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Abstract Noradrenergic neurons of the locus coeruleus
(LC) have been implicated in the neurobiology of depres-
sion and suicidal behavior. The current postmortem study
determined numbers of noradrenergic neurons by im-
munostaining the synthesizing enzyme tyrosine hydroxy-
lasein the LC of 12 non-elderly depressed patients with a
mood disorder as compared to 12 age- and sex-matched
normal controls. Six patients were suicide victims, the
other six patients died of natural causes. Non-suicidal pa-
tients had fewer neurons immunoreactive for tyrosine hy-
droxylase (TH-ir) than suicide victims or controls. No dif-
ference appeared between the number of TH-ir neuronsin
suicide patients and controls. Numbers of pigmented LC
neurons were equal in patients and controls. The differ-
ences of TH-immunoreactivity could neither be attributed
to drug influences nor to polarity of depressive disorder
(i.e., unipolar/bipolar). Numbers of TH-ir neurons corre-
lated positively with mean doses of tri- or tetracyclic anti-
depressants. Results of this study suggest a presynaptic
noradrenergic deficit of the LC in depressed non-suicidal
patients. Indirect evidence is provided that suicide is not
related to decreased noradrenergic function and that tradi-
tional antidepressants may enhance noradrenergic activity
of the LC in depressed patients.
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Introduction

The locus coeruleus (LC) comprises the largest group of
noradrenaline containing neurons in the mammalian brain
(Dahlstrom and Fuxe 1964) and provides a widespread
noradrenergic innervation of the central nervous system
(for review see Jones 1991). There exists evidence from
preclinical and clinical studies that noradrenergic systems
are disturbed in mood disorders (Anand and Charney 1997).
As yet, only one recent controlled postmortem study was
performed to investigate brain presynaptic noradrenergic
levelsin mood disorders; the authors found reduced levels
of the NA transporter in patients with major depression
and interpreted this result as consistent with the noradren-
aline deficit hypothesis (Klimek et al. 1997).

Suicide is one of the most frequent causes of death in
the developed countries (Lopez 1990; MMWR MORB
MORTAL WKLY REP 1997). Therefore, beside diagnos-
tic aspects, extensive work has been focused on the neu-
robiology of suicide, in particular on the significance of
noradrenergic systems (Arranz et al. 1997; Arango et al.
1997). Two postmortem studies investigated tyrosine hy-
droxylase (TH), the key enzyme of noradrenaline-synthe-
Sis, in suicide victims. The results, however, are contra-
dictory. TH protein was found to be elevated in one study
(Ordway et al. 1994), whereas another one demonstrated a
lower immunohistological staining intensity of LC neu-
rons for TH, while the number of LC neurons immunore-
active for TH was equal as compared to normal controls
(Biegon and Fieldust 1992).

Although suicidality is a core symptom of depression
and though noradrenergic systems have been related to
both suicide and depression, surprisingly few postmortem
studies analyzed noradrenergic systems in suicide victims
with a well documented diagnosis of a mood disorder.
Therefore we investigated TH immunoreactive (TH-ir)
neurons of the locus coeruleus in depressed patients who
died by suicide or by natural causes, as compared to nor-
mal controls. The present study focused on two questions:
first, is there a deficit of noradrenaline synthesis in mood
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Table 1 Characteristics of de-

