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~ a d n  ~ N c  add  is a ~ m m i n  ~ d d y  N s ~ b u ~ d  in NMo~cM mamriMs and 
~ o d  and is conve~ed into the coenzyme Ncof inam~e  adenine ~nudeo t ide  by 
NNoNcN ~ f i o n s  N vivo [1]. ~ n  h ~  many s ~ u ~ u m l  der iv~ iv~ ,  some of wNch 
are converted into N a d n  ~ ~vo and o the~  being involved in the N o ~ n ~ e f i s  of  N a d n  
[~. Some niadn derivatives have been d ~ m ~ e d  by N g ~ p ~ r m a n ~  fiquid 
c h m m ~ o ~ a p h y  or ~ o N ~ s ~ y  [3]. Howeve~ a practical m ~ h o d  ~ r  the fimO- 
taneous d ~ m ~ a f i o n  of various niacin derivatives is def imNe in order to d u d d a ~  
the m ~ a b M ~  sys~m of niacine derivatives ~ v~o. 

C a N H ~ y  t u ~  ~ ~ o ~ i s  ( C ~  is an ~ c d ~ n t  ~ p ~ a f i o n  m ~ h o d  ~ r  
many Mn~ compounds. ~ o ~ c M ~  i m p o ~ a m  substances such as vitamins ~ ,  amino 
acids [5,~ and nudeofides [7,8] have been separated and d ~ m i n e d  by CITP. Niadn  
and its derivatives all have a pyridine ring in their structure and act as weak bases. 
In order ~ r  niadn derivatives to m i g m ~  and be detected in CITP, it is necessary 
to p ro tona~  the pyridine ring so that they migmm as cationic species ~ y r i ~ M u m  
ion). 

In this papeL the m ~ m f i on  beha~our  of niadn derivatives is described. 
M ~ m f i o n  wsmms ~ r  rome M ~ n  ~ ~ s  ~ small m o N h f i ~  w~e  i n ~ e d .  
~ ~ e ~  the optimum leading and ~ f i ~  ~ ~  ~ ~ d n  ~ ~ s  of 
weak bases were ~ f f i d ~ f l y  ~ o ~ n a ~ d  ~ r  ~ ~ .  Six niacin derivatives could be 
~ m ~ d  u ~  ~ m M  ~ u m  a~ t a t e  as the ~ a ~ n g  d e ~ r ~ y ~  and 10 m M  ~ i ~  
as the ~ n ~  d e , m l l e .  

EXPERIMENTAL 

A p p ~ a m s  
A Model IP-3A caNHa~  tube i ~ m c h o p h ~ e t i c  analyser ~ N m a d z ~  Kyoto, 

JapaN,  eq~pped  with a po~ntiM ~ a ~ e ~  d ~ e ~  and a column ~ e m  con~sting of 
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a PTFE preseparadon capillary (80 x 0.7 mm I.D.) and a fused-silva anMyticM 
capillary column (170 x 0.2 mm I.D.), was used. The current was 15-60 #A after 
migration at 360 #A for 3-10 min. The cap~lary tube was fil~d with the ~ading and 
terminating dectroly~s ufing a peristaltic pump. 

P m ~ u m  a~mm, a~tic add, ~MaN ~,  Nydn~ hy~ocNoric add and Triton 
X- 100 were of anMyticM~eagent grade ~om Wako (Osak~ Japa~ and used ~ o ~  
~ ~ r i ~ o n .  

Stock ~ f i o n s  of niadn derivatives were prepared by ~ n g  pyridin~ 
~cotinam~e ~ ,  ~ c o f i n ~  ~ m ~ h ~ a ~ ,  3~yd~xym~h~pyr i~n~  
3 ~ y r i ~ n ~  ~on~ofin~ add hydra~de ~okyo  Kasd, Tokyo, ~ p a ~ ,  t~o- 
~ t i ~  ~ a c ~  Tesqu~ Kyo~,  Japan) and ~ a ~ ~ a ~  ~ m a ,  St. 
Lo~s, MO, U.S.A.) ~ wa~r. 

Electrolytes 
The ~ e  op~ationN ~s~ms u~d a~  N ~ n  ~ TaNe I. T ~  ~aNng ele~mlyte 

was p~pamd by diluting a ~ock sMufion of 1 M p o ~ m  ace~m and 10% Triton 
X-100 and a~usfing the pH by adNng acetic add. The mrm~ating ~ec~Nym ~ r  
~ e m  I was prepared by N~olving ~ N a N ~  and a ~ u ~ n g  the pH to 1.7 by adding 
hy&~Noric  add. T ~  terminating ele~rMy~ ~ r  ~smm H w~  p ~ p ~  by ~ N ~ n g  
Nydne and a ~ u ~ n g  the pH ~ t h  hydrochloric add to the same vMue as in sy~em I. 
T ~  terminating electrN~e ~ r  ~smm HI w~  ~etic acid. N ~stems H and III, womn 
acts as the terminating ion. 

