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Predictive value of melatonin and serotonin levels
in early recovery period of cerebral ischemic hemispheric stroke

S. 0. Medvedkova

Zaporizhzhia State Medical University, Ukraine

The aim was developing of criteria for prediction of the early recovery period outcome of cerebral ischemic hemispheric stroke
(CIHS) on the base of the identification of serum concentration of melatonin and plasma level of serotonin.

Materials and methods: complex clinical and paraclinical investigation was carried out in 77 patients (the average age of patients
was 57.9 £ 0.9 years) on early recovery period of CHIS using of clinical scales (National Institute of Health Stroke Scale, Barthel
Index, modified Rankin Scale) on the 10, 30", 90" and 180" day of disease, and visualization of cerebral structures by CT scan,
and identification of the serum concentration of melatonin and serotonin plasma level on the 10", 30" day of disease, and also
by the calculation of the melatonin/serotonin ratio (MSR) as serum concentration of melatonin divided by serotonin plasma level.

Results. Using the comparative ROC-analysis it was defined that the most informative parameters for prediction of moderate
and severe disability as for value according to mRS = 3 points on the 180" day are the level of MSR on the 30" day (AUC = 0.78,
p < 0.05), serotonin plasma level on the 30" day (AUC = 0.74, p < 0.05), dynamics of serum concentration of melatonin
on the 30" day (AUC = 0.67, p < 0.05), dynamics of serotonin plasma level on the 30" day (AUC = 0.67, p < 0.05), dynamics
of MSR on the 30" day (AUC = 0.66, p < 0.05) and serum concentration of melatonin on the 30" day (AUC = 0.66, p < 0.05).

Conclusions. The level of MSR >212,0 on the 30" day was the predictor of moderate and profound disability for modified
Rankin’s scale 23 points on the 90" (AUC = 0.81, p < 0.05; sensitivity = 100.0 %, specificity = 75.0 %) and on the 180" day
of disease was (AUC = 0.78, p < 0.05; sensitivity = 100.0 %, specificity = 73.3 %); the serotonin plasma level <0.15 mcmol/l
on the 30" day of CIHS was the predictor of moderate and profound disability for modified Rankin’s scale 23 points on the 180"
day of disease (AUC = 0.74, p < 0.05; sensitivity = 60.0 %, specificity = 86.7 %).

MporHocTMuHe 3HaYEHHA PiBHIB MEAaTOHiHY Ta CEPOTOHIHY
B paHHbOMY BiAHOBHOMY NnepioAi MO3KOBOrO ilLleMiYHOro NiBKYAbOBOIO iHCYAbTY

C. 0. MepBeakoBa

MeTa po60T1 — po3pobka kpuTepiis NPOrHo3yBaHHs BUXOLY PAHHLOTO BiJHOBHOIO Nepiofy MO3KOBOTO iLLEMIYHOTO NiBKYNbOBOrO
iHcynbTy (MIMI) Ha nigcTaBi BU3HAYEHHS CUPOBATKOBOI KOHLIEHTPALLT MENATOHiHY Ta piBHA CEPOTOHIHY Y Ma3Mi KpoBi.

Matepianu Ta meToam. 3aiNcHUNM KOMNEKCHe KNiHiko-napakniHiyHe JoCnimKeHHs 77 XBopux (cepeaHin Bik 57,9 + 0,9 poky)
B paHHbOMY BigHoBHOMY nepiogi MIMI 3 BukopucTaHHam kniHivHuX wkan (National Institute of Health Stroke Scale, Barthel
Index, modified Rankin Scale) Ha 10, 30, 90 Ta 180 goby 3axBoptoBaHHS, BisyaniaLii LepebpanbHuX CTPYKTYp METOLOM
KOMM'loTEPHOI TOMOrpadii, BU3HAYEHHSI CUPOBATKOBOI KOHLIEHTPaLlii MENATOHiHY, PiBHA CEPOTOHIHY Yy nnaami kposi Ha 10, 30
00y 3axXBOPIOBaHHS, @ TakoX pO3paxyHKOM CriBBigHOLLEHHSI MenaToHiHy Ta cepoToHiHy (CMC) = cupoBaTkoBa KOHLeHTpaLlis
MeNaToHiHy/piBEHb CEPOTOHIHY Y Mna3mi KpoBi.

