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Highlights 

                  



 

 Efficacy and safety of Nitric Oxide (NO) lozenges was evaluated in symptomatic 

COVID-19 outpatients. 

 Patients self-identified as Hispanic or African American at high risk were studied. 

 NO lozenges did not mitigate disease severity. 

 NO lozenges did not reduce hospitalization, ICU admission or death. 

 NO lozenges were well tolerated. 

 

Abstract 

BACKGROUND: The study was initiated in 2020 to test the efficacy of a nitric oxide 

generating lozenge (NOL) in outpatients with newly diagnosed COVID-19 to mitigate 

disease severity. The study enrolled high risk patients, African American and Latino. 

METHODS: This was a randomized, double blinded, prospective, placebo controlled 

trial. The primary endpoint was hospitalization, ICU admission, intubation, dialysis and 

death. The secondary endpoints were time to symptom resolution and the effect on 

oxygen saturation. Patients ages 50-85 with recent COVID-19 diagnosis with at least 

one risk factor were recruited.  Patients were randomized either to active treatment or 

placebo using block randomization. Blood pressure and oxygen saturation (SpO2) was 

measured before and after the first dose and each AM thereafter.  

RESULTS: A total 840 patients was planned, half in the lozenge and placebo groups. 

An interim review of data was pre-specified. After 524 patients the composite endpoint 

occurred in 6 patients, 3 (1.1%) in each group. The time to symptom resolution was one 

                  



day shorter on active treatment (8.7±6.6 versus 9.8±6.8 days) (p=0.3). There was no 

change in SpO2 on placebo (0.0±2.0%) and no significant change on treatment 

(0.14±0.9%), p=0.3.  All events occurred in the first year (2020). 

CONCLUSIONS: This study did not find a benefit of NOL therapy in COVID-19 patients 

and was terminated for futility. NOL treatment did not reduce mortality, hospitalization, 

intubation or a reduction in symptoms duration. The study did find the NO lozenges 

were well tolerated in high risk patients without reported side effects.  
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INTRODUCTION 

 The coronavirus disease 2019 (COVID-19) was first identified in December 2019 

in Wuhan, China. It causes a severe acute respiratory syndrome, coronavirus 2 (SARS-

CoV-2) and by early 2020 became a pandemic. The virus spread to Europe and then to 

the USA. The first case in the USA was identified in March 2020. According to the CDC, 

by the end of 2022, there were over 100 million documented cases of COVID-19 with 

more than 1 million (1,088,481) deaths in the United States.(1) The virus mutates 

frequently and variants have developed with different transmissibility and ability to 

cause varying frequency of disease, hospitalization and death. Three waves of COVID-

19 have occurred in the USA and a fourth wave may be developing in Europe.  

 In 2020, during the first wave, there were no proven treatment options, as well as 

no vaccines. The population was naïve for SARS-CoV-2.  The virus proved to be very 

infectious causing sever COVID-19 illness with high rate of hospitalizations and death. 

Early reports from China indicated that complications were more common in 

hospitalized patients with cardiac disease.  Patients with cardiac injury had a higher 

mortality than those without cardiac disease (51.2% versus 4.5%, p < .001).(2) It became 

apparent that a number of underlying medical conditions can increase the risk of severe 

COVID-19-associated illness, including chronic kidney disease, chronic obstructive 

pulmonary disease (COPD), atherosclerotic heart disease, diabetes, and obesity.(3) 

 In 2020, due to lack of effective treatment, efforts were undertaken to mitigate the 

disease severity and prevent hospitalization, mechanical ventilation and death. Attempts 

were made to repurpose a number of generic drugs to treat COVID-19 illness, to reduce 

                  



the severity of the disease. Studies were also initiated that employed inhaled nitric oxide 

to treat intubated patients.(4) 

 Inhaled nitric oxide has been shown to be effective and has an approved 

indication to manage and treat hypoxic respiratory failure or persistent pulmonary 

hypertension in term and near-term neonates.(5,6) However, nitric oxide is not approved 

in the U.S. to treat adult respiratory distress syndrome (ARDS) In a randomized, double-

blind, parallel study in patients with various etiologies of ARDS acute improvements in 

oxygenation were observed, but there was no effect of nitric oxide on the primary 

endpoint of days alive or days off ventilator support.(6) Off label use of nitric oxide as a 

rescue therapy has been employed in ARDS with refractory hypoxemia and pulmonary 

hypertension, (7,8,9) as well as in the management of oxygenation and pulmonary 

hypertension during lung or heart transplantation, and as a treatment for acute right 

ventricular failure after cardiotomy and cardiopulmonary bypass.(10,11) Based on a meta-

analysis, inhaled nitric oxide was not associated with a mortality benefit in patients with 

