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Human beings must adapt both to novel, unfavourable conditions and to circumstances of physical 
or psychological isolation. The initial response to stress depends fundamentally on the activation of the 
HPA axis. In regaining homeostatic equilibrium, melatonin plays a role due to its synchronising and anti-
stress properties. To study the role of melatonin and the pineal gland in the organic and/or behavioural 
response to acute or chronic stress, 311 children were divided into two large groups: 1) Control Group 
- 121 healthy children classified, in turn, into 4 control subgroups, one for each pathology being studied; 
2) Problem Groups, classified as traumatic stress (n=58), surgical stress (n=38), psychic stress (n=64) 
and febrile stress (n=30), according to pre-established clinical criteria. These groups were sub-classified 
according to the degree (low or high) and duration (acute or chronic) of the stress. This study used a 
case controlled, cross sectional design. Serum melatonin was measured by radioimmunoassay (RIA). In 
all the situations of acute stress, melatonin increased at a rate directly proportional to the severity and/
or duration of the stress-causing stimulus. In contrast, in chronic stress, i.e. the Affective Deprivation 
Syndrome (or Psychological Dwarfism) with or without non-organic failure to thrive, resulted in the 
opposite response with a significant reduction of melatonin. In conclusion, in acute stress an increase 
in the bioavailability of melatonin could contribute to maintaining homeostatic balance. The lack of 
an appropriate response to acute stress could make some groups of patients (Affective deprivation 
syndrome with or without growth failure) predisposed to suffer depressive symptoms associated with a 
wide range of neurological, endocrinological or immunological consequences.
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Human beings must adapt to novel, unfavourable 
conditions or to circumstances of physical or 
psychological isolation. This homeostatic response is 
known as the stress reaction (1). Glucocorticoids and 
cytokines are important mediators of injury responses 
(2). It has been suggested that glucocorticoids and 

central/peripheral cytokines are finely balanced to 
maintain homeostasis with reciprocal inhibition/
activation pathways being present (3). Because 
of their potent activatory effect on the HPA axis, 
proinflammatory cytokines could contribute to the 
elevated levels of glucocorticoids that are observed 
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after stress. Reciprocally, activation of glucocorticoid 
receptors leads to down-regulation of peripheral and 
central expression of proinflammatory cytokines, via 
modulation of other transcription factors, such as 
AP-1 (a heterodimer of the oncoproteins c-Fos and 
c-Jun) and NFkB (3). This complex balance appears 
critical and, if not maintained, it can have clinical 
consequences (4) in the form of neuronal death or 
reduced brain plasticity (2).

In humans, the intake of tryptophan causes an 
important increase in the concentration of melatonin 
but does not affect that of cortisol (5). In healthy 
children, the nocturnal administration of tryptophan 
or of pyridoxine (6) also increases melatonin 
secretion.

Melatonin is secreted nocturnally by the pineal 
gland in all animal species, and it has anti-stress 
properties that are partly attributed to its modulatory 
function within the central nervous system (7). 
It presents both hormonal properties regulated 
by a receptor, like any standard hormone, and 
also non-receptor mediated properties, that make 
it capable of being readily disseminated to any 
organic compartment. Although melatonin has lately 
been identified in a large number of extrapineal 
sites, its potential biological actions have not 
yet been studied. Human lymphoid cells are an 
important physiological source of melatonin and 
this melatonin could be involved in the regulation 
of the human immune system (8-9), possibly by 
acting as an intracrine, autocrine, and/or paracrine 
substance. Overall, melatonin acts as a synchroniser 
of biological rhythms, as an immunomodulator and 
as an antioxidant (10). 

With this in mind, the present study intends 
to identify the modifications in the circulating 
concentration of melatonin in children exposed to 
different types of stress (febrile, surgical, traumatic 
and psychological).

MATERIALS AND METHODS

This study was comprised of 311 consecutive 
paediatric patients attending our university-based 
Hospital. Informed consent was obtained from all 
parents or guardians in accordance with the care 
standards established by the Hospital’s Institutional 
Review Board (IRB). The hospital’s regular light-

dark schedule (lights on from 8 a.m. to 9 p.m.) was 
observed, with an ambient illuminance between 
300–450 lux when the single serum samples for each 
patient was taken. 

