
IN TRO DUC TION

Ni tric oxi de (NO) is a short-li fe me di a tor of nu me ro us
physi o lo gi cal pro ces ses from ne u ro tran smis sion, mu scle
re la xa ti on and va so di la ta tion to an ti pat ho ge nic and tu mo -
ri ci dal re spon ses (1–5). Bi osynthe sis of NO from L-ar gi -
ni ne by par ti ci pa tion of oxygen is only pos si ble in cells
that pro vi des NOS ac ti vity (Ni tric Oxi de Syntha se) (6).
The re are two NO syntha se enzymes: con sti tu ti ve cNOS, 
in en dot he lial cells, which pro du ces small qu an tity of NO 
wit ho ut in duc tion and in du ci ble iNOS, which on sti mu la -
tion synthe si zes lar ge amo unt of NO (7). Over pro duc -
tion of NO can be a pro mo ter of  va riety of di se a ses (8–9). 
That is the main re a son for de ve lop ment of re li a ble tec hni -
qu es for de tec ting NO pro duc tion.

Alt ho ugh NO con cen tra tion can be me a su red by many
met hods (chro ma to graphy, elec tron pa ra mag ne tic re so -
nan ce, elec troc he mi stry) (10), the short half-li fe and low
con cen tra ti ons of NO (11) re du ce the prac ti cal signi fi can -
ce of the se tests, ma king the se pro ce du res un su i ta ble for
cli ni cal use as well as for sci en ti fic pur po ses. De fi ci ency of 
men ti o ned met hods can be eli mi na ted by me a su ring the
sta ble NO me ta bo li tes, in par ti cu lar ni tri te (NO2) and ni -
tra te (NO3).

Ni tri tes (NO2) are re presen ting the sta ble, fi nal pro duct
of the oxi da ti on of NO in aqu e o us so lu tion (12). Ni tra tes 
(NO3) are for med by re ac tion of NO with oxyhe mo glo -
bin or su per o xi de (re ac tion of oxi da ti on) (13,14). In ad -
di tion, ni tri tes are con ver ted to ni tra tes by oxyhe mo glo -
bin (12–15). Con se qu ently, pla sma, se rum and uri ne, as
me di ums with oxyhe mo glo bin and su per o xi de, pre do mi -
na tely con tain ni tra tes, whi le sig ni fi cant ni tri tes can ac cu -
mu la te in non-he me-con ta i ning flu ids such as ce re bro spi -
nal (16).

The sim plest and most fre qu ently ap plied met hod for de -
tec tion of ni tri te ani ons em ploys co lo ri me tric de tec tion
with Gri ess re a gent, re a gent that ma kes pur ple azo-co lors 
with ni tri tes.

Sin ce the con ven ti o nal Gri ess re ac tion has li mi ta ti ons re -
gar ding sen si ti vity (1–5 mM) (17) and ina bi lity to de tect
NO3 (which do esn’t un der go di a zo tisa tion), se ve ral mo -
di fi ca ti ons ha ve been adap ted. The de tec tion li mit of the
as say can be en han ced (li ne ar to 0.2 mM NO2) (18) by
sub sti tu tion of dap so ne for sul fa ni la mi de. Ad di ti o nally,
the to tal con cen tra tion of oxi da ti ve end pro duct of NO
can be de ter mi ned by con ver ting (re duc tion) NO3 to
NO2.
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SAŽETAK
Kon cen tra ci ja azot mo nok si da mo že se me ri ti broj nim me to da ma, ali
kra tak po lu ži vot i ni ske iz me re ne vred no sti azot mo nok si da uma nju ju
im prak tiè ni zna èaj, te osta ju ne po de sne za kli niè ku pri me nu. Ne do sta -
ci po me nu tih me to da mo gu se eli mi ni sa ti me re njem sta bil nih me ta bo li -
ta NO, kao što su ni tri ti i ni tra ti. U ovom ra du opi sa li smo mo di fi ka ci ju
me to de ko ja se za sni va na re duk ci ji NO3 i si mul ta noj detek ci ji svih kraj -
njih pro du ka ta ok si da ci je NO. Ni vo ni tri ta i ni tra ta je od re ði van u seru -
mu do dro volj nih, zdra vih da va la ca. Se rum je pre iz vo ðe nja te sta de pro -
te i ni zovan.. Re duk ci ja ni tra ta u ni tri te po stig nu ta je va na di ju mom(III).
Za me re nje kon cen tra ci je ni tri ta ko ri šæe na je ko lo ri me trij ska de tek ci ja
sa Gri ess-ovim re a gen som. Kon cen tra ci ja ni tra ta iz ra èu na va na je kao
raz li ka kon cen tra ci je ukup nih NOx, od re ðe ne u pri su svu VCl3 i Gri -
ess-ovog re a gen sa, i kon cen tra ci je NO2, me re ne sa mo u pri su stvu
Griess-a. Na osno vu do bi je nih re zul ta ta, za klju èi li smo da je me to da
ose tlji va do 0,5mM NO3 i mo že se pri me nji va ti na broj nim teè no sti ma
uklju èu ju æi se rum, pla zmu i su per na tant kul tu re æe li ja. Mer ni op seg me -
to de zna èaj no je ve æi pri upo tre bi HCl u Gri ess-ovom re a gen su, u od no -
su na H3PO4, Sa dru ge stra ne, bez ob zi ra na sa stav Gri ess-ovog re a gen -
sa (HCl ili H3PO4), mer ni op seg me to de je ši ri ka da se re a gen si
in ku bi ra ju na 37°C. 

