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Abstract

Background: Often thought of as a minor health concern, sore throat or

pharyngitis is an important public health issue. It is one of the most common

symptoms of upper respiratory diseases including COVID‐19 and is a leading

cause of physician visits and antibiotic prescriptions. However, few over‐the‐
counter medications are proven to heal sore throat inflammation.

Methods: Adenocarcinomic human alveolar basal epithelial cells (A549 cells)

and three dimensional organotypic human respiratory tissues were used to

study inflammation and various treatment effects on respiratory epithelia. The

cells and tissues were studied both in the presence and absence of bradykinin,

one of the first inflammatory mediators of pharyngitis. Inflammation was

measured by analyzing the levels of prostaglandin E2 (PGE2), interleukin 8

(IL‐8), and leukotriene B4 (LTB4), transepithelial electrical resistance (TEER),

and lactate dehydrogenase (LDH) release. Tissue morphology was analyzed by

immunohistochemistry.

Results: In studying pharyngitis using organotypic human respiratory tissue

stimulated with bradykinin, we saw an increase in PGE2 and interleukin‐8
(IL‐8) in response to bradykinin. Acetyl salicylic acid (ASA), a nonspecific

COX inhibitor, was able to mitigate a bradykinin‐induced increase in PGE2 in

our studies. However, ASA was inflammatory above its therapeutic window,

increasing the levels of PGE2 and IL‐8 above those seen with bradykinin

stimulation alone. We describe a novel, scientifically validated treatment for

sore throat, that contains a low dose of ASA and other anti‐inflammatory

ingredients.

Conclusion: This study elucidates the complex mechanisms involved in

healing pharyngitis, an inflammatory condition of the upper respiratory epi-

thelia. An ASA‐based formula (Biovanta) mitigated bradykinin‐induced in-

flammation more strongly than ASA alone in organotypic human respiratory

tissues. Surprisingly, we found that many of the most common over the

counter sore throat therapies exacerbate inflammation and IL‐8 in organotypic
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human respiratory tissues, suggesting these common treatments may increase

the likelihood of further respiratory complications.
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1 | BACKGROUND

Before the coronavirus disease 2019 (COVID‐19) pan-
demic, pharyngitis (inflammation of the pharynx, tonsils,
and nasopharynx), or sore throat was among the leading
causes of physician visits and antibiotic prescriptions in
the United States.1,2 This is surprising since viruses such
as rhinovirus and influenza usually cause about 85% of
sore throat cases.3,4 Antiviral treatments have not been
developed for sore throat. Moreoever, no available sore
throat products are proven to treat both inflammation
and pain.5 Systemically administered, nonsteroidal anti‐
inflammatory drugs such as ibuprophen and paracetamol
can provide some relief but systemic administration
would require high doses over an extended period of
time.6 Apart from gross physiological symptoms such as
size of lymph nodes and throat color, it is very difficult to
measure pharyngial inflammation in a human subject.7

Lack of reliable upper respiratory animal models may
have also hampered drug discovery for this indication.8

Fortunately, three‐dimensional, organotypic tissue
explants of human upper respiratory mucosa are now
available.9–11 These models more reliably mimic the
function of living tissue than either animal models or cell
culture monolayers and can greatly accelerate drug dis-
covery.9,11 Using these models, we were thus able to
study the biochemical pathway of pharyngitis in great
detail and design a scientifically based treatment.

Bradykinin carried from the nasal passages to the
nasopharynx during a respiratory infection can stimulate
nociceptive receptors in the oropharynx and throat
causing a sore throat.12–14 Bradykinin stimulation also
increases IL‐8, an inflammatory chemokine, and neu-
trophil chemoattractant often implicated as a component
of “cytokine storms” in a time and concentration‐
dependent manner in airway smooth muscle cells and
respiratory epithelial cells via COX enzymes and pros-
taglandin E2 (PGE2).15,16 Clinically, at least three studies
used bradykinin to induce sore throat in healthy
subjects.13,14,17

According to our findings, bradykinin does indeed
increase inflammation in human organotypic respiratory
epithelia via the COX pathway. After an extensive lit-
erature search for compounds that mitigate this in-
flammation, we focused on acetyl salicylic acid (ASA), or

aspirin, a well‐known, nonspecific COX inhibitor.
Aspirin is currently approved as an over‐the‐counter
drug administered systemically via the oral route and as a
general analgesic in the following dosages for adults:
325–650mg every 4 h, 325–500mg every 3 h, or
650–1000mg every 8 h.

We found that in A549 cells and in organotypic cul-
tures, when applied apically, much lower dosages of ASA
were needed, even after correcting for the in vitro testing
conditions. There was a small therapeutic window in
which ASA inhibited PGE2 release. Above this window,
even in the absence of bradykinin, PGE2 and IL‐8 in-
creased to significantly higher levels than baseline con-
trols, creating an inflammatory state where we observed
negative cytopathic effect.

When formulated with other anti‐inflammatory
compounds such as lysozyme, lactoferrin, and aloe, the
anti‐inflammatory effect of ASA at the therapeutic dose
was increased, and greatly surpassed that of other leading
sore throat remedies, which paradoxically, were found to
be highly inflammatory and deleterious to the delicate
respiratory lining. Organotypic cultures are a valuable
research tool for this indication since the cytoarchi-
tecture of the tissue mimics that in people, and hence we
believe, experimentally effective dosages are likely to
translate to clinically effective dosages.

2 | METHODS

2.1 | Cells

A‐549 cells (American Tissue Culture Collection
CCL‐185) were cultured in delbecco's modified eagle
medium (DMEM) Medium (Gibco) supplemented
with 10% heat‐inactivated fetal bovine serum (Gibco),
100 U ml−1 penicillin and 100 U ml−1 streptomycin
(Gibco). Cells were seeded on 96‐well cell culture plates
at a density of 6400 cells/well. Before the experiment,
when cells reached 90% confluency, media was replaced
with serum‐free media. Human airway epithelia recon-
stituted in vitro were purchased from two different pro-
viders, EpiAirwayTM tissues (AIR‐100) from MatTek
Corporation and MucilAirTM tissues from Epithelix Sàrl.
Specific cell culture media for each tissue were obtained
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from the respective manufacturer. Basal media was re-
placed with fresh media every other day until the day of
the experiment.