ARDS, but it had a transient positive effect on oxygenation. Based on these 

observations it was felt NO therapy may benefit patients with COVID precipitated 

ARDS.(9) Studies have been initiated with inhaled nitric oxide for the management of 

moderate to severe ARDS in patients with COVID-19.  A search of ClinicalTrials.gov 

shows that 22 studies have been registered treating COVID-19 with inhaled nitic oxide. 

The results of these studies were not known at the time of the initiation of this study.  

Results of controlled clinical trials on NO both retrospective and observational have 

been published. Most report that inhaled nitric oxide improves oxygenation in critically ill 

patients with COVID-19, but conflicting results have been reported in terms of a 

                  



mortality benefit.(6,12,13,14,15,16,17) 

 Nitric oxide is produced in the human body and found in many different kinds of 

cells and organ systems.  It is considered one of the most protective molecules in 

man.(18)  Acute respiratory distress syndrome (ARDS) is a severe late complication with 

COVID-19 which can also result in pulmonary hypertension and increased 

intrapulmonary shunting of blood from hypoventilated regions.(19) Nitric oxide plays a 

role in maintaining the integrity of vascular system and has the capability to produce 

pulmonary vasodilation by relaxation of smooth muscle cells that increases blood 

flow.(13,19,20)  Furthermore, NO has been shown to be necessary for efficient oxygen 

delivery by hemoglobin especially during periods of hypoxia.(21)  Nitric oxide has a 

beneficial effect on immune system, and has anti-viral activity. NO was reported to alter 

the surface protein of SARS-CoV-1 (spike protein) preventing attachment to the ACE2 

receptor, blocking entry into cell.(22)  Nitric oxide also decreases the propensity of blood 

to clot, (23) a problem leading to multi-system damage in patients with severe COVID-19 

illness. Considering all these factors it was hypothesized that increasing NO levels in 

patients with COVID-19 would have a salutatory benefit.   

 In this study, a unique method was used to increase the patient’s nitric oxide 

level by employing a novel nitric oxide generating lozenge using sodium nitrite as the 

active pharmaceutical ingredient.   

 This clinical trial aimed to test the efficacy of the nitric oxide lozenge in 

outpatients with newly diagnosed COVID-19 in preventing progression of disease, 

reducing the need for hospitalization, mechanical ventilation and decreasing death. The 

study was initiated in 2020, during the first wave of the COVID-19 pandemic. 

                  



 

METHODS 

 

Trial Design 

This study was a randomized, double blinded, prospective, placebo controlled clinical 

trial conducted under an Investigational New Drug Application (IND# 150758). The 

Study was approved by Solution IRB (Yarnell, AZ) and registered at ClinicalTrials.gov 

(ClinicalTrials.gov Identifier: NCT04601077). The study was performed in the United 

States and involved 30 screening centers that initially screened the patients and then 

the patients were followed by a Central Coordinating Center which contacted the 

patients 2 to 3 times a week for 30 days. The objective of the study was to determine 

the safety and efficacy of NOviricid™, an orally disintegrating sodium nitrite lozenge (30 

mg) that generates NO in patients (not hospitalized) with a diagnosis of COVID-19. The 

study drug and placebo were provided by the sponsor, Nitric Oxide Innovations, LLC.  

 

The NO lozenge dose was selected on the basis of the lack of significant side effects 

with a 20 mg supplement dose and the prior anti-hypertensive activity of a 30 mg 

lozenge dose. 

 

 The study had two phases. The first phase was a pilot study including 100 

patients and aimed to evaluate the safety and tolerability of NOviricid™. Because no 

signal suggesting a safety concern was seen in this phase, the study continued to the 

second phase. The primary objective of the second phase was to determine the 

                  



effectiveness of the sodium nitrite lozenge in reducing the composite primary endpoint 

of hospitalization, intubation, ICU admission, dialysis and death in patients with a 

diagnosis of COVID-19. The secondary efficacy endpoints included the effect of 

treatment on time to symptom resolution and the effect of treatment on oxygen 

saturation compared to placebo. Per protocol, patients of the pilot study were included 

in the second phase of the trial.  The pilot study was identical to the continuation trial in 

terms of entry criteria and data collection. 

