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Introduction  

Porphyromonas gingivalis is the keystone pathogen found in patients with periodontitis 

and produces toxic cysteine proteases called gingipains (Dominy et al. 2019). Levels of this 

bacterium have also been found in the brains, specifically the hippocampus, of patients with 

Alzheimer’s disease suggesting that P. gingivalis, and its expressed gingipains, is involved in the 

pathophysiology that leads to cognitive decline in this disease (Dominy et al. 2019). Dominy et 

al. (2019) found that directly inhibiting gingipain expression decreases the colonization of the 

brain by P. gingivalis, therefore, reducing neurodegeneration in Alzheimer’s disease.  

Another mechanism that may provide similar effects to that of gingipain inhibitors is the 

administration of a dietary nitrate supplement. It is suggested that the oral microbiome is 

influenced by nitrate and the salivary composition can be altered via dietary nitrate 

supplementation (Vanhatalo et al. 2018). The nitrate-nitrite-nitric oxide pathway relies on 

bacteria within the oral microbiome to convert nitrate to nitrite, and this pathway is thought to be 

an important contributing factor to overall body health (Vanhatalo et al. 2018). Likewise, Rosier 

et al. (2020) suggested that nitrate is a health-associated molecule and could be used as a dietary 

intervention to promote eubiosis within the oral cavity. Their study confirmed that the abundance 

of P. gingivalis in the oral cavity significantly decreases post nitrate supplementation (Rosier et 

al. 2020).  

Upon nitrate ingestion, up to 25% enters enterosalivary circulation where it becomes 

concentrated in the saliva and anaerobic bacteria in the oral cavity are responsible for the 

reduction of nitrate to nitrite (Wylie et al. 2013). When the nitrate enters the stomach, the acidic 

environment converts some of the nitrite into nitric oxide (NO) and the rest is absorbed to 

increase nitrite concentration in the circulating blood plasma (Wylie et al. 2013). NO is 

synthesized from l-arginine by isoforms of the NO synthase and is involved in several important 

biological functions including vascular tone regulation, immune response, and neurotransmission 

(Romitelli et al. 2007). Dietary nitrate supplementation has shown to increase nitrite 

concentration in blood plasma and serum and reduce resting blood pressure (Jones 2014). 

 It is difficult to determine NO content in blood plasma due to its short half-life in 

circulation, as well as its reactivity with oxygen species and biological molecules such as 

dioxygen, superoxide anion, and oxyhemoglobin to form products like nitrate and nitrite 

(Romitelli et al. 2007). Nitrate and nitrite are the most stable metabolites of NO; therefore, 

quantification of these inorganic molecules can allow for the indirect determination of NO 

content in blood (Romitelli et al. 2007).  

Presently, Griess assays are most commonly used in clinical and experimental studies due 

to protocol simplicity, efficiency, and cost effectiveness (Romitelli et al. 2007; Ghasemi et al. 

2007). Deproteination of the plasma and serum samples is a critical step in this assay in order to 

determine nitrate and nitrite concentrations (Romitelli et al. 2007; Ghasemi et al. 2007).  

In a study conducted by Romitelli et al. (2007), methods for quantifying nitrite/nitrate levels in 

human plasma and serum were compared. One of the methods that was observed was the Griess 

reaction, and six different deproteination methods for this assay were looked at to assess and 

evaluate their efficiency (Romitelli et al. 2007). It was found that sample treatment with 

acetonitrile was the most efficient in precipitating proteins and eliminating their interference with 

the Griess reaction (Romitelli et al. 2007). Similarly, Ghasemi et al. (2007) evaluated several 

protein precipitation methods to determine NO concentration in serum samples. It was found that 

both acetonitrile and zinc sulfate proved to be the most effective at protein removal (Ghasemi et 

al. 2007).   
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Objective  

 This project is a part of a larger study currently being conducted by an honours student of 

Dr. Rakobowchuk and Dr. Bottos that analyzes the effect of nitrate supplementation on the 

abundance of Porphyromonas gingivalis in the oral microbiome. The main objective of this 

project is to analyze the nitrite concentrations in blood plasma prior to and after the 

administration of a nitrate supplement. The central question being asked is how the nitrite 

concentrations in blood plasma are being affected after the administration of a nitrate 

supplement. Zinc sulfate will be used to deproteinize the samples, and vanadium (III) chloride 

will mediate the reduction of nitrate to nitrite for detection by an acidic Griess assay. 

