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ABSTRACT

Background: The SARS-COV-2 is a worldwide pandemic problem. We developed a herbal extract with potent in-vitro virucidal, anti-
inflammatory and immunomodulatory effects called EGIVIR. Our aim is to assess the bioavailability and cytotoxicity of EGYVIR on
different organs and biological systems in Sprague Dawley rats as a model of experimental animals.

Methods: 128 rats were divided into 16 groups (8 rats each), where Egyvir was assessed in oral doses of 20, 30, and 40 mg/kg body
weight, and by inhalation in 0.2, 0.3, and 0.4 mg/kg body weight, four times/day, compared to the control groups.

Results: The Egyvir had no significant effect on the blood pressure, pulse, motor activity, histological, hematological, and coagulation
profiles. Also, the blood levels of triglycerides, cholesterol, blood glucose, lactate dehydrogenase (LDH), and creatine phosphor kinase
(CPK) were not significantly affected. Egyvir had no harmful effect on the kidney and liver functions, blood electrolytes levels and urinary
levels of sodium, potassium, and chloride. There was no significant effect on the serum levels of interleukin-1f (IL-1pB), IL-2, IL-4, IL-6,
IL-10, interferon- y (IFN-y), and tumor necrosis factor- o (TNF-o). Additionally, there was no significant change in the levels of
Superoxide dismutase (SOD), catalase, reduced glutathione (GSH), and malonaldehyde (MDA) in comparison to the control groups
(P<0.05).

Conclusion: Egyvir is considered a safe antiviral natural drug. It could be used for the treatment of SARS-COV-2 without any adverse

effects when used with the recommended doses. However, these data are a preliminary step for validation in a clinical setting.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) or COVID-
19 viral infection becomes now a worldwide life-threatening pandemic disease (Lu
et al., 2020). It had been estimated that the total number of confirmed COVID-19
cases all over the world was 297,912,706 till 5" January 2022, with 5,466,645
global deaths (John Hopkins University, 2022).

Patients infected with SARS-CoV-2 can be presented with several symptoms
varying from a mild degree of upper respiratory tract affection to a severe acute
respiratory distress syndrome (ARDS), that may lead to multiple organ failures and
eventually death (Bakhiet and Taurin, 2021). This variability of disease severity
is strongly correlated to the patients’ age, accompanied comorbidities, and other
conditions associated with dysregulated immune system as in cancer patients
(Huang et al., 2020; Liu et al., 2020; Miyashita et al., 2020). SARS-CoV-2 is a
cytopathic virus that kills the host cells as a part of its replication cycle (Chu et al.,
2020). It enters the cells through binding to the Angiotensin-Converting Enzyme
2 (ACE2) receptor, which is highly expressed on the alveolar epithelial type I cells
(Zhuang et al., 2020). These alveolar epithelial cells are critical for the gas
exchange function in the lung and consequently prevent the alveoli from collapsing
(Dobbs, 1989). Additionally, ACE2 receptors are expressed on the surface of other
cells including type | pneumocytes, endothelial cells, heart, intestine, blood
vessels, kidneys, and urinary bladder (Monteil et al., 2020; Zou et al., 2020). The
binding of the virus to these cells results in cell damage and death with the release
of pro-inflammatory mediators including IL-1p, IL-6, IL-8, TNF-a, IP10, MCP-1,
and RANTES (Huang et al., 2020; Li et al., 2020). If this inflammatory response
is not controlled by a potent immune system, it will lead to a severe disease course
and death (Huang et al., 2020).

Worldwide, a large number of studies had been developed to produce an effective
treatment specific for SARS-COV-2 virus. There are about 3947 clinical trials
registered in clinicaltrials.gov till November 19, 2020 (Bakhiet and Taurin,
2021), and other medications were repurposed for the treatment of SARS-CoV2,

