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Aim: This research suggested an in vitro virucidal action of a dental gel and a mouthwash
with phthalocyanine derivative.

Purpose: The aim of this study was to report an in vitro study evaluating the virucidal
capacity of mouthwash and dental gel containing anionic phthalocyanine derivate (APD).
Methods: The research followed the recommendations of the National Health Surveillance
Agency (ANVISA) and adapted methodology, described in the standards EN14776: 2015;
ASTM E1053-11 and the Robert Koch Institute — RKI, in addition to good laboratory
practices (GLP). The determination of the percentage of inactivation of the SARS-CoV-2
virus particles was carried out by imposing the viral solution in contact with the respective
tested products, with intervals of 30 seconds, 1 and 5 minutes, with subsequent submission of
the aliquots, recovered in cell culture microplates following virus titration using the TCID50
(50% Median Tissue Culture Infectious Dose).

Results: The Mouthwash APD presented 90% of viral inactivation percentage, while the
dental gel APD demonstrated 99.99% of viral inactivation.

Conclusion: In vitro analyses showed that mouthwash and dental gel APD can reduce the
viability of SARS-CoV-2 virus particles.

Keywords: mouthwash, dentifrices, coronavirus infections, in vitro techniques

Introduction

Phthalocyanines are chemical compounds widely used as photosensitizing dyes in
photodynamic therapy (PDT). The antimicrobial property of phthalocyanines has
been demonstrated in several in vitro studies in the literature, whether associated
with PDT against C. albicans or in its free form against S. mutans, also including
antibiofilm action.' This characteristic is based on the good adhesion of this
molecule to microbial cells, as well as the changes caused in the cellular compo-
nents of microorganisms. Recently, our research group found in vitro intense
antiviral activity of anionic phthalocyanine derivative (APD) against SARS-CoV-
2 in non-cytotoxic concentrations.*

The infection by SARS-CoV-2 occurs by transmission through human saliva
possibly when talking, coughing, sneezing or even breathing and droplets formed
may contain microorganisms. Each cough can produce 3000 droplets of saliva,
which is similar to 5 minutes of conversation with another person.’ This is the
reason why the oral cavity is linked not only in the infection but also in the
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transmission of COVID-19.° The most common receptor
involved in this relationship is the Angiotensin-Converting
Enzyme 2 (ACE-2) which is present in high concentrations
in the lungs, myocardial and renal cells, as well as in the
oral mucosa, especially in the tongue and salivary glands,
the latter being identified as a virus reservoir.”®

The pathophysiology of the COVID-19 itself high-
lights the importance of effective measures in the early
stages of the disease, considering that in the first week
of infection, individuals present their symptoms in the
upper respiratory tract.”' On the other hand, many of
the infected individuals showed symptoms and even
neurological sequels, and this is suggested by the entry
of SARS-CoV-2, present in the oral or nasal mucosa, in
the central nervous system, showing how the severity of
the disease."'

Therefore, the objective of this in vitro study was to
test a mouthwash and a dental gel both containing a
phthalocyanine derivative in the possible inactivation of
SARS-CoV-2.

Materials and Methods

Virucidal Activity Tests

About Human Coronavirus Strains Tested

In vitro virucidal tests: samples of SARS-CoV-2 were used
from oropharyngeal samples of patients diagnosed with
the new coronavirus previously expanded in Vero ATCC
cell culture ® CCL-81™.

Cell Culture and Virus Cultivation

The Vero ATCC ® CCL-81™ cells were maintained
Dulbecco’s Modified Eagle’s Medium cultivation with
10% bovine fetal serum in an incubator at 37°C and 5%
CO,. The SARS-CoV-2 virus was previously cultured in
Vero cell and later was titrated according to the plate assay
method, in addition to the determination of viral load by
means of an RT-qPCR calibration curve (Figure 1).