 

Study population 

 The selection of the study population was based on the desire to enrich the study 

population with high risk patients for hospitalization and death.  Reports from the U.S. 

database compiled by CDC reported mortality from COVID-19 to have a racial 

disparity.(24)  A disproportionate number of COVID-19 fatalities among African 

Americans and Hispanics has been reported.  African Americans have a high incidence 

of comorbidities including pre-existing and often untreated cardiovascular conditions.(25)  

The Hispanic population also has a high incidence of comorbidities such as diabetes 

and hypertension and is also at higher risk for hospitalization and death than the 

Caucasian population as noted in a CDC report (03/06/2021) Table 1.(26) 

 The original protocol aimed to enroll African American patients only. However, 

the enrolment was slower than projected. The protocol was amended to include 

Hispanic patients who were also at higher risk. Thus, the final target population included 

self-identified African American and Hispanic patients. To be eligible for this study, the 

patient had to give voluntary written informed consent to participate in the study; self 

                  



identify as African American or Hispanic; age 50-85 with recent COVID-19 diagnosis 

(positive PCR testing, or other FDA approved rapid testing within 72 hours); being 

symptomatic (fever, cough, shortness of breath, weakness, or other flu-like symptoms); 

having at least one risk factor (history of hypertension (BP> 140/90), congestive heart 

failure, angina, prior myocardial infarction (MI), coronary artery disease diagnosed by 

angiography with at least one significantly occluded vessel, diabetes mellitus, obesity, 

or smoking (for at least 5 years); and agreeing  to comply with study procedures 

(recording oximeter and blood pressure  readings in a diary and responding to calls 3 

times per week for follow up).   

The exclusion criteria included:  Females who were pregnant, breastfeeding or planned 

to become pregnant during the course of the study. Patients unresponsive or unable to 

take medications by mouth (NPO).  Individuals who are cognitively impaired and/or who 

are unable to give informed consent.  Blood pressure below 110 mmHg systolic and 60 

mmHg diastolic on entry into study.  History of syncope or symptoms of orthostatic 

hypotension.  History of methemoglobinemia. 

 

Sample Size 

It was estimated that 420 patients in each of the two study groups would provide 80% 

power to show a 20% decrease in the primary composite endpoint with the active 

treatment to be statistically significant at a two-sided alpha error of 0.05 (p<0.05). 

Enrolment of a total 840 patients was planned, 420 in the nitrite (NO) group and 420 in 

the placebo group. 

 

                  



Study Procedures 

 

Randomization 

At screening, patients upon diagnosis of COVID-19 were asked to participate in the 

study, read and then sign the Informed Consent. This was followed by a brief review of 

medical history, concomitant therapies, and eligibility based on the inclusion and 

exclusion criteria. If the patient was eligible for the study, the patient was randomized 

either to active treatment or placebo using block randomization. The sodium nitrite 

lozenge and placebo tablets looked identical and the containers were coded. The 

patients and study personnel were blinded to the identity of the study drugs. 

 

Interventions 

Subjects were given a supply of study drug for 30 days (60 lozenges) and were 

instructed to take one lozenge twice daily approximately 12 hours apart. If a dose was 

missed, the next dose was to be taken at the next regular scheduled interval. Patients 

were instructed not to take more than 2 lozenges per day. The first dose of study drug 

was taken with 1 hour of observation to determine if hypotension developed. Blood 

pressure and oxygen saturation was measured before and after the first dose.  Data 

collected during the screening were entered into the electronic case report form. Before 

leaving the screening site, each patient received a portable pulse oximeter, an 

automated blood pressure monitor, an electronic thermometer and were trained how to 

use the equipment. A study diary was also provided to record oxygen saturation, blood 

pressure and body temperature daily. Furthermore, the patients were instructed to 

                  



record problems with the study drug use, changes in concomitant therapies, and any 

side effects or changes in their current condition. Participants were called at least twice 

a week by the study center and at 30 days. Patient’s diary readings and any follow up 

information were entered in the patient’s record and then into the master electronic data 

file. Patients were also asked to contact the study center, or ask a family member to 

contact the study center for a change in their condition.  If the patient was admitted to 

hospital they were asked to provide the hospital name for follow up contact or ask a 

friend or relative to do so. 