In order to meet the objectives established, the 
subjects were classified according to two criteria: 
the nature of the stress-provoking stimulus and 
its intensity. Because the samples of the different 
experimental groups were collected in separate 
scheduled periods, samples from the control groups 
were obtained at the same time as the match in the 
experimental group.  In the experimental design, the 
groups and subgroups (Table I) were structured as 
follows:

Febrile stress – N= 30 (9.64% of the total 
sample). As a Control Group of the patients with this 
type of stress, we included paediatric patients with 
no previous perinatal, family or personal history 
of neurological or endocrine-metabolic disease. To 
meet criteria as a control subject, the child either had 
no pathology or only a mild pathology. This group 
of 22 children were of a similar age and sex to that 
of the other study groups. In this study samples were 
taken regularly throughout the day (except during 
the period from 1 a.m. to 6 a.m.). The blood sample 
was taken from the patients in the control group at 
the same time (± 1 hour) as the sample from the age- 
and gender- matched controls in one of the problem 
groups.

Surgical stress – N= 76. This group was divided 
into three subgroups: a) Control group, with 38 
normal children, with an average age of 6.64±2.33 
years, treated for a mild pathology; b) low-level 
surgical-stress group (n=23), with an average age of 
6.94±3.65 years, similar to that of the control group; 
c) subjected to high levels of surgical stress group 
(n=15), with an average age of 7.33±3.35 years, 
who needed major or complex surgery. This latter 
group was defined according to a widely accepted 
classification (11), corresponding to a degree of 
surgical stress exceeding 5 points; whereas, the low 
level surgical stress group had a score of ≤5 points.

Traumatic stress – N= 88. This group included 
three subgroups: a) control group, with 30 normal 
children, treated by us for a mild complaint, and with 
an average age very similar to that of the other two 
groups (5.3±3.9 years); b) mild traumatism group, 
comprising 30 children who attended after suffering 
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a mild traumatism (requiring neither anaesthesia nor 
surgery); c) severe traumatism group, 28 children, 
aged 6.1±2.8 years (without statistical differences 
compared to the others groups), who required 
admittance to hospital and continuing observation 
after suffering a severe traumatic episode.

Psychic stress - made up of 95 patients, aged 4-14 
years, and divided in turn into three groups: a) control 
group, with 31 paediatric patients, of similar age and 
gender to those of institutionalised patients and those 
presenting non-organic failure to thrive syndrome, 
with the following characteristics in common: 
absence of hereditary or neurological diseases, birth 
by normal delivery, no significant history of medical 
illness, normal neuromotor development, and age 
appropriate educational progress; b) institutionalised 
group (n= 64) , aged 4-14 years derived from the whole 
population who were admitted to a social-charitable 
institution during a prolonged interval (mean time 
of 34.73 months, with a range from 3 months to 9 
years), due to the existence of severe family conflict, 
abandonment, orphanhood, or similar circumstances. 
In order to meet the proposed objectives, and because 
the clinical situation was well-defined (weight and 
height below the third percentile, no apparent organic 
cause for growth discrepancies, and the presence of 
psycho-affective disorders) we further subdivided 
this group of institutionalised patients (n=41) from 
the those affected by non-Organic Failure to Thrive 
syndrome (n=23), psychological characteristics 
were evaluated by CDS [Children Depression State 
(Tisher y Lang,1974)] and STAI [State-Trait Anxiety 
Inventory (Spielberger, Gorsuch, & Lushene, 1970)] 
tests for all patients in the psychic stress group. 
Samples for this study group were taken at 9 a.m.

Clinical method
The differences between the various clinical 

situations examined in this study required the 
inclusion of the particular characteristics of each 
study group. All the patients had a common 
study protocol that included a complete clinical 
examination and a full case history. In all cases, both 
the children involved and their parents or guardians 
were informed verbally of the nature of the study, and 
written consent was obtained prior to any procedures 
carried out.

Treatment was individualised according to the 

differential characteristics of each of the pathologies 
presented. However, for only some of the patients 
included in the ‘psychic stress’ group was it possible 
to obtain family and personal details from the parent 
or guardian. In the other cases, the data were obtained 
from the tutors. This included aspects of interest that 
had occurred during the years of residence within the 
institution for the whole group. These patients were 
given two psychometric tests to analyse their degree 
of intellectual attainment: the children aged under 
8 did the Boehm test of basic concepts and were 
evaluated on the Columbia Mental Maturity Scale; 
those aged 8 years and older completed Raven’s 
test of progressive matrices and the Elementary 
Intelligence    Test.    An   anthropometric     and 
nutritional study was also carried out, to determine 
dietary aspects that might have bearing on the 
presence of absence of failure to thrive. This study 
included the following parameters: weight, height, 
body mass index, weight/height ratio3, weight index, 
skinfolds, body density, percentage of body fat, and 
weight of body fat (in grams).