Determination of the Maximum Non-Cytotoxic
Concentration of the Products

To determine the concentration of the product to be tested,
which does not cause toxicity to the cells, the limit dilution
method (end-point-dilution) was used, the methodology
involves the inoculation of successive dilutions (pure com-
pound up to 10°® dilutions) of the compounds, in Vero
ATCC ® CCL-81™, in which it is possible to determine
the cytotoxic effect in 50% of the cells in culture
(TCIDsg). The assay was conducted in microplates of 96
wells, flat and sterile bottom, in which 2x10° Vero 81 cells
per well and 200 pL. of DMEM (Dulbecco’s Modified
Eagle’s Medium) were added supplemented with 2%
bovine fetal serum and 1% antibiotic-antimycotic. Thus,
the microplates were incubated at 37°C in a greenhouse
with 5% CO, for 72 hours.

In order to determine concentrations of the products
that did not cause cytotoxic effect and that could not
provide incongruous interpretations to distinguish artifacts
from cytopathic and cytotoxic effects, it was observed that

Figure | SARS-CoV-2 infection in cell culture. On the left, an uninfected cell line; on the right: SARS-CoV-2 infection in cell culture of Vero ATCC CCL-81 (Fiocruz, BR).
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for the Mouthwash 0.1% APD and Dental Gel 1% APD
would be necessary a prior dilution. As the dilution factor
varies from —1 to —1, on a logarithmic scale at base 10, the
dilution factor —2 was considered to perform the assays
using the Mouthwash 0.1% APD, and dilution factor —3
was considered to Dental Gel 1% APD assays, to be
exposed in contact with the cells. All dilutions are con-
sidered to apply the calculations of the viral title after
exposure of the products with the virus, highlighting that
for the contact of the products with the viral solution.
After the time of exposure of the viral solution and
mouthwash or dental gel is considered the dilution that
does not result in toxic effect to the cells.

Virucidal Activity Test

The experiment was carried out following good laboratory
practices (GLPs), methodologies described and adapted
according to the standards, EN 14476 (Chemical disinfectants
and antiseptics — Quantitative suspension test for the evalua-
tion of virucidal activity in the medical area).'? The dental gel
and the mouthwash containing ADP were manufactured and
provided by TRIALS — Oral Health & Technologies.

Virucidal Effect Test with Product Contact with
SARS-CoV-2 Solution and TCIDsq

The virucidal activity assays were performed in three
times (30 seconds, 1 and 5 minutes) of exposure and

contact of the products (Dental Gel 1% APD,
Mouthwash 0.1%) with the viral solution of SARS-CoV-
2. It is emphasized that a microplate of 96 wells had been
used for each compound and the respective contact times
(Figure 2). From these samples, dilutions of the viral
solution at base 10 were made in replicates in sterile
microplates of 96 wells, in dilution factors from 107" to
10°%, and dilutions were conducted with DMEM
(Dulbecco’s Modified Eagle’s Medium) with 2% of bovine
serum (inactivated). Microplates in desired confluence of
Vero ATCC ® CCL-81™ with a concentration of 2x10°
cells/well with DMEM (Dulbecco’s Modified Eagle’s
Medium) with 2% bovine fetal serum (inactivated) were
prepared for the dilutions of the assays of different contact
times of the product. The microplates were incubated in an
incubator with 5% CO, for one hour under agitation, so
that viral adsorption occurred. Subsequently, each micro-
plate well was washed with 200 pL of buffered saline
solution (PBS), with consequent addition of 200 pL
DMEM (Dulbecco’s Modified Eagle’s Medium) with 2%
bovine fetal serum (inactivated) and 1% antibiotic-antimy-
cotic. For positive control, only the viral solution and the
previously specified cell concentration were used. The
microplates containing the viral solution after contact
with the products and cell system were incubated at 37°
C in an incubator with 5% CO, for 72 hours, after this

