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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Direct critical attack of the coronavirus on the alveoli and
the excessive release of a large number of cytokines (IL-6,
IL-1, TNF-a, etc.) provides suitable conditions for the further
development of acute respiratory distress syndrome (ARDS)
and severe acute respiratory failure. Serious decrease in blood
oxygenation often lead to the deterioration of macro- and
microcirculation, irreversible brain damage and hence, persistent
neurological and mental disorders despite background intensive
therapy and adequate respiratory support. Therefore, the aim of
our open prospective observational study was to investigate the
neuroprotective and antioxidant effectiveness of montelukast-
acetylcysteine combination therapy for brain protection in
patients with COVID-19 viral pneumonia.

A study was performed for five hundred seventy-eight (n=578)
outpatients who were tested positive for novel coronavirus
(SARS-CoV-2) by nasopharyngeal swap. The median age of
patients was 62+17.45 years. In addition to clinical features and
RT-PCR results, chest CT and chest X-ray (CXR) with high
sensitivity were also very helpful for the early identification of
viral pneumonia and COVID-19 disease assessment.

Considering the severity of Covid-19 pneumonia and the
level of arterial oxygen saturation (transcutaneous hemoglobin
oxygen saturation) on room air, all patients were divided into
three major groups.

Group 1 (n=288) consisted of patients with a mild shift in
oxygen saturation (SpO2 > 95%) and well-defined pulmonary
lesions (within 1-2 segments) without concomitant diseases; the
second group (Group 2, n=250) included patients with clinical
manifestations of moderate severity associated with a current
saturation of 90-95% (Sp0O2) and small pulmonary lesions on
chest X-ray in the presence of concomitant diseases: arterial
hypertension (stage III) or CHF (FC / NYHA - 2), coronary
heart disease or type 2 diabetes, cancer, tuberculosis, etc.

Most of the patients in third group (Group 3, n=48), during
imaging studies, showed bilateral lung affection with low and
peripheral distribution (with both - either ground glass opacities
or multiple pulmonary nodules) and cardiomegaly. The
respiratory failure of stage II-11I (current oxygen saturation SpO2
75-90%), high respiratory rate (=25 per minute), hemodynamic
impairment (BP < 100/60 mm Hg. Art., heart rate >125/min)
were the most common objective clinical findings seen in this
subset of patients. Laboratory changes included leukopenia less
than 4.0x109/L or leukocytosis (>10.0 X 109/L).

Background respiratory support with low-flow oxygen therapy
and combined pharmacotherapy, where, along with montelukast
and acetylcysteine, patients were prescribed a cephalosporin, a
fluoroquinolone, an antifungal drug, a histamine blocker, an
antiplatelet agent, a complex of B vitamins, led to a significant
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improvement in symptoms and laboratory parameters during
the course of the disease.

The mean values of the blood biomarkers (CRP - 21.46+4.43
mg/l, LDH - 410.71+40.63 U/, procalcitonin - 1.08+0.31 ng/
ml, and ferritin - 270.43427.23 ng/ml) return to normal by the
20th day after the fever subsides. Laboratory parameters before
and after treatment course showed statistically significant
differences between variables (p<0.05). No patient in Group
3 received JAK inhibitors (tofacitinib and baricitinib), IL-6
(olokizumab), IL-17A (netakimab) and glucocorticosteroids,
however, recovery rates were completely good.

Assessment of the patient's neurological status (based on the
NIHSS scores) revealed no signs of neurological changes.

Thus, based on the data given, it can be concluded that the
high efficacy of the acetylcysteine/montelukast combination (as
neuroprotectors) in pneumonia caused by COVID-19 is due to the
effect of drugs on key mechanisms of pathogenesis: reduction of
oxidative stress as drugs (combination) ensuring the free radical
scavenging; stimulation of glutathione synthesis; suppression
of cytokine storm; reduction of bronchospasm, mucus secretion
and airway edema; lowering of BBB permeability and the ability
to improve cerebral microcirculatory perfusion in the presence
of antiplatelet agents.

In conclusion, the combination of montelukast and
acetylcysteine may provide an effective, safe, multicomponent
approach to the prevention of hypoxic brain injury in patients
with COVID-19 pneumonia.

Key words. COVID-19, cytokine storm, acute respiratory
distress syndrome, montelucast, N-Acetyl-L-cysteine (NAC),
neuroprotection.

Introduction.

The clinical course of coronavirus infection and the outcome
of the disease are largely determined by such factors as the
virulence of the infectious agent, the comorbid status of the
patient, the development of complications and the rational use
of medications [2-8,11-12,14-17,30]. A classic complication
of COVID-19 is viral pneumonia, which creates prerequisites
for the development of acute respiratory distress syndrome
(ARDS) and severe acute respiratory failure [8-12,18]. Even
in intensive therapy and adequate respiratory support, impaired
blood oxygenation often causes deterioration of macro- and
microcirculation, irreversible brain damage and develops
persistent neurological and mental disorders leading to further
social disadaptation [8-12,23,25].

At the initial stage, the key link in pathogenesis is the
coronavirus lesion of the alveoli (with severe disease courses)
and the development of local inflammatory reaction [4-8]. In the
focus of inflammation (as a response to viral invasion), epithelial
cells, tissue macrophages and mast cells start releasing large
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amounts of cytokines (IL-1, IL-6, tumor necrosis factor-a, etc.),
increasing the recruitment of neutrophils, T-cells, macrophages
and having a powerful destabilizing effect on the hemostatic
system, vascular permeability and functioning of most organ
systems [2-4,6,8-14,30]. Total damage of alveoli and secondary
complications induced by "cytokine storm" (ARDS, DIC,
thrombosis, thromboembolism, etc.) are often seen as one of the
key causes for multiple organ failure and lethal outcomes, including
among patients without significant comorbidities [12,35].