2.2 | Reagents for treatment

ASA formula and ASA lozenge (BiovantaTM liquid and
lozenge formulas, respectively) are composed of the fol-
lowing ingredients: lactoferrin, lysozyme, acetyl salicylic
acid, menthol, aloe and glycerin and can be purchased
from leading pharmacies. Other over‐the‐counter treat-
ments for sore throat and cold were obtained from a local
pharmacy. Over‐the‐counter products in a lozenge pre-
sentation were prepared for use by dissolving the product
in saliva buffer18 in a weight/volume (w/v) ratio de-
termined by the weight of the lozenge and the amount of
water needed to dissolve that amount of the particular
sugar in the lozenge. The weight volume ratios used are
listed in Table 1. Products in liquid form were applied
neat, except for the ASA formula because, unlike the
other products, its indicated dosage is 10 times less than
the average amount of saliva expected to be in the mouth.
Recommended dosages are also listed in Table 1 and the
salivary flow rate was assumed to be 1–2ml/min. Three
days before each study, the apical side of the EpiAir-
wayTM and MucilairTM tissue inserts was washed with
200 µl of media. Briefly, fresh‐warmed media was gently
added to the apical side of the insert to not disturb the
tissues. The plates were incubated for 15min at 37°C.
After incubation, media from the apical side was gently
pipetted up and down three times to remove the excess
mucus formed on the tissue. The day of the experiment
the inserts were transferred to new plates with fresh
warmed media and then 10 µl of each treatment was
added to the cells or the apical surface of the human
airway tissues, the plates were gently swirled and re-
turned to 37°C for 5 min. Every 24 h, 10 µl of new treat-
ment was applied. NS‐398 (Sigma Aldrich) was applied
apically as indicated in a volume of 10 µl and at a con-
centration of 100 µM diluted in saliva buffer. ASA (Sigma
Aldrich) was applied apically at the indicated con-
centrations in a volume of 10 µl at the indicated
concentrations.

2.3 | Bradykinin challenge

Cell cultures and tissues were challenged with differ-
ent concentrations of bradykinin purchased from
Tocris. Bradykinin was diluted to the appropriate
concentration using saliva buffer.18 After tissues were
treated, 10 µl of the bradykinin solution were added to

the cells (A549 cells) or the apical surface of the human
airway tissues. Plates were gently swirled and returned
to 37°C incubation. Samples from cell culture super-
natants or basal media were collected at different time
points after challenge and stored at −80°C until use.
Bradykinin treatment was not repeated after the initial
application.

2.4 | Measurement of transepithelial
electrical resistance (TEER)

TEER was measured in the human airway epithelium
inserts to determine the integrity of tight junctions with a
Millicell ERS‐2 volt‐ohmmeter (Millipore Sigma). Briefly,
inserts were transferred to new plates with 600 µl of
warmed media per well, then 200 µl of media were gently
added to the side wall of the inserts apical side. Plates
were incubated for 5min at 37°C and then the TEER
measurements were collected. Resistance values (Ω) were
converted to TEER (Ω. cm2) by using the following for-
mula: TEER (Ω. cm2) = (resistance value (Ω)−100(Ω)) x
0.33 (cm2), where 100Ω is the resistance of the membrane
and 0.33 cm2 is the total surface of the epithelium.

2.5 | Cytotoxicity

Cytotoxicity was assessed via lactate dehydrogenase
(LDH) concentrations measured in 100 µl of basolateral
medium incubated with the reaction mixture of a cyto-
toxicity detection kit (Sigma‐Aldrich, Roche) following
the manufacturer's instructions. To determine the per-
centage of cytotoxicity, the following equation was used
(A = absorbance values): Cytotoxicity (%) = (A (exp
value)–A (low control)/A (high control)−A (low con-
trol))×100. The high control value corresponds to a 10%
Triton X‐100 treatment applied to the culture for 24 h. A
threshold limit of 5% of the toxicity index reflects the
physiological cell turnover in human airway epithelium
cultures.

2.6 | Analysis of inflammatory response

To evaluate the inflammatory response, cell culture su-
pernatant and basolateral media from tissues was col-
lected at various time points after challenge.
Cyclooxygenase‐2‐derived prostaglandin E2 (PGE2) and
LTB4 release were measured with enzyme‐linked im-
munosorbent assay kits (ELISA; R&D systems) according
to the manufacturer's instructions. Interleukin‐8 (IL‐8 or
CXCL8) protein in the basolateral media was measured
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using a magnetic bead‐based ELISA (Procartaplex,
ThermoFisher Scientific) according to the instructions
provided by the manufacturer and the plate were then
read using a Luminex‐based Bio‐plex Multiplex system
(Bio‐Rad). Samples were diluted to 1:3 for PGE2 and
LTB4 analysis and 1:20 for IL‐8 measurements.

2.7 | Histopathology

At the end of the experiment, inserts with the human
airway epithelia cells were fixed with a formalin
solution (neutral buffered, 10%) and kept at 4°C until
being sent to Histowiz for histology processing. Inserts
were bisected to allow histological staining of paraffin‐
embedded sections. Paraffin‐embedded tissues were cut
into 5‐µm sections, deparaffinized, and the rehydrated
sections were stained with hematoxylin–eosin. The
images were collected from digitalized slides at a final
magnification of ×20.

2.8 | Statistical analysis

Data are presented as mean ± standard error of the
mean. For statistical comparison of differences between
groups, results were analyzed by an unpaired t test,
Mann–Whitney, analysis of variance or Kruskal–Wallis
tests using the GraphPad Prism software (version 6.01).
A p≤ .05 was considered significant.

3 | RESULTS

3.1 | Bradykinin, one of the first
chemokine signals for pharyngitis causes
inflammation in A549 cells that can be
blocked by acetyl salicylic acid (ASA)

Bradykinin increases PGE2 via the arachidonic acid‐COX
2 pathway and ASA is known to be a potent COX in-
hibitor.16 First, we sought to determine the effects of
bradykinin on adenocarcinomic human alveolar basal
epithelial cells (A549 cells). Various concentrations of
bradykinin were applied to A549 cells to assess the
downstream effects on PGE2 and IL‐8 (Figure 1A,B). LDH
was also measured to assess cytotoxicity (Figure 1C).

At least 10 µM bradykinin (supplied by Tocris) was
needed to stimulate a statistically significant fivefold
increase in PGE2 compared with negative control
(Figure 1A). This dose of bradykinin has been shown by
others to elicit significant increases in PGE2 and Il‐8 in
airway smooth muscle cells15 and A549 cells at 4 h andT
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24 h, respectively.16 As a result of bradykinin stimulation,
there was also a statistically significant increase in IL‐8
expression after 24 h (Figure 1B). There was no ob-
servable cytopathic effect from the increase in PGE2 and

Il‐8 expression, and no discernable change in LDH
release was observed (Figure 1C).

