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Abstract

In December 2019, a series of acute respiratory illnesses characterized by rapid worsening of symptoms, pneumonia, acute
respiratory distress syndrome (ARDS), and in some cases, death were observed in Wuhan City, Hubei Province, China. To
achieve the set objective, the results of treatment of 100 sexually mature rats of both sexes with coronavirus infection caused by
COVID -19 were analyzed. All animals were divided into groups: Group 1 - animals with coronavirus infection with a confirmed
positive PCR test, treated with ivermectin at a dosage of 300 mg of body weight (n = 25), Group 2 - animals with coronavirus
infection treated with baicalin at a dosage of 500 mg (nh = 25), Group 3 - animals with coronavirus infection treated with
molnupiravir 25 mg / kg of body weight (n = 25), Group 4 - animals with coronavirus infection treated with a new drug based
on G. lucidum and black cumin (n = 25). Lymphocytic myocarditis was detected in all rats (100%). Dystrophic changes in
cardiomyocytes were also detected in 57.4% of cases, apoptotic bodies in 29.41% of cases, uneven cardiomyocyte hypertrophy
in 85.29% of cases, and lipofuscinosis in 45.59% of cases. Subendocardial lipomatosis in the cardiac conduction system was
observed in 51.47% of cases. The average percentage of lipomatosis area from the micrograph area was 2.4743.12%. The area
under the curve (AUC) = 0.91 (95% CI = 0.85-0.98). The prediction accuracy of the prognostic model was 91.7%, sensitivity
was 0.87%, and specificity was 0.95%. AUC was 0.91 (95% CI = 0.85-0.98), p < 0.001.
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1. Introduction

In December 2019, a series of acute respiratory illnesses
characterized by rapid worsening of symptoms, pneumonia,
acute respiratory distress syndrome (ARDS), and in some
cases, death were observed in Wuhan City, Hubei Province,
China [12-16].

According to the classification, the SARS-CoV-2 virus be-
longs to the kingdom Riboviria, order Nidovirales, suborder

Cornidovirineae, family Coronaviridae, subfamily Orthocoro-
navirinae, genus Betacoronavirus, subgenus Sarbecovirus and
the SARS- coronavirus species.

According to Natalie M. Kirk (2024) [70] et al. link the
pathogenesis of coronavirus infection to the fact that corona-
viruses attach to host cells through interactions between the S
protein and various cellular receptors, which determines the
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species and tissue specificity of the virus. The receptor bind-
ing domain (RBD) of the S1 subunit of protein S binds to the
host cell, leading to conformational changes and fusion with
the cell membrane mediated by the S2 subunit of protein S
[27-30]. ACE2 (angiotensin-converting enzyme 2) receptors
are found on epithelial cells of the respiratory and gastrointes-
tinal tracts, as well as on the endothelium, heart, kidneys, thy-
roid gland, liver, and brain. In contrast, MERS- CoV binds to
dipeptidyl peptidase, a cell surface enzyme with a wide tissue
distribution. Other coronaviruses bind to aminopeptidase N
(HCoV-229E) or sialic acid residues (HCoV-OC43 and bo-
vine coronavirus) [8, 23, 37].

Data Xi Li (2024) [69] the receptor binding domain (RBD)
of the S1 protein binds to receptors on the surface of host cells,
allowing viral particles to attach to the cells, while the S2 pro-
tein promotes membrane fusion and entry of RNA genes. Alt-
hough the RBD of SARS- CoV and SARS-CoV-2 share 72%
similarity in amino acid sequences, computational modeling
and biophysical measurements showed that the RBD of
SARS-CoV-2 binds to ACE2 with higher affinity than the
RBD of SARS- CoV. This may be due to the substitution of
valine 404 in the SARS- CoV RBD is mutated to lysine 417
(a polar amino acid) in the SARS-CoV-2 RBD, resulting in
stronger binding to ACE2. SARS-CoV-2 is known to enter
host cells through two pathways, namely the endocytic path-
way and the transmembrane serine protease 2 (TMPRSS2) -
mediated cell surface entry [31-36]. When SARS-CoV-2
binds to ACE2 through the RBD of the S protein, the structure
of the S protein is altered, allowing TMPRSS2 and cathepsins
on the cell surface to cleave the S protein. Subsequently, pro-
teolytic processing at the S1/S2 interface and at the S2 cleav-
age site removes the covalent bond of the two functional sub-
units, leading to dissociation of S1 and facilitating exposure
of the S2 subunit domain, which initiates the fusion reaction
by inserting the hydrophobic fusion peptide into the cell mem-
brane. Subsequently, TMPRSS2 cleaves the S1/S2 region,
causing viral fusion with the membrane via the S2 domain
(although other proteases, such as endosomal Cysteine prote-
ases, cathepsin B and L, furin, basin, and neuropilin-1, also
play a role, but TMPRSS2 has been shown to be essential for
SARS-CoV-2 pathogenesis) [6, 10, 50, 61-67].

According to Jonathan According to N. Carvajal et al.
(2024) [26], the SARS-CoV-2 virus has a positive-sense sin-
gle-stranded RNA genome (ssRNA +) with an approximate
length of 29,891 nucleotides (~30 kb) containing 15 open
reading frames (ORFs). In the lungs, the virus enters the cell
through the spike protein (S protein), which consists of two
subunits (S1 and S2). The initial step of infection involves the
binding of S1 to the host RBD. After membrane fusion, the
SARS-CoV-2 viral nucleocapsid is removed, and the viral ge-
nome is released into the host cell cytoplasm. Viral infection
generates pathogen-associated molecular patterns (PAMPS)
and damage-associated molecular patterns (DAMPS), which
are recognized by various pattern recognition receptors (PRRS)
[46-52]. Activation of these PRRs leads to the activation of
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downstream transcription factors such as interferon regulatory
factor (IRF) 3 and activated nuclear factor-kappa light chains
of B cells (NF- kB), which express type | and Il interferons
(IFNs), as well as proinflammatory agents, cytokines, tumor
necrosis factor o (TNF-a), transforming growth factor B
(TGF-B), interleukin (IL)-1p, IL-6, IL-8, IL-12, IL-18, and
chemokines such as ligands chemokines (CCL) CCL2, CCL3,
CCL5 and ligand motifs chemokines CXC (CXCL) 8, CXCL9
and CXCL10 [53-60].

According to a review provided by Jingshu Zhang et al.
(2024) [68] observed AT2 cell hyperplasia in the lungs of pa-
tients who died from both SARS- CoV and SARS-CoV-2 in-
fection. In the lungs of COVID-19 patients, sequencing
SscRNA showed that both AT1 and AT2 cells express lower
levels of cell type identity markers but increased expression
of genes involved in apoptosis. Furthermore, AT2 cells lose
the ability to differentiate into AT1 cells, demonstrating an in-
flammation-associated transient progenitor state that impairs
lung regeneration [38-45]. This is consistent with the observa-
tions of Chen et al. in SARS- CoV fatal cases, where virus-
positive lung cells belonged to a novel subset demonstrating a
stem/ progenitor state, lacking AT1 and AT2 markers. Fur-
thermore, in lung autopsies following SARS- CoV infection,
virus-infected ACE2+ cells produced higher levels of proin-
flammatory cytokines. Further studies are needed to determine
whether this unique subpopulation of SARS- CoV -positive
lung cells was subjected to a similar inflammatory state as dur-
ing SARS-CoV-2 infection and whether this contributed to
disease progression during SARS- CoV infection [4, 5, 7, 9].

Currently, there are a number of medications used to treat
coronavirus infection. These include ivermectin, baicalin,
molnupiravir, and remdesivir [17-22, 71]. However, they have
a negative effect on the liver, leading to chronic damage to this
organ. In this regard, it would be worth considering natural
antioxidants such as Ganoderma. Lucidum and black cumin
oil (Alkhadaya) [11, 24, 25]. They have a fairly pronounced
antiviral effect, but their use has not yet been sufficiently stud-
ied, since these natural antioxidants are classified as biologi-
cally active substances, not drugs, which calls into question
the reliability of these preparations. However, | am developing
a preparation based on Ganoderma Lucidum and Alkhadaya,
and there are already successful experimental data that have
been published in leading scientific journals, including the
Scopus list [1-3]. At the same time, the use of this drug re-
quires care in determining the dosage and route of administra-
tion, since incorrect interpretation of my research can lead to
the drug's ineffectiveness. Therefore, | want this study to ac-
quire a comprehensive study and it should cover the largest
possible number of methods, which included histological, bi-
ochemical, immunohistochemical, determination of chitotrio-
sidase, C-reactive protein, D - dimer, as well as an electroneu-
romyographic study, a study of the ELIN test.

