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SUMMARY 

A high-performance liquid chromatogmphic procedure has been developed for the quanti- 
tation of nicotinamide, nicotiaic acid, nicotixmric acid, 1-methylnicotinamide and l-methyl- 
2-pyridone5carhoxamide in rat and human urines_ The procedure utilizes a Varian Model 
5020 liquid chromatograph with a W detector, and an Altex 15 cm X 4.6 mm Ultrasphere- 
ODS column, employing a linear ion-pair mobile phase gradient. Solvent A contains 10 m&f 
concentrations of pentanesulfonic acid (PSA), tetramethykmnonium chloride (TMA) and 
KH,PO,, and solvent B contains PSA, TMA and acetonitrile. Different pH values for soivent 
A vary the retention times and thus the separation of the five compounds. Temperature of 
the system is critical_ The conditions found most satisfactory were pH 3.30 and 24.5% 

INTRODUCTION 

Rapid, precise analyses of blood and urine for vitamins and their metabolites 
are of paramount importance in the evaluation of nutritional status. Progress 
in this field has been greatly accelerated by the use of high-performance liquid 
chromatography (HPLC). In 1973, Williams and co-workers [l] employed 
HPLC for separating and quantifying nicotinic acid and riboflavin in aqueous 
solutions. These investigators [2] modified and extended their reversed-phase 
HPLC procedure to separate mixtures of vitamins Bz, B,+, C, and the four fat- 
soluble vitamins. Since that time these and other vitamins and derivatives have 
been separated and measured employing various modifications of HPLC 
[3-lo]. In 1980, De Vries et al. [ 111 determined nicotinamide in human 
plasma and urine by ion-pair reversed-phase HPLC. 

We present a method for determining nicotinamide and several of its 
metabohtes in rat and human urines with HPLC using a linear ion-pair mobile 
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phase gradient_ The compounds reported are nicotinic acid (niacin), nicotin- 
amide, 1-methylnicotinamide, nicotinuric acid and 1-methyl-2-pyridone-5 
carbosamide. A preliminary report of a method for separating some of these 
compounds has already appeared [ 12]_ 

MATERLGS AXD METHODS 

Appara trts 

The apparatus employed was a Varian Model 5020 high-performance liquid 
chromatograph, incorporating a Varian Vari-Chrom UV detector, a Rheodyne 
7126 injector with a 20+1 loop, and an Altex 15 cm X 4.6 mm Ultrasphere- 
ODS column, particle size 5 pm_ The HPLC system was interfaced to a Varian 
CDS 401 system for gradient programming and data processing. 

Chemicals and solvents 
The 1-pentanesulfonic acid sodium salt (PSA) and tetramethylammonium 

chloride (.TM_4) were obtained from Eastman-Kodak (Rochester, NY, U.S.A.). 
The water, methanol and acetonitrile were Baker Analyzed HPLC grade 
reagents (J.T. Baker, Phillipsburg, NJ, USA.). All other chemicals used in 
preparing the two solvent systems were of analytical reagent grade. The nicotin- 
amide (NAM) was a Calbiochem (Los Angeles, CA, U.S.A.) product; the 
nicotinic acid (NA), 1-methylnicotinamide chloride (N&IN) and nicotinuric 
acid ($WA) were from Sigma (St. Louis, MO, U.S.A.); and the l-methyl- 
2-pyridone-5icarbouamide (2-PYR) was kindly prepared by Dr. Michael Jung of 
the UCLA Department of Chemistry. All five compounds were kept desiccated. 

Several A solvents with different amounts of mobile phase ion-pairing agents, 
PSA and TMA, and different pH values were prepared and evaluated. The one 
selected for the work reported here contained 10 m&f concentrations of each of 
the two reagents, and 10 mM KH,POJ in HPLC grade water. Solvent B 
consisted of 100 ml ZPLC grade water containing 10 m&Z PSA and 10 m&f 
T&1,4, plus 900 ml acetonitrile. The solvents were degassed by sonication for 
2-3 min_ 

Standard solutions 
Solutions of different known strengths were prepared in HPLC grade water 

for each of the five compounds (NAM, NA, LNMN, NU4 and ZPYR)_ They 
were employed as standards either singly or in combinations and for adding to 
urine samples to confii the position and quantification of the peaks. Use of 
an internal standard has been considered but a suitable one has not been deter- 
mined_ Therefore standard solutions were determined at least twice each day, 
runs were made and the values determined to be constant as described below 
under Sensitivity and accuracy_ 

Urine specimens 
Urines (48 h) were collected from three-month-old Sprague-Dawley rats into 

1 N hydrochloric acid and diluted to 0.1 N and a known volume. The animals 
were maintained on a diet containing 12% casein and 90 mg niacin per kg diet_ 
The human urines were either 24-h collections made into toluene, or spot 
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samples. There was no diet supplementation with nicotinamide or nicotinic 
acid. Urine samples not analyzed immediately upon collection were kept 
frozen_ Urine aliquots were filtered through 0.2vm Metricel Gelman membrane 
filters and analyzed without further treatment, except that dilution was neces- 
sary for some urine samples. Trial treatment with perchloric acid to remove any 
protein did not alter concentrations of the compounds_ No other fractionation 
was attempted. Repeated freezing, storing at -2O”C, and thawing over a period 
of at least five weeks did not alter the concentrations in either the urines or 
standard solutions. 