Once we established the stimulatory effects of
bradykinin, we asked whether it could be inhibited by

FIGURE 1 (A−C) A549 cells were treated with culture media (DMEM), or the indicated concentrations of bradykinin (BK) in 96‐well
microtiter plates. PGE2 levels in media were measured at 4 h postinoculation. IL‐8 was measured 24 h post inoculation (B). LDH levels were
measured 24 h postinoculation (C). (D–I) A549 cells were treated with cell culture medium (black bars) or 10 µM of BK (gray bars) 30min
after treatment with various concentrations of ASA or 100 µM NS‐398. PGE2 was measured at 4 h postinoculation (D). IL‐8 was measured
24 h (E) or 48h (F) postinoculation. LTB4 was measured 4 h (G) and 24 h (H) postinoculation. LDH was measured 48 h postinoculation (I).
Mann−Whitney statistical tests were performed using GraphPad Prism software. *p < .05, **p < .01, ***p < .001, and ****p < .0001. ASA,
acetyl salicylic acid; DMEM, delbecco's modified eagle medium; IL‐8, interleukin‐8; LDH, lactate dehydrogenase; PGE2, prostaglandin E2
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acetyl salicylic acid (ASA), a nonspecific COX‐inhibitor,
or NS‐398, a COX‐2‐specific inhibitor.19 Before stimu-
lating with 10 µM bradykinin, we treated cells with var-
ious concentrations of ASA, or NS‐398 (Figure 1D−I gray
bars). For cells treated with ASA: the lowest concentra-
tion, 0.6 µg/ml (3 µM) did not affect the bradykinin‐
induced increase in PGE2 secretion, but it did bring IL‐8
down to baseline (Figure 1D,E) The medium con-
centrations, 6 µg/ml (30 µM) and 60 µg/ml (300 µM) of
ASA mitigated the effects of bradykinin on PGE2 and IL‐
8, bringing both down to baseline (Figures 1D−F). The
highest 600 µg/ml (3 mM) dose of ASA was in-
flammatory, leading to an increase of PGE2 and IL‐8 over
levels reached with bradykinin stimulation alone
(Figures 1D−F).

To be sure the inflammatory effect of high ASA was not
due to an interaction with bradykinin, we also measured the
levels of PGE2 and IL‐8 in response to various concentra-
tions of ASA and NS‐398 in the absence of bradykinin
(Figure 1D–I black bars). The highest level of ASA tested,
3mM, was indeed inflammatory even in the absence of
bradykinin. It brought levels of PGE2 up fourfold compared
with baseline, and levels of IL‐8 up twofold over baseline
(Figure 1D,E). It also increased the secretion of LDH, a
marker of toxicity (Figure 1I). The lower concentrations of
ASA were not inflammatory on their own, and neither were
any of the concentrations of NS‐398 tested.

To help elucidate the reason for the toxicity of higher
levels of ASA, we measured the levels of LTB4 in re-
sponse to the various concentrations of ASA and NS‐398
in the presence and absence of bradykinin (Figure 1G,H).
While bradykinin alone did not stimulate LTB4 release,
3 mM ASA did. Possible explanations for this will be
described in the Section 4.

3.2 | The bradykinin‐induced
inflammatory cascade can be replicated in
an organotypic model of the human
respiratory system

MucilAir™ is composed of basal cells, ciliated cells, and
goblet cells that secrete mucus. The cells used to prepare
these organotypic cultures are derived from nasal polyp
biopsies. The proportion of the various cell types is preserved
compared with what one observes in vivo.20,21 and the cy-
toarchitecture is virtually identical to that of the pharynx.21,22

We chose to use the organotypic tissue model because we
hypothesized that they would be more predictive of human
efficacy than animal models.9,11,23 These tissue models se-
crete most of the same cytokines that are secreted in vivo,
and since the treatments we are designing are intended to be
used topically, the metabolism and targeting of the

ingredients should be virtually identical to what would be
observed in vivo.11,24

We determined 47mM (50mg/ml) to be the lowest ef-
fective dose of bradykinin that would reliably elicit a sig-
nificant response of PGE2 in MucilairTM. Next, we
investigated whether various concentrations of ASA could
inhibit bradykinin‐induced inflammation in MucilairTM. In
vivo, ASA would be taken by mouth and then diluted by
saliva before reaching the pharynx, where bradykinin is re-
leased physiologically. Therefore, after assuming a 1000‐fold
increase from A549 cells, where we found 300 and 30 µM to
be most effective, we assumed a 10–30‐fold dilution for
salivary flow (for a formula dosed every 10–30min and a
salivary flow rate of 1–3ml/min), which would ultimately
give us a 100‐fold increase in concentration from A549 cells.
Hence, we tested 3mM (0.6mg/ml) and 33mM (6mg/ml) of
ASA with 47mM of bradykinin in the MucilAirTM organo-
typic model. We measured the levels of PGE2, IL‐8, and
TEER both in the presence and absence of bradykinin
(Figure 2A–E); black bars (no bradykinin), and gray bars
(with bradykinin).

Bradykinin stimulation led to a statistically sig-
nificant increase in PGE2 at 4 h, as did stimulation with
the higher, 33 mM concentration of ASA both in the
presence and absence of bradykinin (Figure 2A), con-
firming our findings from A549 cells that higher con-
centrations of ASA can be inflammatory to healthy
respiratory tissues. The lower 3 mM concentration of
ASA was not inflammatory, but in the presence of bra-
dykinin it did prevent the levels of PGE2 from rising
(Figure 2A). Neither NS‐398, nor the ASA formula
(Biovanta liquid containing 3 mM ASA) increased PGE2
on their own, however, both did successfully keep PGE2
levels from rising in the presence of bradykinin
(Figure 2A). As for IL‐8, at 24 h, the higher, 33 mM
concentration of ASA increased IL‐8 levels both on its
own and in the presence of bradykinin, but the increases
did not reach statistical significance (Figure 2B). At 48 h,
stimulation with 33mM ASA increased IL‐8 but it only
reached statistical significance in the presence of brady-
kinin. Neither NS‐398, nor the lower 3 mM concentration
of ASA increased IL‐8 above control levels. TEER mea-
sures at 24 and 48 h did not indicate membrane damage
with any of the treatments (Figure 2D,E).

