.C. 1.4.3.4) in platelets
in patients with suicidal behaviour, probably confined to
the subgroup using violent methods (Buchsbaum et al.
1977; Gottfries et al. 1980). In several studies, this en-
zyme activity has been found to be correlated with CSF
levels of 5-HIAA also in controls, and the hypothesis has
been put forward that the platelet MAO activity is a ge-
netic marker for the “size” or the functional capacity of
the central serotonin system (Oreland and Shaskan 1983,
Oreland 1991). So far, it has not been possible to dem-
onstrate directly a correlation between platelet and brain
MAO, but there is evidence for a correlation both be-
tween the activity of the A- and of the B-form of the en-
zyme and the density of the serotonergic innervation in
various regions of the rat brain (Sakurai et al. 1990).
Serotonin has a much higher affinity for MAO-A than
for MAO-B, but, since there is a high proportion of
MAO-B within the serotonergic nerve terminals, there
seems to be a considerable proportion of serotonin also
metabolised through the catalytic action of MAO-B (Fa-
gervall and Ross 1986). For this reason, and since it
can not be foreseen whether a possible connection be-
tween brain serotonergic turnover and brain tissue MAO
might be based on the serotonin deamination rate cata-
lysed by the enzyme(s) or on its linkage as a genetic
marker to the density of serotonergic nerve terminals,
both MAO-A and -B were considered to be of equal in-
terest in the present study material of postmortem sui-
cidal brains.

MAQ activity in brains from suicide victims has previ-
ously been studied in a limited number of reports. Grote
et al. (1974), using a fluorometric method with kynur-
amine as substrate (mainly estimating the A-form), found
no difference, either between depressed suicides or al-
coholic suicides and controls in a variety of brain regions;
however, there were few cases with a large age variation.
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Gottfries and co-workers (1975), estimating preferen-
tially the B-form of the enzyme, found reduced activity
in patients where the suicide was associated with alcohol-
ism. Lower brain MAO-A activity in alcoholics in com-
parison with controls was later found by Oreland et al.
(1983). The reduced activity was, however, restricted to
the hypothalamus and caudatus, while, in agreement
with the results of Major et al. (1985), normal activity
was found in the cortex gyrus cinguli and hippocampus.
The low activity seemed to be confined to MAO-A and
to MAO-B; however, there was some difficulty in evaluat-
ing MAO-B, because of the profound effect of age as
well as of neuro-degenerative processes on this enzyme
form. In a study on frontal cortices from violent suicides,
without concomitant alcoholism, Mann and Stanley (1984)
found no difference between controls, either in MAO-A
or -B activity.

GABA-transaminase (GABA-T) (4-aminobutyrate:
2-oxoglutarate aminotransferase — E.C. 2.6.1.19) is
mainly responsible for the catabolism of gamma-amino-
butyric acid (GABA) and therefore its study may be of
interest in connection with a variety of disorders. No
such studies have, however, so far been reported. A pos-
sible change in GABA levels in one or more brain re-
gions has been implicated in the aetiology of neuro-psy-
chiatric disorders, such as epilepsy, Huntington’s chorea,
Parkinson’s disease, tardive dyskinesia and schizophre-
nia (Schwarcz et al. 1977; Gold et al. 1980; Fibiger and
Lloyd 1984; Petty and Sherman 1984; Perry et al. 1989;
Meldrum 1989). The reported studies of GABA levels
or GABA receptors in connection with suicide or depre-
ssive states have, however, been negative (Cross et al.
1988; Korpi et al. 1988). Experimental studies neverthe-
less strongly indicate that endogenous GABA is of im-
portance for the regulation of anxiety (Sanger 1985;
Shekhar et al. 1990), which is a symptom closely associ-
ated with suicidal behaviour (Goldney 1981).

Materials and Methods

Controls and Suicides

The study was of brains from 23 control subjects (19 men, 4 wo-
men), age range 16-75 years (49.44 £ 3.85 years, mean & SEM),
with no sign of mental disturbance or cognitive impairment and no
other organic neurological disease or psychiatric iliness necessitat-
ing continuous drug treatment. The cases were collected to match
the suicide series as closely as possible with regard to age, gender
and time to postmortem. Causes of death were ischaemic heart dis-
ease (IHD), drowning, car accident, or avalanche victims and one
was killed by accidental carbon monoxide poisoning in a house
fire.

