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Purpose: The purpose of this study was to characterize the pharmacokinetics (PKs) and 

pharmacodynamics (PDs) of an oral inositol-stabilized arginine silicate dietary supplement.

Subjects and methods: Ten healthy males, 26.7±5.4 years, took three 500 mg arginine sili-

cate capsules (active product) for 14 days. The subjects attended test visits on Days 1 and 14. 

Fasting blood and saliva collections were performed predose and at 0.5 hours, 1 hour, 1.5 hours, 

2 hours, 3 hours, 4 hours, 5 hours, and 6 hours postdose for plasma arginine, serum silicon, and 

salivary nitric oxide (NO) + nitrite.

Results: Day 1 PK parameters (adjusted for body weight) for arginine were peak serum con-

centration (C
Max

) 30.06±7.80 µg/mL, time it takes to reach peak serum concentration (t
Max

) 

1.13±0.52 hours, and time required to reach half its original concentration (t
1/2

) 15.93±9.55 hours 

and for silicon were C
Max

 2.99±0.63 µg/mL, t
Max

 2.44±2.05 hours, and t
1/2

 34.56±16.56 hours. 

After Day 1 dose, arginine levels increased at 0.5 hours, 1 hour, 1.5 hours, 2 hours, 3 hours, 

and 5 hours (P,0.01) and silicon levels increased at 1 hour and 1.5 hours (P,0.05). After Day 

14 dose, arginine levels increased at 0.5 hours, 1 hour, and 1.5 hours (P,0.05) and silicon 

levels increased at 1 hour, 1.5 hours, 2 hours, and 3 hours (P,0.01). After 14 days of use, 

baseline arginine trended toward being higher than baseline Day 1 (P=0.0645), and 4-hour 

postdose plasma arginine was significantly higher (P=0.0488) at Day 14 than Day 1. Although 

not a significant difference, NO, as measured as salivary nitrate, increased in four subjects and 

stayed the same in six subjects at 0.5 hours after the first dose (P=0.125). After 14 days of use, 

baseline NO levels increased in six subjects and stayed the same in four subjects; this shift was 

significant (P=0.031).

Conclusion: The arginine silicate dietary supplement increases blood levels of arginine after 

a single dose within 30 minutes and blood levels of silicon for up to 1.5 hours. Blood levels of 

arginine, silicon, and NO (salivary nitrite) were elevated consistently after 14 days of use. The 

observed increase in baseline salivary nitrite is supporting information that there was some 

improvement in NO production. Further study on the effect of this supplement on NO production 

and the resulting physiological effect is warranted. Within the specific protocol of this study, 

the product was found to be safe.

Keywords: arginine, nitric oxide, silicon, pharmacokinetics, pharmacodynamics, dietary 

supplements, vasodilation

Introduction
Although nitric oxide (NO) has been shown to be involved in many physiological pro-

cesses and to affect several organ systems, it is best known for its role in vasodilation 
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and related cardiovascular health.1 Vascular dysfunction and 