Kljuè ne re èi: azot mo nok sid, ni tra ti, ni tri ti, va na di jum(III), Gri ess-ov re a -
gens.

AB STRACT
Con cen tra tion of ni tric oxi de can be me a su red by va ri ety of met h ods.
Its short half li fe and va l u es of low de tec ta bi lity dec re a se cli n i cal im por -
tan ce of the se met h ods. De fi ci en ci es of met h ods used for NO me a su re -
ment can be eli m i na ted by me a su re ment of sta ble NO pro d ucts such
as ni tri tes and ni tra tes. In this study we ha ve mo d i fied a met hod for si -
mul ta ne o us eva l u a tion of ni tra te and ni tri te con cen tra ti ons.

Hu man se ra we re col lec ted from blood do nor vo l un te ers. Be fo re te st -
ing the sam ples we re de pro te i ni zed. Re duc tion of ni tra te was ac hi e ved
with va na di um(III). Ni tri te con cen tra tion was me a su red by Gri ess re ac -
tion. The ni tra te con cen tra tion was cal cu la ted as dif fe r en ce of NOx (ni -
tri tes and ni tra tes), de ter mi na ted in pre s en ce of va na di um(III) and ni tri -
tes con cen tra tion. This as say has shown sen si ti v ity to 0,5µM NO3 and is 
use ful in va ri ety of flu ids in clu d ing se rum, pla sma and cell cul tu re me -
dia.

We ha ve exa m i ned the influ ence of va r i o us fac tors on de tec tion of
NOX, such as re a gent com po si tion, vo l u me, and tem pe r a tu re. The met -
hod has shown hig her sen si ti v ity when Gri ess re a gent with HCl was
used, com pa red to use of Gri ess re a gent with H3PO4. It has been al so
no ti ced that regard less of which Gri ess re a gent com po si tion was used, 
sen si ti v ity of this re ac tion was hig her when sam ples we re in cu ba ted at
37°C in stead at 25°C. All in cu ba ti ons la sted 30 mi n u tes.

Key words: ni tric oxi de, ni tra te, ni tri te, va na di um(III), Gri ess re a gent.



Re duc tion of NO3 to NO2 is usu ally ac hi e ved with re du -
cing me tals such as cad mi um (19) or enzyma ti cally thro -
ugh use of bac te rial NO3 re duc ta se. NO3 re duc tion by
cad mi um in vol ves han dling of a to xic me tal. Mo re o ver,
cad mi um is a re la ti vely non spe ci fic re du cing agent and
shows un sa tis fac tory ac ti vity at low con cen tra ti ons of
NO3 (18). Re li a bi lity and sa fety fa vor the use of ni tra te re -
duc ta se over cad mi um. The sen si ti vity of this as say ex -
tends to the low ran ge, un der 1mM, which is ge ne rally suf -
fi ci ent for me a su re ment of NO2 and NO3 in se rum,
pla sma and uri ne as well as in iNOS-con ta i ning cell cul tu -
re me dia. A di sa dvan ta ge of this met hod is in ter fe ren ce of 
NADPH with the Gri ess re ac tion, what can be a re a son
of me a su re ment fa i lu res (20).

In this as say we de scri bed the mo di f ied met hod (Mi ran -
da et al. 2001) that com bi nes re duc tion of NO3 and me a -
su re ment of NO2 in a sin gle step. Re duc tion is ac hi e ved
with va na di um(III), which has a re du ced to xi city in com -
pa ri son with cad mi um and do es not re qu i re re mo ving be -
fo re me a su re ment of NO2 . Va na di um(III) is ro u ti nely
used to re du ce NO3 to NO at tem pe ra tu res ex ce e ding
80°C for che mi lu mi ne scent de tec tion (21). 