The suicide series consisted of brains from 19 (13 men, 6 wo-
men), age range 22-75 years (42.89 = 4.64 years, mean = SEM)
confirmed suicide victims. Nine of them had used violent acts (hang-
ing and shooting), 5 had taken an overdose of benzodiazepines,
neuroleptics or analgesics alone or in combination and 5 had com-
mitted suicide by means of carbon monoxide poisoning. Seven of
the suicide victims had a clear history of depression before death,
while there were no records of depressive illness in 12. Cases with
alcoholism and drug abuse were excluded on the basis of reports to
the medical examiner by their physician and relatives. The control
and suicide series are further described in Table 1.

Table 1. Main characteristics of control subjects and suicide vic-

tims
Data Control subjects Suicide victims
n 23 19
Sex (M/F) 19/4 13/6
Age (years) 49.44 £3.86 42.90 + 4.64
(16-75) (22-75)
Postmortem delay 42.57 £3.27 49.42 £ 3.48
(hours) (19-72) (24-72)
Brain weight (g) 1521.17 £30.14 1503.42 +29.26
(1271-1801) (1320-1754)
Storage time 13.91 + 1.09 13.37 +£1.20
(months) (5-20) (5-22)

Values are expressed as means = SEM, range is shown in paren-
theses

All brain samples were assayed in 1 week and each brain region
was assayed in quadruplicate for MAO and in duplicate for
GABA-T

There were no statistically significant differences between the
groups (unpaired #test)

Brain Dissections and Storage

The brain specimens were collected at the Department of Forensic
Medicine, University of Umea, Umed, Sweden. Both control and
suicide samples were collected over the same period of time (all
tissues were collected between 1989 and 1990). There were no dif-
ferences between the two groups with regard to postmortem time
before dissection and freezing or storage time before analysis
(Table 1). Tissues were dissected at autopsy from frontal cortex,
cingulate cortex and hypothalamus and subsequently stored at
—80°C until neurochemical analysis. Storage of the tissue or
homogenate at —80°C for at least 1 year does not significantly alter
enzyme activity (Fowler et al. 1980; Sherif et al. 1991).

Biochemical Methods

The brain tissue was homogenised by six strokes at 600rpm in
0.32M of ice-cold sucrose (1:9w/v) in a Potter-Elvehjem glass/
Teflon pestle system.

GABA-T Assay

GABA-T activity was assayed in the homogenates using the radio-
chemical method of White (1979) as modified by Sherif et al.
(1991), in which (**C)-GABA is converted to (**C)-succinic semi-
aldehyde. Homogenate aliquots (25 pl) were added to 25 pl of 0.68
mM alpha-ketoglutarate, 25l of incubation medium (0.05mM
EDTA, 0.25mM dithiothreitol, 0.1 mM pyridoxal phosphate,
0.05mM disodium phosphate, pH 8.4) and 25l of “C-GABA,
2mM (specific radioactivity = 0.233 pCi per mmol, NEN Research
Products, Boston, Mass). Incubation was carried out at 37°C for
30min. Blanks were obtained by omission of alpha-ketoglutarate.
The assay was stopped on ice, 30 pl of I M HCI added and the mix-
ture passed through an ion-exchange column (Biorad AG 50W-X8
resin, Bio-Rad Laboratories, Richmond, USA). The eluate was
counted with 15ml of scintillation liquid (Ready protein, Beck-
man, Ireland) in a Packard liquid scintillation counter. All assays
were performed in duplicate.

MAO Assay

MAO-A and -B activities were assayed radiochemically by a con-
ventional method (Eckert et al. 1980) with *C-5-hydroxytryp-
tamine (5-HT) and “C-2-phenylethylamine hydrochloride (PEA)
(NEN Research Products, Boston, Mass) respectively, as sub-



strates at a concentration of 0.1mM for 5-HT and 0.05mM for
PEA. Radioactivity was determined by liquid scintillation count-
ing using Beckmann scintillation fluid. All assays were performed
in quadruplicate.

Samples from suicide victims and matched controls were paired
in the same assay run from the three brain regions (7 suicide vic-
tims and 7 control subjects from the three regions at the same run).
This design was adopted to minimize the possible influence of
technical assay factors.

The reproducibility of the assay was tested by estimating homo-
genate aliquots from a control human brain several times. The
intra-assay coefficients of variation of the assay for GABA-T was
found to be 5% (similar to Bolton et al. 1989) and for MAO less
than 5%.

Protein concentration was estimated according to Lowry et al.
(1951) as modified by Markwell et al. (1978) using bovine serum
albumin as a standard.

Results

The main characteristics of the suicide victims and con-
trol subjects are shown in Table 1. Mean age, postmor-
tem time (the time between death and freezing of the
dissected tissues at —80°C), brain weight and tissue stor-
age time (the time from storage of the dissected tissues
to the assay in months) did not differ significantly be-
tween suicides and controls.

