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CoV-2, Influenza-A (HIN1) and Human Respiratory
Syncytial Virus (hRSV) Strain A2 in ‘in vitro’ Setting
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# Bioxytran Inc., USA
* Chief Scientific Officer at Numen health, India.
" Scientific advisor, Genesys scientific, India

Abstract: Introduction: Respiratory tract Infections are the greatest cause of death worldwide. Since its
outbreak in 2019, the coronavirus pandemic (COVID-19) has been a challenge to humans in terms of treatment
and prevention of this respiratory viral infection. The re-emergence of respiratory viral infections like
influenza, pose a serious hazard to global public health because they occur seasonally. Creating broad-
spectrum antiviral compounds for rapid action in the case of an outbreak crisis, as well as bioweapon defences,
is critical. Human galectin-3 is found in high concentrations in activated T lymphocytes, epithelial and
endothelial cells, and fibroblasts. ProLectin -I and ProLectin -M are both galectin antagonists. Blocking viral
entry with a complex polysaccharide component “ProLectin-M” has downstream effects on viral reproduction
enabling it to be used as a therapeutic tool and a safe alternative to conventional anti-viral medicines. Methods:
In total, 3 cell based assays have been conducted to evaluate antiviral efficacy of ProLectin—-I and ProLectin-M
against SARS-CoV-2 virus, Influenza-A (HIN1), and human respiratory syncytial virus (hRSV) strain A2.
ProLectin-M and ProLectin-I were evaluated for their anti-viral potency using SARS-CoV2 virus strain by viral
RNA Extraction and qRT-PCR assays. The plaque assays were carried out to determine the antiviral activity of
the test products (ProLectin-I and ProLectin-M) against ‘Influenza-A (HIN1)-A/PR/8/34 (TC adapted)’ and
‘Human respiratory syncytial virus (hRSV) strain A2’ in a cell based in vitro setting. As eference standard,
“Oseltamivir Phosphate” and “Remdesivir” were used to determine antiviral activity of test products against
HIN1 and hRSV strains respectively. Results: The ICso ot ProLectin-M and ProLectin-I against SARS-CoV-2
virus was found to be 6248 ng/ml (6.2ug/ml) and 4207 ng/ml (4.2ug/ml) respectively. The CCso value was
similar in both the test products i.e., >100 ug/ml. Against Influenza A (HIN1) strain, ProLectin-M exhibited 95
% reduction in the viral load at the test concentration of 21.8 ug/mL with an ICso value of 5.4 pug/mL whereas,
ProLectin-I did not show any cytotoxicity till 250 pug/mL concentration. Against ‘human respiratory syncytial
virus (hRSV) strain A2, ProLectin-M exhibited 65 % reduction in the viral load at the test concentration of 43.75
pg/mL with an ICso value of 27.41 pg/mL whereas, ProLectin- I did not show any cytotoxicity till 250 ug/mL
concentration. Conclusion: Both ProLectin-I and ProLectin-M have been reported to exhibit broad-spectrum
antiviral activity in “in-vitro” setting. ProLectin-M reducing influenza-A virus by 95% and hRSC strain A2 by
65%. To better understand broad spectrum antiviral activity of ProLectin-I and ProLectin-M, further pre-
clinical research is warranted.

Keywords: Infection; Influenza; anti-viral; ProLectin-M; ProLectin-I

Introduction

Viral illnesses continue to place a significant economic and public health cost on Healthcare
Systems. This burden is caused by the viruses’ capacity to traverse species boundaries and produce
unforeseen epidemics of viral illnesses in humans.'2 The “one drug, one virus” paradigm relies on
targeting viral-specific processes inside the cell to inhibit viral replication. The “one drug, multiple
viruses” approach, which was introduced with the discovery of broad-spectrum antiviral agents

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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(BSAAs), tiny compounds that block a variety of human viruses, provides a counterargument to
this.>*

The upper or lower respiratory tract is commonly challenged by respiratory virus infections such
as the common cold caused by rhinovirus, coronavirus, respiratory syncytial virus (RSV),
parainfluenza virus, bronchiolitis caused by RSV, pneumonia caused by coronaviruses or RSV, most
influenza viruses, COVID-19, and influenza (flu), etc. Treatment of respiratory infection through
conventional methods like oral or parenteral is challenging, as the microbes reside deep in the
airways, where the conventionally administered drugs reach only in a small proportions. It is vital to
find and develop innovative antivirals that can be used alone or in conjunction with existing
medications to treat these serious respiratory virus infections.>¢

Virus specific drug development has been the preferred method of simplifying the drug
discovery process when compared to the more complex design of broad spectrum antivirals, which
frequently require targeting critical proteins belonging to different viruses or critical cellular
processes used by different viruses.

