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DETERMINATION OF NITRATE AND NITRITE IONS 

I N  HUMAN PLASMA BY I O N  EXCHANGE-HIGH 

PERFORM! CE L I Q U I D  CHROMATOGRAPHY 

J. Oster loh and D. Goldf ie ld  
Northern C a l i f o r n i a  Occupational Health Center 

San Francisco General Hospi ta l  Medical Center 
1001 Pot re ro  Avenue 

San Francisco, C a l i f o r n i a  94110 

ABSTRACT 

A c e t o n i t r i l e  p r e c i p i t a t i o n  of plasma samples followed by 
i n j e c t i o n  of supernatant  onto a reverse  phase precolumn coupled 
t o  an anion exchange column allowed u l t r a v i o l e t  de tec t ion  
(214 nm) of e l u t i n g  n i t r a t e  and n i t r i t e  ions.  S e n s i t i v i t y  i n  
plasma is about  0.01 mM f o r  both ions and l i n e a r i t y  is e x c e l l e n t  
from 0.02 t o  1.0 mM. Ni t r i t e  accuracy assessed by d i a z o t i z a t i o n  
coupling was good. Reproducibi l i ty  s t u d i e s  demonstrated within- 
run c o e f f i c i e n t s  of v a r i a t i o n  of < 4%. In te r fe rences  were few. 
Random endogenous serum n i t r a t e  concentrat ions (0.03-0.12 mM) 
w e r e  determined. Serum n i t r i t e  and n i t r a t e  concentrat ions were 
measured i n  a p a t i e n t  following an overdosage of i s o b u t y l  
n i t r i t e .  
i n  plasma a t  these concentrat ions.  

The method is  appl icable  € o r  n i t r i t e l n i t r a t e  s t u d i e s  

INTRODUCTION 

Many methods f o r  measuring n i t r i t e  and n i t r a t e  are ava i l -  

a b l e  (1) .  Few are appl icable  to measuring these ana ly tes  i n  bio- 

l o g i c  mater ia l  (2) .  

reduction of n i t r a t e  t o  n i t r i t e  are commonly employed (3,4).  

Modified Griess reac t ions  with and without 

7 53 

Copyright 0 1984 by Marcel Dekker, Inc. 01 48-39 19/84/0104-075 3%3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



754 OSTEEOH AND GOLDFIELD 

V a r i a b i l i t y  is introduced f o r  n i t r a t e  q u a n t i t a t i o n  by the re- 

duction process through i n t e r f e r e n c e s  and blanking procedures ( 5 ) .  

However, the d i a z o t i z a t i o n  coupling r eac t ion  f o r  NO2 alone per- 

forms w e l l .  N i t r a t i o n  assays followed by gas chromatography may 

s u f f e r  from poor r ecove r i e s  o r  use of dangerous chemicals (2,6). 

Preparatory cleanup with anion exchange columns may be incorporated 

- 

i n t o  any of the methods. This r equ i r e s  l a r g e r  samples f o r  pre- 

concentrat ion and may introduce some v a r i a t i o n  while  reducing 

background and inc reas ing  s e n s i t i v i t y  ( 7 ) .  Anion exchange pre- 

t reatment  has been used s u c c e s s f u l l y  p r i o r  t o  chemiluminescence 

determination on u r ine  samples f o r  N02- and NOj- (8). 

n i t r a t e  nor  n i t r i t e  w e r e  measured d i r e c t l y  and although quite sen- 

Ne i the r  

s i t i v e  f o r  n i t r i t e ,  the procedure is long and s p e c i a l  apparatus 

is required.  

Measurement of n i t r a t e  and n i t r i t e  by high p res su re  chroma- 

tographic  anion exchange o r  ion p a i r  technique o f f e r s  a more 

d i r e c t  approach (9-13) a t  least  i n  water, waste waters, and b r ine .  