The pharmacological mechanism of action of montelukast
is known to be based on antagonism to leukotriene receptors.
Cysteinyl leukotrienes (CysLTs) are potent photogenic and
immunomodulatory lipid mediators involved in inflammatory
processes, including the "cytokine storm" and the acute phase
of cerebral ischemia. Accordingly, CysLTs receptor antagonists
"a priori" can provide suppression of the "cytokine storm" and
protect the brain from ischemic damage. Montelukast (the drug
has been recommended for use at all levels of bronchial asthma
since 2002), on the one hand, eliminates bronchoconstriction
and mucosal edema (induced by exposure to various triggers),
and on the other hand, provides preservation of the BBB
integrity under hypoxia and even reduces seizure frequency
in patients with epilepsy [32]. According to Tesfaye B.A. et
al. [32], montelukast showed neuroprotective effect on the
basis of anti-inflammatory and antiapoptotic mechanisms of
action. In experimental works on the model of global cerebral
ischemia/reperfusion with bilateral carotid artery occlusion for
15 minutes followed by a 60-minute period of reperfusion, a
favorable effect of montelukast was demonstrated on such
biochemical parameters as lactate dehydrogenase activity,
markers of oxidative stress (products of lipid peroxidation,
nitric oxide and reduced glutathione), markers of inflammation
(myeloperoxidase, tumor necrosis factor alpha, nuclear factor
kappa-B, interleukin-6 and interleukin-10), biomarkers of
apoptosis (caspase-3 and cytochrome C), neurotransmitters
(glutamate, GABA), Cys-LT content and CysLT1 receptor
expression [28,31]. Furthermore, montelukast inhibits platelet
aggregation, which is important in thrombophilia [32].

It is well recognized that impaired blood oxygenation
processes are almost always accompanied by rapid generation
of excess free radicals (against the background of depletion of
antioxidant systems resources) with subsequent damage of cell
membranes and accumulation of fragments of destroyed cells
[28-29]. Prophylactic use of acetylcysteine as an antioxidant
and neuroprotector (cytoprotector), in the experiment - on the
model of normobaric hypoxia, has inhibited the formation of
reactive oxygen species (ROS) and highly toxic products of lipid
peroxidation [29]. Acetylcysteine due to the presence of a free
sulthydryl group, directly neutralizes free radicals, on the other hand,
by supplying cysteine for glutathione synthesis (whose content in cells
largely determines the resistance of neurons to oxidative stress), it
increases mitochondrial antioxidant activity [29].

It is generally considered that it is the increase of reduced
glutathione (GSH) that provides antioxidant protection of cells
and tissues [29]. Moreover, both forms of glutathione - oxidized
and reduced - can also have a modulating effect on glutamate
neurotransmission [29], since they are ligands for NMDA- and
AMPA -receptors.
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In view of the above, the purpose of the present open
prospective observational study was to investigate the
neuroprotective and antioxidant effectiveness of montelukast-
acetylcysteine combination therapy for brain protection in
patients with COVID-19 viral pneumonia.

Materials and Methods.

The study enrolled 578 patients with COVID-19, who could
not be hospitalized (for objective reasons) in a pandemic. All
patients had pneumonia caused by SARS-CoV-2 virus. The
diagnosis of COVID-19 was confirmed anamnesthetically,
clinically, radiologically and by a positive oropharyngeal smear
test for SARS-CoV-2 performed by real-time polymerase chain
reaction (PCR-RV). The mean age of the patients was 62+17.45
years. Given the severity of viral pneumonia and room air
breathing saturation index, the patients were divided into three
groups (see Table 1).

The first group (n=288) - mild degree (symptoms of intoxication
were not observed, body temperature 37.5 - 39.5°C, respiratory
failure (SpO, = 95%) and hemodynamic disorders were absent,
lung infiltration covered 1-2 segments, leukocytes 9.0-10.0 x
10°/L with no concomitant diseases; the second group (n=250)
- medium degree of severity (moderately expressed symptoms
of intoxication, body temperature 37.5 - 39.5°C, pulmonary
lesions within the limits of 2 segments, respiratory rate up to
25/min, shortness of breath, SpO, - 90-95%, heart rate - up to
100 bpm, increased sweating, with concomitant diseases such
as hypertension (stage III), CHF (FK/NYHA-2), CHD, type
2 diabetes, cancer, tuberculosis, etc. The third group (n=48)
- severe degree with body temperature >37.8C, respiratory
insufficiency of II-III degree (SpO, 75-90%), respiratory rate >
25/min, hemodynamic instability (BP<100/60 mm Hg, HR>125/
min), leukopenia less than 4.0 x 10°/L or leukocytosis 10-20.0
x 10°L with more than 10% immature neutrophils, a frontal
chest X-ray revealed increased heart size and multiple bilateral
infiltrates (see Figure 1), multilobar, bilateral pneumonic

|
Figure 1. Chest radiograph of a patient with progressive respiratory
failure (severe disease course). Lung tissue thickening of low intensity

bilaterally in the middle and lower parts of the right lung and upper
parts of the left lung. Free fluid is detected in the left pleural cavity.
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Table 1. Early warning scores (NEWS2 scale: 0-2 - satisfactory condition, 3-4 - moderate severity, 5-7 - severe condition).