Pe3ynisratu. Ha nigcrasi nopisHsnsHoro ROC-aHanisy BCTaHOBWIK, LLO HaiH(POPMAaTUBHILLMMK napameTpamu A1s MPorHo-
3yBaHHsI MOMIPHOI Ta BUPaXXeHoi iHBanigu3adii y Burnsaai 3HadeHHs no mRS = 3 6anu Ha 180 noby € pieHb CMC Ha 30 goby
(AUC=0,78, p <0,05), BMiCT cepoToHiHy B nnaami kposi Ha 30 goby (AUC = 0,74, p < 0,05), AMHamika cupoBaTKOBOI KOHLEHTpaLlii
menaToHiHy Ha 30 goby (AUC = 0,67, p < 0,05), aMHamika piBHsi CEpOTOHiHY B nna3mi kposi Ha 30 foby (AUC = 0,67, p < 0,05),
AnHamika CMC Ha 30 noby (AUC = 0,66, p < 0,05) i cuposaTkoBa koHLeHTpaList MenatoHiHy Ha 30 noby (AUC = 0,66, p < 0,05).
BucHoBku. PieHb CMC >212,0 Ha 30 goby MIMI e npeankTopom nomipHoi Ta rmunbokoi iHBanigunaauii y dhopmi 3Ha4YeHHs 3a
moaudikoBaHoto Lkanoto PexkiHa 23 6anm Ha 90 (AUC = 0,81, p < 0,05; uytnueictb = 100,0 %, cneundivHicts = 75,0 %) Ta
180 o6y 3axsoproBaHHs (AUC = 0,78, p < 0,05; yytnumeictb = 100,0 %, cneundiunicTb = 73,3 %); BMICT CEPOTOHIHY Yy nnaami
kposi <0,15 mkmonb/n Ha 30 goby MIMI BACTYNae NpeanKTopom NOMipHOT Ta Mnbokoi iHBaniau3aLii y BUrnsai 3Ha4eHHs 3a
moaudikoBaHoo Lkanoto PeHkiHa 23 6anum Ha 180 noby 3axsoptoBaHHs (AUC = 0,74, p < 0,05; uytnusicts = 60,0 %, cneum-
iyHicTb = 86,7 %).

MporHocTHueckoe 3HaueHHWe ypoBHE MEeAaTOHWHA U CEPOTOHUHA B paHHEM
BOCCTaHOBUTEAbHOM NMepuoAe MO3roeoro ULLEeMU4YeCKoro noAyLapHoro UHCyAbtTa
C. A. MepBepkoBa

Llenb pa6oTbl — pa3paboTka KpUTepues NPorHO3MpOBaHMs UCX0Aa PaHHEro BOCCTaHOBUTENBHOTO Neproaa MO3roBOTO ULLEMK-
yeckoro nonyLapHoro uHeynsta (MUMM) Ha ocHoBaHUM ONpeaeneHnsi ChIBOPOTOYHOM KOHLEHTPALMM MENaToOHUHa 1 YPOBHS!
CEPOTOHMHA B MJIa3Me KPOBY.

Marepuanbl n MeTogbl. [poBeaEHO KOMMIEKCHOE KIMHUKO-NapakiMHUYeCKoe ncenenoBaHme 77 6onbHbIX (CpegHnii BospacTt
57,9 £ 0,9 roga) B paHHem BoccTaHoBuTeNbHOM nepuoge MUMW ¢ ucnonbaoBaHnem knuHudeckux wkan (National Institute
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of Health Stroke Scale, Barthel Index, modified Rankin Scale) Ha 10, 30, 90 1 180 cyTku 3aGoneBaHusi, BU3yanusauum Lepe-
BparnbHbIX CTPYKTYP METOLOM KOMMLIOTEPHO TOMOrpacuu, OnpeaeneHus CbIBOPOTOHYHO KOHLIEHTPALIMN MENaTOHUHa W YPOBHS!
CepoToHMHa B nrnaame kposu Ha 10, 30 cyTku 3aboneBaHusi, a Takke pacyETOM COOTHOLLEHWSI MeNaToHWHA U CEPOTOHMHA
(CMC) = cblBOpOTOYHASA KOHLIEHTPALWS MeNaToHNHa/ypOBEHb CEPOTOHMHA B Na3me KPOoBY.

