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Abstract 

For the quantification of nitrite and nitrate, the stable metabolites of L-arginine-derived nitric oxide (NO) in 
human urine and plasma, we developed a gas chromatographic-mass spectrometric (GC-MS) method in which 
[15N]nitrite and [15N]nitrate were used as internal standards. Endogenous nitrite and [15N]nitrite added to 
acetone-treated plasma and urine samples were converted into their pentafluorobenzyl (PFB) derivatives using 
PFB bromide as the alkylating agent. For the analysis of endogenous nitrate and [XSN]nitrate they were reduced to 
nitrite and [15N]nitrite, respectively, by cadmium in acidified plasma and urine samples prior to PFB alkylation. 
Reaction products were extracted with toluene and 1-/xl aliquots were analyzed by selected-ion monitoring at m / z  
46 for endogenous nitrite (nitrate) and m / z  47 for [15N]nitrite ([lSN]nitrate). The intra- and inter-assay relative 
standard deviations for the determination of nitrite and nitrate in urine and plasma were below 3.8%. The 
detection limit of the method was 22 fmol of nitrite. Healthy subjects (n = 12) excreted into urine 0.49 -+ 0.25 of 
nitrite and 109.5 - 61.7 of nitrate (mean ± S.D.,/xmol/mmol creatinine) with a mean 24-h output of 5.7/zmol for 
nitrite and 1226 tzmol for nitrate. The concentrations of nitrite and nitrate in the plasma of these volunteers were 
determined to be (mean ± S.D., /~moi/1) 3.6 ± 0.8 and 68 ± 17, respectively. 

1. Introduction 

Over  the last few years nitrite and nitrate have 
become of great interest because they have been 
shown to be the stable metaboli tes of  the highly 
unstable endothel ium derived relaxing factor 
( E D R F )  nitric oxide (NO)  [1,2]. The origin of  
N O  has been demonst ra ted  to be the amino acid 
L-arginine [3]. N O  format ion is associated with 
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an activation of the soluble guanylate cyclase and 
release of cGMP [4-6] leading to vascular 
smooth  muscle relaxation [7]. Recently,  urinary 
and plasma ni tr i te/ni trate  as well as c G M P  have 
been shown to be suitable index parameters  to 
assess L-arginine-derived N O  format ion and to 
moni tor  its effects on the vascular system in vivo 
[81. 

There  exist numerous  analytical methods  to 
measure ni tr i te/ni trate  in aqueous solutions but 
only a few of them are applicable to biological 

reserved 
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fluids. Among them are also gas chromatograph- 
ic-mass spectrometric (GC-MS) methods which 
utilize [15N]nitrite and [ N]nitrate as internal 
standards and which are mainly based on the 
nitration of aromatic compounds [9,10]. How- 
ever, the application of these methods to nitrite/ 
nitrate determination in biological fluids, espe- 
cially in plasma, is associated with many interfer- 
ences [11]. In the present study, we describe a 
rapid, interference-free and highly sensitive GC-  
MS method for quantitative determination of 
nitrite and nitrate in urine and plasma samples of 
humans. The method is based on the conversion 
of nitrite into a-nitro-pentafluorotoluene using 
pentafluorobenzyl (PFB) bromide as the alkylat- 
ing agent and 15N-labelled nitrite as the internal 
standard. The same derivatization procedure was 
used for nitrate and 15N-labelled nitrate follow- 
ing their reduction by cadmium to nitrite and 
15N-labelled nitrite, respectively. Urinary 24-h 
excretion of nitrite and nitrate as well as their 
levels in plasma were determined by this method 
in healthy volunteers. 

2. Experimental 

2.1. Chemicals and reagents 

a-Bromo-2,3,4,5,6-pentafluorotoluene (PFB- 
Br) was obtained from Aldrich (Steinheim, Ger- 
many). The sodium salts of [15N]nitrite and 
[15N]nitrate (each 99 atom% 15N) were obtained 
from MSD Isotopes Merck Frosst Canada (Mon- 
treal, Canada). Toluene of analytical-reagent 
grade was purchased from Merck (Darmstadt, 
Germany). Acetone, the sodium salts of nitrite 
and nitrate (Riedel-de Haen, Seelze, Germany) 
were of analytical-reagent grade. Double-distil- 
led water was used for the preparation of aque- 
ous solutions of nitrite and nitrate and of the 
internal standards. 

