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Abstract: Background: Chronic neurologic diseases are common sequelae of COVID. They severely
impact the quality of life and increase the burden on healthcare systems. The long COVID neuro-
logical symptoms are due to the robust replication of SARS-CoV-2 in the nasal neuroepithelial cells,
leading to neuroinvasion and inflammation of the central nerve system (CNS). Currently used med-
ications and vaccines do not inhibit the robust SARS-CoV-2 replication in the nasal epithelial cells.
EGCG-palmitate (EC16), a multifunctional compound, has the potential to become a novel intrana-
sal-delivered drug for minimizing post-COVID neurologic symptoms. Method: EC16-containing
formulations were developed and tested in vitro against human (3 coronavirus OC43 (CoV-OC43)
using a TCID50 assay following three test protocols differing in exposure sequence. Results: EC16
formulations in normal saline, phosphate buffered saline, and cell culture medium were found to
effectively inhibit human -coronavirus infection (>99.99%) after a 30-min contact. A single 10-min
application to cells after infection (i.e., without direct contact with the virus) resulted in >99% inhi-
bition of viral replication. Conclusion: With its antiviral, antioxidant, anti-inflammatory, and neu-
roprotective properties, EC16 in nasal formulations could be further developed for clinical applica-
tions to COVID-19 patients for minimizing long COVID neurological symptoms.
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1. Introduction

Following recovery from the acute infection stage of the SARS-CoV-2 virus (COVID-
19), survivors can experience a wide range of persistent post-acute sequelae referred to as
long COVID (PASC). It has been estimated that 50% of COVID-19 survivors developed a
broad array of pulmonary and extrapulmonary clinical manifestations, including nervous
system and neurocognitive disorders, which include headache, persistent loss of smell
and/or taste, memory loss, brain fog (difficulty concentrating, sense of confusion or diso-
rientation), dizziness, anxiety, depression, earache, hearing loss, and/or ringing in ears
(tinnitus) [1]. According to the US National Research Action Plan on Long COVID, 2022,
up to 23.7 million Americans suffer from long COVID, and approximately one million
workers may be out of the workforce each day due to these symptoms, leading to a $50
billion annual loss of salary.

The post-COVID chronic neurologic symptoms have been shown to be due to the
robust replication of SARS-CoV-2 in the nasal neuroepithelial cells, leading to neuroinva-
sion and inflammation of the central nervous system (CNS) [2].

Aerosol transmission of SARS-CoV-2 is a significant route for viral entry to infect
humans [3]. Similar to other respiratory viruses, the nasal epithelia are the major initial
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site of entry for SARS-CoV-2 prior to spreading to upper respiratory tissues and invasion
of the CNS. Specifically, multiciliated cells in the nasal respiratory epithelium serve as a
reservoir for SARS-CoV-2 replication [3,4]. Newly published evidence confirms that “res-
piratory viruses, including SARSCoV-2, bypass the defensive mucus/mucin layer of the
airway by entering and exiting epithelial cells via their protruding motile cilia and micro-
villi” [5].

Currently used medications and vaccines do not target (at least directly) the neuroin-
vasion of SARS-CoV-2, and these methods do not inhibit the robust SARS-CoV-2 replica-
tion in the nasal epithelial cells. Therefore, a significant gap exists in treatment/prevention
strategies that needs to be filled by methods to rapidly inhibit SARS-CoV-2 replication in
the nasal cavity and block viral invasion of the CNS, in order to minimize neurologic dam-
age. A known agent with antiviral, anti-inflammatory, antioxidant, and neuroprotective
properties and able to rapidly inhibit viral replication in nasal epithelia would be a candi-
date for such a method.

One of the new drug candidate agents is epigallocatechin-3-gallate-palmitate (EGCG-
palmitate or EC16), a stable lipid-soluble form of EGCG with broad virucidal, antiviral,
anti-inflammatory, antioxidant, and neuroprotective properties that has significant poten-
tial for minimizing long COVID [6-11]. We reported previously that EC16 is able to effec-
tively inhibit influenza virus, norovirus, and herpes simplex virus [12-15]. Particularly,
results from our clinical trial on herpes labialis indicate that a lipid-soluble EGCG topical
formulation possesses significant antiviral efficacy [13]. We also tested the antiviral activ-
ity of EGCG against SARS-CoV-2, with promising results [16]. Another advantage of us-
ing EC16 as a new drug candidate is that it is an FDA categorized generally recognized as
a safe (GRAS) compound (GRAS Notice 772) [17] and an EPA-approved safe inert.

