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BACKGROUND. The present day dictates a new relevance of tuberculosis, which consists in the increase in the number
of patients with resistant forms of tuberculosis and the decrease in treatment adherence due to the long duration and toxicity
of antimycobacterial therapy. Treatment regimens should be adjusted to include additional non-microbial agents that can
simulate the immune system's activity in combating mycobacteria and synergistically enhance the activity of anti-tuberculosis
drugs themselves.

MATERIALS AND METHODS. The determination of melatonin levels and cytokine levels (interleukin-6 and -10) in blood
plasma was performed during the first 2 weeks of antimycobacterial treatment. The study included 30 patients with new
cases of pulmonary tuberculosis with preserved sensitivity and 30 patients with multidrug resistance.

RESULTS AND DISCUSSION. It was found that the level of melatonin in the blood plasma in the study groups was signifi-
cantly lower compared to the control group. The average value of melatonin was 33.2+1.2 pg/mlin group 1 and 29.4%2.3 pg/ml
in group 2 and in the control group - 46.2+0.8 pg/ml (p=0.035).

It was proven that the content of interleukin-6 in the studied groups of patients significantly exceeded the practically
healthy individuals indicator: in group 1, the level of interleukin-6 was 11.04 times higher, in group 2 - 13.9 times (p<0.001).
The concentration of interleukin-10 in the blood plasma of tuberculosis patients is significantly increased: in group 1,
the level of interleukin-10 was 2.2 times higher, in group 2 - 1.7 times (p<0.001).

The linear correlation coefficient showed that in tuberculosis patients, there is almost no correlation between the level
of interleukin-6 and melatonin (r=0.14), and there is a positive, close relationship between the level of interleukin-10 and
melatonin (r=0.73).
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Ponb menaroniny, IJ1-6 Ta J1-10 B imyHonaToreHesi
M KNiHiYHOMY nepeo6iry Ty6epKynbo3y

A.1. Tonepika, J1.4. Toaopiko
ByKOBUHCbKUIA AepxxaBHUI MeAnYHUIA YHiBEpCUTET, M. YepHiBLi, YkpaiHa
KoudnikT inTepecis: BiacyTHil

OBIPYHTYBAHHA. CborofeHHs AMKTYE HOBY aKTyanbHiCTb TYGEpKyNbo3y, Ska NONAra€ B MPUPOCTi KiNbKOCTi XBOPMX
3 pe3nUCTEHTHUMU hopMaMmn XBOPOOM Ta 3HWXKEHHI NPUXUIBHOCTI L0 NiKyBaHHA Yepe3 A0BroTPMBaNiCTb i TOKCUYHICTb
aHTUMiKobakTepianbHOi Tepanii. CxeMu nikyBaHHS MatoTb 6yTW CKOperoBaHi Tak, LWobu BKIYATU AOAATKOBI HEMIKPOOHi areHTu,
AKi MOXYTb MOJLENOBATU aKTUBHICTb iIMyHHOI cucTeMU B 6OpOTbOI 3 MikoOaKTEpiIMU Ta CMHEPTiIAHO NOCUIOBATU aKTUBHICTb
BlaCHe NpoTUTY6epKyNbO3HMX Npenaparis.

MATEPIAJZIN TA METOAMWN. PigHi MenaToHiHy Ta LUMTOKIiHIB (30KpeMa, iHTepnerikiHy-6 i -10) y nna3mi KpoBi BM3Ha4anu
BMPOLOBXK NEPLIMX 2 TUXHIB aHTUMiKOBaKTEpianbHOro NikyBaHHS. Y AoCNiLKeHHS 3anydeHo 30 nauieHTiB 3 HOBUMM BUNAAKAMM
TybepKynbo3y nereHb 3i 36epexxeHoto YyTanBicTio Ta 30 NALIEHTIB i3 MHOXMHHOK NiKapCbKO CTiMKICTHO.
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PE3V/IbTATU TA iX OBrOBOPEHHA. BcTaHoBneHo, Wo piBHi MenaToHiHy B Mna3Mi KpoBi B AOCNIAXYBaHUX rpynax
6y 3HAYHO HMXKYMMM MOPIBHSHO 3 rpynot KoHTponto. CepeaHe 3HaUYeHHS MeNaToHiHy cTaHoBuNO 33,2%1,2 nr/mn y rpyni 1
Ta 29,4%2,3 nr/mn y rpyni 2,y KOHTponbHin rpyni — 46,2+0,8 nr/mn (p=0,035).

