
INTRODUCTION

Nitric oxide (NO) is an endogenous gas, produced by differ-
ent cell types. It plays essential physiological roles, such as in 
the cardiovascular system and the central nervous system. Ni-
tric oxide is synthesised through the conversion of L-arginine 
to L-citrulline by nitric oxide synthase (NOS).1 There are three 
main isoforms, each with a specific distribution profile; neuro-
nal NOS (nNOS, type I), inducible NOS (iNOS, type II), and 
endothelial NOS (eNOS, type III).2

Nitric Oxide concentration can be measured through its end 
metabolite nitrates (NOx). Nitrates can be measured red in 
central and peripheral tissues.3,4 Salivary glands actively take 
circulating nitrates and release them in saliva.5

Stress and anxiety are among the most common psychologi-
cal disorders that affect the human quality of life. According to 
epidemiological studies, almost one-third of people will suffer 
from stress and anxiety disorders.6 Studying stress in animal 
models provided new insights to investigate the underlying 
mechanisms of anxiety.7

It was reported in animal models3,8 that stress provokes neu-
rochemical changes in the central nervous system, in particu-
lar, the hippocampus and cortex.9 The inflammatory status 
due to NO overproduction in stressed animal models is attrib-
uted to iNOS up-regulation.10 Inflammation due to nitrate ac-
cumulation leads to behavioural disorders thus generating a 
vicious cycle.11 Previous studies focused on the brain nitrate 
levels in rodent models of stress and anxiety. One study12 dem-
onstrated that salivary nitrates increase significantly in induced 
acute stress conditions. To our knowledge, this is the first study 
to shed light on salivary nitrate in correlation to psychological 
daily stress and anxiety. Therefore, the aim of this pilot study 
was to investigate the hypothesis that anxiety and psychologi-
cal stress in humans correlate with salivary nitrate levels.
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METHODS

Design
A cross-sectional study was conducted to meet the study’s 

aim. The cross-sectional methodology was selected as it was 
the most appropriate method to explore the correlation be-
tween each anxiety and stress with nitric oxide.

Study sample and settings
The study used the convenience sample technique in re-

cruiting the participants. The inclusion criteria were Jordanian, 
aged 18 years and older, and being willing to participate in the 
study. The participants were contacted during their visit to the 
one of the health care centres in Madaba city in April 2015.

Data collection procedure
To ensure homogenous data collection and reduce errors, 

selected senior pharmacy students from the American Univer-
sity of Madaba were trained for data collection by one of the 
authors. The study’s aim, objectives, data collection procedure, 
and inclusion criteria were all explained. The students contact-
ed each participant to report to their centres and asked eligible 
personnel for their willingness to participate in the study, ex-
plaining the study’s objective and providing them with the 
study information sheet. The demographical data sheet and 
the questionnaire were distributed for the participants to be 
self-completed in Arabic. Ethical approval to conduct the study 
was obtained from the Latter-day Saint Charities in Jordan. 
Written informed consent and information sheet were provid-
ed, participation was completely voluntary, and participants 
had the right to withdraw from the study at any time.

Study instruments
The participant demographical sheet, Hamilton Anxiety 

Rating Scale, and the Perceived Stress Scale were collected from 
each participant. In addition, saliva was collected and a ni-
trate assay was performed.

Perceived stress scale
The Arabic version of PSS was used to assess participants’ 

stress levels. The scale consists of 14 items measuring stress in 
the last month, which was developed by.13 Each item has five 
choices ranged from zero (never) to four (severely frequent), 
with total scores ranging from zero to 56. The PSS showed an 
adequate reliability among the different general members of 
the population with the coefficient alpha reliability ranging 
from 0.84, to 0.86.14 The Arabic language translation that was 
used for this study was available along with other international 
languages. The Arabic version of PSS showed an adequate reli-
ability and validity with a coefficient alpha of 0.80.15 Therefore, 

the Arabic Perceived Stress Scale is considered a suitable instru-
ment to assess perceived stress in Arabic people. The PSS is 
not a diagnostic tool, and cut-off point not suggested. The cur-
rent reliability of the PSS among the current participants 
shows adequate reliability with a coefficient alpha of 0.81.

HAMA-A
The Arabic version of the Hamilton Anxiety Rating Scale 

(HAM-A) was used to measure the anxiety levels among par-
ticipants. It was developed to assess the severity of anxiety 
symptoms.16 The scale consists of 14 items measuring both 
psychic and somatic anxiety. Each item has five choices rang-
ing from zero (not present) to four (severe), with the total 
scores ranging from zero to 56. The severity of the anxiety 
scores were categorised into three categories where less than 
17 indicates mild severity, between 18 and 24 mild to moder-
ate severity and 25 or higher indicates moderate to severe 
symptoms.