damage have been shown to be associated with impaired 

endothelial NO metabolism and function. This impairment 

is considered to be the primary step in the development 

of metabolic syndrome and atherosclerosis.2–4 Therefore, 

maintaining NO homeostasis is critical for optimal health 

and disease prevention. Furthermore, it has been suggested 

that an increase in NO production may enhance oxygen and 

nutrient delivery to active muscles, thus offering promise for 

the potential to improve exercise performance and recovery.5 

Supplementation of l-arginine has a vasodilatory effect 

in systemic and pulmonary vascular beds and can correct 

abnormal endothelium-dependent vasodilation seen in 

hypertensive patients.6 NO is synthesized endogenously in 

various cells from the recirculation of nitrites and from the 

nonessential amino acid l-arginine.7 Enterosalivary recircu-

lation whereby nitrate from the diet and from endogenous 

NO production is reduced to nitrite contributes to the main-

tenance of NO. The recent recognition of this enterosalivary 

recirculation opens up the potential for using saliva as a 

biomarker for NO status.8 There has been extensive investi-

gation into the use of supplemental l-arginine to enhance NO 

production in order to enhance vascular function and prevent 

associated diseases. There is limited evidence to support the 

efficacy of supplemental l-arginine in cardiovascular dis-

ease.9 It has been suggested that the lack of efficacy may be 

explained by alterations in bioavailability as a result of the 

disease state. This was supported by evidence demonstrating 

that results are more promising when l-arginine is combined 

with other substances, such as silicon, that enhance absorp-

tion and bioavailability.10–14 Silicon is an abundant trace 

element found in many plant based foods as well as many 

antacids and analgesics. It plays an important role in skin 

and bone health.15 Additionally, there is some evidence to 

suggest that silicon, especially as silicic acid, may protect 

vascular integrity during age-related vascular diseases.16 It 

has been demonstrated in rat models that arginine silicate 

inositol complex is more effective in increasing serum 

arginine levels than the commonly used arginine hydro-

chloride.17 Very little is known about the pharmacokinetics 

(PKs) and dynamics of arginine or its availability relative 

to an ingested dose, and even less is known about arginine 

combined with silicon.18 Therefore, it is the purpose of this 

study to: 1) characterize the short-term (6-hour) single-

dose PKs of plasma l-arginine and serum silicon with an 

oral arginine silicate dietary supplement, before and after 

14 days supplementation, based on C
Max

, t
Max

, and t
1/2

 and 2) 

determine the effects of a single dose and 14 days use of an 

oral arginine silicate dietary supplement on NO availability/

production as measured as salivary nitrite.

Material and methods
subjects
Ten healthy nonsmoking males of age 18–40 with a body 

mass index (BMI) between 18 kg/m2 and 29.9 kg/m2 were 

included in this study. They were recruited from a group of 

34 phone-screened subjects from whom 15 were brought 

in for on-site screening and five did not meet the inclusion 

criteria. Subjects were eligible if they met the abovemen-

tioned criteria and were not taking any supplements at the 

time of the study. Elevated blood pressure (≥140/90), tak-

ing silicate supplements or medications containing silicate, 

elevated serum creatinine, having a significant medical 

history, or any medical condition deemed significant by the 

principal investigator were all exclusion criteria. Written 

informed consent was obtained from all participants. The 

study protocol was approved by Aspire Independent Review 

Board, August 15, 2013.

study design
This was a prospective, single-product, open-label, PK/phar-

macodynamic (PD)/safety clinical trial. Subjects reported to 

the laboratory for two PK test visits, with visits separated 

by 14 days ± 2 days. Subjects took three 500 mg (total 

of 1,500 mg/day) capsules of the arginine silicate dietary 

supplement, Nitrosigine® (Nutrition 21, LLC, Purchase, 

NY, USA) – a Food and Drug Administration generally 

recognized as safe substance, for 14 days between the two 

PK test visits. The purpose of the 14-day supplementation 

period was to address concerns that the dose of arginine 

silicate in a single dose might be too small for the assess-

ment of arginine bioavailability. Prior to each PK test visit, 

subjects were asked not to consume foods high in arginine 

or silica for 24 hours, not to exercise for 12 hours, and to 

fast for at least 10 hours before testing. Upon reporting to the 

laboratory on Days 1 and 14, subjects received three 500 mg 

(1,500 mg) capsules of the arginine silicate dietary supple-

ment and had blood collected nine times over a 6-hour test 

period. Blood collections were drawn prior to taking the test 

product (for baseline assessment) by subjects and 0.5 hours, 

1 hour, 1.5 hours, 2 hours, 3 hours, 4 hours, 5 hours, and 

6 hours postproduct administration. All blood samples, for 

both PK test visits, were analyzed for serum silicon and 

plasma l-arginine to determine the bioavailability and PK 

parameters of silicon and arginine. In addition to the blood 

assessment, saliva samples were analyzed. Saliva samples 
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were collected prior to subjects taking the test product 

(for baseline assessment) and 0.5 hours, 1 hour, 1.5 hours, 

2 hours, 3 hours, 4 hours, 5 hours, and 6 hours postproduct 

administration for the assessment of salivary nitrite (for both 

PK test visits). Subjects were not provided standardized 

meals during the PK test visits but were provided standard 

quantities of ultra-high purity water for hydration purposes. 