- : Patient No./ Fresh Brain  Psychotropic Cause of Death Psychiatric
pressed suicide patients Sex/Age Weight (g) medication in Diagnosis
(yrs.) last 4 weeks (DSMI-I1-R)
1,m,47 1670 No Acute loss of blood Bipolar
after suicide by Disorder
stabbing Depressed
296.53
2,£,39 1400 Amitryptiline (150 mg/d); Suicide by overdose  Major
diazepam 5 mg/d, Lithium- of medication Depression
carbonate (900 mg/d) 296.23
3,f,46 1410 Maprotiline (200 mg/d); Suicide by hanging Major
Haloperidol (5 mg/d) Depression
296.24
4,m,42 1320 Lithiumcarbonate (900 mg/d), Suicide by hanging Bipolar
flunitrazepam (2 mg/d), Disorder
amitryptiline (2 25/d), Depressed
chlorprothixen (150/d) 296.54
5,46 1300 Amitriptyline (200 mg/d), Suicide by overdose  Bipolar
haloperidol (15 mg/d), of medication Disorder
diazepam (5 mg/d), Depressed
Lithiumcarbonate (900 mg/d) 296.54
6,f,47 1300 Amitriptyline (150 mg/d), Suicide by overdose  Major
nitrazepam (5 mg/d) of medication Depression
296.34
Mean+ SD 1400 + 141
445 + 3.27
(age)

disorders and thereby a presynaptic transmitter deficit as
suggested by Schildkraut (1965) and Bunney and Davis
(1965) and, second, is there an association of suicidality
and numbers of locus coeruleus TH-ir neurons?

Materials and methods

Subjects

Postmortem brains from 12 subjects with the clinical diagnosis of
a mood disorder (DSM-111-R) were obtained from autopsies per-
formed in the time between 1988 and 1991 in several German and
Hungarian neuropathological institutes and medical examiners of-
fices. Similarly, 12 brains from sex- and age-matched control sub-
jects without a detectable neuropsychiatric disorder were included.
According to German autopsy laws informed consent was obtained
for autopsy and dissections of the brains by the relatives of all pa-
tients and control individuals.

Antemortem diagnoses according to DSM 111-R were obtained
by psychological autopsies referring to the careful study of clinical
records and/or interviews of at least one family member or physi-
cian involved in the treatment of the patients.

Diagnosis of a mood disorder was established by two indepen-
dent psychiatric examiners. By the same way neuropsychiatric dis-
orders were excluded in control individuals. Stressors occurred in
the last year before death were determined on axis 4 of DSM-I11-
R. Distribution of smokers and non-smokers was similar in suicide
victims and non-suicidal patients as well as in controls (one
smoker in each group). Neither in patients nor in controls were
qualitative neuropathological changes indicating neurodegenera-
tive disorders (such as Alzheimer’'s disease, Parkinson’s disease,
Pick’s disease), tumors, inflammatory, vascular or traumatic
processes seen by an experienced neuropathologist. Patients or
control subjects with a history of alcohol or drug abuse were ex-
cluded by anamnesis, toxicological screens, and liver histology.
Furthermore, subjects with ECT treatment in the last year were ex-

cluded, since ECT reportedly elevates TH levels (Masserano and
Takimoto 1981, Brady et al. 1994). Age ranged from 39 to 63 yrs.
(patients), and 30 to 67 yrs. (controls). Demographic data of pa-
tients and controls are presented in Tables 1-3.

Histological procedure

Brains were removed within 4 to 72 hours after death. Mean post-
mortem intervals were 36.33 hours for brains of suicide patients,
36.17 hours for those of non-suicidal patients and 35.6 hours for
controls. Brains were fixed in toto in 8% phosphate-buffered form-
aldehyde for at least 2 months (pH = 7.0, T = 15-20°C). Fronta
and occipital poles were separated by frontal sections anterior to
the genu and posterior to the splenium of the corpus callosum. The
brainstem was isolated by a cut perpendicular to its longitudinal
axis at the level of the leaving oculomotor nerve. After embedding
al parts of the brains in paraffin, 20 p thick serial sections of the
brainstem were cut perpendicular to the longitudinal axisin aros-
tro-caudal direction on a Leica Polycut microtome and mounted.
Each 50th section was deparaffinized, hydrated, and Nissl- (cresyl
violet-) stained. Adjacent sections to each third Nissl stained sec-
tion were selected along the rostro-caudal axis of the LC (nucleus
proper) and immunocytochemically stained for TH. The first (most
rostral) section for immunostaining of TH was randomly chosen
from thefirst three rostral Nissl-stained sections. Thus, selection of
sections was in accordance with the Cavalieri theorem of system-
atic sampling (Cavalieri 1966). Distance between the Nissl-stained
sections was 1 mm and between TH immunostained sections 3
mm. Thereby three to five sections of each LC were investigated
for TH immunoreactivity.