Pesynkratbl. Ha ocHoBaHuM cpaBHuTenbHoro ROC-aHanu3a ycTaHoBMeHo, YTo Hanbonee MHopMaTVBHLIMM NapameTpamt Anst
MPOrHO3MPOBaHMS YMEPEHHON W BbIPaXEHHOW MHBaNMAn3aLum B hopme 3HaveHus no mRS = 3 6anna Ha 180 cyTku sBnsitoTcs
ypoBeHb CMC Ha 30 cyTkm (AUC = 0,78, p < 0,05), conepxaHue cepoToHnHa B nnasme kposw Ha 30 cytkm (AUC = 0,74, p < 0,05),
AMHaMMKa CbIBOPOTOYHOM KOHLEeHTpaumn menatoHmHa Ha 30 cyTku (AUC = 0,67, p < 0,05), AuHamuka ypoBHSI CEPOTOHMHA
B nna3me kposu Ha 30 cyTkn (AUC = 0,67, p < 0,05), anHammka KWBM Ha 30 cyTkun (AUC = 0,66, p < 0,05) 1 cbiBopoToyHas
KOHLeHTpauus menatoHuHa Ha 30 cyTku (AUC = 0,66, p < 0,05).

BbiBoabl. YposeHb CMC >212,0 Ha 30 cyTkn MUAMW aBnsieTcs npeankTopoM yMepeHHoM 1 rny6okoi nHBanuausaumum B (op-
Me 3Ha4eHust No MoannLMpoBaHHON Wwkane PaHkuHa 23 6anna Ha 90 (AUC = 0,81, p < 0,05; yysctBuTensHocTtb = 100,0 %,
cneunduyHocTs = 75,0 %) n 180 cyTkn 3abonesanna (AUC = 0,78, p < 0,05; uysctBuTensHocTb = 100,0 %, cneumduny-
HocTb = 73,3 %); cogepxaHue cepoToHuHa B nna3me kposu <0,15 mkmone/n Ha 30 cytku MUMW BeicTynaeT npeankTopom
YMEPEHHO 1 rMy6OoKoN HBanMan3auuy B popme 3HayeHust No MoanuLMpoBaHHoM wkane PankuHa 23 6anna Ha 180 cyTku

3abonesanus (AUC = 0,74, p < 0,05; wyBcTBuTensHocTs = 60,0 %, cneumduyHocTs = 86,7 %).

Introduction

Diagnostics and treatment of the patients with cerebral
stroke is one of the main problems in modern neurology.
Medical and social significance of this problem is caused
by the high morbidity, disability and mortality for above
mentioned pathology [7]. Cerebral stroke is the main
reason of disability among surviving patients. Post-stroke
disability takes the first place among the reasons of disabil-
ity concerning adults in the majority countries of the world.
80 % of people after brain stroke become disabled, 25 %
of people need the nursing care [3]. Differentiated deter-
mination of optimal structure and number of medical ther-
apies based on the individual prognosis is one of the ways
for improvement of functional outcome among the patients
with cerebral ischemic stroke [2].

In recent clinical and experimental investigations
the role of serotonin [1] and melatonin [4-6,8] has been
persuasively proved in pathogenesis of acute focal cere-
bral ischemia. This fact is the basis for suggestion about
the possibility to use the humoral markers with aim to pre-
dict the outcome of cerebral ischemic stroke.

Its aim was developing criteria for prediction of the out-
come during the early recovery period of CIHS on the base
of the identification of serum concentration of melatonin
and the level of serotonin in the plasma.

Material and methods of investigation

In order to achieve the aim, complex clinical and paracli-
nical investigation was carried out in 77 patients (55 men
and 22 women, the average age was 57.9 + 0.9 years)
on early recovery period of CIHS. The inclusion criteria
were: men and women at the age from 33 to 74 years old
with the confirmed cerebral hemispheric ischemic stroke
according to the data of clinical and computer tomogra-
phy study; hospitalization during the first 24 hours from
the beginning of disease. The patients with the following
criterion were excluded from the investigation: acute dis-
orders of cerebral circulation in anamnesis; haemorrhagic
transformation of cerebral infarction; combined stroke; 22
lesions; somatic pathology on the stage of decompensa-
tion; cancer pathology.

The evaluation of the level for neurological deficit was
carried out in all the patients according to the National Insti-

ISSN 2306-8027  http://pat.zsmu.edu.ua

tute of Health Stroke Scale (NIHSS), the level of functional
independence according to Barthel Index (BI) and disability
according to modified Rankin Scale (mRS) on the 10",
30", 90" and 180™ day of disease. Visualization of cere-
bral structures was done using the CT scanner Siemens
Somatom Spirit (Germany).