The aim of the study was to conduct a comprehensive, ran-
domized, double-blind study of the effects of a new combina-
tion drug based on Ganoderma. Lucidum and Alkhadaya on
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the course and prognosis of coronavirus infection caused by
SARS - CoV -2.

2. Materials and Methods of the Study

To achieve the set objective, the results of treatment of 100
sexually mature rats of both sexes with coronavirus infection
caused by COVID -19 were analyzed. All animals were
divided into groups: Group 1 - animals with coronavirus
infection with a confirmed positive PCR test, treated with
ivermectin at a dosage of 300 mg of body weight (n = 25),
Group 2 - animals with coronavirus infection treated with bai-
calin at a dosage of 500 mg (n = 25), Group 3 - animals with
coronavirus infection treated with molnupiravir 25 mg / kg of
body weight (n = 25), Group 4 - animals with coronavirus in-
fection treated with a new drug based on G. lucidum and black
cumin (n = 25).

Rats were intranasally infected with the SARS - Cov -2
strain at 50% of the tissue culture median infectious dose
(TCID 50) per 50 pul of inoculum (live culture biopreparation)
after intraperitoneal anesthesia using 2.5% sodium thiopental
solution.

2.1. The Morphological Research Method

This is included standard methods: fixation, staining of
sections with hematoxylin and eosin, and examination of
sections under a microscope.

2.2. The Immunohistochemical Method

This is involved antibodies (IgG and IgM) being swept with
enzymes or fluorescent dyes, which bound to coronavirus an-
tigens and stained them for further microscopic examination.
An indirect method was used, which included secondary anti-
bodies to enhance the signal. Tissue- and cytospecific antibod-
ies were used. The study was conducted on an automated im-
munobhistostainer. Leica Bond max (Germany). The following
antibodies were used in the study: CD3 (manufacturer Cell
Marque, titer 1:1000); CD20 (manufacturer Cell Marque, titer
1:500); CD45 (manufacturer Dako, titer 1:100); CD68 (man-
ufacturer Dako, titer 1:50); Perforin (manufacturer Cell
Marque, 1:50); TLR-4 (manufacturer Gene Tex, titer 1:200);
TLR-9 (manufacturer Gene Tex, title 1:50); SARS-CoV-2 nu-
cleocapsid antibody (manufacturer Gene Tex, titer 1:500);
SARS - CoV -2 spike antibody (manufacturer Gene Tex, titer
1:500). Positive and negative control reactions were per-
formed. Expression of CD3 and CD45 was assessed quantita-
tive (number of stained inflammatory infiltrate cells per 1
mm?2) and semi-quantitative (in points) methods. Expression
of CD20, CD68, and perforin was assessed as a percentage of
stained infiltrate cells to the total number of infiltrate cells.
Expression of TLR-4 and TLR-9 was analyzed quantitatively
(percentage of cells with positive expression) and semi-quan-
titative (in points) methods.
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To visualize positive cells, the Envision polymer system
(Dako, Denmark) and diaminobenzidine (DAB, brown stain-
ing) (Dako, Denmark) were used as a chromogen. In the case
of a positive reaction, the antigen turned brown. The number
of color-labeled (positive) cells was determined at 200x mag-
nification of a light microscope in three fields of view (720 x
530 pm in size), selected taking into account the degree of
staining intensity (i.e., the largest cluster of labeled cells), us-
ing the UTHSCSA ImageTool 3.0 image analysis software
(USA).

2.3. ELIN Test Research

The ELIN test distinguishes between: 1gG to NF 200, which
is a marker of changes in axons, 1gG to glial fibrillary acidic
protein, which is a marker of changes in astrocytic glia, 1gG
to S 100 B, which is a marker of tissue growth and differenti-
ation, 1gG to total myelin protein, which is a marker of
changes in the myelin sheaths of nerve fibers, 1gG to voltage-
dependent calcium channels, which is a marker of changes in
neuromuscular contacts, 1gG to H-cholinergic receptors,
which is a marker of changes in the H- acetylcholine receptor
system, IgG to glutamate receptors, which is a marker of
changes in the glutamate receptor system, IgG to GABA re-
ceptors, which is a marker of changes in the GABA receptor
system, IgG to dopamine receptors, which is a marker of
changes in the dopamine receptor system, IgG to serotonin re-
ceptors, 1gG to opiate receptors, 1gG to beta- endorphin.

Accordingly, blood obtained from the caudate vein of rats
was evaluated by multiparametric Screening ELISA is a test
system for analyzing early changes in the nervous system dur-
ing coronavirus infection.

2.4. Chitotriosidase Determination

For this purpose, a drop of venous blood was applied to a
standard filter card (Greenvan-Biocard) and dried at room tem-
perature. Then, the samples were transported to the laboratory of
Tashkent State Medical University, where chitotriosidase activity
was determined by a fluorimetric method using the synthetic sub-
strate 4-methylumbellifer yl-tri-N-acetyl-B- chitotriosidase. Sam-
ples of dried spots were stored in a regular refrigerator at +4<C
until shipment. The shelf life before shipment of materials did not
exceed 7 days. Next, in the laboratory, the sample was extracted
from a spot 3.2 mm in diameter with 0.25 M sodium acetate (pH
5.5) for 60 minutes on an ST-3L shaker-incubator (EImi, Latvia)
at 370<C, 900 rpm. To 10 pl of the extract were added 50 pl of
0.02 mM 4-methylumbelliferyl-tri-N-acetyl-B- chitotrioside in
0.1/0.2 M citrate-phosphate buffer pH 5.2. The enzyme reaction
was carried out in an ST-3L shaker-incubator (EImi, Latvia) for
30 minutes at 37 <C, 500 rpm. The reaction was stopped with 250
ul of 0.4 M glycine-carbonate buffer pH 10.3. Fluorescence in-
tensity was determined using a PE EnSpire reader (Perkin Elmer,
USA). Chitotriosidase activity was calculated as nM 4-
methylumbelliferin released from 4-methylumbelliferyl-tri-N-
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acetyl-B- chitotriosidase during the enzymatic reaction per milli-
liter per hour. The concentration of 4-methylumbelliferin was ob-
tained by constructing a calibration curve.

A complete blood count was also performed (number of
leukocytes, lymphocytes, neutrophils, absolute neutrophil to
lymphocyte ratio, hemoglobin, platelet count, erythrocyte sed-
imentation rate, C-reactive protein, alanine aminotransferase,
aspartate aminotransferase, creatinine, total protein, D- dimer,
activated partial thromboplastin time, prothrombin index, in-
ternational normalized ratio.

2.5. Electroneuromyographic Study

This was performed on the Synapsis device (Neurotech,
Russia). The set of complementary ENMG methods used in
the examination of experimental animals included the regis-
tration and analysis of M-responses. The shape of the stimu-
lating impulses was rectangular, the duration was 1 ms, the
intensity was supramaximal; the type of stimulating electrode
was fork-shaped (S403); the points of nerve stimulation dur-
ing the registration of M-responses of the foot muscles were
distal; the method of recording was unipolar (bellytendon); the
analyzed parameter was the amplitude from peak to peak.
Maximum H-reflexes of m. gastrocnemius were recorded (the
shape and duration of stimulating stimuli, the method of re-
cording and the analyzed parameters were the same as for M-
responses). Global electromyograms were analyzed: the func-
tional test was “maximum voluntary tension”; test objects
were m. Biceps femoris, m. gastrocnemius (cl.), m. peroneus
longus, m. tibialis cranialis; lead type: bipolar; electrode di-
ameter: 3 mm, interelectrode distance: 5 mm; analyzed param-
eters: average amplitude (AA) and signal repetition rate.

Electrodes were implanted in the biceps femoris muscle of
rats, and electrical activity (action potential) was recorded,
along with motor activity during wakefulness. Electrode
implantation was performed under anesthesia with a low dose
of sodium thiopental (25 mg / kg), administered during wake-
fulness. This dose allows the animals to awaken 30-35

3. Results

minutes after injection. The injection was performed into the
rat's caudate vein, followed by insertion of stainless steel nee-
dles at specific points, followed by electrical stimulation in the
form of biphasic rectangular pulses of 150 ms duration and 1
mA intensity.

Operation protocol:

1) Anesthetize the injection site with 25 mg/kg sodium thi-
opental. Confirm the depth of anesthesia and observe for
no reaction after pinching the paws. Shave the fur and
sterilize the skin with povidone -iodine and 70% ethyl
alcohol.

2) We sterilize the scalpel and hemostatic scissors using 70%
ethyl alcohol.

3) Using a scalpel, we make an incision along the biceps
femoris muscle, moving in a caudal direction.