The long-term goal of our study is to develop intranasally applied EC16-containing
new drugs to minimize long COVID symptoms either through prevention or therapeutic
approaches. The current study aimed to test the proof-of-concept that EC16 in nasal for-
mulations is able to effectively inhibit human coronavirus in vitro.

2. Results
2.1. Formulation F18-containing EC16

Dilution of F18 into aqueous buffers resulted in fast formation of a flocculate precip-
itate that rapidly rose to a cream. Microscopic imaging of the vortexed samples revealed
large aggregates of material (Figure 1), together with barely visible particles. Separation
of the larger cream particles by centrifugation and quantitation of the polyphenol content
showed that 103+11% of the polyphenol was recovered in the liquid phase, and 9.0+8.1%
in the cream phase, as determined by a Folin-Ciocalteu assay. Given that there was re-
maining liquid (containing polyphenol) in the cream phase, essentially all the reactive
polyphenol was present in the liquid suspension, and little (if any) in the bulk cream ag-
gregate material. The composition of the cream was not further evaluated, and vortexed
suspensions (i.e., including cream material) were used for subsequent virus tests.
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Figure 1. Light microscopy imaging of F18 stock and dilutions. The F18 glycerol stock, and 1:10
dilutions in MM, PBS and saline were examined by transmitted light microscopy at 40x magnifica-
tion using DIC illumination. (A) F18 stock; (B) F18 MM; (C) F18 Saline; (D) F18 PBS.

2.2 Size Distribution of Small Particles

After brief low-speed centrifugation to remove larger particles and aggregates
(cream), the particle size distribution of 10-fold dilutions of F18 in saline was evaluated
by nanoparticle tracking analysis (NTA). The particles showed high polydispersity, with
sizes ranging from <100 nm to about 1 pm (Figure 2). The median size (average of 3 inde-
pendent preparations) was 210+42 nm (SD), and the cutoff size for 90% of the particles
was <547+190 nm (n=3). The mean initial particle density was 3.07+0.06 x107/ml.
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Figure 2. Size distribution of particles in saline-diluted F18 determined by NTA. The size distribu-
tion profile of one representative sample is shown.
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2.3. Dose Effect Results

Incubation of virus with dilutions of F18 demonstrated a dose-dependent increase in
contact inhibition antiviral activity of the formulation, as represented by an increase in the
logio reduction in viral titer (Figure 3). A plateau in viral titer reduction was evident at
higher doses. Non-linear regression with a fit to a hyperbola gave a good fit to the data
(r2 =0.97, D’ Agostino and Pearson omnibus K2 test of residual normality p=0.76). The
Bmax was 4.21+0.12 (SE)) for the plateau in logl0 viral titer reduction, equivalent to a
99.994% reduction. The Kd (equivalent to the concentration giving a reduction of 50% of
Bmax) was 0.025+0.005 mM. Using these values, the concentration of EC16 giving a re-
duction in titer 90% of Bmax (99.984% reduction) was 0.225 mM.
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Figure 3. Dose response of contact inhibition antiviral activity of F18 EC16 nasal formulation. The
formulations were diluted from an F18 glycerol stock of EC16 (1%) into serum-free EMEM to a con-
centration of 0.05, 0.125, 0.25, 0.625, and 1.25 mM prior to incubation with OC43 virus at a 1:9 ratio
(virus to formulation) for 30 min, followed by a series of 10 X dilutions and TCID50 assay. The
contact inhibition antiviral activity was calculated and expressed as log10 reduction of the original
titer (logio 9.25/ml). Results are the mean from three independent experiments (bars show standard
deviation).
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2.4. Time Effect Results

