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Abstract 

Although many methods for the determination of NOx have been reported. there 

are few that examined the caution of pretreatment and stability in blood. In this 

study. we attempted to investigate the stability of NOx in blood specimens and the 

pollution of NOx in instruments used. We measured nitrate and nitrite (NOx) n 

blood specimens by flow injection analysis. There was contamination of NOx in test 

tubes and tips left in air. but careful washing with deionized clistilled water re-

moved it. After being washed and dried. the test tubes must be kept in a sealed 

case to avoid re-pollution. Though EDT A was a suitable anticoagulant. a specific 

maker of the vacuum tube containing EDT A must be chosen because one maker's 

product contained NOx. The concentration of NOx was not a宜ectedby hemolysis 

and was stable for at least 4 hours at room temperature or 7 days at 4
0

C. The 

method exhibited linearity over the range of 1. 0 to 100 11M nitrate and an upper 

sensitivity of 0.5μM (99% confidence limit). The inter-assay and intra -assay of 

CV values. performecl at 2 concentration levels. ranged between 0.6 ancl 4.0%. 

and the sampling frequency was 25 per hour. 

We suggest that NOx concentration in blood be determined with consideration of 

these findings and that the NOx auto analyzer with automated flow injection analy-

sis be applied clinically. 
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Introduction 

Nitric oxide (NO) has been shown to be pro-

duced endogenously and play an important role 

in organisms!-6l. It is implicated as a mediator. 

messenger. or regulator of cell function in vari 

ety of physiologic states that include vascular 

tone. platelet function. short - and long -term 

memory. hepatocyte respiratory tunction. septic 

shock. and penile erectile function2-GI. NO is syn-

thesized by the enzyme NO synthase (NOS)九

Several isoforms of NOS have been identified. 

They are the constitutive NOS present in the 

endothelium (eNOS) 71 and neural (nNOS) 81 tissue 

and the inducible enzyme (iNOS) gl formed in ac-

tivated immune cells. eNOS and nNOS are Ca2+ 

dependent and synthesize small amount of NO 

on demand. but iNOS is functionally Ca2+ inde-

pendent and releases large amount of NO (more 

than 100 -fold greater than that produced by 

eNOS and cNOS) after induction by stimulation 

with endotoxin or cytokinesC1
• In organisms. NO 

undergoes rapid oxidation to N02 - and NO:l 

(NOx) and has an estimated half-life of less 

than 4 seconds1
•

SI
• Therefore. elevation of NOx 

concentration in the blood may indicate the oc-

currence of diseases. especially inflammations in 

body. Although many methods for the determi-

nation of NOx have been reported lO
-

121
• there 

are few that examined the caution of pretreat-

ment and stability in blood. In this study. we 

attempted to investigate the stability of NOx in 

blood specimens by flow injection analysis used 

for the measurement of brain NOx levels de-

scribed by Habu et a1.121
• Moreover. we investi 

gated the pollution of NOx in instruments used 

in this examination. 

Materials and methods 

NOx pollution in the instruments used for 

measurement of NOx concentrations in blood 

speClmens 

NOx pollution was examined in disposable 

glass test tubes. plastic test tubes. pipette tips. 

a syringe and vacuum tubes for blood sample. 

12 

Glass test tubes. plastic test tubes and pipette 

tips were divided into two groups. One group 

was tested without washing. Another group 

was washed with water， rinsed 4 times with 

deionized disti1led water， and dried in a drying 

room with the tubes opening turned down. 

They were tested immediately， one day， 3 

days and 7 days after drying. After loading a 

half ml of deionized disti1led water and agitating 

using a mixer for 1 minute， the NOx concen 

tration in the solution was measured. 

The disposable syringe was tested as follows. 

Two ml of deionized distilled water was drawn 

into the syringe attached with a needle and agi-

tated. After one minute of agitation， NOx con 

centration in the solution was measured. 

Seven kinds of vacuum tubes from three dif-

ferent companies were tested. Five of them con-

tained ethylenediaminetetraacetic acid (EDT A) ， 

and two contained heparin as the anticoagulant. 

