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ABSTRACT

Deproteinization is a necessary step in the measurement of
serum NOx (nitrite+nitrate) concentrations. This study
aims at comparing different protein precipitation methods
for measurement of serum nitric oxide end product con-
centrations by the Griess method. For this purpose, ten
protein precipitation methods most of previously used for
deproteinization in serum NOx determination, were ap-
plied for protein removal. Serum samples from healthy
volunteer deproteinaized with different methods, subse-
quently serum NOx concentrations were determined using
the Griess assay. Pearson correlation coefficients and
mean differences between values were determined for
each method (using ultrafiltration as a reference method).
P-values below o.05 were considered significant. The ni-
trite standard curve had linearity up to 150 pmol/l
(r2=0.998). Our results showed that acid solutions are not
suitable for protein removal in serum NOx determination.
Using methanol, ethanol, and diethylether/methanol re-
sulted with higher serum NOx values. Acetonitrile and zinc
sulfate showed good agreement with the ultrafiltration
method for serum NOx determination, in terms of their
mean differences from ultrafiltration method (-1.6 + 8.6
and -2.3 + 7.4 respectively). It can be concluded that zinc
sulfate and acetonitrile are the methods of choice for pro-
tein removal in determining serum NOx concentrations us-
ing the Griess method.
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Introduction

from L-arginine [1]. Physiological processes including
neuronal transmission, [2] reproduction, [3] apop-
tosis, [4] and pathological processes such as inflammation,
[5] septic shock, and asthma [6] are among the many proc-

Nitric oxide (NO) is an important molecule synthesized

esses in which NO plays some roles. NO is a very unstable gas
with a short half life, making its direct measurement difficult.
Serum nitrite and nitrate (NOX) levels are measured as an in-
direct marker of in vivo NO formation [7]. Measurement of
these NO end products provides a reliable estimate of NO
output in vivo [7]. Numerous studies have measured NOx in
serum [8-11] Interest in measurement of serum NOX is in-
creasing because NOx concentrations are influenced by dis-
eases including heart failure, sepsis, and liver cirrhosis [10].

Although there are various methods for determination of
NOx, nevertheless simplicity, rapidity, and cheapness of the
Griess assay have made this method more popular than oth-
ers [7]. Among the other pre-analytical factors deproteiniza-
tion is a necessary step in measurement of serum NOx con-
centrations mostly because of the turbidity resulting from
protein precipitation in an acidic environment [12-14]. Based
on our knowledge there is only one publication about protein
precipitation methods in NOx measurement using the Griess
assay and this study has not included all precipitation meth-
ods previously used for serum NOx determination [15]. The
aim of the present study is to compare different protein pre-
cipitation methods for measurement of serum NOx concen-
trations using the Griess reaction.

Materials and methods

Materials

Sulfanilamide, N-(1-Naphthyl) ethylendiamine dihydrochlo-
ride (NEDD), hydrochloric acid, methanol, ethanol, acetoni-
trile, diethylether, zinc sulfate, trichloroacetic acid (TCA),
Perchloric acid (PCA), sodium tungstate, and ammonium sul-
fate were obtained from Merck Company (Germany). Vana-
dium (III) chloride (VCL,) was purchased from Fluka (Swiss)
and 1o KD filters from Sartorius Company (Germany).

Sample preparation

Serum samples (n=42) were obtained from healthy volunteers
and centrifuged at 1000 x g for 10 min; subsequently depro-
teinization was done. The proposal of this study was ap-
proved by the research council of the Research Institute for
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Endocrine Sciences of Shaheed Beheshti University of Medi-
cal Sciences.

Deproteinization methods

1. Ultrafiltration: Serums were passed through 1o KD filters
[71.

2. Methanol, acetonitrile, ethanol, methanol/diethylether:
Methanol (1:1, v/v), acetonitrile (1:1, v/v) (15, 16), ethanol
(sample: ethanol, 1:2, v/v) (17), and metha-
nol/diethylether (3/1, v[v) (sample: metha-
nol/diethylether, 1:9, v/v) (12) were added to serums vor-
texed for 1 min and centrifuged at 10000 x g for 10 min at
4 °C and supernatant was removed for NOx determina-
tion.

3. Zinc sulfate: Six mg of zinc sulfate powder was added to
400 pl of serum (15g/1) vortexed and centrifuged as men-
tioned above (14).

4. TCA: TCA (5%) was added to the serum (sample: TCA,
1:9, v|v), vortexed and centrifuged as mentioned above
[x18].

5. PCA: 0.6 molar PCA was added to the serum (sample:
PCA, 1:9, v/v), vortexed and centrifuged as mentioned
above [19].

6. Sodium tungstate: Sodium tungstate (1%, prepared in
0.67 M sulfuric acid) was added to the serum (sample:
sodium tungstate, 1:10, v/v), vortexed and centrifuged as
mentioned above [18].

