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NUCLEOSIDES h NUCLEOTIDES, 8(3), 415-430 (1989) 

ISOLATION AND IDWTIFICATION OF 1-RIBOSYL PYRIDONE 

NUCLEOSIDES FROM H" URINE 

Gordon C. Hills*, Nora J. Davis and Khingkan Lertratanangkoon 
Divis ion of Biochemistry, Department of Human Biological 
Chemistry and Genetics, and the  Department of Pharmacology, 
University of Texas Medical Branch, Galveston, Texas 77550 

Abstract  - l-Ribosylpyridin-4-one-3-carboxamide with lesser amounts of 
l-ribosylpyridin-2-one-5-carboxamide have been i so l a t ed  quant i ta t ive ly  
from human ur ine  using ion exchange column chromatography. Absorption 
spec t ra  and mass spectrometry w e r e  used i n  the  iden t i f i ca t ion .  

INTRODUCTION 

In  previous s tud ie s  from 

t h i s  laboratory,  we have u t i l i z e d  

ion exchange chromatography to  

purify and ident i fy  a number of 

bases  and nucleosides i n  human 

I I  

OH OH OH OH urine1. An XAD-4 desa l t i ng  

FIG. 1. I, Ribosylpyridin-4- 
one-3-carboxamide . 11, 1 - R i b -  

column2' has f a c i l i t a t e d  rechro- 

matography of many of these com- 

pounds during t h e  pu r i f i ca t ion  

procedures. One compound t h a t  had 

been previously noted in many of 

sylpyridin-2-one-5-carboxamide. 

t h e  u r ine  specimens, has now been iden t i f i ed  as l-ribosylpyridin-4-one-3- 

carboxamide (4,3-Py-R). This compound is i d e n t i c a l  to tha t  i so l a t ed  

and character ized by Dutta and coworkers4 using an e n t i r e l y  d i f f e r e n t  

separa t ive  technique. 

compound from E. t h ree  l i ters of ur ine .  

- ca. 10 - 20 m l  of u r ine  with quan t i t a t ive  recoveries .  

i den t i f i ed  and quant i ta t ive ly  determined small amounts of an isomer, 

l-ribosylpyridin-2-one-5-carboxamide (2,5-Py-R), i n  ur ine .  

The previous au thors  obtained low y ie lds  of t he  

I n  our procedures, we u t i l i z e d  

W e  have a l so  

415 
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416 HILLS, DAVIS, AND LERTRATANANGKOON 

A ur inary r ibosylpyr idone  has a l s o  been reported by Gehrke, Kuo 

and coworkers5'6, and by Mrochek, et a17. 

iden t i f i ed  t h e  compound as l-ribosylpyridin-2-one-5-carboxamide. 

After exchanging samples  and da ta  with D r s .  Gehrke and Kuo, it i s  now 

evident t ha t  t he  r ibosy l  pyridone i so l a t ed  by these  workers (desig- 

nated GN or  PCNR) is also 4,3-Py-R instead of 2,5-Py-R. W e  presume 

tha t  t h e  compound noted by Mrochek, e t  a17 w a s  a l s o  4,3-Py-R, s ince  

t h e i r  experiments would not  have d i f f e r e n t i a t e d  between t h e  two 

isomers. 

Both groups t en ta t ive ly  

MATERIALS AND METHODS 

Chemicals and Solut ions 

Analytic grade ion exchange r e s i n s  (AGl-X4 and AG50-X4, 200/400 

mesh) w e r e  obtained from Bio-Rad Laborator ies ,  XAD-4 (20/50 mesh) from 

Mallinckrodt Chemical Works, nicotinamide mononucleotide (NMN) and 

bovine i n t e s t i n a l  a l k a l i n e  phosphatase, Type VII-NA, from Sigma 

Chemical Co. and N.0-bis(trimethylsily1)acetamide from Pierce  Chemical 

Co. 

a t  23'C. The l i s t e d  concentrat ion of t h e  sodium acetate buf fer  refers 

to  the sodium concentrat ion.  The sodium bora te  so lu t ion  (0.010 M) w a s  

prepared from Na2B407-10 H20 (3.81 g / l i t e r ) .  

buf fers  w e r e  prepared by adjustment of t h e  NH C1-borate so lu t ion  t o  

pH 10.6 with NH40H. 