2.2. Volunteers and sample collection 

Nitrite and nitrate were measured in urine and 
plasma samples obtained from venous blood of 
healthy female volunteers receiving a stan- 

dardized (group A) and uncontrolled nitrate diet 
(group B). In group A (mean age 2 5 . 9 -  1.0 
years, n = 10), urine samples were obtained from 
spontaneous micturition on two different days 
within an interval of eight days. One day before 
sample collection the volunteers received a stan- 
dardized nitrate diet with an intake of 26 mg 
nitrate per day. In group B (mean age 24.8 --- 0.8 
years, n = 12), urine was collected for 24 h and 
stored at 4°C during the collection period. Blood 
was immediately centrifuged at 4°C (5000 g, 10 
min) and  plasma stored on ice. Two 1-ml 
aliquots each from urine and plasma samples 
were separately spiked with the internal stan- 
dards, frozen immediately and stored at - 2 0  ° 
until analysis. GC-MS analysis showed that 
under these conditions no loss of nitrite from 
blood was observed within the first 2 h of 
storage. However, when blood was incubated 
immediately at 37°C endogenous nitrite was 
oxidized quantitatively to nitrate with a half-life 
of approx. 12 min. Nitrate was found to be stable 
in urine and plasma samples when they were 
incubated for 2 h at 37°C or stored for 24 h at 
4°C. 

2.3. Derivatization procedure 

Nitrite and 15N-labelled nitrite were converted 
to their PFB derivatives by modifications of 
previously described methods [12,13]. Briefly, 
100-/xl aliquots of urine or plasma spiked with 

I5 the corresponding internal standards [ N]nitrite 
and [aSN]nitrate (250 ng for urine and 25 ng for 
plasma samples) were treated with 400 /xl of 
acetone cooled to -20°C. Following immediate 
centrifugation (3000 g, 5 min) and decantation 
the supernatant was treated with 5/~1 of PFB-Br 
and the mixture was allowed to react for 60 min 
at 50°C. After cooling to room temperature 
acetone was removed under nitrogen and reac- 
tants were extracted into 1 ml of toluene from 
which 1-/~1 aliquots were injected onto the G C -  
MS system. For the determination of nitrate, to 
a 100-/xl aliquot of a urine or plasma sample 
spiked with the internal standard 5 mg of cad- 
mium were added and subsequently acidified by 
addition of 20 /xl of a 20 vol.% acetic acid 
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solution. Reduction of nitrate to nitrite was 
performed after reaction at room temperature 
for 15 min by gently mixing with a mechanical 
shaker. The supernatant of the centrifuged sam- 
ple (3000 g, 5 rain) was decanted and derivatized 
as described above for nitrite without neutraliza- 
tion. 

2.4. GC-MS conditions 

GC-MS analyses were performed on a gas 
chromatograph 9611 interfaced with a triple- 
stage quadrupole mass spectrometer (TSQ 45) of 
Finnigan MAT (San Jose, CA, USA) operating 
in the single-stage quadrupole mode under nega- 
tive-ion chemical ionization (NICI) conditions 
with methane as reagent gas (65 Pa). Helium was 
used as carrier gas at a pressure of 50 kPa. The 
temperature of the fused-silica capillary column 
(OV1701, 25 m x 0.36 mm I.D., film thickness 
0.25 /xm; Macherey-Nagel, D/iren, Germany) 
was held at 60°C for 2 min and then increased to 
100°C at a rate of 5°/min and to 250°C at a rate 
of 30°/min. Both PFB-NO 2 and PFB-~SNO2 
eluted from the column at the same time. Injec- 
tor, interface and ion-source were held at 280°C, 
280°C and 130°C, respectively. The ionization 
energy was 90 eV and the electron current 200 
/.tA. The electron multiplier voltage was set at 
1.2 kV. 
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Fig. 1. Negative-ion chemical ionization mass spectrum of 
synthetic a-nitro-pentafluorotoluene. 

GC-MS chromatograms from the analysis of 
nitrite and nitrite plus nitrate in plasma of a 
healthy volunteer are shown in Fig. 3. These 
figures show that no other compounds interfere 
with the determination of nitrite and nitrate in 
urine and plasma samples. 