including lopinavir-ritonavir, favipiravir, remdesivir, arbidol,
hydroxychloroquine, and azithromycin (Cao et al., 2020; Gautret et al., 2020;
Million et al., 2020; Zhou et al., 2020). In addition to the recent advancement in
immunotherapy using mMRNA SARS-CoV-2, and adenovirus type-5 vectored
vaccines (Ahn et al., 2020; Zhu et al., 2020). However, till now there was no
effective specific treatment developed for the SARS-COV-2 infection according
to the WHO (Bakhiet and Taurin, 2021; Lima et al., 2021). On the other side,
although there were many vaccines were developed against SARS-COV-2, only
three vaccines, Sputnik V, BNT162b2, and mRNA-1273, have proved up to 90 %
efficacy (Bakhiet and Taurin, 2021). To date, still social distancing and isolation
with supportive management for the patients are the most effective measures used
all over the world especially in developing countries (Zhai et al., 2020). Therefore,
searching for another modality for the treatment of SARS-COV-2 infection is
highly required.

We developed an antiviral herbal extract with a potent immunomodulatory effect
called EGIVIR, which is formed of a combination of curcumin extract with black
pepper extract (Roshdy et al., 2020). Curcumin is a hydrophobic polyphenol,
which constitutes the main active ingredient of the rhizomes of turmeric (Curcuma
longa) (Akbar et al., 2018; Soleimani et al., 2018). It is used as a spice in foods
as well as for cosmetic and pharmaceutical purposes in many countries (Hosseini
et al., 2018). Curcumin is characterized by its potent anti-inflammatory,
antioxidant, and anticancer activities (Catanzaro et al., 2018). It suppresses the
release of the pro-inflammatory cytokines including IL-6, TNF-a, and IL-1B
through inhibiting the NF-kB and MAPK signalling pathways (Cho et al., 2007;
Jinetal., 2007). Also, it inhibits cyclooxygenase-2 (COX-2), and STAT signalling
pathways (Ghosh et al., 2015). In addition, many studies had reported the antiviral
effect of curcumin against different viruses including influenza virus, human
papillomavirus (HPV), human immunodeficiency virus (HIV), herpes simplex
virus—2 (HSV2), adenovirus, hepatitis, and Zika viruses (Dai et al., 2018; Ferreira
et al., 2015; Mounce et al., 2017; Yang et al., 2016). Different mechanisms had
been proposed to explain the antiviral effect of the curcumin. These mechanisms
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are varying from interfering with the entry of the virus into the host cells, inhibiting
virus encapsulation and replication, as well as targeting cellular transcription
(Obata et al., 2013; Zahedipour et al., 2020). Moreover, many recent reports had
studied the potential role of curcumin in the treatment of SARS-COV-2 infection
(Babaei et al., 2020; Soni et al., 2020; Zahedipour et al., 2020). They reported
that curcumin can inhibit ACE2 receptors, and viral protease (Hoffmann et al.,
2020). Additionally, it stimulates the host’s innate immunity through increasing
interferon production (Mrityunjaya et al., 2020).

Piperine is the major active constituent of black pepper, it is characterized by its
potent anti-inflammatory and antioxidant action (Mittal and Gupta. 2000;
Vaibhav et al., 2012). Therefore, it was considered for trial in COVID-19
treatment to inhibit the hyper inflammation reaction induced during SARS-COV-
2 infection (Mrityunjaya et al., 2020). Also, it was reported to improve the
bioavailability of curcumin by 2000 times (Prasad et al., 2014).

Hence, depending upon our previous results regarding the efficiency of Egyvir as
a potent immunomodulator and effective treatment against SARS-COV-2 infection
in-vitro. The aim of the current study was to assess the bioavailability, action, and
different side effects that could be produced by EGYVIR on different organs and
biological systems in rats as a model of experimental animals. This will allow for
applying this drug for a clinical trial to be used as an effective antiviral drug against
SARS-COV-2 infection.

MATERIAL AND METHODS
Preparation of the EGYVIR

The EGYVIR was prepared from healthy disease-free Curcuma longa (Turmeric)
root and Piper nigrum seeds extraction, which were purchased from a local market
in Egypt. The plant materials were dried and ground into powder, of which a
weight of 40 mg of the well dried air Curcuma longa roots powder was infused in
100 ml of aqueous Piper nigrum seed extract until completely exhausted. Then it
was filtered through a four-layered muslin cloth to prepare a total concentration of
40 mg/Liter, which was stored at 4 C until further use, according to our previous
study (Roshdy et al., 2020).

