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A SIMPLE HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHYIPROCEDURE FOR THE 

I N  URINE 
DETERMINATION OF N -METHYLNICOTINAMIDE 

Mark A. Kutnink, Hel io  Vannucchi 
and Howerde E. Saube r l i ch  

Western Human N u t r i t i o n  Research Center 
USDA-ARS, LAIR 

P r e s i d i o  of San F ranc i sco ,  C a l i f o r n i a  94129 

ABSTRACT 

A simple h igh  performfnce l i q u i d  chromatography procedure 
f o r  t h e  de t e rmina t ion  of N -methylni.cotinami.de i n  u r i n e  samples 
i s  desc r ibed .  The procedure e l i m i n a t e s  t h e  need f o r  e x t r a c t i o n  
o r  ion exchange clean-up of u r i n e  samples p r i o r  t o  t h e i l  analy- 
sis. Human and rat u r i n e  samples can be analyzed f o r  N - 
methylnicOtinami.de d i r e c t l y  fo l lowing  a simple pH adjus tment .  
The m e t a b o l i t e  was sepa ra t ed  and q u a n t i t a t e d  on a 511 Ul t ra sphe re  
ODs (C18) reverse-phase column. The mobile phase conta ined  10 mM 
K HPO and 10 mM sodium 1-oc tanesul fona te  i n  8% a c e t o n i t r i l e  4 a? pH 7.0. The system has  been used t o  conduct over 1000 d e t e r -  
mina t ions  du r ing  a pe r iod  of  t h r e e  months wi thout  r educ t ion  i n  
performance or e f f i c i e n c y .  

INTRODUCTION 

Recent ly  h igh  performance l i q u i d  chromatography (HPLC) h a s  

been used t o  measure n i a c i n  and t w o  me tabo l i t e s  important i n  as- 

s e s s i n g  n i a c i n  s t a t u s  i n  humans, N m e t h y l n i c o t i n a m i d e  1 (N'MN) 
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970 KUTNINK, VANNUCCHI, AND SAUBERLICH 

1 
and N -methyl-2-pyridone-5-carboxamide (2-PYR) (1,2) .  I n  1981, 

Sandhu and F rase r  ( 3 )  descr ibed an HPLC method f o r  the measure- 

ment of n i a c i n  m e t a b o l i t e s  i n  r a t  ur ine.  Samples were p u r i f i e d  by 

a modified e x t r a c t i o n  procedure of Hengen et al .  (41 ,  and analy- 

zed by reverse-phase HPLC using a methanolic potassium c i t r a t e  

bu f fe r  a s  the mobile phase. I n  1982, Carter (5) descr ibed an 

HPLC method f o r  the q u a n t i f i c a t i o n  of n i a c i n  me tabo l i t e s  i n  human 

ur ine.  I n t e r f e r i n g  substances were removed from the  samples by 

anion exchange column chromatography p r i o r  t o  HPLC ana lys i s .  

N MN was analyzed on a reverse-phase column with a mobile phase 

containing 10 mM potassium phosphate, 5 mM sodium l-octanesulfo- 

na t e  a s  an ion p a i r i n g  agen t ,  and 10% a c e t o n i t r i l e  by volume a t  

pH 7.0. The same column was used f o r  2-PYR a n a l y s i s  with a 

mobile phase containing 10 mM potassium phosphate, 2% ace ton i t -  

r i l e ,  and no sodium 1-octanesulfonate.  Because t h e  ion exchange 

clean-up s t e p  r e s u l t e d  i n  a 3- t o  25-fold d i l u t i o n  of the 

samples, Ca r t e r  (5)  suggested t h a t  f o r  very d i l u t e  u r i n e s  or  

samples from d e f i c i e n t  s u b j e c t s ,  the p u r i f i e d  samples may r e q u i r e  

l y o p h i l i z a t i o n  p r i o r  t o  HPLC ana lys i s .  

1 

This paper desc r ibes  a modif icat ion of Carter's KPLC proce- 

dure which eliminates the need f o r  e x t r a c t i o n  o r  ion exchange 

1 clean-up of samples p r i o r  t o  N MN a n a l y s i s  by HPLC. 

r a t  u r ine  samples can be analyzed d i r e c t l y ,  with minimal d i l u t i o n  

and without lyophi 1 i z a  t ion. 