A l l  components of bu f fe r s  were reagent  grade, and pH values  are 

The NH 4 C1-NH40H-borate 

4 

Analyt ical  Methods 

The o rc ino l  reac t ion  f o r  r ibose  was ca r r i ed  out  wi th  heat ing f o r  

20 m i n  a t  100°C using the  orcinol-FeC13-HC1 reagent  prepared as de- 

scr ibed by Brown8. 

nucleot ides  w a s  ca r r i ed  ou t  a f t e r  s u l f u r i c  ac id  d iges t ion  as described 

previously9. 

c l eo t ides  were ca lcu la ted  from u l t r a v i o l e t  absorbance values ,  using 

total  phosphate assays  t o  determine nuc leo t ide  concentrat ions.  The 

pyridone nuc leo t ides  were converted t o  t h e  corresponding nucleosides  

with no change i n  absorbance values .  

rou t ine ly  i d e n t i f i e d  by absorbance measurements a t  240, 250, 260, 275 

and 290 nm, with add i t iona l  readings (e.g., 320 nm) w h e r e  appropr ia te .  

A Gilford spectrophotometer (Model 222) w a s  used f o r  spectrophotometric 

measurements, while  an Aminco-Bowman spectrophotofluorometer was used 

f o r  f luorescence measurements. 

Tota l  phosphate determinat ion i n  syn the t i c  pyridone 

Mill imolar absorbancy values  f o r  syn the t i c  pyridone nu- 

Products i n  e l u t i o n  p r o f i l e s  w e r e  
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1-RIBOSYL PYRIDONE NUCLEOSIDES FROM U R I N E  41 7 

Procedures fo r  Column Chromatography of Pyridone Nucleosides. 

Procedure A. The sample, Q i t h  a very low sal t  content and a + 
volume of 6 - 8 ml, w a s  applied t o  an AG5O-X4 column, H form, 

0.50 c m  x 40 cm.  

sodium ace ta t e  buffer .  Fraction volumes were 3 - 4 m l  with a flow 

r a t e  of s. 0.20 d f m i n .  

Elution w a s  car r ied  out using a 0.077 M, pH 4.8 

Procedure B. The AG1-X4 column (0.50 cm x 40 cm) w a s  equi l i -  

brated with a 0.125 H NH4C1 + NH OH + 0.010 M borate  buffer ,  pH 10.6 4 
(Buffer A), followed by a 0.025 M N H 4 C 1 +  NH40H + 0.010 M borate  

buffer ,  pH 10.6 (Buffer B). The desal ted sample with a volume of 

6-8 m l  (including 1 m l  of Buffer B), w a s  adjusted t o  pH 10.4 - 10.6. 

After appl icat ion of the  sample t o  the  column, gradient e lu t ion  was 

car r ied  out  with 75 m l  of Buffer B i n  the  closed mixing reservoir  and 

150 ml of Buffer A in t h e  upper reservoir .  

3 - 3.5 m l w i t h  a flow rate of z. 0.20 m l f m i n .  

Fract ion volumes were 

Procedure C. The sample (usually pooled f r ac t ions  from another 

column) w a s  adjusted t o  pH 6 - 7.5, concentrated t o  E. 10 m l ,  and 

applied t o  the XAD-4 column (1.3 cm x 30 cm). Elution w a s  car r ied  out 

with w a t e r  (s. 25 ml), then with 19% (vfv) ethanol.  Fraction volumes 

ranged from 10 t o  5 m l  with flow rates ranging from 1.0 t o  0.50 mlfrnin. 

The desal ted sample w a s  applied t o  the  AG50-X4 Procedure D. + column (0.50 cm x 40 cm, H form) i n  0.01 N HC1 (volume, 6 - 8 ml). 

Gradient e lu t ion  was  car r ied  out  with 75 m l  of 0.01 N H C l  in the  closed 

mixing reservoir  and 100 ml of 1.5 N HC1 in the  upper reservoi r .  Frac- 

t i on  volumes w e r e  E. 3.5 m l  with a flow rate of E. 0.20 ml/min. 

Gas Chromatography (GC) and Mass Spectrometry (MS) Analyses. 

Direct chemical ionizat ion MS. A s m a l l  amount of t he  underiva- 

t ized sample w a s  analyzed by d i r e c t  chemical ion iza t ion  ( C I )  in t he  

pos i t ive  mode with methane as reagent gas. 

ployed w a s  a Nermag R 10-10 C equipped with a PDP 11/73 da ta  system. 

The ion source temperature was 100°C and the  ionizing vol tage was 70 ev. 

The C I  f i lament w a s  temperature programwd from 0 mA t o  500 mA a t  

20 d f s e c .  The sample w a s  introduced by d i r e c t  probe. 

The mass spectrometer em- 

Preparation of t r imethyls i lylated der ivat ive.  An a l iquot  of the 

dr ied sample w a s  dissolved i n  pyridine and t r imethyls i ly la ted  with 

bis(trirnethylsily1)acetamide. 

f o r  1 hr and an a l iquo t  was analyzed by GC/MS. 