Operation of apparatus 
The analyses were performed with the UV detector set for 254 nm, a band 

width of 8 nm, and an absorbance range of 0.05. The CDS 401 was programmed 
to record the concentration of each compound in pg/ml, with an attenuation of 
512 and a plotting rate of 1 cm/min. Aliquots (20 ~1) of standards or urines 
were injected for analysis with a flow-rate o f 2 ml/min and a linear ion-pair 
mobile phase gradient programmed from 0% to 6% solvent B in 6 min. The 
five compounds were eluted within 4 min. The column was regenerated for 
2 min with a solvent A/B ratio of 94 : 6, and then equilibrated for 5 min with 
an A/B ratio of 100 : 0. - 

RESULTS 

Calibration of HPLC apparatus 
Each of the five standard solutions was chromatographed 

. . 

sepsately at 
several pH values. The average of three determinations was used for the final 
calibration factor for each of the five standards_ Mixtures of the five standards 
were then chromatographed (Fig. 1A and Table I). 

Retention times of the standards were rechecked each time a new batch of 
solvent was prepared and at least twice during a day of analyzing_ 

TABLE I 

RETENTION TIMES (min) AT 24_5% FOR THE FIVE COMPOUNDS AT DIFFERENT pH 
V,4LUES 

Solvents A and B as described in text, were used. Each value is an average of 2-4 assays, 
with no attempt made to show statisticaily significant differences_ Between-assay retention 
time variation was to.05 min. Therefore it is important to select conditions for which the 
retention times from one compound to another differ by at least 0.20 min. 

Compound pH value for solvent A 

2-20 3.30 a-40 5.50 6.80 

l-70 1.35 1.20 l-00 0.85 
1.80 1.90 1.95 2.05 2.30 

NAM 2.00 2.85 3.40 3.50 3-50 
NUA 3-60 3.10 2-40 1.30 1.20 
-2-PYB 3.30 3.40 3.35 3.35 3-30 
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3.45 [51 

Fig. l_ Tracing of elution pattern of the five compounds: (1) NA, (2) NMN, (3) NAM, 

(4) NU_4, and (5) 2-PYR. _4nalyses were made with solvent A, pH 3.30, and temperature 
of 24_5”C_ Retention times in minutes are noted in the five tracings: (A) standard curves, 
(ES) rat urine (see also Table IXI), (C) rat urine plus standards, (D) human urine (see also 
Table IV), (E) human urine plus standards_ 

Sensitivity and accuracy 

Standards (1 pg) in ZO-~1 samples (50 pg/ml) could be determined with an 
accuracy of about 3% and 0.1 fig with an accuracy of about 6% The following 
are examples of two 2-PYR standards analyzed over a period of two weeks. Six 
determinations of one standard gave a mean value of 48.0 pg/ml(46.4- -48-S), 
S_E_M_ O-35_ Twelve determinations of a second standard gave a mean value of 
4-24 pg/ml (4.03-4.45), S.E.M. 0.034. Amounts as small as 0.01 pg were 
readily detectable but the determined vakes varied as much as 50%. 

Composition and pH of solven t A 

Eight different concentration combinations of PSA and TIMA, with a 
constant amount of KH,POJ, were tested at different pH values. The retention 
time and calibration factors changed with each solvent. The concentrations 
found to be most satisfacto.ry were 10 m&I for each of the three components. 
Concentrations of PSA, TIMA and acetonitrile in solvent B were held constant 
(see Chemicals and solvents section). 



Changes in the pH of solvent A greatly altered 
calibration factors (Table I) so that in going from 
system had to be reprogrammed. 

the retention times and the 
solvents of different pH the 

Effects of tempemture 
Maintenance of temperature of the solvents and column was found to be 

important for consistent retention times for the five compounds_ With 
variations in temperature, retention times for components having a stronger 
affinity for the column packing were altered to a greater degree than those 
components eluted earlier in the run (Table II). At the lower temperature there 

was a somewhat greater spread of the retention times. For this study solvent A, 
pH 3.30 and a temperature of 24.5”C were employed. 
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TABLE II 

RETENTION TIMES (min) AT DIFFERENT TEMPERATURES FOR THE FIVE COM- 
POUNDS 

Solvent A, pH 3.30 was used. Each value is an average of 2-4 assays, with no attempt made 
to show statistical differences. Between-assay retention time variation is t 0.05 min. 