To determine the time effect of EC16, the F18 stock was diluted to 1.25 mM EC16
with serum-free EMEM and incubated with OC43 virus for different time periods before
neutralization by immediate dilution with serum-free EMEM. Figure 4 shows the results
from three independent tests. The antiviral activity showed a rapid increase in log10 titer
reduction up to a plateau. Non-linear regression with a fit to a hyperbola gave a good fit
to the data (12 =0.97, D’Agostino and Pearson omnibus K2 test of residual normality
p=0.31). The Bmax for the plateau in loguo viral titer reduction was 4.77+0.23 (SE)), equiv-
alent to a 99.998% reduction, and consistent with the fold reduction observed in the dose
response testing.
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Figure 4. Time response of contact inhibition antiviral activity of F18 EC16 nasal formulation. The
formulation was diluted from an F18 glycerol stock of EC16 (1%) in serum-free EMEM, to a concen-
tration of 1.25 mM EC16. This working formulation was incubated with OC43 virus (initial titer log
9.0/ml in serum-free EMEM) at a 1:9 ratio (virus to formulation) for 5, 15, 30, and 60 min before 10x
serial dilutions and subjected to TCID50 assay. The antiviral activity was calculated and expressed
as log10 reduction with standard deviation. Results are from three independent experiments.

The Kd (equivalent to the time giving a reduction of 50% of Bmax) was 5.86+1.26
min. Using these values, a 90% Bmax reduction in titer was predicted at 42.9 min. The 30
min exposure used for dose testing was predicted to give a 3.994 log10 reduction in titer,
or 83.7% Bmax, and consistent with the values observed for dose testing.
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Figure 5. Contact inhibition antiviral activity of F18 EC16 suspensions in three diluents. The glyc-
erol-based F18 EC16 nasal formulation stock (1%) was diluted 10 X with serum-free EMEM (MM),
normal saline, or phosphate buffered saline (PBS) to 1.25 mM. The working suspensions were incu-
bated with OC43 virus for 30 min at a 1:9 ratio (virus : formulation) prior to serial 10x dilution and
subjected to TCID50 assay. Results are means obtained from 3 independent experiments with stand-
ard deviation (the saline test result values were identical).

2.5. Contact inhibition test of F18 in different diluents

The effect of the formulation diluent on direct contract logio reduction was tested
using a 30 min exposure of OC43 virus (titer log 9.75/ml) to 1.25 mM EC16. There was a
significant difference between the three diluents tested (saline, PBS and MM) (one -way
ANOVA, (F2,6)=14.53; p=0.005). Post hoc testing (Tukey’s multiple comparisons test)
showed no significant difference between MM and saline (p=0.18), but PBS (mean loguo
5.42 + 0.58 SD) gave a significantly higher reduction (p<0.04) in comparison to MM or
saline (mean logio 3.92 + 0.14 and 4.50 + 0.00 respectively). That is, F18 diluted in PBS gave
a 99.9996% reduction in viral titer.

2.6. Contact inhibition test of F18m-containing EC16m

The F18m formulation was diluted with serum-free EMEM to a working concentra-
tion of 1.40 mM EC16m. This formulation was incubated with virus (titer log 7.5-7.75/ml)
for 30 min and then 10x serial dilutions were prepared and remaining viral titer deter-
mined. A 30 min incubation with 1.40 mM EC16m in serum-free EMEM resulted in a logio
3.00 + 0.43 (99.9%, n=3) reduction of viral infectivity The reduction in titer with F18m at
this dose was somewhat modest, and significantly less than that seen with the higher 1.25
mM EC16 dose tested with F18 (t-test, assumption of equal variance, p=0.040).

2.7. Pre-infection Tests

To mimic a nasal application, the F18m formulation at 50 uM was added to the test-
ing wells with a monolayer of cells for just 10 min before removal and exposure of the
cells to virus (note: these tests used a lower viral concentration of logio 6.25/ml). The result
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indicated that 10 min pre-infection incubation led to a log 1.81 + 0.38 (98.45%; n=4) reduc-
tion in viral infectivity.