Safety analysis consisted of adverse events and subjective 

comments, and none were reported.

Biochemical analyses
All analytics for plasma and serum samples were analyzed 

by a third party laboratory, Keystone Bioanalytical (North 

Wales, PA, USA). Plasma l-arginine concentrations were 

determined by liquid chromatography (LC)-tandem mass 

spectrometry (MS) analysis. Briefly, a 50-µL aliquot of 

plasma was spiked with stable isotope-labeled l-arginine, 

which served as internal standards. Protein was precipi-

tated with 100 µL of methanol, filtrated through a 0.22 µm 

hydrophilic membrane (MultiScreen HTS; EMD Millipore, 

Billerica, MA, USA) and analyzed by LC-tandem MS. 

AB/Sciex API5500 was used for detection. Quantifica-

tion was performed by selected reaction monitoring of the 

respective daughter ions of analytes and internal standards 

(Waters, Eschborn, Germany). Quantitative determination 

of silicon in human plasma was by inductively coupled 

plasma mass spectrometry (ICP-MS). The sample (0.2 mL) 

was diluted with 1% nitric acid solution. The diluted solu-

tion was then spiked with internal standard solution (vana-

dium) and pumped to ICP-MS system (Aglient 7500cx) 

for analysis. 28Si and 51V were monitored. Concentration 

was calculated based on ratio of Si to V signals with 
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Figure 1 PK variables and their respective changes from mean serum arginine over time at each test visit, represented as mean value vs time.
Notes: Time is noted in hours. Visit 2 = Day 1 and Visit 3 = Day 14.
Abbreviation: PK, pharmacokinetic.
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Figure 2 PK variables and their respective changes from mean serum silicon over time at each test visit, represented as mean value vs time.
Notes: Time is noted in hours. Visit 2 = Day 1 and Visit 3 = Day 14.
Abbreviation: PK, pharmacokinetic.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Pharmacology: Advances and Applications 2015:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

106

Kalman et al

calibration range of 0.1–20 mcg/mL. Helium gas was used 

as a reaction gas.

Salivary nitrite testing was done via the colorimetric test 

strip method (Neogenis Labs, Austin, TX, USA).

PK/PD analyses
PK and PD variables consisted of plasma l-arginine, serum 

silicon, and salivary nitrite at preingestion and 0.5 hours, 

1 hour, 1.5 hours, 2 hours, 3 hours, 4 hours, 5 hours, and 

6 hours postingestion. PK endpoints consisted of the stan-

dard noncompartmental PK parameters (C
Max

, t
Max

, and t
1/2

) 

for plasma l-arginine and serum silicon. PD endpoints 

consisted of the changes in salivary nitrite from baseline to 

6 hours postproduct administration after a single dose and 

after 14 days use.

statistical analyses
All PK endpoints, with and without adjustment for body 

weight, were evaluated, along with their standard errors and 

95% confidence intervals. Changes from preingestion to 

each postingestion time point and changes between the two 

testing visits (before and after 14 days of supplementation) 

were tested for significance by paired Student’s t-test or 

repeated-measures analysis of variance.

Results
The investigated baseline characteristics of subjects are given 

in Table 1. All ten participants completed the study and were 

healthy male nonsmokers, age 18–40, with a BMI between 

18 kg/m2 and 29.9 kg/m2. There were no adverse events 

reported during the study. Therefore, the product was found 

to be safe within the protocol of this study.