Human and 
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Samples 

Random u r i n e  samples o r  24-hour c o l l e c t i o n s  from normal sub- 

j e c t s  admitted t o  t h e  Human N u t r i t i o n  Unit of t h i s  Center f o r  m e t -  

a b o l i c  s t u d i e s ,  and 24-hour u r i n e  c o l l e c t i o n s  from a d u l t  male 

Wistar ra ts  fed e i t h e r  a corn-based c o n t r o l  d i e t  o r  a corn-based 

n i a c  in-def i c  i e n t  d i e t  were used. 

Sample P repa ra t ion  

One-tenth mL of a concentrated b u f f e r  s o l u t i o n  [0.5 M 

K HPO and 0.25 M sodium 1-octanesulfonate  (Eastman Kodak Com- 2 4  

pany, Rochester,  NY), pH 7.01 w a s  added t o  0.25 - 0.75 mL u r i n e  

and ad jus t ed  t o  pH 7.0 with d i l u t e  H PO 

D i s t i l l e d  water was added as required t o  provide a f i n a l  volume 

of 1.0 mL. The sample was then vortexed and f i l t e r e d  through a 

0.2 micron nylon f i l t e r  (Rainin Instrument Company, Woburn, MA) 

o r  KOH as necessary.  3 4  

i n t o  a v i a l  f o r  HPLC a n a l y s i s .  

Standard S o l u t i o n s  

The s o l u t i o n s  used t o  cons t ruc t  t he  s tandard curve were pre- 

1 pared by mixing graded amounts of N MN s tock  s o l u t i o n  (0.1 m g / m l ;  

Sigma, St .  Louis,  MO) with 0.1 mL of t h e  concentrated b u f f e r  

s o l u t i o n  ( a s  above) and d i l u t i n g  each s tandard s o l u t i o n  t o  5 mL 

Kith water. The prepared s tandard s o l u t i o n s  ranged from 4 t o  
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972 KUTNINK, VANNUCCHI, AND SAUBERLICH 

24 pg/mL. 

0.2 micron filters into HPLC vials. The volume of each standard 

solution injected on the column was 150 pL. 

The standard solutions were mixed and filtered through 

High Performance Liquid Chromatography Analysis 

A Hewlett-Packard 1084B liquid chromatograph with a variable 

wavelength ultraviolet detector (Hewlett-Packard, Santa Clara, 

CAI was fitted with a 25 cm x 4.6 nrm Altex Ultrasphere ODS (C18) 

reverse-phase analytical column (Rainin Instrument Company, 

Woburn, MA) and a 3 cm Brownlee Spheri-5 RP-18 guard column 

(Rainin Instrument Company, Woburn, MA). The particle size of 

both columns was five microns. The mobile phase contained 10 mM 

K HPO and 10 mM sodium 1-octanesulfonate in 8% acetonitrile 

(Burdick and Jackson, Muskegon, MI) at a final pH of 7.0. 

buffer was filtered through a 0.2 micron nylon filter and degas- 

sed before it was introduced into the HPLC system. Conditions 

were isocratic with a 1.25 &/minute flow rate, a 3OoC column 

and mobile phase temperature, and a wavelength setting of 264 nm 

in the sample cell. The reference cell wavelength was 430 nm. In- 

2 4  

The 

1 jection volumes varied from 25 to 150 pL. 

quantitated by comparing its peak area with that of N MN stan- 

dards analyzed under the same conditions. 

Urinary N bfN was 

1 

RESULTS 

Identification 

1 N MN in urine samples was identified by comparison of its 

1 retention time with that of an N MN standard. Both were about 

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



N ‘-METHYLNI COTINAMIDE IN URINE 973 

12.1 minutes, w i t h  a small day-to-day v a r i a t i o n  due t o  s l i g h t  

d i f f e r e n c e s  i n  mobile phase composition. The r e t e n t i o n  time f o r  

20 samples run i n  an 8-hour i n t e r v a l  was 12.09 minutes 

(C.V.=0.2%). 

over  a 3-week i n t e r v a l ,  it was 12.16 minutes (C.V.=5.5%). 

s tandard added t o  u r i n e  samples co-eluted wi th  t h e  u r ina ry  N MN. 