After the surgical intervention, the patients with 
surgical stress were classified into two subgroups, 
in accordance with the Anand and Aynsley-Green 
scale  (11) (Table II), as either suffering a low level 
of surgical stress (≤ 5 points on the latter scale: 
traumatisms not requiring anesthesia or surgery) 
or a high level of surgical stress (>5 points). This 
assessment included the amount of blood volume 
losses, the site of the intervention, the characteristics 
of the dissection, the visceral trauma from the 
process, the duration of the intervention, and other 
associated factors  (11).

The patients with traumatic stress were divided 
into two subgroups (mild traumatism, severe 
traumatism) exclusively on the basis of the type of 
traumatism suffered and on the definitive assessment 
of the traumatologist. 

The measurement of melatonin was carried 
out by a radioimmunoassay technique, using two 
different commercially available RIAs (Euro-
Diagnostics, Apeldoorn, The Netherlands, for the 
samples of the Psychic stress group and DLD, 
Hamburg, Germany, for the other groups). Quality 
control was performed. The cross-reactivity of the 
Euro-Diagnostics kit was less than 1% for related 
substances; with an interassay variability of 9.5% at a 
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concentration of 35 pg/ml. The DLD kit shows intra- 
and interassay coefficients of variation of 11.3% and 
6.3%, respectively. The recovery of added melatonin 
was 84.4%, and the sensitivity of the assay was 0.02 
nmol/L; this kit presents an antibody that is very 
specific for melatonin, and virtually no cross-reaction 
with its principal metabolites (6-hydroxy-melatonin 
and 6-sulphatoxy-melatonin) was present. 

Statistical methodology
The following tests were carried out: comparison 

of the means, one way analysis of the variance 
with subsequent pair-wise comparison (using the 
Bonferroni test, as the study groups had different 
numbers of subjects) when statistical significance 
was detected, and, finally, a simple linear correlation 
analysis.

RESULTS

Febrile stress
The serum melatonin values for the control group 

(n= 22) were 26.54±9.57 pg/ml. Of the 52 patients in this 
group, the mean value was notably higher: 49.33±12.70 
pg/ml. A simple rise in body temperature was considered 
a cause of neurological stress that was tolerated well by 
the patient, provided it was not associated with any type 
of clinical complication. Consequently, this study group 
was established as a complement to previous studies of 
the pineal response to febrile or epileptic convulsions.

Surgical stress
The comparative analysis of melatonin levels in each 

of the study groups provided the following results: control 
group (CG) 29.84±10.68 pg/ml; low surgical stress 
(LSS) 43.39±12.56 pg/ml; high surgical stress (HSS) 
56.66±19.71 pg/ml. The Fexp values were 23.06 (p<0.001) 
and the subsequent ANOVA values between the groups 
were significant: CG/LSS (Texp = 4.05; p<0.01; CG/HSS 
(Texp = 6.45; p<0.001). Finally, between the two types of 
stress HSS/LSS, Texp = 2.94; p<0.05.

In the control group, there was found to be a certain 
degree of linear negative correlation between the variables 
‘age’ and ‘aMT concentration’ (r=-0.33). This relation was 
considerably more marked in relation to the low surgical 
stress group (r=-0.79; p<0.001) and less so as the degree 
of stress increased (r=-0.25; p=NS). 

With respect to the analysis of the correlation between 
the variables ‘degree of stress’ and ‘aMT concentration’, 
there was shown to be a positive linear relation, as 
follows: HSS/aMT: r=0.44; p< 0.05; LSS/aMT: r= 0.73; 

p<0.01. Total patients subjected to surgical stress / aMT: 
r=0.55; p<0.01. The correlation between the degree of 
surgical stress and the serum concentration of melatonin 
is reflected in the ‘high surgical stress’ group with a 
Pearson ‘r’ score of 0.44 (p<0.05) and a regression slope 
of y=27.7+2.72x. The respective values corresponding to 
the low stress group were as follows: r=0.73, p<0.01, and 
regression slope y=9.4+11.1x. Finally, for the whole group 
subjected to surgical stress, the respective values were r= 
0.55, p< 0.01 and regression slope y=35.5+2.17x.