Severity Degrees T (°C) SpO2 (%) (Cng}/)L) Fibrinogen D - dimer Ferritin Procalcitonin | LDH
Mild
(Group 1, n=288) <38.5 95-100 <20 N N N N N
Moderate
< - - _ _ _ _
(Group 2, n=250) <385 90- 95 20-50 <4 1,5-2N 1,5-3N 1,5-2N 1,5-2N
Severe. 38.5-40 75-90 50-100 46 24N 3-6N >IN 24N
(Group 3, n=48)
Table 2. Combined pharmacotherapy (depending on the severity of the condition).
Group Nel Group Ne2 Group Ne3
Hypertension Hypertension

. Without concomitant
Concomitant

. diseases
diseases
Ceftriaxon — 1-2 g (i/m);
Ceftriaxon — 1-2 g (i/m);
Ciprofloxacin (500 mg) — 500 mg PO bid.
PO bid.
Medications Vit. B complex - 1 tab. PO bid.

Acetylcysteine (600 mg) - 1 tab. PO od.
Ketotifen (1mg) — 1tab. bid.
Montelucast (10 mg) - 1tab. PO od.
Aspirine (500 mg) — half of tab. PO od.

infiltration accompanied by rapid progression of the process
(increase in the infiltration area by 50% or more in 48 hours of
follow-up, pleural effusion, failure of other organs and systems,
impaired consciousness, exacerbation of concomitant diseases).

In all groups, medications were started from the moment of
diagnosis of viral pneumonia (see Table 2) and continued for 48
hours, after body temperature normalized.

Of the antipyretics, the patient received either ibuprofen in a
dose of 400 mg or aspirin in a dose of 500 mg, if necessary.
Despite lack of appetite and severe weakness, all patients
consumed protein- and vitamin-rich foods and, taking into
account respiratory biomechanics, spent minimal time lying
down (moving as intensively as possible).

The levels of C-reactive protein (CRP), ferritin, procalcitonin,
D-dimer, and LDH, which is one of the markers of both tissue
destruction and anaerobic respiration intensity, were studied as
laboratory parameters reflecting the dynamics of the disease
course and used to assess the activity of the inflammatory
process [15-17,36].

During statistical processing of the results, p < 0.05 was
deemed statistically significant. The mean data were estimated
using Student's t-test [1].

Results and Discussion.

All patients with a positive oropharyngeal smear test for SARS-
CoV-2 had anxiety, psychomotor agitation, and panic attacks
of varying degrees before starting treatment. After talking to
medical personnel, the internal tension was relieved in most
patients (without medical intervention), but in some patients
(25%) the state of anxiety persisted until normalization of body
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(II - III stage), diabetes mellitus - type
1L, hypothyroidism, anemia, oncologic
conditions, tuberculosis and etc.

Ciprofloxacin (500 mg) — 500 mg

Vit. B complex - 1 tab. PO bid.
Acetylcysteine (600 mg) - 1 tab. PO od.
Ketotifen (1mg) — 1tab. bid.
Montelucast (10 mg) - 1tab. PO od.
Aspirine (500 mg) — half of tab. PO od.
Fluconazole — 150 mg

1 caps. PO biw.

(III stage), CHF (NYHA class II),
diabetes mellitus - type II, ischemic heart
disease, oncologic conditions and etc.
Ceftriaxon — 1-2 g (i/m);
Ciprofloxacin (500 mg) — 500 mg
PO bid.

Vit. B complex - 1 tab. PO bid.

Vit. B, (5%-1 ml) — 1 ml od (i/m).

Vit. C (5%-2 ml) — 2 ml od (i/m).
Acetylcysteine (600 mg) - 1 tab. PO od.
Ketotifen (1mg) — 1tab. PO od.
Montelucast (10 mg) - 1tab. PO od.
Fluconazole — 150 mg

1 caps. PO biw.

Aspirine (500 mg) — half of tab. PO od.

temperature (up to 22 days in single cases). In group N1, the
disease was mild for 10 - 14 days. Patients in this category did
not present complications and evolved clinically well.

At the onset of the disease, most patients had a rise in body
temperature to 37.5°C in the morning and to 38.5°C in the
evening. In 2-5 days from the onset of fever, other signs were
observed: cough, dry or with poor sputum, shortness of breath,
chest congestion, sore throat, weakness, headache, anosmia,
dysgeusia, anorexia. Pulmonary infiltration within 1-2 segments
was recorded on days 5-7 after the manifestation of signs of acute
respiratory infection, which was a predictor for the initiation of
antibiotic therapy (Table N2). As is known, "viral pneumonia"
can be of varying severity, but the patient does not always
need to be prescribed antimicrobial agents [19-20]. However,
viral invasion in COVID-19 creates conditions for secondary
bacterial infection (Streptococcus pneumoniae, Staphylococcus
aureus (MSSA, MRSA), Haemophilus influenza) and the "wait-
and-see" tactics (considering the increase in CRP) are not
justified [22,33-34].

In the clinical blood test, elevated ESR (CRP) was observed in
all patients, neutropenia only in 34.92%. Normalization of body
temperature was an indicator of positive dynamics (against the
background of pharmacotherapy). Fever duration (group N1)
did not exceed 14 days. Stabilization of the process began, on
average, from the 10th day after infection. No deviations were
observed in the neurological status of patients (group N1). Dry
cough was prevalent symptom in the post-infection period,
which was managed by a combination of prenoxdiazine (under
the brand name Libexin), montelukast and aminophylline in
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therapeutic doses. Recovery of taste and smell took an interval
of 2 to 10 weeks. No lethal outcomes were observed in group
NI1.