This scale has shown adequate validity and reliability mea-
sures with a coefficient alpha of 0.84 to 0.86. In the current 
study, the scale shows acceptable reliability with a coefficient 
alpha of 0.74.

Saliva collection and nitrate assay
Saliva collection and storage were carried out according to 

standard protocols.17 In brief, participants were asked to rinse 
their mouths with distilled water before giving 2 mL of whole 
saliva. Saliva was collected in a clean cup, transferred to an ep-
pendorf and stored immediately in ice. Afterwards samples 
were frozen and assayed within 72 hours to prevent nitrate 
degradation.

The accumulation of nitrate, an indicator of the production 
of nitric oxide (NO), was determined with a colorimetric as-
say with a Greiss reagent.18 Salivary nitrate was assayed using a 
Nitric Oxide Assay Kit from Abcam (ab65328) according to 
the manufacturer’s instructions. In brief, saliva samples were 
allowed to thaw on ice and then centrifuged, then supernatant 
was used. The nitrate concentration was obtained according 
to the standard curve generated. All samples and standards 
were processed in duplicates.

Data analysis
SPSS version 21.0 statistical software was used to analyse the 

data. Descriptive (including mean and standard) deviations 
were used to analyse the demographical data. An independent 
t-test and Mann-Whitney U test were used to examine the dif-
ferences in anxiety, stress, and NO based on the participants’ 
demographics. An independent t-test and Mann-Whitney U 
test were used to examine the differences in each NO and stress 
with anxiety categories.
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Spearman’s test was used to examine the correlation between 
each anxiety, stress, and NO concentration. In addition, Pear-
son’s test was used to examine the correlation between anxiety 
and stress scores. A significant level was set for less than 0.05.

RESULTS

Sample characteristics
Out of the 84 participants asked to participate in the study, 

75 participants accepted and signed the informed consent 
form indicating a response rate of 88.1%. However, 73 were in-
cluded in the analysis as two participants did not complete 
most of the data package.

As shown in Table 1 the majority of recruited participants 
were 30 years old or less (n=38, 52.05%), male (n=41, 56.16%), 
married (n=44, 60.27%), received secondary school education 
(n=48, 65.75%), do not receive medications for chronic illness 
(n=59, 80.82%) and do not have previous chronic illnesses 
(n=57, 78.08%).

Differences in anxiety, stress and NOx concentration 
based on participants’ demographics

Differences between anxiety, stress and salivary NOx con-
centration and participants’ demographics were aimed to ex-
amine the homogeneity of study participants. As each anxiety 
and stress scores showed to be normally distributed, an Inde-
pendent t-test was used to assess the differences in each anxi-
ety and stress with each demographics. As shown in Table 1 
the independent t-test shows no differences in anxiety and 
stress based on any of demographical details.

As NOx values were not normally distributed, the Mann-

Whitney U test was used to examine the differences in NOx 
concentration based on participants’ demographics. Mann-
Whitney U test showed no significance difference among all 
demographics.

Mann-Whitney U test was used to examine the differences 
in NOx concentration based on anxiety categories; less than 
17, and 17 or more. The result showed no significant differ-
ence. In addition, the independent t-test was used to examine 
the differences in stress based on anxiety categories. The in-
dependent t-test showed significantly higher stress scores 
(M=35.33, SD=6.91) among participants with higher anxiety 
category (more than 17), compared to the lower anxiety cate-
gory [M=28.21, SD=6.28; t (73)=3.54, p=0.001, two tailed].

Correlation of salivary NOx concentration with  
anxiety and stress

Spearman’s rho test was used to examine the correlation of 
salivary NOx concentration with anxiety and stress scores. No 
significant correlation was found (r=-0.117, n=73, p=0.323) 
and stress (r=-0.084, n=73, p=0.48).

Correlation between anxiety and stress scores
Pearson’s test was used to examine the correlation between 

anxiety and stress scores. A positive correlation was demon-
strated (r=0.481, n=73, p=001).

DISCUSSION

This is the first pilot study to correlate salivary nitrates levels 
to stress and anxiety in humans. We report a non-significant 
correlation. Although the vast majority of published data on 

Table 1. Demographics and differences based on demographics

Demographics
(total participants included 

in the analysis)
Categories

Number 
(percentage)

Anxiety score mean 
(standard deviation)

Stress score mean 
(standard deviation)

Salivary NOx mean 
(standard deviation)

Age (73) 30 years or less 38 (52.05) 17.68 (10.17) 29.11 (5.98) 1.56 (3.12) 
More than 30 years 35 (47.95) 18.11 (9.89) 29.8 (7.81) 1.41 (1.15)

Gender (73) Male 41 (56.16) 20.53 (10.56) 29.90 (7.27) 1.12 (0.97)
Female 32 (43.84) 14.5 (8.11) 28.84 (6.38) 1.95 (3.39)