[loBefeHo, WO BMICT iHTEpNENKiHY-6 Y AOCNIAXKYBAHMX Fpynax MaLiEHTIB BipOriLHO NepeBMLLYBAB MOKA3HUK MPAKTUUYHO
3p0poBux ocib: y rpyni 1 piBeHb iHTepnenkiHy-6 6yB Buwmm B 11,04 pasa, B rpyni 2 -y 13,9 pasa (p<0,001). KoHueHTpauis
iHTepnenkiHy-10 y nnasMmi KpoBi XBOpMX Ha TybepKynb0o3 LOCTOBIPHO MiABULLYETLCS: B rpyni 1 piBeHb iHTepnelkiHy-10 6yB

BMLWMM Y 2,2 pa3a, B rpyni 2 - B 1,7 pa3sa (p<0,001 BignoBigHo).

KoediLi€eHT niHiMHOT Kopensuii nokasas, Wo Yy XBOPMX Ha Ty6epKynbo3 MiX piBHEM iHTepNenKiHy-6 i MenaToHiHOM Malxe
BiJCYTHIl KopenauinHuii 38930k (r=0,14), ane Mix piBHeM iHTepnenkiHy-10 i MenaToHiHOM HasiBHWIM NO3UTUBHWIA TiICHWI 3B130K

(r=0,73).

KJ/TIHO4O0BI CJ/T0BA: Ty6epKynbo3, MeNaToHiH, iHTepnenKiHW, pe3nUCTEHTHUIA, iIHTOKCMKALLIS.

Introduction

Worldwide, the treatment of tuberculosis (TB), namely
drug-sensitive, has achieved significant success, and, accord-
ingly, control over its spread has been achieved. However, to-
day’s reality highlights a renewed relevance of TB, associated
with an increase in the number of patients with drug-resistant
forms of the disease and a decline in treatment adherence
due to the prolonged duration and toxicity of antitubercular
therapy (ATT).

In our opinion, TB treatment regimens should be adjusted
so that additional non-microbial agents that can simulate
the activity of the immune system in the fight against my-
cobacteria and synergistically enhance the activity of ATT
itself are included in pathogenetic treatment regimens. The
literature shows that adjunctive therapeutic drugs [2, 6,7,13]
in combination with antimycobacterial drugs can enhance the
overall effect of ATT through a directly directed response to
the immune system or pathogen.

Pathological processes such as specific inflammation,
fibrosis, and oxidative stress underlie the pathogenesis of TB.
Thus, additional pathogenetic therapy may be useful in the
clinical management of TB patients.

Melatonin is one of the potent anti-inflammatory, an-
tifibrotic and antioxidant agents and reducing the expres-
sion of inducible nitric oxide synthase and blocking the
overexpression of inflammatory cytokines. Melatonin also
prevents the increase in the level of interleukin-12 (IL-12),
tumor necrosis factor-a (TNF-a), and interferon-y at the
site of inflammation.

Melatonin plays an important role not only in the reg-
ulation of respiratory chain complexes | and IV but also in
preventing mutation and deletion of mitochondrial DNA.
This effect of melatonin is the result of a direct interaction
between melatonin and the protein (fig.).

Pulmonary TB is characterised by a specific inflammatory
response involving alveolar granulocyte colony-stimulating
factor, a-chemokines, and pulmonary neutrophilosis. It has
been shown that the immune system directs neutrophils and
chemokine production, which regulate the accumulation of
Th1l cells [5, 9, 12]. However, melatonin has the property of
attenuating pulmonary neutrophil infiltration and reducing
the levels of the cytokines TNF-a, IL-18, and IL-6 [11, 13].
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Fig. Molecular structure of melatonin

Melatonin demonstrates significant antimicrobial prop-
erties. In order to evaluate the susceptibility of Mycobac-
terium tuberculosis (MBT) to melatonin, strains resistant
to rifampicin, streptomycin, and isoniazid were incubated
with the compound. The findings revealed that melatonin
exerts an inhibitory effect against multidrug-resistant TB
(MDR-TB) [10]. These data offer strong evidence supporting
the therapeutic potential of melatonin in the management
of pulmonary TB.

At present, numerous experimentally modeled studies
have investigated the effects of melatonin on MBT; however,
data on plasma melatonin levels in patients with TB and its
therapeutic efficacy remain unavailable.

The aim of this study was to determine the concentration
of melatonin and the levels of selected cytokines in the blood
plasma of patients with pulmonary TB.

Materials and methods

A randomized case-control clinical study included 30 pa-
tients with newly diagnosed drug-sensitive pulmonary TB
(group 1), 30 patients with MDR-TB (group 2), and 10 practi-
cally healthy individuals = PHI (control group).

