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HELLHAMMER, D. H., M. A. REA, M. BELL, L. BELKIEN AND M. LUDWIG. Learned helplessness: EfJects on
brain monoamines and the pituitary-gonadat axis. PHARMACOL BIOCHEM BEHAV21(4) 481-485, 1984.-Theeffect of
the learned helplessness paradigm, a model of depression, on biogenic amines in eight brain regions, and on the serum
levels of luteinizinghormone, corticosterone, and testosterone in male rats was determined. Rats whichwere exposed to
uncontrollable and unpredictable shocks (HY·rats) had hormone levels similar to those in appropriate control animals.
However, HY-rats had higher levels of 5-HIAAin the pons/medulla oblongata and lowerlevelsof5-RT inthe cortex than
rats whichcould escape the shocks (HE-rats). Furthermore, striatal levelsofNE werehigherin HY·rats whencomparedto
Hfi-rats and non-shocked controls (Hfl-rats), Shock treatment per se resulted in lower NE levels in the hippocampus.
These data implicate the serotonergic and noradrenergic systems as possible mediatorsof the learned helplessness phe­
nomenon, but do not support the view that this behavior is associated with impaired pituitary-gonadal function.

Learned helplessness Brain monoamines Corticosterone Luteinizing hormone Testosterone

RECENTLY, we discussed a psychobiological concept of
"learned helplessness," including two distinct behavioral
and neurobiological mechanisms. We postulated that
animals, after being exposed to unescapable aversive events,
show deficits in the subsequent acquistion of behavioral
skills due to an acetylcholine-mediated inhibition of
avoidance motivation and a serotonin-mediated inhibition of
behavioral activity [13J.

The serotonergic mechanism may become important if
aversive events are given chronic and moderate enough to
allow the animal to elicit a "conservation-withdrawal" reo
sponse [10]. Perhaps, this status can be characterized by a
reduced functional activity of central noradrenergic systems
and enhanced activity ofserotonergic neurons [12,13]. It has
been shown that cyproheptadine hydrochloride, a serotonin
(5-HT) antagonist, reverses behavioral inactivity after such
training without improving the learning ability in subsequent
behavioral tests [17]. On the other hand, 5·hydroxy­
tryptophan produces interference with the acquisition of an
escape response which can be prevented by the 5-HT-an­
tagonist rnethysergide [6]. Moreover, lower levels of S-RT in
the brain stem and the locus coeruleus [24] and in synap­
tosomal pellets of the septum and the anterior cortex [20]
were reported after exposure to uncontrollable foots hock.
These data support a proposed serotonergic mechanism of
behavioral depression [5,16], which may be related to a
functional imbalance of both the serotonergic and the norad­
renergic transmitter systems [12,19].

In the present study, we investigated effects of helpless-

ness traimng, which was sufficient to produce behavioral
inactivity, on levels of central biogenic arnines and metabo­
lites. With respect to our recent research on effects of stress
on the hypophyseal-gonadal axis [15], we decided to investi­
gate additionally the levels ofluteinizing hormone «LH) and
testosterone (T), as well as corticosterone, since these hor­
mones are considered relevant as mediators of stress effects
on testicular function [7,8,9].

METHOD

EXPERIMENT I

The first experiment was performed to investigate the ef­
fect of helplessness conditioning on subsequent escape per­
formance.

Subjects and Apparatus

Fifteen male, adult Wistar rats were trained in the triadic
yoked control paradigm [23]. Five rat triplets were placed in
individual Plexiglas operant chambers, which had interior
dimensions of 21x 14x 17 em. Each chamber contained a
movable wheel (5 cm diameter). The tails of the rats were
fixed outside of the chamber and connected to needle elec­
trodes. Triplets were weight matched and had no sensory
contacts with each other during the sessions. Shocks (0.7
rnA; 10 sec duration; 20 sec fixed interval) were given via tail
electrodes for one hour on each of five consecutive days
between 9:00 and 11:00 a.m, One rat of each triplet was
capable of escaping the shock (HE-rat) by turning the wheel.
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If the HE-animal failed to do so, it received, together with
it's yoked counterpart, (HY-rat) a footshock. The BY-rats
had no control over the shocks. A third rat, which served as
an untreated control (He-rat) was maintained under the
same experimental conditions but did not receive shocks.