Characteristic markers of COVID-19 severity in group N2
were prolonged fever, decreased blood oxygen saturation, lung
CT pattern, decreased lymphocyte count, increased levels of
D-dimer, CRP, fibrinogen, ferritin, LDH, etc. According to the
protocol, taking into account the age and comorbid status of
patients (obesity, diabetes, heart disease, etc.), a combination
of cytokine inhibitor /JAK-kinase/ and glucocorticosteroids
should have been prescribed to suppress the "cytokine storm".
However, given the mechanism of action, contraindications,
and life-threatening side effects of these drugs (tofacitinib,
baricitinib, methylprednisolone, dexamethasone, etc.) we
refused to use them [27,32,36]. It should be emphasized
that in all groups, only montelukast and acetylcysteine were
administered to overcome the "cytokine storm". To improve
blood oxygenation (28 patients out of 250), prone position and
minimal respiratory support with low-flow oxygen (oxygen
flow 3-6 L/min for no more than 7 days) were recommended
[18,21,24,26]. Despite the fact that 8 patients from this group
had a history of urogenital oncopathology and were in clinical
remission, the course of the infectious process in them did
not differ from that in the same group of patients without
significant comorbidities. In two individuals the development
of pneumomediastinum was not accompanied by deterioration
of the condition and resolved without surgical intervention. All
patients of group N2 recovered. There were no deviations from
the norm in the neurological status.

B -

Gl -

values

400 -

200

All patients in group N3 were severe. High fever (up to
40.5°C), tachycardia, increased sweating, dyspnea - 25-30
breaths per minute with involvement of auxiliary muscles, dry
cough, respiratory failure stage II-III (SpO, - 75-90%), cyanosis
on exertion, severe weakness (they had difficulty moving and
talking), an increased heart size on a frontal chest X-ray, multiple
bilateral infiltrates were more prevalent on examination in severe
cases (see Figure 2). Computed tomography of the chest organs
revealed pulmonary bilateral interstitial changes in the form
of ground - glass opacities, pleural effusion, etc. Lung tissue
lesion was at least 50%. Before the start of treatment, significant
biological abnormalities were observed mainly in laboratory
parameters: neutropenia (0.8+0.11x109/L), lymphocytopenia
(0.85+0.09%109/L), leukopenia (3.1+1.02x109/L), increased
fibrinogen (7.942.61 g/L), C-reactive protein (93.96+11.13
mg/L), ferritin(1105.58+53.19ng/mL), D-dimer(859.96+150.13
ng/mL), LDH (735.71£20.23 wunits/L) and procalcitonin
(6.78+1.22 ng/mL). In group N3, skeletal muscle weakness
reached its maximum on days 12-17 from the manifestation of
COVID-19. Patients could not even sit or stand up on their own.
They refused to eat. Respiratory support with low-flow oxygen
(oxygen flow 3-6 I/min for no more than 10 days) was used to
increase blood oxygenation (in 26 patients out of 48). Studies
have shown that with normal cardiac output SpO, can be below
22 mmHg without the development of lactic acidosis, but with
impaired hemodynamics, blood lactate concentration increases
rapidly, as blood flow is considered a critical determinant of
oxygenation. It is worth noting that during oxygen therapy,
increasing the concentration of oxygen in arterial blood leads to

Lactatc dehydrogenazc (IU/L)
Feritin (ng'mL)

CRP (mg/L)

D-dimer (ng/mL)
Procalcitonin (ng/mL)

Hot

1o 1d 20 22 i4 20 L8 20

| days from the onset of infection

Figure 2. Dynamics of LDH, CRP, ferritin, D-dimer and procalcitonin in patients with severe COVID-19 (group N3).
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a decrease in cardiac output and thus does not always improve
tissue oxygenation.

Four (of 48) patients had an enlarged liver and moderate
hypertransaminasemia (ALT, AST, GGT). The mechanisms of
liver damage in COVID-19 are not fully understood, but it is
likely that decreased oxygenation and impaired hemodynamics
can contribute to increased liver vulnerability in critically ill
patients. Further, against the background of treatment of the
underlying disease (COVID-19) with acetylcysteine and B
vitamins, a decrease in the concentration of transaminases
and normalization of enzymes in the blood were noted (on
average after 3-4 weeks). In addition, we observed laboratory
features associated with the positive dynamics of the disease
course. C-reactive protein (21.46+4.43 mg/L), ferritin
(270.43+£27.23 ng/mL), D-dimer (235.55+48.13 ng/mL), LDH
(410.71£40.63 units/L) and procalcitonin (1.08+0.31 ng/mL)
improved on average 20 days after fever disappeared (Figure
1). Differences in laboratory values before and after treatment
were statistically significant (p<0.05). All patients in group N3
recovered without the use of JAK-kinase inhibitors (tofacitinib
and baricitinib), IL-6 (olokizumab), IL-17A (netakimab) and
glucocorticosteroids. No abnormalities were observed in the
patients' neurological status (as assessed by the NIHSS scale).

Conclusion.

