
Research Article

Open camera or QR reader and
scan code to access this article

and other resources online.

Sodium Pyruvate Nasal Spray Reduces the Severity
of Nasal Inflammation and Congestion in Patients

with Allergic Rhinitis
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Abstract

Background: As an anti-inflammatory and antioxidant, sodium pyruvate significantly reduces inflammatory
cytokines and oxygen radicals such as interleukin (IL) IL-6, IL-8, Monocyte Chemoattractant Protein-1, and
hydrogen peroxide. Thus, sodium pyruvate holds promise as a treatment for many respiratory diseases, includ-
ing allergic rhinitis (AR). Novel treatments for AR are needed as current medications, including steroids, often
fail to treat severe symptoms.
Methods: The data from five human clinical studies were analyzed to determine the effect of 20 mM sodium
pyruvate nasal spray (N115) in patients with AR. Nasal inflammation scores were compared to a placebo con-
trol or a no-treatment baseline control. Three studies were open-labeled and two were appropriately blinded to
both patients and clinicians using computer randomization of subjects.
Results: The intranasal administration of sodium pyruvate significantly improved nasal inflammation scores in
all five clinical trials of patients with AR ( p < 0.0001 in all trials).
Conclusions: These results give credence to the overall ability of sodium pyruvate, administered by nasal spray,
to treat inflammation of the nasal airways.
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Introduction

Elevated levels of reactive oxygen species (ROS)
induce a variety of pathological changes that are highly

relevant in airway mucosa.1,2 These changes include lipid
peroxidation, increased airway reactivity, increased nasal
mucosal sensitivity and secretions, production of chemo-
attractant molecules, increased vascular permeability, and
congestion.1–7 Hydrogen peroxide is known to increase
inflammatory cytokines, including interleukin (IL)-6 in
both the nasal cavity and lungs.1,8,9 Our group has previ-
ously demonstrated that proinflammatory cytokine levels
were decreased by treatment with sodium pyruvate, which
correlated with decreased ROS.10 Furthermore, the inha-
lation of sodium pyruvate in mice produced statistically

significant reductions in IL-6 and IL-1b over the inhalation
of saline.11

Allergic rhinitis (AR) is a type I hypersensitivity reac-
tion mediated by immunoglobulin E responses to specific
inhaled antigens.12 Although not generally life threatening,
AR can significantly impact quality of life and can exacer-
bate other diseases like chronic obstructive pulmonary dis-
ease (COPD). In fact, 40%–80% of COPD patients have
nasal symptoms, including AR.13 Thus, treatment of AR has
the potential to impact other respiratory diseases too. AR is
typically treated with over-the-counter medications, includ-
ing antihistamines and topical nasal decongestants.12 How-
ever, rebound AR can happen with prolonged use of
decongestants.14 Therefore, new therapeutic avenues are
needed to treat this chronic disease.
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One potential add-on therapeutic option to current ther-
apies for AR is to administer early and sufficient doses of
antioxidants to strengthen the body’s antioxidant defenses.
This can play a major role in prevention and intervention of
inflammatory responses.15,16 Clinically, sodium pyruvate
has a good safety profile and has been given to patients
for a variety of disorders ranging from Friedreich’s ataxia17

to open heart operations.18 It has been administered via
several routes, including intravenous,18 topical administra-
tion,19 dietary supplementation,20 and intranasally.15,16 The
purpose of the five studies presented here was to test the
therapeutic value of sodium pyruvate to improve nasal
inflammation in patients with AR.

Methods

Clinical trials

Informed consent was obtained before enrollment in all
five studies. The studies have been performed with ad-
herence to applicable ICH guideline E6 for Good Clinical
Practice and Requirements provided for in 21 CRF parts 50
and 56 and in accordance to standard operating procedures
and applicable protocols. All studies were performed under
FDA approved protocols, and all data were submitted and
subsequently reviewed for safety and efficacy by the FDA
under FDA IND 50089. There were 311 patients partici-
pating in 5 different clinical trials (Table 1). Specific details
for each trial are given below. If the patients were using
other nasal sprays as part of their normal therapy, those
nasal sprays were eliminated. For all studies, during the
initial visit, a medical history was obtained and physi-
cal examination performed by a staff physician. Blood was
collected and routine analysis performed. Vital signs (pulse
rate, respiratory rate, and blood pressure) were monitored,
and a urine pregnancy test was given to all women of
childbearing age. Inclusion criterion for all studies was a
clinical diagnosis of AR. For all studies, the exclusion cri-
teria were as follows:

1. Lung diseases other than COPD or pulmonary fibrosis.
2. Clinically significant cardiac disease, including uncon-

trolled congestive heart failure and unstable angina.
3. Pregnancy.
4. Females of childbearing potential age not on adequate

contraception.
5. Lactating females.
6. Systemic corticosteroid treatment within one month

of screening visit.