Immunocytochemical procedure

Mounted sections were deparaffinized, hydrated, and neurome-
lanin pigment of the locus coeruleus was bleached by hydrogen
peroxide for 48 hrs. To immunolocalize TH a polyclonal antibody
raised against TH in rabbits was used. The specificity of the anti-
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Table 2 Characteristics of de-

- - Patient No./ Fresh Brain  Psychotropic Cause of Death Psychiatric
pressed nonsuicidal patients Sex/Age Weight (g) medicationin Diagnosis
(yrs.) last 4 weeks (DSMI-IT-R)
7,62 1300 Lorazepam (5 mg/d), flupen- Pulmonary embolism  Bipolar
tixoldecanoate (20 mg/14d), Disorder
haloperidol (20 mg/d) Depressed
296.54
8,m,39 1520 Haloperidol 15 mg/d (week 1-3), Pulmonary embolism  Bipolar
last week: 3 mg fluphenazine + myocardial infarction Disorder
2 mg benperidol for 4 days. Mixed
Last 3 days no psychotropic 296.62
medication
9,f,61 1240 Amitriptyline 90 mg/d, halo- Bronchopneumonia Major
peridol 5 mg/d, nitrazepam Depression
2,5 mg/d except for last 4 days 296.34
10,f,60 1140 Trimipramine (150 mg/d) for Bronchopneumonia Bipolar
3 days the last week, chlordia- Disorder
zepoxide (20 mg/d) for 3 days Depressed
in the last week 296.54
11,f,41 1210 Amitriptyline (100 mg/d), halo- Pulmonary embolism  Major
peridol (20 mg/d), levomepro- Depression
mazine (320 mg/d). No psycho- 296.34
pharmacological medication
the last 2 days before death
12,f,63 1100 Amitriptyline (150 mg/d) Pulmonary embolism Major
Depression
296.34
Mean + SD 1252 + 149
5433+ 11.17
(age)

Table3 Characteristics of psychiatrically normal control subjects

Control No./Sex/ Fresh Brain  Cause of death

Age (yrs.) Weight (g)

1,m,64 1310 Cardiac insufficiency

2,f,67 1210 Sudden cardiac death,
coronary heart disease

3,f,63 1050 Sudden cardiac death,
coronary heart disease

4.f,50 1055 Rupture of aortal aneurysm

5,f,65 1100 Cardiac insufficiency, aortal
stenosis, insufficiency of
mitral valve

6,f,38 1200 Pulmonary embolism

7,m,40 1550 Myocardial infarction

8,f,30 1500 Pulmonary embolism

9,f,39 1210 Heat stroke after sun
exposure

10,m,54 1430 Fulminant pulmonary
embolism

11,f,61 1350 Cardiac insufficiency,
coronary heart disease

12,f,61 1160 Cardiac insufficiency

Mean + SD 1260 + 168

52.67 + 12.85 (age)

serum has been confirmed by the supplier performing Western
blotting and immunocytochemistry (Eugene Tech International
Inc., New Jersey, USA). After the preincubation of the sections
with methanol/H202 to depress endogenous peroxidases and re-
peated washing with phosphate-buffered saline (PBS), the TH an-

tiserum was used at a dilution of 1:1000 for 24 hrs. at 4°C after
preadsorbation with natural melanin (Sepia officinalis, Sigma, St.
Louis, MO, 0.1 mg/ml for 60 minutes) to remove possible crossre-
activity with neuromelanin. Further immunocytochemical protocol
involved the incubation with donkey anti-rabbit IgG serum (Amer-
sham, Freiburg, Germany) and the application of the avidin-biotin
technique (Amersham). The chromogen 3,3'-diaminobenzidine
was used to visualize the reaction product. For purposes of control
the primary antiserum was either replaced by buffer or normal
serum. Sections without the specific primary antiserum did not
show any immunostaining. Immunostaining was abolished by
preadsorbation of the primary antiserum with homogenated and
centrifugated adrenal human tissue, which isrich in TH. Two fur-
ther TH antisera (Sigma Biosciences. St. Louis, Missouri; Camon,
Wieshaden, Germany) were applied for immunostaining resulting
in a comparable neuronal staining pattern in the LC.