The react ion w a s  ca r r i ed  out  a t  60°C 
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420 MILLS, DAVIS, AND LERTRATANANGKOON 

GC/MS ana lys i s .  GC/MS ana lys i s  w a s  ca r r i ed  out  with a Nermag 

R 10-10 C/PDP 11-73 equipped with a Varian 3400 gas  chromatograph. 

GC column was  a DB-5 (15 m x 0.25 mm i .d . )  fused s i l i c a  c a p i l l a r y  column 

(J & W S c i e n t i f i c ,  Inc.) .  

r a t i o n  w a s  temperature programed from 100°C t o  280°C a t  e i t h e r  

1O0C/min o r  20°C/min. 

ion iz ing  energy w a s  70 eV. 

p o s i t i v e  chemical i on iza t ion  mode with methane as reagent  gas. 

The 

H e l i u m  w a s  used as carrier gas and the  sepa- 

The ion  source temperature w a s  200°C and the  

The mass spectrometer w a s  operated i n  the  

RESULTS 

I s o l a t i o n  of 4,3-Py-R and 2,5-Py-R from Urine. 

Fract ion CW from urine,  which contained compounds with no charge 

a t  pH 10, w a s  obtained a s  descr ibed previously1. 

t o  a c a t i o n  exchange column, H form, and e lu ted  wi th  a pH 4.8 sodium 

acetate buf fer  (Procedure A, Fig. 2A). The 2,5-Py-R is no t  re ta ined  on 

t he  column and comes through i n  t h e  column wash and i n  t h e  f i r s t  1 5  ml 

of eluate. The major pyridone i n  ur ine ,  l-methylpyridin-2-one-5-car- 

boxamide (2,5-Py-M) is  re t a ined  very s l i g h t l y  (probably by adsorpt ion)  

and is e lu ted  a f t e r  2,5-Py-R. 

occasional ly  contaminated with theobromine (3,7-dimethylxanthine). The 

e f f luen t  ( d i l u t e  a c e t i c  ac id )  w a s  removed by evaporation from pooled 

f r a c t i o n s  containing 2,5-Py-R and from pooled, 4,3-Py-R f r ac t ions .  The 

4,3-Py-R f r a c t i o n  and t h e  2,5-Py-R f r a c t i o n  were then rechromatographed 

separa te ly  on an AG1-XI( anion exchange column operated a t  pH 10.6 in 

t h e  presence of 0.010 M bora te  (Procedure B, Fig. 2 B  and Fig.  2E). 

Since bora te  complexes with the  r ibose  moiety to g ive  a minus one charge, 

t h e  r i b o s y l  pyridones are re ta ined  on the  column and are e lu ted  with t h e  

pH 10.6 buffer-borate so lu t ion .  After desa l t i ng  with an XAD-4 column 

(Procedure C, Fig.  2C), f r a c t i o n s  containing 4,3-Py-R w e r e  appl ied t o  

an AG5O-X4 ca t ion  exchange column and e lu ted  with HC1 (Procedure D, 

Fig. 2D). The f r ac t ions  containing 2,5-Py-R w e r e  desa l ted  wi th  a 

XAD-4 column and rechromatographed on t h e  AG1-X.G column with pH 10.6 

buffer-borate e l u t i o n  (Procedure B, Fig. 2F). After desa l t i ng ,  t he  

pu r i f i ed  4,3-Py-R and the  2,5-Py-R w e r e  used f o r  ob ta in ing  u l t r a v i o l e t  

absorpt ion spec t ra ,  f o r  mass spectrometry s tud ie s  and f o r  o the r  
chemical s tud ie s .  

Frac t ion  CW w a s  appl ied 
+ 

The 4,3-Py-R peak i n  t h i s  p r o f i l e  was 
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1-RIBOSYL PYRIDONE NUCLEOSIDES FROM URINE 421 

Synthesis of 2,5-Py-R from NMN. 
NMN w a s  oxidized t o  a mixture of pyridones using alkaline f e r r i -  

The condi t ions u t i l i z e d  w e r e  those described by Pullman and cyanide. 

b lowick lo  fo r  preparat ion of 1-methylpyridones from lmethyln ico t in-  

amide. The reac t ion  w a s  car r ied  out a t  room temperature with s t i r r i n g  

using 40 pols of potassium fer r icyanide  and 20 p o l s  of N" in 10 m l  

0.50 N NaOH. The r eac t ion  w a s  stopped a f t e r  3 min by ad jus t ing  t h e  pH 

t o  e. 7 with HC1, p r i o r  t o  appl ica t ion  t o  an anion exchange column 