3.3 | A novel, ASA‐based formula is
more effective than ASA alone at blocking
bradykinin‐induced PGE2 production in
epithelial tissues

Next, we sought to investigate the anti‐inflammatory ef-
fects of an ASA‐based formula (BiovantaTM throat spray),
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a formula containing 30mM ASA (which is diluted 10‐
fold upon treatment), lysozyme, lactoferrin, aloe,
glycerin, and menthol following bradykinin stimulation.
Lysozyme and lactoferrin are potent anti‐inflammatory
molecules present in human nasal secretions. They are
also used as preservatives and excipients to affect the
rheological properties and viscosity of liquid formula-
tions. Aloe, glycerin, and menthol are common ex-
cipients used in cough and cold products, are all natural,
and were determined to not be toxic at the concentra-
tions used (data not shown). We hypothesized that they
could have beneficial anti‐inflammatory effects.

We pretreated the tissues with either buffer, ASA
alone, the ASA‐based formula (Biovanta throat spray), or
NS 398, before treating with bradykinin. Indeed, at 48 h
after bradykinin stimulation, tissues treated with Bio-
vanta showed a statistically significant decrease in IL‐8
levels compared with those treated with only 3 mM ASA
(Figure 2C). Tissues treated with Biovanta also seemed to
show a bigger decrease in PGE2 4 h after stimulation
than those treated with 3mM ASA alone, however, the
difference was not statistically significant (Figure 2A).

3.4 | An ASA‐based formula (Biovanta
throat spray) containing anti‐
inflammatory excipients decreases PGE2
in MucilairTM without the cytotoxicity, or
membrane damage caused by leading sore
throat products

After establishing the superiority of the ASA‐based for-
mula against ASA, we compared its efficacy in decreasing
bradykinin‐induced inflammation with leading sore
throat products. Bradykinin at a concentration of 47 mM
was used to induce inflammation after pretreating the
tissues for 5 min with either buffer, 100 µM NS‐398, an
ASA‐based formula (BiovantaTM throat spray), or various
over the counter sore throat products containing the
following active ingredients: phenol and glycerin
(Chloraseptic max sore throat spray), dextromethorphan
and guifenesin (Robitussin DM max spray), english ivy
leaf extract (Zarbees lozenge), or menthol (Halls relief
honey lemon lozenge). In tissues pretreated with buffer,
bradykinin induced a 1.54‐fold increase in PGE2 after 4 h
and a 1.75‐fold increase in IL‐8 after 24 h. IL‐8 levels

FIGURE 2 MucilairTM respiratory tissues suspended in transwell inserts were treated with either saliva buffer (vehicle, black bars), or
47mM bradykinin (gray bars) following treatment with various concentrations of ASA, 100 µM NS‐398, or an ASA‐based formula
containing 3mM ASA (Biovanta liquid). Levels of PGE2 in basal media were measured at 4 h postinoculation (A). IL‐8 levels in basal media
were measured at 24 h (B) and 48 h (C) postinoculation. Transepithelial membrane resistance was measured at 24 h (D) and 48 h (E)
postinoculation (C). Statistics shown are results of unpaired t test using GraphPad Prism software. Statistics were performed on raw data
without omissions and not on fold‐change values. The figures in D are reprinted with permission from Epithelix Sarl. *p < .05, **p < .01, and
***p < .001. ASA, acetyl salicylic acid; PGE2, prostaglandin E2

1328 | LEYVA‐GRADO ET AL.



remained at this level until the end of the experiment at
48 h (Figure 3A–C). All three increases were statistically
significant (p= .02, p= .04, and p= .01, respectively).
Pretreatment with either NS‐398 or the ASA formula
kept PGE2 at control levels (Figure 3A). IL‐8 levels in
tissues pretreated with either NS‐398 or the ASA formula
did not increase, they were similar to tissues pretreated
with buffer (Figure 3B,C).

Of the leading sore throat products tested in this ex-
periment, two were liquid formulations (either sprays or
syrups) and two were lozenges. None of the products pre-
vented an increase in either PGE2 or IL‐8 (Figure 3A−C).
In fact, paradoxically, phenol and glycerin (Choloroseptic®
Max Sore Throat Spray) and dextromethorphan and gui-
fenesin (Robitussin®DMMax spray) pretreatment increased
PGE2 levels compared with buffer pretreatment
(Figure 3A). In addition, all of the products caused
significant cytotoxicity as measured by increased IL‐8
secretion, increased LDH secretion, and lowered TEER
(Figure 3B−G). All four products tested showed statistically
significant increases in IL‐8 compared with ASA formula
(Biovanta throat spray) (p= .01 after 24 h and p= .01 after
48 h), statistically significant increases in LDH cytotoxicity
(p= .0094 after 24 h), and statistically significant decreases
in TEER (p< .0001 after 24 h and p= .0001 after 48 h).

3.5 | The inflammatory effects of
leading over the counter sore throat
products were confirmed in the
EpiAirwayTM model in the absence of
bradykinin, while neither an ASA‐based
formula nor a lozenge was inflammatory

The following products were applied to the apical surface
of EpiAirwayTM to assess inflammatory effects: an 8.3 mg
menthol containing lozenge (Ricola® dual‐action sore
throat and cough honey lemon), a pectin containing
lozenge (Luden's® wild cherry flavor dual action), a
13.3 mg zinc containing lozenge (Cold‐EEZE natural
cherry flavor lozenge), a honey containing lozenge
(Wedderspoon organic manuka honey drops), a 10mg
zinc containing lozenge (Zicam® cherry lozenge), a di-
chlorobenzyl alcohol, amylmetacresol, and levomenthol
containing lozenge (Strepsils® sore throat and cough
lozenges), a 20 mg menthol containing lozenge (Vicks®
Vapacool severe drops), an ASA‐based formula (Biovanta
throat spray), and an ASA‐based lozenge (Biovanta lo-
zenge). These products were applied to tissues after being
dissolved in saliva buffer. The lozenges were weighed
and dissolved in a predetermined weight/volume (w/v)
ratio of saliva buffer. Since hard lozenges are amorphous

FIGURE 3 MucilairTM respiratory tissues suspended in transwell inserts in 24 well plates were treated with saliva buffer (vehicle),
bradykinin (BK) (47mM) or BK following treatments with 100 µM NS‐398 or various over the counter sore throat products. The products are
indicated on the graph by their first active ingredient. The key lists all the active ingredients and the trade name of the product. Levels of
PGE2 in basal media were measured at 4 h postinoculation (A). IL‐8 levels and LDH in basal media were measured at 24 h (B and D) and
48 h (C and E) postinoculation, and transepithelial electrical resistance was measured at 24 h (F) and 48 h (G) post inoculation. Statistics
shown are results of ANOVA and unpaired t tests using GraphPad Prism software. Statistical analysis was performed on raw data without
omissions and not on fold‐change values. *p < .05, **p < .01, ***p < .001, and ****p < .0001. ANOVA, analysis of variance; IL‐8,
interleukin‐8; LDH, lactate dehydrogenase; PGE2, prostaglandin E2
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solids and about 98%–99% sugar25 the w/v ratio needed to
dissolve each lozenge was calculated as the minimum
volume needed to dissolve the predominant sugar in the
lozenge based on its solubility and density. The dilution
volume for each lozenge tested is listed in Table 1.