  Upon completion of this study, nitrite concentrations of the blood plasma samples pre 

and post nitrate supplementation will be provided for the larger study to allow for statistical 

analyses comparing other secondary measurements including blood pressure and flow-mediated 

dilation.  

 

Materials and Methods 

Experimental design 

The experimental design consists of, first, the deproteination of blood plasma samples 

and, second, a Griess assay. There are a total of twenty blood plasma samples – ten samples are 

pre-intervention of the nitrate supplement and ten samples are post-intervention. The experiment 

will be run in triplicate. Experimentation will take place in the microbiology laboratory and the 

human physiology laboratory. The null hypothesis of this project is that there is no difference in 

nitrite concentration in the plasma samples pre and post nitrate supplementation.    

 

Deproteination of samples 

 Zinc sulfate will be added to 400 µL of plasma. Samples will be vortexed for one minute 

and centrifuged at 10,000 x g for ten minutes at 4 °C. The supernatant will then be collected for 

use in the Griess reaction.   

 

Griess Reaction  

 The supernatant collected from each sample will be aliquoted into respective wells of a 

96-well microtiter plate. Supernatant will also be spiked with 200 µM NaNO2 and added to the 

microtiter plate. For the reduction of nitrate to nitrite, vanadium (III) chloride (8 mg/mL) will be 

used. Sulfanilamide (2%) and N-(I-Naphthyl) ethylenediamine dihydrochloride (0.1 %) will be 

added respectively to each well. The plate will then be incubated in a microplate reader for thirty 

minutes at 37 °C, and absorbance values will be read at 539 nm.      

 

Data Analysis   

Data analysis will be carried out using a microplate reader to determine absorbance and 

nitrite concentration, as well as intra-assay measurements including percent recovery. All 

samples were spiked with a known amount of nitrate (32 µM) to provide a recovery value for 

this time-sensitive assay protocol. Standard curves will then be produced comparing the nitrite 

concentrations and absorbance.      
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Results  

 

As demonstrated in Figure 1, there was no significant difference in plasma nitrate/nitrite 

concentration pre- and post-nitrate supplementation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Plasma [NO3
- /NO2

- ] for each of the participants pre- and  

post-nitrate supplementation as well as the average concentrations (n=10).  
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Figure 2 shows the standard curve of the Griess assay. Concentrations of plasma nitrate/nitrite 

were calculated using absorbance values and the standard curve.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Standard curve of the Griess assay (n=8).  
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Percent recovery indicates proficiency with this time-sensitive assay although sensitivity within 

the range of concentrations measured in the blood samples is limited.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Plasma nitrate/nitrite recoveries pre and 

post supplementation based on the standard 

curve of the Griess assay (Figure 2) as compared 

to plasma samples spiked with nitrate.  
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Discussion  

 

 In this study, zinc sulfate was used to deproteinize the blood plasma samples, and 

vanadium (III) chloride mediated the reduction of nitrate to nitrite for detection by an acidic 

Griess assay. It is thought that the oral microbiome is influenced by nitrate and the salivary 

composition can be altered via dietary nitrate supplementation (Vanhatalo et al. 2018). 

Nitrate/nitrite levels in the blood plasma were assessed pre- and post-nitrate supplementation.  

The results suggest that plasma nitrate/nitrite concentration were not significantly different 

before compared to after dietary supplementation (p > 0.05). Similar plasma nitrate/nitrite 

concentrations were seen between participants pre- and post-nitrate supplementation. Percent 

recovery values indicate proficiency with this time-sensitive assay although sensitivity within the 

range of concentrations measured in the blood samples is limited.  

It has been previously demonstrated that the kinetics of nitrate/nitrite in the blood are 

rather fast in young, healthy adults (Wylie et al. 2013). A study conducted by Wylie et al. (2013) 

showed, at a similar dosage to the study presented here, a return of plasma nitrate concentration 

to baseline over time with the administration of 4.2 mmol of nitrate by twelve hours. This 

suggests that nitrate/nitrite concentration returned to baseline following acute administration 

(Wylie et al. 2013). Another possible reason for the lack of an effect of dietary supplementation 

on plasma nitrate/nitrite concentrations is the source of nitrate used. A potassium nitrate 

supplement was used in the current study whereas many other studies, including the study by 

Wylie et al. (2013) mentioned above, used beetroot juice as the nitrate source. There may be an 

additive effect of nitrate present in another compound within beetroot juice (Sundqvist et al. 