3.2. Precision 

The precision of the overall procedure was 
determined by analyzing five (unspiked) samples 
of plasma and urine for nitrite and nitrate from 
the same sample pool. The mean concentrations 

3 .  R e s u l t s  

3.1. GC-MS analysis 

In the mass spectrum of synthetic PFB-NO 2 
(Fig. 1) the most abundant ion was NO~ at m/z  
46. Other less intense signals were observed at 
m/z  226 ( [ M - H ] - )  and m/z  181 ([PFB]-). 
Except for m/z  181 the signals observed in the 
mass spectrum of PFBJSNO2 were increased by 
1 m/z.  The ions at m/z  46 for nitrite (nitrate) 
and m/z  47 for [15N]nitrite ([15N]nitrate) were 
used for quantitation in the selected-ion moni- 
toring mode. Partial GC-MS chromatograms 
from the analysis of nitrite plus nitrate in urine 
of a healthy volunteer are shown in Fig. 2. 

1 
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Fig. 2. A typical partial GC-MS chromatogram from the 
analysis of nitrite plus nitrate in the urine of a healthy 
volunteer as PFB derivatives. The concentration of the 
internal standard (15NO3) in the urine sample (100/zl) was 
2.5 mg/l (39.7/.~mol/I). 
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Fig. 3. Typical partial GC-MS chromatograms from the 
analyses of nitrite (upper panel) and nitrite plus nitrate 
(lower panel) in plasma samples (each 100/ t l )  of a healthy 
volunteer as PFB derivatives. The concentrations of lSNO2 
and lsNO; in the plasma samples were 0.25 mg/l (5.32 
/~mol/l) and 0.25 mg/l (3.97/xmol/l) ,  respectively. 

cal samples. The R.S.D. from sixfold injection of 
5 pg of synthetic PFB-NO 2 (22 fmol nitrite) was 
0.8%. This amount was detectable at a signal-to- 
noise ratio of 50:1. 

3.3. Accuracy 

Linearity was checked by spiking 25 ng of 
15NO2 or 250 ng of 15NO3 to each 0.1-ml 
aliquot of a sample (aqueous solution, urine, 
plasma) to which was added separately up to 200 
ng nitrite/0.1 ml and up to 10/zg nitrate/0.1 ml. 
For all matrices linearity was observed between 
the ratio m/z 46 to m/z 47 and the amount 
added within the range investigated with co- 
efficients of correlation better than 0.996. 

The accuracy of the method was assessed by 
analyzing in triplicate seven 100-/zl aliquots of a 
urine sample each spiked with 250 ng/0.1 ml of 
[15N]nitrate and with up to 26 /zg/0.1 ml of 
nitrate. The data given in Table 1 and the very 
good correlation between the concentration of 
nitrate measured (y) and the concentration of 
nitrate added (x) ( y = 3 1 . 6 8 3 + l . 0 1 8 x ,  r E___ 

0.999), indicate the high accuracy of the method 
and the quantitative relative recovery for nitrate. 
The y-axis intercept is due to endogenous nitrate 
(31.7 mg/l). Similar results were also obtained 
for plasma samples and aqueous buffered solu- 
tions of nitrate. 

of nitrite and nitrate in the plasma of a volunteer 
were determined to be 3.4 and 50.8/zmol/l with 
an R.S.D. of 3.5% and 2.3%, respectively. In 
the same volunteer the mean concentrations of 
nitrite and nitrate in the urine were determined 
to be 8.9 and 750 /zmol/l with an R.S.D. of 
3.8% and 1.8%, respectively. When nitrite and 
nitrate were analyzed in five 100-/xl aliquots of 
twice-distilled water their mean concentrations 
were determined to be 1.2 and 2.8/xmol/l  with 
an R.S.D. of variation of 2.1% and 1.9%, 
respectively. These values representing the nit- 
rite and nitrate content of the reagents used were 
substracted from the values obtained in biologi- 

Table 1 
Accuracy of the method for the determination of nitrate in 
human urine 

Nitrate Nitrate found R.S.D. 
added (mean ± S.D., n = 3) (%) 
(rag/l) (mg/1) 