Marital status (73) Single 29 (29.73) 19.00 (10.04) 29.79 (7.87) 1.62 (2.77)
Married 44 (60.27) 16.20 (9.79) 28.89 (5.18) 1.28 (1.63)

Education level (73) Secondary school 48 (65.75) 17.77 (9.20) 30.52 (8.35) 1.56 (2.66)
University degree 25 (34.25) 18.12 (11.15) 23.00 (7.81) 1.34 (1.75)

Chronic illness (73) Yes 16 (21.92) 16.06 (8.74) 28.93 (7.61) 1.31 (0.79)
No 57 (78.08) 17.84 (10.36) 29.57 (6.72) 1.52 (2.66)

Receiving medication(s) Yes 14 (19.98) 15.78 (8.32) 27.28 (5.82) 1.23 (0.89)
  for chronic illness (73) No 59 (80.02) 18.38 (10.32) 29.94 (7.05) 1.55 (2.61)
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animals confirmed this correlation, however our results are 
contradictory. This controversy may be attributed to many fac-
tors. Firstly, the difference in the model employed i.e., this is a 
human-based study, while previous studies were conducted on 
stressed animals. Secondly, the type of stress and anxiety mea-
sured herein is chronic daily life stress and anxiety compared 
to an acute induced stress in previous works. Thirdly, nitrate 
levels were measured in saliva not in hippocampal or cortical 
tissue. Fourthly, the sample size used in this study is considered 
relatively low.

Psychological and physical stress contributes to anxiety.19 
Stress triggers the Hypothalamus-Pituitary-Adrenal (HPA) 
axis to release stress hormones such as glucocorticoids. This 
mechanism seems to be mediated by NOS. Previous reports 
studied the brain expression of NOS in stressed animal mod-
els; all reports indicated an increase in nitrates levels due to 
NOS over expression. Pre-treating mice with L-NAME, a 
widely used NOS inhibitor attenuated the anxious behaviour 
in animals.20 Moreover; NOS knockout mice demonstrated 
anxiolytic behaviour, further confirming the previous results.20

A possible explanation for the different results is that the 
stress type, duration and intensity in animals may not be rep-
resentative to humans. The PSS and HAMA-A inventories 
were aimed at asking participants their daily stressful condi-
tions during the last month. However, referred animal models 
were stressed by immobilisation for hours. Similarly, the only 
study on human salivary nitrate used an acute stress method.12 
Indeed, healthy volunteers were asked to jump from a platform 
of 70 metres, and the salivary nitrates increased one hour later 
after the jump. It can be suggested that nitrates may not be ele-
vated during chronic every day stress and anxiety conditions.

Another explanation for the results may be the salivary 
samples used. Human studies in this field are scarce; one simi-
lar study pointed out the increase in plasma nitrates in de-
pressed patients.4 The use of saliva samples in stressed patients 
has substantial evidence.22 Moreover, saliva is rich in nitrates.22 
The fact that saliva is rich in potential proteins and biomark-
ers, its accessibility, and ease of collection makes it an attractive 
subject to investigate. For example, salivary cortisol and tes-
tosterone were studied in correlation with mood and behav-
ioural changes.24 It is suggested that the expression of salivary 
NOS and nitrates has to be studied in the light of the hippo-
campal and cortical levels in stressed animal models. There-
fore, this may provide new insights for studying anxiety and 
stress objectively via peripheral and accessible biological sam-
ples that may be the “window” for the brain tissues.

Although this is the first study that employs human salivary 
nitrates, however it remains a pilot study. The study did not 
measure basal salivary nitrates in control population .Future 
investigation with a larger sample size can provide more con-

firmatory results and drive more substantial conclusions.
In conclusion, the authors report no significant correlation 

between stress, anxiety and salivary nitrates in this pilot inves-
tigation. The results may be attributed to a difference in meth-
ods, models and sample size. Further studies have to be per-
formed to explore and compare salivary with hippocampal 
and cortical NOS and nitrate expression in models of stress 
and anxiety.

Acknowledgments
The authors would like to thank LDS Jordan represented by Prof. Brent 

Strong for their support. Also, special thanks to our senior pharmacy stu-
dents for their participation. This study is funded by the American Univer-
sity of Madaba. The authors declare no conflict of interest.

REFERENCES

1. Andrew PJ, Mayer B. Enzymatic function of nitric oxide synthases. Car-
diovasc Res 1999;43:521-531.

2. Stuehr DJ. Mammalian nitric oxide synthases. Biochim Biophys Acta 
1999;1411:217-230.

3. Amiri S, Haj-Mirzaian A, Rahimi-Balaei M, Razmi A, Kordjazy N, 
Shirzadian A, et al. Co-occurrence of anxiety and depressive-like be-
haviors following adolescent social isolation in male mice; possible 
role of nitrergic system. Physiol Behav 2015;145:38-44.