The chemical composition of the prepared EGYVIR extract was determined by
Gas Chromatography—Mass Spectrometry (GC-MS) using the trace GC-TSQ Evo
8000 mass spectrometer (Thermo Scientific, Austin, TX, USA) with a direct
capillary column TG-5MS (30 m x 0.25 mm x 0.25um film thickness). The
temperature of the column oven was initially adjusted at 50 °C and raised by 5 °C
/min to reach 200 °C for 2 min, then raised to the final required temperature of 300
°C by 25 °C /min and kept for 2 min. The injector and mass spectrometry transfer
line temperatures were held at 270 and 260 °C respectively. Helium gas was used
as a carrier with a constant flow rate of 1 ml/min. Electron ionization (EI) mass
spectra were collected at 70 eV ionization voltage over the range of m/z 50-650 in
full scan mode. The components were identified by comparing their retention times
and mass spectra with mass spectral libraries (Fiehn, 2016).

Experimental Animals

The current study was performed on 128 Sprague Dawley rats, sixty-four males
(weight, 200 + 3.9 gm) and 64 females (weight, 136 + 16 g) obtained from the
animal house colony, National Research Centre, Cairo, Egypt. All animals were
acclimated to a colony room with an ambient temperature of 22+1°C, a humidity
of 50+10%, and a 12 h light/dark cycle for at least 10 days, in metal cages before
the start of the experiment. During this period, the rats were examined for any
abnormalities suggestive of health problems. Rats were allowed to freely access
food and water, where the body weights were recorded regularly. All experiments
were carried out according to the ethical guidelines for the care and use of
experimental animals, and the research protocol was approved by the Ethical
Committee of the National Research Centre, Cairo, Egypt (approval no:
CU/F/16/21).

Experimental design

The included 128 rats were divided into 16 groups (8 rats each); six groups (3 male
groups and 3 female groups) were supplemented orally with EGYVIR in three
different doses 20, 30, and 40 mg/kg body weight according to the performed
cytotoxicity assay (Roshdy et al., 2020). The other 6 groups (3 male groups and 3
female groups) were inhaled EGYVIR in three different doses 0.2, 0.3, and 0.4
mg/kg body weight, divided four times/day via nebulizer (Roshdy et al., 2020).
The remaining four groups represented the control groups. All groups were
assigned as follows; Gland G2: Control male and female rats which were
administered 0.9% normal saline solution daily orally for two consecutive weeks.
G3 and G4: male and female rats which were supplanted with a low dose of
EGYVIR 20 mg/ kg body weight orally daily for two weeks. G5 and G6: male and
female rats were supplemented orally daily with a moderate dose of 30 mg/ kg
body weight of EGY VIR for two weeks. G7 and G8: male and female rats which
were supplemented orally daily with a high dose of 40 mg/ kg body weight of
EGYVIR for two weeks. While G9 and G10: control male and female rats were
inhaled daily with 0.9% normal saline solution in dose of 0.2-0.4 mg/ kg body

weight for two weeks. G11 and G12: male and female rats which were inhaled
daily of EGYVIR in a low dose of 0.2 mg/ kg body weight for two weeks. G13 and
G14: male and female rats were daily inhaled daily of EGY VIR in a moderate dose
of 0.3 mg/ kg body weight for two weeks. G15 and G16: male and female rats were
daily inhaled EGYVIR in a high dose of 0.4 mg/ kg body weight for two weeks.

Management of the Assessed Animals

The bodyweight of the experimental rats had been recorded at least two times prior
to the randomization and at the end of the experiment. Animals were observed
twice daily, in the morning and afternoon with a minimum of 6 hours interval for
mortality, morbidity, and clinical signs of toxicity. Detailed clinical examinations
were conducted weekly outside the home cage. The blood pressure, pulse,
behavioral and motor activity including object recognition, rotarod and activity
cage were conducted on the animals prior to and at the end of the experiment.