(AG1-X4, 0.50 x 20 cm, formate form). Elut ion was car r ied  out with 

f r a c t i o n  co l l ec t ion  (Fig. 26) using a formic acid gradient  (0 -+ 4.0 N; 
75 m l  water i n i t i a l l y  i n  a closed mixing r e se rvo i r ) .  

condi t ions i n  t h e  oxidizing reac t ion  mixture caused considerable  

cleavage of t h e  nicotinamide-ribose bond, so t he  mixed pyridone nucleo- 

t i d e s  of NMN were obtained i n  only E. 40 per cent y i e ld .  

absorbing cleavage products no longer contained t h e  phosphate moiety, 

so they were eluted ea r ly  from t h e  anion exchange column (0-40 ml) 

while t h e  desired pyridone nucleot ides  were eluted later (90-125 m l ) .  
Fract ions containing t h e  desired pyridone w e r e  pooled and formic acid 

was removed by evaporation. The compounds were dissolved and applied 

t o  a second anion exchange column (0.50 cm x 40 c m ,  AGl-X4, formate 

form) and again e lu ted  using a formic ac id  gradient  (Fig. 2H). Water 

(75 m l )  w a s  i n i t i a l l y  i n  t h e  closed mixing reservoi r  with 4 N formic 

acid i n  t h e  upper reservoi r .  

1-(5'-phosphoribosyl)-pyridin-2-one-5-carboxamide (2,5-Py-RP) and 

1-(5'-phosphoribosyl)-pyridin-2-one-3-carboxamide (2,3-Py-RP) a f t e r  

removal of formic ac id  by evaporation. No 4,3-Py-RP w a s  found i n  t h e  

e lu t ion  p r o f i l e s  as a product of t h e  a lka l ine  fe r r icyanide  react ion.  

The 2,5-PyRp and 2,3-Py-RP could be r ead i ly  iden t i f i ed  by t h e  marked 

d i f fe rences  i n  t h e i r  absorption spec t ra  (Fig. 3) and by the  f a c t  t ha t  

only 2,3-Py-RFEluoresces a t  neu t r a l  pH (exc i ta t ion ,  330 nm; f luores-  

cence, 385 mu). 

shown by appropriate  assays (see Methods). 

The a lka l ine  

Ul t rav io le t  

This  separat ion provided pure samples of 

Both compounds also contained r ibose  and phosphate as 

Each of t h e  synthe t ic  pyridone nucleot ides  (2,5-Py-RP and 2,3- 

Py-RP) w a s  converted t o  t h e  corresponding nucleoside by incubation 

with a lka l ine  phosphatase (0.9 unit/ml sample) f o r  6 hr  a t  37 O C  i n  

pH 9.4, 0.05 M T r i s  buf fer ,  with 2 mM Mg-. The nucleoside w a s  re- 
covered i n  each case i n  %. 100% yie ld  following desa l t i ng  on an XAD-4 
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4 22 MILLS, D A V I S ,  AND LERTRITANANGKOON 

2 30 2 5 0  2 7 0  2 9 0  310 3 3 0  3 5 0  
W A V E  LENGTH nm 

FIG. 3. Ul t rav io le t  absorp- 
t i o n  spec t ra  of t he  three  
isomeric pyridone nucleosides . 
Solid l i n e s ,  4,3-Py-R 
(0.0315 w n o l / m l )  a, a t  neu t r a l  
pH; b, i n  1 N HC1. Dashed- 
-, 2,s-Py-R a t  neu t r a l  pH 
(0.032 pmol/ml). Dot-dashed 
l i n e ,  2,3-Py-R a t  neu t r a l  pH 
(0.034 ~ l / m l ) .  The nucleo- 
t i d e s  of 2,5-Py-R and 2,3-Py-R 
have near ly  i d e n t i c a l  spec t ra  
t o  that shown for t h e  corres- 
ponding nucleosides.  

-- 

column. Each nucleoside was rechromatographed on an AGl-X4 column 

(pH 10.6, with borate ,  Procedure B) .  

evaporation, the  samples w e r e  again desa l ted  p r io r  t o  using the  

2,5-Py-R and 2,3-Py-R fo r  spectroscopic (Fig. 3, Table 2) ,  chemical 

(Table l), o r  mass spectrometry s tud ie s .  

