Photobiomodulation reduces the cytokine storm syndrome associated with
Covid-19 in the zebrafish model
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Histopathological Analysis

Histopathological analyses were performed on adult zebrafish males (n = 24/4 per
group) subjected to the different treatments (1) PBM (control), (2) rSpike, (3)
rSpike+laser collected over two periods (after 6 and 24 h). For this purpose, individuals
from different experimental groups were fixed. The material was then dehydrated in an
increasing series of alcohol (70% for 4 h; 95% for 4 h), infiltrated, and embedded in
paraffin (Leica). Histological sections 5 um thick were obtained and stained with
Hematoxylin and Eosin for observation of general cellular structures. The material was
documented using a microscope with a JVC camera and a computer with Leica QWIN

software.

Methodology details are in a supplementary file Table 1. Summary of
histopathological findings in different organs of zebrafish injected with rSpike and treated
with low-level laser. The number of males with histopathological changes out of the total
number of males injected. Adult males were subjected to control group (n = 4), injected

with rSpike (n = 4), and injected with rSpike plus subjected to a low-power laser (n = 4).
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Herein, the inflammatory response is characterized by the enlightening of the
increased metabolic differences caused by r-Spike, followed by the gene overexpression
and the production of proteins associated with the inflammatory process, gene expression
modulates various metabolic pathways,

We observed PBM tissue repairing effect in a zebrafish model COVID-19-associated
cytokine storm syndrome. After inoculation of r-Spike, the most widespread findings
were lesions in the circulatory and digestive systems. (a Supplementary Discussion and
Supplementary References)

Regarding the intestinal tissue, histopathological analyses showed lymphangiectasia,
with dilatation of the chylifers and activation of the immune response with the occurrence
of lymphocytic cells present in the intestinal villi. An equivalent response profile was also
observed in patients with ischemic enteritis due to impaired microvascular blood flow by
SARS-CoV-2 infection 2 * 4. The increased intestinal chylomicrosis observed may also
indicate white blood cell obstruction triggered by inflammation.

Multifactorial causes can lead to liver damage during COVID-19 infection,
analogous to what was observed, such as inflammation, intrahepatic immune activation,
and disruption of the liver-intestine axis >®’.

Other clinical studies in patients with COVID-19-induced liver injury also resemble
our results, including sinusoidal dilatation, coagulopathy under continuous stimulation of
pro-inflammatory cytokines, hepatocyte cell membrane dysfunction, and liver necrosis &
92,10 Our data suggest that the vessel obstruction and the observed hepatocyte turgidity
may indicate circulatory alteration of blood cells and the cytopathic effect of hepatocytes
due to inflammation generated by rSpike.

Gastrointestinal (GI) and hepatic manifestations promoted by COVID-19 have also
been documented and associated with worsening disease and increased mortality rates in
intensive care unit (ICU) patients 121314 In the present study, we also observed the
mortality of individuals injected with rSpike compared to healthy individuals. These data
suggest the hypothesis that intestinal and liver tissue compromise in individuals with

SARS-COV-2 may also be related to elevated mortality rates in these individuals.
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