2020).  

  Time course with potassium nitrate supplementation should be performed to determine 

exposure of the oral microbial community with nitrate/nitrite. Future studies should consider 

taking blood samples within one hour post nitrate supplementation as to obtain peak plasma 

nitrate response as demonstrated by Wylie et al. (2013). Additionally, salivary samples would 

provide more direct evidence of an altered oral environment capable of altering the microbial 

community. 

 

 

 

 

 

 

 

 

 

 

 

 

Literature Sources  

 

Dominy SS, Lynch C, Ermini F, Benedyk M, Marczyk A, Konradi A, Nguyen M, Haditsch U, 

Raha D, Griffin C, Holsinger LJ, Arastu-Kapur S, Kaba S, Lee A, Ryder MI, Potempa B, Mydel 

P, Hellvard A, Adamowicz K, Hasturk H, Walker GD, Reynolds EC, Faull RLM, Curtis MA, 



 8 

Dragunow M, Potempa J. 2019. Porphyromonas gingivalis in Alzheimer’s disease brains: 

Evidence for disease causation and treatment with small-molecule inhibitors. Sci Adv. [accessed 

2022 Jan 2]; 5(1): 1-22. doi: 10.1126/sciadv.aau3333 
  
Ghasemi A, Hedayati M, Biabani H. 2007. Protein precipitation methods evaluated for 

determination of serum nitric oxide end products by the Griess assay. JMSR. [accessed 2022 Jan 

14]; 2: 29-32.  

 

Jones AM. 2014. Dietary nitrate supplementation and exercise performance. Sports Med. 

[accessed 2022 Jan 5]; 44(1): 35-45. doi: 10.1007/s40279-014-0149-y 

 

Romitelli F, Santini SA, Chierici E, Pitocco D, Tavazzi B, Amorini AM, Lazzarino G, Di Stasio 

E. 2007. Comparison of nitrite/nitrate concentration in human plasma and serum 

samples measured by the enzymatic batch Griess assay, ion-pairing 

HPLC and ion-trap GC–MS: The importance of a correct 

removal of proteins in the Griess assay. 2007. J. Chromatogr. B. [accessed 2022 Jan 14]; 851: 

257-267. doi: 10.1016/j.jchromb.2007.02.003 

Rosier BT, Buetas E, Moya-Gonzalvez EM, Artacho A, Mira A. 2020. Nitrate as a potential 

prebiotic for the oral microbiome. Sci Rep. [accessed 2022 Jan 2]; 10(1): 1-15. doi: 

10.1038/s41598-020-69931-x  

Sundqvist ML, Larsen FJ, Carlström. M, Bottai M, Pernow J, Hellénius M, Weitzberg E, Lundberg 
JO. 2020. A randomized clinical trial of the effects of leafy green vegetables and inorganic 
nitrate on blood pressure. Am J Clin Nutr. [accessed 2022 Apr 21]; 111:749-756. doi: 
10.1093/ajcn/nqaa0249 

 

Vanhatalo A, Blackwell JR, L’Heureux JE, Williams DW, Smith A, van der Giezen M, Winyard 

PG, Kelly J, Jones AM. 2018. Nitrate-responsive oral microbiome modulates nitric oxide 

homeostasis and blood pressure in humans. Free Radic Biol Med. [accessed 2022 Jan 3]; 124(3): 

21-30. doi: 10.1016/j.freeradbiomed.2018.05.078 
 

Wylie LJ, Kelly J, Bailey SJ, Blackwell JR, Skiba PF, Winyard PG, Jeukendrup AE, Vanhatalo 

A, Jones AM. 2013. Beetroot juice and exercise: Pharmacodynamic and dose-response 

relationships. J. Appl. Physiol. [accessed 2022 Jan 15]; 115(3): 325-336. doi: 

10.1152/japplphysiol.00372.2013 

 

 

https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1093/ajcn/nqaa024
https://doi.org/10.1016/j.freeradbiomed.2018.05.078

