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1. Introduction

The saliva circulating in the mouth comprises a mixture of secretions from the major and 

minor salivary glands and traces of gingival crevicular fluid. Saliva contains proteins, 

glycoproteins, electrolytes, small organic molecules (1), and constituents of non-salivary 

origin including blood cells (2–4) and desquamated epithelial cells. Saliva also contains 

serum-derived components resulting from passive diffusion via gingival crevices (5). 

Therefore, saliva may be a good surrogate for serum/plasma samples in biochemical and 

immunological analysis (6).

There has been increasing interest in the use of saliva and other oral samples for the 

diagnosis of oral and systemic diseases. Saliva is low-cost, noninvasive, and easier to collect 

by individuals with minimal training (7–10). It is a highly accessible bodily fluid for 

biomarker detection in clinical applications. Little attention has been given to nitrate and 

nitrite in human saliva until recently (11). Saliva nitrate concentrations are about ten-fold 

higher than serum. It is now known that approximately 25% of the circulating nitrate in 

blood is actively taken up, concentrated, and secreted into saliva by the salivary glands 

(12,13). Salivary nitrate is reduced to nitrite by nitrate-reductase expressing bacteria residing 

primarily on the tongue. Nitrite is then ingested where it may be further reduced to nitric 

oxide (NO) to support or maintain NO-signaling especially in acidic and ischemic tissues 

(14). The functionality of this entero-salivary nitrate-reduction to nitrite system has been 

demonstrated in humans and experimental systems and is considered to operate in 
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conjunction with nitric oxide synthase dependent NO-formation to modulate NO-

bioavailability and affect cardiovascular function, cellular energetics, immune function, 

neurotransmission, and more (15,16). Elucidation of this pathway has opened new 

therapeutic possibilities for the prevention, diagnosis and treatment of numerous 

cardiovascular disorders (17). NO production in the oral cavity may also affect oral health 

and periodontal diseases (18).

Understanding that dietary nitrate may improve NO-bioavailability and exercise 

performance for example has led to use of nitrite-detecting strips to evaluate nitrate rich 

dietary products and supplements, compliance to diet, and for improving exercise 

performance by athletes (19). Commercially available strips (Neogenesis or Berkeley) for 

estimation of nitrite (a potential marker of NO-bioavailability) in saliva are sold over the 

counter. These simple to use and inexpensive POC tests for measuring nitrite are attractive 

as a cheap and easy way to estimate NO-bioavailability and may also have potential use in 

research as a low burden low cost test but it is important to validate these POC tests against 

standard lab-based methods. To our knowledge, saliva strips have been validated in only one 

study (20) where plasma from healthy donors was used as the standard. Compared to 

plasma, serum is considered the gold standard for many clinical assays (21,22), and 

demonstrates a higher sensitivity in biomarker detection (23). Moreover, reliability of 

metabolites is slightly higher in serum compared to plasma (24). No study to date has 

validated the strips against lab measures using both saliva and serum, nor in patients with 

cardiometabolic disease. This study validates two commonly used commercial strips: Nitric 

Oxide Test Strips (Berkeley Test) and Nitric Oxide Indicator Strips (Neogenesis; Austin, 

TX) compared to standard lab measures for saliva and serum nitrite/nitrate.

2. Materials and methods

2.1 Study population

The present study utilizes baseline data and samples from the San Juan Overweight Adults 

Longitudinal Study (SOALS). The study was approved by the University of Puerto Rico 

Institutional Review Board. Detailed description of the study have been published elsewhere 

(25). Participants who were free of previously diagnosed diabetes, between 40 and 65 years, 

and overweight or obese (BMI ≥ 25.0 kg/m2) were recruited primarily from the San Juan 

municipality area. Participants with previous diagnosis of diabetes as well as those that had 

braces or less than four teeth (since one of the primary goals of SOALS was relating 

periodontitis and glucose abnormalities), pregnant, some systemic conditions (such as 

physician-diagnosed hypoglycemia, congenital heart murmurs, heart valve disease, 

congenital heart disease, endocarditis, rheumatic fever, hemophilia or bleeding disorders), or 

inability to complete study procedures were excluded from the study. Most exclusion criteria 

were related to health conditions that could potentially increase the risk of acute systemic 

complications from a periodontal examination. Participants were also excluded if they met 

any of the American Diabetes Association criteria for diabetes: fasting plasma glucose 