The efficiency of the conditioning procedure was tested
24 hr after the test training sessions using a shuttle-box
(Campden Instruments; 49x21 x23 em) in which animals
could learn a two-way escape response in order to avoid
shocks (0.7 rnA; 10 sec duration; 20 sec fixed interval) which
were given over a 90 min period.

Behavioral Records

The behavior of HY-rats was continuously observed and
recorded during intervals of five seconds. An observer reo
corded the dominant behavior during each interval either as
"locomotor activity," "wheel-turning" activity, or "freez­
ing" (immobility). The wheel turns of all animals were quan­
titatively recorded by an event recorder (Carnpden Instru­
ments). Behavioral observations during shuttle-box per­
formance included recording of successful two-way escape
learning and unsuccessful one-way escape responses.

EXPERIMENT 2

Subjects and Apparatus

Another ten triplets of adult, male Wistar rats were used.
They were exposed to the triadic yoked control paradigm as
described above. After the last training session, these rats
were killed by decapitation (between 11:00 a.m. and 11:30
a.m.); the brains 'were rapidly removed, placed immediately
in the cold box (-lOOC) and dissected into the following
brain areas: pons/medulla oblongata, midbrain, hypothala­
mus, thalamus, striatum, hippocampus, and cortex. All brain
parts were frozen in liquid nitrogen, wrapped in aluminum
foil, and stored at -70°C until they were assayed.

Behavioral Records

The behavior of the triplets was recorded as described for
animals of the first experiment.
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ESCAPE-LEARNING ESCAPE-RESPONSE

HPCL-Assay of Biogenic Amines and Metabolites

Brain monoamines and metabolites were measured in
formic/acid acetone extracts of brain tissue by high perform­
ance liquid chromatography with electrochemical detection
as described elsewhere [14,22].

Assay Methods

For the corticosterone assay, 50-100 Ikl of serum were
extracted with diethylether. After evaporation, the residue
was dissolved in 5 ml assay buffer, and 1 ml was kept for
recovery measurement. A 100 ILl aliquot was used [or the
radioimmunoassay (RIA; antibody dilution: 1:40000). The
intra- and the interassay coefficients of variation was 4.3%
and 9.5%, respectively (N =5). The sensitivity of the assay
was 0.42 nmolll, and the 5(}% intercept was 73 pg/tube. In­
creasing amounts of corticosterone to steroid-free serum
were estimated by this method. The correlation with the
theoretical value was r=0.99l5; p=O.OOl.

Serum luteinizing hormone was measured by radioim­
munoassay. Reagents were provided by NIAMDD, Rat Pi­
tuitary Distribution Program. NIAMDD Rat LH-RP-l, Rat

FIG. 1. After exposure to the triadic paradigm, rats with pre­
experience of inescapable and uncontrollable shocks (HY) showed a
deficit in the acquisition of a two way escape learning task, when
compared to their counterpartswhich couldescape the shocks (HE)
or received no shocksduring pre-training. Rats received 180 shocks
(FI 15, 0.7 mA) over a period of 90 min. Columns represent the
absolute number of successful two-way escape-learning and unsuc­
cessful one-way escape responses (Means z Sfi).

LH-I-4 and anti-rat-LHS-5 were used for the LH assay. The
intra-assay coefficient of variation was 8.7% and the inter­
assay coefficient was 11.4%. Testosterone was measured in
serum extracts without chromatography by radioimmunoas­
say [18]. The intra- and inter-assay coefficients of variation
were 3.7% and 11.9%, respectively.

RESULTS

EXPERIMENT 1

During the five training sessions in the triadic paradigm,
yoked rats developed a gradual increase in freezing (from 5%
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phenylglycol (MHPG), in any of the brain parts. As seen
from Table I, changes for 5-HT were found in the cortex,
F(2,24)=3.67, p<0.04, and for its metabolite 5-hydroxy­
indoleacetic acid (5-HIAA) in the pons/medulla oblongata.
Cortical5-HT levels were lower in HY-rats when compared
to HE-animals (t=2.69, p<O.013), and 5-HIAA levels were
higher in HY-rats than in HE-rats (t=2.40, p<O.023).

Hormones

Levels for corticosterone, LH, and testosterone did not
differ significantly between the groups (Table 2).