Summarizing the data obtained, we can conclude that the
high effectiveness of montelukast and acetylcysteine in viral
COVID-19 pneumonia is associated with their effects on the
key events of pathogenesis: inhibition of free radical formation,
stimulation of glutathione synthesis, suppression of "cytokine
storm", elimination of bronchoconstriction and mucosal
edema, reduction of permeability of the blood-brain barrier and
improvement of microcirculation amid antiaggregative effect.
Accordingly, the combination of montelukast and acetylcysteine
can be used to prevent hypoxic brain damage and improve
survival of patients with viral pneumonia.
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PE3IOME

HEMPOINPOTEKTOPHBIN M AHTUOKCUJAHTHBIN
HNOTEHIMAJT KOMBUHUPOBAHHOM TEPAIINU
MOHTEJYKACTOM U AHETWILHMUCTEUHOM 15
3AIIUTHI MO3T'A Y HALIMEHTOB C IHEBMOHMEM,
BBI3BAHHOM COVID-19

Camconnn? M.JI., Kangeaaku'? ML.A.,
H.T', I'bapamus JL.T'.
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'Kymauccxuii  2ocydapemeennvlii  ynugepcumem  um. A.

Llepemenu,  meouyumckuti  ¢pakyremem, — Oenapmamenm
dapmayuu, Kymaucu, I py3us
@apmayesmuueckas komnanus — Legion “Provisus”,

Kymaucu, I py3us

[TopaxxeHue anbpBeos KOPOHABUPYCOM U BBIOPOC OOJIBIIOTO
konuuectBa nUTOKUHOB (IL-6, IL-1, TNF—a u T.1.) co3maer
YCIIOBUSI JUIsL Pa3BUTHSL OCTPOTO PECIHMPATOPHOTO JTUCTPECC-
cungpoma (OPIC) u BbIpaKeHHOHM OCTpPOM JbIXaTelbHON
HenocraroyHocTu. Jlaxke Ha ()OHE WHTEHCHBHOW Tepanuu
W aJeKBAaTHOM peCHUPAaTOPHOHW IIOAJEPKKH, HapylleHHe
MIPOLIECCOB OKCUI'€HAIIMM KPOBU YacTO CTAHOBHUTCS IPHYMHON
YXYIUWEHUS Makpo- M MHKPOLMPKYJILUN, HEoOpaTHMOro
MOBPEX/IEHHUsI TOJIOBHOTO MO3Ta W Pa3BUTHS CTOWKHX
HEBPOJIOTMYECKUX M TICUXWYECKUX HapyueHud. Iloatomy,
LIEJIBI0 HACTOSIIEr0 OTKPHITOrO MPOCIIEKTHBHOTO HAOJIOICHHS
SIBWIOCH CPaBHHUTEIIBHOE W3y4YEHHWE HEHPONPOTEKTOPHOU H
AQHTUOKCHUJIAHTHOM aKTMBHOCTH KOMOMHaIMU MOHTEIyKacrta (B
cyTo4Ho# no3e 10 Mr) u areTwiiucTenHa (B CyTo4Hoi 1o3e 600
MT) ISl 3alUTHl MO3ra Y OOJIBHBIX C BUPYCHOW ITHEBMOHHUEH
Ha Gore COVID-19. B uccrnenoBanue BKIOYCHO 578 GOIBHBIX
¢ COVID-19, xoTopsIX B yCIOBHSX MaHAEMHUH, HE YHAJIOCh
TOCIUTAIN3UPOBaTh (10 OOBEKTHBHBIM IpuunMHaM). Bce
OOJIbHBIC TTHEBMOHHMEH, BbI3BaHHOH BHpycom SARS-CoV-2.
Huarno3 COVID-19 0Obul mOATBEPIKAEH IOJ0XKUTEIBHBIM
pe3ysIbTaToM HCCIIEeNOBaHMs OpO(apHHIealbHOIO Ma3Ka Ha
SARS-CoV-2. Cpenuuii Bo3pact 00JIbHBIX cocTaBmI 62+17,45
roga. C yd4eToM COCTOSHHMS TSDKECTH TEUYEHHsl BHUPYCHOU
ITHEBMOHUH U [10Ka3aTells CaTypaluy IPH AbIXaHUH KOMHATHBIM
BO3/1yXOM, OOJIbHBIE OBUIH pa3/iesieHbl Ha TpH rpymisl. [lepBas
rpynna (n=288) — nerkas crenensb (SpO, > 95%), nerounas
MHQUIBTpalKs BIIpeeaax 1-2 cerMeHTOB, HET COITy TCTBYIOIINX
3aboseBannii; Bropast rpynmna (n=250) - cpeqHss CTeNeHb
TshKecTH (JlerouHass MHUIBTpays B Npeaenax 2 CerMeHTOB,
SpO, — 90-95%, uMeloTCA CONMYyTCTBYIOIIME 3a00NEBAHUS -
runepronnyeckass 6onesnp (III cramgms), XCH (OK/NYHA
- 2), UBC, C/I 2 Tuma, onko3aboyieBaHus, TyOepKyJie3 U T.1I.;
TpeThbs rpynmna (n=48) — Tskenas CTENeHb (AbIXaTelabHas
nepocrarounocts II-III ¢t (SpO, 75-90%), uacrora abIxaHus
> 25/muH. Hapymenusi remonuHamuku (AJ1<100/60 MM pT.
cr, UCC > 125/mun), neiikonenus menee 4,0 x 10°/n wnu
nerikonuto3 >10,0 x 10%/11, Ha PpoHTANBHON PEHTIEHOTpaMMe
yBEJIMYCHUE  pa3MEpoB  Cepialla W  MHOTOYHCIICHHBIE
OunarepaibHble MHQWIBTPATHI, MHOT'OI0JIEBAs, JIBYCTOPOHHSS
[THEBMOHWYECKass ~uHQuibTpauus wu  T.0. Ha  done
pecIMpaTopHOl MOANEPKKHA € HU3KOMOTOYHBIM KHCIIOPOZOM
W TpOBEAEHWs  KOMOMHHMpOBaHHOW  (hapMaKoTeparuH,
KOTOpasi KpOME MOHTENYKacTa M aleTWILUCTEHHA BKIJIIOYasa
nedaaocnoput, GTOPXHUHOIOH, TPOTHBOTPUOKOBOE CPEICTBO,
THCTaMUHOOJIOKATOp, aHTHArperaHT W BHUTaMUHBI TPYIIIBI
B, orTMeudeHO cyliecTBEHHOE H3MEHEHHE B J1aOOpaTOPHBIX
MOKa3aTeNsiX, OTPAKAIOUIMX JTUHAMMKY TeueHHs 3a00eBaHUsl.
Hopmanuzanus COZIepIKaHus C-peakTuBHOTO Oenka
(21,46+4,43 wr/n), Qeppurtuna (270,43+27,23  Hr/min),
D-numepa (235,55448,13 ur/mn), JIAT (410,71+40,63 en/n) u
npokanbuuToHuHa (1,08+0,31 Hr/Mir) mporcxoania B cpetHeM
yepe3 20 qHeM mocie MCUE3HOBEHMs JNHUXOpagku. Pasmuunms