Morphometry

To estimate the total number of LC neurons, all Nisdsl-stained neu-
rons in the LC on both sides were counted in each section with the
aid of avideo-based computed system (DIGITRACE®) connected
with a microscope which was equipped with a motorized stage.
Immunoreactive neurons were identified visualy on the video-
screen and traced by aid of a computer mouse. Only sections with
more than three LC neurons on each side were included. The vol-
ume of the LC was estimated by integrating cross sectional areas
from the most rostral to the most caudal section. Given the volume
of the LC in asingle section by the product of cross sectional area
multiplied by the section thickness, neuronal numerical densities
could be calculated for each section. To remove overestimation of
neuron numbers by counting cell profiles (Coggeshall and Lekan
1996), the unfolding procedure after Cruz-Orive (Cruz-Orive
1978; Weibel 1979) with a correction for section thickness was ap-
plied in order to derive neuron numbers from profile counts.
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Fig.1A Tyrosine hydroxylase-immunoreactive neurons in the lo-
cus coeruleus

The total numbers of Nissl stained LC neurons were computed
by multiplying the mean numerical cell density by the volume of
the LC. Mean numbers of TH-ir neurons per section were calcu-
lated using the same unfolding procedure as referenced above.

Satistics

Differences between groups were analyzed by ANOVA and post
hoc least significant difference test. Effects of confounding vari-
ables such as age, postmortem delay, time of tissue fixation, dura-
tion of illness, and age at onset of disease were investigated by
means of Pearson’s linear correlations. Composition of groups
with respect to qualitative or categorical parameters such as sex or
diagnosis was tested by the Chi-Square test or Fisher’'s exact test.
Statistical analyses were performed by use of SPSS 7.5.

Results

Patients (depressed non-suicidal patients + depressed sui-
cide victims) did not differ from controls with respect to
age, brain weight and postmortem delay (F < 1.0, df =
1,22, p > 0.33). Similarly, except for age, suicide victims
showed no significant differences to non-suicidal patients
(F< 3.2, df =1,10, p > 0.10). There was a hon-significant
trend towards higher age in non-suicidal patients (F = 4.3,
df = 1,10, p = 0.07).

ANOVA showed a significant difference among non-
suicidal patients, suicide victims and controls with respect
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Fig.1B Pigmented neurons in the locus coeruleus

to mean numbers of TH-ir neurons per section (F = 4.6,
df =2.21, p = 0.02) (Fig.1A). Because of possible con-
founding effects of age and mean doses of tri- or tetra-
cyclic antidepressants given in the last 7 days before
death, these two parameters were included in the ANOVA
as covariates without changing the degree of significance.
Post hoc least significant difference tests showed the
number of TH-ir neurons significantly lower in non-suici-
dal patients (59.5 + 20.6) as compared to controls (86.9 £
20.8) or suicide victims (93.1 = 21.6), while this para-
meter did not differ between suicide victims and controls
(Figs.1A and 2).

ANOVA yielded no significant difference of mean
numbers of TH-ir neurons per section between patients
with bipolar disorder, unipolar depression or controls (F =
0.8, df = 2,21, p = 0.46). Total numbers of Nisdsl-stained
L C neurons showed no changes between suicide victims,
non-suicidal patients or controls (Fig. 1B).