2.8. Post-infection Tests

To determine the post-infection dose effect of EC16m in serum-free EMEM, the F18m
stock was diluted with serum-free EMEM to 50, 25 and 12.5 uM, and antiviral activity was
determined using a 10 min exposure to the diluted agent before changing to media. There
was no significant difference in the reduction in viral titer (one-way repeated measures
ANOVA, Geisser-Greenhouse epsilon 0.511; F(1.021,3.064)=2.548; p=0.21 between treat-
ment groups (Figure 6, n=4). A dose of just 12.5 uM F18m gave a log10 titer reduction of
2.1940.52, and 25 uM F18m gave a loguo titer reduction of 2.00+0.36 (99.0%), about the same
as 50% of the Bmax determined for this dose of F18. A 50 uM dose gave a logio 2.63+0.66
(99.77%) reduction.
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Figure 6. Initial antiviral tests using EC16m to determine the antiviral activity on post-infection with
OC43 virus. Results were obtained from four independent experiments (bars show SD).

3. Discussion

The current study aimed to determine the feasibility of using EC16 as a nasal deliv-
ered drug to provide antiviral activity in terms of contact inactivation and pre- and post-
infection inhibition of viral replication. The human nasal cavity is made of the respiratory
epithelium (RE), which consists of ciliated cells, basal cells, brush cells, and secretory cells
(3, 19), and the olfactory epithelium (OE), consisting of olfactory sensory neurons, susten-
tacular cells, microvillar cells, globose basal cells, and horizontal basal cells (19). The non-
neuronal cells express ACE2 and TMPRSS2, and the olfactory sensory neurons express
neuropilin-1, which facilitate SARS-CoV-2 infection [18]. Entry of SARS-CoV-2 into the
nasal cavity results in infection and initial replication in the RE during the early stage of
COVID-19, mainly in the ciliated cells that are rich in ACE2 and TMPRSS2 [19]. The rapid
accumulation of SARS-CoV-2 in RE could cause concomitant infection in the OE. Indeed,
recent clinical and animal studies demonstrate that SARS-CoV-2 infection of the olfactory
sensory neurons and their support cells in the OE results in local inflammation and apop-
tosis, which could be the mechanisms leading to OE destruction, anosmia, and other
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neuronal dysfunctions in the CNS [18,20]. Thus, active SARS-CoV-2 replication in RE, OE,
and the olfactory bulb appears to be the cause of acute anosmia, and persistent presence
of the virus in the RE and OE cells could be associated with chronic neurologic symptoms
[18]. Neutralizing antibodies, either injected in the nasal cavity or acquired via vaccina-
tion, are not effective at reducing the SARS-CoV-2 viral load in the nasal cavity due to
robust viral replication in the nasal turbinates [21]. In addition, asymptomatic patients
have a nasal viral load comparable to symptomatic patients, suggesting both symptomatic
and asymptomatic patients are at risk for anosmia [22]. Therefore, inactivation and clear-
ance of viral particles in the nasal cavity could effectively minimize the risks for post
COVID neurologic symptoms.

Recent studies indicate that nose-to-brain (NTB) drug delivery using nanoparticles
of lipid-soluble drug or nanocarrier is a promising method to increase the drug bioavail-
ability with rapid action [23-25]. Specifically, NTB drug delivery technology has the po-
tential to treat neurologic disorders by decreasing reactive oxygen species using natural
antioxidants [26]. If the EC16 formulation not only performs the beneficial activity in the
nasal epithelia, but also provide the multiple effects in the central nerve system (CNS), it
would be a first-in-class drug to prevent and minimize SARS-CoV-2 associated neurologic
symptoms, including long COVID.

As of today, the US FDA have approved a number of nasal delivered drugs to treat
different symptoms such as Spravato (esketamine) nasal spray for depression (fast-track),
Astepro (azelastine hydrochloride nasal spray, 0.15%) for seasonal and perennial allergic
rhinitis, Narcan (naloxone hydrochloride) nasal spray for opioid overdose, and Ryaltris
(mometasone furoate monohydrate) nasal spray for seasonal allergic rhinitis, etc. How-
ever, to the best of our knowledge, there is no intranasally administered drug for use
against respiratory viral infection or post-infection symptoms.