At the end of 30 days, the patients were asked to return any unused study drug and 

their diary in a prepaid return envelope. 

 

Data analysis 

 An interim review of data was pre-specified. This included evaluating the primary 

composite endpoint. Categorical data were analyzed by Chi Square test or Fisher exact 

test. Continuous variables were analyzed by independent sample t test. A two-sided p 

value of <0.05 was considered to be statistically significant. 

 

Study Medication 

An NO generating lozenge was utilized in this study. In normal individuals 20 mg 

lozenge generates 15 ppm NO concentration. Administered every 12 hours based on 

blood pressure effects seen in hypertensive patients lasting 8-10 hours. 

 

RESULTS 

                  



 

Study Population and Outcomes 

At the time of interim analysis, a total of 524 patients have been enrolled. Study drugs 

were coded as Study Drug A and Study Drug B. A blinded analysis was performed for 

the primary composite endpoint. A total of 261 patient were randomized to Study Drug A 

and 263 to Study Drug B.  The composite primary endpoint occurred in 6 patients, 3 

were on Study Drug A and 3 were on Study Drug B, with a frequency of 1.1% of the 

patients in each group. Thus, the two study drugs (active treatment and placebo) 

showed no difference on the composite efficacy endpoint. Based on this observation, a 

decision was made to stop and unblind the study. The study was analyzed according 

the protocol, with the primary and secondary endpoints evaluated. Patient 

demographics are shown in Table 2. 

The time to symptom resolution was one day shorter in the patients receiving the active 

treatment (8.7± 6.6 versus 9.8 ± 6.8 days) but this difference was not statistically 

significant (p=0.3). Regarding the effect of the study drug on oxygen saturation 

measured a (SpO2) using a hand held oximeter, before and after the first dose of the 

study drug, there was no change with placebo (0.0 ± 2.0%) while there was a small but 

nonsignificant increase with the nitrite lozenge (0.14 ± 0.9%), p=0.3 (Table 3), 

(Supplementary source data available online). The systolic blood pressure decreased 

after the sodium nitrite lozenge (-0.4 ± 5.5 mm Hg) but the decrease was less than that 

seen after placebo (-1.6 ± 6 mm Hg), p=0.02.  Neither caused an unsafe drop in blood 

pressure. 

All primary composite endpoints occurred in the first year of the study (2020), and none 

                  



in 2021 and 2022. The study was terminated due to futility. 

 

Adverse Events 

No signs of toxicity of sodium nitrite and nitric oxide were reported. 

 

DISCUSSION 

 Coronavirus Disease 2019 (COVID-19) quickly became a worldwide pandemic 

affecting millions of people. This study was undertaken when SARS-CoV-2 a more 

virulent strain was present than the currently prevalent omicron variant. Reports from 

China and subsequently Europe and the U.S. found older patients with underlying 

cardiovascular disease more susceptible to severe infection with a higher mortality. 

Patients with diabetes and obesity were at higher risk. Early on as the disease 

progressed in the U.S. hypertension, ASHD, diabetes and obesity all were conditions 

that were associated with more severe COVID with increased hospitalization and 

death.(3) Additionally, African American and Latino patients were reported to have more 

severe disease with a higher mortality.(24,26) 

 Corona virus possesses a spike protein that is employed by the virus to enter 

cells using the angiotensin converting enzyme 2 receptor (ACE2). Nitric Oxide (NO) has 

been reported to alter the virus surface protein of SARS-1 spike protein making 

attachment to the ACE2 receptor more difficult, impeding entrance into cells.(22) 

Additionally NO has been reported to prevent replication of the SARS CoV-2 virus in 

vitro.(27) In addition NO has been reported to improve patient oxygenation.(9,21,28) 

Additional possible benefits of NO therapy are to improve vascular function(18) and to 

                  



cause endothelial relaxation.(19,29) NO has also been reported to decrease blood 

coagulation.(23) Since hypoxia, vascular dysfunction, and blood clots have all been 

reported to be adversities in patients with COVID, improvement in these conditions was 

thought to  offer potential benefits to patients and thus improve outcomes.  

 NO is naturally produced gas in man (11) and found in many different varieties of 

cells. NO is the endothelial derived relaxing factor (EDRF) first described by Furchgott 

in 1980.(19,29) NO is produced by at least two different pathways in man. One is though 

the oxidation of L-arginine by nitric oxide synthase (NOS).(30) A second pathway is a 

step wise reduction of inorganic nitrate to nitrite to NO.(31) This reductive pathway is 

dependent upon oral nitrate reducing bacteria.(32) The orally administered nitrite lozenge 

used in this study bypasses microbial breakdown progressing to a direct reduction of 

nitrite to NO. 