https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BB%D0%B5%D0%B9%D0%BA%D0%B8%D0%BD_6
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BB%D0%B5%D0%B9%D0%BA%D0%B8%D0%BD_1
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%BA%D1%82%D0%BE%D1%80_%D0%BD%D0%B5%D0%BA%D1%80%D0%BE%D0%B7%D0%B0_%D0%BE%D0%BF%D1%83%D1%85%D0%BE%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D1%82%D1%80%D0%B0%D1%8F_%D0%B4%D1%8B%D1%85%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D0%B4%D0%BE%D1%81%D1%82%D0%B0%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D1%82%D1%80%D0%B0%D1%8F_%D0%B4%D1%8B%D1%85%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D0%B4%D0%BE%D1%81%D1%82%D0%B0%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C

B JIa0OpATOPHBIX MOKa3aTeIsX JI0- M TOcie JiedeHus Obun
cTatucThuecku nocrosepHsiMU (p<0,05). Bce manueHTs! U3
rpymmsl N3 BEI3I0pOBENH, 6e3 npuMeHeHns1 nHruouropos JAK-
kuHa3 (TodaruTuauO U OapunuTuanb), MJI-6 (onoxu3ymab),
WJI-17A  (serakumal®) ¥  TIIIOKOKOPTHKOCTEPOHIOB. B
HEBPOJIOTHYECKOM CTaTyce  MAalMEeHTOB OTKIOHEHHH OT
HOpPMBI He Habmomamu (oumeHuBanu no wkare NIHSS). Ha
OCHOBAaHHMM TMOJYYEHHBIX JaHHBIX MOXHO 3aKJIIOYHThb, YTO
BbICOKass ((PEKTUBHOCTh KOMOWHAIMM  AlETHIIHNCTENHa U
MOHTeJyKacTa (Kak HeHpOonpoTeKTOpoB) Ha (DOHE BHUPYCHOU
nHeBMoHuM npu COVID-19, cBsi3ana ¢ BIUsSHMEM IpenapaToB
Ha KJIFOUEBbIE 3BEHbsI IATOTeHE3a: HHrHOMpOBaHNe 00pa30BaHMs
CBOOO/IHBIX paIUKalioB, CTUMYJSILHS CHHTE3a TIyTaTHOHa,
MOJaBJICHUE  «IUTOKMHOBOTO  INTOpMa»,  YCTpaHEHHE
OPOHXOKOHCTPUKIMH M OTEKa CIM3UCTON 000JI0UKH, CHIDKECHHE
MIPOHUIIAEMOCTH  TemarodHuedannueckoro  Oapeepa H
yIydIIeHne MUKPOIMPKYIISIINK Ha (OoHE aHTHArperalioHHOTO
s¢pdexra. CoOTBETCTBEHHO, KOMOWHAIUs MOHTENIyKacTa
W aueTWINUCTEMHa MOXeT OBITh HCIOJIb30BaHA  JUIs
MIPEAOTBPALICHUS] THIIOKCHYECKUX MOBPEXJICHUH Mo3ra y
OOJIBHBIX C BUPYCHOH ITHEBMOHHMEHA.

Key words: COVID-19, HIUTOKMHOBBIM IITOPM, OCTpPBII

pecupaTOpHBIN JUCTPECC-CUHIPOM, MOHTEIYKAaCT,
aleTUILUCTENH, HEHPOIPOTEKIIUSI.

SUMMARY

NEUROPROTECTIVE AND ANTIOXIDANT

POTENTIAL OF MONTELUKAST-ACETYLCYSTEINE
COMBINATION THERAPY FOR BRAIN PROTECTION
INPATIENTS WITH COVID-19 INDUCED PNEUMONIA

Samsonia M.D'?, Kandelaki M.A'?, Baratashvili N.G',
Gvaramia L.G'.