The patients were distributed by sex: males accounted for
76.5 %, and females - 23.5 %. The mean age of the patients
was 38.9%5.2 years, ranging from 23 to 65 years. The majority
of examined patients were male - 68.2 %, while females
comprised 31.8 %. Objective examination methods revealed
that heart rate, blood pressure, respiratory rate, and body mass
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index in the studied patients varied depending on the extent
of the pathological process in the lungs.

Inclusion criteria for the study: patients with active TB
confirmed by X-ray, positive molecular genetic analysis of spu-
tum and microscopic analysis for AFB, HIV-negative.

The determination of plasma melatonin levels in the ex-
amined patients of groups 1 and 2 was performed during the
first 2 weeks of antimycobacterial treatment. Whole blood
samples were collected into anticoagulant-containing tubes
(for plasma preparation) between 08:00 and 09:00. The blood
samples were centrifuged at 1000 rpm for 30 minutes to
obtain plasma. Plasma samples were transferred into tubes
covered with aluminum foil and stored at -30 °C until mel-
atonin analysis. The study was conducted at the Educational
and Scientific Laboratory of Bukovinian State Medical Uni-
versity. Plasma melatonin concentrations were expressed in
picograms per milliliter (pg/mL), with reference values for
daytime levels ranging from 3.8 to 80.4 pg/mL.

Statistical analysis was performed using quantitative and
qualitative research tests with the SPSS Statistics 23.0 soft-
ware package, applying paired sample t-tests and Chi-square
tests. Differences were considered statistically significant
at a confidence level exceeding 95 % and p<0.05. To assess
differences between groups, Student’s t-test and the Mann -
Whitney U test were used. The results were presented as
mean standard deviation and median (minimum - maximum).
Spearman’s correlation test was applied to determine rela-
tionships between variables. A probability level of p<0.05 was
considered statistically significant.

Results and discussion

The general condition of the patients and the severity of
the intoxication syndrome were assessed using a proprietary
scoring scale developed by the authors. This scale incorpo-
rated the severity of clinical symptoms, body weight loss,
radiological characteristics of the TB process, and haemato-
logical parameters (table 1).

Among the examined patients in group 1, 53.4 % demonst-
rated a moderate general condition and a mild to moderate
intoxication syndrome, whereas in group 2, a severe general
condition and pronounced intoxication syndrome predomi-
nated in 62.8 % of cases.

In patients with pulmonary TB, the erythrocyte sedimenta-
tion rate, C-reactive protein level, leukocyte count, and plasma
melatonin concentration were assessed (table 2).

According to the results of our study, plasma melatonin
levels in both study groups 1 and 2 were significantly lower
compared to the control group. The mean melatonin con-
centration in group 1 was 33.2%1.2 pg/mL, and in group 2 -
29.4%2.3 pg/mL, while in the control group it was 46.2+0.8 pg/mL.
The Mann - Whitney U test revealed a statistically significant
difference with p=0.035.

The mean plasma melatonin concentration in the con-
trol group was 1.39 times higher compared to group 1 and
1.57 times higher compared to group 2.

In study groups 1 and 2, the erythrocyte sedimentation
rate, C-reactive protein level, and leukocyte count were sig-
nificantly elevated compared to the control group, with statis-
tically significant differences (p=0.001, table 2).

Melatonin mediates seasonal changes in the immune
system. It has been proven that melatonin plays an organi-
sational role in changing the physiological state of the body
on a seasonal basis [1, 4, 8, 10].

That is why the seasonal development of the TB process
may be associated with seasonal changes in the immune
system caused by annual fluctuations in melatonin levels.
In an oxidative environment, MDR-TB develops quite well in
macrophages [3, 10, 12]. In addition, oxidative stress caused
by infection leads to damage to host tissues.

The endotoxins released by MDR-TB during decay cause
dysfunction of internal organs, and above all, cause acute
damage to the lung tissue. Specific mycobacterial lung dam-
age releases proinflammatory mediators, protease, reactive
oxygen and nitrogen species, which leads to alveolar-capillary

Table 1. Assessment of the general condition of patients and the severity of intoxication syndrome

T s Goup 1000 Gou 2,009

1-3
4-6
7-10

5(12.3) 3 (10.4)
22 (53.4) 9 (26.8)
14 (34.1) 20 (62.8)

Table 2. Values of individual blood parameters and melatonin levels in blood plasma of the study groups

and the control group

Gow 030 | G230 | Pt | p

Melatonin (pg/ml) 33.2%1.2
Leukocytes (10%/1) 12+1.5
Erythrocyte sedimentation rate (mm/h) 16.8+2.4
C-reactive protein (mg/l) 22.4