Virus-specific antiviral research continues to be a viable and necessary technique for combating
viral illnesses.

Taking an example of recent pandemic, the ‘Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) virus has caused widespread infections, with the most current form accounting for
nearly 766 million illnesses and 6.94 million fatalities worldwide.” SARS-CoV-2 has a distinct nucleic
acid structure, with its RNA coding for structural proteins that trap lectins that recognise host cell
sugar chains and avoid detection by the host’s immune system. Viruses elude the host’s
immunological defence systems by attaching sugar chains to their spike proteins, and in other
situations, they obtain easy entrance into host cells by being caught by lectins that recognise host cell
sugar chains. Galectin-3 (Gal-3) is the one of these lectins which binds to 3-galactosides. Human
galectins-3 is highly expressed in activated T lymphocytes and epithelial and endothelial cells and
fibroblasts. ProLectin-I and ProLectin-M belongs to the class of galectin antagonist thought to have
the ability to neutralize viruses.8?

Galectins have been linked to numerous distinct biological activities. Galectins are synthesised
in the cytoplasm and excreted into the extracellular domain. Galectins are involved in both humoral
and cellular adaptive immunity via endocrine, paracrine, and autocrine pathways. In SARS CoV-2
NMR studies, ProLectin-M attaches to the spike protein’s ‘galectin fold,” effectively neutralizing the
virus and preventing replication competent viruses from infecting neighbouring cells.® Galectin
antagonists may be used as a therapeutic tool and eventually serve as a substitute for current anti-
viral medicines. Blocking viral entry utilizing a complex polysaccharide component of pectin [(1-6)-
D-mannopyranose referred to as ProLectin-M and Rhamnogalacturonan-II (RG-II)] inhibits cellular
entry and helps reduce the transmissibility of the host.?10 The effect of limiting viral entry into cells
and its downstream effect on viral replication was demonstrated in a clinical trial on mild to moderate
COVID-19.10

In virology, the precise isolation and measurement of live viral samples has always been an
ongoing research objective. While technological and technique advancements continue to refine and
alter the landscape, plaque assays remain the gold standard for determining viral concentrations for
infectious lytic virons. To screen anti-viral activity of both ProLectin-M and ProLectin-I, three ‘in
vitro’ studies have been conducted against (SARS-CoV-2) virus, Influenza-A (HIN1) and human
respiratory syncytial virus (hRSV) strain A2. The plaque assay was used for screening and
characterization of antiviral inhibitors against Influenza-A (HIN1) and human respiratory syncytial
virus (hRSV) strain A2.

Materials and Methods

Evaluating anti-viral potency of ProLectin-I and ProLectin-M against COVID-19 virus strain:

Test drugs (coded as ALK001 [ProLectin-M] and ALKO002 [ProLectin-I]) were evaluated for their
anti-viral potency using SARS-CoV2 virus strain, at “The Centre for Cellular & Molecular Biology
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(CCMBY, Hyderabad, India. Following parameters were evaluated for both the test drugs: (i) half
maximal inhibitory concentration (ICso) (ii) cytotoxic concentrations (CCso).

Viral RNA Extraction and qRT-PCR assays were performed to determine IC50 whereas, CCso
was evaluated by using MTT (3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl tetrazolium bromide) assay.
Table 1 describes the procedure for determining the IC50 and CC50 values; and Table 2 denotes the
concentration of test drug used in the study to determine the IC50 and CC50 value.

Table 1. Procedure to determine the IC50 and CCso value for ALK001 and ALKO002.