The antiviral activity of EGCG has been widely reported. In addition, EGCG has been
shown to provide neuroprotective effects to nerve cells. Results from preclinical and clin-
ical trials on Fragile X syndrome patients demonstrate that 5-7 mg/kg/day EGCG com-
bined with cognitive training significantly improved cognitive function in 3 months, with-
out adverse effect [27]. The neuroprotective effects of EGCG include reducing A3 and tau
toxicity, and inhibition of apoptosis, suggesting a potential to prevent/treat neurodegen-
erative diseases such as Alzheimer's disease [28]. Collectively, CNS exposure to EGCG is
safe and beneficial, and olfactory function could be protected.

EC16 is a lipid-soluble compound mixture derived from EGCG by esterification with
palmitate. Our previous studies showed that EC16 is able to enter epithelial cells and is
hydrolyzed in the cytoplasm, releasing free EGCG [29,30]. Since the bioavailability of
EGCG is very low [33,34], nasal delivery could be a preferred route to administrate lipid-
soluble EC16 for neuroprotection. In comparison to water-soluble EGCG, EC16 is signifi-
cantly more potent against influenza virus, herpes simplex virus, and norovirus [12,15,31].
Other advantages of EC16 over EGCG are that EC16 is more stable and long-lasting
[13,15,32]. In addition, the US FDA approved the use of tea polyphenol palmitates (con-
tains 50% EC16) as a GRAS green tea extract (FDA GRAS Notice 772). EC16 undergoes
hydrolysis after consumption, consistent with our findings that EC16 is hydrolyzed to free
EGCG after entering cells [29,30]. These studies concluded that the intended use of EC16
meets the GRAS requirement [17]. Furthermore, we have tested EC16 in different animal
and human epithelial cells (MDCK, CRFK, RAW.264.7, FRhk-4, human keratinocytes) and
in a herpes labialis clinical trial (12-16). The results indicate that EC16 has the potential to
protect nasal epithelial cells from SARS-CoV-2 infection as well as exerting anti-inflam-
matory, antioxidant, and neuroprotective effects.

Our previous in vivo studies demonstrate that the neuroinvasion of SARS-CoV-2 oc-
curs closely following the peaking of viral replication in the nasal epithelia [2]. Thus, the
formulations must possess rapid antiviral actions to inactivate the coronavirus in the nasal
epithelial cells and be able to deliver the multiple benefits of EC16 into the brain, bypass-
ing the blood-brain barrier (BBB) and digestive system. The nasal delivery method would
overcome the well-documented poor bioavailability of EGCG, which has a serum
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maximum concentration in the sub-micromolar range (0.57 uM), well below the effective
concentration for beneficial effects [33,34]. If EC16 is applied to the nasal epithelial cells,
the long chain fatty acyl group would allow EC16 to attach to the cell membrane for pro-
longed effect against SARS-CoV-2 and its variants.

Our goal is therefore to develop an intranasally applied drug (in the form of a spray
and/or irrigation) based on EC16 to prevent and treat respiratory viral infection and post-
infection symptoms. To achieve this goal, the primary property of interest is antiviral ac-
tivity, and the secondary property is anti-inflammatory, antioxidant, and neuroprotection
in both nasal neuroepithelia and the brain. The current study aimed to test the feasibility
of formulating candidate nasal formulations containing EC16 with antiviral properties for
COVID and long COVID use.

Due to the lipid-soluble nature of EC16, the solubility of EC16 is very low in aqueous
solutions. By using our patent-pending technology, we were able to bring EC16 into aque-
ous suspension as particles ranging in size from nano- to micro-meters. Among 62 formu-
lations tested thus far, the F18 glycerol-based stock formulation showed the most promis-
ing results for antiviral activity with the simplest composition. Dilution of F18 into aque-
ous buffer systems resulted in rapid formation of a flocculate precipitate, with little, if any,
polyphenol in the flocculate material, which was comprised of large aggregates of vari-
ous-sized particles (Figure 5). Analysis of particle size distribution in the saline liquid
phase showed a broad polydisperse suspension ranging <100 nm to about 1 um (Figure
2).