Sample Collection

At the end of the two weeks of the experiment, the urine samples were collected
on clean cups for urine analysis. Fasting blood samples were collected through the
jugular vein under light anesthesia for assessment of the blood glucose level and
hematological profile including hemoglobin concentration (Hb), red blood cells
count (RBCs), white blood cells count (WBCs), platelets count, hematocrit ratio
and reticulocytes count. Another blood sample was taken for the assessment of
coagulation blood functions including Fibrinogen, prothrombin time (PT), and
partial thromboplastin time (PTT). All hematological analysis was performed
using the hematology analyzer (Sysmex, Germany). The separation of the serum
was done through the collection of the blood in plain test tubes, and it was left for
clotting, then centrifuged at 3000 rpm for 15min to separate the serum. The serum
was stored into sterile Cryotubes at - 20 °C to be used for the biochemical analysis.
After that, all animals were sacrificed by decapitation under anesthesia with an
intraperitoneal injection of ketamine 40 mg/kg.

Organ weight and histopathological study

After scarification of the rats, a wide laparotomy was performed, and the different
body organs were weighed, paired organs were weighed together and the organ-
to-whole body weight percentages were recorded (Supp. 1). Tissue preservation
was performed in 10% neutral-buffered formalin for twenty-four hours, followed
by decalcification in formic acid. Washing was done in tap water and then serial
dilutions of alcohol (methyl, ethyl and absolute ethyl) were performed for
dehydration. Specimens were cleared in xylene and embedded in paraffin at 56 °C
in a hot air oven for twenty-four hours. Paraffin beeswax tissue blocks were
prepared for sectioning at 4 microns thickness by sledge microtome. The obtained
tissue sections were collected on glass slides, deparaffinized, and stained by
Hematoxylin & Eosin stain for examination through the light microscope
(Abdelhameed et al., 2021).

Biochemical Assessment

The stored serum was analyzed for liver function tests including glutamic
oxaloacetic transaminase (GOT), glutamic pyruvate transaminase (GPT), alkaline
phosphatase (ALP), albumin, and total protein (TP). Kidney function tests
including serum urea and creatinine. Determination of serum creatinine
phosphokinase (CPK), lactate dehydrogenase (LDH), low-density lipoprotein
(LDL), cholesterol (TC), triglycerides (TG), blood minerals including calcium
(Ca), phosphorus (P), sodium (Na), potassium (K), and chloride (Cl), urinary
content of Na, K, and CI levels were done according to the manufactures’
instructions (all tests were performed using the fully automated system, ADVIA
1800, Siemens Healthineers).

Determination of the cytokine levels

The serum cytokine levels including interleukin-1p (IL-1p), IL-2, IL-4, IL-6, IL-
10, interferon- y (IFN-y) and tumor necrosis factor-a (TNF-a)) were assessed using
the enzyme-linked immunosorbent assay (ELISA) technique according to the
manufacturers’ instructions (Biotrak ELISA System, GE Healthcare Life Sciences,
Pittsburgh, PA).

Determination of the serum antioxidant levels

The serum levels of Superoxide dismutase (SOD), catalase, reduced glutathione
(GSH), and malonaldehyde (MDA) were estimated according to the
manufacturers’ instructions (Ransod Randox Lab, Antrim, UK) For the
measurement of SOD, catalase, and GSH. While the Biodiagnostic, Egypt was
used for the measurement of the serum level of MDA.
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Statistical analyses

Data were expressed as a mean + standard deviation after testing for normality
distribution using GraphPad Prism 7 (GraphPad Software Inc, San Diego, CA,
USA). Comparisons between the different groups of animals were performed using
the two-way analysis of variance (ANOVA) and followed by Tukey’s multiple
comparison test to assess the significance between-group differences. P-value was
considered significant at P< 0.05.

RESULTS
Histopathological Analysis

During the complete gross necropsy analysis, there were no macroscopic
pathological changes were observed in the examined organs in all studied groups
in relation to the control groups, either treated with oral (Figure 1) or inhalation
(Figure 2) routes at any of the examined doses. Regarding, the liver and kidney
which are the key metabolic organs, the livers of all groups showed normal lobular
structure, normal hepatic parenchymal cell histology as well as normal portal areas
and central veins. The kidney tissue showed normal histological features of the
glomeruli and renal tubules. The heart in all groups revealed a normal structure of
the cardiac muscles which appeared with clear cross striations and centrally located
nuclei without any evidence of necrobiotic changes. Normal alveolar and
bronchiolar structure was a common finding in the lungs of all groups, apart from
mild congestion in two animals of the medium dose with the oral route group. The
tracheal sections of all groups were within normal structure, with healthy and intact
ciliated pseudostratified columnar epithelium, as well as the mucosal and
fibroelastic layers were normally seen. Regarding the brain, the cerebrum and
cerebellum areas appeared with normal histology. Generally, during the
histopathological analysis of all tissues, there were no obvious significant changes
among the assessed tissue groups.