4) We separate the skin and muscles and insert 2 electrodes
into the biceps femoris muscle.

5) We use gauze to stop the bleeding.

6) We insert electrodes into the muscle and conduct an
ENMG study.

Statistical processing of the obtained data. For statistical
processing of the data, we used the Python programming lan-
guage v.3.8.12 (Anaconda distribution) and its modules for
analysis, in particular: Sklearn, Pandas, Nona, Numpy,
Sweetviz, Seaborn for data and Matplotlib and Plotly for vis-
ualization. Statistica and SPSS programs were also used. The
database was created in Microsoft Excel 2019. The Mann-
Whitney U test was used to compare quantitative parameters
in independent patient groups, and the Wilcoxon signed-rank
test was used to compare related samples. Percentage compar-
isons in multi-field contingency tables were performed using
the Pearson chi-square test. Since the outcome was initially
unknown, survival was estimated using the Kaplan-Meier es-
timator. Using ROC analysis and AUC, the most accurate
threshold values for these parameters were determined. The
odds ratios for achieving the selected endpoints were then cal-
culated.

Figure 1. Changes in the myocardium of rats under the influence of coronavirus infection.

Hematoxylin and eosin staining, a - lymphocytic myocarditis, b - subendocardial lipomatosis, ¢ - dystrophic changes and fragmentation of

cardiomyocytes.
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Figure 2. Endocardial sclerosis detected in rats exposed to coronavirus infection.

Also, destructive-productive vasculitis was detected in 11 rats, and swelling of the endothelium with the development of
endotheliitis was detected in 30 rats.

CD45 antigen was detected in 100.00% of cases. The average CD45+ lymphocyte count in coronavirus infection was
27.08+10.64 cells/mmz2.
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Figure 3. Immunohistochemical reactions for detection of CD45 in animals with coronavirus infection.
a- moderate number of CD45+ lymphocytes in the myocardial interstitium
b- a significant number of CD45+ lymphocytes in the myocardial interstitium
c- absence of CD45+ lymphocytes in the myocardial interstitium

CD3 antigen was detected in the infiltrate cells in 100% of cases (Figure 4). The average number of CD3+ T lymphocytes was
13.1243.61 cells per 1 mm2.

a b c

Figure 4. CD3+ lymphocytes in rats with coronavirus infection.

a- moderate number of CD3+ T-lymphocytes in the myocardial interstitium
b- a significant number of CD3+ T- lymphocytes in the myocardial interstitium
c- absence of CD3+ T lymphocytes in the myocardial interstitium

CD68 + macrophages in the amount of up to 50% of infiltrate cells were detected in 17.64% of observations, CD20+ B-
lymphocytes were not detected in any case. Perforin + NK-cells were determined in 4-5.88% of cases.
In 88.23% of cases, positive expression of lymphocytes and macrophages to the TLR type 4 marker was noted (Figure 5).
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a - weak expression,

b - moderate expression

Figure 5. TLR type 4 in experimental animals with coronavirus infection.

In 91.17% of cases, positive expression of lymphocytes and macrophages to the TLR type 9 marker was observed (Figure 6).
The average number of cells with positive expression was 54.50432.46%.

a - moderate expression

b - pronounced expression

Figure 6. TLR type 9 in experimental animals with coronavirus infection.

Lymphocytic myocarditis was detected in all rats (100%).
Dystrophic changes in cardiomyocytes were also detected in
57.4% of cases, apoptotic bodies in 29.41% of cases, uneven
cardiomyocyte hypertrophy in 85.29% of cases, and
lipofuscinosis in 45.59% of cases. Subendocardial lipomatosis
in the cardiac conduction system was observed in 51.47% of
cases. The average percentage of lipomatosis area from the
micrograph area was 2.4743.12%.

An extensive correlation analysis of quantitative and semi-
quantitative data was conducted. The most significant corre-
lation was found between the absolute counts of CD3+ T lym-
phocytes and TLR4+ cells (correlation coefficient r = 0.45),
as well as CD3+ T lymphocytes and TLR9+ cells (correlation

coefficient r = 0.38).

Positive expression of the SARS-CoV-2 spike protein was
detected in myocardial inflammatory infiltrate cells, in the en-
dothelium of coronary artery branches, and in cardiomyocytes.
Pronounced expression in lymphocytes and macrophages of
the myocardial inflammatory infiltrate was detected in 100%
of cases. Furthermore, positive expression was detected in in-
flammatory infiltrate cells of the endocardium and pericar-
dium, respectively. In the endothelium of small coronary ar-
tery branches, expression was detected in 84.37% of cases.
Cardiomyocytes reacted positively with the marker in 22 cases
(68.75%).

Figure 7. Expression of the SARS-CoV-2 spike protein.

a - pronounced expression in cardiomyocytes and myocardial infiltrate cells, b - expression in cardiomyocytes and vascular endothelial cells,

¢ - positive control, block of cells
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Positive expression of the SARS-CoV-2 nucleocapsid pro-  of cases. Positive protein expression was observed in the vas-
tein was detected in the myocardium in inflammatory infiltrate ~ cular endothelium of 78.12% of rats. Positive nucleocapsid
cells, vascular endothelium, and isolated cardiomyocytes. protein expression was observed in cardiomyocytes in 65.62%

Lymphocytes and macrophages expressed the marker in 87.50%  of cases.

As is known, natural autoantibodies used for diagnostic
purposes to determine coronavirus infection are used in the

a
a - pronounced expression in macrophages, b - moderate expression in cardiomyocytes, c - positive control, block of cells

Figure 8. Expression of SARS-CoV-2 nucleocapsid protein.

ELIN test, which is another diagnostic marker of brain dam-

age.

Table 1. Study of the ELIN test for coronavirus infection.

The determination of the profile of marker autoantibodies
to neurospecific proteins and mediators is shown in Table 1.

Autoantibodies 1gG With brain damage No brain damage Intact p l'\J/I atr;r;t-wlnney
19G to NF 200 0.390 (0.283-0.653 0.296 (0.257-0.392)  0.202 (0.164-0.259)  <0.05 0.7633212
19G to glial fibrillary 0.415(0.305-0.450)  0.254 (0.231-0.450)  0.249 (0.209-0.363)  <0.05 0.7112906
acidic protein

1gG to S 100 B 0.722 (0.494-1.096)  0.373(0.241-1.096)  0.234 (0.184-0.303)  <0.01 1,2165880
IgG to total myelin protein  0.237 (0.196-0.265)  0.162 (0.141-0.209)  0.153 (0.118-0.177)  <0.01 1,3688104
I9G to voltage-dependent 7> 599 0344) 0196 (0.157-0.329)  0.152 (0.119-0.196) < 0.01 0.8741105
calcium channels

'cge(;t;‘;sH'Cho"”erg'C T 0390(0.269-0.637)  0.234(0.217-0.395)  0.176 (0.140-0.224)  <0.01 0.8215549
IgG to glutamate receptors ~ 0.308 (0.284-0.544)  0.250 (0.224-0.374)  0.189 (0.145-0219)  <0.01 0.9155491
IgG to GABA receptors ~ 0.321 (0.284-0.621)  0.266 (0.232-0.373 0.192(0.138-0.259)  <0.01 0.7610028
IgG to dopamine receptors  0.303 (0.293-0.632)  0.295 (0.232-0.397)  0.186 (0.153-0.250) < 0.01 0.9210083
IgG to serotonin receptors ~ 0.380 (0.315-0.482)  0.349 (0.328-0.513)  0.244 (0.202-0.303)  <0.01 0.8316382
1gG to opiate receptors 3.8140.36 9.940.36 1.3240.15 <0.05 0

19G to beta- endorphin 0.316 (0.296-0.344)  0.392 (0.367-0.421)  0.122 (0.103-0.145)  <0.01 1,4399014

Note: Student-Fisher p-test
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Figure 9. Application of multivariate ANOVA analysis in coronavirus infection with and without spinal cord injury.

Figure 9 shows the value of the multivariate ANOVA anal-
ysis, which, for different 1gG values used in the ELIN test,
corresponds to a value of 0.4532, which is a reliable indication,
since it is known that values from 0.4126 to 0.4981 are abso-
lute values indicating the severity of the inflammatory process
in coronavirus infection.

Antibody levels to various receptors were determined using

ELISA. The upper limit of antibody levels was defined as an
increase in optical density by 2 standard deviations from the

mean value in the control group.

Table 2 provides some statistical indicators characterizing
the severity and intensity of the inflammatory process occur-
ring in the spinal cord at the site of injury.

Table 2. Some statistical indicators obtained by the methodmultivariate analysis ANOVA.