'Akaki Tsereteli State University, Faculty of Medicine,
Department of Pharmacy, Kutaisi, Georgia.

’Pharmaceutical company — Legion “Provisus”, Kutaisi,
Georgia.

Direct critical attack of the coronavirus on the alveoli and
the excessive release of a large number of cytokines (IL-6,
IL-1, TNF-a, etc.) provides suitable conditions for the further
development of acute respiratory distress syndrome (ARDS)
and severe acute respiratory failure. Serious decrease in blood
oxygenation often lead to the deterioration of macro- and
microcirculation, irreversible brain damage and hence, persistent
neurological and mental disorders despite background intensive
therapy and adequate respiratory support. Therefore, the aim of
our open prospective observational study was to investigate the
neuroprotective and antioxidant effectiveness of montelukast-
acetylcysteine combination therapy for brain protection in
patients with COVID-19 viral pneumonia.

A study was performed for five hundred seventy-eight (n=578)
outpatients who were tested positive for novel coronavirus
(SARS-CoV-2) by nasopharyngeal swap. The median age of
patients was 62+17.45 years. In addition to clinical features and
RT-PCR results, chest CT and chest X-ray (CXR) with high
sensitivity were also very helpful for the early identification of
viral pneumonia and COVID-19 disease assessment.

Considering the severity of Covid-19 pneumonia and the
level of arterial oxygen saturation (transcutaneous hemoglobin
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oxygen saturation) on room air, all patients were divided into
three major groups.

Group 1 (n=288) consisted of patients with a mild shift in
oxygen saturation (SpO, > 95%) and well-defined pulmonary
lesions (within 1-2 segments) without concomitant diseases; the
second group (Group 2, n=250) included patients with clinical
manifestations of moderate severity associated with a current
saturation of 90-95% (SpO,) and small pulmonary lesions on
chest X-ray in the presence of concomitant diseases: arterial
hypertension (stage III) or CHF (FC / NYHA - 2), coronary
heart disease or type 2 diabetes, cancer, tuberculosis, etc.

Most of the patients in third group (Group 3, n=48), during
imaging studies, showed bilateral lung affection with low and
peripheral distribution (with both - either ground glass opacities
or multiple pulmonary nodules) and cardiomegaly. The
respiratory failure of stage II-I1I (current oxygen saturation SpO,
75-90%), high respiratory rate (=25 per minute), hemodynamic
impairment (BP < 100/60 mm Hg. Art., heart rate >125/min)
were the most common objective clinical findings seen in this
subset of patients. Laboratory changes included leukopenia less
than 4.0x10°/L or leukocytosis (>10.0 X 10°/L).

Background respiratory support with low-flow oxygen therapy
and combined pharmacotherapy, where, along with montelukast
and acetylcysteine, patients were prescribed a cephalosporin, a
fluoroquinolone, an antifungal drug, a histamine blocker, an
antiplatelet agent, a complex of B vitamins, led to a significant
improvement in symptoms and laboratory parameters during
the course of the disease.

The mean values of the blood biomarkers (CRP - 21.46+4.43
mg/l, LDH - 410.71+40.63 U/l, procalcitonin - 1.08+0.31 ng/
ml, and ferritin - 270.43+27.23 ng/ml) return to normal by the
20th day after the fever subsides. Laboratory parameters before
and after treatment course showed statistically significant
differences between variables (p<0.05). None patient in Group
3 received JAK inhibitors (tofacitinib and baricitinib), IL-6
(olokizumab), IL-17A (netakimab) and glucocorticosteroids,
however, recovery rates were completely good.

Assessment of the patient's neurological status (based on the
NIHSS scores) revealed no signs of neurological changes.

Thus, based on the data given, it can be concluded that the
high efficacy of the acetylcysteine/montelukast combination (as
neuroprotectors) in pneumonia caused by COVID-19 is due to the
effect of drugs on key mechanisms of pathogenesis: reduction of
oxidative stress as drugs (combination) ensuring the free radical
scavenging; stimulation of glutathione synthesis; suppression
of cytokine storm; reduction of bronchospasm, mucus secretion
and airway edema; lowering of BBB permeability and the
ability to improve cerebral microcirculatory perfusion in the
presence of antiplatelet agents.

In conclusion, the combination of montelukast and
acetylcysteine may provide an effective, safe, multicomponent
approach to the prevention of hypoxic brain injury in patients
with COVID-19 pneumonia.

Key words: COVID-19, cytokine storm, acute respiratory
distress syndrome, montelucast, N-Acetyl-L-cysteine (NAC),
neuroprotection. reziume montelukastis da acetilcisteinis
kombinirebuli Terapiis neiroproteqtoruli da antiogsidanturi



potenciali (Tavis tvinis iSemiisgan dacvis mizniT) COVID-
19-iT gamowveuli virusuli pnevmoniis mqone pacientebSi
2gamsonia m., 'kandelaki m., 'baraTaSvili n., !gvaramia.
lakaki wereTlis saxelmwifo universiteti, medicinis fakulteti,
farmaciis departamenti, quTaisi, saqgarTvelo.