7. Inhaled corticosteroid treatment within 15 days of
screening visit.

8. Younger than 18 years of age (except study 3, where
the exclusion was younger than 12 years of age).

9. Hospitalization within last 6 months due to acute
exacerbation of airway disease.

10. Escalating dose of immunotherapy.
11. Clinically significant abnormal chest X-ray within the

past 12 months.
12. Medication changes within 1 month.
13. Participation in another investigational drug treat-

ment study within the last month.
14. Current history of alcohol or recreational drug abuse.
15. Use of vitamins with antioxidant properties (E or C)

or dietary supplements containing pyruvate within 24
hours before the screening visit.

Studies 1–5. In these five studies, patients (Table 1) used
a 20 mM sodium pyruvate nasal spray in 0.9% sodium chloride
with 0.02% benzalkonium chloride, pH 7.2 (N115). They were
compared to either a baseline no treatment (NT) control (trials
1 and 2) or a placebo control with 0.9% saline and 0.02%
benzalkonium chloride (trials 3–5). Both N115 and saline
controls were delivered by a Mistette Mark II (MeadWestva-
co, Richmond, VA, USA) nasal spray pump that delivers a
0.1 mL metered dose from a 30 mL polypropylene bottle.

Subjects were removed from their regular nasal sprays
(mostly steroids) and given N115 or saline nasal spray to use
during the trials. The subjects were instructed that they could
only use the study-issued nasal spray during the test period. In
addition, they were instructed to contact laboratory staff im-
mediately if they experienced any problems or adverse events.
Before, and at the end of the study period, the subjects’ nostrils
were examined by a registered nurse for mucosal fragility,
lesions, erythema, and edema using a rhinoscope. Nasal
characteristics were rated on a five-point scale from zero to
four. Rating = 0 (No Inflammation or Erythema), 0.5 (Barely
Perceptible), 1 (Mild Inflammation or Erythema), 2 (Moderate
Inflammation or Erythema), 3 (Marked Inflammation or Er-
ythema), and 4 (Severe Inflammation or Erythema).

1. Study 1: The study was a phase I, open-label, baseline-
controlled trial conducted at Consumer Product Test-
ing, Fairfield, NJ, USA, and ST&T Clinical Research
Center, San Francisco, CA, USA. Each patient’s nasal
passages were evaluated at baseline. Then, the patients
self-administered N115 nasal spray, 2–3 sprays per

Table 1. Patient Demographics and Study Design

Study Gender Age, average (range) Patient’s stated ethnicity Study design

1 F = 9
M = 9

54 (21–76) Caucasian = 13
Hispanic = 2
Black = 3

Open-label baseline control

2 F = 11
M = 6

49 (28–81) Caucasian = 15
Hispanic = 2

Open-label baseline control

3 F = 71
M = 59

36 (12–78) Hispanic = 22 Black = 11
Asian = 3 Caucasian = 94

Double-blind placebo-control

4 F = 41
M = 39

46 (18–62) Asian = 63
Caucasian = 37

Open-label placebo-control

5 F = 34
M = 26

52 (19–79) Asian = 29
Caucasian = 31

Double-blind placebo-control
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nostril, 3 times daily, for 1 week, and nasal inflam-
mation was reevaluated on day 7. Patients completed a
patient log to verify adherence to the protocol. Eigh-
teen subjects with a clinical diagnosis of AR were
enrolled, and all completed the study successfully.

2. Study 2: The study was a phase I, open-label, baseline-
controlled trial conducted at Consumer Product Test-
ing, Fairfield, NJ, USA, and ST&T Clinical Research
Center, San Francisco, CA, USA. Each patient’s nasal
passages were evaluated at baseline. Then, the patients
self-administered N115 nasal spray, 2–3 sprays per
nostril, 3 times daily, for 1 week, and nasal inflam-
mation was reevaluated on day 7. Patients completed a
patient log to verify adherence to the protocol. Twenty
patients with a clinical diagnosis of AR were enrolled
in the study, but three did not complete treatment
because of noncompliance (failed to use product daily
as instructed and/or missing data). Thus, only 17 pati-
ents had complete data for the data analysis.