Traumatic stress
Of a total of 88 paediatric patients, 30 cases were 

controls, and the rest were divided into two categories, 
mild traumatisms (n=30) and severe traumatisms (n=28). 
The aMT values obtained were 30.13±11.41 pg/ml in the 
control group, 33.65±10.40 pg/ml in the mild traumatism 
group and 82.43±17.12 pg/ml in the severe traumatism 
group. The comparative study produced highly significant 
results (Fexp 140.2, p<0.001), with the highest values being 
found in the contrast between the control group and that 
of severe traumatisms (Texp=15.1, p<0.0001).

Psychological stress
This situation of stress produced the greatest 

differences with the control group, but in the inverse 
sense (Fexp=35.87; p<0.001), as the highest plasma values 
corresponded to the control group, 39.48±5.95, and 
the values were notably lower in the other two groups, 
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Table I. Human subjects: groups of patients and number of cases per study group.

Pathology Subgroups No. of Cases 
Febrile Stress 

Control 22 
Febrile Group 56 

Surgical stress 
Control 38 
Low stress 23 
High stress 15 

Traumatic stress 
Control 30 
Mild traumatism 30 
Severe traumatism 28 

Psychic Stress 
Control 31 
Institutionalised 41 
NOFT 23 

Table I. Human subjects: groups of patients and number 
of cases per study group.

A. MUÑOZ-HOYOS ET AL.
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25.79±7.97 and 25.85±7.76 (pg/ml), respectively. In 
later comparisons, the analysis of the variance revealed 
differences between the control group and the other 
two, with experimental values of Texp=18.37 (p<0.0001) 
for the group of institutionalised patients, and Texp=22.8 

(p<0.0001) for the institutionalised patients suffering non-
organic failure to thrive (Fig. 1).

DISCUSSION

The present paper describes changes in the 
circulating concentration of melatonin under 
different situations of stress that are frequently 
encountered among paediatric patients. In the human 
neonatal period the high melatonin production (12) 
is transient, does not appear to be controlled by light, 
and does not present an endogenous circadian rhythm 
(13). An endogenous circadian rhythm develops 
many months later and may serve antioxidant 
functions (13). These high melatonin levels seem 
to derive from extrapineal organs, suggesting that 
during the response to an injury the production 
of melatonin can be transiently shifted from an 
endocrine (pineal) to a paracrine (immunocompetent 
cells) source (14).

Thus, when a paediatric patient has a fever, 
we show that the circulating concentration of 
melatonin is higher than normal (49.33±12.79 pg/
ml vs 26.54±9.57 pg/ml in the control group) (Fig. 
1), a situation of organic stress which is associated 
with greater melatonin secretion. The data from all 
the study groups and the statistical comparisons 
between the different subgroups are shown in Fig. 
1. This figure also shows that the melatonin response 
is proportional to the intensity and duration of the 
stress. These observations have been reported in 
other studies (15-16). As limitations of this study, 
we recognize that samples of the study groups, 
except the febrile seizure group, were taken in the 
morning and therefore may not adequately reflect the 
nocturnal pineal secretion.

In contrast with the above observations, in a 
situation of mild to moderate chronic stress, adaptive 
neuroendocrine changes take place in the opposite 
direction  (17). This is shown by the data we present 
for a model of chronic stress of psychosocial origin, 
namely the Affective Deprivation Syndrome (or 
Psychological Dwarfism), with or without non-
organic failure to thrive (18). Abandonment and/or 
different types of deprivation lead to many patients 
being admitted to an institution, and effectively 
separated from their parents. Thus, in non-organic 
failure to thrive (19), which may be considered the 
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Table II. Evaluation scale for degree of Surgical Stress.

Criteria Score 
Volaemia losses  

< 5% 0 
5-10% 1 
10-15% 2
>15% 3 

Location
Superficial 0 
Intra-abdominal 2 
Intra-thoracic 3 

Superficial Dissection 
(skin, muscles, etc.) 