These techniques have n o t  been app l i ed  to  serum samples possibly 

due t o  i n t e r f e r e n c e s  from many o t h e r  anions (approximately 150 mM 

t o t a l  plasma anions) .  I n  r a r e  environmental  s i t u a t i o n s  sample 

prpconcentrat ion is required f o r  determinat ions below 0.02 mM 

(1 ppm) by these  techniques.  However, low ppm s e n s i t i v i t y  i s  

adequate f o r  n i t r a t e  i n  human serum as w i l l  be  demonstrated. 

Suppression of chemical and e l e c t r o n i c  backgrounds is  normally 

necessary i n  o t h e r  methods, b u t  is n o t  r equ i r ed  of the l i q u i d  
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NITRATE AND NITRITE IONS I N  PLASMA 755 

chromatographic method presented h e r e i n  because of the unique 

combination of sample p repa ra t ion ,  precolumn-column pa i r ing ,  

mobile phase, and d e t e c t i o n  techniques used. This  method was 

developed f o r  use i n  s tudying n i t r i t e - n i t r a t e  i n t e rconve r s ion  i n  

human blood. 

EXPERIMENTAL 

High p res su re  l i q u i d  chromatographic condi t ions 

A Beckman (Berkeley, CAY USA) Model l l O A  high p res su re  pump 

and Model 210 i n j e c t o r  equipped wi th  20 o r  100 1.11 sample loops 

f o r  i n j e c t i o n  and e l u t i o n  of a Whatman ( C l i f t o n ,  N J ,  USA) pre- 

column (2.1 mm I . D .  x 60 mm) packed wi th  35 1.1 C0:PELL ODS (C-18 

p e l l i c u l a r )  coupled t o  a polys  tyrenedivinylbenzene-based s t r o n g  

anion exchange colunm (4.1 mm I.D. x 250 mm) from Wescan Ins t ru -  

ments (Santa Clara, CA, USA) w e r e  used. Detect ion was by u l t r a -  

v i o l e t  absorpt ion a t  214 nm using a Beckman Model 160 d e t e c t o r  

a t  0.1-0.5 AUFS p e r  10 mV output.  F i n a l  mobile phase composition 

was 50 mM NaH2PO4, 3rd N a C 1 ,  and 4 mM a c e t i c  a c i d  i n  water ( f i n a l  

pH = 3.95). Reverse osmosis/deionized water was used and a l l  

mobile phases were f i l t e r e d  with U l t i p o r  NR nylon-66, 0.22 p 

i n e r t  f i l t e r s  (Woburn, MA, USA) under 5 mm Hg vacuum. Flow rate 

was  4 .O ml/min. 

Sample and s t anda rds  p repa ra t ion  

Serum o r  p l a s m a  p repa ra t ion  w a s  by a c e t o n i t r i l e  p r e c i p i t a t i o n  

of p ro te ins .  Chromatographic grade ace ton i  t r i l e  (400 ~ 1 )  and 
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75 6 OSTERLOH AND GOLDFIELD 

serum (200 111) were vortexed i n  1.5 m l  S a r s t e d t  (Pr inceton,  N J ,  

USA) capped cent r i fuge  tubes and then cent r i fuged  a t  15,000 r.p.m. 

on a Brinkmann (Westbury, NY, USA) Model 5412 cent r i fuge  f o r  

2 min. Exactly 20 o r  50 111 of the  superna tan t  w a s  i n j e c t e d .  

sample i n j e c t i o n  loop improves reproducib i l i ty .  Peak he ights  of 

sample n i t r i t e  and n i t r a t e  peaks w e r e  compared with s tandard 

curve peak he ights  f o r  q u a n t i t a t i o n .  

A 

Other preparatory cleanup procedures were attempted includ- 

ing  d i l u t i o n ,  methanol p r e c i p i t a t i o n ,  u l t r a f i l  t r a t i o n  , and 

bonded anion exchange res ins .  Background i n t e r f e r e n c e s  were 

problems with a l l  b u t  the exchange r e s i n  techniques and 

a c e t o n i t r i l e  p r e c i p i t a t i o n .  Exchange r e s i n s  provided clean 

base l ines  and the opportunity f o r  approximately a twofold pre- 

concentrat ion of the sample. However, it w a s  determined t h a t  a 

separa te  colmm type w a s  required f o r  each n i t r a t e  o r  n i t r i t e  

and v a r i a t i o n  i n  recovery w a s  d i f f i c u l t  t o  control .  Analytichem 