H test (Kraskes-Wallis

Indicators % 2 (Pearson criterion) U test (Mann-Whinney test) test)

Main group 0.9185001 0.9008417 0.9341006

Control group 0.8210034 0.8521073 0.8438502

Indicators % 2 (Pearson criterion) U test (Mann-Whinney test) t':sts‘c't (Kraskes-Wallis
Main group 0.9185001 0.9008417 0.9341006

Control group 0.8210034 0.8521073 0.8438502

Indicators 95% ClI OSH Bonferroni correction

r (Spearman correlation analy-

sis)

Maingroup  3.0-6.3 09572104  0.9130047 0.9310082

Control 2479 0.8207383  0.8018369 0.7810284

group

Indicators 95% ClI OSH Bonferroni correction r (Spearman correlation analysis)
Maingroup  3.0-6.3 09572104  0.9130047 0.9310082

Control 2479 0.8207383  0.8018369 0.7810284

group

39

W -test Shapiro- Wilk
test

0.9120318
0.8230184

W -test Shapiro- Wilk test

0.9120318
0.8230184

Weinberg equilibrium

0.9013862
0.8109375

Weinberg equilibrium

0.9013862

0.8109375
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IgG is involved in the inflammatory process, helping clear
metabolic waste products from the body and regulating the
function of various cell types. Increased levels of autoantibod-
ies, which stimulate the production of lymphokines, play a
role in the development of any pathological process. These
lymphokines also enhance the T-cell response, which then
triggers granzymes and perforins into the cell to neutralize and

e hasic group
severity of the inflammatory

process

35

30

lgG to DNA ratio

IgG to antigen ratio

remove the phlogogenic agent.

Figure 9 shows the relationship between 1gG and the sever-
ity of the inflammatory process. It is known that IgG circulates
in the blood and, in the presence of an antigen, forms an anti-
gen-antibody complex, which is neutralized by the comple-
ment system, the granzyme-perforin system, and antibody-de-
pendent cell-mediated cytotoxicity itself.

control group

lgG content

1gG to receptor ratio

Figure 10. The ratio of 1gG to the severity of the inflammatory process in coronavirus infection with and without brain damage.

The prognostic value of the influence of the ELIN test on
the course of coronavirus infection was assessed using ROC
analysis.
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Figure 11. ROC analysis of the possible influence of the ELIN test
on the course of coronavirus infection.
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The area under the curve (AUC) = 0.91 (95% CI = 0.85-
0.98). The prediction accuracy of the prognostic model was
91.7%, sensitivity was 0.87%, and specificity was 0.95%.
AUC was 0.91 (95% CI = 0.85-0.98), p < 0.001.

As is well known, ROC analysis is used to evaluate the
prognostic value of various diagnostic indicators, and in par-
ticular, the ELIN test. Using ROC analysis, we determined the
threshold values for the ELIN test, which allows us to predict
the outcome of spinal cord injury.

An analysis of the ELIN test's ROC curve showed that it
was reliable for spinal cord injury with and without spinal cord
injury. The area under the curve (AUC) was excellent—0.91.

Meanwhile, in the group of animals with coronavirus infec-
tion, ROC analysis showed somewhat lower diagnostic effi-
cacy. The weaker informativeness of the ROC curve in this
group of animals was manifested by the curves' gentle slope
above the diagonal (lower left corner, upper right corner), as
well as smaller areas above them. The diagnostic value of the
ROC curve was greatest in the group of animals with spinal
cord injuries—the ROC curves were steepest, and the areas
beneath them were largest. ROC analysis can be used as a
rapid method, as its diagnostic efficacy varies from patient to
patient and consistently increases with the severity of the
pathological process.

Thus, according to the ROC analysis data in animals with
coronavirus infection, a clear relationship was established be-
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tween the ELIN test and the information content of the sever-

ity of the disease.

The Kaplan-Meier curve was used to evaluate animal sur-
vival data after coronavirus infection.

Survivor Function: Breslow
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Figure 12. Kaplan-Meier curve in groups: 1-main group, 0-control group.

The vertical lines on the graph represent 95% confidence

intervals.

According to the Kaplan-Meier curve, the survival proba-

bility for animals in the study group is 65%, while for animals
in the control group it is 75%. The data obtained indicate that
the risk of death after spinal injury in the study group remains

quite high.

Moreover, in the y-correlation model, the degree of depend-
ence of an unfavorable outcome on the presence or absence of

brain damage was not close (r = 0.20 at p = 0.32), but accord-
ing to the Pearson criterion, this difference was not significant
(p=0.32, x> = 2.145).

As is known, high titers of autoantibodies 1gGs reflect the
activity and severity of the inflammatory process. Thus, ele-
vated IgG levels to NF -200 in axons in severe cases of coro-
navirus infection (r = 0.528, p < 0.001). Table 3 shows the
correlation between autoantibody titers. 1gG to various anti-
gens and receptors (ELIN test) in the dynamics of observation
in animals with coronavirus infection.

Table 3. Correlation relationship of autoantibody titers 1gG to various antigens and receptors (ELIN test) in the dynamics of observation in
animals of the main group.

Autoantibodies
19G
1gG to NF 200

1gG to glial fibril-
lary acidic protein

lgG to S 100 B

1gG to total mye-
lin protein

1gG to voltage-de-
pendent calcium

In 3 days

0.405 (0.383-0.653)
0.515 (0.505-0.550)
0.822 (0.794-1.096)

0.337 (0.296-0.365)

0.372 (0.322-0.394)

In 7 days

0.496 (0.457-0.592)
0.554 (0.531-0.650)
0.873 (0.841-1.096)

0.362 (0.341-0.409)

0.396 (0.357-0.429)

41

In 14 days P eyUomt  corteation).
0.607 (0.564-0.659) <0.001 0.7633212 0.528
0.649 (0.609-0.763) <0.001 0.7112906 0.388
0.934 (0.884-1.303) <0.001 1,2165880 0.623
0.453 (0.418-0.477) <0.001 1,3688104 0.512
0.452 (0.419-0.496) <0.001 0.8741105 0.475
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Autoantibodies
19G
channels

1gG to H-cholin-
ergic receptors

1gG to glutamate
receptors

1gG to GABA re-
ceptors

1gG to dopamine
receptors

1gG to serotonin
receptors

1gG to opiate re-
ceptors

1gG to beta- en-
dorphin

In 3 days

0.490 (0.469-0.637)

0.408 (0.384-0.544)

0.421 (0.384-0.621)

0.403 (0.393-0.632)

0.480 (0.415-0.582)

4.8140.36

0.416 (0.396-0.444)

In 7 days

0.534 (0.517-0.595)

0.459 (0.424-0.474)

0.466 (0.432-0.473

0.495 (0.432-0.597)

0.549 (0.528-0.613)

10.940.36

0.492 (0.467-0.521)

In 14 days

0.576 (0.540-0.624)

0.489 (0.445-0.519)

0.492 (0.438-0.5509)

0.586 (0.553-0.650)

0.644 (0.602-0.703)

11.3240.15

0.522 (0.503-0.545)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.05

<0.001

Mann-Win-
ney U- test

0.8215549

0.9155491

0.7610028

0.9210083

0.8316382

0.0329715

1,4399014

r (Spearman
correlation)

0.396

0.481

0.962

0.685

0.441

0.293

0.851

We found that the ratio of 1gG to opiate receptors was associated with the duration of the disease (r = 0.293, p < 0.05, H =

29.3).

Figure 13. Correlation matrix autoantibody titer I1gG to various antigens and receptors (ELIN test) in the dynamics of observation in animals

of the main group.

Table 4. Correlation relationship of autoantibody titers 1gG to various antigens and receptors (ELIN test) in the dynamics of observation in
animals of the control group.

