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ABSTRACT

Background The diffuse neuroimmunoendocrine system (DNIES) is a universal system of response, control
and organism protection. Platelets are cells of DNIES producing and storing melatonin which plays an important
role in the regulation of physiological processes in the human body, under normal conditions and in pathology.
Our previous study has revealed a low basic melatonin production in patients with aspirin-induced asthma (AIA).
It has been suggested that low daytime production of melatonin in patients with AIA is attributable to the
reduction in its synthesis in platelets in this group of patients. The objective of this study was to investigate this
hypothesis.

Materials and methods The melatonin expression in platelets has been studied by means of indirect
immunofluorescence in nine patients with AIA and 14 healthy subjects.

Results The results of the study have revealed that only 13Æ1 ± 1Æ3% of platelets in patients with AIA have
shown melatonin-specific luminescence, compared to 97Æ7 ± 0Æ6% of platelets in healthy subjects (P < 0Æ001).
No melatonin expression has been observed in the rest of platelets in patients with AIA. No significant difference
between the degree of the melatonin luminescence in platelets of the patients with AIA and control group has
been found.

Conclusions It can be concluded that the reduced melatonin synthesis in platelets of patients with AIA may
determine a low daytime melatonin production and may lead to impairments in platelet receptors and ion
channels. This results in disturbances in calcium homoeostasis, which may be a cause of platelet activation and
pathological response to exogenous melatonin and acetylsalicylic acid.
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Introduction

Platelets play an important role in pathogenesis of aspirin-

induced asthma (AIA). It has been reported that platelets

isolated from these patients exhibit an abnormal response to

acetylsalicylic acid (ASA) in vitro compared with normal indi-

viduals or allergic aspirin-tolerant asthmatics (ATA) generating

cytotoxic mediators and oxygen-derived free radicals in the

presence of ASA or other nonsteroidal anti-inflammatory drugs

(NSAIDs) [1].

It is known that platelets are a major reservoir of serotonin

(5-HT) in the human body and are capable to convert 5-HT into

melatonin because they possess the enzymatic equipment

necessary for this biosynthesis [2–4]. As one of the melatonin

metabolites is a substance (N-acetyl-5-methoxy-kynurenamine)

with a chemical structure similar to that of ASA [5], we have

studied melatonin production in patients with AIA. Our previ-

ous studies have revealed a lower level of daytime urinary

excretion of 6-sulphatoxy-melatonin, a major metabolite of

melatonin, in patients with AIA than in patients with ATA and

control subjects [6]. Aspirin-tolerant patients did not differ from

healthy subjects by the urinary excretion of 6-sulphatoxy-mela-

tonin. It has also been found that the platelet reaction to further

addition of melatonin in vitro in patients with AIA differed

from that of patients with ATA and healthy subjects by an

increased intensity and the rate of the first phase of the ADP-

induced platelet aggregation. It may be attributable to the open-

ing of the same receptor-operated channels for calcium or ⁄ and

Ca2+ mobilization from intracellular stores. The results of our

study have allowed us to postulate that the decrease in diurnal

melatonin production in patients with AIA results in a reduc-

tion in its metabolite – N-acetyl-5-methoxy-kynurenamine. We
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suggested that a higher sensitivity of platelet reception and a

distorted reaction, not only to melatonin but also to its metabo-

lite, chemically similar to ASA, may contribute to the develop-

ment of ASA symptoms after aspirin challenge during the day

and increase the severity of the disease, despite the avoidance

of aspirin and cross-reactive drugs [6]. The decrease in melato-

nin production in patients with AIA may be a reason for the

overproduction of cysteinyl leukotrienes in this group of

patients owing to the weakened melatonin control of 5-lipoxy-

genase, because there is experimental evidence for direct mela-

tonin control of transcription of the RZR ⁄ melatonin-responding

gene of 5-lipoxygenase, the key enzyme of leukotriene synthe-

sis [7,8]. As the synthesis of melatonin in the pineal cells is

known to be dramatically reduced by light, the daytime melato-

nin production in humans largely depends on the activity of

melatonin-producing cells of the universal diffuse neuroimmu-

noendocrine system, which includes a large number of nonen-

docrine cells, especially platelets [9,10]. We have hypothesized

that a low daytime production of melatonin in patients with

AIA is attributable to the reduction in melatonin synthesis in

platelets in this group of patients.

There are no data on melatonin production in platelets of

patients with AIA. The aim of this study was to evaluate the

melatonin expression in platelets of patients with AIA and to

compare it with the same of healthy subjects.