(Harbor Ci ty ,  CA, USA) Bond-Elute primary amine-bonded column 

could be used f o r  n i t r i t e  and Bond-Elute quarternary amine 

column could be used f o r  n i t r a t e .  E lu t ion  of n i t r a t e  required 

s t r o n g  molar i ty  s a l t  s o l u t i o n s  t h a t  i n t e r f e r e d  with subsequent 

ion  chromatography. Nitrate was not  r e t a i n e d  on the weaker 

anion exchange column. 

these columns probably because of the many competing anions al- 

ready present  i n  serum. A c e t o n i t r i l e  p r e c i p i t a t i o n  was easy and 

was expected t o  introduce l i t t l e  v a r i a t i o n  and have adequate re- 

covery. 

Reproducibi l i ty  and recovery v a r i e d  on 
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NITRATE AND NITRITE IONS I N  PLASMA 757 

Standards w e r e  made i n  banked plasma, serum, and w a t e r  

using sodium n i t r a t e  and sodium n i t r i t e  a t  0.01, 0.02, 0.05, 0.1, 

0.2, 0.3, 0 . 4 ,  1.0, 2.0, and 3.0 mM. N i t r a t e  and n i t r i t e  a r e  

s t a b l e  f o r  s e v e r a l  weeks i n  d i l u t e  aqueous so lu t ions  t h a t  are 

kept  co ld  and dark. 

concentrat ions by 3 h r  a t  room temperature. Fresh plasma 

s tandards should be made da i ly .  L i n e a r i t y ,  r e p r o d u c i b i l i t y ,  

background s p e c i f i c i t y ,  n i t r i t e  accuracy by diazo-coupling 

assay (14) and i n t e r f e r e n c e  s t u d i e s  were performed. In te r -  

ferences were t e s t e d  using a n a l y t i c  grade chemicals dissolved i n  

water and mixed with a c e t o n i t r i l e  as descr ibed earlier. Random 

assayed serum samples w e r e  frozen (-15OC); i . e . ,  c l i n i c a l  spec- 

imens and one sample from a p a t i e n t  who had inges ted  i s o b u t y l  

n i t r i t e .  

Ni t r i te  plasma s tandards l o s e  5% of i n i t i a l  

RESULTS 

Table 1 shows the var ious experimental  mobile phases and 

n i t r a t e  and n i t r i t e  re ten t ion  t i m e s .  For a l l  the l i s t e d  mobile 

phases,  capacitances and reso lu t ions  were adequate. Peak e f f i -  

ciency was poor ( t a i l i n g )  with phosphate b u f f e r s  alone. Addition 

of sodium chlor ide  improves peak ef f ic iency  a lone  or  i n  conbina- 

t i o n  with phosphate b u f f e r s ,  b u t  sodium chlor ide  has  high back- 

ground absorbance. Therefore,  sodium chlor ide  and phosphate 

b u f f e r  was optimized to  give the least background absorbance b u t  

adequate peak e f f i c i e n c y .  Addition of acetic a c i d  e f f e c t e d  elu- 

t ion  of i n t e r f e r i n g  anions (probably organic) a f t e r  the n i t r a t e  
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758 OSTERLOH AND GOLDFIELD 

TABLE 1 

Effec t  of various mobile phase compositions on 
re ten t ion  t i m e  of n i t r i t e  and n i t r a t e  ions 