Vero-cells were plated in 96 well plate and
incubated at 37°C, 5% CO2 until it attains 90-95%

confluency.

Cells were plated in 96 well plate and
incubated at 37°C, 5% CO2 until
it attain 90-95% confluency.

The drug of interest (ALK001, ALK002) will be

incubated with the known viral particles for 15

Add drug of interest (ALKO001, ALKO002)

dissolved in water to

minutes. Later the virus containing peptide
solution is used to infect the Vero Cells for 2 hrs
[at an Multiplicity of infection (MOI) of 0.1].

each well with different concentrations. Place
on a shaking table to

thoroughly mix the samples into the media.

Post Infection (P.I), the wells are replaced with

Incubate (37°C, 5% CO2) for 24-48 hrs to

the fresh media containing the drug and the cells
will be incubated for 48 hrs.

allow the drug/toxin to take

effect.

After 48hrs, the supernatants will be harvested | Add 100 pl (50 pg) of MTT substrate to each
well
additional 3 h at 37 °C.

Lyse the MTT-treated cells in 100ul DMSO

and measure absorbance

and the dose-response curves were determined and continue incubation for an
by quantification of viral RNA copy numbers in
the supernatant of infected cells at 48h post
infection (p.i.). IC50 will be determined from the

treated cells post 48hrs infection by MTT assay. | at 590 nm in a spectrophotometer

Table 2. Procedure to determine the IC50 and CCso value.

ALKO001
Parameter evaluated Tested Concentrations (ug/ml)
ICso 0.5, 3.0, 4.0,5.0,7.0,8.0,9.0
CCso 1.5, 3.125, 6.25, 25.0, 50.0 and 100.0
ALKO002
ICso 0.5,1.0,2.0,3.0,4.0,6.0,7.0, 8.0
CCso 1.5,3.125, 6.25, 12.5, 25.0, 50.0, and 100.0

Evaluating anti-viral potency of ProLectin-I and ProLectin-M against HIN1 and hRSV strain A2:

Assay Procedure for ‘in vitro’ studies: The plaque assays were carried out to determine the
antiviral activity of the test products (ProLectin-I and ProLectin-M) against ‘Influenza-A (HIN1)-
A/PR/8/34 (TC adapted)’ and ‘Human respiratory syncytial virus (hRSV) strain A2 in a cell based in
vitro setting. As, this is a cell-based assay it may not be reliable when the samples themselves are
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cytotoxic or when the virus is poorly cytopathic in each cell type. Thus, a highly permissive cell type
(e.g., MDCK, Hep-2) is chosen for the assays for which Influenza-A (H1N1) and human respiratory
syncytial virus (hRSV) strain A2 causes substantive cell death. Table 3 includes the plaque assay
study summary and test medication concentrations utilised in the ‘in vitro” study.

To determine the antiviral activity of the test items against ‘Influenza-A (HIN1)" strain,
“Oseltamivir Phosphate” was used as a reference standard, whereas “Remdesivir” was used as a
reference standard to determine the antiviral activity of the test products against ‘human respiratory
syncytial virus (hRSV) strain A2'.

The step-wise assay procedure performed in two ‘in vitro” studies to determine antiviral activity
of both test products ProLectin-I and ProLectin- M against Influenza-A (HIN1)-A/PR/8/34 (TC
adapted) and Human respiratory syncytial virus (hRSV) strain A2 respectively, is mentioned in
Figure 1.

Table 3. Plaque Assay Study Summary and test drug concentration.

Assay Method Antiviral screening by Plaque Assay

Test Items ProLectin-I and ProLectin-M

Study 1: Influenza-A (HIN1)-A/PR/8/34 (TC adapted)

Study 2: Human respiratory syncytial virus (hRSV) strain A2
ProLectin-I: 250 pg/mlL, 12500 pg/mL, 62.5 ug/mL, 31.3 ug/mL, 15.6
ug/mL, and 7.8 pg/mL

Testing Concentration  ProLectin-M: 350 ug/mL, 175 ug/mL, 87.5 ug/mL, 43.75 ug/mL, 21.88
pug/mL, 10.94 ug/mL, 5.47 ug/mL, 2.73 ug/mL, 1.37 ug/mL, and 0.68
pg/mL

Study 1: Oseltamivir Phosphate

Study 2: Remdesivir

Tester Strains

Reference Standard

Test item preparation

« Prepare the stock solution of the test item in DMSO.