4. Suzuki E, Yagi G, Nakaki T, Kanba S, Asai M. Elevated plasma nitrate 
levels in depressive states. J Affect Disord 2001;63:221-224.

5. McKnigh GM, Duncan CW, Leifert C, Golden MH. Dietary nitrate in 
man: friend or foe? Br J Nutr 1999;81:349-358.

6. Hawgood J, De Leo D. Anxiety disorders and suicidal behaviour: an 
update. Curr Opin Psychiatry 2008;21:51-64.

7. Palanza P. Animal models of anxiety and depression: how are females 
different? Neurosci Biobehav Rev 2001;25:219-233.

8. Lisboa SF, Gomes FV, Silva AL, Uliana DL, Camargo LH, Guimarães 
FS, et al. Increased contextual fear conditioning in iNOS knockout 
mice: additional evidence for the involvement of nitric oxide in stress-
related disorders and contribution of the endocannabinoid system. Int 
J Neuropsychopharmacol 2015;18.

9. Banasr M, Valentin GW, Li XY, Gourley SL, Taylor JR, Duman RS. 
Chronic unpredictable stress decreases cell proliferation in the cerebral 
cortex of the adult rat. Biol Psychiatry 2007;62:496-504. 

10. Olivenza R, Moro MA, Lizasoain I, Lorenzo P, Fernández AP, Rodrigo 
J, et al. Chronic stress induces the expression of inducible nitric oxide 
synthase in rat brain cortex. J Neurochem 2000;74:785-791.

11. Kubera M, Obuchowicz E, Goehler L, Brzeszcz J, Maes M. In animal 
models, psychosocial stress-induced (neuro) inflammation, apoptosis 
and reduced neurogenesis are associated to the onset of depression. Prog 
Neuropsychopharmacol Biol Psychiatry 2011;35:744-759.

12. Jin L, Qin L, Xia D, Liu X, Fan Z, Zhang C, et al. Active secretion and 
protective effect of salivary nitrate against stress in human volunteers 
and rats. Free Radic Biol Med 2013;57:61-67.

13. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived 
stress. J Health Soc Behav 1983;385-396.

14. Cohen S, Williamson G, Spacapan S, Oskamp S. The Social Psycholo-
gy of Health. Newbury Park, CA: Sage; 1988.

15. Chaaya M, Osman H, Naassan G, Mahfoud Z. Validation of the Ara-
bic version of the Cohen Perceived Stress Scale (PSS-10) among preg-
nant and postpartum women. BMC Psychiatry 2010;10:111.

16. Hamilton M. The assessment of anxiety states by rating. Br J Med Psy-
chol 1959;32:50-55.

17. Henson BS, Wong DT. Collection, storage, and processing of saliva 
samples for downstream molecular applications. Methods Mol Biol 



OS Gammoh et al. 

   www.psychiatryinvestigation.org  315

2010;666:21-30.
18. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, Tan-

nenbaum SR. Analysis of nitrate, nitrite, and [15 N] nitrate in biologi-
cal fluids. Anal Biochem 1982;126:131-138.

19. Mitra R, Vyas A, Chatterjee G, Chattarji S. Chronic-stress induced 
modulation of different states of anxiety-like behavior in female rats. 
Neurosci Lett 2005;383:278-283.

20. Gilhotra N, Dhingra D. Involvement of NO-cGMP pathway in anti-
anxiety effect of aminoguanidine in stressed mice. Prog Neuropsycho-
pharmacol Biol Psychiatry 2009;33:1502-1507.

21. Muñoz-Castañeda R, Díaz D, Ávila-Zarza CA, Alonso JR, Weruaga E. 
Sex-influence of nicotine and nitric oxide on motor coordination and 

anxiety-related neurophysiological responses. Psychopharmacology 
(Berl) 2014;231:695-706.

22. Yang Y, Koh D, Ng V, Lee FCY, Chan G, Dong F, et al. Salivary cortisol 
levels and work-related stress among emergency department nurses. J 
Occup Environ Med 2001;43:1011-1018.

23. Pannala AS, Mani AR, Spencer JP, Skinner V, Bruckdorfer KR, Moore 
KP, et al. The effect of dietary nitrate on salivary, plasma, and urinary 
nitrate metabolism in humans. Free Radic Biol Med 2003;34:576-584.

24. Shattuck EC, Muehlenbein MP. Mood, behavior, testosterone, cortisol, 
and interleukin-6 in adults during immune activation: a pilot study to 
assess sickness behaviors in humans. Am J Hum Biol 2015;27:133-135.