 The company Nitric Oxide Innovations (NOI) has developed a novel nitric oxide 

generating lozenge using sodium nitrite as the active pharmaceutical ingredient. Using 

ascorbic acid and hawthorn berry, the sodium nitrite is reduced to nitric oxide in the oral 

cavity generating 20-40 ppm NO gas as the lozenge dissolves over 5-6 minutes. The 

lozenge offers the ability to deliver NO efficiently in patients outside a hospital or 

medical facility. This study was undertaken in a high-risk population to determine if an 

oral NO treatment could modify the disease process reducing the composite endpoint of 

death, hospitalization, intensive care unit admission or intubation. We also hypothesized 

that NO therapy would improve oxygenation and shorten the duration of symptomatic 

disease. 

                  



 Unfortunately, an interim analysis revealed no difference in the primary outcome 

between treated and untreated patients. There was no significant difference in 

oxygenation and no significant difference in symptom duration. All deaths and 

hospitalizations were noted early in the study.  As the omicron variant became dominant 

in the U.S. there were no deaths or hospitalizations noted. The changing characteristics 

of the disease led to a situation where far larger numbers of patients would be needed 

to have an event rate that was initially utilized to determine the sample size of the study 

that could potentially show a 20% difference between treated and non-treated patients. 

In a rapidly evolving disease process studying efficacy of a treatment becomes quite 

difficult. A study must be initiated quickly and rapidly enroll patients. While obtaining IRB 

approval and FDA permission to proceed was quickly obtained, it was very slow to 

initiate study sites and enter African American patients during the initial stages of the 

pandemic. These observations and the difficulties seen with so many other studies 

suggest the need to develop platforms to facilitate investigation of potential therapeutic 

agents during a pandemic that creates a national emergency. 

 The current results with the 30 mg lozenge dose administered twice daily does 

not exclude the possibility of a higher more frequently administered dose of nitrite being 

effective though a much larger study would be needed. 

 

 

Limitations 

This study looked at one dosage of the NO releasing lozenge. It is possible that higher 

more frequent dosing could have been effective, Furthermore the study treated 

                  



outpatients only. Patients hospitalized with severe COVID have very different 

pathophysiology and could very well respond to NO inhalation therapy.  

 

Conclusions 

 The current study did not find a benefit of NO lozenge therapy in COVID-19 

patients. The study did find the NO lozenges were well tolerated without reported side 

effects.  Signs of toxicity of sodium nitrite and nitric oxide include hypotension 

headaches, cyanosis, and methemoglobinemia, none of which were observed.   The 

safety of the therapy suggests that NO releasing lozenges may be useful in other 

disease states that could benefit by increasing NO levels.  
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Table 1. Racial Disparity in Negative Outcomes of COVID-19 Among African 

Americans and Hispanics  

 

 

  African Americans X      Hispanics X  

Cases   1.1     1.3 

Hospitalization   2.9     3.1 

Death   1.9     2.3 

(X) In excess compared to Caucasians 

  

                  



Table 2. Patient Demographics 

 

    Sodium Nitrite   Placebo  P value 

    Lozenge 

N    261    263   0.871 

Female   150 (57.5%)   166 (63%)    0.187 

Male    111 (42.5%)   87 (37%)  0.187 

African American  71 (27%)   71 (27%)  0.958 

Hispanic   190 (73%)   192 (73%)  0.958 

Systolic BP (mmHg)  131.6±11.9   133.5±13.6  0.087 

Diastolic BP (mmHg) 80.4±8,9   81.4±7.9  0.186 

SpO2 (%)   95.9±2.4   95.6±3.1  0.224 

 

BP: Blood Pressure; SpO2: Saturation of Peripheral Oxygen, data given as mean ± SD 

 

  

                  



Table 3. Results 

 

     Sodium Nitrite   Placebo P value 

     Lozenge 

Composite endpoint (n) (%) 3 (1.1%)   3 (1.1%) 1.00 

Symptom duration (days)  8.7 ± 6.6   9.8 ± 6.8  0.30 

Change in O2 saturation (%) 0.14 ± 0.9   0 ± 2% 0.30 

 

 

 

                  