Compound Temperature of column 

22.5”C 24.5% 26.0% 

NA l-40 1.35 1.35 
NMN 2-00 1.90 l-90 
NAM 3.00 2.85 2.80 
NUA 3.25 3.10 3.00 
2-PYR 3.55 3.40 3.30 

Chromatography of urine samples 
Duplicate analyses were made on the urines from six rats for the five com- 

ponents, and values for one are shown in Table III. Fig. 1B is a tracing of the 
chromatogram for this urine. The compounds were identified by retention 
times and by addition of an equal volume of a mixture of the five standards 
(Fig. 1C). Percent recoveries of the amounts added are shown in Table III. 

One rat urine which contained 4.65 fig ZPYR/ml (three determinations, 
4.61-4.71), when diluted with an equal volume of a ZPYR standard con- 
taining 4.24 pg/ml, was determined to have 4.15 ,ug/ml (five determinations, 
3.98-4.36). Theoretically the value should be 4.65/2 + 4.24/2 = 4.45 Ccg/ml, 
a difference of 7%. Another rat urine withonly traces of ZPYR gave values of 
0.17-0.49 yg/ml (four determinations) and recoveries of added 2PYR that 
were in error by more than 50% 

Also, duplicate analyses were made on the urines from six human subjects 
for the five components and the compounds identified, as with the rat urines, 
by retention times and by the addition of an equal volume of a mixture of the 
five standards (Fig. 1D and E). Data are given in Table IV. These same urines 
were also analyzed for NMN by the chemical method of Pelletier and Brassard 
[13]. There was good agreement with values averaging 7% higher for the chem- 
ical procedure. 
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DI!XUSSION 

The presence of large numbers of components in rat and human urines made 
separation and quantification of nicotinamide and metabolic products very dif- 
ficult. Often there was overlapping of peaks of unknown components with one 
or more of the five compounds studied and often this was the reason for exces- 
sively high values for recoveries of the added compounds. This 
was especially the situation for ZPYR in rat urines. To obtain better separa- 
tions, varying concentrations of PSA and TMA in the solvent were found to be 
benefi&al. Varying the pH has been found to be the most beneficial (Table I). 
With higher pH values the retention times of 2PYR remained fairly constant 
while those of the acids shifted to shorter times and the amides to longer 
times. ‘t also was important to maintain the temperature of the system within 
1°C (Table II). 

De Vries et al. [ll] have determined NMN in human plasma and urine, pre- 
cleaning the samples with a small column of Sep-Pak Cl8 followed by HPLC 
separation and the use of an ion-pair in combination with a reversed-phase 
system. The sensitivity of their method is 0.1 mg/I for plasma and 1 mg/l for 
urine_ _4t a plasma level of O-5 mg/l the coefficient of variation (n = 10) was 
3.4% and at a urine level of 5 mg/l the coefficient of variation was 6.8% The 
variations we obtained for NMN are comparable (Tables III and IV). 

It is of interest to note that the rats excreted large quantities of NA, NMN 
and NAM and relatively small amounts of NUA and Z-PYR. Chang and Johnson 
1141 reported results that were somewhat different. They found excretion of 
high levels of NMN, NUA and 4PYR, and low levels of 2-PYR and NAM_ 
In their procedure they injected 59 mg/kg body weight of i4C-labeled N-4, 
collected 24-h urine samples and separated the components using paper 
chromatography_ Petrack et al. [ 151, employing paper chromatography, 
analyzed rat urines for N-4, NMN, N-AM, NUA, ZPYR, N-methyl-bpyridone- 
3-carbosamide and nicotinamide-N-oxide, following injection of the rats with 
7-‘“C-labeled nicotinamide and nicotinic acid. They found only very small 
amounts of the last three compounds in rat urine. We have not been able to 
obtain samples of N’-methyl+%-pyridone-3-carboxamide, or of nicotinamide-N- 
oxide,. a metabolic product present in relatively large amounts in the urine of 

-mice [ 163 _ 
By contrast to rats, our human studies showed large excretions of NMN, 

NUA and Z-PYR and little or no NA and NAM. The amount of 2-PYR was 
usually greater than NMN. Mainardi and Tenconi Cl?] in their studies on 
humans also found basal values of 2-PYR to be higher than NMN. They utilized 
ultraviolet measurements before and after passing urine through multilayers 
of Dowex 1 and 50. 
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