The ASA‐based formula (BiovantaTM throat spray) is
an over‐the‐counter drug and is intended to be sprayed to
the back of the throat in a total volume of 200 µl. We
considered the average salivary flow rate to be 2ml/min
and that the liquid formula would be diluted 1:10 by
saliva in the mouth. Therefore, we diluted the liquid
formula 1:10 before applying it to the tissues. The other
liquid spray formulas and syrups tested had dosage
volumes far exceeding the amount of saliva likely to
be present in the mouth at any given time, so they were
applied neat. After applying 10 µl of the dissolved lozenge
or ASA‐based formula (Biovanta throat spray) to
the tissues, the tissues were placed at 37°C for 5min and
then 10 µl of saliva buffer was applied to the tissues.

Treatments were reapplied every 24 h. The tissues
were not stimulated with bradykinin. As illustrated in
Figure 4, except for the ASA‐based formula and lozenge
(Biovanta throat spray and Biovanta lozenge), all the
products tested caused increases in inflammatory cyto-
kines (PGE2, IL‐8, or both), and LDH and also disrupted
membrane integrity as illustrated by significantly lower
TEER measurements (Figure 4A−D). Note that although
some products appear to decrease IL‐8 levels at 24 h, the
same products show significant decreases in TEER and
increases in LDH, suggesting that low IL‐8 levels may be
due to cell death (Figure 4B–D). All nine products tested
showed statistically significant changes in PGE2 levels
compared with ASA formula (Biovanta throat spray) and
ASA lozenge (Biovanta lozenge (p= .0013), statistically
significant changes in IL‐8 levels (p= .0010), statistically
significant changes in LDH levels (p= .0033), and
statistically significant decreases in TEER (p= .0015).

Neither the ASA‐based formula (Biovanta throat
spray), nor the ASA‐based lozenge (Biovanta lozenge)
were inflammatory. In fact, the levels of PGE2, IL‐8,
LDH, and TEER in response to Biovanta were compar-
able to the vehicle condition (Figure 4A–D).

3.6 | According to a third‐party blind
placebo‐controlled study, leading sore
throat and cold remedies physically
damage respiratory epithelia, but the ASA
lozenge (biovanta lozenge) does not

EpiAirway (AIR‐200‐PE6.5) are another type of human
respiratory organoid and are obtained from tracheo-
bronchial cells. We found that in these tissues 15mM

bradykinin was sufficient to significantly increase PGE2
levels (data not shown). Unlabeled Eppendorf tubes
containing the various sore throat syrups and lozenges
were sent to Mattek Corp for third party blind analysis.
EpiAirwayTM (AIR‐200‐PE6.5) were treated in triplicate
with each of the syrups (undissolved) and each of the
lozenges dissolved in buffer. The products and their in-
gredients are described in more detail in Table 1. Fol-
lowing a 5min incubation, a 15mM solution of
bradykinin was added to the inserts. After incubating at
37°C for 48 h, TEER measurements were taken. Of the
products tested, only the isomalt‐based, ASA lozenge
(Biovanta lozenge) did not induce measurable damage to
epithelial tissues (Figure 5).

The lozenges were dissolved in buffer at a con-
centration determined by their weight and the type(s) of
sugars they contain, as described in more detail in
Table 1. For example, Halls® Relief Honey Lemon con-
tains mainly glucose, according to its label. Glucose has a
solubility of 91 g/100ml of solution and a density of
1.02 g/ml. Each lozenge weighs 3.15 g. It would therefore
take about 1:0.75 w/v of lozenge to buffer (or saliva) to
dissolve each lozenge. See Table 1 for a list of the various
products and the w/v ratio of buffer they were dis-
solved in.

3.7 | Histological analysis confirms
extensive tissue damage by leading
products, as measured by TEER

Following the 48‐h experiment depicted in Figure 5, the
organotypic respiratory tissues were fixed in 10% paraf-
ormaldehyde, embedded in parrafin, and sectioned into
5 µm thick sections taken from the center of each section
after it was cut in half. The sections were then treated for
hemotoxylin and eosin (H&E) staining to observe any
histological changes. The average thickness of the un-
treated sections was 55–60 µm from the top of the cilia to
the bottom of the basal cell layer. The groups treated with
the most common over‐the‐counter sore throat products
exhibited marked loss of cilia and pseudostratified co-
lumnar epithelial cells (Figure 6). In most cases, the co-
lumnar epithelial cells showed atrophy which decreased
the thickness of the epithelia to about half of control
values.

4 | DISCUSSION

Despite the plethora of over‐the‐counter (OTC) products
and supplements available to the US consumer for sore
throat, none have proven clinically effective for sore
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FIGURE 4 EpiAirwayTM (AIR‐200‐PE6.5) respiratory tissues suspended in transwell inserts were treated with saliva buffer (vehicle)
and various sore throat treatments as indicated. The products are indicated on the graph by their first active ingredient. The key lists all the
active ingredients and the trade name of the product. Measurements of PGE2 at 4 h (A), IL‐8 at 24 h (B), LDH at 24 h, (C) and TEER at 24 h
(D) are shown. Statistics shown are results of Kruskal–Wallis tests performed using GraphPad Prism software. Statistics were performed on
raw data without omissions and not on fold‐change values. **p < .01. IL‐8, interleukin‐8; LDH, lactate dehydrogenase; PGE2, prostaglandin
E2; TEER, transepithelial electrical resistance