One ml of deionized disti1led water was injected 

into the tube using a NO-free syringe， and the 

tube was shaken wel1. NOx concentration in the 

water in EDT A-containing tubes was measured 

directly， and that in heparin-containing tubes 

was measured after deproteinization. 

Stability of NOx in the blood 

Blood for the examination of stability was sup目

plied from five volunteers (25 -39 years old， 

male: 2 and female: 3) at 9: 00 AM. Each 

blood was injected into NOx-free plastic tubes 

and EDT A-containing vacuum tubes. Blood sam-

ples in the plastic tubes were immediately cen-

trifuged at 2，000 x g for 10 minutes. After de-

proteinization. NOx concentrations in the blood 

were measured. Part of the samples in EDT A-

tubes were centrifuged at 15，000 x g for 10 

minutes after 0， 2 and 4 hours stay at room 

temperature. Another part was centrifuged at 

15，000 x g for 10 minutes after 1， 3 and 7 

days stay at 4 oC. After deproteinization， NOx 

concentrations in the blood of each sample were 

measured at each time. Part of the samples in 

EDTAぺubeswere stored at -80 oC for 3 days 



to be hemolysed. After deproteinization， NOx 

concentrations in the samples were measured. 

Deproteiniza tion 

We used the method described by Habu et 

al.J2) for deproteinizing heparin， serum， plasma 

and blood. Each sample (30μ1) was added to 180 

μ1 of 0.3 N NaOH solution. After incubation for 

5 minutes at room temperature， 180μ1 of 5 % 

(w/v) ZnS04 was added. The mixture was then 

allowed to stand for 5 minutes and was centri-

fuged at 2， 800 x g for 20 minutes. Nitrate and 

nitrite levels in 100μ1 of the supernatant were 

determined using the automated NOx analyzer. 

Recovery of NOx in blood specimens 

Sodium nitrate (25， 50， and 100μM) was added 

to the plasma supernatant of the blood in the 

EDT A-containing vacuum tubes after centrifuga-

tion. Each sample was deproteinized and ana 

lyzed for NOx concentration to observe the ana同

lytical recovery of NOx in the plasma. 

Measurement of NOx 

NOx was determined using an autoanalyser 

(Model TIC -NOX 1000; Tokyo Kasei Kogyo， 

Tokyo， Japan)， which employs the technique of 

automated flow injection analysis121. Nitrite re-

acted with the Griess reagent to form a purple 

azo compound; the absorbance at 540 nm131 was 

measured with a spectrophotometer (Model S/ 

3250; Somakogaku， Tokyo， Japan) connected to 

a chart recorder (Phonix; TOA Electronics Ltd， 

Tokyo， Japan). Nitrate was determined by re-

ducing it to nitrite using an A7200 Cd-Cu re-

duction column (Tokyo Kasei Kogyo， Tokyo， Ja-

pan) . The reaction was as follows: 

N03 -+ Cd + 2 H+ → N02 -+ Cd2+ + H20 

Then， nitrite was measured as above. Samples 

were loaded on the sample injector (Model SVI 

-6 U 7 ; Tokyo Kasei Kogyo， Tokyo， Japan). 
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Both the carrier solution and the Griess reagent 

were prepared daily， warmed to 30
0

C and made 

to flow at a rate of 1. 5 ml/minute. Sodium ni-

trate solution (NOx standard solution) was used 

as the standard. The results obtained with this 

method exhibited linearity over a range of 1. 0 

to 100μM nitrate (99% confidence limit). The 

autoanalyser could analyze 25 samples per hour. 

Chemicals 

The carrier solution (Ethylenediaminetetraacetic 

acid disodium salt dihydrate (0.7g) and ammo-

nium chloride (3 g) in 1 L of water， then ad四

justed to the pH of 8.0 -8.5 with NaOH) ， the 

Griess reagent (Sulfanilamide (5 g) and N -(1 

-naphthyl) ethylenediamine dihydrochloride (0.5 

g) in 1 L of HCl (0.6N) ) and the NOx stan-

dard solution were obtained from Tokyo Kasei 

Kogyo Co.， LTD. (Tokyo. Japan). The other 

chemicals were of the highest quality available 

and were obtained from Katayama Chemical In-

dustries Co.， L TD. (Osaka， J apan) . 

