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The purpose of this study was to evaluate the serum level of serotonin (5-HT) during rest and
response to exercise in subjects with spinal cord injury (SCI) with di�erent levels of physical
activity. Twenty-®ve male subjects with traumatic paraplegia, the neurological levels being
between T1 and T12, volunteered for the study. They were divided into two groups matched
for age, weight and time since injury, according to the level of physical activity: 14 inactive
and 11 subjects regularly involved in sports activity and considered active. They all performed
a maximal spiroergometric test with an arm crank ergometer. Two samples of blood were
collected for 5-HT determination, during rest (PRE) and immediately after exercise test
(POST). Serum 5-HT concentration was measured by high performance liquid chromato-
graphy using electrochemical detection (HPLC-ED). The results showed that peak oxygen
uptake (V

.
O2peak) was higher in the active group (27.08+2.60 vs 18.89+5.58 mL.kg71.min71,

P50.001). There were no signi®cant di�erences between the inactive and active groups for the
5-HT PRE (respectively 176.96 and 193.73 ng.mL71, P40.05) or POST values (275.44 vs
311.05 ng.mL71, P40.05). Both groups showed an increment in 5-HT after maximal exercise,
but only in the active group it reached statistical signi®cance (Wilcoxon test, P50.02). Our
results show that chronic paraplegic individuals have normal resting serum serotonin levels
and normal response to exercise. The relationship between training status, mood elevation and
5-HT in SCI could not be established in the present study, and further investigation is needed
to clarify this issue.
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Introduction

Serotonin (5-HT) is a neurotransmitter synthesized from
the essential amino acid tryptophan. The serotoninergic
pathways emanate from cell bodies situated mainly in
the midbrain raphe nuclei, with di�use projections in the
forebrain (hippocampus, hypothalamus, striatum, cor-
tex), medulla and spinal cord.1 It is also present in the
peripheral system and plays its physiological role by
activating di�erent 5-HT receptors.2

In the past two decades several studies have
addressed the role of serotonin in di�erent physiolo-
gical mechanisms, such as control of thermoregulation,
cardiovascular regulation, sympathoadrenal out¯ow,2

and in the pathogenesis of various symptoms and
diseases such as pain,3 fatigue, anxiety and depres-
sion.5

Physical exercise increases brain 5-HT synthesis and
metabolism,6 and possibly the mood-elevating e�ects
of exercise are related to these changes in mono-
aminergic metabolism.1,6,7

So far, the serum level of 5-HT in spinal cord injured
subjects has not been investigated. Considering that
depression is frequently associated with spinal cord
injury8 and 5-HT plays a role in di�erent types of
depression,5 the purpose of this study was to
investigate the serum level of serotonin in paraplegic
individuals, during rest and after maximal exercise test.

Methodology

Subjects
Twenty-®ve subjects with complete spinal cord injury
(ASIA grade A)9 with upper motor neuron lesion
between T1 and T12 for at least 11 months volunteered
for the research. All gave their written informed
consent to a protocol approved by the ethics
committee for human experimentation, and were
screened for any contraindication for a maximal
spiroergometric test.

The subjects were divided in two groups according
to the level of physical activity: active (regularlyCorrespondence: LL Steinberg
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involved in sports activities, ie wheelchair basketball,
tennis or swimming practice at least twice a week) ± 11
subjects and inactive (not involved in sports activities)
± 14 subjects. All were male, and the groups were
matched for age, weight and time since injury (Table
1).

Spiroergometric test
All exercise tests were performed with an arm crank
ergometer (Cybex MET300, Lumex Inc., New York).
The incremental test began with 25 watts and increased
12.5 watts every 2 min until exhaustion. An open circuit
system was used to monitor the ventilatory and
metabolic responses. Expired ventilation, oxygen and
carbon dioxide concentrations were measured every 20 s
by a Vista Metabolic System and the data were analyzed
by a software designed for this purpose (Turbo®t,
Ventura, CA). Heart rate was recorded every 5 s by a
heart rate monitor (Polar Vantage XL, Finland).

Serotonin
Two samples of blood (5 mL) were collected in dry
tubes from the antecubital vein, during rest (PRE) and
immediately after (POST) exercise test. Serum was
separated by centrifugation, stored at 7808C and
prepared according to a methodology described else-
where.10 Serotonin level was determined using liquid
chromatography with electrochemical detection
(HPLC-ECD).