Plaque Assay

« Plate approximately 30,000 MDCK cells in a volume of 200 uL/well in Minimum Essential Medium Eagle (EMEM)
containing 10 % FBS, into 96-well plates and incubate the plates overnight (12—18 h) at 37° C.

« Maintain positive control containing Oseltamivir Phosphate, virus control (having only virus), cell control (containing only
cells).

« Next day, remove existing cell culture media from plates and add 30 pL/well of a virus mix at multiplicity of Infection,
(MOI)-0.01, prepared in infection medium, and 10 pL of the test item at desired final concentration.
Infection Medium: EMEM (high glucose) supplemented to contain: 0.125% Bovine Serum Albumin (BSA) Fraction V,
TPCK-treated Trypsin (1 pg/mL) and Antibiotic Antimycotic solution.

« Incubate the plate at 37° C in a humidified CO, incubator (5%) for 1 h with shaking at every 15 min.

« After 1 h remove the medium containing the test item and the virus from the wells and add 200 uL of EMEM: CMC mixture
containing the test item with the desired final concentration to each well of the 96-well plates.

 Incubate infected MDCK cells at 37°C, in a humidified CO, (5%) incubator for 3 days.

« After the 3-day incubation, gently remove CMC overlays with a pipette, wash cells twice with PBS and fix cells by adding
200 pL of 4% formaldehyde to each well. Incubate at room temperature for 30 min.

* Remove formaldehyde from the wells and dispense into an appropriate hazardous waste container.
* Add 100 uL of 0.05% (w/v) crystal violet in 20 % methanol to each well. Incubate for 20-30 min.

« Remove crystal violet with a pipette and wash twice with distilled water or until excess crystal violet is removed, and
plaques are easily visualized.

* Count the number of plaques to determine the PFU/mL and determine the log reduction and percentage reduction of virus
load in the presence of test item compared to virus only control. While the cell only control acts as a negative control.

Figure 1. Assay Procedures.

Objective
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The objective of all 3 studies were to determine the antiviral potency/activity of the test products
(ProLectin-I and ProLectin-M) against SARS-CoV-2, Influenza-A (HIN1) and human respiratory
syncytial virus (hRSV) strain A2 in a cell based in vitro setting.

Result

Anti-viral potency of ALK001 (ProLectin-M) and ALK0O2 (ProLectin-1) using COVID-19 strain:

The IC50, and CC50 values for both test products are described in Table 4; and drug
concentration vs response graphs are presented in Figure 2. No cytotoxic effects observed by both
compounds (ALKO01 [ProLectin-M] and ALK002 [ProLectin-I]) on Vero cells. Both compounds
increased the percent of viable cells: CCso = >100 pg/ml. Anti-SARS-CoV2 efficacy of ALK001
(ProLectin-M) and ALK002 (ProLectin-I) is presented in Figure 3. Reduction of viral load and viral
particles in Vero cells pre-treated with ALK002 (ProLectin-I) was observed to reduce from 1068to 105%;
whereas, in post-treatment viral particles are reduced from 1068 to 1052,

Table 4. IC50, and CC50 values of test drugs.

ProLectin-M ProLectin-I
ICso 6248 ng/ml (6.2ug/ml) ICso 4207 ng/ml (4.2pg/ml).
CCso >100 pg/ml CCso >100 pg/ml
1301
1201 &
2 1104 '
,'_3 1 ‘J b ¢
g |\
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Figure 2. Cytotoxic effects of ALK001 (ProLectin-M) and ALKO002 (ProLectin-I).


https://doi.org/10.20944/preprints202309.0077.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 September 2023 do0i:10.20944/preprints202309.0077.v1

. N
~® Viral Reduction (%) -® Viral Presence (%)