Autoantibodies
19G
1gG to NF 200

1gG to glial fibril-
lary acidic protein

1gG to S 100 B

In 3 days

0.505 (0.383-0.653)
0.585 (0.505-0.550)

0.873 (0.794-1.096)

In 7 days

0.596 (0.457-0.592)
0.594 (0.531-0.650)

0.931 (0.841-1.096)

In 14 days

0.707 (0.564-0.659)
0.669 (0.609-0.763)

0.976 (0.884-1.303)

<0.001

<0.001

<0.001

Mann-Win-
ney U- test

0.7633212
0.7112906

1,2165880

r (Spearman
correlation)

0.561
0.402

0.684
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Autoantibodies
19G

1gG to total mye-
lin protein

1gG to voltage-de-
pendent calcium
channels

1gG to H-cholin-
ergic receptors

1gG to glutamate
receptors

1gG to GABA re-
ceptors

1gG to dopamine
receptors

1gG to serotonin
receptors

1gG to opiate re-
ceptors

1gG to beta- en-
dorphin

OCHOBHOM
OCHOBHOM
OCHOBHOM
OCHOBHOM
OCHOBHOM
OCHOBHOM
OCHOBHOM
OCHOBHOM
OCHOBHOHM
OCHOBHOM

OCHOBHOHM

In 3 days

0.437 (0.296-0.465)

0.382 (0.322-0.394)

0.500 (0.469-0.637)

0.418 (0.384-0.544)

0.431 (0.384-0.621)

0.413 (0.393-0.632)

0.490 (0.415-0.582)

4.8640.36

0.426 (0.396-0.444)

B MOMEHT MCCNeaoBaHMA

In 7 days

0.462 (0.341-0.509)

0.406 (0.357-0.429)

0.544 (0.517-0.595)

0.469 (0.424-0.474)

0.476 (0.432-0.473

0.505 (0.432-0.597)

0.559 (0.528-0.613)

11.0940.36

0.502 (0.467-0.521)

yepesa 14 cyTok

In 14 days

0.553 (0.418-0.577)

0.462 (0.419-0.496)

0.586 (0.540-0.624)

0.499 (0.445-0.519)

0.502 (0.438-0.559)

0.586 (0.553-0.650)

0.654 (0.602-0.703)

11.4840.15

0.522 (0.503-0.545)

yepes 3 CyTOK

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.05

<0.001

Mann-Win-
ney U- test

1,3688104

0.8741105

0.8215549

0.9155491

0.7610028

0.9210083

0.8316382

0.0329715

1,4399014

yepes 7 CyTOK

r (Spearman
correlation)

0.720

0.491

0.496

0.902

0.332

0.704

0.671

0.558

0.924

Figure 14. Correlation matrix autoantibody titer 1gG to various antigens and receptors (ELIN test) in the dynamics of observation in animals

of the control group.
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Figure 15. Nonparametric indicators of the ELIN test for coronavirus infection based on the Kraskes-Wallis criterion with Bonferroni correc-

tion.

The model for the main group is statistically significant
(Wald Chi-square p=0.002), consistent with the initial data
(Hosmer-Lemeshow test p=0.470), has satisfactory infor-
mation content (Nagelkirk criterion R2=55%), sufficient sen-
sitivity (62%) and high specificity (95%).

The information content for 1gG to serotonin receptors was:
sensitivity - 78%; specificity - 67%; AUC = 0.763; criterion >
30.77 pg / ml at p = 0.0427 for the main group; sensitivity -
72%; specificity - 75%; AUC = 0.785; criterion > 29 pg / ml
at p = 0.0022 for the control group.
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Figure 16. One-way regression analysis of the influence of 1gG to various antigens and receptors (ELIN test) in the dynamics of observation

in animals of the main group.

The model for the control group is statistically significant
(Wald Chi-square p=0.003), is in good agreement with the in-
itial data (Hosmer-Lemeshow test p=0.515), has satisfactory

information content (Nagelkirk criterion R2=40%), sufficient
sensitivity (62.5%) and high specificity (87.5%).
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Figure 17. One-way regression analysis of the influence of IgG to various antigens and receptors (ELIN test) in the dynamics of observation

in animals of the control group.
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Figure 18. Determination of the influence of 1gG to various antigens and receptors (ELIN test) in the dynamics of observation using the long-

rank test.

Using long the rang test determined that the spinal cord in-
jury model we proposed is statistically significant (Wald Chi-
square p=0.003), is in good agreement with the initial data

(Hosmer-Lemeshow test p=0.790), has satisfactory infor-
mation content (Nagelkirk criterion R2=56%), sufficient sen-

sitivity (63.2%) and high specificity (87.8%).
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Figure 19. Correlation of one-way regression analysis and long - rang test on the experimental model of coronavirus infection and evaluation
the influence of 1gG to various antigens and receptors (ELIN test) in the dynamics of observation.

The advantage of these methods is that their application
does not depend on the use of specific test systems, thereby
expanding the capabilities of the methods.

The use of modern methods for determining correlation re-
lationships allows for a highly accurate prediction of the out-
come of coronavirus infection, regardless of the severity of
inflammation.

boxplot or scat plot was constructed for survival analysis.
Plot (Figure 20), in which dead rats are shown in blue and sur-
viving rats in orange. Since the value of the quantitative indi-
cator, chitotriosidase activity, had a non-normal distribution

45

(p < 0.001 for normality testing using the Shapiro- Wilk test),
we used the U- test. Mann-Whitney, p<0.001, indicating a sta-
tistically significant difference in chitotriosidase levels in the
4 groups.

It is clear that the average chitotriosidase activity for fatal
cases is approximately 180 nmol /mL/h, and experimental an-
imals reach the primary endpoint with chitotriosidase activity
ranging from 150 to 200 nmol /mL/h. Recovery occurs more
often with chitotriosidase activity of approximately 120 nmol
/mL/h. According to our data, 6.4% of experimental animals
had a chitotriosidase level of 0 nmol /mL/h; outcomes in these
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rats were not significantly better.

Figure 20. Survival analysis depending on the initial chitotriosidase activity.

To identify the association between independent variables
(risk factors for an unfavorable prognosis) and the dependent
binary variable—death from any cause during the study pe-
riod—we performed logistic regression analysis. The prog-
nostic value of the developed model was determined by con-
structing a receiver operating characteristic (ROC) curve.
With a chitotriosidase cutoff threshold of 150 nmol /ml/h, the

sensitivity was 55.9% and the specificity was 69.9% (Figure
21). It should be noted that the optimal cutoff threshold ac-
cording to the Youden index is 100.5 nmol /ml/h (sensitivity
73.6%, specificity 55.1%), but since this value more closely
corresponds to the average chitotriosidase activity of surviv-
ing rats, we decided to use a chitotriosidase activity of 150
nmol /ml/h for further analysis.

1.0

Iopor orcevenus XT3 = 150 ur/a/ma
YyBCTBHTEILHOCTD = 55,9%
Crneundmunocrs = 59,9%
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Figure 21. ROC curve characterizing the dependence of the probability of developing a fatal outcome in surviving rats with COVID-19 on the

value of the logistic function P.

chitotriosidase activity > 150 nmol / ml / h and 7.2% had
chitotriosidase activity < 150 nmol / ml / h (OR = 2.97; ClI
1.44-6.12, p = 0.003). The odds ratio of 2.97 indicates that the

odds of death in rats with chitotriosidase > 150 nmol / ml / h
are almost 3 times higher than in rats with initial chitotrio-
sidase activity less than 150 nmol / ml / h. The obtained results


https://www.sciencepg.com/journal/ajmst

American Journal of Medical Science and Technology

http://www.sciencepg.com/journal/ajmst

suggest that initial chitotriosidase activity > 150 nmol / ml / h
significantly worsens the survival rate of experimental ani-
mals.
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Figure 22. Kaplan -Meier curves showing the survival of rats with

coronavirus infection with chitotriosidase activity above and below
150 nmol /ml/h.

To compare the prognostic significance of increased chito-
triosidase activity with known laboratory biomarkers of ad-
verse outcomes, quantitative parameters were assessed for
compliance with normal distribution using the Shapiro- Wilk
test (for samples with fewer than 50 rats) or the Kolmogorov-
Smirnov test (for samples with more than 50 rats). Normally
distributed quantitative parameters were described using
mean values (M) and standard deviations (SD), and 95% con-
fidence intervals (95% CI). In the absence of normal distribu-
tion, quantitative data were described using the median (Me)
and lower and upper quartiles (Q1-Q3). Comparison of two
groups for a normally distributed quantitative parameter, pro-
vided that variances were equal, was performed using the Stu-
dent's t-test; in the case of unequal variances, it was performed
using the Welch's t-test. Comparison of two groups for a quan-
titative indicator whose distribution differed from normal was
performed using the Mann-Whitney U test.

To compare the prognostic significance of increased chito-
triosidase activity with known laboratory biomarkers, a mul-
tivariate regression analysis was performed. This analysis in-
cluded predictors of endpoint achievement identified in previ-
ous stages of the analysis, namely lymphocytes, platelets,
NRL, PI, creatinine, C-reactive protein, and chitotriosidase.
The results of the ROC analysis are presented in Table 5.

Table 5. Results of ROC analysis to determine threshold values for predictors of unfavorable course of COVID-19 (death from any cause).

Parameter Cutoff
Lymphocytes, thousands/ji 0,89
Platelets x 10*9 253,5
NLR 4,26
Pl, % 106,4
Creatinine, pmol/L 100,1
CRP, mg/L 83,7
Chitotriosidase nmol/mL/h 150

AUC

0,660
0,538
0,784
0,651
0,652
0,718
0,683

After determining the threshold values of potential laboratory predictors of unfavorable course of COV ID-19, odds ratios for
each of them were calculated and then stepwise logistic regression was performed (Table 6).