Figure 2 Titration plate scheme: TCIDs, (Median Tissue Culture Infectious Dose), performed in microplate of 96 wells, where in the first line were added 9 wells with virus
samples in a dilution equal to 10, in the second line a dilution equal to 1072 and so on, up to line 8 with dilution of 102, In column 10, positive control (CP) was added, in
which Vero 81 cells were infected with viral solution, in column Il (TX) only the MouthWash 0.1% APD or Dental Gel 1% APD (dilution that does not cause cytotoxic
effect) was added with cells and culture medium, and in column 12 all wells were treated only with cells and culture medium (Negative Control — CN).
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interval was evaluated by optical microscopy whether
there was cytopathic effect.

Results
The experimental groups were:

1. Positive Control: Only the viral solution and cellu-
lar system

2. Negative Control: Cellular system only

3. Treatment 1: Cellular system, Viral solution and
Dental Gel APD (dilution without cytotoxic effect)

4. Treatment 2: Cellular system, Viral solution and
Mouthwash APD (dilution without cytotoxic effect)

The determination of the virucidal activity of the pro-
duct is carried out according to the Methodology TCIDs,
(Median Tissue Culture Infectious Dose). The protocol
considers the cultivation of the host cell lines of the
virus — Vero ATCC cells ® CCL-81™ in culture micro-
plates of 96 wells with subsequent dilution of the viral
solution and the possible virucidal compound to be
analyzed.

To evaluate the cytopathic effect, analyses are per-
formed by means of an inverted microscope after an incu-
bation period of 72 hours in an oven at 37°C with 5%
COs,. Thus, visual confirmation of the cytopathic effect of
SARS-CoV-2 strains is obtained in relation to the Vero
ATCC cell ® CCL-81™. The interpretation is based on the
method of Spearman & Karber (Lorenz & Bégel, 1973)."°
The result of virucidal efficacy is given as negative when
the visualization of cytopathic and positive effects occurs
when there is no cytopathic effect. The logarithmic differ-
ence between the control group and the group with the
treatments is used to determine the viral inhibition index
(Table 1)."

To quantify the virus obtained in the incubation process,
the end-point-dilution methodology was applied (Table 2).

Table | Numerical Analysis of Viral Inactivation

Reduction Reduction Inactivation
Log Factor Percentage
| 10 90%

2 100 99%

3 1000 99.9%

4 10,000 99.99%

Note: Obtained in https://microchemlab.com/information/log-and-percent-reduc
tions-microbiology-and-antimicrobial-testing.

Table 2 SARS-CoV-2 Viral Titer After Exposure to Products:
Mouthwash 0.1% APD and Dental Gel 1% APD

Products Viral Titer of SARS- Incubation
CoV-2 (TCID50/mL) Time

Positive control I0E+5.5 -

(without any product)

Dental Gel APD 1% I0E+1.5 30 seconds

APD I minute
5 minutes

Mouthwash 0.1% APD 10E+4.5 30 seconds
| minute
5 minutes

From this methodology with inoculation of successive
increasing dilutions in viral suspension in susceptible cells
it is possible to identify the cytopathic effect in 50% of
inoculated cultures. Table 3 demonstrates the percentage of
viral inactivation by calculating Reed & Miinch end point
calculation method (Reed & Miinch, 1938). The correction
factor related to the dilution volume of the virus (SARS-
CoV-2) used in each TCIDs, was also applied.

According to the experimental design used and con-
sidering that the results are presented as a percentage of
viral inactivation (Table 3) in comparison with the positive
control (viral solution without any product), it was found
that the Dental Gel APD 1% presents 4 reduction logs,
with 99.99% of viral inactivation, and the Mouthwash
0.1% APD presents 1 reduction log, with 90% viral inac-
tivation, with the same percentage of reduction for the
exposure times performed (30 seconds, 1 minute and 5
minutes) (Figure 3).