Viral Particles _ i R
-m Log(Viral Particles) 100 & Logo(Viral Particles) 10
1004 r10
9
9
% 80 Lg
- g X - —
g -7 § S 601 =
g g =N ] F6 =
o e = 2 £
H H = P
< = - -
& F5OF m 407 z
— 404 = = =
= = - ly £
c te 2~ &
= % <
- i 3
204 F3 20
Ly L2
0 T T T T 1 0 T T T 1
0.0 25 5.0 7.5 10.0 12.5 0.0 2.5 5.0 75 10.0
Concentration (pg/ml) Concentration (pg/ml)

(a) Reduction of viral load and viral particles in Vero cells pre and post-treated with ALK001
(ProLectin-M)

L e e
% .:Li*-\‘f-—% 1 ] ¢ i ‘:g 97 % 7 { {_ & L ;';‘:
§ g | I T ; % é 401 i__%" . K E
z 0¥ . %—‘ = } L ;_:_

. . . . 1 0 T - T !
23 50 Y 100 125 0.0 25 50 5 10.0

Cm‘u-n!rlion(.l:, ml) Concentration (2 ml)

(b) Reduction of viral load and viral particles in Vero cells pre and post-treated with ALK002
(ProLectin-I)

Figure 3. Anti-SARS-CoV2 efficacy of ALKO001 (ProLectin-M) and ALK002 (ProLectin-I).

Result of “in vitro’ studies using influenza-A (HIN1) and human respiratory syncytial virus (hRSV) strain
A2

Positive Control

Oseltamivir Phosphate was used as a positive control in this study to assess the antiviral activity
against influenza-A (HIN1), whereas Remdesivir was used as a positive control to assess the antiviral
activity against human respiratory syncytial virus (hRSV) strain A2 (Figure 4a, 4b).

Oseltamivir Phosphate had shown ICso value of 2.5 uM and Remdesivir had shown ICso value
of 0.04 uM. The ICso value for both positive controls found to be in acceptable ranges based on
literature data.
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Figure 4. Dose Response Curve of positive controls.

Test drugs (ProLectin-M and ProLectin-1)

Antiviral activity against influenza-A (HIN1): The assay was conducted to determine the
cytotoxicity of ProLectin-M and ProLectin-I using highly permissive cell type (e.g., MDCK) for which
Influenza-A (H1N1) causes substantive cell death. Up-to concentration of 21.88 ug/mL, ProLectin-M
was found to be non-cytotoxic. The cytotoxicity of ProLectin-M was observed for top 4 concentrations
(350 pg/mL, 175 pg/mlL, 87.5 ug/mL, and 43.75 ug/mL), i.e., less than 50% healthy cells in the well
were observed. The ICso values of the test items ProLectin-M and ProLectin-I were found to be 5.4
pg/mL and 162.7 ug/mL respectively (Figures 5a, 5b).

ProLectin-M exhibited 95 % reduction in the viral load at the test concentration of 21.8 ug/mL
with an ICso value of 54 ug/mL. ProLectin-I did not show any cytotoxicity till 250 pg/mL
concentration. Details about the drug concentration, number of plaques, logio and percentage
reduction of viral load is described in Table 5.

Extrapolation of the dose response curve for ProLectin-M resulted in "100% reduction in the viral
load at 22.9 ug/mL concentration; whereas, extrapolation of the dose response curve for ProLectin-I
resulted in “100% reduction in the viral load at 412 pg/mL concentration. Dose response extrapolation
graphs for both the test products are presented in Figure 6a, 6b.