Statistical analysis 

The data obtained were analyzed using the 

paired t-test. The level of significance was set 

at p<O. 05. 

Results 

NOx pollution was measured in disposable 

glass test tubes， plastic test tubes， pipette tips， 

a syringe and vacuum tubes for blood sample. 

There was contamination of NOx in disposable 

glass test tubes， plastic test tubes and pipette 

tips left in air even with first-use. A careful 

washing with deionized distilled water removed 

it (Fig. 1). Thus， we did not detect NOx in the 

tubes and tips immediately after drying. How-

ever， NOx contamination increased gradually 

when the tubes and tips were left in air 

(Fig. 1) . When they were put in a sealed case 

immediately after drying， we did not detect 

NOx even after 7 days (data are not shown). 
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Fig.1. 
NOx contaminations in test tubes and pipette tips. NOx adhered to the in-
sides of test tubes and pipet tips left in air. Though careful washing with 
deionized distilled water removed it司 re-pollutionoccurred when they were 
left in the air (n= 3 ). 
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NOx contaminations in the vacuum tubes for 0か
taining blood specimens. The tubes of 3 different 
makers (A， B可 C)and 4 different anticoagulants 
(EDTA-2 Na， EDTA-2 K， hepalin-Li， hepalin-Na) 
were tested (mean:tSEM， n= 8 ). 

Vacuum tubes with heparin contained NOx 

contamination at about one nmol/tube (Fig. 2) . 

We did not detect NOx in 3 types of vacuum 

tubes with EDT A but detected over 6 nmol/ 

tube of NOx in one type which was a product 

of a di旺erentcompany from the other vacuum 

tubes (Fig. 2) . 

Stability of NOx in the blood specimen 

First. we examined the effect of EDT A on the 

levels of NOx in blood. The concentration of 

NOx in the plasma and serum obtained from 

the same blood were compared. Serum was ob-

tained from blood in NOx-free plastic tubes. and 

plasma was obtained from blood in EDT A-

containing vacuum tubes in which NOx was not 

detected. There was no significant di宜erencebe-

tween the concentrations of NOx in the plasma 

and serum (Fig. 3). 

Second. we examined the e旺ectof hemolysis 

on the levels of NOx in blood. Hemolysis was 

caused by freezing and thawing. NOx concen-

trations in blood with hemolysis and without 

hemolysis obtained from the same blood were 

compared after deproteinization. No significant 

di宜erencewas observed between the blood with 

or without hemolysis (Fig. 4) . 

We then examined the stability of NOx with 

time. There were no changes in the concentra-

tions of NOx in the blood when it was kept for 

4 hours at room temperature or for 7 days at 

4 oC (Fig. 5) . 
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Fig.4. 
Effect 01 hemolysis on the levels 01 NOx in blood. 
Right circles and left circles connected with a line 
represent the same sample. There was no signifi-
cant difference (Paired t-test， p< 0.05) . 

non-hemolysis 
without EDT A2K 

Fig.3. 
Effect 01 EDTA-2 K on the levels of NOx in 
blood. Right circles and left circles connected with 
a line represent the same sample.There was no 
significant diflerence between those with and with-
out EDTA-2 K (Paired t-test噌 p<O.05). 
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Fig.5. 
Changes 01 NOx concentrations in blood. Each sample was stored at room temperature and at 4.C 
(alter 4 hours). The same symbol represents the same sample. The NOx levels had no significant 
difference between 0 and other times (Paired t-test， p<O. 05). 

Coefficient of variation (CV) was measured by 

using plasma Oow dose) and the same volume 

of sodium nitrate soJution (100μM) 

plasma (high dose). The inter-assay 

assay of CV values obtained from 10 measure-

ments were 4. 0 and 1. 0% (low dose) and 

Recovery of NOx in plasma 

added 

mtra同

2.7 

with 

and 

Fig. 6 shows the analytical curves generated 

by adding nitrate to plasma， indicating a linear 

relationship. The overall recovery of 

added to the plasma was 98.49%. 
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Fig.6. 
Analytical recovery of nitrate from blood. 
R=O.9999司 Y=O.909X+2. 689. Abscissa: 
nitrate in blood， added. Ordinate: nitrate in 
blood， observed. 

and O. 6% (high dose) ， respectively. 