Effect of Age and Postmortem Delay on GABA-T
and MAQO Activities

The correlations between age and activities of GABA-T,
MAO-A and -B in the frontal cortex, cingulate cortex
and hypothalamus were calculated for the control group.
There was a significant positive correlation between age
and MAO-B activity in both cortical regions. No signifi-
cant correlations were found between age and MAO-A
or GABA-T activities in any of the brain regions stud-
ied. There was, however, a significant correlation be-
tween age and postmortem time in the control group
(r=-0.51; P<0.01; n =23). For that reason, multiple
regression analyses were performed on the enzyme acti-

Table 2. Activities of GABA-T and MAO-(A and B) in the brain
regions of control subjects and suicide victims

Subjects Hypothalamus Frontal cortex Cingulate cortex
GABA-T

Controls (23)  0.912+£0.021 0.928 £0.022 0.750 + 0.018
Suicides (19)  0.913 +0.020 0.897 £0.027 0.725 + 0.019
MAO-A

Controls (22)  0.420 £0.015 0.235+0.007 0.279 + 0.008
Suicides (19)  0.466 £ 0.018* 0.229 +0.010 0.269 + 0.010
MAO-B

Controls (23)  2.004 + 0.018 0.835 +0.050 0.991 + 0.056
Suicides (19)  2.062 +0.130 0.776 +0.067 0.882 £ 0.073

Activities of GABA-T and MAO (-A and -B) are given as means
+ SEM in nmol/min per mg of protein for the number of subjects
shown in parentheses

* Significant difference is denoted by P<0.05 (r=2.01; unpaired
t-test)
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vities versus age and postmortem time. However, although
the consideration of the postmortem time of some cases
increased the correlation coefficients, still no statistically
significant influence of age was found on GABA-T or
MAO-A activities (data not shown). When the effect of
postmortem time on the enzyme activities was calculated
by simple regression, no significant correlations were
found, except for MAO-B in the frontal cortex (r=
—0.42; P<<0.05; n = 23). Since MAO-B activity increases
with age and there was a correlation between age and
postmortem time in the present material, the influence
of the postmortem time on MAO-B activity in the cortex
was investigated by multiple regression analysis. In this
way, a significant positive correlation was found (r=
0.52; P<0.05; n=23). In summary, MAO-B increased
with age in the cortical regions, and, except for a positive
correlation between MAO-B in the frontal cortex and
postmortem, neither age nor postmortem time had any
influence on GABA-T or MAO-A activities.

Comparison Between Suicides and Controls

Table 2 shows the activities of GABA-T and MAO-A
and -B in the three brain regions of controls and sui-
cides. No difference was found in GABA-T or MAO-B
activity between the groups in any of the brain regions
studied. Not did MAO-A activity differ significantly be-
tween the two groups in the cortical regions. In the
hypothalamus, however, there was an increase in the
suicide group (1= 2.01; P <0.05; n =19).

Comparison Between Suicides With
and Without Clinical Signs of a Depressive Disorder

When the suicides were divided into subgroups with and
without records of clinical signs of a depressive disorder,
no significant differences were found between controls,
matched for age and postmortem time, and either sub-
group of suicides with regard to GABA-T or MAO-B ac-
tivities. The MAO-A activity in the hypothalamus, how-
ever, was found to be significantly higher only in the
suicide subgroup with records of a depressive disorder
[0.490 + 0.031 nmol/protein mg/min for depressed sui-
cides and 0.386 % 0.033 nmol/protein mg/min for matched
controls (Mean = SEM); t=1.97; P<0.05; n="7].

The Effects of Carbon Monoxide and Drug Overdose

In the series of suicides, 5 subjects and, among the con-
trols, 1 subject had died from carbon monoxide poison-
ing. The enzyme activities of those 6 subjects were com-
pared with those of 6 controls, matched for age and post-
mortem time. The results indicate that there was a signif-
icant reduction (13% of control value; £ =3.73; P<0.01)
in the frontal cortices of the carbon monoxide group
with regard to GABA-T activity. When the 5 suicide vic-
tims, who had died from a drug overdose, were com-
pared with 5 control subjects, matched for age and post-
mortem time, a reduction was found in GABA-T activ-
ity in the frontal cortices (18% of control value; r = 2.66;
P <0.05).
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Comparison Between Controls and Suicides
Using Violent or Non-Violent Methods

The 9 suicide victims who had used violent methods (e.g.
hanging or shooting), did not differ from 9 controls,
matched for age and postmortem time, in any of the
three enzyme activities investigated. When the enzyme
activities of the suicides, using non-violent methods (5
carbon monoxide and 5 drug overdose), were compared
with those of 10 controls, matched for age and post-
mortem time, no difference was found in GABA-T or
MAO-(A and B) activities between the groups in any of
the brain regions studied (data not shown).