Neither age at death nor age at onset of disease corre-
lated with total numbers of Nissl stained LC neurons
(r=003,n=12,p=093;r=0.05n=9, p=0.90, re-
spectively) or mean number of TH-ir neurons per section
(r=-011,n=12,p=0.73;r =037,n=9,p =0.32, re-
spectively). Duration of depressive illness did not corre-
late with total numbers of Nissl stained neurons (r = —0.08,
n=29, p=0.83), but there was a significant positive cor-
relation of illness duration with mean number of TH-ir
neurons per section (r = 0.77, n = 9, p = 0.02). Further-
more, the latter parameter showed a positive correlation
with mean doses of (tricyclic or tetracyclic) antidepres-
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Fig.2 Lack of tyrosine hy-
droxylase-immunoreactive
neurons in the locus coeruleus
of anon-suicidal? as compared
to those in a suicidal® de-
pressed patient

a41 yr. old women with unipo-
lar depression, died of fulmi-
nant pulmonary embolism

46 yr. old women with unipo-
lar depression, died of suicide
by hanging

abTop: Tyrosine hydroxylase-
immunoreactive neurons. Bot-
tom: Nissl-stained neuronsin
sections adjacent to those
shown at the top. Levels
shown on the left side () are
comparable to those of the
right side (°) with regard to the
rostro-caudal extension of the
LC.

Original magnification: 50x

a

sants given during the week before death (r = 0.79, n =9,
p = 0.01) (Fig.3). Postmortem delay and time of fixation
showed no correlation with the amount of Nissl stained
LC neurons (r =0.30,n =12, p=0.34; r = 0.15, n = 12,
p = 0.65, respectively) nor with mean numbers of TH-ir
neurons per section (r =-0.28, =12, p=0.36; r =-0.12,
n =12, p = 0.73, respectively). Each group comprised
three patients with bipolar disorder and three with unipo-
lar major depression. Similarly, distribution of gender
showed no significant differences in these two patient
subgroups: suicide victims 2: 4 (male — female); non-sui-
cidal patients 1:5 (male —female). Recent stressors as de-
termined by DSM-I1I-R did not differ between patient
groups and controls (F = 2,2, df =2.17, p = 0.14). Stressors
were not correlated to the amount of TH-ir neurons per
section (patients: r = 0.31, n = 11, p = 0.35; controls:
r=0.13,n=9, p=0.97).

Discussion

We found that in patients with mood disorders, who did
not commit suicide, the number of locus coeruleus neu-
rons immunoreactive for tyrosine hydroxylase are lower
than in controls, while suicide victims with mood disor-
ders did not show this difference. Considering tyrosine
hydroxylase as the limiting enzyme of noradrenaline syn-
thesis, this result indicates a noradrenergic deficit in those
patients with mood disorders who are actually not prone
to suicide. Since only 3 of the patients in the present study
were free of tricyclic antidepressants, which are reported
toreduce TH levelsinrats (Valentino et a. 1990; Brady et
al. 1991; Komori et a. 1992; Melia et al. 1992), a nora-
drenergic deficit in non-suicidal patients could be dis-
cussed as a sequel of antidepressive medication. There
are, however, some arguments against the assumption that
chronic application of tricyclic antidepressants, which oc-
curred in most cases of the present study, decreases levels
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or activity of TH in depression. Aside the possibility that
morphology and physiology of the human LC may not be
analogous in every aspect with the one of rodents, effects
of antidepressants on the activity of TH might differ state-
dependently in depression-like and normal behavior (Ko-
mori et al. 1990). In the current study, mean numbers of
TH-ir neurons showed a positive correlation with mean
doses of chronically applied antidepressants. In agreement
with this result the patient with the lowest number of TH-
ir neurons (# 8) was free of antidepressants for at least
three months before death, arguing against the assumption
that lower numbers of TH-ir neurons might be a result of
antidepressive medication.