PK parameters
Arginine PK parameters are provided in Table 2 and silicon 

parameters in Table 3. Day 1 PK parameters for arginine 

were C
Max

 30.06±7.80 µg/mL, t
Max

 1.13±0.52 hours, and t
1/2

 

15.93±9.55 hours and for silicon were C
Max

 2.99±0.63 µg/mL, 

t
Max

 2.44±2.05 hours, and t
1/2

 34.56±16.56 hours. There were no 

significant changes in PK parameters with 14 days of use (with 

and without adjustment for body weight). PK data indicate that 

absorption and active kinetics of the product remain consistent 

over 14 days of daily use indicating a predictable PK profile.

Plasma arginine
For Day 1 and Day 14, there were statistically significant 

increases in plasma arginine from baseline at 0.5 hours, 

1 hour, and 1.5 hours (P=,0.05). For Day 14, there were 

also statistically significant increases from baseline at 2 hours 

and 3 hours (P=,0.05). Baseline plasma arginine was higher 

at Day 14 than Day 1, and the difference trended toward 

statistical significance (P=0.0645). Additionally, 4-hour 

plasma arginine was significantly higher at Day 14 than Day 

1 (P=0.0488), Figure 1.
Table 1 Baseline characteristics of subjects (n=10)

Variable Mean ± standard deviation 
 Median (min–max)

n 10
Age 26.70±5.44  

26.00 (20–38)
BMi 26.03±3.01  

27.04 (21–30)
ht (cm) 171.71±6.66  

173 (160–179)
Wt (kg) 76.77±10.33  

77.05 (62–95)
race (White)% 100
sex (male)% 100
ethnicity (hispanic)% 100

Abbreviations: min, minimum; max, maximum; BMi, body mass index; ht, height, 
Wt, weight.

Table 2 summary of PK parameters (with adjustment for body 
weight) for plasma l-arginine

Weight  
normalized†

Day 1 Day 14 P*

Plasma l-arginine
CMax 30.06±7.80 

27.08 (22.90, 48.43)
30.11±8.29 
26.41 (21.76, 46.17)

0.4922

tMax 1.13±0.52 
1.12 (0.47, 2.17)

1.98±2.40 
1.08 (0.45, 8.17)

0.4961

t1/2 15.93±9.55 
11.03 (6.52, 34.13)

13.43±6.60 
10.75 (7.16, 27.56)

0.6523

Notes: These two PK test visits demonstrate the consistency in PK response to 
the product. *Wilcoxon signed-rank test; †weighted-adjusted PK parameters were 
calculated as PK × weight (kg)/70 kg.
Abbreviation: PK, pharmacokinetic.

Table 3 summary of PK parameters (with adjustment for body 
weight) for serum silicon

Weight  
normalized†

Day 1 Day 14 P*

Serum silicon
CMax 2.99±0.63 

2.72 (2.29, 4.29)
2.87±0.55 
2.62 (2.35, 3.69)

0.2324

tMax 2.44±2.05 
2.09 (0.45, 6.52)

3.31±2.54 
2.29 (1.09, 8.17)

0.2754

t1/2 34.56±16.56 
32.05 (17.21, 58.54)

44.57±36.66 
32.40 (7.44, 114.17)

1.0000

Notes: These two PK test visits demonstrate the consistency in PK response to 
the product. *Wilcoxon signed-rank test; †weighted-adjusted PK parameters were 
calculated as PK × weight (kg)/70 kg.
Abbreviation: PK, pharmacokinetic.
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serum silicon
For Day 1 and Day 14, there were statistically significant 

increases in serum silicon from baseline at 1 hour and 

1.5 hours (P,0.05). For Day 14, there were also statistically 

significant increases from baseline at 2 hours and 3 hours 

(P,0.01). There were no significant differences in serum 

silicon levels at any time point over the 6-hour postdose 

period between Day 1 and Day 14, Figure 2.

salivary nitrite
Although not a significant difference, salivary nitrite 

increased in four subjects and stayed the same in six subjects 

at 0.5 hours after the first dose (P=0.125). After 14 days of 

use, baseline salivary nitrite levels increased in six subjects 

and stayed the same in four subjects; this shift was significant 

(P=0.031).