Correlation Between GABA-T and MAO Activities

No correlation was found in the control group between
GABA-T and MAO-A or -B activities in any of the brain
regions investigated. MAO-A and -B activities, how-
ever, showed high correlations in all three regions (cor-
relation coefficients ranging from 0.60 to 0.76).

Discussion

The major findings in the present study are that neither
GABA-T nor MAO-B activities were changed in brain
tissues (frontal cortex, cingulate cortex and hypothala-
mus) from subjects who had committed suicide in com-
parison with controls. With regard to MAO-A activity,
however, a higher activity was found in the hypothala-
mus region in the brains of the suicide victims. This dif-
ference was most marked for the subgroup of suicides
with a record of depressive disorder.

The present data on brain GABA-T activity, esti-
mated on a clinical material, is the first, to our knowl-
edge, ever reported. The finding of unchanged GABA-
T activity in brain tissue from subjects who had commit-
ted suicide is in line with the reports about unchanged
activity of the GABA-synthetizing enzyme glutamic acid
decarboxylase (GAD) (Cheetham et al. 1988) as is the
finding of unchanged levels of GABA in brains from
such subjects (Korpi et al. 1988). In depressed patients,
however, GABA levels, both in plasma (Petty et al.
1987) and CSF (Gold et al. 1980; Gerner and Hare
1981), have been reported to be reduced. There have
been no reports about levels of GABA in the plasma or
CSF in suicidal patients.

The suicide group was subdivided in various ways.
When the subjects were classified according to the ab-
sence or presence of records of depressive disorder, 7
out of the 19 subjects were assigned to the latter group.
Such a proportion (37%) is in good agreement with the
general figure of depressive disorders in connection with
suicide in Sweden (Weeke 1979). No differences in
GABA-T activities were, however, found between those
two groups. Another way of subdivison was classifica-
tion of those using active and passive methods, respec-
tively. Previously, mainly the group using active methods
has been shown to differ from controls with regard to
levels of the serotonin metabolite 5-hydroxyindoleacetic

acid in the cerebrospinal fluid (Traskman et al. 1981;
Brown et al. 1982; Linnoila et al. 1983). However, this
way of subclassification also did not result in any differ-
ence in GABA-T activity.

The present finding of a significantly elevated MAO-
A activity in the hypothalamus region in brains from de-
pressed suicides is at variance with the results of Grote et
al. (1974). The present material, however, is considera-
bly larger and the MAO-A activity estimated with a
more reliable technique, which might explain the consid-
erably greater variation within the material in the previ-
ous study (SD 37% of the mean activity) in comparison
with ours (SD 17% of the mean activity). The result is
unlikely to be caused by age, gender, postmortem delay
or tissue storage, since suicides and controls were well
matched for these variables. For some unknown reason,
the activities of MAO-A in the hypothalami of the
matched control groups for the depressed and non-de-
pressed suicides differed, which is why caution is neces-
sary in the interpretation of the results. It is of interest
that MAO-B, which is usually correlated with MAO-A
(present results and Fowler et al. 1980), was not changed.
Although the literature is not very consistent on this
point (see Asberg et al. 1987 for review), there are a
number of reports with reduced levels of serotonin in
suicide cases, particularly in the hypothalamus region
(Korpi et al. 1983; Rehavi et al. 1985; Korpi et al. 1986).
Previous findings of reduced imipramine and increased
serotonin (S-2) receptor binding in brain cortex tissue
from suicide victims also support the notion of low brain
levels of serotonin, at least in this region, in such sub-
jects {Stanley et al. 1982; Stanley and Mann 1983). Sero-
tonin is mainly a substrate for the A-form of MAO (Fa-
gervall and Ross 1986) and it can be speculated that a
high MAO-A activity might have contributed to the low
levels of serotonin.

Although the relationship between the activity of
MAO in brain and function of serotonergic system is
likely to be complex (Oreland et al. 1984), a positive cor-
relation between MAO activities and serotonin turnover
has been reported in control brains (Adolfsson et al.
1978) and between various regions of the rat brain (Sa-
kurai et al. 1990). Such a relationship would implicate a
high turnover of serotonin in the hypothalamus region of
the depressed suicide cases. It is, however, possible that
such a correlation only reflects basic (normal) conditions,
and that a depressive disorder disturbs the correlation.
Previously, it has been found that the correlation be-
tween platelet MAO activity and CSF levels of 5-HIAA
only prevails in control cases and could not be found in
patients with depressive disorders (Oreland et al. 1981).
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