Low dose group (Oral route) Control group (Oral route)

Medium dose group (Oral route)

High dose group (Oral route)

Figure 1 Histopathological assessment of the different doses of orally
administrated Egyvir on the liver (A, G, M, S), kidney (B, H, N, T), heart (C, I, O,

U), lung (D, J, P, V), trachea (E, K, Q, W), and the brain (F, L, R, X) of the tested
rats’ groups.

Low dose group (Inhalation route) Control group (Inhalation route)

Medium dose group (Inhalation route)

High dose group (Inhalation route)

Figure 2 Histopathological assessment of the different doses of administrated
Egyvir by inhalation route on the liver (A, G, M, S), kidney (B, H, N, T), heart (C,
1, 0, U), lung (D, J, P, V), trachea (E, K, Q, W), and the brain (F, L, R, X) of the
tested rats’ groups.

Assessment of the body weight, blood pressure, pulse rate, motor activity and
coordination in the assessed rats

There was no significant change in the body weight between the treatment and the
control groups after inhalation or oral administration of Egyvir with the assigned
tested doses (P>0.05, for all, Figure 3 a,b).

There was no significant change in the arterial blood pressure level after 2 weeks
of inhalation or oral administration of Egyvir with its different doses in the tested
female rats compared to the control (P<0.05, for all). However, in the male rats,
there were significant changes in the arterial blood pressure regarding the low and
high doses of Egyvir compared to the control group after two weeks of oral
administration (P=0.009 and P=0.012; respectively). Similarly, there were
significant changes in the blood pressure regarding the low and high doses of
Egyvir compared to the control group after two weeks of inhalation of Egyvir
(P=0.006 and P=0.002; respectively, Figure 3 c,d).

In addition, there was no significant change detected in the pulse rate between the
treatment and the control groups after inhalation or oral administration of Egyvir
with the assigned tested doses (P>0.05, for all, Figure 3 e,f).

Finally, clinical observation of the experimental animals regarding the motor
activity and coordination revealed non-significant records in both motor activity
count/5min and motor coordination/sec for all treatment/route groups (P>0.05, for
all, Figure 3 g,h).
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Figure 3 The effect of the Egyvir on a) male and b) female rats’ weight, ¢) male and d) female rats’ blood pressure, €) male and f)
female rats’ pulse rates, g) motor activity and h) motor coordination.

Determination of the Effect of Egyvir on the Hematological and Coagulation

Profile of the Assessed Animals

There was no significant effect of the Egyvir with its assigned different doses either
administrated with oral or inhalation routes on the hematological or the coagulation

comparison to the control groups regarding the RBCs count, WBCs count, Hb

concentration, platelets count, hematocrit ratio, reticulocytes ratio, Fibrinogen, PT,
and PTT (P<0.05). However, there was a significant difference between males and

profile. There was no significant difference between the examined groups in
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females regarding the RBCs count, WBCs count, and fibrinogen concentration
(P=0.026, P<0.001, and P=0.005; respectively, Figure 4).
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Figure 4: The effect of the Egyvir on a) the hemoglobin concentration, b) red blood cells count, c) hematocrit ratio, d) reticulocytes count, €) white blood cells count, f)
platelets count, g) Fibrinogen, h) prothrombin time (PT), and i) partial thromboplastin time (PTT).
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Determination of the effect of Egyvir on the lipid profile, kidney, and liver
function tests

There was no significant effect of the different doses of Egyvir [20-40 mg/kg

orally, and 0.2-0.4 mg/kg by inhalation] on the blood levels of triglycerides,

cholesterol, blood glucose. Also, there was no significant effect of the different

doses of Egyvir on the serum levels of LDH and CPK (P<0.05 for all). However,
A B