After  removal of ammonia by 

The synthes is  of 2,5-Py-R has been described recent ly  by Frister, 

et a1 s t a r t i n g  with pyridin-2-one-5-carboxamide. These workers char- 

ac te r ized  t h e i r  synthe t ic  compound by E I  mass spec t ra ,  NMR spectra and 

u l t r a v i o l e t  absorpt ion spec t ra .  Our synthe t ic  2,5-Py-R has been shown 

by D r s .  Gehrke and Kuo t o  be i d e n t i c a l  i n  regard t o  u l t r a v i o l e t  absorp- 

t i on  spec t ra  and HPLC r e t en t ion  times with t h e  syn the t i c  2,5-Py-R 

provided by D r .  Schlimne. 
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1-RIBOSYL PYRIDONE NUCLEOSIDES FROM URINE 423 

TABLE 1. Comparison of P r o p e r t i e s  of  Rlbosyl %idones 

Orcinol AG1 AG1 S h i f t  of 

f o r  without with absorbance 
ribose# bora te  b o r a t e  Fluorescence i n  HC1 

r e a c t i o n  pH 10.6 pH 10.6 WlXilllWIl 

I s o l a t e d  Not 260 nm t o  
4,3-Py-R 9 Retained Retained None 252 nm 

Authentic Not 
2,s-Py-R 1 1 7  Retained Retained None None 

I s o l a t e d  Not 
2,5-Py-R 106 Retained Retained None None 

Authentic Not 385 nm 
2,3-Py-R 1 2 7  Retained Retained (330 nm e x c i t . )  None 

#&pressed as per  cent  of c o l o r  y i e l d  of  adenosine with 20 min hea t ing  
a t  100°C. 

TABLE 2. Comparison of Spec t ra l  P r o p e r t i e s  of Methyl and Ribosyl 
Pyridones 

Compound 240 275 290 320 
260 260 260 260 
- - - -  PH Max 

m 
4,3-Py-R 7 260 16' 0.34 0.52 0.33 0.00 

0 25 2 10.8 0.92 0.43 0.21 0.00 

4,3-Py-M 7 256 13.2c 0.30 0.43 0.40 0.02 
0 240 9.0 2.00 0.46 0.22 0.07 

2, 5-PJ-R 7 258 14.3 0.52 0.42 0.36 0.18 

2,5-Py-M 7 260 14.2d 0.44 0.45 0.34 0.09 

2,3-Py-R 7 327 10.7 4.8 0.9 2.0 8.1 

II 

c 
11 

7 322 8.9 -- 1.1 2.9 1 2  d 2,3-Py-M 

Lkillimlar absorbancy a t  t h e  maximal wavelength. 

%slue from Ref. 14. 

'Value from Ref. 14. 

% d u e  from R e f .  10. 
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424 MILLS, DAVIS, AND LERTRATANANGKOON 

Other Proper t ies  of I so la ted  and Synthet ic  Pyridone Nucleosides. 

Our i so l a t ed  4,3-Py-R gave only a minimal reac t ion  f o r  r ibose  by 

t h e  orc inol  procedure (0.09 rrmol r i b o s e / p o l  compound (Table 1). 

Dutta, e t  a1 

ribose.  However, they provided no quan t i t a t ive  da t a  with appropriate  

standards,  so t h e i r  r epor t  does not necessar i ly  c o n f l i c t  with our 

data.  In  con t r a s t ,  r ibose  moieties of 2.5-Py-R and 2,3-Py-R reac t  

readi ly  i n  the  o rc ino l  procedure (Table I ) .  

of the nitrogen-ribose bond of i so l a t ed  4,3-Py-R indica ted  t h a t  the 

bond w a s  much more s t a b l e  t o  ac id  than the  purine-ribose l i n k  of 

nucleosides12. 

unchanged a f t e r  heat ing 1 hour a t  100" C i n  1 N HC1. 

t o  ac id  hydrolysis  may a t  l e a s t  p a r t i a l l y  explain the low y ie ld  of 

ribose from 4,3-Py-R i n  the  o rc ino l  assay. The spectra of 4,3-Py-R 

(Fig. 3) is similar t o  t h a t  noted previously by Dutta, e t  a14, except 

f o r  t he  spec t ra  i n  acid.  

whereas our s tud ie s  were i n  1 N HC1. It is  c l ea r  that 1 N HC1 is re- 

quired t o  produce the  f u l l y  ca t ion ic  form of 4,3-Py-R and hence t h e i r  

acid spectra (Fig. 1 of Ref. 4) is t h a t  of a mixture of ca t ion ic  and 

neut ra l  forms. 

reported t h a t  4,3-Py-R gave a pos i t i ve  o rc ino l  test f o r  

Studies on ac id  l a b i l i t y  

About 40 per  cent of the s t a r t i n g  compound w a s  recovered 

This s t a b i l i t y  

Their ac id  spec t ra  w a s  ca r r i ed  out  a t  pH 1.0, 

GC and GC/MS Studies  on I so la ted  a n d a t h e t i c  P v r i d o - n & c l e U s 3  