The F18 formulation diluted in EMEM showed potent antiviral activity when virus
was directly exposed to it, with a maximum inhibitory effect of logio 4.21+0.12 (SE)
(99.996%) at saturating concentrations in the 1 mM range (Figure 3). Based on a regression
analysis and determination of the curve constants, a concentration of 0.225 mM was pre-
dicted to give a log10 3.79 reduction (90% of maximum). Thus, experiments conducted
with 1.25 mM were firmly in the saturated region. The antiviral results of F18 diluted in
serum-free EMEM indicated that at 50 pM (approximately 40 ng/ml), a 30 min incubation
with the virus reduced the infectivity by 99.90%. A concentration of 8 pM was predicted
to give a 90% reduction (the EC90; logio 1 reduction). This would be significantly more
potent than the antiviral activity of EGCG against SARS-CoV-2 ([10], one-hour incubation
EC90 =69 uM).

At asaturating 1.25 mM concentration of ECV16, a 5-min direct contact with the virus
reduced the viral infectivity by >99% (Figure 4). These results suggested that the rapid and
potent inactivation of viral infectivity is associated with a completely different mechanism
of action in comparison to antiviral drugs in use, such as the COVID drug Remdesivir (a
nucleoside analog to inhibit RNA polymerization), which has no known contact inhibition
of coronavirus.

For our ongoing animal study and a future human study, the F18 formulation was
tested by dilution in PBS and saline, which showed comparable direct virus logio inhibi-
tion efficacy results (Figure 5), although dilution in PBS gave significantly greater reduc-
tion (log10 5.41 versus logi 4.21 (average saline and MM), equivalent to 16.2-fold better),
suggesting that the phosphate content may enhance the antiviral activity, presumably by
modification of the surface charge of particles. Of note, the difference is based on an al-
ready very high level (log 3.92-4.5 vs. log 5.42).

EC16 is a mixture of EGCG-palmitates, with the majority being EGCG-mono-palmi-
tate (EC16m), followed by EGCG-di-palmitates, and EGCG-tri-palmitates. Therefore, the
single molecule EC16m would most likely be the new drug form. In this report, a series of
initial tests for EC16m was performed with the F18m formulation of EC16m in serum-free
EMEM dilutions. After a 30 min incubation with 1.41 mM (0.1%) EC16m the infectivity of
the OC43 virus was reduced by 99.9%, similar to that seen with EC16 (99.996%, Figure 3)
at a moderately higher dose. The measured logi reduction value was influenced by the
titer of the virus used in the tests, with a lower titer resulting in a lower proportionate
log1o reduction. Since the F18m tests used a lower titer virus preparation (log 7.75 in com-
parison to >log 9.0 in EC16 contact inhibition tests), EC16m had similar activity to EC16.
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A human study indicated that when symptoms appear during initial SARS-CoV-2
infection, the nasal cavity viral load is less than logi08 and peaks (day 2 to 6) at > logio 9
[35]. Therefore, the tests conducted in this study have been at clinically relevant viral
loads. Here, a 10-min pre-infection incubation of cells with 50 uM (approximately 35
ng/ml) EC16m gave a 98.45% inhibition of subsequent viral replication in the cells. On the
other hand, without direct contact with the virus, a 10 min incubation of infected MRC-5
cells with 50 pM EC16m (approximately 35 ng/ml) reduced the viral replication by 99.77%
(Figure 6). Even at just 12.5 uM, EC16m was able to inhibit viral replication by >99% after
10 min post-infection treatment with the cells before removal. These initial results from a
base EC16m formulation suggested that EC16m entered the cells and blocked the viral
replication effectively, because the inhibition was the result of a single application and
viral titer was observed over a 4 to 7-day incubation period. Repeated applications of
EC16m may produce a higher inhibitory effect on viral replication.