Glucose Triglyceride

250

Creatinine

UL

(mgidl)

there was a significant increase in the serum levels of triglycerides in the assessed
male rates compared to the female rats (P=0.009). While there was a significant
increase in the blood cholesterol levels in the female rats compared to the assessed
male rats (P=0.006, Figure 5 A-E). In addition, there was no significant effect of
Egyvir on the kidney function tests in the form of serum urea and creatinine
(P<0.05 for all, Figure 5 F,G).
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Figure 5 The effect of the Egyvir on the serum levels of a) blood glucose, b) triglycerides, c) total cholesterol, d) lactate dehydrogenase (LDH), e) creatine phosphokinase,

f) creatinine and g) urea nitrogen.

Regarding the liver function tests, there were no significant changes in the serum
levels of GPT, GOT, alkaline phosphatase, albumin, and total proteins between the
assessed groups compared to the control groups (P<0.05 for all, Figure 6 a-e).
a b <
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Urine analysis showed that the urinary levels of sodium, potassium, and chloride
were not significantly affected by the different doses of Egyvir (oral and
inhalation), in comparison to the control group (P<0.05 for all, Figure 6 f-h).
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Figure 6 The effect of the Egyvir on a) glutamic oxaloacetic transaminase (GOT), b) glutamic pyruvate transaminase (GPT), c¢) alkaline phosphatase, d) albumin, and e)

total proteins, ) urinary sodium, g) urinary potassium and h) urinary chloride.
Assessment of the effect of the Egyvir on the serum antioxidant levels

There were no significant changes in the expression levels of SOD, catalase, GSH,
and MDA in the tested groups in relation to the control groups when Egyvir was
administrated with its different doses, either by oral or inhalation routes (P<0.05
for all, Figure 7 a-d).

Assessment of the effect of the Egyvir on the blood electrolytes levels

There was no significant impact of the different doses of Egyvir [20-40 mg/kg
orally, and 0.2-0.4 mg/kg by inhalation] on the blood levels of sodium, potassium,
chloride, calcium, and inorganic phosphorus in comparison to the control rat
groups (P<0.05 for all, Figure 7 e-i).
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Figure 7 The effect of the Egyvir on the serum levels of a) Superoxide dismutase (SOD), b) catalase, c) malonaldehyde (MDA), d) reduced glutathione (GSH), e)
inorganic phosphorus, f) Sodium, g) Chloride (Cl), h) Potassium (K), and i) Calcium (Ca).

Assessment of the effect of the Egyvir on the cytokine levels in the
experimental animals

The impact of the Egyvir on the immunological function of the body was assessed

by measuring the cytokine levels in the serum of the examined animals with

different tested doses in both oral and inhalation routes. There was no significant
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effect of the Egyvir on the expression levels of IL-1p, IL-2, IL-4, IL-6, IL-10, IFN-
v and TNF-a. in the tested groups in comparison to the control groups (P<0.05 for
all). However, there was a significant difference between males and females
regarding the IL-2 and IL-6 expression (P=0.012 and P<0.001; respectively, Figure
8).
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Figure 8 The effect of the Egyvir on the cytokines levels of a) Interleukin-1a, b) Interleukin-2, c) Interleukin-4, d) Interleukin-6, e)
Interferon-y, f) Tumor necrosis factor-a (TNF-a), and g) Interleukin-10.

DISCUSSION

Nowadays, the world is facing a pandemic of SARS-COV-2 infection, which
results in nearly more than five million deaths globally, and still, the mortality rate
is increasing. Therefore, efforts all over the world are directed towards finding a
specific treatment for the SARS-COV-2 virus. We have developed a promising
herbal extract called EGYVIR as a potential antiviral drug against SARS-CoV-2
(Roshdy et al., 2020). It is formed mainly of a combination of black pepper extract
and curcumin extract. The Egyvir showed a virucidal effect through antagonizing
the NF-kp pathway as proved by the in-silico as well as the in-vitro assessment.
Consequently, it inhibits the release of IL-6 and TNFa that play an important role
in the cytokine storm, which is responsible for the inferior outcome of the SARS-
CoV-2 infection.