Ho we ver, at re du ced tem pe ra tu res, NO3 re duc tion is fi -
nis hing by NO2 for ma tion. Ad ding the Gri ess re a gents
eli mi na tes re qu i re ment for che mi lu mi ne scent de tec ting,
but al so ena bles con ve ni ent si mul ta ne o us de tec tion of
NO2 and NO3.

MAT HE RIAL AND MET HODS

Se rum Pre pa ra tion

Hu man se ra, col lec ted from blood do nor vo lun te ers, we -
re sto red at -70°C un til use. The se rum was de pro te i ni zed 
be fo re te sting. Pro tein pre ci pi ta tion was ac hi eved by two
met hods:

Pro tein pre ci pi ta tion by al co hol. In 1500ml tu bes was ad -
ded 100ml of pla sma and 900ml of mix tu re met ha nol-di -
ethyl et her (3v/1v). Ex tracts we re in cu ba ted on ro om
tem pe ra tu re over night, and than cen tri fu ga ted fi ve mi nu -
tes at 13000rpm (Ep pen dorf 5415D, Ep pen dorf, Ger -
many). Su per na tant was tran sfe red to anot her tu be and
fre e zed on -20°C un til use. Just be fo re te sting ex tracts we -
re de fre e zed and cen tri fu ga ted two mi nu tes at 15000
rpm with aim to get mo re lu cid sam ple.

Pro tein pre ci pi ta tion by acid so lu tion. In 1500ml tu bes
was ad ded 100ml of 3M per chlo ric acid, 400ml of 20M
ED TA and 200ml of se rum. Ex tracts we re in cu ba ted in
ice 20 mi nu tes fo lo wed by oc ca si o nal mi xing and than
cen tri fu ga ted at 13000rpm for fi ve mi nu tes. To su per na -
tants, tran sfe red in to anot her tu bes, was ad ded 120ml 2M 
ka li um-car bo na te to ne u tra li ze ex tracts. The ne u tra li zed
ex tracts we re sto red at -20°C un til te sting. Just be fo re use 
they we re de frost and cen tri fu ga ted in or der to re du ce
potassium-per chlo rate par ti cu les pre sen ce.

Ni tra te and ni tri te analysis

Ex pe ri ments we re per for med at ro om tem pe ra tu re
(25°C) and at 37°C. Ni tra te stan dard so lu tion was se ri -
ally di lu ted (200–1.6mM, fi nal con cen tra tion af ter ad ding 
ot her re a gen ses 67–0.5mM) in a 96-well, flat-bot to med,
polystyre ne mic ro ti ter pla te (MTP), in fi nal vo lu me of

100ml. The di lu ting me di um (de sti la ted aqua) was used
as the stan dard blank. Af ter lo a ding the pla te with se rum
sam ples (100 ml), ad di tion of VCl3 (100 ml) to each well
was ra pidly fol lo wed by ad ding of fresh Gri ess re a gent
(100ml). Re duc tion of ni tra te to ni tri te requ i re aci dic en vi -
ro ment. Be ca u se of this the de tec ting so lu tion (Gri ess),
with low pH va lue, was ap plied du ring re duc tion. Pre sen -
ce of Gri ess re a gent pre ven ted loss of sig nal wich co uld be 
ca u sed by dif fu sion of NO from the so lu tion. Sam ple
blank con si sted of di lu ting me di um and Gri ess re a gent.
Ni tri tes we re me a su red on si mi lar way as ni tra tes. Ni tri -
tes me a su re ment in com pa ri zon to ni tra tes de tec tion dif -
fer in ad ding of VCl3. Ac tu ally, sam ples and ni tri te stan -
dards we re only ex po sed to Gri ess re a gents. In eit her ca se
the ab sor ban ce was me a su red at 540 nm (Mul ti pla te Re a -
der 230S, Or ga non) fo llo wing 30 min. in cu ba tion. Con -
cen tra ti ons of NOX (NO3 + NO2) and NO2 in sam ples
we re de ter mi ned using Xia soft wa re for da ta ana li sing, ba -
sed on stan dard cur va tu re, which was got by li ne ar re gres -
sion of ab sor ban ce va lu es for each stan dard re du ced for
blank va lu es. It is the re fo re al lo wed to de ter mi ne the ni tri -
te and to tal NOx con cen tra ti ons for a par ti cu lar sam ple in
the sa me MTP so that the con di ti ons are iden ti cal for
each me a su re ment. The se va lu es we re then sub trac ted to
gi ve the ni tra te con cen tra tion.