Table 6. Stepwise logistic regression (death from any cause).

threshold values Odds ratio
Lymphocytes, thousands/pi_ 3,64
Platelets x 10*9 3,317

NLR 2,667

Pl, % 3,344

47

95% confidence interval

1,739-7,756
1,373-7,533
0,794-8,954
1,54-7,3
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threshold values Odds ratio
Creatinine, pmol/L 3,527
CRP, mg/L 2,973
Chitotriosidase nmol/mL/h 2,942

According to its results, independent laboratory predictors
of death in surviving rats were the level of lymphocytes less
than 0.89 thousand / pl, platelets more than 253.5 0.10 * 9 /1,
prothrombin index less than 106.4%, creatinine more than
100.1 pumol / 1, C-reactive protein more than 83.7 mg / | and
chitotriosidase more than 150 nmol / ml / h at p < 0.05.

Point electrical stimulation with rectangular pulses of 0.2
ms duration was administered to the projection zones of the
corresponding peripheral nerves (nn Peroneus dex et sin, nn
Tibialis dex et sin, nn Femoralis dex et sin). The direct motor
response of the muscle (M-response) was recorded in response
to stimulation of the distal and proximal sections of the nerves,
and the distance between stimulation points was measured to
calculate the conduction velocity along the peripheral nerve in
the "biceps femoris - gastrocnemius™ region. The recorded
motor responses were assessed based on the presence or ab-
sence of motor responses to stimulation. When recording the

95% confidence interval

1,710-7,277
1,077-8,208
1,433-6,040

M-response, digital indices of amplitude, shape, and conduc-
tion velocity were assessed.

In order to assess the conductivity of the entire segmental
arc, afferent and efferent conduction pathways, the H-reflex
was recorded - a monosynaptic reflex response recorded from
mm. biceps femoris for stimulation of the distal parts of the
nn. Tibialis dex et sin. The latency of the recorded H-reflex,
reflecting conductivity along the entire reflex arc, as well as
the amplitude of the reflex response, were assessed.

When assessing sensorimotor deficits using the ENMG
method, a lack of bioelectrical activity in the muscles under
study and the H-reflex were detected in 9.1% of cases, indi-
cating a complete block in the motor fibers of the correspond-
ing peripheral nerves. Symmetrical absence of the M-response
from the short extensor muscles was recorded in 57.7% of
cases, and from the short flexor muscles - in 27.3% of cases.
The M-response from the mm. extensor carpi ulnaris was not
obtained in 17.9% of cases.

Table 7. Indicators of sensorimotor activity according to stimulation ENMG data in experimental animals with coronavirus infection.

Parameters

Amplitude of the M-response of m. Biceps femoris., mV

M-response amplitude m. triceps brachii., mV

The amplitude of the M-response of the peroneus muscle longus, mV

Amplitude of the M-response of the gastrocnemius muscle, mV
Amplitude of the M-response of m. extensor carpi ulnaris , mV

Amplitude of the M-response of m. tibialis cranialis, mV

Note: CI - confidence interval, y 2- Pearson’s test

When receiving an M-response with mm.. Biceps femoris
and triceps brachii (42.3% and 38.5% of observations, respec-
tively), mm. peroneus Electroneurophysiological signs of ax-
onal polyneuropathy of the lower extremities were detected in
the femoral nerves (71.4% and 65.5% of cases, respectively).
These included changes in the shape of motor responses, de-
creased amplitude values, and a lack of amplitude increase
with increasing stimulation. The most intact parameters were
observed in the study of motor conduction functions along the
femoral nerve fibers. The recorded motor responses had nor-
mal shape parameters, without lateral differences. This is

48

M=SD 95% ClI r %2
1.2240.56 0.99-1.47 <005 12,357
1.3540.44 1.01-1.95 <005  10.98
0.6120.22 0.33-1.02 <005 9,847
0.6520.27 0.35-1.04 <005 9,851
0.440.15 0.23-0.56 <005 874
0.4740.16 0.21-0.63 <005 863

likely due to the fact that the femoral nerves are not considered
long nerves, like the peroneal and tibial nerves.

The average values of the amplitude of the M-response of
all the studied muscles, as well as the H-reflex in the main
group, were reduced by more than 2 times, which reflects both
disturbances in the conduction function of long motor conduc-
tors (M-response) and pathological changes in the afferent
part of the arc of the monosynaptic reflex of the spinal cord
(H-reflex).
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Table 8. ENMG indices in rats of the intact group.

Parameters

Amplitude of the M-response of m. Biceps femoris., mV

M-response amplitude m. triceps brachii., mV

The amplitude of the M-response of the peroneus muscle longus, mV

Amplitude of the M-response of the gastrocnemius muscle, mV
Amplitude of the M-response of m. extensor carpi ulnaris, mV

Amplitude of the M-response of m. tibialis cranialis., mV

Note: CI - confidence interval, y 2- Pearson’s test

The set of complementary ENMG techniques used in ex-
amining experimental animals included the recording and
analysis of M-responses. The shape of the stimulating im-
pulses was rectangular, the duration was 1 ms, the intensity
was supramaximal; the stimulating electrode type was fork-
shaped (S403); the points of nerve stimulation during the re-
cording of M-responses of the foot muscles were distal; the
method of recording was unipolar (bellytendon); the analyzed
parameter was the amplitude from peak to peak. Maximum H-
reflexes of m. gastrocnemius were recorded (the shape and du-
ration of the stimulating stimuli, the method of recording and
the analyzed parameters were the same as for M-responses).
Global electromyograms were analyzed: the functional test
was “maximum voluntary tension”; the test objects were m.
Biceps femoris, m. gastrocnemius (cl.), m. peroneus longus,
m. tibialis cranialis; lead type: bipolar; electrode diameter: 3
mm, interelectrode distance: 5 mm; analyzed parameters: av-
erage amplitude (AA) and signal repetition rate.

It has been established that the main quantitative character-
istic (amplitude) of the total evoked potential of the tested
muscle (M-response), used in this work as an integral assess-
ment of the post-traumatic preservation of motor neuron pools,
before and at various times after surgery, depends to a certain
extent on the level of spinal injury.

During this difficult diagnostic period, experimental
animals with coronavirus infection exhibited a decreased
amplitude of motor responses (M-responses), which is
typically characteristic of this type of injury. This initial
manifestation was due to the absence of diffuse demyelination
during this period, which occurred later. Damage to the
myelin sheath manifested itself primarily in the development
of conduction blocks, manifested by the loss of F-waves. The
decreased amplitude of motor responses was not associated
with true axonal damage (i.e., axon death), but was due to
impaired excitability of motor neuron processes. This was
manifested in a decrease in axonal excitability (9.2 1.2 mV)
to a short-duration pulse current (0.1 ms) and its preservation
(13.7 £2.9 mV) to a long-duration current (0.5 ms) in animals
of the main group in 92.3%, which is characteristic of
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M=SD 95% Cl r %2
1.9240.56 1.22-2.31 <0.05 10,347
1.8540.44 1.01-2.15 <0.05 9,154
0.9240.22 0.63-1.22 <005 9,774
0.6540.27 0.35-1.04 <005 8332
0.8440.15 0.23-0.96 <005 7,891
0.9740.16 0.21-0.63 <005 12,033

irreversible damage to peripheral motor neurons.

The severity of motor impairments in coronavirus infection
during the acute phase of symptom development correlates
with a decrease in F-wave detection (r=0.89) and a decrease
in axonal excitability to short-duration current (r=0.81). Thus,
neural excitability indices were used to enhance the diagnostic
value of stimulation EMG, providing stimulation EMG with
98% informational value and methodological accessibility.

Damage to the anterior horns of the spinal cord during the
acute period of coronavirus infection (up to 7 days) was not
accompanied by typical anterior horn changes on needle EMG,
as occurs in the later period (14 days).

In this regard, the most diagnostic information was
provided by stimulation EMG with features of decreased
axonal excitability to short-duration current (4.8 0.7 mV -
7.2 £1.2 mV) in combination with a drop in the proximal-
distal neural conductivity coefficient to 95.8 +2.5-92.0 +2.2,
and an increase in the amplitude of the H-reflex (r = 0.77).
Changes in the functional properties of peripheral motor
neuron processes (part of peripheral nerves) with damage to
their cell bodies (anterior horns) can be explained by partial
damage to the cell body, which predominantly affects the cell
regions furthest from the cell body—the axon terminals and
distal segments—due to disruption of axonal (trophic)
transport, the so-called axonal degeneration (dying-back
process). Analysis of ENMG parameters over time allowed us
to clarify the specific features of motor neuron damage in
spinal cord injury with spinal cord damage: the presence of
ENMG signs of involvement of the anterior horns of the spinal
cord, combined with damage to the pyramidal tracts and mild
demyelination of the roots, allowed us to interpret the
disturbances in these types of injuries as subclinical
manifestations of myelopolyradiculopathy.