(FPG) ≥126 mg/dL, two-hour oral glucose tolerance test (OGTT) ≥ 200 mg/dL, or HbA1c ≥ 

6.5% at the baseline exam (26). A total of 1,206 eligible participants completed the SOALS 

baseline exam. For this validation study, we excluded current or past smokers, and the 
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sampling was restricted to never smokers, since smoking is highly associated with altered 

NO metabolism (27–31). From the never smokers, a subgroup of twenty participants with 

complete baseline data and saliva samples were selected randomly after stratifying on the 

basis of two factors related to nitric oxide metabolism, namely mouthwash use (never vs. 

twice-a-day or more) and metabolic syndrome defined using ATP III with 5 participants 

selected from within each of the four strata. Our objective was to achieve a good range of 

nitric oxide metabolites (nitrate/nitrite) in serum and in saliva and have appropriate 

representation and ability to control for these two major factors, that may impact nitric oxide 

metabolism (32).

2.2 Saliva Collection

Unstimulated saliva samples were collected using an established protocol (33). Participants 

were asked to refrain from eating, drinking, smoking and from oral hygiene practices (using 

mouthwash/brushing) for at least an hour prior to the visit. The participants were asked to 

rinse their mouth with drinking water 5 minutes prior to sample collection. After that, they 

were asked to drool/spit into a 50 cc container placed on a table, until approximately 6cc of 

saliva had been collected. Samples were later taken to the lab to be centrifuged at 2600 × g 

for 15 minutes at 4 °C. Saliva supernatant was divided into 500 ul vials and preserved with 

Protease inhibitor (made from a combination of Aprotinin, Na3OV4 and PMSF) before 

freezing in −80. (34).

2.3 Biomarker assessment using strips

Baseline saliva samples from the selected 20 participants were sent on dry ice to University 

of Alabama at Birmingham (UAB) for analysis. 10μl of each sample was thawed in the dark 

on ice and then placed onto the absorption pad at end of each strip. The test strip changed 

color within 45 seconds, and was compared with the Nitric Oxide test strip color chart 

provided by the strip manufacturers.

2.4 Nitrite and Nitrate lab measurements

After thawing, saliva was centrifuged (5000 × g, 10min) and supernatant nitrite and nitrate 

measured by HPLC-coupled to the Griess reaction (Eicom). Nitrite levels were also 

measured by triodide reduction to NO and measurement by reaction with ozone using the 

Sievers NO-analyzer (35). Serum nitrite and nitrate concentrations were measured after 

methanol extraction by HPLC-coupled Griess reaction.

2.5 Covariates

We used standard cut-offs from the literature as described below for classifying metabolic 

syndrome and its components (32). Participants were classified as having elevated blood 

pressure if they had systolic blood pressure ≥ 130 mm Hg or diastolic blood pressure ≥ 85 

mm Hg or reported antihypertensive medication use. Elevated triglycerides were defined as 

levels ≥ 150 mg/dL or a history of medication use for elevated triglycerides. Low HDL-C 

was defined as levels < 40 mg/dL in men and levels < 50 mg/dL in women or history of drug 

treatment for reduced HDL-C. Elevated fasting glucose was defined as levels ≥ 100 mg/dL 

or a history of medication use for elevated glucose.
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Glucose and insulin levels were evaluated at fasting and after administration of a 75-g 

glucose load at 30, 60, and 120 minutes. Glucose was measured using an enzymatic 

colorimetric assay. Plasma insulin concentrations were analyzed using an 

immunochemiluminometric assay. Insulin resistance was estimated using HOMA-IR 

[Fasting glucose × Fasting insulin/405]. Glycosylated hemoglobin (HbA1C) was measured 

with an assay based on a latex immunoagglutination inhibition method (DCA 2000+ 

Analyzer, Siemens Healthcare Diagnostics, NY, US). Pre-diabetes was defined using 

standard cutoffs as fasting plasma glucose between 100–125 mg/dL, 2-hr OGTT 140–199 

mg/dL, or HbA1C of 5.7–6.4% (36).

2.6 Statistical analysis

Lab measures are continuous variables with skewed distributions, and the strips provide 

ordinal data. Hence, Spearman’s rank correlation and Spearman’s rank partial correlation 

coefficients were calculated, to evaluate the NO results from the strips (categorical, ordinal 

variable) with serum and saliva nitrate and nitrite values (continuous variable). Analyses 

were conducted using SPSS version 21.