3. Study 3: Patients were enrolled in a double-blinded,
computer randomized, placebo-controlled phase II/III
study conducted at Consumer Product Testing, Fairfield,
NJ, USA, and ST&T Clinical Research Center, San
Francisco, CA, USA. Product and placebo packaging
were numbered so that patients and clinicians were
blinded to the treatment. Two hundred patients with a
clinical diagnosis of AR were recruited and 146 com-
pleted prescreening. Another 16 did not comply with
instructions and used another nasal spray the day before
or in the morning of testing. No data were collected
from these patients. Thus, 130 completed the study with
saline placebo or N115 (65 patients per group).

All patients were initially treated with 2–3 sprays of
saline nasal spray per nostril and baseline nasal inflamma-
tion measurements were obtained. After 1 hour, 65 patients
were treated with 2–3 sprays of saline again and 65 patients
were treated with 2–3 sprays of N115, and their nasal
inflammation scored again after 1 more hour. All treatments
were performed, and data collected in the clinic.

4. Study 4: The study was an open-label placebo-
controlled phase II/III study conducted at the Depart-
ment of Otolaryngology, North China Hospital,
Beijing, China. Patients with a clinical diagnosis of
AR were randomized into two groups; 38 patients
were treated with saline, and 42 patients were treated
with N115. Each patient’s nasal inflammation was eval-
uated at baseline. Then, the patients self-administered
either N115 nasal spray or saline placebo, 2–3 sprays
per nostril, 3 times daily, for 1 week, and nasal inflam-
mation was reevaluated on day 7. Patients completed a
patient log to verify adherence to the protocol. Of the 88
originally enrolled, 8 subjects failed to complete the trial
(use of other medications or missing data) and the in-
complete data prevented their inclusion in the analysis.

5. Study 5: Patients with a clinical diagnosis of moderate
AR were enrolled in a double-blind placebo-controlled
phase II/III study conducted at Nanjing Hospital of
Chinese Medicine (NHCM), Jiangsu Province, China.
Product and placebo packaging were numbered so that
patients and clinicians were blinded to the treatment
using a computer-generated randomized number set.

Thirty patients received N115 and 30 received saline
placebo control. Each patient’s nasal inflammation was
evaluated at baseline. The patients then self-administered
either N115 nasal spray or saline placebo, 2–3 sprays per
nostril, 3 times daily, for 1 week, and nasal inflammation
was reevaluated on day 7. Patients completed a patient
log to verify adherence to the protocol. Of the 64 patients
enrolled, 60 completed the study and were included in
the data analysis. Four of the patients had missing in-
formation and could not be included.

Statistical analyses

All statistical analyses were performed using GraphPad
Prism 6. The primary endpoint for all five trials was nasal
inflammation score. Statistical analysis was performed using
a paired (trial 1–2) or unpaired (trial 3–5) two-tailed Stu-
dent’s t-tests. The data are presented as the mean – standard
deviation, and p < 0.05 was considered statistically signifi-
cant. Analyses for specific data sets are indicated in Table 2.

Results

Reduction of nasal inflammation and congestion in five
human studies of N115

Study 1: Significant improvements in nasal inflammation
were observed on day 7 of N115 treatment. Patients also
reported that the nasal spray relieved nasal congestion
immediately upon use. Pretreatment nasal inflammation
scores were 2.35 – 0.57 and N115 posttreatment scores
were 1.09 – 0.58 ( p < 0.0001) (Table 2).
Study 2: Significant improvements in nasal inflamma-
tion were also observed on day 7 in this trial. Patients
further reported that the nasal spray relieved nasal con-
gestion upon use. Pretreatment nasal inflammation scores
were 3.45 – 0.70 and N115 posttreatment scores were
2.05 – 0.60 ( p < 0.0001) (Table 2).
Study 3: One-hour posttreatment, the N115 sodium
pyruvate nasal spray significantly reduced nasal inflam-

Table 2. Nasal Inflammation and Congestion

with 20 mM Sodium Pyruvate Nasal Spray (N115)

Clinical trial
(patient
numbers)