Stastistical analysis
The parametric variables (V

.
O2peak, HR-bpm, maximal

power output7POmax and weight) were contrasted
using a t-test for independent variables. The non-
parametric data (age, time since injury, HR-% and 5-
HT) were assessed using Mann-Whitney test for
unpaired values (active vs inactive) and Wilcoxon test

for paired values (PRE vs POST). The level of
signi®cance was set at 0.05.

Results

The data from the physiological response to exercise
are shown in Table 2. V

.
O2peak and POmax were higher in

the active group, while HR (in bpm and % of
predicted), basal and post-exercise serum 5-HT did
not show statistical di�erence among the groups. Only
the active group had a signi®cant increase in 5-HT after
exercise when compared to the PRE values (Figure 1).

Discussion

The present study shows that, under resting conditions,
the serum level of serotonin in paraplegics is within the
normal range of values.10 ± 14 Several chronic neurolo-
gical conditions such as multiple sclerosis, Alzheimer's
disease and trigeminal neuralgia are associated with
changes in platelet- and serum serotonin.12,15 No
di�erences were found between the active and inactive
groups, while Soares et al16 reported higher serum 5-
HT levels during rest in trained than in untrained able-
bodied individuals. Di�erences in training status of the
subjects between the studies might have accounted for
the discrepant results, since the active group of their
study was constituted of national and international
track and ®eld able-bodied athletes, while in the
current study recreational athletes were included.

Our data show that active and inactive paraplegics
were able to increase serum 5-HT after a single session
of maximal exercise, although only in the active group
it reached statistical signi®cance. This might have been
caused by their di�erence in level of activity, but other
factors must be considered. The active group exercised
more vigorously in absolute terms, exercise since higher
V
.
O2peak and maximal workload were observed in the

active subjects and possibly led to a more pronounced
response to exercise. The relatively small size of the
sample might have contributed to the lack of
signi®cance between PRE and POST values in the
inactive group. So far, the response of serum 5-HT
after arm crank exercise has not been investigated and
for that reason it is not possible to compare the present
®ndings with other studies in spinal cord injured or
able-bodied subjects with the same type of exercise.

Nevertheless the increment after exercise detected in
the present study is in accordance to ®ndings in animals
and healthy human subjects after leg exercise.11,13,14

Table 1 Demographic and anthropometric data

n
Age
yrs.

Time injury
mo.

Weight
kg

Active
Inactive

11
14

28.00+2.53
33.36+11.49

174.73+7.72
174.29+8.00

66.53+10.48
63.09+12.55

P40.05

Table 2 Physiological and serotonin response to maximal exercise in paraplegic individuals, according to the level of physical
activity

V
.
O2peak

mL.kg71.min71
HRmax

bpm
HRmax

%pred
POmax

watts
5-HT PRE
ng.mL71

5-HT POST
ng.mL71

Active
Inactive

27.08+2.60
18.89+5.58*

182.08+18.65
172.71+26.37

94.27
92.38

98+23
57+17*

193.73
176.96

311.05
275.44

*lower than active (P50.001)
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Acute exercise raises the blood-brain transport of
tryptophan (the precursor of serotonin), thereby
increasing the rate of 5-HT synthesis and metabo-
lism4,7 and it could also lead to an increment in serum
levels.11,13,14 Changes in platelets due to exercise could
also lead to an augmentation in serum 5-HT, since they
are the main carrier of 5-HT in the periphery,11 but
Jensen et al13 recently rejected this hypothesis.

Severely ill patients show serum 5-HT higher than
normal during rest and a blunted response to exercise and
these alterations are associated with uncontrollable or
uncoping stress mechanisms.14,15 Although spinal cord
injury is a severe medical condition with several potential
complications, it does not seem to interfere with normal
serum 5-HT response to exercise, at least in subjects with
spinal injury for longer than 11 months.

Our ®ndings are consistent with previous ®ndings
that previous studies have shown a reduction in
depression and anxiety in physically trained spinal
cord injured individuals,17 ± 19 but further investiga-
tions are necessary. Although one of the possible
mechanisms for the mood elevation after training is
related to an increase in serotonin synthesis and
metabolism,1,20 our results do not con®rm the role of
5-HT in mood elevation after training in spinal cord
injury. Thus, further investigation is needed in order to
clarify our knowledge on the e�ects of exercise upon
mood state in SCI individuals.

Conclusions

In short, chronic paraplegic individuals have normal
resting serum serotonin levels and a normal response to
exercise.
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Figure 1 Serum serotonin in paraplegic individuals, during
rest (PRE) and after (POST) maximal exercise test.
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