For 25 samples run 5 per  day on 5 separate days 

NIMN 
1 

Scans of  the  u l t r a v i o l e t  spectrum between 190 and 350 nm showed 

t h e  same wavelength of maximum absorbance (264 nm) f o r  N MN both 1 

i n  s t anda rds  and u r i n e  samples. Scanning both s lopes  o f  t h e  

u r ina ry  N ‘MN peak produced the  same wavelength of  maximum 

absorbance (264 nm), providing a d d i t i o n a l  evidence t h a t  no o t h e r  

substances were co-elut ing w i t h  N MN. 

from samples of pooled normal ra t  u r i n e  were c o l l e c t e d  and 

reanalyzed using a mobile phase containing no counter-ion and 

only 2% a c e t o n i t r i l e .  

t o  t ha t  of  N MN s t anda rds  run under the  same condi t ions.  

1 1 I n  a d d i t i o n ,  N MN peaks 

I n  each case t h e  chromatogram corresponded 
1 

Standard Curve 

A standard curve was constructed by p l o t t i n g  absorbance, 
1 expressed i n  u n i t s  of  area, ve r sus  pg N MN i n j e c t e d  on to  t h e  

column f o r  f i v e  s tandard p o i n t s  ranging i n  concen t r a t ion  from 4 

t o  24 I.lg/mL. 

l i n e a r  over t h i s  range and f i t  t h e  equat ion y=84981x - 8995, 

The volume i n j e c t e d  was 150 pL. The p l o t  was 

where y is i n t e g r a t i o n  u n i t s  and x is pg N’MN i n j e c t e d  

(r=0.9998). 

made, the  c o e f f i c i e n t  o f  v a r i a t i o n  a t  each l e v e l  was 1.00% (n=5 

When mul t ip l e  150 pL i n j e c t i o n s  o f  s tandard were 
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I I I 
0 6 12 

TIME (minutes) 

FIGURE 1. Chromatogram of a random sample o f  normal human urine. 
A 0 . 5  mL aliquot of urine was prepared as  described 
i n  the text.  Injection volume of the prepared sample 
was 25 pL.* Attenuation sett ing of the ultraviolet  de- 
tector = 2 . 

a t  each l e v e l ) .  For mul t ip l e  25 pL i n j e c t i o n s  of a u r i n e  sample 

containing 99 pg/mL, t h e  c o e f f i c i e n t  of v a r i a t i o n  was 1.108 

(n=10).  

Recovery S tud ie s  

1 Recovery s t u d i e s  were performed by determining N MN 

concen t r a t ions  i n  u r i n e  samples with and without  t h e  a d d i t i o n  o f  

an equal volume of 0.1 mg/mL N MN s tock  s tandard t o  0.5 mL of 

each u r i n e  sample during t h e  sample p repa ra t ion  s t ep .  

1 

For t h r e e  
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N~-METHYLNICOTINAMIDE IN URINE 975 

Ly 
v z s 
2 
a! 

m a 
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NlMN 

I I I 

0 6 12 

TIME (minutes) 

FIGURE 2. Chromatogram of a 24-hour co l lect ion of normal rat 
urina. A 0 . 5  mL aliquot of urine was prepared as  
described i n  the text .  Injection volume of the 
prepared sample was 50 Pk. 
ultravio let  detector = 2 . Attenuation set t ing  of the 

1 normal rat u r i n e  samples, t h e  r ecove r i e s  o f  added N MN were 

105.2%, 100.3$, and 99.7%; f o r  a normal human u r i n e  sample, t h e  

recovery was 105.2%. Chromatograms of human and ra t  u r i n e  

samples without  added N'MN standard are shown i n  Figures  1 and 2,  

r e spec t ive ly .  