Here in the current study, we tried to assess the bioavailability, action, and
cytotoxicity of Egyvir in Sprague Dawley rats as a model of in vivo study. The
cytotoxicity of the EGYVIR was evaluated on Vero-E6 cells using MTT assay.
The data showed that the cytotoxic concentration 50 (CC50) value of EGYVIR
was 0.57 pg. Hence, we selected a concentration of 0.05-0.4 pg/mL for the in vivo
assay of the drug. We tested Egyvir in 20, 30, and 40 mg/kg body weight orally,
and in 0.2, 0.3, and 0.4 mg/kg body weight by inhalation, divided four times/day
via nebulizer.

The present data showed that the treatment of both male and female rats daily with
EGYVIR by both routes either oral or inhalation for two weeks did not show any
signs of toxicity including mortality, hair loss, diarrhoea, and patches of yellow
colour appearance. In addition, abnormalities in behaviour, motor activity, health
status, food and water intake among the treated animals were not observed. Also,
blood pressure and pulse were monitored before the beginning of the experiment

and at the end of study after two weeks of Egyvir administration. The results
showed non-significant changes between the treated groups and the control groups.
To the best of our knowledge, the Egyvir is a herbal extract that is formed of fifty-
three natural ingredients including mainly Pentatricontane (41.04%), Amyrin
(9.49%), Lupeol (8.86%), Turmerone (8.13%), Sitosterol (7.61%),
Bisdemethoxycurcumin (6.8%), Piperine (4,6%), Vitamin D3 (1.76%), and
Curcumin (1.3%). All these components are well known for their beneficial effects
on the body including their anti-inflammatory, antioxidant, and
immunopotentiation properties (Arbab et al., 2016; Ghosh et al., 2015; Siddique
and Saleem 2011; Vaibhav et al., 2012; Yang et al., 2016). In line with these
studies, our data revealed that Egyvir had no adverse effect on the haematological
and coagulation profiles of the experimental rats in the form of RBCs count, WBCs
count, Hb concentration, platelets count, hematocrit ratio, reticulocytes ratio,
Fibrinogen, PT, and PTT. Similarly, there was no significant effect of Egyvir on
the blood levels of triglycerides, cholesterol, blood glucose, LDH, and CPK. In
addition, Egyvir had no harmful effect on the kidney and liver functions together
with the blood electrolytes levels and urinary levels of sodium, potassium, and
chloride. Therefore, Egyvir is considered a very safe natural drug that could be
used effectively without any adverse effects with the recommended doses.

In regard to the antioxidant effect of the Egyvir, the administrated drug did not
show any significant changes in the expression levels of SOD, catalase, GSH, and
MDA in the tested groups in relation to the control groups. These data are
consistent with many other studies proposed that curcumin is a potent antioxidant
due to increasing the synthesis of the antioxidant enzymes and neutralizing the
produced free radicals in the body (Agarwal et al., 2010; Barclay et al., 2000;
Biswas et al., 2005; Menon and Sudheer. 2007). Moreover, Mittal and Gupta
(2000) reported that Piperen which is an important component of Egyvir, can
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protect against oxidative stress by antagonizing reactive oxygen species (ROS),
free radicals, and hydroxyl radicals. Similarly, Lupeol which represents 8.86% of
EGYVIR extract has a potent antioxidant activity. It decreases the ROS level and
promotes the antioxidant enzyme activities in chemical-induced oxidative stress
conditions (Siddique and Saleem, 2011).