Relationships Among Behavior, Biogenic Amines
and Hormones

FIG. 2. Behavior of yoked rats (BY) was registered in intervals of 5
seconds as either "freezing," "wheel-turning," or "locomotor ac­
tivity" over 5 session (one per day) of I hr each. Freezing gradually
increases over the training sessions, while locomotor activity de­
creases.

to 54%), and reduced wheel-turning behavior (from 42% to
29%) and locomotor activity (from 53% to 27%). After having
been exposed to uncontrollable and inescapable shocks,
yoked rats showed a deficit in the acquisition of a two-way
escape learning task in the shuttle-box (Fig. I). On the other
hand, HY-anirnals still showed a high rate of one-way escape
responses. These data demonstrate that training was suffi­
cient to produce interference with subsequent learning but
does not result in impaired escape performance per se .

2 3 5 sessions (days) To investigate the relationship between the behavioral
and biological data, behavioral records from the last training
session were analysed for correlations with levels of biogenic
amines and hormones (Pearson and Student's two tailed
r-test),

In HY-animals, freezing was negatively correlated with
cerebellar levels of DOPAC (r> -0.92, p<O.OI). Locomotor
activity was positively associated with levels of corticoste­
rone (r=0.84, p 0.01), and the number of received shocks
was negatively correlated with cerebellar levels of 5-HT
(r=-0.94, p<O.OOl) and DA (1'=-0.81, p<O.Ol).

In the HE-rats, however, wheel turning activity was pos­
itively correlated with levels of cortical DA (r=0.90,
p<O.OOI) and DOPAC (r=0.82, p<O.OI). The number of ob­
tained shocks was negatively correlated with wheel turning
activity, thus resulting in negative correlations with DA
(r=-0.90, p<O.OOl) and DOPAC (r=-0.88, p<O.OI) in the
cortex, but was also associated with low levels of 5-HT in this
brain region (r=-0.86, p<O.Ol).

GENERAL DISCUSSION

EXPERIMENT 2

Behavior

Similar to yoked rats from the first experiment, HY-rats
of this experiment also showed increased freezing behavior
and less wheel-turning and locomotor activity over the five
session (Fig. 2). These data suggest that our experimental
animals responded adequately to the helplessness condition­
ing procedure, resulting in a comparable learning deficit. The
individual rating scores for freezing and locomotor activity,
as well as the absolute number of wheel-turns as registered
by the event recorder, were used for further correlational
analysis with neurochemical and endocrine data.

Biogenic Amines

As seen from Table 1 levels of dopamine (DA) and 3,4­
dihydroxyphenylacetic acid (DOPAC) showed no significant
differences among groups after the last training session.
However, analysis of variance (ANOVA) revealed signifi­
cant differences for NE in the striatum, F(2,16)=3.43, p<0.05,
and the hippocampus. F(2,26)=4.09, p<O.Ol.

In the striatum NE levels were higher in HY-rats than in
both HE-animals (t=2.29, p<0.035) and HC-controls
(t=2.27, p<0.037). In the hippocampus, NE levels were
lower in HE-rats (t=2.69, p<0.012) and HY-rats (t=2.70,
p<0.012) when compared to HC-animals. No differences
were found for the NE metabolite, 4-hydroxy-3-methoxy- y.

The helplessness conditioning procedure used in this
study produces behavioral depression after a minimal
chronic exposure to aversive events. Our first experiment
has shown that the training was sufficient to produce inter­
ference with a subsequent learning task, which is unlikely to
be caused by motor impairment.

Recent research on inescapable and uncontrollable
shocks primarily focused on the noradrenergic system and
provided evidence that acute stress results in a transient NE
depletion, while prolonged chronic stress results in un­
changed NE levels in the brain [1, 3, 24]. With respect to
studies in mice [2], we would expect lower levels of NE in
yoked animals which were killed after the last exposure to
stress. In our study, however, this was only true for the
hippocampus. Since the same effect has been observed in
HE-animals, lower hippocampal NE levels may be better
attributed to the stressful treatment than to shock control­
ability. If hippocampal NE depletion reflects an unspecific
stress response, these data agree with our findings in
activity-stressed animals which show the same effect after
exposure to this paradigm [21]. On the other hand, yoked
animals showed elevated levels ofNE in the striatum, a brain
region which plays an important role in regulating both be­
havioral and mental activity [11]. With respect to our theory
[12], hypoactivity of noradrenergic striatal nerve terminals
may underlie conservation-withdrawal behavior.