The C I  mass spec t ra  of underivatized 4,3-Py-R and 2,5-Py-R are 

shown i n  Fig.  4 and Fig,  6A, respec t ive ly .  The ion a t  m/z 2 7 1  corre- 

sponds t o  the  protonated M + 1 molecular ion i n  each case,  while t he  

ion a t  m/z 239 fo r  4,3-Py-R r e s u l t s  from the  el iminat ion of 32 amu 

or  CH OH (presumably the  C5 of the  r ibose  moiety) from the protonated 

molecular ion.  

f o r  each nucleoside are formed i n  analogy t o  fragmentation pathways 

described by McCloskey13 f o r  nucleosides:  

m/z 167, b + 30. Ions ind ica t ive  of the  sugar (S) moiety were a l so  
+ 

formed: m/z 133, S+; m/z 115, (S  - H20) . 
4,3-Py-R are formed by the  el iminat ion of 1 7  amu ( l i k e l y  represent ing  

loss of NH ) from m/z 167 and m/z 139 t o  form m/z 150 and m/z 122, 

respect ively.  

spectrum. 

3 
Fragments i nd ica t ive  of the  pyridone base s t r u c t u r e  (b) 

m/z 138, 6 + H; m/z 139, b + 2H; 

Other ions  spec i f i c  f o r  t he  

3 
These ions  are barely d iscern ib le  f o r  t he  2,s-Py-R C I  

Tr imethyls i lyl  de r iva t ives  of 4,3-Py-R w e r e  prepared and the 

t r i s ( t r ime thy l s i ly1 )  de r iva t ive  was separated from the  tetra ( t r i -  
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.3 4 b+30 

M+l  
2 

I 
I 

220 240 260 

FIG. 4. C I  mass spectrum of isolated 4,3-Py-R, with methane as reagent 
gas. 

147 
> 
I- 

u) 
2 
W 

- 

220 240 

W 

X 5  I-- 
U 
A M +1 
W- 
a 

543 559 

5 

FIG. 5 .  
isolated 4,3-Py-R, w i t h  methane as reagent gas. 

C I  mass spectrum of the tetra(trimethylsily1) derivative of 
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426 rims, DAVIS, AND LERTRATANANGKOON 

methyls i ly l )  de r iva t ive  using c a p i l l a r y  g a s  chromatography (see 

Methods). 

(data not  shown) c l e a r l y  showed t h e  protonated molecular ion a t  m/z 
487. Fig. 5 shows the  C I  (methane) mass spectrum of t h e  t e t r a ( t r i -  

methyls i ly l )  de r iva t ive  of 4,3-Py-R while t he  m a s s  spec t ra  of t he  

corresponding de r iva t ive  of 2,s-Py-R is shown i n  Fig. 6B. In  each 

case, the  i n t a c t  molecule w a s  observed as t h e  protonated molecular 

ion a t  m/z 559. A n  ion a t  (M + C2H5) , m/z 587, w a s  a l s o  observed. 

The protonated molecular ion ind ica t e s  t h a t  t h e  de r iva t ives  have four 

d i f f e r e n t  t r i m e t h y l s i l y l  groups ( th ree  on t h e  r ibose  and the  four th  

on t h e  amide moiety). The ion  a t  m/z 543 i n  both cases  corresponds 

t o  the  loss of CH from the  protonated molecular ion. 

The C I  mass spec t ra  of t he  tris de r iva t ive  of 4,3-Py-R 

+ 

4 
The C I  m a s s  spec t ra  of 2,5-Py-R and of t r imethyls i ly la ted  

2,5-Py-R (Fig. 6) were s imi l a r  t o  t h e  corresponding spec t ra  of 

4,3-F'y-R (Figs. 4 and 5) i n  some re spec t s ,  p a r t i c u l a r l y  i n  regard 

t o  the  l a rge r  ions .  However, as expected f o r  isomers, there  were 

s ign i f i can t  d i f f e rences  i n  r e l a t i v e  amounts of many of t h e  fragment 

ions.  

matched t h a t  of t he  syn the t i c  compound i n  a l l  of t h e  major peaks, 

although the  presence of s m a l l  amounts of impur i t ies  were indicated.  

The t r ime thy l s i ly l a t ed  de r iva t ive  of t h e  i so l a t ed  2,5-Py-R w a s  a l s o  

subjected to GC/MS. 

s i l y l )  de r iva t ive  of t h e  i so l a t ed  2,5-Py-R (not  shown) matched t h a t  

of t he  syn the t i c  compound pe r fec t ly .  

The C I  m a s s  spectrum of t h e  i so l a t ed  2,5-Py-R (not shown) 

The C I  mss spectrum of t h e  te t ra( t r imethy1-  

Levels of Pyridone Nucleosides i n  Human Urine. 