Blood samples were collected into 2 vacutainer
tubes (one — with clot activator, the next — with EDTA)
by venipuncture from median cubital vein on the anterior
forearm in the morning (7-7.30 AM) on the 10" and 30"
day from CHIS onset. Melatonin serum level was mea-
sured using an immunoassay (IBL, Germany, Cat.
No. RE54021) at Scientific Medical Laboratory Center
(head — prof. A. Abramov) of ZSMU. Serotonin plasma
level was measured using a fluorescent spectrophotometry
(Aex = 300 nm, Aem = 540 nm) at Laboratory Diagnosis
and General Pathology Department (head — prof. A.Trailin)
of the Zaporizhzhia Medical Academy of Postgraduate
Education. Melatonin/Serotonin ratio (MSR), dynamic
coefficients of melatonin (AME), serotonin (ASE) and MSR
(AMSR) changes from the 10" day to the 30" day as
compared to the 10" day were calculated.

Statistical data processing was done using the Sta-
tistica 6.0 (StatSoft Inc., USA, serial number AXXR712D-
833214FANS5) application. Descriptive statistics are
presented as median and interquartile range — Me [Q1;
Q3]. The criteria of Mann-Whitney and Kruskal-Wallis
were used for the estimation of intergroup differences,
binary logistic regression and ROC-analysis were used
for development of the predicting criteria.

Results and their discussion

On the 10" and 30" day of disease essential differences
of serum concentration of melatonin, plasma concentra-
tion of serotonin and their correlation among the patients
with CIHS depending on the age and sex were not revealed.

Distribution of patients with CIHS depending
on the mRS index on the 90" and 180" day of disease is
revealed in the Table 1.

As the primary endpoints, the cases of mode-
rate and profound disability on the 90" and 180" day
of the disease according to the indexes of MRS 2 3 points
were registered respectively in 14 (18.2 %) and 12 (15.6 %)
patients.
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Using the comparative ROC-analysis we defined that
the most informative parameters for prediction of moderate
and severe disability for mRS > 3 points on the 90" day
of CIHS are the following (in decreasing order of predic-
tive value): the level of MSR on the 30" day (AUC = 0.81,
p < 0.05), the serotonin plasma level on the 30" day
(AUC =0.69, p < 0.05), dynamics of MSR level on the 30"
day (AUC = 0.67 p < 0.05), the serotonin plasma level
on the 30" day (AUC = 0.65, p < 0.05) and dynamics
of serum concentration of melatonin on the 30" day
(AUC = 0.64, p < 0.05) (Table 2).

In accordance with the date from the table 2, the most
informative parameters for prediction of moderate and se-
vere disability for mRS 2 3 points on the 180" day are
also MSR level on the 30" day(AUC = 0.78, p < 0.05),
the serotonin plasma level on the 30" day (AUC = 0.74,
p < 0.05), dynamics of serum concentration of melatonin
on the 30" day (AUC = 0.67, p < 0.05), dynamics of the se-
rotonin plasma level on the 30" day (AUC = 0.67, p <0.05),
dynamics of MSR on the 30" day (AUC = 0.66, p < 0.05)
and the serum concentration of melatonin on the 30" day
(AUC = 0.66, p < 0.05).

On the basis of ROC-analysis the definitions
of above mentioned indexes for prediction of moderate
and severe disability for mRS = 3 points on the 90"
day (Table 3) and on the 180™ day of CIHS (Table 4)
with the optimal correlation of sensitivity and specificity
were determined.

It was defined that prognostic criterion of moderate
and severe disability for mRS = 3 points on the 180"
day of CIHS were: MSR level on the 30" day >212.0,
MSR dynamics on the 10"-30" day >1.019, the serum
concentration of melatonin on the 30™ day <29.1 pg/ml
and dynamics of serum concentration of melatonin
on the 10"-30" day <0.382, whereas the level of serotonin
in blood plasma on the 30" day is >0.15 mcmol/l and its
dynamics on the 10"-30" day >-0.318 were associated
with the mRS <2 points on the 180™ day of disease.

So, decreasing of serum concentration of melatonin
on the 30™ day or its increasing no more than 38.2 % from
the level on the 10 day of disease are prognostically un-
favorable for the functional outcome during early recovery
period of CIHS. It allows considering mentioned options
of melatonin dynamics as the markers of insufficiency
in the system of endogenous antioxidant protection. At
the same time it is the base for more intensive neurometa-
bolic and antioxidant therapy among the patient of such
a group.