FIGURE 5 This study was performed in a third party blind format. EpiAirwayTM (AIR‐200‐PE6.5) respiratory tissues suspended in
transwell inserts were either left untreated, treated with saliva buffer (vehicle), triton‐X (positive control), or various sore throat products as
indicated. The various products are indicated on the graph by their first active ingredient. The key lists all the active ingredients and the
trade name of the product. Following their respective treatments, all tissue inserts (except the untreated) were treated with 15mM
bradykinin. TEER was measured 48 h after treatment. Statistics shown are results of a Kruskal–Wallis test using GraphPad Prism software,
****p< .0001. Statistics were performed on raw data without omissions and not on fold‐change values. TEER, transepithelial electrical
resistance

LEYVA‐GRADO ET AL. | 1331



throat pain and inflammation.5 A Cochrane meta‐
analysis found that nonsteroidal anti‐inflammatory drugs
(NSAIDs) such as aspirin when taken orally are “some-
what effective” in relieving the discomfort caused by a
cold.26 Considering the mechanism by which bradykinin
induces inflammation through the COX‐1/COX‐2 path-
way, it is surprising that systemically administered
NSAIDs have not proven to be more effective. Perhaps,
they need to be applied locally or at different dosages.
Indeed, we found that there is a small therapeutic win-
dow at which aspirin decreases inflammation and above
which it becomes inflammatory.

At the therapeutic dose, we found that ASA and an
ASA formula (Biovanta throat spray) blocked the
bradykinin‐induced increase in PGE2. We expected to
also see a decrease in IL‐8 but this was only observed
in A549 cells, and not in Mucilair. IL‐8 levels did not
reach statistical significance above baseline in Muci-
lair, and there was therefore not much room for sig-
nificant decreases. Mucilair, an organotypic model,
contains several cell types and numerous cytokines
that might modify the increases in IL‐8 expression
seen in A549 cells.

At a dose 10‐fold higher than the effective dose, as-
pirin caused a statistically significant fourfold increase in
PGE2 above baseline in A549 cells and in Mucilair, as
well as a statistically significant twofold increase in IL‐8
above baseline in A549 cells, and a fivefold increase
above baseline in Mucilair which did not reach statistical

significance (Figures 1 and 2). A dose‐dependent effect of
aspirin has been detected in several different physiolo-
gical systems.27 Our results are consistent with a clinical
study showing that a moderate dose (500 mg/day) of
systemically administered aspirin, which is much lower
than the recommended dose for adults, effectively treated
ACE‐inhibitor induced cough, which is thought to be
mediated by bradykinin.28

To shed some light on what might be driving the
increase in PGE2 and IL‐8 expression with high doses of
ASA, we measured the levels of LTB4 in response to
high‐dose ASA in the presence and absence of bradyki-
nin. High dose, 3 mM ASA caused a statistically sig-
nificant, fivefold increase in LTB4 above baseline both in
the presence and absence of bradykinin in A459 cells
(Figure 1G,H).

Apart from the COX pathway, arachidonic acid is also
responsible for the generation of leukotrienes via
lipoxygenase.29 Inhibiting the COX pathway with COX
inhibitors may shunt arachidonic acid to the highly in-
flammatory lipoxygenase pathway,20,30,31 a pathway,
which coincidentally, may be responsible for broncho-
constriction in aspirin‐induced asthma.30,32 We observed
an increase in one of the major lipoxygenase products,
LTB4, as well as IL‐8 and PGE2 in A549 cells stimulated
with high‐concentration ASA (Figure 1G,H). Prior stu-
dies confirm that LTB4 stimulates IL‐8.15,33 LTB4 also
activates several kinase cascades leading to production of
several cytokines, many of which might increase PGE2.34

FIGURE 6 Histological analysis of the tissues analyzed in the third‐party blind study, a representative sample of the tissues used in
Figure 5 are shown. In all of the tissues, except those treated with saliva buffer (vehicle), bradykinin, or the ASA lozenge (Biovanta lozenge),
marked histological damage was seen in response to treatment. After fixation and embedding in parrafin, sections were cut into 5 um thick
section and stained with hemotoxylin and eosin. ASA, acetyl salicylic acid
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For example, TNF‐α and IL‐1β were shown to increase
PGE2 expression in A549 cells.35

Interestingly, the highest dose of NS‐398 tested did not
show any inflammatory effect (Figure 1). This may be due
to its selectivity for COX‐2, therefore leaving some COX‐1
available to produce prostaglandins. Alternatively, since
A549 cells greatly overexpress COX‐2, it may not be pos-
sible to knock down levels completely. Other groups have
shown that A549 cells express both COX‐1 and COX‐2
mRNA and that overexpression of COX‐2 might lead to
the inflammatory cancer phenotype36,37

According to several reports, bradykinin contributes
to inflammation following severe acute respiratory syn-
drome coronavirus 2 (SARS‐CoV‐2) infection.38,39 Bra-
dykinin levels might be elevated in SARS‐CoV‐2 patients
due to the dysregulation of the angiotensin‐converting
enzyme levels.39 While it remains to be seen whether
blocking bradykinin activity will be useful during SARS‐
CoV‐2 infection, aspirin treatment was reported to be
beneficial in SARS‐CoV‐2 patients,40 warranting a closer
examination of the possible effects that other aspirin‐
based treatments could have on the prevention and
treatment of SARS‐CoV‐2 infection.

Aspirin is already approved as an OTC for sore throat
(internal analgesic), yet there are no throat sprays con-
taining aspirin in the market. We have developed a for-
mula containing aspirin and several other food‐grade
nutritional supplements which act synergistically to help
the aspirin act locally and reduce the inflammation and
possibly the pain caused by bradykinin. Additionally, we
found that when measured against other leading products
containing various active ingredients, this formula not
only performed better but was much less inflammatory.
For one, none of the other active ingredients tested are
known to act on bradykinin or its inflammatory pathway.
Also, the inactive ingredients in the ASA formula and
lozenge (Biovanta) were carefully selected to compliment
the anti‐inflammatory effects of the active ingredients.

Incidentally, we believe the inflammatory effects of
the leading products may have been caused not by the
active ingredients but by the inactive ingredients. For
example, in Figure 4, four products containing menthol
are analyzed, yet the one with the lowest concentration
of menthol (Ricola original) shows the greatest increase
in PGE2 release and LDH release in the absence of bra-
dykinin stimulation. The products contain numerous
inactive ingredients that are difficult to study in-
dividually. Inactive ingredients are not closely regulated,
and precise concentrations are not usually reported.