Mobile phase composition Re ten t ion t i m e  

NaH2P04 NaCl CH3COO- NO2- NO3 Comment 
(mM) (u$d * 

50 0 

60 8 

100 8 

110 20 

120 3 

50 3 

35 3 

35 3 

65 3 

60 3 

0 

0 

0 

0 

0 

0 

0 

4 

2 

3 

6.5 

6.5 

4.8 

3.5 

4.0 

5 . 8  

6 . 8  

5.0 

4.0 

4.0 

10.0 

9.8 

7.8 

4.8 

5.5 

8.5 

10.5 

7.5 

6 .O 

6 .O 

Tai l ing  peaks 

Endogenous in te r fe rence  
a t  NO2- 

Endogenous in te r fe rence  - 
a t  NO2 

Endogeno_us in te r fe rence  
a t  NO2 

Endogenous in te r fe rence  - 
a t  NO2 

a t  NO2- 
Endogenous in te r fe rence  

Minor in te r fe rence  a t  
NO2- 

N o  in te r fe rence  

N o  in te r fe rence  

N o  in te r fe rence  

* Flow r a t e  = 3.0 ml/min. 

and n i t r i t e  peaks. Sample chromatograms of n i t r a t e  and n i t r i t e  

i n  plasma are shown i n  Figure 1. Retention times of n i t r i t e  and 

n i t r a t e  ion w e r e  3.2 and 4.6  min (4.0 ml/min), respect ively.  

Because of the a c e t o n i t r i l e  p rec ip i t a t ion ,  the majority of pro- 

t e ins  a re  not  introduced onto the column. n e  reverse phase (c-18) 
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A 

l;a 
1 1 1 1 1 1 1 1  

0 1 2 3 4  5 4 7 
l- I l I I 1 1  
0 1 2 3 4 5 6 7  

MINUTES 

Figure I. Chromatographic t r ac ings :  A, blank plasma w i t h  0.05 mM 
endogenous n i t r a t e ;  2, a plasma s t anda rd  wi th  0.10 mM n i t r i t e  and 
n i t r a t e  added. 

precolumn is e f f e c t i v e  i n  f u r t h e r  removing organic  substances.  

Five mil l imolar  concentrat ions of f l u o r i d e ,  ch lo r ide ,  phos- 

phates ,  and s u l f a t e s  are t r anspa ren t  a t  214 nm UV. Bromide 

(3.2 min) and iod ide  (9.2 min) absorb a t  mi l l imo la r  concentra- 

t i ons  , b u t  u sua l ly  are n o t  p re sen t  i n  s u f f i c i e n t  q u a n t i t i e s .  

Chloride i n  serum (100 mM) p r e c i p i t a t e s  produces a peak a t  

1.5 min. 
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760 OSTERLOH AND GOLDFIELD 

Previous ion exchange techniques have used conduct ivi ty  

de tec tors  and e l u t i o n  wi th  an organic  anion such as phtha la te  

(11-13). 

s e v e r a l  o t h e r  anions wi th  u l t r a v i o l e t  absorbance de tec t ion .  

With conduct ivi ty  de tec tors  high concentrat ions of serum anions 

(ch lor ide  100 mM, bicarbonate  20 mM) can overwhelm the de tec tor  

r e l a t i v e  t o  the  lower concentrat ions of n i t r i t e  and n i t r a t e .  

In  a preliminary at tempt  on a similar anion-ion exchange high 

pressure  l i q u i d  chromatographic sys  t e m  with a conduct ivi ty  de- 

t e c t o r ,  n e i t h e r  supernatants  of a c e t o n i t r i l e - p r e c i p i t a t e d  serum 

nor high molar i ty  s a l t  e l u a t e s  from preparatory anion exchange 

columns could b e  analyzed because of t h i s  problem. Therefore,  

i n  the descr ibed system, the wavelength of u l t r a v i o l e t  de tec t ion ,  

phosphate r a t h e r  than p h t h a l a t e  b u f f e r ,  sample preparat ion and 

the reverse  phase precolumn improved the assay s p e c i f i c i t y  and 

allowed measurement of n i t r a t e  and n i t r i t e  i n  serum. 

High phtha la te  absorbance p r o h i b i t s  measurement of 

Linear i ty  s t u d i e s  demonstrated regression t o  zero i n  aqueous 

s tandards and demonstrated a p o s i t i v e  b i a s  of 0.04 mM f o r  n i t r a t e  

and 0.004 mM f o r  n i t r i t e  i n  plasma. 

endogenous n i t r a t e  i n  plasma. The n i t r i t e  b i a s  is due to  un- 

known i n t e r f e r e n c e s  t h a t  p rohib i ted  s e n s i t i v i t y  t o  < 0.01 mM i n  

serum. 