The result of lowered TH-ir in the LC of non-suicidal
patientsisin agreement with the finding of reduced levels
of the noradrenaline transporter in patients with major de-
pression (Klimek et al. 1997). These authors interpreted
the decrease of the noradrenaline transporter as a counter-
balance effect induced by decreased levels of noradrena-
line in depression as suggested from animal data (Weiss et
al. 1981; Petty et al. 1993). Furthermore, data of the pre-
sent study are consistent with lowered levels of TH in de-
pression-like behavior of rats under forced running stress
(Komori T et al. 1990). In this study also the activity of
LC neurons was lowered in the depression-like state,
which was associated with lowered neuronal firing ratein
the LC (Murase et a. 1987). Therefore it is conceivable
that decreased TH-ir in non-suicidal patients reflects a
lower activity of LC neurons. This provides a morpholog-
ical confirmation of the hypothesis formulated as long as
more than three decades ago supposing a noradrenergic
deficit in depressed patients (Schildkraut 1965; Bunney
and Davis 1965). Our data of a positive correlation be-
tween TH-ir neurons and antidepressants suggest a nor-
malizing effect of antidepressants with respect to nora-
drenaline synthesis in depression. In contrast, depressed
suicide patients in the current study showed no such nora-
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drenergic deficit which might explain inconclusive results
in former studies designed to evaluate the noradrenaline
hypothesis but not taking into account the strong impact
of suicide on noradrenergic systems and vice versa (for
review see Anand and Charney 1997).

The other main result of the current study was the
higher number of TH-ir LC neurons in depressed suicide
victims as compared to depressed patients who did not
commit suicide. Some factors should be considered as
confounding variables. The possibility that this difference
could be aresult of drug treatment can be excluded, since
both groups received comparable amounts of antidepres-
sants (five of 6 suicide patients and four of 6 non-suicidal
patients). Other psychoactive drugs chronically applied to
patients in this study, such as neuroleptics (Cottingham et
a. 1990) or benzodiazepines (Nestler et al. 1990) have
been shown to be ineffective with regard to tyrosine hy-
droxylase in rodents. Acute haloperidol administration is
reported to elevate firing activity in the LC (Dinan and
Aston-Jones 1984), but none of the patients in the present
study received such an acute medication. The effect of
lithium on TH is amatter of controversy. A recent finding
of an increase of TH in cortex, hippocampus and striatum
of patients receiving lithium (Chen et al. 1998) isin con-
trast with a report that lithium does not influence the cat-
echolaminergic system, in particular TH (Ahluwalia and
Singhal 1984). Since only three patients investigated in
this study received lithium, effects of this drug on the re-
sults presented here are unlikely but can not definitely be
ruled out.

Other parameters such as age and postmortem delay
were in the same range in patient groups and controls.
Moreover, age-related effects on TH in the LC occur only
in elderly subjects (Chan-Palay and Asan 1989). Asfound
by others (Girault et a. 1989), numbers of TH-ir-LC neu-
rons did not correlate with postmortem delay, nor with
times of fixation. Differences in staining intensity were
ruled out by using equal numbers of sections from suicide
victims, non-suicide victims and control subjects in each
staining procedure, keeping the protocol for each staining
strictly constant. In none of the investigated individuals a
prolonged agonal state was noted. Thus, no hypoxic ef-
fects could influence the data. Smoking which is reported
to increase TH activity (Hiremagalur and Sabban 1995)
was similarly represented in suicide victims, non-suicidal
patients and controls indicating no influence of nicotine
on results of this study.

A methodological limitation of the current study is
given by the relatively large distance of sections investi-
gated for TH immunoreactivity. Thereby the topographi-
cal organization of the locus coeruleus with respect to its
projections (Mason and Fibiger 1979; Loughlin et al.
1986, b) could not be taken into account. This may be of
interest for further research since regionally restricted
structural changes in the LC have been reported for sui-
cide victims as well as for patients with mood disorders
(Arango et a. 1996; Baumann et a. 1999).