3. Results

Table 1 describes the study population. Seventy-five percent of the participants were women, 

55% married, 60% were obese, and the mean age was 50.4 years (SD=7.0). Sixty percent of 

the population was not physically active, and more than half of them (57.9%) were not 

drinking alcohol.

Nitrate concentrations in the saliva ranged between 6.7 and 525.2 uM (mean 135.6±132.0 

uM) and in serum between 7.3 to 37.7 uM (mean 14.6±7.0 uM) (Figures 1A and 1B). Nitrite 

concentrations in saliva ranged between 13.1 to 180.1 uM (mean 62.1±46.3 uM) and in the 

serum between 0.4 to 7.5 uM (mean 1.7±1.7 uM). The concentration of both nitrite and 

nitrate was significantly higher in saliva compared to serum (Wilcoxon Signed Ranks Test p 

< 0. 01). Saliva nitrite levels had a significant positive correlation with saliva nitrate levels 

(r=0.49, Figure 2A) and with serum nitrate levels (r=0.54, Figure 2B). After controlling for 

metabolic syndrome and mouthwash use, the correlation of saliva nitrite with saliva nitrate 

increased (r=0.55) while the correlation with serum nitrate decreased slightly (r=0.52). 

Saliva nitrate had a significant positive correlation with serum nitrite levels (r=0.46, Figure 

2C) and remained similar even after controlling for mouthwash use and metabolic syndrome. 

No significant correlation was observed between saliva nitrite and serum nitrite levels 

(Figure 2D; r=0.17 or r=0.22 after controlling for mouthwash and metabolic syndrome).

The distributions of the Neogenesis and Berkeley strip scores are cross-tabulated in Table 2. 

Spearman correlations revealed moderate to high correlation between the two strips (r=0.72, 

p<0.001) and it increased (r=0.75, p<0.001) with the Spearman partial correlations. Both 

strips showed a significant correlation with the salivary nitrite measurements (Table 3), with 

Berkeley strips showing a higher correlation (r=0.76, p<0.001) than the Neogenesis strips 

(r=0.59, p<0.01). Neither of the strips showed any significant correlation with salivary 

nitrate levels, or with the nitrite or nitrate levels in serum (p>0.01).
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4. Discussion

Nitric oxide (NO) is an endogenous signaling molecule with multiple biological roles in the 

human body, including blood pressure regulation (37), improved memory function (38–40) 

and ability to fight infections (41–43). Decreased NO bioavailability is also associated with 

insulin resistance and diabetes (44). NO can be synthesized endogenously from arginine by 

NO synthase enzymes in endothelial, neural and inflammatory cells, and also exogenously 

from the metabolism of nitrate by oral bacteria. Consequently, there has been increased 

interest in the importance of consuming adequate amounts of nitrate-rich foods, such as 

green leafy vegetables and beet-root juice in improving tolerance to physical exercise (45). 

However, few studies exist in the literature validating and comparing these products as 

indicators of NO bioavailability in the body.

Our study found that Berkeley strip and Neogenesis strip results are strongly correlated with 

each other and with the laboratory measures of nitrite in saliva, even after controlling the 

metabolic syndrome and mouthwash. The Berkeley strips had a stronger correlation with 

salivary nitrite compared to the Neogenesis strips, but since the data output from the strips 

do not provide absolute concentrations, an accurate quantitative assessment of the 

relationships between the strips and the lab measurements is precluded. Neither of the strips 

had a significant correlation with the levels of serum nitrite, which is considered a marker of 

endogenous endothelial nitric oxide synthase activity and a substrate for NO production. 

Therefore, the saliva NO test strips are unlikely to be of use for assessment of circulating 

NO-bioavailability. This is consistent with a recent report showing no correlation between 

saliva and plasma nitrite (20) and likely reflects the fact that circulating nitrite levels can be 

modulated by multiple reactions and processes including endogenous formation via NO-

oxidation, swallowing of salivary nitrite and stomach metabolism and transport into the 

circulation, versus nitrite oxidation or reduction (by metalloproteins) and nitrite excretion in 

sweat and urine (46).