Nasal inflammation
and congestion scores

pN115 Control

1. AR (18) 1.09 (– 0.58) 2.35 (– 0.57) N.T. <0.0001
2. AR (17) 2.05 (– 0.60) 3.45 (– 0.70) N.T. <0.0001
3. AR (65/65) 0.77 (– 0.9) 2.08 (– 1.0) saline <0.0001
4. AR (42/38) 2.0 (– 1.0) 3.57 (– 0.9) saline <0.0001
5. AR (30/30) 0.98 (– 0.39) 2.8 (– 0.68) saline <0.0001
Total (311)

The data listed were collected over multiple years and include
data from five nasal spray clinical trials. Patients presented with
mild to severe AR with inflammation, edema, erythema, and
congestion. The data are compared to either the baseline measure-
ments (NT = no treatment) or against a saline placebo control
(saline). The severity of nasal inflammation was scored on a scale of
0–4 with 4 being the worst. Statistical analysis was performed using
a paired two-tailed Student’s t-test for studies 1–2 and an unpaired
two-tailed Student’s t-test for studies 3–5. p < 0.05 was considered
statistically significant.

AR, allergic rhinitis.
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mation and congestion when compared to the saline pla-
cebo, with most patients obtaining relief from congestion
in 30 seconds or less. The saline posttreatment nasal
inflammation scores were 2.08 – 1.0 and the N115 post-
treatment scores were 0.77 – 0.9 ( p < 0.0001) (Table 2).
Study 4: After 7 days, saline placebo-treated patients had
nasal inflammation scores of 3.57 – 0.9 and the N115-treated
patients had scores of 2.0 – 1.0. ( p < 0.0001) (Table 2).
Study 5: The nasal inflammation scores of saline placebo
treated patients on day 7 were 2.8 – 0.68 and N115-treated
patients had scores of 0.98 – 0.39 ( p = 0.0001) (Table 2).

No adverse reactions were reported in any of these trials.

Discussion

We previously showed in Pulmonary Fibrosis patients
that treatment with N115 nasal spray for 21 days signifi-
cantly improved nasal inflammation.15 Here, we demon-
strate that sodium pyruvate can also decrease inflammation
in the nasal tissues in five clinical trials with AR patients.
Importantly, in study 3, sodium pyruvate treatment signifi-
cantly improved nasal inflammation with a single treatment
within 1 hour. The data presented have some limitations.

Studies 1, 2, and 4 were open-labeled studies. Also,
patients were compared to a baseline and not a saline
placebo control in studies 1 and 2. Although bias is a con-
founding factor in these studies, the data are still informative
as they agree with the data in studies 3 and 5, where clinical
staff and patients were blinded (patients were assigned to
groups by computer randomization), and a saline placebo
was used as a control. Therefore, the totality of the results
from the five studies reported here suggests that sodium
pyruvate can improve nasal inflammation.

The association between chronic inflammation and oxi-
dative stress is well documented.3–7 ROS such as superoxide
anion, peroxynitrite, free hydroxyl radical, and hydrogen
peroxide are toxic to various mammalian tissues,21 includ-
ing the lungs,22–24 and have been implicated in many human
diseases.25 One of the body’s natural endogenous antioxi-
dants is sodium pyruvate. It is secreted by cells, readily
enters cells, and can react with oxygen radicals and peroxide
to ‘‘detoxify’’ them.26–28 Sodium pyruvate has protective
antioxidant activity28–32 and can protect organs from dam-
age caused by oxygen radicals.33,34 Sodium pyruvate is also
known to prevent nitric oxide from reacting with hydrogen
peroxide producing toxic peroxynitrite and both are elevated
in AR causing inflammation and congestion.4–7

Based on our previous findings that sodium pyruvate can
decrease ROS,10 we propose this as a possible mecha-
nism for reducing inflammation in AR patients. Additional
double-blinded, placebo-controlled trials are needed in the
future to confirm these findings. Further studies are also
needed to confirm the antioxidant mechanism for reducing
nasal inflammation by examining ROS in nasal passages as
well as inflammatory cytokines.

In conclusion, these five human trials demonstrate that
nasal administration of sodium pyruvate (N115) has poten-
tial for treating AR. These findings could also have an
impact on the treatment of COPD, pulmonary fibrosis,
COVID-19, and long COVID, since patients with these dis-
eases often suffer from nasal inflammation.13,15,16
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