Table 5. Drug concentration, number of plaques, logi and percentage reduction of influenza-A
(HIN1) viral load.
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. Vol. of virus Logio Percentage
SI No Sample CD;;; ml}::z;l No of plaques Dilution used for PFU/mL o lL E(/",'" ., | reduction of Reduction of]
Ving 1 2 Avg Factor _|infection (mL) " virus load virus load
1 Virus only control 34 36 35 1.00E+03 0.03 1.17E+06 6.07
2 Cell only control 0 0 0 N/A N/A N/A N/A N/A N/A
25.00 0 0 0 1.00E+03 0.03 0.00E+00 0.00 6.07 100.00
12.50 0 0 0 1.00E+03 0.03 0.00E+00 0.00 6.07 100.00
1 Oseltamivir Phosphate 6.25 0 0 0 1.00E+03 0.03 0.00E+00 0.00 6.07 100.00
3.13 17 12 14.5 1.00E+03 0.03 4.83E+05 5.68 0.38 58.57
1.56 24 22 23 1.00E+03 0.03 7.67E+05 5.88 0.18 34.29
0.78 31 28 29.5 1.00E+03 0.03 9.83E+05 5.99 0.07 15.71
250.00 11 13 12 1.00E+03 0.03 4.00E+05 5.60 0.46 65.71
125.00 23 20 21.5 1.00E+03 0.03 7.17E+05 5.86 0.21 38.57
2 Prolectin-I 62.50 27 26 26.5 1.00E+03 0.03 8.83E+05 5.95 0.12 24.29
31.25 30 32 31 1.00E+03 0.03 1.03E+06 6.01 0.05 11.43
15.63 33 32 325 1.00E+03 0.03 1.08E+06 6.03 0.03 7.14
7.81 35 32 335 1.00E+03 0.03 1.12E+06 6.05 0.02 4.29
350.00 Cyto Cyto - 1.00E+03 0.03 - - - -
175.00 Cyto Cyto - 1.00E+03 0.03 - - - -
87.50 Cyto Cyto - 1.00E+03 0.03 - - - -
43.75 Cyto Cyto - 1.00E+03 0.03 - - - -
3 Prolectin-M 21.88 1 2 1.5 1.00E+03 0.03 5.00E+04 4.70 1.37 95.71
10.94 11 8 9.5 1.00E+03 0.03 3.17E+05 5.50 0.57 72.86
5.47 15 17 16 1.00E+03 0.03 5.33E+05 5.73 0.34 54.29
2.73 26 29 27.5 1.00E+03 0.03 9.17E+05 5.96 0.10 2143
1.37 34 33 335 1.00E+03 0.03 1.12E+06 6.05 0.02 4.29
0.68 36 32 34 1.00E+03 0.03 1.13E+06 6.05 0.01 2.86

Antiviral activity against human respiratory syncytial virus (hRSV) strain A2: The test item
(ProLectin-M) was found to be cytotoxic at top three concentrations from 350 ug/mL, 175 ug/mL, and
87.5 ug/mlL, i.e., less than 50% healthy cells in the well were observed. The ICsovalues of the test items
ProLectin-M and ProLectin-I were found to be 27.41 ug/mL and 385.5 ug/mL respectively (Figures
5¢, 5d).

The test item ProLectin-M exhibited 65 % reduction in the viral load at the test concentration of
43.75 pg/mL with an ICso value of 27.41 ug/mL. ProLectin-I did not show any cytotoxicity till 250
pg/mL concentration. Details about the drug concentration, number of plaques, logio and percentage
reduction of viral load is described in Table 6.

Extrapolation of the dose response curve for ProLectin-M resulted in "100% reduction in the viral
load at 1848 ug/mL concentration; whereas, extrapolation of the dose response curve for ProLectin-I
resulted in "100% reduction in the viral load at 94.7 pg/mL concentration. Dose response
extrapolation graphs for both test products are presented in Figure 6.

Table 6. Drug concentration, number of plaques, logi and percentage reduction of (hRSV) strain A2