Che mi cals

N(1-Naphthyl) ethyle ne-di a mi ne dihydroc hlo ri de (NE -
DA), sul fa ni la mi de (SULF), va na di um(III) chlo ri de
(VCl3), (Sig ma, Ger many), hydroc hlo ric acid (HCl),
phosp ho ric acid (H3PO4), met ha nol, di ethyl et her, per -
chlo ric acid (HClO4), ED TA, potassium-car bo na te
(K2CO3), (Zor ka-Sa bac, SCG).

Stock So lu ti ons

Sa tu ra ted so lu tion of VCl3 (400 mg) was pre pa red in 1
M HCl (50 ml). Ex cess so lid was re mo ved with a
nylon-66 syrin ge fil ter, and the blue so lu tion was sto red
in the dark at 4°C for less than two we eks. De ve lop ment
of a lig hter blue co lor in di ca ted oxi da ti on, af ter which the 
so lu tion was di scar ded.

Gri ess-re a gent was pre pa red ex tem po re, just be fo re the ex -
pe ri ment by mi xing equ al amo unts of stocks: 2% (w/v)
sul fa nil-ami de, di ssol ved in 5% HCl or H3PO4 and 0,1%
(w/v) aqu e o us so lu tion of N-(1-naphthyl) ethyle ne-di a -
mi ne, dihydroc hlo ri de (NE DA). Com ple te dis so lu tion
of SULF re qu i red stir ring and he a ting. So lu tion was left
thro ugh night on ro om tem pe ra tu re, af ter which so lu -
tion was fil te red to re mo ve tra ce par ti cu les. Both so lu ti -
ons we re sta ble for se ve ral months when sto red in the
dark at 4°C and we re di scar ded if co lo red.

Ni tri te and ni tra te so lu ti ons in H2O (10mM) we re pre pa -
red fresh daily.

RE SULTS AND DI SCUS SION

As say sen si ti vity and de pen den ce on tem pe ra tu re and re a -
gent com po si tion. Stan dard cur ves of se ri ally di lu ted ni -
tra te con cen tra ti ons are re pre sen ted in Fig. 1. Ex tin cti ons 
re pre sen ted NO3 con cen ta ti ons from 0.5 to 67mM (af ter
tri ple di lu tion of start con cen tra ti ons).

50

Medicus 2005; 6(2): 49-52



The as say sen si ti vity was in cre a sed by sub sti tu tion of
HCl for H3PO4 in the Gri ess re a gents fol lo wed by in cu ba -
tion eit her at ro om tem pe ra tu re (25°C) eit her at 37°C.
Na mely, ex tin cti on ran ge in pre sen ce of HCl was from
0.161–1.240 whi le in pre sen ce of H3PO4 was sig ni fi -
cantly lo wer (0.149–0.326) (Fi gu re 1). On the ot her
hand, sen si ti vity of met hod was hig her at 37°C in cu ba -
tion ir re spec ti velly on Gri ess-re a gent com po si tion (HCl,
or H3PO4). In pre sen ce HCl ex tin cti ons of stan dards
with the hig hest con cen tra ton we re sig ni fi cantly hig her
at 37°C than at ro om tem pe ra tu re in cu ba tion (1.240 vs
0.556). Dif fe ren ces we re ob ser ved even when H3PO4
was used in stead of HCl (0.326 vs 0.258) (Fi gu re 2). All
MTP we re in cu ba ted for 30 mi nu tes.

Influence of va ried re a gent vo lu me. Equ i va lent vo lu mes of 
stan dard/sam ple, re du cing agent and Gri ess re a gents (300
ml to tal), ef fec ti vely re du ce the NOX con cen tra ti ons by
thre e fold. The in ten sity of the de tec tion co uld be mo di fied 
by al te ring the vo lu me of the as say so lu ti ons as shown in 3
and 4 fi gu res. Alt ho ugh li ne a rity was ac hi e ved un der all
con di ti ons exa mi ned (va ri an ce of eit her VCl3 or Gri ess
20–100 ml), hig her vo lu mes of the VCl3/Gri ess are cor re -
spon ded to hig her ab sor ban ce va lu es (Fig. 3 and 4).