7. Amonium sulfate: Six hundred mg of Amonium sulfate
powder was added to 1 ml of serum (600g/l), vortexed
and centrifuged as mentioned above [20].

Total nitrite and nitrate (NOx) determination

Before comparing deproteinization methods we validated
measurement of serum NOX levels reported by Miranda et al.
[7] in our laboratory. To do this, we first ran a standard curve
for o-150 pmol/l nitrite ten times, and then calculated sensi-
tivity, precision (inter and intra-assay coefficient of varia-
tions), and accuracy (parallelism and recovery) of serum NOx
determination. Deproteinized serum samples were then used
for NOx determination. In brief, 100 pL of supernatant was
applied to a micotiter plate well, 100 pL vanadium (III) chlo-
ride (8mg/ml) was added to each well (for reduction of nitrate
to nitrite) and this was followed by addition of the Griess re-
agents, 50 pL sulfanilamide (2%) and 50 pL N-(1-Naphthyl)
ethylendiamine dihydrochloride (0.1%). After 30 min incuba-
tion at 37 JbC, absorbance was read at 540 nm using the
ELISA reader (Sunrise, Tecan, Austria). Concentration of NOx
in serum samples was determined from linear standard curve
established by o-150 pmol/l sodium nitrite.

Determination of serum NOx in healthy subjects
Serum NOX levels were determined in 6o healthy subjects
(age range: 32-67 years) after overnight fasting. For this, we
used zinc sulfate for protein precipitation.

Statistical analyses
Data were presented as mean + SD or SEM. Pearson correla-
tion coefficients and mean differences were determined be-

tween different deproteinization methods with the ultrafiltra-
tion method as references. SPSS program (SPSS Inc., Chi-
cago, IL, USA; Version 15) was used for data analysis and 2-
sided p-values below 0.05 were considered significant.

Results

Typical standard curves for serially diluted nitrite concentra-
tions are presented in Fig 1. Assay linearity was maintained
until 150 pmol/l; this assay had sensitivity of 2 pmol/l. Intra-
assay coefficient of variations for 25, 75, and 125 pmol/l NOx
were 5.5, 3.3, and 3.8 % respectively. Inter-assay coefficient
of variations for 25, 75, and 125 umol/l NOx were 5.8, 4.5,
and 4.6 % respectively. Recovery of serum NOx assay in the
present study was 93 + 1.5 % and the mean of the parallelism
test was 102 + 3.3 %.

y=0.0057x +0.0344
0.9 R2=0.998

Absorbance 540 nm

0 25 50 75 100 125 150
Nitrite (pmol/1)

Figure 1. Nitrite standard curve.
Concentrations used for standards range between o to 150 umol/l. Each
point represents mean + SEM of ten times repeat.

Table 1 shows mean serum NOx concentrations, regres-
sion equation, Pearson correlation coefficients, and mean dif-
ferences (with ultrafiltration method as references) for each
deproteinization method. Range of correlation is from 0.53
(for sodium tungstate) to 0.93 for PCA. Minimum and maxi-
mum mean differences belonged the acetonitrile and ammo-
nium sulfate (-1.6 + 8.6 and -24.8 + 13.9 respectively).

The mean + SD of serum NOX concentrations determined
in healthy subjects was 33 + 10 pmol/l (range: 14-57).

Discussion

We evaluated ten protein precipitation methods for determin-
ing serum NOx levels by the Greiss reaction. This is the first
study comparing deproteinization methods for serum NOx
concentrations using vanadium (III) chloride for reduction of
nitrate to nitrite.
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Table 1. Correlation and agreement parameters of NOx concentrations measured by the Griess assay performed in 42 serum
samples after protein precipitation with different methods

Mean = SD of serum Pearson correlation

Deproteinization method Regression equation P value md + SD [pmol/l]
NOx [umol/l] coefficient
Ultrafitration 36 +18 N.A. N.A. N.A. N.A.
Methanol 49 + 25 y=1.18 x+ 6.78 0.84 <0.001 1314
Acetonitrile 3416 y=0.79x + 5.6 0.88 <0.001 -1.6 £ 8.6
Ethanol 52 + 26 y=1.34 x+ 4.31 0.92 <0.001 16 + 12
Zinc sulfate 33+ 14 y=0.73 x+ 4.1 0.92 <0.001 -2.3+7.4
Methanol/diethylether 40+ 22 y=0.96 x+ 5.89 0.79 <0.001 4.4+£13.3
PCA 2310 y=0.54 x+ 3.77 0.93 <0.001 -12.6 £ 9.1
TCA 31+£18 y=0.89 x+ 0.92 0.85 <0.001 -4.9+9.8
Sodium tungstate 24 + 18 y=0.52 x+ 5.88 0.53 <0.01 -10.7 £ 17.5
Ammonium sulfate 106 y=0.52 x+ 1.43 0.78 <0.001 -24.8 + 13.9

md: mean differences, N.A.: not applicable, PCA: perchloric acid, TCA: trichloroacetic acid