Materials and methods

Subjects
Nine patients with AIA (nine women, aged from 30 to 59) have

been examined. The patients with AIA have shown a clear

clinical history of one or more asthma attacks precipitated by

NSAIDs. Our main goal has been to determine whether the

ingestion of aspirin has triggered an asthmatic response. For this

reason, we have included in the main analysis only those studies

in which patients have undergone provocation challenges. The

analysis has demonstrated a positive aspirin-induced asthma

response as a 20% or more reduction in forced expiratory vol-

ume in one second within 3 or 4 h of the challenge [11]. The

study of melatonin expression in platelets was carried out while

patients with asthma were in a stable clinical condition and their

forced expiratory volume in 1 s (FEV1) was ‡ 75% of the pre-

dicted volume at entry to the study. None of the patients was

receiving oral steroids. Five patients with AIA were receiving

inhaled adrenergic agents (salbutamol or fenoterol), eight

patients were treated with inhaled corticosteroids (daily dose of

budesonide £ 800 lg). The patients did not take any cyclooxy-

genase inhibitor for at least 10 days before this study.

A control group of 14 healthy volunteers were recruited (12

women and two men), aged from 22 to 58. Individuals with

chronic disease or any kind of clinically detectable inflamma-

tion at the time of recruitment were excluded from the study.

None of the healthy volunteers was receiving any treatment.

This study was approved by the local ethics committee, and

patients signed an informed consent form.

Immunohistochemistry
To verify the presence of melatonin in platelets, blood samples

were extracted at 10.00–11.00 h. Platelet-rich plasma (PRP) was

prepared by centrifugation of citrated blood at 200 g for 5 min;

then, PRP was centrifuged at 800 · g for 20 min to obtain plate-

let suspension. Platelet smears were prepared from the suspen-

sion by placing a drop of the suspension on an object glass

followed by drying at room temperature. The dried smears

were washed with saline adjusted to pH = 7Æ2. After another

drying at room temperature, the smears were fixed with 96%

ethanol for 1 min.

Melatonin in platelets was determined by indirect immuno-

fluorescence. Platelet smears were treated with melatonin-spe-

cific antiserum (CID tech Res. Inc., Toronto, ON, Canada), kept

in a chamber in damp conditions for 30 min and then washed

with buffered saline and dried at room temperature. After that,

the smears were treated with rabbit fluorescent isothiocyanate-

conjugated serum, kept in the damp chamber for 30 min,

washed with buffered saline and dried at room temperature.

Image analysis
The preparations were examined through an Axiostar-2 lumi-

nescent microscope (Zeiss, Munich, Germany). The analysis of

the images obtained by microscopy was carried out with a

Nikon system using the Vidotest-4 program (Videotest, Saint-

Petersburg, Russia). The mean optical density of platelet lumi-

nescence was evaluated in five randomized vision fields and

recorded as arbitrary units (A.U.) of melatonin expression.

Moreover, the quantity of luminous platelets was counted in

both groups. All image analysis and measurements were

performed blind by one observer.

Reporting of the study conforms to STROBE statement for

cohort studies.

Statistical data analysis
Statistical significance was assessed using Student’s nonpaired

t-test. P < 0Æ05 was accepted as significant, and P < 0Æ001 as

highly significant. Results are expressed as mean ± SEM.

Data were analysed with the SPSS statistical package (IBM, NY,

USA).

Results

The individual indices of the quantity of luminous platelets

inpatients with AIA are presented in Table 1. One can see that

patients with AIA had a low quantity of luminous platelets, in
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contrast to the control subjects. In patients with AIA, only

13Æ1 ± 1Æ3% of platelets showed melatonin-specific lumines-

cence, but in healthy subjects, it was observed in 97Æ7 ± 0Æ6%

of platelets (t = 59Æ1, P < 0Æ001). There was no melatonin

expression in the rest of platelets of patients with AIA. As

shown in Fig. 1a, the greater part of platelets from patient

with AIA did not have melatonin-specific luminescence, while

all platelets from healthy subject (Fig. 1b) had the expression

of melatonin. The degree of melatonin expression in luminous

platelets of patients with AIA was 2Æ14 ± 0Æ02 A.U. and did

not differ from that of healthy subjects (2Æ15 ± 0Æ01 A.U.,

t = 0Æ45, P > 0Æ05).