Ti me de pen den ce. In the pre sen ce of ni tri te, the me a su -
red in ten sity ra pidly re ac hed a ma xi mum (at 37°C). Re -
duc tion of ni tra te by va na di um(III) pro ce e ded at a much
slo wer ra te. That ma kes pe riod bet we en 30 and 45 min
op ti mal for NOX de tec ting, at 37°C. 

For ex pec ted con cen tra ti ons of to tal NOX lo wer then 25
mM, in cu ba tion ti mes sho uld not ex ce ed 30 mi nu tes be ca -
u se lon ger in cu ba ti ons co uld ca u se ap pe a ran ce of ar ti -
facts.

Cli ni cal use. Bi o lo gi cal sam ples con ta in ni tra tes pri marly, 
whi le ni tri tes can ac cu mu la te in cell cul tu res ex pres sing
NOS. Ni tra tes con cen tra tion cal cu la ted as dif fe ren ce bet -
we en NOX, me a su red in pre sen ce of VCl3 and Gri ess re a -
gent, and NO2 con cen tra tion, me a su red in pre sen ce of
Gri ess re a gent. Ef fi ci ency of NO3 re duc tion in to NO2 is
im por tant for of the pre ci sion met hod. Com pa ri zing of
NO3 and NO2 stan dard ex tin cti ons with an ap pro pri a te
con cen tra ti ons we con clu ded that con ver ting ef fi ci ency
was abo ut 95%. 

To con firm the va li dity of the as say, the me a su red le vels
of NOX in nor mal hu man se ra we re di rectly com pa red to 
tho se ob ta i ned by stan dard met hod with Gri ess only.
Analysis by VCl3/Gri ess re sul ted in va lu es from 1 to
20 mM NO3. The re sults ob ta i ned with Gri ess only we re
from 0 to 4 mM NO2 . Both met hods we re con duc ted un -
der iden ti cal con di ti ons. 

CON CLU SIONS

We ha ve re por ted a new mo di fi ed met hod for si mul ta ne -
o us de tec tion of NO3 and NO2 con cen tra ti ons that in vol -
ves re duc tion of NO3 by va na di um(III) and de tec tion of
to tal va lu es of end pro ducts of NO oxi da ti on. A ran ge of
sen si ti vity from 0.5 mM to >1 M NO3 can easily be ac -
com mo da ted by mo di fi ca ti ons in re a gent com po si tion,
vo lu me, tem pe ra tu re and in cu ba tion ti me.

51

Medicus 2005; 6(2): 49-52

 

0,000 

0,200 

0,400 

0,600 

0,800 

1,000 

1,200 

1,400 

67 34 17 8 4 2 1 

nmol/ml 

o
p

ti
c
a
l

d
e
n

s
it

y

HCl H3PO4 

Fi g u re 1. NO3 re duc tion and NOX de tec tion by VCl3/ Gri ess met hod. NO3 stan -
dards (0.5–200mM) aft her 30 min. in cu ba tion at 37°C, us ing Gri ess re a gent con ta i -
n ing 5% HCl, re spec ti vely 5% H3PO4.
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Fi g u re 2. NO3 re duc tion and NOX de tec tion by VCl3/ Gri ess met hod. NO3 stan -
dards (0.5–200mM) aft her 30 min. in cu ba tion at 25°C, us ing Gri ess re a gent con ta i -
n ing 5% HCl, re spec ti vely 5% H3PO4.
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Fi g u re 3. Ef fect of va r ied vo l u me of VCl3 on re duc tion and me a su re ment of NO3

stan dards af ter 30 min in cu ba tion at 37°C, us ing 5% HCl Gri ess re a gent (100 ml

0,000 

0,200 

0,400 

0,600 

0,800 

1,000 

1,200 

1,400 

67 34 17 8 4 2 1 

nmol/ml 

Griss-20 Griss-40 Griess-60 Gries-80 Griess-100 

o
p

ti
c
a
l

d
e
n

s
it

y

Fi g u re 4. Ef fect of va r ied vo l u me of 5% HCl Gri ess re a gent on re duc tion and me a -
su re ment of NO3 stan dards, af ter 30 min in cu ba tion at 37°C (100 ml stan dard +
100ml VCl3+ 20–100ml G(HCl)).



The as say do es not re qu i re spe ci a li zed equ ip ment and is
su i ta ble for lar ge-num ber analysis of mi ni mal sam ple vo -
lu mes. Com pa ri son with ot her as says de mon stra tes the
sen si ti vity, ra pi dity, sim pli city, ac cu rency and re li a bi lity
of this con ve ni ent met hod for si mul ta ne o us me a su re -
ment of NO3 and NO2 in bi o lo gi cal sam ples.
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