In the validation section of our study, we found that the
sensitivity of the assay was 2 pmol/l; a finding that is in
agreement with others reporting sensitivity values of 1.5-2
pmol/l (14, 21). Recovery found in this study (93%) was com-
parable to that found by Moshage et al. [14]
(84-90%) and Guevara et al. [12] (88%). Among the precipita-
tion methods used in the present study methanol (16), Ace-
tonitrile [r5], Ethanol [17], Zinc sulfate [14], Metha-
nol/diethylether (12), PCA [19], and ultrafitration [7] were
used previously, at least once, for protein precipitation in se-
rum NOx determination. TCA, Sodium tungstate, and Am-
monium sulfate although used for protein precipitation [18,
20], were not used for NOx determination. Some other stud-
ies have suggested that deproteinization with acid solutions
should be avoided for serum NOx determination due to rapid
conversion of nitrite to nitric oxide and nitrogen dioxide
gases in acidic environment and loss of nitrite [7, 13]. Our re-
sults in case of protein precipitation with PCA and TCA al-
though supported this suggestion, the correlation coefficient
between PCA and ultrafiltration methods was high (r=0.93),
protein removal with PCA has been caused lower values of se-
rum NOx. Deproteinization with PCA for measurement of se-
rum NOXx has been used in one study [19].

Ethanol, methanol, and methanol/diethylether resulted in
higher serum NOx values. Recently Romitelli et al. [15] have
reported that samples deproteinized by metha-
nol/diethylether resulted in higher values for NOx. They be-
lieve that this issue is related to the high residual protein con-
centration in these samples [15], and have also suggested that
higher NOx concentrations using methanol/diethylether
could be due to interferences with the Griess reagents by the
organic solvents. Although we have not determined interfer-
ences of organic solvents with the Griess assay in this study,
it could be concluded that this possible interference may be
the cause of observed higher serum NOx values using metha-
nol, ethanol, and methanol/diethylether for protein removal.

Sodium tungstate and ammonium sulfate had the weakest
correlations with ultrafiltration method and both of these
methods resulted in lower serum NOx concentrations. There-
fore these methods are not recommended for protein removal
in serum NOxX measurement.

Protein removal with acetonitrile and zinc sulfate had

relatively good agreement with the ultrafiltration protein pre-
cipitation method as shown by their least mean differences.
Rommitelli et a.l [15] have reported that serum treatment with
acetonitrile is the most efficient method to precipitate pro-
teins in the Griess assay, a finding supported with our results.
Despite this, Sakuma et al. [18] have challenged the evapora-
tion of acetonitrile leading to loss of volume, which may be
conducted to higher recovery in determination of uric acid in
serum. We centrifuged samples at 4 ° C which can prevent po-
tential evaporation. In case of protein precipitation with zinc
sulfate, our results are relatively comparable with those of
acetonitrile. Romitelli et al. [15] have reported that although
zinc sulfate removes 85% of serum proteins, it nevertheless
yields higher serum NOx concentrations. On the other hand,
Sun et al. [13] have reported that although zinc sulfate re-
moves about 50% of proteins from samples it is however ef-
fective in preventing the formation of precipitate/turbidity in
subsequent Griess reactions even in samples with high pro-
tein content. Preventing sample dilution has been mentioned
as an advantage in protein removal for the ultarfiltartion
method [13]; in this study, we used zinc sulfate powder,
which allows protein removal without dilution of samples.
Cortas et al. [22] have reported that using zinc sulfate for pro-
tein precipitation decreases interference with ascorbate and
phosphate in the Griess method. Based on all these findings,
it can be suggested that deproteinization using zinc sulfate is
the method of choice for serum NOx determination with the
Griess method.

We measured levels of NOx in 6o normal human serums
using zinc sulfate for protein precipitation. Mean + SD of
these values (33+10 pmol/l, Range: 14-57) were similar to
those reported by others. Green et al. [23] have reported a
range of 15-60 pmol/l for plasma NOx and Guevara et al. [12]
have reported a mean value of 34.9 + 9.7umol/l (range 25-
51.9). A limitation of this study is that we did not determine
residual protein concentration for different deproteinization
methods.

In conclusion, the results of this study revealed that zinc
sulfate and acetonitrile are the methods of choice for protein
removal in determining serum NOx concentrations using the
Griess reaction.
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