Discussion
Considered a gateway to infectious agents, the oral cavity
is directly related to the disease COVID-19, since the

Table 3 Percentage of Viral Inactivation of Mouthwash 0.1%
APD and Dental Gel 1% APD

Products SARS-CoV-2 Incubation
Inativaction (%) Time
Dental Gel 1% 99.99% 30 seconds
APD I minute
5 minutes
Mouthwash 0.1% 90% 30 seconds
APD I minute
5 minutes

2 7 2 https:

Dove!

Clinical, Cosmetic and Investigational Dentistry 2021:13


https://microchemlab.com/information/log-and-percent-reductions-microbiology-and-antimicrobial-testing
https://microchemlab.com/information/log-and-percent-reductions-microbiology-and-antimicrobial-testing
https://www.dovepress.com
https://www.dovepress.com

Dove

Santos et al

1000000

SARS-CoV-2 Titer (TCID50/mL) log10

o &
() -~
S Py

6'\\0

100000
10000
1000
100
) I I I
1 i &= &= |
2SS o2
4SS DS

Hm Dental Gel 1% APD
MouthWash 0,1% APD
B Positive Control

\“\0

‘:

Figure 3 SARS-CoV-2 titer reduction after Mouthwash 0.1% APD and Dental Gel 1% APD exposure.

spread of the SARS-CoV-2 virus can occur through
saliva.'>'® The viral load of the oral microbiota has been
used as a potent indicator for increasing the severity of the
disease and as a consequence, its transmission on a larger
The SARS-CoV-2 virus is vulnerable to oxidation,

so rinses containing oxidizing agents work as a viable

scale.!”

option for reducing viral load in the oral cavity and oro-
pharynx being widely recommended.

Phthalocyanine is an antimicrobial component that acts
by means of visible light causing the selective destruction of
viruses, bacteria and other pathogens, used in medical and
dental areas, with safe applicability.* The phthalocyanine
derivative is a compound with oxidizing properties present
in mouthwashes with the principle of promoting self-activa-
tion and continuous production of reactive oxygen in the
presence of molecular oxygen2. The molecules of this com-
pound are capable of causing oxidative stress to microorgan-
isms, leading to their inactivation and blocking the growth of
infectious particles through contact.>*® Two case series stu-
dies have shown that solutions used for gargling/rinsing with
the phthalocyanine derivative contributed to the clinical
improvement and general health of individuals infected
with COVID-19."% An in vitro study demonstrated a promis-
ing antiviral action against SARS-CoV-2 in non-cytotoxic
concentrations with efficiency between 92% and 99%. The
same study also reported a significant decrease in hospital
stay, to 4 days, with no evolution in the severity of cases, in
individuals contaminated by COVID-19 who used 5 mL of
the solution with the phthalocyanine derivative for 1 minute,
5 times a day. This evidence raises the possibility of the

benefit for the world population that lacks preventive and
therapeutic treatments in the face of this virus and would
further enhance its indication as complementary therapy,
even helping hospitalized patients.*

According to the present study, the use of Mouthwash
APD and Dental Gel APD, in maximum and non-cytotoxic
1 and 5
minutes) of exposure and contact with the SARS-CoV-2

concentration, at different times (30 seconds,

viral solution, inactivated viral load by 90% and 99.99%,
respectively, compared to the positive control, which cor-
roborates the results of previous studies.*'%!”

Promising results are found in this study with the use
of phthalocyanine derivatives in the form of a mouthwash
and dental gel to reduce the viability of virus particles in
vitro, suggesting that they may be useful in reducing
transmission, aid in adjuvant treatment and prevention of

contamination by COVID-19.

Conclusion

Testing the Mouthwash APD against SARS-CoV-2
demonstrated virucidal activity within 30 seconds.
According to in vitro study and after the exposure
time was shown that Mouthwash APD reduce about
90% of SARS-CoV-2 viral particles. In addition, the
Dental Gel APD was also active against SARS-CoV-2
as 99.99% of viral inactivation within 30 seconds.
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