’farmacevtuli  kompania - Legion «Provisusy, quTaisi,
saqarTvelo.
koronavirusiT alveolebis dazianeba da didi raodenobiT

citokinebis (IL-6, IL-1, TNF—a da a.S.) gamotyorcna qmnis
winapirobebs mwvave respiratoruli distres-sindromis da
sunTqvis mwvave ukmarisobis ganviTarebisaTvis. sisxlis
ogsigenaciis procesebis darRveva, intensiuri Terapiis da
adekvaturi respiratoruli mxardaWeris fonzec ki, xSirad
gvevlineba rogorc makro- da mikrocirkulaciis gauaresebis,
aseve Tavis tvinis Seuqcevadi dazianebis da gamoxatuli
nevrologiuri da fsiqikuri darRvevebis ganviTarebis mizezad.
Aamitom, Ria prospeqtiuli dakvirvebis mizani iyo COVID-19-
is fonze ganviTarebuli virusuli pnevmoniis mqone pacientebSi,
montelukastis (sadReRamiso doza - 10mg) da acetilcisteinis
(sadReRamiso doza — 600 mg) kombinaciis neiroproteqtoruli da
antiogsidanturi aqtivobis Seswavla. kvlevaSi CarTuli iyo 578
kovidinficirebuli pacienti, romelTa hospitalizacia (pandemiis
pirobebSi) ver moxerxda obieqturi mizezebis gamo. Yyvela
pacients hqonda virusuli pnevmonia gamowveuli SARS-
CoV-2 (testis pasuxi orofaringealuri nacxis gamokvlevisas
SARS-CoV-2-ze iyo dadebiTi). pacientebis saSualo asakma
Seadgina 62+17.45w. virusuli pnevmoniis mimdinareobis
simZimis da saturaciis maCveneblis (oTaxis haeris SesunTqvis
pirobebSi) gaTvaliswinebiT, pacientebi gavanawileT 3 jgufSi:
I jgufi (n=288) — pnevmoniis msubuqi mimdinareoba, SpO,
> 95%, filtvebis rentgenologiuri gamokvlevisas aRiniSneboda
infiltracia 1-2 segmentSi, pacientebs Tanmxlebi daavadebebi ar
hgondaT; II jgufi (n=250)—simZimis saSualo xarisxi, SpO,—
90-95%, infiltracia 1-2 segmentSi, Tanmxlebi daavadebebidan
hipertonuli daavadeba (III stadia), gulis qronikuli ukmarisoba
(NYHA - 2), gulis iSemiuri daavadeba, Saqriani diabeti (II
tipis), onkopaTologiebi, tuberkulozi da a.S.; III jgufi (n=48)
— infeqciuri procesis mZime mimdinareoba (II-III xarisxis
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sunTqvis ukmarisoba), SpO, 75-90%, sunTqvis sixSire >
25/wT, hemodinamikis darRveva (arteriuli wneva <100/60
mm. vwy. svetis mixedviT, guliscemis sixSire > 125/wT),
leikopenia (<4,0 x 10° /1) an leikocitozi (>10,0 x 10°/1), frontalur
rentgenogramaze gulis sazRvrebis gadideba, mravalricxovani
bilateraluri infiltratebi da a.S.. respiratoruli mxardaWeris
da  kombinirebuli farmakoTerapiis pirobebSi, romelic
montelukastis da acetilcisteinis garda, moicavda cefalosporins,
ftorqinolons, antimikozur saSualebas, histaminoblokators,
antiagregants da B-jgufis vitaminebs, dafigsirdaarsebiTixasiaTis
cvlilebebi daavadebis mimdinareobis amsaxvel laboratoriul
maCveneblebSi. C — reaqtiuli proteinis (21,46+4,43 mg/l),
feritinis (270,434£27,23 ng/ml), D — dimeris (235,55+48,13 ng/
ml),lagtatdehidrogenazas(410,71+40,63 me/l)daprokalcitoninis
(1,08+0,31 ng/ml) Semcvelobis normalizacia xdeboda cxelebis
gaqrobidan saSualod 20 dRis Semdeg. sxvaoba laboratoriul
maCvenebelebSi (monacemebis statistikuri damuSavebisas)
mkurnalobis dawyebamde da dawyebis Semdeg iyo sarwmuno
(p<0.05). yvela pacienti III jgufidan gamojanmrTelda JAK-
kinazas inhibitorebis (tofacitinibi, bricitinibi), interleikin—6-is
(olokizumabi) da interleikin-17-is (netakimabi) inhibitorebis
da glukokortikosteroidebis gamoyenebis gareSe. pacientebis
nevrologiur statusSi normidan gadaxra ar dafigsirebula
(Sefasebis NIHSS-is skalis mixedviT).

miRebuli Sedegebis safuZvelze SegviZlia davaskvnaT,
rom acetilcisteinis da montelukastis kombinaciis maRali
efeqturoba  (rogorc  neiroproteqtorebis)  COVID-19-iT
gamowveuli virusuli pnevmoniis fonze, dakavSirebulia am
wamlebis zemogmedebasTan paTogenezis sakvanZo rgolebze:
Tavisufali radikalebis warmoqmnis inhibirebasTan, “citokinuri
Stormi”-s daTrgunvasTan, bronqokonstrigciis da lorwovani
garsis SeSupebis xarisxis SemcirebasTan, hematoencefaluri
barieris ganvladobis SemcirebasTan da mikrocirkulaciis
gaumjobesebasTan (antiagregaciuli efeqtis gamo).
Sesabamisad, montelukastis da aceilcisteinis kombinacia,
SesaZloa gamoyenebuli ignas hipogsiiT ganpirobebuli Tavis
tvinis dazianebebis asacileblad.

Key words: COVID-19, citokinuri Stormi, mwvave
respiratoruli distress - sindromi, montelukasti, acetilcixteini,
neiroproteqcia.
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