0 32.4 - 0.98 3.04 
50 82.7 -+ 1.59 1.92 
80 111.5 ±- 3.30 2.96 

110 145.9 - 3.14 2.15 
150 182.7 - 4.21 2.31 
190 224.7 ± 4.17 1.85 
260 297.5 ± 4.69 1.58 

Mean -+ S.D. 2.26 - 0.56 
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Table 2 
Concentrations of nitrite and nitrate in plasma of twelve 
healthy volunteers with uncontrolled nitrate diet (group B) 

Volunteer Nitrite Nitrate 
(/.~mol/l) (/xmol/l) 

1 4.5 57.1 
2 4.6 75.6 
3 2.4 60.3 
4 3.2 62.5 
5 3.1 62.6 
6 3.5 47.8 
7 2.8 114.7 
8 4.2 79.5 
9 3.6 72.3 

10 5.3 65.7 
11 3.2 67.1 
12 3.4 50.8 

uncontrolled nitrate diet (group B) and the 24-h 
excretion of nitrite and nitrate in these volun- 
teers are summarized in Tables 2 and 3, respec- 
tively. The concentrations on two different days 
of nitrite and nitrate in plasma and of nitrite plus 
nitrate in urine samples of ten healthy volunteers 
with standardized nitrate diet (group A) are 
listed in Table 4. In urine and plasma of vol- 
unteers on standardized low-nitrate diet signifi- 
cantly (p < 0.02; unpaired t-test; Table 4) lower 
nitrite and nitrate concentrations were measured 
compared with those determined in the volun- 
teers with uncontrolled nitrate diet. This may 
result from the different intake of nitrite/nitrate 
present in food by the volunteers. 

Mean ± S.D. 3.65 ± 0.84 68.0 ± 17.4 4. Discussion 

3.4 Concentrations of nitrite and nitrate in 
plasma and urine of humans 

The concentrations of nitrite and nitrate in 
plasma samples of twelve healthy volunteers with 

Sensitive determination of nitrite in aqueous 
solutions as PFB derivative by GC with electron- 
capture detection has been demonstrated [12]. 
However, this method does not allow-except 
when additional purification steps are used [13]- 
determination of nitrite and nitrate in biological 

Table 3 
Excretion of nitrite and nitrate in the urine of healthy volunteers with uncontrolled nitrate diet (group B) 

Volunteer Nitrite Nitrate 

/zmol/24 h /zmol/mmol /xmol/24 h /zmol/mmol 
creatinine creatinine 

1 10.5 0.73 1422 98.2 
2 2.2 0.42 858 163.8 
3 8.2 0.71 1458 127.3 
4 4.3 0.33 1351 105.0 
5 2.5 0.17 953 68.1 
6 9.9 1.02 2648 271.2 
7 6.0 0.16 1185 31.1 
8 6.6 0.61 1361 124.4 
9 4.9 0.32 997 65.7 

10 3.8 0.52 782 106.0 
11 4.5 0.48 787 84.3 
12 5.6 0.42 915 69.1 

Mean --- S.D. 5.7 --- 2.7 0.49 ± 0.25 1226 ± 513 109.5 ± 61.7 

24-h Output (p.mol/24 h) and concentrations of nitrite and nitrate relative to creatinine (/~mol nitrite or nitrate/mmol 
creatinine). 
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Table 4 
Concentrations of nitrite and nitrate in plasma and urine and relative to creatinine concentration of nitrite + nitrate in urine of ten 
healthy volunteers on two different days receiving standardized nitrate diet (group A) 

Volunteer Plasma Urine 

Nitrite 4- nitrate 
(/zmol/mmol creatinine) 

Day A Day B 

Nitrite Nitrate 
(/zmol/1) (/~mol/l) 

Day A Day B Day A Day B 

1 1.7 2.6 34.5 68.2 18.3 20.0 
2 1.1 1.9 20.6 29.5 58.8 95.7 
3 2.4 3.3 43.8 20.3 45.8 25.7 
4 1.5 1.5 30.5 34.0 48.4 42.5 
5 2.2 1.3 36.8 21.6 94.7 58.9 
6 1.5 1.7 33.2 32.6 55.9 80.2 
7 2.4 2.6 63.2 30.2 77.3 34.2 
8 1.3 1.3 38.2 57.7 45.6 59.8 
9 2.2 1.9 41.9 21.1 29.6 109.0 