According to the characteristics of SARS-CoV-2 replication in the nasal cavity, inves-
tigators studied if saline irrigation (gavage) in the nasal cavity would assist in infection
recovery. Indeed, a randomized clinical trial using isotonic saline pressured irrigation,
supplemented with either sodium bicarbonate or povidone-iodine, significantly reduced
hospitalization rate during the early stage of COVID-19 pandemic [36]. Saline, either iso-
tonic or hypertonic, has been used for respiratory conditions as an economical and effec-
tive alternative to medications [37,38]. Thus, a novel saline-based formulation containing
EC16 (EC16m for pharmaceutical use) would be a potential nasal application for COVID
and long COVID prevention and intervention.

A multi-mechanism of action has been reported for the inhibitory effects of EGCG
against influenza virus [39]. Taken together, the results presented here showed that F18
base formulations containing EC16 or +EC16m similarly demonstrated antiviral activities
to either rapidly inactivate human coronavirus by direct contact or inhibit viral entry and
replication without direct contact with the virus.

4. Materials and Methods

4.1. Virus and Cell Line

OC43 human coronavirus (ATCC VR-1558) and MCR-5 human respiratory fibroblast
cells (ATCC CCL-171) were purchased from ATCC.

4.2. EC16 and Other Supplies

Epigallocatechin-3-Gallate-Palmitates (EC16); a mixture of mono- di- and tri-palmi-
tates) and Epigallocatechin-3-Gallate-mono-palmitate (EC16m), was provided by Camel-
lix, LLC (Evans, GA). Eagle’s Minimal Essential Medium (EMEM) was purchased from
ATCC (30-2003). Fetal bovine serum (FBS) was from Neuromics (Edina, MN). Trypsin
(0.25%)-EDTA was provided by Fisher Scientific. Penicillin, streptomycin, and amphoter-
icin B solution (100x) was ordered from Corning (Glendale, AR). Plasticwares were pur-
chased from Southern Labware (Cumming, GA).

4.3. EC16 Formulations

EC16 and EC16m were initially dispersed as stable glycerol-based stocks (F18 and
F18m respectively) at 1% w/v using a proprietary method. Working formulations were
made by a 10 X dilution with serum-free EMEM (MM, for cell-based studies), normal sa-
line solution (for future clinical studies), or phosphate buffer saline (PBS, for animal stud-
ies). These 0.1% EC16 or EClém formulations were equal to approximately 1.25 mM
(EC16) and 1.40 mM (EC16m), respectively, from which they were diluted to lower con-
centrations for the experiments.

4.4. Quantitation of EC16 Polyphenol in Mixtures

After dilution of F18 in aqueous buffers the flocculent material was separated by
centrifugation (700 rpm for 3 min). The liquid under the cream was removed and the
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cream reconstituted by vigorous vortexing in the same volume of liquid. The distribution
of polyphenols in the fractions was determined by the Folin-Ciocalteu reaction as de-
scribed with minor modifications [40], using EC16 dissolved in ethanol as the standard.

4.5. Evaluation of Particle Size Distribution

ZetaView nanoparticle tracking analysis was performed according to a method de-
scribed previously [41]. The particle size distribution and concentration were measured
using the Zetaview x20 (Particle Metrix, Meerbusch, Germany) and corresponding soft-
ware. The measuring range for particle diameter is 10-2000 nm. The samples were diluted
by the same volume of 1xPBS and then loaded into the cell. The instrument collected par-
ticle information from 11 different positions across the cell, with two cycles of readings
respectively. The standard operating procedure was set to a temperature of 23°C, a sensi-
tivity of 70, a frame rate of 30 frames per second, and a shutter speed of 100. The post-
acquisition parameters were set to a minimum brightness of 20, a maximum area of 1000,
a minimum area of 10, and the tracelength of 15 (41).

4.6. Antiviral Activity Tests

Infection of cells by OC43 virus, and viral titer: MRC-5 cells were cultured in EMEM
Medium supplemented with 10% FBS and 1% penicillin, streptomycin, and amphotericin
B. The viral infection assay and viral titering were performed in 96 well cell culture plates
when the cells had reached 90% confluency. A 10-fold series dilution of OC43 virus in
serum-free EMEM was loaded into wells in quadruplicates per dilution. After a one-hour
absorption, the viral dilutions were removed and 100 pl serum-free EMEM was added,
followed by incubation at 33 °C with 5% CO2 for >4 days to allow a CPE (cytopathic effect)
to become visible. Viral titer was calculated by a TCID50 protocol and software [42]. A
minimum of three independent experiments were performed and results recorded. To
compare EC16 activity to an antiviral in clinical use, exposure of cells to 50 uM remdesivir
was used.