Discussion

The present study provides the first ever evidence that platelet

melatonin production is actually absent inpatients with AIA. In

view of our previous results [6], we believe that the decrease in

the diurnal production of melatonin in patients with AIA is

attributable to a low serotonin uptake by platelets and, as a

consequence, a disturbance of melatonin synthesis in platelets

of patients with AIA. Our suggestion is consistent with the data

obtained by Malmgren et al. [12], which show a low capacity of

platelets for serotonin accumulation and preservation in

patients with AIA.

It is known that the membrane receptor complex is a univer-

sal primary responsive system, which is largely dependent on

microviscosity of membrane lipids [13]. An increased rigidity

of membrane phospholipids’ structures, which may be caused

by the deficiency of antioxidant defence and accumulation of

lipid peroxidation products, results in disturbance of the

exposition of membrane receptors and thus may alter platelet

responsiveness to the inducers of their aggregation [14].

Melatonin, by virtue of its antioxidant properties, can decrease

protein damage by free radicals as well as increase platelets

membrane microfluidity [15,16]. Low platelet melatonin gener-

ation in patients with AIA probably attenuates antioxidant

defence, which may lead to an impairment in receptors and ion

channels. This results in disturbances in calcium homoeostasis,

which in their turn may cause the platelet activation, elevation

of the Ca2+ response to the minimal dose of melatonin in vitro

in patients with AIA and striking deviations of platelet shape

and ultrastructure found in patients with AIA [6,17]. A low

Table 1 Individual indices of the quantity of luminous platelets
in patients with aspirin-induced asthma (AIA)

No.

Patients with AIA,

n ⁄⁄ N (%)

Control subjects,

n ⁄⁄ N (%)

1 7 ⁄ 38 (18Æ4 ± 6Æ3) 28 ⁄ 30 (93Æ3 ± 4Æ6)

2 10 ⁄ 48 (20Æ8 ± 5Æ9) 14 ⁄ 14 (100Æ0 ± 0Æ0)

3 11 ⁄ 74 (14Æ9 ± 4Æ1) 50 ⁄ 52 (96Æ1 ± 2Æ7)

4 8 ⁄ 84 (9Æ5 ± 3Æ2) 27 ⁄ 27 (100Æ0 ± 0Æ0)

5 6 ⁄ 38 (15Æ8 ± 5Æ9) 38 ⁄ 38 (100Æ0 ± 0Æ0)

6 29 ⁄ 141 (20Æ6 ± 3Æ4) 39 ⁄ 39 (100Æ0 ± 0Æ0)

7 6 ⁄ 87 (6Æ9 ± 2Æ7) 33 ⁄ 33 (100Æ0 ± 0Æ0)

8 3 ⁄ 50 (6Æ0 ± 3Æ4) 52 ⁄ 52 (100Æ0 ± 0Æ0)

9 5 ⁄ 90 (5Æ6 ± 2Æ4) 48 ⁄ 48 (100Æ0 ± 0Æ0)

10 32 ⁄ 34 (94Æ1 ± 4Æ0)

11 44 ⁄ 44 (100Æ0 ± 0Æ0)

12 30 ⁄ 31 (96Æ8 ± 3Æ2)

13 32 ⁄ 35 (91Æ4 ± 4Æ7)

14 36 ⁄ 38 (94Æ7 ± 3Æ6)

Data are presented as n ⁄ N (%) – a ratio of luminous platelets to the total

quantity of platelets.

(a) (b)

Figure 1 Immunohistochemistry showing the absence of melatonin expression in platelets from patient with aspirin-induced
asthma (a) in comparison with the great number of luminous platelets from healthy subject (b).
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platelet generation of melatonin in patients with AIA may also

result in increased lipid peroxidation in platelets, which is

consistent with published data on reduced platelet glutathione

peroxidase activity and increased reactive oxygen species

production in patients with AIA [18–21].

Thus, taking into account that platelets are one of the main

extrapineal sources of melatonin in human organism, the

defect of their membrane receptor organization resulting in

lower production of melatonin in AIA provides another

evidence of a major role of platelets in this form of bronchial

asthma.
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21 Plaza V, Prat J, Rosellò J, Ballester E, Ramis I, Mullol J et al. In vitro
release of arachidonic acid metabolites, glutathione peroxidase, and
oxygen-free radicals from platelets of asthmatic patients with and
without aspirin intolerance. Thorax 1995;50:490–6.

784 ª 2011 The Author. European Journal of Clinical Investigation ª 2011 Stichting European Society for Clinical Investigation Journal Foundation

H. V. EVSYUKOVA www.ejci-online.com