The range of concentrations of nitrate and nitrite in our study were similar to those reported 

in a previous study (20); however, the range of serum nitrite levels in our study was higher 

compared to the previous report (0.37 to 7.49 uM compared to 0.06 to 0.184 uM). This 

could be due to the fact that our population consisted of overweight to obese people. Among 

the obese and overweight individuals, the overall production and levels of NO are increased 

along with high nitrite excretion (47). Consistent with previous studies (20), there were 

significant correlations between the levels of nitrate and nitrite in the saliva, and between 

salivary nitrite and serum nitrate levels. In contrast to the previous report there was no 

significant correlation between the salivary and serum concentrations of nitrate, but we did 

observe a significant correlation between salivary nitrate and serum nitrite levels. A possible 

explanation for the difference with the previous study (20) is that we used serum instead of 

plasma samples. Serum is considered the gold standard for many clinical assays (21,22), and 

demonstrates a higher sensitivity and reliability in biomarker detection compared to plasma 

(24).

The population of this study was stratified on metabolic syndrome and mouthwash use, 

hence we controlled for metabolic syndrome and mouthwash use. After adjusting for these 
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factors, the correlation between the strips and lab results increased. The sample is restricted 

to overweight and obese non-smokers, which may limit generalizability. The limitations of 

the study also include a small sample size. The reasonable validity of the Berkeley and 

Neogenesis strips, enables individuals to easily assess their salivary nitrite levels on their 

own and see the impact of dietary and lifestyle changes they implement. There is some 

limited potential to incorporate saliva nitrite measures in research studies using the strips as 

a semi-quantitative measure and surrogate for the lab measures of salivary nitrite, where 

these are secondary measures or covariates in the study. The ability to assess and monitor 

nitrite levels in patients may have a profound implication for cardiometabolic health and 

well-being (48). The findings of this study indicate that saliva strips are strongly correlated 

with lab measures of saliva nitrite but are weakly related with serum nitrite and serum 

nitrate.

5. Conclusions

Easy to use Point-of-care (POC) tests commercially available Berkeley and Neogenesis 

strips for measuring NO-metabolites in saliva, show good validity for salivary nitrite, 

compared to standard lab measures, but not for serum measures.
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Research Highlights

• Berkeley and Neogenesis NO strip measurements correlate with each other.

• Lab measures of Saliva and Serum nitrate do not correlate significantly.

• NO strips measurements provide a reasonable surrogate for salivary, but not 

systemic nitrite levels
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Figure 1. 
Distribution of nitrite and nitrate in saliva (A) and in serum (B)
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Figure 2. 
Scatter Plot relating Nitrate and Nitrite concentrations in Saliva and Serum

* Spearman’s rank correlation, ** Spearman’s rank partial correlation
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Table 1

Descriptive characteristics of study sample

Characteristic N (%) or Mean ± SD

Age 50.40 ± 7.01

Gender

 Female 15 (75%)

 Male 5 (25%)

Education

 More than high school 2 (10%)

 High school 6 (30%)

 Less than high school 12 (60%)

Annual income

 ≤ $20,000

 ≥ $20,000 5 (25%)

15 (75%)

Marital Status

 Married 11 (55%)

 Unmarried 9 (45%)

Smoking status

 Never 20(100%)

Alcohol intake

 Abstainer 9 (47.4%)

 Former 2 (10.5%)

 Current 8 (42.1%)

Physical activity

 Yes 8 (40%)

 No 12 (60%)

BMI (mean) 33.95 ± 6.81

 Overweight (25.0 – 29.9) 8 (40%)

 Obese (≥30.0) 12 (60%)

Nitric Oxide. Author manuscript; available in PMC 2018 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Modi et al. Page 13

Table 2

NO Score distributions for Neogenesis Saliva Strips vs. Berkeley Saliva Strips

Berkeley Saliva Strip

Depleted Low Threshold Target High Total

Neogenesis Depleted 2 2 0 0 0 4

Saliva Low 0 3 2 3 1 9

Strip Normal 0 0 2 1 4 7

Total 2 5 4 4 5 20
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Table 3

Spearman’s rank correlation & Spearman’s rank partial correlation coefficients relating NO strip results and 

laboratory nitrite and nitrate measurements in saliva and in serum.

Saliva
Nitrite

Saliva
Nitrate

Serum
Nitrite

Serum
Nitrate

Saliva Strips Correlation Coefficient

Neogenesis (Spearman correlation)
(Spearman partial correlation)

0.53

0.59*
0.30
0.29

0.33
0.34

0.24
0.25

Berkeley (Spearman correlation)
(Spearman partial correlation)

0.71**

0.76**
0.35
0.36

0.17
0.17

0.35
0.37

*
p-value ≤ 0.01

**
p-value ≤ 0.001

Remaining correlations are not significant (p-value > 0.05)
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