The inactive ingredients may have specific or non-
specific effects. According to previous reports, hyper-
osmotic sugar solutions can change respiratory epithelial
cell shape and open tight junctions.41 These are the types

of morphological effects we show in Figure 6. Also,
higher osmolarities can result in the secretion of proin-
flammatory cytokines (Interleukin‐8, Interleukin‐6,
Interleukin‐1β, and tumor necrosis factor‐α),42 and we
did observe increases in IL‐8 in response to certain pro-
ducts. We observed significant decreases in TEER, in-
dicating membrane perforation for most of the products
tested, which can be caused by osmotic stress. The ASA
lozenge (Biovanta lozenge) was formulated with isomalt
as the main sugar base, and isomalt has a relatively low
osmotic pressure compared with the sugars in the other
lozenges tested. To our knowledge, the osmotic pressure
of these products on respiratory epithelia has not been
measured before.

Taken together, we believe the integrity and in-
flammatory state of the respiratory membrane epithe-
lium is an important factor to consider in the prevention
and treatment of respiratory disease. There are several
inflammatory pathways known to be involved and clearly
more to be discovered. From our observations, there
seem to be several pathways involved in the control of
IL‐8 expression, including PGE2 and perhaps osmotic
stress. We were surprised to learn that many common
over the counter products in the market for cold symp-
toms such as sore throat, greatly exacerbate IL‐8 levels.
Ongoing studies will determine whether this is due to
osmotic stress or some other inflammatory signal. In ei-
ther case, it is highly concerning given the key role IL‐8
plays in exaggerating the immune response, thus in-
creasing the likelihood of a “cytokine storm.”

ACKNOWLEDGEMENTS
This study was funded entirely by Applied Biological
Laboratories, a private company that owns the Bio-
vantaTM product. Some studies were conducted by third
parties in a blind format, as indicated. All other experi-
ments were performed at Applied Biological Labora-
tories’ research facility located at the SUNY Downstate
Biotechnology Incubator, a part of StartUP NY. All of the
authors were employees of Applied Biological Labora-
tories at the time the experiments were performed. This
study was funded by Applied Biological Laboratories.

DATA AVAILABILITY STATEMENT
Accessible on the Open Science Framework https://osf.
io/ejcf8/.

ORCID
Victor Leyva‐Grado http://orcid.org/0000-0002-
9211-6160
Pavel Pugach http://orcid.org/0000-0003-3199-1268
Nazlie Sadeghi‐Latefi http://orcid.org/0000-0002-
1862-6867

LEYVA‐GRADO ET AL. | 1333

https://osf.io/ejcf8/
https://osf.io/ejcf8/
http://orcid.org/0000-0002-9211-6160
http://orcid.org/0000-0002-9211-6160
http://orcid.org/0000-0003-3199-1268
http://orcid.org/0000-0002-1862-6867
http://orcid.org/0000-0002-1862-6867


REFERENCES
1. Aspley S, Shephard A, Schachtel E, Sanner K, Savino L,

Schachtel B. Efficacy of flurbiprofen 8.75 mg lozenge in pa-
tients with a swollen and inflamed sore throat. Curr Med Res
Opin. 2016;32(9):1529‐1538.

2. Sykes EA, Wu V, Beyea MM, Simpson MTW, Beyea JA.
Pharyngitis: approach to diagnosis and treatment. Can Fam
Physician. 2020;66(4):251‐257.

3. Shulman ST, Bisno AL, Clegg HW, et al. Clinical practice
guideline for the diagnosis and management of group A
streptococcal pharyngitis: 2012 update by the Infectious Dis-
eases Society of America. Clin Infect Dis. 2012;55(10):
1279‐1282.

4. Yoon YK, Park CS, Kim JW, et al. Guidelines for the antibiotic
use in adults with acute upper respiratory tract infections.
Infect Chemother. 2017;49(4):326‐352.

5. Farrer F. Sprays and lozenges for sore throats. S Afr Pharm J.
2011;78(4):26‐31.

6. Group ESTG, Pelucchi C, Grigoryan L, et al. Guideline for the
management of acute sore throat. Clin Microbiol Infect. 2012;
18(Suppl 1):1‐28.

7. Schachtel B, Aspley S, Shephard A, Shea T, Smith G,
Schachtel E. Utility of the sore throat pain model in a
multiple‐dose assessment of the acute analgesic flurbiprofen: a
randomized controlled study. Trials. 2014;15:263.

8. Williams K, Roman J. Studying human respiratory disease in
animals‐‐role of induced and naturally occurring models.
J Pathol. 2016;238(2):220‐232.

9. Pampaloni F, Reynaud EG, Stelzer EH. The third dimension
bridges the gap between cell culture and live tissue. Nat Rev
Mol Cell Biol. 2007;8(10):839‐845.

10. Sheasgreen J, Klausner M, Kandarova H, Ingalls D. The
MatTek story—how the three Rs principles led to 3‐D tissue
success! Altern Lab Anim. 2009;37(6):611‐622.

11. Al‐Sayed AA, Agu RU, Massoud E. Models for the study of
nasal and sinus physiology in health and disease: a review of
the literature. Laryngoscope Investig Otolaryngol. 2017;2(6):
398‐409.

12. Edouard S, Million M, Bachar D, et al. The nasopharyngeal
microbiota in patients with viral respiratory tract infections is
enriched in bacterial pathogens. Eur J Clin Microbiol Infect
Dis. 2018;37(9):1725‐1733.

13. Doyle WJ, Boehm S, Skoner DP. Physiologic responses to in-
tranasal dose‐response challenges with histamine, methacho-
line, bradykinin, and prostaglandin in adult volunteers with
and without nasal allergy. J Allergy Clin Immunol. 1990;86
(6 Pt 1):924‐935.

14. Proud D, Reynolds CJ, Lacapra S, Kagey‐Sobotka A,
Lichtenstein LM, Naclerio RM. Nasal provocation with bra-
dykinin induces symptoms of rhinitis and a sore throat. Am
Rev Respir Dis. 1988;137(3):613‐616.

15. Pang L, Knox AJ. Bradykinin stimulates IL‐8 production in
cultured human airway smooth muscle cells: role of cycloox-
ygenase products. J Immunol. 1998;161(5):2509‐2515.

16. Rodgers HC, Pang L, Holland E, Corbett L, Range S, Knox AJ.
Bradykinin increases IL‐8 generation in airway epithelial cells
via COX‐2‐derived prostanoids. Am J Physiol Lung Cell Mol
Physiol. 2002;283(3):L612‐L618.