The current study also showed that Egyvir had no significant harmful impact on
the immunological function of the body regarding the cytokine levels of IL-1p, IL-
2, IL-4, IL-6, IL-10, IFN-y, and TNF-a. These data are in agreement with many
published studies reported that curcumin has potent anti-inflammatory and
immunomodulatory functions through inhibiting NF-xB, MAPK, cyclooxygenase-
2 (COX-2), and STAT signalling pathways that result in interfering with the
production of the pro-inflammatory cytokines such as IL-1, IL-2, IL-6, IL-10,
transforming growth factor (TGF)-B, IFN, and TNF-o. The blockade of these
cytokines results in inhibiting the cytokine storm responsible for the adverse events
of SARS-COV-2 infection (Cho et al., 2007; Ghosh et al., 2015; Hirano and
Murakami 2020; Vardhana and Wolchok. 2020). Additionally, our previous
docking work showed that EGY VIR had a good binding affinity with p50 subunit
of NF-«kB which attenuates NF-kB pathways (Roshdy et al., 2020). Moreover, f-
sitosterol enhances the mitochondrial glutathione redox mechanism which can
decrease the cytokine storm (Zhao et al., 2015). Similarly, the other components
of Egyvir namely piperine, turmerone, and lupeol were also reported to inhibit the
NF-«B signalling pathway and consequently IL-6 expression (Derosa et al., 2016;
Pradeep and Kuttan, 2004; Reuter et al., 2009).

CONCLUSION

In conclusion, the present study showed that Egyvir is a safe drug that did not
induce any sign of toxicity or harmful effect on the different body organs and
systems of the experimental animals. The recommended administered dose is 20-
40 mg/kg body weight orally, or 0.2-0.4 mg/kg body weight by inhalation.
However, this study introduced preliminary data to be transferred to the clinical
setting. As Egyvir is a herbal extract formed of many beneficial components, which
achieved potent virucidal, anti-inflammatory, antioxidant, and immunomodulatory
functions against SARS-COV-2 infection. Therefore, it will be a potential new
modality for the treatment of SARS-COV-2 patients especially those with
immunodeficiency or other comorbidities.
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Supp. 1: The wight of different body organs in relation to the body weight after administration of Egyvir

Oral route Inhalation route
organ sex control Low Moderate High control Low dose = Moderate dose High dose
dose dose dose
Mean Mean Mean Mean Mean Mean Mean Mean
H Male 0.49 0.34 0.48 0.45 0.38 0.47 0.41 0.38
eart
female 0.43 0.45 0.43 0.43 0.46 0.43 0.45 0.41
L Male 0.65 0.57 0.58 0.66 0.62 0.58 0.71 0.86
un
g female 0.69 0.78 0.62 0.81 0.69 0.91 1.09 1.19
Ui Male 511 3.60 341 3.62 521 3.63 4.07 3.60
iver
female 4.82 4.17 3.58 4.85 481 5.37 5.98 5.65
Male 0.8 0.71 0.84 0.91 0.96 0.82 0.93 0.97
Kidney
female 0.95 1.39 0.93 1.42 0.99 1.46 1.43 1.24
Male 1.13 0.8 0.92 0.70 1.12 0.63 0.83 0.84
Brain
female 1.04 1.23 1.02 1.19 1.04 1.36 1.27 121
Male 0.66 0.46 0.5 0.62 0.62 0.30 0.40 0.41
Spleen
female 0.57 0.37 0.44 0.74 0.61 0.74 0.67 0.64
Male 0.26 0.22 0.2 0.2 0.18 0.19 0.18 0.22
Thymus
female 0.27 0.25 0.21 0.31 0.22 0.31 0.27 0.27
Male 0.20 0.29 0.41 0.15 0.29 0.29 0.30 0.21
Pancreas
female 0.25 0.37 0.32 0.44 0.33 0.45 0.48 0.4
Male 0.04 0.04 0.03 0.04 0.03 0.04 0.04 0.04
Supra-renal
female 0.04 0.04 0.04 0.06 0.04 0.06 0.06 0.05
Male 0.23 0.27 0.24 0.23 0.28 0.27 0.27 0.26
Salivary glands
female 0.38 0.26 0.22 0.36 0.40 0.42 0.39 0.4
Ovary female 0.18 0.11 0.11 0.15 0.17 0.17 0.13 0.15
Uterus female 0.23 0.11 0.10 0.14 0.23 0.16 0.14 0.17
Testes Male 1.62 1.42 122 0.79 1.38 1.52 1.56 1.53
Epididymis Male 0.37 0.34 0.3 0.34 0.27 0.41 0.49 0.41
Vas def. Male 0.07 0.07 0.06 0.05 0.08 0.07 0.1 0.09
Acss.gl. Male 0.29 0.21 0.29 0.24 0.26 0.23 0.2 0.26