Discussion 

NOx is abundant in the air as noxious gases 

from the exhaust of motorcars and jet planes， 

and industrial fumes3，4). Certain bacteria can also 

generate NOx. NOx dissolves in water and 

causes acid rain. Almost all the water which we 

used contains NOx. For example， our tap water 

contains over 40μM NOx. Therefore， NOx con-

tamination in the instruments like tubes and 

tips used for measuring NOx in the blood was 

speculated. We tested the NOx contamination in 

di妊erentinstruments. We poured deionized dis-

tilled water into every instrument and agitated 

to dissolve the NOx stains. Then， we measured 

NOx in the solution. The tubes and tips which 

were not sealed were polluted with NOx， al-

though the disposable syringes and needles 

which were sealed soon after production did not 

contain NOx. We are able to remove this NOx 

pollution by washing with water and deionized 

distilled water. NOx pollution re-occurred if they 

were kept in air but was not detected if kept 

in a sealed box. Therefore， after being washed 

and dried， the test tubes must be kept in a 

16 

sealed case to avoid re-pollution. 

Heparin tubes contained a little NOx. This was 

expected because the heparin was extracted 

from organisms. Among five types of EDTA-

containing vacuum tubes， one contained a 10t of 

NOx， though others contained 1itt1e or none. 

The NOx-contaminated vacuum tube was a 

product of a company which was in a di旺erent

country from the other two companies. NOx 

contamination seems to be influenced by the 

factory surroundings. Therefore， though EDT A 

was a suitab1e anticoagu1ant， the makers and 10t 

numbers of the vacuum tube containing EDT A 

must be specifically chosen， and it is necessary 

to check NOx contamination before using. 

We obtained reproducib1e resu1ts of NOx 1eve1s 

in human b100d by the method for mouse brain 

described by Habu et al.12¥In this method， de-

proteinization proceeded under a1ka1ine condi-

tions， and NOx was measured by automated 

flow injection analysis. If deproteinization pro-

ceeded under acidic condition， the NOx values 

obtained varied widely12) because some of the 

NOx was emited as a gas from the solution. 

There was no significant di宜erence between 

the concentrations of NOx in the plasma (EDT A 

-treated blood specimen) and serum (EDT A-

untreated blood specimen). Hemolysis also had 

no effect on the concentration of NOx in blood 

specimen. These findings suggest that NOx is 

distributed equally in plasma and corpuscles. 

The concentration of NOx was stable for at 

least 4 hours (room temperature) or 7 days 

(4 OC) if they were sealed， suggesting that 

NOx is stable in blood and that the blood can 

be stored in a refrigerator for at least one 

week after drawing. 

The values obtained were reproducible， linear 

and did not show a wide distribution with re-

petitive determinations. After the addition of a 

standard sample， the data indicated a linear re-

lationship with a slope of almost 1. This finding 

suggests that there are no substances in the 

plasma which interfered with or enhanced the 

quantitative reduction of NOx. 

There are many reports that NOx concentra-



tion is increased in the blood of patients with 

rheumatic diseasesI4.151. in the blood and urine of 

diabetic renal hyperfiltration mode16.161 • in the 

urine of nephritic nephritis model rats17¥in the 

cerebrospinal fluid of neurological diseases in 

humanl81 • in the cerebrospinal fluid and blood of 

patients with head lllJury山ぺ andin the cortex 
of stress model rat211. These observations sug-

gest that NOx increases in body fluid indicate 

the occurrence of inflammations22剖1.Wong et al. 

proposed that NOx concentration was a clini 

cally useful diagnostic tool and therapeutic 

monitor in evaluating children at risk for sepsis 

syndrome or acute allograft rejectiod51. Our 

method can be applied to measure NOx in 

urine and cerebrospinal fluid. We can measure 

NOx in many samples (25 samples/hr). and the 

auto-analyzer is simple to operate and highly 

sensitive Oimit of detection 0.5μM) with a low 
rate of mechanical failure. and the operating 

cost is quite low. 
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