This type of spinal injury was characterized by decreased
excitability of the distal peripheral nerves. Low excitability of
the nerve trunks was expressed by a decrease in the interpeak
amplitude of the distal M-response to currents of both short
(0.1 ms) and long duration (0.5 ms), ranging from 1.5 to 13
mV (7.9 £0.9) with an average normal value of 29.3 +4.6 mV.
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Functional impairments of segmental excitability were
observed, manifested by an increase or decrease in the H-
reflex. Rapid reversal of ENMG parameters suggests
mechanisms of impairment other than true demyelination.

In rats treated with Ganoderma Lucidum and Alkhadaya,
the development of coronavirus infection was characterized
by a favorable course and rapid, full recovery of function. The
localization and nature of traumatic spinal injury without
spinal cord damage, characterized by predominant damage to
the motor neuron cell body and individual nerve fibers in rats,
allow the traumatic factor to be used in these cases as a
criterion for the probable localization of the lesion and disease
prognosis. The difficulty in diagnosing coronavirus infection
during the acute period of the disease (up to 3 days) was due
to the absence of changes in the SPI in sensory and motor
fibers (50.6 £4.7 m/s - 56.0 £5.4 m/s), which is generally
expected to decrease in demyelinating spinal cord lesions. A
decrease in the amplitude of motor responses (M-response)
was observed, which is usually characteristic of axonal lesions.
This feature of the initial manifestations of demyelinating
lesions was due to the absence of diffuse demyelination during
this period, which occurred later, and damage to the myelin
sheath manifested itself primarily in the development of
conduction blocks in the form of F-wave loss. The decrease in
the amplitude of motor responses was not associated with true
axonal damage (i.e., axon death), but was due to a violation of
the excitability of the processes of motor neurons. This was
manifested in a decrease in axonal excitability (9.2 1.2 mV)
to a short-duration pulse current (0.1 ms) and its preservation
(13.7 £2.9 mV) to a long-duration current (0.5 ms) in rats,
which is characteristic of reversible damage to peripheral
motor neurons.

The severity of motor impairments in spinal injuries
without spinal cord injury during the acute phase of symptom
development correlates with decreased F-wave detection
(r=0.89) and decreased axonal excitability to short-duration
current (r=0.81), while during the recovery period, it
correlates with decreased axonal excitability to short- and
long-duration current (r=0.78). Thus, neural excitability
indices were used to enhance the diagnostic value of
stimulation EMG, providing stimulation EMG with 98%
informational value and methodological accessibility.

Damage to the anterior horns of the spinal cord during the
acute period of coronavirus infection (up to 7 days) was not
accompanied by typical anterior horn changes on needle EMG,

as occurs in the later period (14 days).

In this regard, the most diagnostic information was
provided by stimulation EMG with features of decreased
axonal excitability to short-duration current (4.8 0.7 mV -
7.2 £1.2 mV) in combination with a drop in the proximal-
distal neural conductivity coefficient to 95.8 +2.5 - 92.0 +2.2.
With this type of lesion, the severity of motor disorders
correlated with a decrease in axonal excitability to long-
duration current (r = 0.77), and in the acute period (up to 7
days) - to short-duration current (r = 0.69) and an increase in
the amplitude of the H-reflex (r = 0.77). Analysis of ENMG
parameters during the course of the disease allowed us to
clarify the characteristics of motor neuron damage in acute
traumatic spinal injury without spinal cord injury: the
presence of ENMG signs of involvement of the anterior horns
of the spinal cord in combination with damage to the
pyramidal tracts and mild demyelination of the roots, which
allowed us to interpret the disturbances as subclinical
manifestations of coronavirus infection.

Three types of impairments have been identified in
coronavirus infection: decreased neural conductivity (type I,
33%), decreased peripheral nerve excitability (type 11, 40%),
and changes in segmental spinal cord excitability (type IlI,
27%). In type |, the motor nerve conductivity (MRC) in the
distal tibial nerve segments decreased to 42 +3.8 m/s, with a
mean normal value of 54.8 4.1 m/s (P < 0.05). The distal M-
response duration increased to 8-11 ms (upper normal limit 8
ms).

The residual latency of the M-response exceeded the upper
limit of the norm by 1.5-2 times, amounting to 3.1-6.1 ms.

The second type was characterized by decreased
excitability of the distal parts of the peripheral nerves. Low
excitability of the nerve trunks was expressed in a decrease in
the interpeak amplitude of the distal M-response to current of
both short (0.1 ms) and long duration (0.5 ms), ranging from
1.5to0 13 mV (7.9 £0.9) with an average normal value of 29.3
+4.6 mV. The third type was distinguished by functional
disorders of segmental excitability in the form of an increase
or decrease in the H-reflex. Rapid reverse dynamics of ENMG
parameters indicates mechanisms of disorders different from
true demyelination. The nature of changes in ENMG
parameters in spinal trauma without damage to the spinal cord
allows us to consider it a variant of a mild abortive course of
traumatic disease.

Table 9. Indicators of sensorimotor activity according to stimulation ENMG data in experimental animals with coronavirus infection against

the background of the use of Ganoderma Lucidum and Alkhadaya.

Parameters

Amplitude of the M-response of m. Biceps femoris., mV

M-response amplitude m. triceps brachii., mV

The amplitude of the M-response of the peroneus muscle longus, mV
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M=+SD 95% CI r %2
1.6740.56 1.20-2.02  <0.05 16,441
1.7840.44 1.34-195 <0.05 13.15
0.9340.22 0.63-1.12 <0.05 8,334
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Parameters

Amplitude of the M-response of the gastrocnemius muscle, mV
Amplitude of the M-response of m. extensor carpi ulnaris., mV

Amplitude of the M-response of m. tibialis cranialis., mV

Note: CI - confidence interval, y 2- Pearson’s test

On the first day of illness, EMG diagnostics allowed
differentiation of nerve damage from centrally caused spinal
trauma without spinal cord injury by assessing the amplitude
and latency of the early and late responses of the grasp reflex.
The latency of the responses increased, and the amplitude
decreased until it disappeared, which characterized the
residual number of functioning nerve fibers. The severity of
the block in the period from 3 to 14 days of illness
development indicated the degree of nerve fiber involvement
in the pathological process, but could not answer the question
and the nature of the lesion (axonal or demyelinating). From
the 7th day of illness, a decrease in the amplitude of the M-
response of the n. Tibialis muscles during direct stimulation
of the nerve, it reflected the degree of severity of the axonal
nature of the lesion caused by the death of the axial cylinder
of the axon, and amounted to 0.6 0.1 mV with a relatively
favorable course of the disease.

Restoration of the grasp reflex amplitude by day 14 of
illness was a favorable prognostic indicator of nerve function
recovery, as was rapid subsequent recovery of muscle
function within 1-2 weeks. In cases of prolonged loss of the
grasp reflex (more than 10 days), the amplitude of the muscle
M-response was a prognostic indicator of recovery. n. tibialis:
if the amplitude value is less than 50% of the unaffected side,
recovery is unfavorable, more than 50% - relatively favorable.

An EMG study was conducted to objectively assess damage
to the motor and sensory fibers of the cerebral cortex. The
following parameters were assessed: excitation propagation
velocity (EPV), distal latency (DL), motor response amplitude
(M-response), and conduction blocks.

In some experimental animals, a decrease in NCV was
observed in motor fibers, which is associated with axonal
demyelination. In most rats with spinal cord injuries without
spinal cord damage, NCV parameters did not differ from normal
values when the recording methodology was followed. It is worth
noting that 15 rats in the control group showed a decrease in
motor response amplitude, despite normal NCV values.

Electrophysiological signs of axonal injury were confirmed
by recording spontaneous activity using needle myography, as
well as by the reorganization of motor units toward increased
amplitude and duration (reinnervation). The presence of
spontaneous activity indicates muscle fiber denervation and
can also occur in motor neuron disease, making it difficult to
differentiate purely motor forms of injury. Demyelinating
signs, as determined by stimulation EMG, are characterized
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M35D 95% ClI r %2
0.9540.27 0.75-1.23 <0.05 9,771
0.8740.15 0.63-096 <0.05 3.57
0.914.16 0.81-1.13 <0.05 9.52

by persistent changes with increasing disease duration.
However, not all cases of proven traumatic disease were able
to obtain electrophysiological confirmation of the disease
entity.