Moreover, decreasing of serotonin level in blood plas-
ma on the 30" day more than 31.8 fromits level on the 10
day of the disease is also prognostically unfavorable factor.
The availability of correlation interaction between plasma
serotonin concentration and its level in brain was proved
earlier by T. Audhya with co-authors [9]. Received data
is also coordinated with the results of I. V. Shilonosova’s
investigation (2012), where inverse correlation between
the content of humoral serotonin on the 16"-24" day
of CIHS and the level of neurological deficit was defined
[1]. Taking into consideration the ability of serotonin
to play the role of angiogenesis inductor [4] and revealed
by us interconnection between its concentration in blood
and forecast of CIHS treatment, we can affirm about
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Table 1. Distribution of patients with CIHS depending on the mRS index on the 90

and 180" day of disease

mRS score the 90" day, the 180" day,
n (%) n (%)

0 13 (16.9 %) 21(27.3 %)

1 21(27.3 %) 20 (26.0 %)

2 29 (37.7 %) 24 (31.2 %)

3 13 (16.8) 1(14.2 %)

4 1(1.3 %) 1(1.3 %)

Table 2. Comparative analysis of informational content as for melatonin and serotonin
levels, MSR on the 10" and 30" day of CIHS for prediction of moderate and severe
disability for mRS 2 3 points on the 90™ and 180" day of disease on the basis

of calculations of Area Under the Curve index (AUC)

Options End point, AUC
mRS 23 mRS 23
the 90t day the 180" day

The serotonin plasma level on the 10™ day, mcmol/l 0.41 0.42

The melatonin serum level on the 10" day, pg/ml 0.53 0.54

MSR level on the 10" day 0.54 0.55

The serotonin plasma level on the 30" day, mcmol/l 0.69* 0.74*

The melatonin serum level on the 30™ day, pg/ml 0.45 0.66*

MSR level on the 30" day 0.81* 0.78*

ASE 0.65* 0.67*

AME 0.64* 0.67*

AMSR 0.67* 0.66*
mRS: modified Rankin Scale score; *: significance of differences with the value of AUC = 0.5;
p <0.05.
Table 3. Criteria for prediction of moderate and severe disability for mRS 2 3 points
on the 90" day of CIHS

Criterion Sensitivity Specificity

MSR level on the 30" day of CIHS >212.0 100 % 75.0 %

The serotonin plasma level on the 30" day < 0.15 mcmol/l 50.0 % 86.4 %

AMSR > 0.658 66.7 % 721 %

ASE 2-0.318 50.0 % 83.7%

AME £0.513 100 % 452 %

Table 4. Criteria for prediction of moderate and severe disability for mRS 2 3 points

on the 180" day of CIHS

Criterion Sensitivity Specificity
MSR level on the 30" day of CHIS > 212.0 100 % 73.3%
The serotonin plasma level on the 30" day <0.15 mcmol/l 60.0 % 86.7 %
ASE 2-0.318 60.0 % 84.1 %
AME < 0.382 100 % 48.4 %
AMSR > 1.019 60.0 % 79.5 %
The melatonin serum level on the 30" day < 29.1 pg/ml 60.0 % 79.7 %

the pathogenetic significance of serotonin in the realization
of sanogenesis mechanisms during early recovery period
of CIHS.

Among the studied indexes the highest information
value for prognosis of functional outcome of early recovery
period of CIHS as for the results of this research was set
for the ratio of melatonin and serotonin on the 30" day
of disease (AUC = 0.81 against 0.45 1 0.69 for melatonin
and serotonin respectively). It defines the practical usage
of mentioned criterion as surrogate marker of objectifi-
cation of interconnection of melatonin and its metabolic
precursor — serotonin among the patients with CIHS as
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for prognosis of outcome during the early recovery period
of disease.

Conclusions

Conducted investigation allows us to draw out the fol-
lowing conclusions:

1. The level of MSR >212.0 on the 30" day of CIHS is
the predictor of moderate and profound disability for modi-
fied Rankin’s scale 23 points on the 90" (AUC = 0.81,
p < 0.05; sensitivity = 100.0 %, specificity = 75.0 %)
and on the 180" day of disease (AUC = 0.78, p < 0.05;
sensitivity = 100.0 %, specificity = 73.3 %).

2. The serotonin plasma level <0.15 mcmol/l on the 30"
day of CIHS is the predictor of moderate and profound dis-
ability for modified Rankin’s scale =3 points on the 180"
day of disease (AUC =0.74, p < 0.05; sensitivity = 60.0 %,
specificity = 86.7 %).

Perspective for further scientific investigations is
the development of differential approach for arranging treat-
ment and rehabilitation in patients with CIHS, taking into
account the individual prognosis of outcome on the early
recovery period of disease, based on the identification
of the serum concentration of melatonin and the serotonin
plasma level.
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