Discussion
It has been suggested that adding substances shown to 

enhance arginine absorption, such as silicon, may be 

an effective method for addressing issues with arginine 

bioavailability.9–14 Therefore, in this study, we tested an argi-

nine silicate supplement to determine if it increased plasma 

l-arginine and serum silicon as well as NO production. Our 

results indicate that an arginine silicate dietary supplement 

increased blood levels of arginine and silicon in both an acute 

and chronic dosing regimen. After a single 1,500 mg dose of 

an arginine silicate supplement, levels of arginine increased 

significantly for up to 5 hours and levels of silicon for up to 

1.5 hours. Similarly, a study by Proctor et al demonstrated 

in rat models that arginine silicate inositol complex is more 

effective in increasing serum arginine levels than the com-

monly used arginine hydrochloride product.17 This was 

supported by evidence demonstrating that results in clinical 

populations are more promising when l-arginine is combined 

with other substances such as silicon that enhance absorption 

and bioavailability.10–14 The increase observed in the current 

study indicates that the product we tested does increase levels 

of both arginine and silicon.

The peak concentration of plasma arginine (C
Max

) was 

30.06±7.80 µg/mL, ∼1 hour (t
Max

) after an oral dose of 

1,500 mg of the arginine silicate dietary supplement and t
1/2

 

15.93±9.55 hours. These results indicate that the product was 

well absorbed. There is very little reported in the literature 

regarding the PK parameters for arginine.19,20 Tangphao 

et al reported a peak concentration (C
Max

) for arginine of 

50±13.4 µg/mL 1 hour after oral administration of 10 g 

l-arginine.20 Schwedhelm et al reported peak concentrations 

of 49.0±6 µg/mL 3.7 hours after 7 days of a 3.2 g daily oral 

dose of slow release l-arginine and 84.0±9.7 hours after a 

3 g daily dose of immediate release arginine.21 The higher 

peak values measured in the Tangphao et al and Schwedhelm 

et al studies could be explained by the higher doses (10 g 

and 3 g over 7 days vs 681 mg) or by individual differences 

influencing a small subject population. For example, 

Schwedhelm et al demonstrated that plasma arginine and the 

associated NO-dependent signaling is increased in a dose-

dependent manner when they compared the PK parameters 

of different doses of l-arginine, indicating the dose does 

influence peak serum values. Tangphao et al measured plasma 

arginine in 20 subjects consuming standardized meals over 

8 hours and reported significant individual variations. The 

authors suggested that individual differences in bioavailabil-

ity and clearance make clarifying PK parameters for arginine 

challenging.20 It is promising to note that although our peak 

values were slightly lower than those seen in the other studies, 

we reported similar t
Max

 values. Furthermore, the peak serum 

arginine was only slightly lower considering the much lower 

dose used in our study, which was 50% of the dose used in 

the Schwedhelm et al study and 15% of the dose used in the 

Tangphao et al study. This is possibly explained by the addi-

tion of silicon in the product used in our study.

In our study, the peak concentration (C
Max

) for silicon was 

2.99±0.63 µg/mL approximately 2 hours and 44 minutes after 

the 1,500 mg dose of the product and t
1/2

 34.56±16.56 hours. 