viral load.
. Vol. of virus Logio Percentage
SINo Sample (C:Rl,;,if;::f)' No of plaques Dilution used for PFU/mL P;:‘i:L reduction of [Reduction of]
1 2 Avg Factor _|infection (mL) virus load virus load
1 Virus only control 29 31 30 1.00E+03 0.03 1.00E+06 6.00
2 Cell only control 0 0 0 N/A N/A N/A N/A N/A N/A
6.25 0 0 0 1.00E+03 0.03 0.00E+00 0.00 6.00 100.00
3.13 0 0 0 1.00E+03 0.03 0.00E+00 0.00 6.00 100.00
1.56 0 0 0 1.00E+03 0.03 0.00E+00 0.00 6.00 100.00
0.78 0 0 0 1.00E+03 0.03 0.00E+00 0.00 6.00 100.00
1 Remdesivir 0.39 1 0 0.5 1.00E+03 0.03 1.67E+04 4.22 1.78 98.33
0.20 1 2 15 1.00E+03 0.03 5.00E+04 4.70 1.30 95.00
0.10 4 S 4.5 1.00E+03 0.03 1.50E+05 5.18 0.82 85.00
0.05 14 11 12.5 1.00E+03 0.03 4.17E+05 5.62 0.38 58.33
0.02 22 20 21 1.00E+03 0.03 7.00E+05 5.85 0.15 30.00
0.01 28 25 26.5 1.00E+03 0.03 8.83E+05 5.95 0.05 11.67
250.00 21 23 22 1.00E+03 0.03 7.33E+05 5.87 0.13 26.67
125.00 28 27 27.5 1.00E+03 0.03 9.17E+05 5.96 0.04 8.33
) Prolectin-I 62.50 27 30 28.5 1.00E+03 0.03 9.50E+05 5.98 0.02 5.00
31.25 30 32 31 1.00E+03 0.03 1.03E+06 6.01 -0.01 -3.33
15.63 31 28 29.5 1.00E+03 0.03 9.83E+05 5.99 0.01 1.67
7.81 29 26 27.5 1.00E+03 0.03 9.17E+05 5.96 0.04 8.33
350.00 Cyto Cyto - 1.00E+03 0.03 - - - -
175.00 Cyto Cyto - 1.00E+03 0.03 - - - -
87.50 Cyto Cyto - 1.00E+03 0.03 - - - -
43.75 11 10 10.5 1.00E+03 0.03 3.50E+05 5.54 0.46 65.00
3 Prolectin-M 21.88 15 19 17 1.00E+03 0.03 5.67E+05 5.75 0.25 43.33
10.94 25 23 24 1.00E+03 0.03 8.00E+05 5.90 0.10 20.00
547 28 27 27.5 1.00E+03 0.03 9.17E+05 5.96 0.04 8.33
2.73 31 29 30 1.00E+03 0.03 1.00E+06 6.00 0.00 0.00
1.37 32 30 31 1.00E+03 0.03 1.03E+06 6.01 -0.01 -3.33
0.68 28 32 30 1.00E+03 0.03 1.00E+06 6.00 0.00 0.00
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Figure 5a: Dose Response Curve of ProLectin-M against Influenza-A (H1IN1)
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Figure 5b: Dose Response Curve of ProLectin-I against Influenza-A (HIN1)
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Figure 5c: Dose Response Curve of ProLectin-M against Human respiratory syncytial virus (hRSV)
strain A2
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Figure 5d: Dose Response Curve of ProLectin-1 against Human respiratory syncytial virus (hRSV)
strain A2

Figure 5. Dose Response Curve of ProLectin-I and ProLectin-M.
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Figure 6a: Dose response extrapolation curve of ProLectin-I against Influenza-A (HIN1)
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Figure 6b: Dose response extrapolation curve of ProLectin-M against Human respiratory syncytial
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Figure 6c: Dose response extrapolation curve of ProLectin-I1 against Human respiratory syncytial
virus (hRSV) strain A2

Figure 6. Dose response extrapolation curve of ProLectin-I and ProLectin-M.

Discussion

Respiratory viral infections or upper respiratory tract infections are a worldwide public health
concern because they are the major cause of symptomatic sickness, resulting in a significant economic
burden. The influenza (A and B) viruses and the respiratory syncytial virus (RSV) are the two most
common causes of respiratory viral infection.!'* Broad acting antivirals are needed to prevent
existing and new strains of viruses. Due to the lack of available treatments, the emergence /re-
emergence of viruses with epidemic and/or pandemic potential such as ‘Severe Acute Respiratory
Syndrome Coronavirus 1 and 2 (SARS-CoV-1 and SARS-CoV-2) viruses or variety strains of
influenza, poses significant human health threats. However, in the event of a public health emergency
many factors may hinder the immediate deployment of vaccines due to restricted evidences of safety
and efficacy data. This is the rationale behind the need for the creation of broad-spectrum antiviral
compounds for rapid reaction in the case of an outbreak crisis, as well as bioweapon defences..