Notes: * Student's criteria; ** Mann - Whitney U test.
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29.4%2.3 46.2%0.8 0.035*
14%0.7 6.2+0.2 <0.001*
25.5%3.09 7.2*0.5 <0.001**
283 3.21+0.4 <0.001**
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Table 3. Concentration of some pro- and anti-inflammatory cytokines in the blood plasma of patients with pulmonary

PHI (n=10) Group 1 (n=30) Group 2 (n=30)

TB (Mxm)
IL-6 (pg/ml) 1.6910.016
IL-10 (pg/ml) 1.74%0.131

17.86+13.21 (p<0.001)
3.9%0.81 (p<0.05)

24.15%12.63 (p<0.001, p,<0.01)
2.83£0.81 (p<0.001, p,>0.001)

Notes: p - the degree of probability of indicators in relation to the PHI; p, - the degree of probability of the intergroup difference in indicators

(between groups 1 and 2).

damage with the development of pulmonary edema, impaired
gas exchange, increased permeability and altered lung mechan-
ics. Endotoxins stimulate the excessive production of proinflam-
matory cytokines, such as TNF-a, IL-6 and nitric oxide. At the
same time, IL-10, an anti-inflammatory cytokine, is induced to
Llimit the specific inflammatory response in the lungs.

We analyzed the indicators of individual cytokines in the
blood serum of patients with NTB and MDR-TB and their
correlation with melatonin. Prior to treatment, patients with
susceptible and resistant TB showed a significant increase
in the level of proinflammatory cytokine (IL-6) in the blood
serum against a decrease in the production of anti-inflam-
matory cytokine IL-10, which characterises the active phase of
a specific inflammatory process (table 3).

We found that the content of IL-6 in the studied groups of
patients significantly exceeded the index of PHI: in group 1,
the level of IL-6 was 11.04 times higher, in group 2 -
13.9 times higher (p<0.001). An increase in IL-6 concentra-
tion is one of the first markers of an inflammatory response
that stimulates the synthesis of C-reactive protein and acute
phase proteins. It has been proven that an increase in IL-6
concentration usually correlates with the stage and inten-
sity of inflammatory process infiltration. The analysis of the
intergroup dynamics of IL-6 levels showed that in group 2
it increased by 1.7 times compared to group 1 (p1<0.01).

The concentration of IL-10 in the blood plasma of TB
patients significantly increased: in group 1, the level of IL-10
was 2.2 times higher, in group 2 - 1.7 times higher (p<0.001,
respectively). IL-10 is an inhibitor of activated macrophages
and dendritic cells, and an increase in concentration indicates
suppression of cellular immunity and the onset of chronicity
of a specific inflammatory process. It was found that IL-10
in group 1 was 1.2 times higher than in group 2.

A correlation analysis was performed between the stud-
ied cytokines and melatonin. The presence and closeness of
a linear relationship between the two signs were determined
using the linear correlation coefficient (Pearson correlation
coefficient) r, which is calculated by the following formula.

It has been shown that in TB patients there is almost
no correlation between IL-6 and melatonin levels (r=0.14),

Y-y x-x)
[y~ ———— —
BEO-y) S 0)

but there is a positive, close relationship between IL-10 and
melatonin levels (r=0.73).

The role of melatonin in TB is obvious but not fully under-
stood. To prevent the chronicity of the inflammatory process,
the development of resistance, and mortality from TB, spe-
cific treatments are needed, as well as the inclusion of new
immune system stimulating drugs such as melatonin in the
treatment programme. Determining the plasma concentration
of melatonin in TB patients is not a routine test in diagnostic
laboratories. However, we believe that determining the level
of melatonin in the blood plasma of TB patients can con-
tribute to a better course of the specific process and further
treatment of patients.

Thus, the immunomodulatory and antioxidant ef-
fects of melatonin indicate the possibility of its use as
an additional pathogenetic therapy for pulmonary TB and
its resistant forms.

Conclusions

1. It was found that the levels of melatonin in blood plasma
in the study groups were significantly lower than in the
control group. The average value of melatonin was
33.2%+1.2 pg/mlin group 1 and 29.4%£2.3 pg/ml in group 2,
in the control group - 46.2#0.8 pg/ml (p=0.035).

2. It was proved that the content of IL-6 in the studied
groups of patients significantly exceeded the PHI index:
in group 1, the level of IL-6 was 11.04 times higher,
in group 2 - 13.9 times higher (p<0.001). The concentration
of IL-10 in the blood plasma of TB patients significantly
increased: in group 1, the level of IL-10 was 2.2 times
higher, in group 2 - 1.7 times higher (p<0.001, respectively).

3. The linear correlation coefficient showed that in TB pa-
tients there was almost no correlation between IL-6 and
melatonin (r=0.14), but there was a positive, close relation-
ship between IL-10 and melatonin (r=0.73).
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