Minimal 1 
Moderate 2 
Maximum 3 

Visceral trauma 
Brief 1 
Prolonged 2 
Minor resection 3 
Major resection 4 

Duration of surgery 
(minutes)

< 30 1 
30-90 2 
90-180 3 
180-300 4 
> 300 5 

Associated factors 
Hypothermia  

1.5 - 3.0ºC 1 
> 3.0 ºC 2 
Profound 3 

Infection 
Localised 1 
Generalised 2 

Prematurity
37-34 weeks 1 
< 34 weeks 2 

         Adapted from Anand and Aynsley-Green 1988 

Table II. Evaluation scale for degree of Surgical Stress.

Adapted from Anand and Aynsley-Green 1988
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most severe expression of the Affective Deprivation 
Syndrome, the serum concentration of melatonin is 
at a minimum, although the difference between the 
two psychological stress groups is not statistically 
significant.

Furthermore, among a group of adults who spent 
a year in Antarctica (exposed to social isolation and 
to extreme environmental conditions), a statistically 
significant decrease in the concentration of pituitary 
stress hormones and of melatonin was noted 
compared to control subjects (20). Although these 
were healthy adults who participated voluntarily 

in the experiment; some similarities exist between 
those adult subjects and children in our study who 
were in the Affective Deprivation Syndrome (with 
or without failure to thrive). In both cases, there is a 
deficit of social interaction, and the response is the 
same in each case. The fall in hormonal levels seen 
in both scenarios may be the expression of adaptive 
neuroendocrine response to chronic stress.

In healthy adults, acute acoustic stress is associated 
with a significant increase in the excretion of cortisol 
and melatonin, while the administration of the anti-
psychotic quetiapine reduces the nocturnal secretion 
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Fig. 1. 

Fig. 1. Morning serum concentrations of melatonin under the different types of stress studied: Febrile stress (FS), 
Surgical stress (low: LSS; high: HSS), Traumatic stress (low: LTS; high: HTS) and Psychic stress (Affective deprivation 
syndrome: ADS, Non-organic Failure to thrive syndrome: NOFT). Each type of stress is compared with the specific control 
group for healthy children of similar age, sex and weight, evaluated simultaneously and in surroundings of comparable 
characteristics. Values are expressed as mean ± standard deviation. NS: Differences not statistically significant, *= p 
<0.05, **= p<0.01; ***= p<0.001; ****= p<0.0001.
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of cortisol without affecting that of melatonin. 
This highlights that for people with no psychiatric 
disorder, the activity of the HPA axis may be 
fluctuating compared to patients with psychic illness 
(21). Also in adult patients it has been reported that 
some types of depression may be related to reduced 
levels of melatonin (22), and that an initial reaction to 
stress combined with the development of resistance 
to corticotropin releasing hormone may be related to 
a low-melatonin syndrome in some patients suffering 
with depression (23). In this way, among breast-fed 
infants, the administration of vaccines provokes an 
increase in cortisolaemia, in inverse proportion to 
the patient’s age (24). In a significant minority of 
these patients, however, the opposite occurs and 
cortisolaemia levels fall. These latter patients could 
be susceptible to the development of a depressive 
state if, before they attain a sufficiently mature HPA 
axis, they are subjected to constant psychological 
stress. This especially may be the case if the response 
to CRH could be shown to be regulated by psycho-
environmental variables (25).

The physiological effects of the activation of the 
HPA axis and of the pineal gland are opposed, with 
the latter secreting melatonin and producing an anti-
stress effect (26). Several studies have reported that 
chronic stress has an impact on the areas of the brain 
implicated in learning and in emotional responses 
(27-28). Also, a melatonin deficit may explain, in 
part, that the children who suffer abuse have greater 
sleep latency, reduced sleep efficiency and present a 
higher proportion of motor activity during the night 
than normal children or those suffering depression 
(29). Different models of stress have demonstrated 
the utility of treatment with melatonin (30-33). 

In summary, in acute stress an increase in the 
bioavailability of melatonin could collaborate in 
maintaining homeostatic balance and help overcome 
the stress-provoking situation without adding further 
organic deterioration. The lack of an appropriate 
response, i.e. the organic incapability of confronting 
stress on a genetic basis, and/or the fact of 
repeated stress, from exhaustion of the homeostatic 
mechanisms, could make some groups of patients 
liable to suffer depressive symptoms associated 
with a wide range of prejudicial consequences in 
the neurological field (delayed learning), in the 
endocrine system (delayed growth) or in the immune 

system (repeat infections). All these pathologies 
are present in Affective Deprivation Syndrome (or 
Psychological Dwarfism).
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