S e n s i t i v i t y  f o r  n i t r a t e  i n  plasma w a s  0.01 mM above the endoge- 

nous n i t r a t e  value. L inear i ty  was  good over  the f i f t y f o l d  range 

t e s t e d  with aqueous and plasma regress ion  c o e f f i c i e n t s  of 0.9995 

The n i t r a t e  b i a s  is due to 

S e n s i t i v i t y  f o r  n i t r i t e  and n i t r a t e  i n  w a t e r  w a s  0.005 mM. 
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NITRATE AND NITRITE IONS I N  PLASMA 76 1 

and 0.9996, respec t ive ly ,  f o r  n i t r i t e  and 0.9996 and 0.9993, 

respec t ive ly  , f o r  ni t ra te .  When plasma samples were compared 

with aqueous samples a t  the same concentrat ions,  the recovery 

w a s  97% f o r  n i t r a t e  and 82.8% f o r  n i t r i t e .  

n i p u l a t i o n  is minimal, n i t r i t e  l o s s e s  must be due t o  p r o t e i n  

Because sample ma- 

binding o r  chemical reac t ion  i n  plasma. Even though b i a s e s  can 

be measured and subt rac ted  using aqueous s tandards ,  plasma 

s tandards must be used t o  account f o r  recovery because the method 

cannot be conveniently s tandardized i n t e r n a l l y  wi th  another  anion. 

I n t e r n a l  s tandard iza t ion  is d i f f i c u l t  because o ther  s u i t a b l e  

anions cannot be detected,  i n t e r f e r e ,  o r  compete wi th  the anion 

exchange process.  Accuracy of n i t r i t e  determinations by high 

pressure l i q u i d  chromatography was compared with the d iazot i -  

zation-coupling reac t ion  method. 

used when n i t r i t e  concentrations were changing with t i m e  (2.73 mM 

t o  0.2 mM) and both analyses on each sample were performed w i t h i n  

Actual plasma samples were 

10 min of each o t h e r .  The c o r r e l a t i o n  c o e f f i c i e n t ,  s l o p e ,  and 

i n t e r c e p t  between two methods w e r e  0.9983, 0.821, and -0.003 

(y = high pressure  l i q u i d  chromatography method), respec t ive ly .  

Although the c o r r e l a t i o n  w a s  q u i t e  good between the two methods 

with no constant b i a s  ( i n t e r c e p t ) ,  the  proport ionate  b i a s  (s lope)  

of 0.821 i n d i c a t e s  lesser recovery by the high pressure  l i q u i d  

chromatography method and is c o n s i s t e n t  w i t h  the recovery study 

mentioned earlier. Within-run reproducib i l i ty  (n = 5) w a s  

e x c e l l e n t  a t  concentrations of 0.10 mM f o r  both n i t r a t e  and 
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762 OSTEmOH AM) GOLDFIELD 

n i t r i t e  showing within-run c o e f f i c i e n t s  of v a r i a t i o n  of 2.6% 

and 3.3%, respec t ive ly .  This i s  probably a r e s u l t  of minimal 

preparatory sample  manipulation. 

F i v e  random normal s e r a  were t e s t e d  f o r  n i t r a t e  and n i t r i t e .  

Nitrate concentrat ions ranged from 0.03-0.12 mM (mean = 0.06) 

and n i t r i t e  concentrat ions were n o t  de tec tab le .  I n  a case of 

inges ted  i s o b u t y l  n i t r i t e  overdose,  serum taken s e v e r a l  hours 

a f t e r  t h e  overdose showed a n i t r i t e  concentrat ion of 0.14 mM and 

n i t r a t e  of 1 .08 mM. The assay presented is  simple,  reproducible ,  

l i n e a r ,  and accurate .  Single  serum samples can be assayed i n  

8 min. Such a procedure i s  u s e f u l  f o r  rap id  a n a l y s i s  of n i t r i t e  

and n i t r a t e  during t h e i r  transformation i n  human plasma. 
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