W e  have determined l e v e l s  of 4,3-Py-R i n  fourteen random ur ine  

samples, f i v e  f r a n  males aged 14-25, with t h e  o the r s  from small 

chi ldren.  

was 0.91 2 0.16 nmol/l.uml c rea t in ine .  

6 y r ,  t h e  4,3-Py-R excre t ion  ranged from 1.8 - 2 . 1  nmol/umol crea- 

t i n ine ,  while i n  six chi ldren  wi th  immunodeficiency d i so rde r s ,  4.3-Py-R 

excret ion ranged from 1.5 - 7.7 nmol/pmol c rea t in ine .  

l e v e l  of 4,3-Py-R noted i n  our labora tory  f o r  a d u l t  males is  very 

c lose  t o  t h a t  reported previously f o r  t h e  same compound (designated 

GN) (0.87 -f 0.25 nmol/pmol c rea t in ine )  by Speer, Gehrke, et a15. 

The excre t ion  l e v e l  (means 2 S.D.) i n  t he  14-25 y r  group 

In  th ree  normal ch i ldren  aged 4- 

The excre t ion  

The excret ion level of 2,5-Py-R i n  th ree  normal ch i ldren  w a s  

0.16 - 0.19 nmol/~mol c r e a t i n i n e  o r  about 7% of t h a t  of 4,3-Py-R. I n  
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0 300 320 340 360 580 400 420 440 460 400 

SM) S20 540 560 580 600 620 640 660 680 700 

FIG. 6. A. C I  mass spectrum of synthe t ic  2,5-Py-R, with methane as 
reagent gas. B. C I  mass spectrum of t h e  te t ra ( t r imethyls i ly1)  de- 
r i v a t i v e  of 2,5-Py-R, with methane as reagent gas. 

a pooled u r ine  sample, t h e  2,s-Py-R l e v e l  was 9% of t h a t  of 4.3-Py-R. 

A trace of 2,3-Py-R (ca. 1% of the  2,5-Py-R) was present  i n  t h e  iso- 

l a t ed  2,5-Py-R as detected by its u l t r a v i o l e t  fluorescence. Thus, 

4,3-Py-R makes up about 9OX of t h e  1-ribosyl pyridones excreted i n  

human ur ine ,  with 2,5-Py-R accounting f o r  most of t h e  remainder. 

Recovery of Pyridones from Simulated Urine. 

I n  order t o  check recoveries  of 4,3-Q-R and 2,5-Py-R, w e  have 

added known amounts (0.25 - 0.30 pmols) of these two compounds and 

of 2,5-Py-M t o  15 m l  of simulated ur ine  (urea p lus  s a l t s ) .  The 
2,5-Py-M was included because it is t h e  major ur inary metabol i te  of 

d i e t a ry  nicotinamide. 

separa t ive  procedures tha t  were used f o r  t h e  u r ine  samples. 

The sample w a s  then ca r r i ed  through t h e  same 

Percent 
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HILLS, DAVIS, AND LERTRATANANGKOON 420 

recover ies  in two separa te  experiments w e r e  as follows: 4,3-Py-R, 

91.2, 95.1; 2,5-Py-R, 83.0, 84.0; and 2,5-Py-M, 92.3, 96.2. These 

recoveries  show t h a t  t h e  amounts of t h e  r i b o s y l  pyridones i so l a t ed  in 

our s tud ie s  are ind ica t ive  of t h e  amounts ac tua l ly  present  i n  the  ur ine .  

DISCUSSION 

The f a c t  t h a t  t h e  i so l a t ed  4,3-Py-R is very weakly re ta ined  on a 

ca t ion  exchange column a t  pH 2.8 (Fig. 2A), but is re ta ined  much more 

s t rongly  i n  t h e  presence of HC1 (Fig. 2D), i nd ica t e s  t h a t  4,3-Py-R has 

a ca t ion ic  PKa of 2 o r  less. Similar ly ,  t h e  behavior on an anion ex- 

change column of both the  i so l a t ed  r i b o s y l  pyridones a t  pH 10.6 with 

and without borate  (Fig. 2B and 2F, and Table 1 )  i nd ica t e s  t h a t  t he re  

is no anionic  group i n  the  absence of borate ,  but t he re  are c is  hydroxyl 

groups which w i l l  complex with borate  t o  provide negat ively charged 

complexes. 

t i o n  and i n  H C 1  (Fig. 3 and Table 2) a l s o  ind ica t e  a P K a  of about 

1 t o  2. The lack  of r e t en t ion  of 2,5-Py-R on a ca t ion  exchange column 

and i d e n t i c a l  spec t ra  a t  pH 7 and i n  HC1, i nd ica t e  t h a t  2,5-Py-R w i l l  

not  form a ca t ion .  