4.7. Dose and Time Tests of Direct Contact with Virus

EC16 nasal formulations were used with different concentrations or incubation times
in direct contact with OC43 virus in serum free EMEM. To determine the dose effect of
EC16, in three independent tests the F18 stock formulation was diluted with serum-free
EMEM to a series of concentrations from 1.25 mM down to 0.05 mM, and incubated with
0OC43 (titer log 9.25/ml diluted in serum-free EMEM) for 30 min. To determine the time of
exposure effects, a 1.25 mM dilution of F18 in serum-free EMEM was mixed with virus
for 5, 15, 30 or 60 min, followed by rapid serial dilution with serum-free EMEM and loaded
onto 96-well plates containing 90% confluent MRC-5 cells for one-hour viral absorption,
followed by media change. The infectivity rate was determined by TCID50 method after
4-7 days of incubation.

4.8. Pre-infection Test

EC16m nasal formulations were incubated with MRC-5 cells in 96 well plates for 10
min, and then removed. A series dilution of OC43 in serum-free EMEM was added to the
cells and incubated for 1 h. The viral dilutions were then replaced with serum-free EMEM,
and TCID50 infection rate was determined after 4-7 days of incubation.

4.9. Post-infection Test

To test if EC16m nasal formulations possess a post-infection effect, MRC-5 cells in 96
well cell culture plate were infected for one hour with the virus in series dilutions before
removal. Then, 100 ul of either EC16 formulations or Remdesivir solutions of various con-
centrations were applied onto the cells for 10 min before being replaced by serum-free
EMEM. The TCID50 values were determined after incubation for 4-7 days.
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4.10. Microphotography of the Formulations

EC16 particles in the stock and in the three F18 diluted suspension formulations
(MM, saline, and PBS) were photographed with a Zeiss Axio Imager M.2 microscope at
40x magnification under DIC illumination, and the images were recorded.

4.11. Statistical Analysis

The primary statistical tests were parametric one-way ANOVA (with appropriate
adjunct tests for homogeneity of variance, etc.) and non-linear regression using a fit to a
parabolic curve. Alpha was 0.05. GraphPad Prism version 6.0 software
(www.graphpad.com) was used for most analyses. Reported errors are given as standard
deviation (SD) unless otherwise noted.

5. Conclusions

We report here, for the first time according to the best of our knowledge, that epigal-
locatechin-3-gallate-palmitate(s) is a candidate for intranasally applied formulations to
minimize COVID-associated neurologic symptoms through its strong and rapid antiviral
and other beneficial properties. Our ongoing studies are testing the broad-spectrum of
antiviral activity of EC16 on human a-coronavirus (229E) in vitro; and SARS-CoV-2 vari-
ants in vitro and in vivo using K18-hACE2 mice. In addition, saline-based formulations
with significantly higher potency are being explored. These ongoing studies have shown
promising initial results (data not shown). For new drug development, the next phase
studies should include formulation optimization and finalization (chemistry, compatibil-
ity, stability, validation, etc.), and initial efficacy and toxicity with in vivo and ex vivo mod-
els, in order to collect data for pre-Investigational New Drug (IND) studies (including
chemistry-manufacturing-control, pharmacology-toxicity, etc.). The advantage of the for-
mulation is that all ingredients are known nontoxic molecules, and saline is regularly used
in nasal irrigation/spray solutions. In conclusion, we have developed a simple nasal for-
mulation to incorporate lipid-soluble EC16 in saline, without surfactant, to rapidly inacti-
vate human (3-coronavirus OC43 by contact or inhibit viral replication by a single 10-min
application on infected cells. These results suggest EC16 nasal applications are potential
prophylactic and therapeutic methods to minimize respiratory virus associated, such as
COVID and post-COVID, symptoms, pending additional studies.
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