In this study, we did not find significantly different levels
for DA and DOPAC among the experimental groups. How-
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TABLE 1
CONTENTS OF BIOGENIC AMINES AND METABOLITES IN EIGHTBRAIN REGIONS (pmol/rng) OF MALE RATS WHICH RECEIVED

ESCAPABLE (HE; N=!O), NON-ESCAPABLE (HY; N=IO), ORNO SHOCKS (HC; N=lOl IN AN OPERANT CHAMBER

DA DOPAC NE MHPG 5-HT 5-HIAA

pons/medulla HE 0.27 :±: 0.08 0.08 :!: 0.02 3.80 :t 0.54 0.44 :t 0.15 4.94 ± 0.60 3.10 :t 0.79
HY 0.27 ± 0.04 0.08 ± 0.01 3.90 :!: 0.35 0.40 :!: 0.19 5.37 :!: 0.49 4.14 :!: 1.36*
HC 0.32 ± 0.05 0.09 ± 0.04 4.05 :t 0.17 0.50 ± 0.18 5.34 ± 0.43 3.30 ± 0.50

midbrain HE 0.70 :t 0.18 0.161:0.04 2.69 ± 0.41 0.34 :!: 0.09 6.13 1: 0.64 4.47 ± 1.03
HY 0.65 ± 0.22 0.12 :!: 0.04 2.69 ± 0.48 0.37 ± 0.05 6.21 ± 0.75 4.67 ± 0.89
HC 0.76 ± 0.21 0.13 :!: 0.05 2.97 ± 0.52 0.40 ± 0.14 6.53 ± 0.48 4.53 :t 0.66

thalamus HE 1.18 ± 0.40 0.13 ± 0.05 3.34 ± 0.58 0.52 ± 0.15 5.62 :t 0.81 3.60 :t 0.87
HY 1.44 ± 1.11 0.161:0.09 3.80 ± 0.92 0.56 ± 0.09 5.77 ± 1.24 3.66 ± 1.02
He 1.07 ± 0.39 0.12 :!: 0.06 3.68 :t 0.49 0.68 ± 0.37 5.77 ± 0.74 3.54 ± 0.54

hypothalamus HE 2.09 ± 0.57 n.d, 13.55 :t 2.96 0.23 ± 0.07 7.01 :!: 1.30 2.87 :t 0.62

HY 2.02 :t 0.22 n.d, 12.98 ± 1.84 0.24 ± 0.05 7.07 :t 0.59 2.81 :t 0.49

HC 2.45 ± 0.48 n.d. 14.68 ± 2.90 0.25 ± 0.10 7.71 ± 1.45 3.18 ± 0.93

striatum HE 17.03 :t 11.54 4.73 ± 1.47 1.37 :t 0.58 0.55 ± 0.16 4.20 ± 0.91 4.12 ± 1.09

HY 73.80 ± 10.74 4.77 ± 0.54 2.18 1: 0.85* 0.57 ± 0.10 4.39 ± 0.70 4.25 ± 0.94

HC 81.77 :t 9.78 5.18±0.79 1.35 ± 0.38 0.62 ± 0.16 4.31 :t 0.71 4.09 :±: 0.63

hippocampus HE 0.69 ± 0.34 n.d, 1.67 :t 0.25t 0.18:t 0.08 2.84 ± 0.55 3.15 ± 0.82
HY 0.69 :t 0.18 n.d, 1.65 :t 0.26t 0.22 :t 0.04 2.63 ± 0.33 3.16 ± 0.79
HC 0.75 ± 0.24 n.d, 2.16 :t 0.58 0.22 :t 0.09 2.98 :t 0.35 3.26 :t 0.51

cortex HE 7.02 :t 1.97 0.63 ± 0.13 1.67 ± 0.66 0.23 ± 0.26 4.62 :t 0.78 2.16 :t 0.24
HY 6.11 ± 2.01 0.48±0.17 1.75 ± 0.65 0.23 ± 0.24 3.82 :t 0.50:~ 1.83 :t 0.53
HC 6.06 ± 1.19 0.52 ± 0.11 1.92 ± 0.69 0.46 ± 0.30 4.17 ± 0.49 1.90 :t 0.28

cerebellum HE 0.47 :t 0.14 0.03 ± 0.03 0.99 ± 0.24 0.83 ± 0.25 1.06 ± 0.45 0.71 :t 0.39
HY 0.66 :t 0.25 0.10 ± 0.03 0.81 ± 0.23 1.25 ± 0.69 1.21 ± 0.82 0.97 :t 0.55
He 0.51 ± 0.17 0.05 ± 0.03 0.95 :t 0.21 0.99 ± 0.31 0.94 ± 0.21 0.80 ± 0.30