The s p e c t r a l  c h a r a c t e r i s t i c s  of 4,3-Py-R i n  n e u t r a l  solu- 

The isomer assignment of t he  i so l a t ed  1-r ibosyl  pyridones i s  

based pr imari ly  by analogy to  p rope r t i e s  of t he  th ree  pyridone isomers 

produced from 1-methyl nicotinamidd4,15. In  t h a t  case, only l-methyl- 

pyridin-4-one-3-carboxamide (4,3-Py-M) becomes ca t ion ic  i n  an ac id  

so lu t ion .  
When the  keto group is on e i t h e r  carbon adjacent  t o  the n i t rogen  of 

t h e  pyridine r ing ,  t h i s  d ipolar  ca t ion ic  s t r u c t u r e  w i l l  no t  form. 

With both the  1-methyl and 1-ribosyl pyridones, the  4,3-isomer becomes 

ca t ion ic  i n  ac id  so lu t ion  with a corresponding s h i f t  of the  absorpt ion 

maxima t o  sho r t e r  wavelengths. This isomer does not  f luoresce .  The 

2,5 isomer has an absorpt ion maxima a t  about 260 nm, does not  form a 

ca t ion  i n  ac id ,  and does not f luoresce;  while the 2,3-isomer has an 

absorpt ion band a t  about 325 nm, does not  form a ca t ion ,  but i t  does 

f luoresce  (Tables 1 and 2).  

Chang and Johnson15 r e f e r  t o  t h i s  as a d ipo la r  s t ruc tu re .  

The r e s u l t s  of Ms and G C / W  s tud ie s  are cons is ten t  with the  conclu- 

s ion  that the  major r i b o s y l  pyridone that w e  have i s o l a t e d  from u r ine  

is 4,3-Py-R, and t h a t  the minor r ibosy l  pyridone i s  2,5-Py-R. 
s tud ie s  provide cor rec t  molecular weights f o r  the  compounds (270 da l tons) ;  

These 
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1-RIBOSYL PYRIDONE NUCLEOSIDES FROM URINE 429 

they support the  presence of an amide group; they ind ica t e  t h a t  there  are 

three  hydroxy groups and an amide group t h a t  may be t r imethyls i ly la ted ;  

and they provide the  cor rec t  mass number of the pyridone por t ion  of the  

molecule. The l inkage of t he  sugar t o  the  pyridone has been previously 

es tab l i shed  as the  &configuration f o r  ur inary 4, 3-Py-R4. 

there  is also a s imi la r  $-linkage i n  the  ur inary 2,5-Py-R, s ince  the 

au thent ic  2,5-Py-R used f o r  comparison contained a $-linkage. 

We presume 

Pyridones of  1-methylnicotinamide have been known f o r  many years to  

be major ur inary metabolites of n i c o t i n i c  ac id  and nicotinamide i n  man 

and most other  mammals16r17. In  man, 2,5-Py-M is t he  predominant ur i -  

nary endproduct, being derived t o  some exten t  from the  catabolism of 

NAD and NADP, but a l s o  more d i r e c t l y  from surplus  d i e t a ry  nicotinamide 

o r  n i co t in i c  acid.  In  cont ras t ,  ur inary 4,3-Py-M i n  man appears t o  be 

derived almost e n t i r e l y  from the  breakdown of NAD and NADPI4. 

normal d i e t ,  4,3-Py-M is  excreted i n  hunnns a t  about one-third the l e v e l  

of i t s  isomer, 2,5-Py-M. The t h i r d  isomer, l-methylpyridin-2-one-3- 

carboxamide (2,3-Py-M) is not  excreted appreciably i n  manla. 

On a 

Based on the  s t ruc tu res  of the  i so l a t ed  1-r ibosyl  pyridones, i t  

seems reasonable to  presume t h a t  they are ca tabol ic  products of one o r  

both pyridine nucleot ides ,  NAD and NADP. 

s tudied,  ur inary excret ion of 4,3-Py-R has been about one-half t ha t  of 

4,3-Py-M. 

t h a t  excret ion l eve l s  a r e  not a f fec ted  by l eve l s  of d i e t a ry  nicot in-  

amide. 

measure of t he  rate of turnover of the pyridine nucleot ide coenzymes 

NAD and NADP. 

pound designated GN (4,3-Py-R) i n  pa t i en t s  with var ious types of cancer, 

suggests  that excret ion l eve l s  would indeed be of c l i n i c a l  value.  

I n  the  subjec ts  we have 

The r e l a t i v e l y  constant  values  f o r  4,3-Py-R excret ion suggest 

Determination of ur inary 4,3-Py-R might provide a usefu l  

The ur inary l eve l s  found by Speer, e t  a l S  f o r  the  com- 
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