Defining the PK parameters for silicon is difficult due to the 

variation in absorption rates for different forms of silicon.22,23 

A study by Sripanyakorn et al22 attempted to define the silicon 

absorption of various foods and common dietary supple-

mental sources. Sripanyakorn et al reported peak serum 

silicon concentrations after ingestion of various common 

supplemental forms of silicon ranging from 30 minutes to 

4 hours, with peak concentrations dependent on the source 

of silicon.

l-Arginine is oxidized to synthesize NO. Therefore, it can 

be hypothesized that increased serum levels of l-arginine can 

increase NO production and under healthy normal conditions, 

NO production typically proceeds quite efficiently.24 The 

recognition of an enterosalivary cycle whereby nitrate and 

nitrite are reduced to NO makes it reasonable to use saliva 

as a potential biomarker for NO status.8 Therefore, we used 

salivary nitrite as a biomarker for NO production. Although 

not a significant difference, salivary nitrite increased in four 

subjects and stayed the same in six subjects at 30 minutes 

after the first dose. After 14 days of use, baseline salivary 

nitrite levels increased in six of the ten subjects. This is 
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supporting evidence that there was some improvement in 

NO production after ingesting the dietary arginine silicate 

supplement. Similarly, Schwedhelm et al showed evidence 

of increased NO production after supplementation of 3.2 g 

daily of l-arginine for 1 week as measured by the ratio of 

plasma l-arginine over asymmetric dimethylarginine, an 

endogenous inhibitor of NO synthase (arginine/asymmetric 

dimethylarginine ratio). Schwedhelm et al did not report 

any effect from lower doses of l-arginine. Our study used 

a lower dose and saw evidence suggesting an increase in 

NO production most likely due to the addition of silicate in 

the product tested, whereas in the Schwedhelm et al study, 

arginine HCl was tested.

While the use of salivary nitrite as a biomarker for 

NO production offers an inexpensive noninvasive method 

for measuring NO production, its limitations need to be 

considered. Individuals do not have the same communities 

of oral bacteria that are responsible for reducing salivary 

nitrate to nitrite. It can be altered by the use of antiseptic 

mouthwash, overuse of antibiotics, reduced gastric acid-

ity, decreased swallowing, and by different degrees of oral 

hygiene. All efforts were made to standardize salivary 

collections to minimize chances of contamination or non-

optimal sample collection. Second, steady-state concentra-

tions of nitrite in the saliva are dependent upon salivary 

flow rates and production. Therefore, patients with various 

clinical conditions and/or surgeries will potentially have a 

breakdown in this pathway making accurate assessment 

challenging.8

The administration of performance-enhancing supple-

ments is often rationalized on the basis of a chain of plausi-

bility arguments. Arginine has been studied extensively for 

15 years as a natural metabolic donor of NO; so arginine-

containing products should increase circulating arginine 

levels, which should increase (or at least maintain) relatively 

high NO levels, which should promote relaxation of smooth 

muscle in blood vessels, which should increase blood flow to 

the muscles, which should lead to improved muscle function 

and stamina, and which should show up as improved athletic 

performance. The results of this study support two links in 

the above chain: the first link, the arginine silicate product 

increased circulating arginine levels, and the second link, 

this increase in circulating arginine was associated with a 

tendency of baseline salivary nitrite to increase  which could 

suggest increased NO levels. Studies exploring the remaining 

links of this plausibility chain are warranted as the potential 

for the arginine silicate product to enhance athletic perfor-

mance is promising.

Conclusion
The arginine silicate dietary supplement increases blood 

levels of arginine after a single dose within 30 minutes for 

up to 5 hours and increases blood levels of silicon for up 

to 1.5 hours. This result is reproducible as evident by the 

14-day PK data. Blood levels of arginine silicon and NO 

(salivary nitrite) were elevated consistently after 14 days of 

daily use. PK data indicate that absorption and active kinetics 

of the product remain consistent over 14 days of daily use, 

indicating a predictable PK profile. The observed increase in 

baseline salivary nitrite is supporting information that there 

was some improvement in NO production. The product was 

found to be safe within the protocol of this study. Further 

study on the effect of this supplement on NO production and 

the resulting physiological effect is warranted.
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