*Significant (p<0.05) when compared to HE and He animals.
tSignificant (p<0.0l) when compared to HC animals.
tSignificant (p<0.0l) when compared to HE animals.
n.d, "'Non detectable.
Means ± SD.

TABLE 2

LEVELS OF CORTICOSTERONE, LUTEINIZING HORMONE ANDTESTOSTERONE AS DETERMINED
IN TRUNK BLOOD (MEAN ± SD) AFTERTHE LAST FIVE TRAINING SESSIONS IN RATS WHICH

RECEIVED ESCAPABLE (HE; N=10), INESCAPABLE (HY; N"'IOIAND NO SHOCKS (HC; N=IO)

Corticosterone (ng/ml) 164.30:±: 147.80 200.50 :t 114.50 184.60 :t 94.30
Luteinizing Hormone (ng/ml) 7.59 ± 3.27 8.00 ± 3.44 5.61 :t 3.79
Testosterone (ng/m1) 3.60 :±: 1.63 5.12 :t 3.10 3.501: 2.31

ever, in yoked helpless rats, cerebellar levels of DOPAC
were negatively correlated with freezing behavior in the last
training session. This may suggest that freezing is related to
cerebellar DA turnover. Furthermore, wheel turning activity
was positively correlated with levels of cortical DOPAC and
DA in HE-animals, supporting the view that the metabolism
of DA in this brain region is associated with behavioral ac­
tivity. Lower levels of DA in the anterior cortex were also
found in yoked rats when compared to their avoidance­
escape counterparts (24]. Pharmacological studies (1, 2, 3]
and neurochemical data have recently suggested (see (4])
that the dopaminergic system may also playa role in stress
controlability .

The levels of serotonin were lower in the cortex of yoked
rats when compared to HE-animals. With respect to the pro­
posed functional imbalance of serotonergic and noradrener­
gic mechanisms during conservation-withdrawal behavior,
one may interpret this, as well as the enhanced levels of
5-HIAA in the pons/medulla, in terms of an increased
serotonin turnover in the brain. If so, our data agree with
the recently reported depletion of 5-HT in the locus coeruleus
and brain stem of yoked rats 90 min after exposure to uncon­
trollable stress (24]. Since levels of cerebellar 5-HT were
negatively correlated with the number of unpredictable and
uncontrollable shocks, one may also speculate that the
serotonergic Raphe systems responds to the amount of this
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type of stress. In HE animals, we found a positive correla­
tion between cortical 5-HT levels and the number of shocks
received. This supports the idea of a relationship between
successful control of shocks and 5-HT metabolism.

The stress conditions used in this study were not suffi­
cient to produce any observable changes on the
hypophyseal-gonadal axis. However, in yoked rats, there was
a positive correlation between the levels of corticosterone
and locomotor activity in the last session, suggesting that
rats which have not yet fully developed behavioral depres­
sion have a higher release of this stress hormone.

With respect to recent research on different types of
chronic stress, we would expect that levels of LH would
return to normal under chronic stress conditions, but not
testosterone [91. Other investigators have speculated that the
reduction in serum T levels under stress is not due to de­
creased serum LH levels but occurs either as a consequence
of sympathetic nervous arousal or increased corticosterone
levels [71. Data from this study showed no correlations be­
tween T and corticosterone; this does not support the
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hypothetical relationship between these two hormones under
such treatment conditions. On the other hand, we recently
provided evidence that male infertility is associated with an
ergotropic stress response and sympathetic arousal [15].
Yoked animals in our study, which emit gradually more
freezing behavior, seem to develop a conservation­
withdrawal response which is likely to be associated with a
trophotropic status of the organism. The tendency towards
higher levels of T in these animals is consistent with the view
that such a psychobiological status may, rather, improve
gonadal functions [15].
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