10 1.7 1.5 38.2 33.1 19.7 41.5 

Mean --- S.D. 1.8 -+ 0.4 1.9 --- 0.6 38.1 -+ 10.9 34.8 -+ 15.9 49.4 --- 24.1 56.7 +- 29.9 
p -Value a 0.0001 0.0002 0.009 0.0228 

a p-Values were calculated by comparing the data of this table with those of the Tables 2 and 3 applying the unpaired t-test. 

fluids due to interferences by coeluting sub- 
stances from urine or plasma. The present study 
demonstrates that G C - M S  is an excellent ana- 
lytical tool for the highly sensitive determination 
of nitrite and nitrate in urine and plasma samples 
of humans as their PFB derivatives at a high 
degree of accuracy. Nearly complete fragmenta- 
tion of the strongly electron capturing PFB-NO 2 
(Fig. 1) and the use of stable isotope-labelled 
internal standards enable nitrite and nitrate to be 
easily and sensitively quantitated in complex 
biological matrices such as urine and plasma 
(Figs. 2 and 3). With regard to other G C - M S  
methods based on the nitration of aromatic 
compounds such as benzene and 1,3,6-trimethox- 
ybenzene [11,14] the present method has the 
major  advantage to allow accurate determination 
of nitrite in the presence of high excess of 
nitrate. Because the nitrite levels both in plasma 
and in urine are much lower than the nitrate 
levels and since these levels are within the range 
of the blank the determination of nitrite is 
extremely difficult and highly inaccurate by these 
methods (own unpublished results). 

Our data on the concentration of nitrite and 

nitrate in human urine and plasma lie in the 
same range as reported by several groups 
[8,14,15]. The urinary nitrite and nitrate excre- 
tion rates with respect to creatinine measured by 
us lie in the same range as the values reported by 
Green et al. [14] and more recently by Kanno et 
al. [8] and Hibbs et al. [16] applying the method 
based on the Griess reaction. The plasma values 
for nitrite and nitrate obtained by our method 
are comparable with those reported by these and 
other groups [17,18]. On the other hand, there 
exist a number of studies in which nitrite was 
either not detectable in plasma or its concen- 
tration was clearly below 1/xmo1/1 [18-20]. Such 
discrepancies, especially regarding nitrite plasma 
levels, may be due to different intake of nitrite/ 
nitrate by the volunteers involved in each study 
and also due to differences in sample generation, 
storage and treatment. 

Intravenous infusion of L-arginine in healthy 
persons has been shown to result in a decrease in 
blood pressure most probably due to a NO- 
specific mechanism [8,21]. In these studies the 
decrease in blood pressure was found to corre- 
late more tightly with the increase in urinary 
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excretion of nitrate than of cGMP. Thus, this 
finding and the difficulty in measuring authentic 
NO in plasma suggest that nitrite and nitrate, the 
stable metabolites o f  NO, are more suitable 
index parameters for NO formation from L-ar- 
ginine. The observation that after infusion of 
L-arginine nitrite plus nitrate excretion into urine 
increased but plasma nitrite or nitrate did not, 
together with the relative short half-life of nitrite 
in blood (see Ref. [22] and this study) suggest 
that the most appropriate matrix for assessment 
of NO formation in man is urine. Our results 
show that the concentrations of nitrite and ni- 
trate both in urine and plasma seem to depend 
upon the intake of nitrite and nitrate by foods. 
This observation and the finding that intravenous 
infusion of L-arginine (30 g) in humans led to 
only a 1.6- to 1.8-fold increase in urinary nitrite 
and nitrate excretion [8,21] suggest that clinical 
studies on the role of EDRF/NO in health and 
disease in which nitrite and/or nitrate function as 
index-parameter for EDRF/NO formation must 
be carefully performed under standardized low 
nitrite/nitrate diet. Also, in the detection meth- 
ods chemical and reagents of lowest nitrite/ni- 
trate content should be used. 

5. Conclusions 

From all evidence available at this time urin- 
ary nitrite/nitrate appears to be a reliable pa- 
rameter to assess non-invasively whole body 
nitric oxide (NO) synthesis in man. The GC-MS 
technique described in this paper allows highly 
accurate quantitation of nitrite and nitrate in 
urine and plasma and should be useful to 
monitor effects of diseases and drugs on NO 
synthesis in man. 
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