DISCUSSION 

The a p p l i c a t i o n  o f  HPLC techniques t o  t h e  determinat ion of 

u r i n a r y  n i a c i n  me tabo l i t e s  r e p r e s e n t s  an advance i n  n u t r i t i o n  
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976 KUTNINK, VANNUCCHI, AND SAUBERLICH 

status assessement. HPLC methods are s imple r ,  faster, and more 

s e n s i t i v e  than  convent ional  c o l o r i m e t r i c  and f luo romet r i c  methods 

(1,5). However, HPLC methods have r equ i r ed  a p re l imina ry  sample 

clean-up s t e p  by e i t h e r  e x t r a c t i o n  o r  i on  exchange column chroma- 

tography. Direct assay of t he  u r i n e  sample saves t i m e ,  e l i m i -  

n a t e s  t he  p o s s i b i l i t y  of l o s s e s  due t o  poor recovery,  and avoids  

excess ive  sample d i l u t i o n .  The l a t t e r  i s  e s p e c i a l l y  important 

when working with small  u r i n e  volumes and/or d e f i c i e n t  states.  

By modifying t h e  mobile phase composition of Carter 's  a n a l y s i s  

procedure,  t h e  N MN r e t e n t i o n  t i m e  can be increased enough t o  

i s o l a t e  it from the  substances p re sen t  i n  u r i n e  which would other-  

wise i n t e r f e r e  with W L C  a n a l y s i s .  

b l i n g  the counter-ion concen t r a t ion  from 5mM t o  10 mM and 

reducing t h e  a c e t o n i t r i l e  con ten t  from 10% t o  8%. Using t h e s e  

mod i f i ca t ions ,  no i n t e r f e r e n c e  i s  observed i n  human o r  ra t  u r i n e  

chromatograms, while  r e p r o d u c i b i l i t y  and recovery a r e  maintained. 

The method has  been used s u c c e s s f u l l y  t o  analyze 8 MN i n  t h e  

u r i n e  of n i a c i n - d e f i c i e n t  rats and i n  d i l u t e  24-hour c o l l e c t i o n s  

of human u r ine .  The system descr ibed i n  t h i s  paper i nco rpora t e s  

a guard column and has  been used t o  conduct over 1000 determina- 

t i o n s  during a three-month pe r iod  without  s i g n i f i c a n t  r educ t ion  

i n  performance o r  e f f i c i e n c y .  Attempts t o  e l i m i n a t e  t h e  ion 

exchange column clean-up s t e p  from C a r t e r ' s  2-PYR a n a l y s i s  proce- 

dure by mobile phase mod i f i ca t ion  were no t  success fu l .  

t h e  a c e t o n i t r i l e  concen t r a t ion  d i d  not  s u f f i c i e n t l y  i s o l a t e  2-PYR 

1 

This  is accomplished by dou- 

1 

Changing 
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N'-METHYLNICOTINAMIDE IN URINE 977  

from the neighboring UV-absorbing substances present in both nor- 

mal and deficient human or rat urine to allow its quantitation in 

unpurified samples. An entirely different mobile phase or HPLC 

column may be required for the analysis of 2-PYR in these 

samples. 

Reference to a brand or firm name does not constitute endorsement 
by the U.S. Department of Agriculture over others of a similar 
nature not mentioned. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

Sauberlich, H.E., Dowdy, R.P., and Skala, J.H., Laboratory 
Tests for the Assessment of Nutritional Status, CRC Press, 
Boca Raton, 1974, p. 70. 

DeVries, J.X., Gunthert, W., and Ding, R., Determination of 
Nicotinamide in Human Plasma and Urine by Ion-Pair Reversed- 
Phase High-Performance Liquid Chromatography, J. Chromatog., 
- 221, 161, 1980. 

Sandhu, J.S., and Fraser, D.R., Measurement of Niacin 
Metabolites in Urine by High Pressure Liquid Chromatography, 
A Simple, Sensitive Assay of Niacin Nutritional Status, 
Internat. J. Vit. Nutr. Res., 21, 139, 1981. 

Hengen, N., Seiberth, V., and Hengen, M., High-Performance 
Liquid-Chromatographic Determination of Free Nicotinic Acid 
and Its Metabolite, Nicotinuric Acid, in Plasma and Urine, 
Clin. Chem., 24, 1740, 1978. 

Carter, E.G.A., Quantitation of Urinary Niacin Metabolites 
by Reversed-Phase Liquid Chromatography, Am. J. Clin. Nutr. 
- 36, 926, 1982. 

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