Thus, only in half of the cases of experimental animals with
spinal injuries without spinal cord damage did the results of
the EMG study comply with the international criteria for
traumatic disease; in the remaining cases, either non-
compliance with the criteria or a complete absence of it was
noted.

This suggests that stimulation EMG has limited sensitivity
to demyelinating forms of spinal cord injury without spinal
cord injury. For axonal forms, spontaneous activity recorded
using needle EMG at the corresponding time point after
disease onset was 100% sensitive and was observed in all
studies. However, the results of single-shot stimulation
myography in experimental animals with axonal forms of
spinal cord injury without spinal cord injury were significantly
less sensitive (43% in the control group). Dynamic studies
were able to record a decrease in the amplitude of the evoked
motor response in a series of studies spaced 1-2 weeks apart.

In rats with damaged nerve trunk, the study revealed motor,
sensory, and autonomic-trophic disorders. Autonomic-trophic
disorders (mainly with damage to the median nerve) in the
form of pallor or cyanosis of the skin in the distal parts of the
extremities were determined in 6 rats, and dryness and trophic
disorders of the skin in the innervation zone of the damaged
nerve were observed in 10 rats. At the time of the study, all
rats had paresis of the muscles innervated by the damaged
nerve, of varying severity. In 15 (25%) rats, a decrease in mus-
cle strength to 4 points was observed, in 16 (26.6%) - to 3
points, in 9 (15%) rats - to 2 points, and in 20 (33.3%) rats,
severe motor disorders were observed - up to 0-1 point. Hy-
potrophy (due to muscle fiber degeneration) was detected in
30% of cases (18 rats). When using provocative tests in rats,
the Tinel test proved to be the most informative, detected in
44 (73.3%) rats. A positive paw compression test was detected
in 38 (63.3%) rats, and a positive elevation test was detected
in 18 (30%) rats.

When assessing the degree of nerve damage using the func-
tional neurological impairment scale (Dyck PJ), the highest
total score was found in rats with neuropathy of the peroneal
nerve (13+2.9 points), the lowest total score was noted in rats
with neuropathy of the ulnar nerve (4.7+0.7 points).
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Table 10. Dynamics of changes in ENMG studies in rats of the main group.

ENMG parameter

Amplitude of the M-response of the Biceps muscle femoris (n.medianus)

DL n.medianus

SRV n. medianus

Amplitude of the M-response with m. gastrocnemius (n.tibialis)
DL n.tibialis

CRYV n.tibialis

No M-response with m. gastrocnemius (n.tibialis)

Absence of PD n.suralis

Analyzing the parameters of the ENMG study dynamics in
rats with coronavirus infection, we found that the earliest in-
dicator of nerve compression was a decrease in local impulse
conduction velocity along sensory fibers at the level of com-
pression. Conduction velocity along sensory fibers damaged
as a result of compression was almost two times lower than
normal (24.9 £4.7 m/s with an average norm of 50 m/s) and
varied depending on the severity of the lesion from 21.5 m/s
to 44.2 m/s. Nerve compression resulted in a decrease in the
amplitude of the sensory response, on average, to 5.4 +2.4
mV (average norm is 7 mV). In later stages of the develop-
ment of compression neuropathies, a decrease in local conduc-
tion velocity along motor fibers was detected, indicating more
severe damage to the peripheral nerve. On average, the im-
pulse conduction velocity (ICV) along motor fibers in our ob-
servations decreased to 34.5 £2.7 m/s (61.3% of the normal
IPV value along motor fibers). Measuring IPV along sensory
fibers was a more sensitive and, therefore, more informative
test compared to measuring IPV along motor fibers of the
same nerve. Furthermore, in rats, damage to the nerve trunk
resulted in a decrease in the amplitude of the motor response
to an average of 1.64 0.6 mV (the average norm is 6 mV).
Moreover, the amplitude of the M-response correlated with
the H -reflex.

Severe damage was diagnosed in 15 (25%) rats, moderate
damage in 27 (45%) rats; mild damage was present in 18 (30%)
rats. Electromyography in rats with nerve trunk damage re-
vealed a significant decrease in the electrogenesis of the cor-
responding muscle groups, in the form of a decrease in the
amplitude of biopotentials compared to normal values by al-
most two times (on average by 569 puV), the appearance of
arrhythmic fasciculation potentials. In 13 (5%) rats of the
main group, Bioelectrical silence; in 3 cases (5%), type 4
EMG was recorded in rats of the control group. Analyzing the
parameters of the EMG study in rats with spinal cord injury,
the earliest indicator of nerve compression was a decrease in
local conduction velocity along sensory fibers at the level of
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Indicators (after 14 days)

2549
48431
23.249.0
1.440.1
6.543.2
20.746.9
38.8% (n=7)
100% (n=18)

compression. Conduction velocity along sensory fibers dam-
aged by compression was almost half the normal value (24.9
+4.7).

Thus, in all rats with axonal forms, the absence of an evoked
motor response was recorded upon stimulation of the nerves
of the fore and hind paws, while in rats of the control group,
only 38.8% had no motor response from n. tibialis.

Stimulation EMG confirmed the previously identified ax-
onal sensory and motor neuropathy of the forepaw nerves;
there were no motor responses from the foot and lower leg
muscles. Needle-electrode EMG of the forepaw and hindpaw
muscles revealed an ongoing denervation-reinnervation pro-
cess with a restructuring of motor unit potentials according to
the neuritic type, with moderate spontaneous muscle fiber ac-
tivity; neuromyotonic discharges were observed in the distal
and proximal forepaw muscles.

Activation of collateral pathways was characteristic of the
majority of rats in the main group and was manifested in a
sharp accentuation of the psilateral response, not observed in
rats in the control group.

Thus, the analysis of the parameters of the ipsilateral
response allows us to interpret the fact of its registration as a
criterion for an unfavorable prognosis for compensation of
motor disorders.

ENMG is characterized by a decreased M-response, a de-
crease in the rate of excitation propagation along efferent fi-
bers, an increase in the latency period, and a decrease in the
amplitude of the M- and H-responses. Peripheral circulatory
examination revealed capillary spasm, decreased blood filling,
and venous congestion. The rats' forepaws are "marbled" and
pale, the dorsal surface of the paws is moist, cold, and edem-
atous, and there is difficulty flexing all joints of the forepaws.

As is known, a pathological increase in the H-reflex ampli-
tude is associated with an increase in the activity of motor neu-
rons in the anterior horns of the spinal cord due, as a rule, to a
decrease in the inhibitory regulatory influences from the su-
prasegmental structures. The h-amplitude values in the groups
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on day 3 were comparable (p = 0.3415; Welch's criterion):
3.25 #+0.65 in the main group and 3.12 +0.54 in the control
group. On the paretic side, the values were statistically signif-
icantly higher: 3.73 +0.57 in the main group (p = 0.0001; Stu-
dent's t-test for dependent samples) and 3.58 +0.44 (p =
0.0008), which clearly demonstrates a weakening of descend-
ing inhibitory influences on the paretic side compared to the
contralateral in both groups.

When assessed dynamically (after 14 days), the h-ampli-
tude value in the main group showed a statistically significant
increase (p < 0.0001; Student's t-test for dependent samples)
and amounted to 4.04 £0.70, while in the control group the
increase was insignificant, up to 3.85 +0.48 (p = 0.1003).

The median current value for the onset of the H-reflex on
the contralateral side among experimental animals was 9.5
(7.0; 14.0) mA and was statistically significantly higher on the
paretic side: 13.0 (11.0; 14.0) mA, respectively. On the 7th
day of the experiment, a tendency toward an increase in cur-
rent values was noted on the paretic side in the main group,
while no significant changes were observed in the control
group.

The initial values of the current strength for the M-response
on the contralateral side were comparable between the groups
(p = 0.6927; Mann-Whitney test): the median was 18.0 (16.0;
19.0) mA in the main group and 17.0 (15.0; 28.5) mA in the
control group. On the paretic side, no statistically significant
differences were noted between the groups either (p = 0.0825):
21.0 (18.0; 23.0) mA in the main group and 26.0 (16.0; 29.0)
mA in the control group. When re-evaluated after 14 days, the
current strength values in the main group were statistically
significantly higher (p < 0.0001; Wilcoxon test), while in the
control group there was a slight decrease to a level of 23.0
(15.5; 29.0) mA.

4. Conclusions

Use of a new combination drug based on Ganoderma Lu-
cidum and Alkhadaya expand treatment options for corona-
virus infection and open new horizons in clinical medicine, as
the use of this pharmaceutical composition does not cause side
effects, and recovery occurs naturally.
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