At the first phase, anti-viral potency of test drugs (coded as ALK001 [ProLectin-M] and ALK002
[ProLectin-I]) were evaluated for their using SARS-CoV2 virus strain. Various anti-viral parameters
were evaluated such as, ICso and CCso. Viral RNA Extraction and qRT-PCR assays were performed to
determine IC50 whereas, CCso was evaluated by using MTT assay.

The ICso ALK001 and AALK002 was found to be 6248 ng/ml (6.2ug/ml) and 4207 ng/ml
(4.2pug/ml) respectively. The CCso value was similar in both the test products i.e., >100 pg/ml.

In two “in vitro” studies, anti-viral activity of ProLectin-I and ProLectin-M against Influenza-A
(HIN1) and human respiratory syncytial virus (hRSV) strain A2 had been studied by using positive
control drugs. In both the studies, the plaque assay was used to test for screening and characterization
of antiviral inhibitors. Plaque assays continue to be one of the most accurate methods for directly
quantifying infectious viruses and antiviral drugs in cell culture by counting distinct plaques. Among
two ‘in vitro’ studies, one uses a highly permissive cell type (e.g.,, MDCK) for the assay in which
Influenza-A (H1N1) causes substantive cell death, while another uses a highly permissive cell type
(e.g., Hep-2) for the assay in which human respiratory syncytial virus (hRSV) strain A2 causes
substantive cell death. “Oseltamivir Phosphate” was used as a reference standard to determine the
antiviral activity of the test products against ‘Influenza A (HIN1)’ strain, whereas “Remdesivir” was
used as a reference standard to determine the antiviral activity of the test products against ‘human
respiratory syncytial virus (hRSV) strain A2’.

In two “in vitro’ studies following observation were noted:
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o Antiviral activity against influenza-A (HIN1)

o ProLectin-M was found to be cytotoxic at top four concentrations from 350 pg/mL, 175
ug/mL, 87.5 ug/mL, and 43.75 ug/mL, i.e., less than 50% healthy cells in the well were
observed

o The ICso values of the test items ProLectin-M and ProLectin-I were found to be 5.4 pg/mL
and 162.7 ug/mL respectively

o ProLectin-M exhibited 95 % reduction in the viral load at the test concentration of 21.8
ug/mL with an ICso value of 5.4 pug/mL. ProLectin-I did not show any cytotoxicity till 250
pg/mL concentration.

o Antiviral activity against human respiratory syncytial virus (hRSV) strain A2

o ProLectin-M was found to be cytotoxic at top three concentrations from 350 pg/mlL, 175
ug/mL, and 87.5 ug/mL, i.e., less than 50% healthy cells in the well were observed.

o The ICsovalues of the test items ProLectin-M and ProLectin-I were found to be 27.41 pg/mL
and 385.5 ug/mL respectively

o ProLectin-M exhibited 65 % reduction in the viral load at the test concentration of 43.75
pg/mL with an ICso value of 27.41 ug/mL. ProLectin-I did not show any cytotoxicity till 250
pg/mL concentration.

The ‘in vitro’ study of two test products had shown antiviral activity on different ranges of
concentration. ProLectin-M showed 95% reduction in influenza-A (H1N1) strain of virus and 65%
reduction in hRSC strain A2. Extrapolation of the ProLectin-I data shows what its effect could be at a
higher concentration. These ‘in vitro” studies demonstrated that ProLectin-I and ProLectin-M may
have broad spectrum antiviral activity (broadly acting antivirals). Furthermore, most broad-spectrum
antiviral medications have a variety of antiviral activity depending on the virus. As a result, research
into drug combinations to reduce drug resistance development and boost antiviral activity is also
required. Both the test products can be tested further for variety of viral infection and further pre-
clinical research is warranted based on the anti-viral reports and ‘in vitro’ studies in different viral
strains.

Conclusion

Both ProLectin-M and ProLectin-I demonstrated their broad spectrum antiviral activity on
different concentrations. The outcome of ‘in vitro’ studies on different virus strains concluded that,
ProLectin-M found to be a profound antiviral entry inhibitor with broad spectrum antiviral activity.
Further pre-clinical research is required to assess detailed broad spectrum anti-viral pharmacology
and toxicokinetics of ProLectin-M and ProLectin-I.
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