17. Rees GL, Eccles R. Sore throat following nasal and orophar-
yngeal bradykinin challenge. Acta Otolaryngol. 1994;114(3):
311‐314.

18. Jug M, Hafner A, Lovrić J, et al. An overview of in vitro dis-
solution/release methods for novel mucosal drug delivery
systems. J Pharm Biomed Anal. 2018;147:350‐366.

19. Futaki N, Takahashi S, Yokoyama M, Arai I, Higuchi S,
Otomo S. NS‐398, a new anti‐inflammatory agent, selectively
inhibits prostaglandin G/H synthase/cyclooxygenase (COX‐2)
activity in vitro. Prostaglandins. 1994;47(1):55‐59.

20. Huang S, Wiszniewski L, Constant S. The use of in vitro 3D
cell models in drug development for respiratory diseases. Drug
discovery and development ‐ present and future; 2011:169–190.
https://doi.org/10.5772/28132

21. Iverson E, Kaler L, Agostino EL, Song D, Duncan GA,
Scull MA. Leveraging 3D model systems to understand viral
interactions with the respiratory mucosa. Viruses. 2020;12(12):
1425.

22. Kia'i N, Bajaj T. Histology, respiratory epithelium. Treasure
Island, FL: StatPearls Publishing; 2020.

23. Sayed N, Liu C, Wu JC. Translation of human‐induced plur-
ipotent stem cells: from clinical trial in a dish to precision
medicine. J Am Coll Cardiol. 2016;67(18):2161‐2176.

24. Balogh Sivars K, Sivars U, Hornberg E, et al. A 3D Human
airway model enables prediction of respiratory toxicity of in-
haled drugs in vitro. Toxicol Sci. 2018;162(1):301‐308.

25. Edwards WP. Royal Society of Chemistry (Great Britain). The
science of sugar confectionery. 166. Cambridge: Royal Society of
Chemistry; 2000:px.

26. Kim SY, Chang YJ, Cho HM, Hwang YW, Moon YS. Non‐
steroidal anti‐inflammatory drugs for the common cold.
Cochrane Database Syst Rev. 2015;9:CD006362

27. Fisman EZ, Grossman E, Motro M, Tenenbaum A. Clinical
evidence of dose‐dependent interaction between aspirin and
angiotensin‐converting enzyme inhibitors. J Hum Hypertens.
2002;16(6):379‐383.

28. Tenenbaum A, Grossman E, Shemesh J, Fisman EZ, Nosrati I,
Motro M. Intermediate but not low doses of aspirin can sup-
press angiotensin‐converting enzyme inhibitor‐induced
cough. Am J Hypertens. 2000;13(7):776‐782.

29. Brash AR. Arachidonic acid as a bioactive molecule. J Clin
Invest. 2001;107(11):1339‐1345.

30. Bisgaard H. Role of leukotrienes in asthma pathophysiology.
Pediatr Pulmonol. 2000;30(2):166‐176.

31. Chan TA, Morin PJ, Vogelstein B, Kinzler KW. Mechanisms
underlying nonsteroidal antiinflammatory drug‐mediated
apoptosis. Proc Natl Acad Sci USA. 1998;95(2):681‐686.

32. Störmann P, Auner B, Schimunek L, et al. Leukotriene B4
indicates lung injury and on‐going inflammatory changes after
severe trauma in a porcine long‐term model. Prostaglandins
Leukot Essent Fatty Acids. 2017;127:25‐31.

33. McCain RW, Holden EP, Blackwell TR, Christman JW. Leu-
kotriene B4 stimulates human polymorphonuclear leukocytes
to synthesize and release interleukin‐8 in vitro. Am J Respir
Cell Mol Biol. 1994;10(6):651‐657.

34. Le Bel M, Brunet A, Gosselin J. Leukotriene B4, an en-
dogenous stimulator of the innate immune response against
pathogens. J Innate Immun. 2014;6(2):159‐168.

1334 | LEYVA‐GRADO ET AL.

https://doi.org/10.5772/28132


35. Thoren S, Jakobsson PJ. Coordinate up‐ and down‐regulation
of glutathione‐dependent prostaglandin E synthase and
cyclooxygenase‐2 in A549 cells. Inhibition by NS‐398 and
leukotriene C4. Eur J Biochem. 2000;267(21):6428‐6434.

36. Huang M, Stolina M, Sharma S, et al. Non‐small cell lung
cancer cyclooxygenase‐2‐dependent regulation of cytokine
balance in lymphocytes and macrophages: up‐regulation of
interleukin 10 and down‐regulation of interleukin 12 pro-
duction. Cancer Res. 1998;58(6):1208‐1216.

37. Takai E, Tsukimoto M, Kojima S. TGF‐beta1 downregulates
COX‐2 expression leading to decrease of PGE2 production in
human lung cancer A549 cells, which is involved in fibrotic
response to TGF‐beta1. PLOS One. 2013;8(10):e76346.

38. Van de Veerdonk FL, Netea MG, Van Deuren M, et al.
Kallikrein‐kinin blockade in patients with COVID‐19 to pre-
vent acute respiratory distress syndrome. eLife. 2020;9:9.

39. Garvin MR, Alvarez C, Miller JI, et al. A mechanistic model
and therapeutic interventions for COVID‐19 involving a RAS‐
mediated bradykinin storm. eLife. 2020;9:9.

40. Chow JH, Khanna AK, Kethireddy S, et al. Aspirin use is
associated with decreased mechanical ventilation, ICU ad-
mission, and in‐hospital mortality in hospitalized patients
with COVID‐19. Anesth Analg. 2020;132:930‐941.

41. Hogman M, Mork AC, Roomans GM. Hypertonic saline in-
creases tight junction permeability in airway epithelium. Eur
Respir J. 2002;20(6):1444‐1448.

42. Schwartz L, Guais A, Pooya M, Abolhassani M. Is inflammation
a consequence of extracellular hyperosmolarity? J Inflamm.
2009;6:21.

How to cite this article: Leyva‐Grado V, Pugach
P, Sadeghi‐Latefi N. A novel anti‐inflammatory
treatment for bradykinin‐induced sore throat or
pharyngitis. Immun Inflamm Dis. 2021;9:
1321‐1335. https://doi.org/10.1002/iid3.479

LEYVA‐GRADO ET AL. | 1335

https://doi.org/10.1002/iid3.479