The result of similar numbers of TH-ir neurons in the
LC of suicide victims as compared to controls is partially
in conflict with the finding of Ordway and colleagues (Ord-
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way et a. 1994) who described elevated TH protein con-
centrations in the LC of suicide victims as compared to
controls. Variances of neuronal protein concentration as
well as differencesin the study populations with regard to
sex (Babstock et al. 1997), race (Venter and Joubert
1984), underlying psychiatric diagnoses in suicide vic-
tims, and pharmacological influences might be responsi-
ble for this discrepancy. Aside these problems it can be
concluded from the present study as well as from the re-
sults of Ordway and coworkers that the risk for suicidal
acts in psychiatric patients might increase with TH levels
inthe LC.

Our data are also in conflict with the opposite finding
of decreased TH immunoreactivity in suicide victims re-
ported by Biegon and Fieldust (1992). Similar method-
ological differences as remarked in the study of Ordway
and coworkers (1994), in particular measurement of opti-
cal staining intensity instead of the amount of immunore-
active neurons, could explain the contrary findings. How-
ever, the result of equal numbers of TH-ir neurons in the
L C of suicide victims as compared to controls reported by
these authors is in agreement with our data.

The finding of a positive correlation between the num-
ber of TH-ir neurons and illness duration is difficult to in-
terprete. One could speculate, that processes of sensitiza-
tion occuring during recurrent depressive episodes may be
responsible for an increasing noradrenergic synthesis in
the LC.

The elevated number of TH-ir neuronsin the LC of de-
pressed suicide victims as compared to depressed non-sui-
cidal patients suggests that suicidal risk in mood disorders
is related to the noradrenaline synthesis. Despite the dif-
ferences in the number of TH-ir neurons between suicida
and non-suicidal patients, the present study found no nu-
merical alteration of Nissl-stained pigmented LC neurons
between these groups. Considering neuromelanin-con-
taining neurons in the brainstem as a catecholaminergic
marker (Bogerts 1981), this constellation indicates that
varying numbers of TH-ir neurons found in the current
study are not due to differences in the total amount of LC
neurons capable of noradrenaline synthesis but rather to
the present content of TH in these neurons, thus, leading
to a changing detectability of TH-ir neurons. This might
confirm the number of TH-ir neuronsin the LC as a state-
dependent marker of suicidality in patients with mood dis-
order. However, a study reporting distinct alleles of the
TH gene associated with suicidal behavior (Persson et a.
1997) might indicate the TH gene as a potential trait
marker of vulnerability for suicidal risk.

Animal models of depression suggest enhanced nora-
drenergic function of the LC asaresponse to certain stres-
sors (Komori T et a. 1990; Smith et al. 1991) which can
also be assumed for the prodromal phase of a depressive
episode in the human. While the depression-like behavior
exacerbates, noradrenergic tone in critical brain areas
such as the locus coeruleus might return to normal levels
as sequel of a stress adaptation (Smith et al. 1991) or even
dysregulate to subnormal levels (Weiss et al. 1976; Weiss
and Simson 1985; Komori T et al. 1990; Petty et al. 1993;

Kitayamaet a. 1997). During the phase of remission, nor-
adrenergic innervation might recover and return to normal
or temporary elevated levels (Komori T et al. 1990;
Kitayama et a. 1997). Considering TH as a marker for
suicidality in human depression, increased risk for suici-
dal acts might occur in the early and in the remissive
phase of a depressive state which would be consistent
with literature reports suggesting suicidal incidence dur-
ing recovery from depressive episodes (Schweizer et al.
1988; Goldacre et a. 1993; Shah and Ganesvaran 1997).
Itis conceivable that suicidal risk is constrained to certain
time frames in a depressive episode which are defined by
still normal or recovered noradrenergic function. It re-
mains to be established whether antidepressants could
temporarily increase suicidality via effects on noradrener-
gic systems as suggested by some authors (Montgomery
et a. 1992; Teicher et al. 1993). In summary, we found
decreased numbers of tyrosine hydroxylase-immunoreac-
tive neurons in non-suicidal depressed patients indicating
reduced noradrenergic activity. There was no change in
suicide patients. The results support the noradrenaline hy-
pothesis of major depression and indicate that treatment
with antidepressant drugs increase noradrenergic activity.
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