TABLE I 

OPERATING SYSTEMS 

P ~ a m ~  Lea~ng d e ~ r o ~  Term~ating electr~yte 

Sy~em I S ~ m  II System III 

Cation 
Coun~r ion 
Concen~afion 
Ad~tive 

K + ~ e  H ÷ H + 

CHsCOO- ~ -  ~ -  CHsCOO- 
10 ~ mM 10 mM 10 mM 10 mM 
0.1% Tfi~n ~ 1 ~  None ~ y d n e  None 

RESULTS AND D ~ C U S ~ O N  

Niadn derivatives of ~ N c N ~  3~ydmxym~h~pyriNn~ OaminoNcotin~ 
mide, NoNcofiNc add hyd~Nd~ Ncotinamide, thioNcotinamide, N - m e ~ c o ~  
nam~e and 3 ~ W ~ y r i N n e  were used as ~ m N ~  and pyri~ne was added as it has 
a Nmilar structure. AH ~ e  subs~nc~ have a pyri~ne ring and woMd be pro~na~d 
to ~ rm catioNc spedes. An acetate buffer of pH 4.0 was chosen as the ~ading 
electrolyte ~ r  pro~nation of the pyriNne ring. With ruination sys~m I uNng 
~MaNne as the ~rm~ating ion, pyriNn~ ~Ncofine, ~ h y d r o x y m e ~ p y r i ~ n e  and 
~am~oNcofinamide migra~d and coMd be ~ p ~ e d .  The order ofmi~ation ~ems 
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to depend on the di~oNation constants of  the substances. The other five sub~ance~ 
howeve~ could not be detected with this migration sys~m, because their effective 
mobi~fies are lower than that of the ~rminat ing ion. This ~tuation could not be 
improved even by chanNng the pH of the leading electrolyte. Niadn  could not be 
detected in a cationic sy~em but could in an anionic sysmm because it exists as an 
anionic spedes owing to the d i~o~at ion  of its carboxyl group. 

When Nydne  was used as the terminating ~ec~olym ~ystem II), all the niacin 
derivatives could be detected in front of the ~rminafing zone. ~onico t in~  acid 
hydraNd~ nicotinamide, thionicotinamide, N-m~h~nico t inamide  and 3-acet~pyri- 
dine, howeve~ were detected with a so-called °~nforced zone ' ,  the effective mobility of  
which was lower than that of  the terminating ion. A ~m~ar  isotachopherogram to that 
with sysmm II was also obtained with sys~m III  u~ng acetic acid as the terminating 
~ectrolyte. With sysmm ! p ro tona~d  ~-Manine would act as the terminating ion, 
whereas with sy~ems II and II!  proton i tsdf  w o ~ d  act as the terminating ion [9]. It is 
suggesmd that weak bases such as some niacin derivatives may be a ~ o d a ~ d  with 
proton in the terminating zone in addition to the leading zone and have a cationic 
charge. Consequentl~ they move back to the sample zone, and migra~  in front of  the 
terminating zone. 

The r~ationship between the concentration of the leading ion and the R~ value 
(ratio of  the po~nt iN gradient of  the sample zone to that of  the ~ading zon~  o f ~ a d n  
derivatives and proton as terminating ion using sys~m lI is shown in Fig. 1. The R~ 
values of  niacin derivatives remained Mmost unchanged at all concentrations of the 
leading ion, whereas the RE vMue of the ~rminat ing ion increased with increa~ng 
concentration of the leading ion. The zones of NoNcofiNc acid hydraNde, nicoti- 
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Fig. 1. Efl~ct of  the concent ra t ion  of  the ~ a d i n g  ion on R~ values of  n ~ d n  derivat ives and thc ~ r m ~ a t i n g  
ion. The  pH was cons tan t  at 4.0. I - ~-PicMin~ 2 - p y f i N n ~  3 - ~ h y d r o x y m N h ~ p y f i d i n e :  
4 - ~ a m i n o n i c o t i n a m i d e ;  5 - ison~o~inic a d d  h y d r a N d ~  6 - n ~ o f i n a m ~  7 - ~ h i o n ~ o t i n a m ~  

8 = N - m ~ h y l N c o f i n a m ~  9 = 3-acetylpyfidine; 10 = m r m ~ a f i n g  ion. 
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Fig. 2. E ~  ~ p H  ~ e  ~ ~ m m ~ e  on R~ vMu~ of madn  d ~ N ~  and ~ e  m ~ m ~  ~n.  ~ e  
concentra~on ~ ~ e  ~ a ~ n g  ion was 40 raM. ~ n e  numb~s  as in Fig. I. 

namNe, t h i o n i c o t i n a m ~  N - m ~ h ~ c o t i n a m i d e  and 3 ~ c ~ p y f i N n e  w e ~  detected 
as an e n ~ e d  zone when the concentration of  the leading ion was up to 20 mM. 
H o w e v ~ ,  when the concentration of  the leading ion was 40 mM, the effective mobi l i~  

Im~ ~ 

/ 

T i n  

N ~  3. l so~chophe ro~am of Na~n derivatives. H e ~ r o l ~ e  as in F~.  1, exce~ ~ m  ~ e  c o n c e n ~ o n  o f  the 
~aNng ~ n  was 40 mM. Numbers as in Ng. 1. 
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of the terminating ion became lower than that of sample ion and a normM 
isotachopherogram was obtNned. This shows that the effective mobility of proton as 
~rminating ion is con~oHed by the add-base equifib~um with aceta~ ion as the 
counter ion of the ~ading ~ectroly~. Therefore, an increase in the concen~ation of the 
leading ~ectroly~ decreases the effective mobifity of proton as the ~rminating ion. 

The r~afionship between the pH of the ~ading ~ec~oly~  and the R~ values of 
niadn derivatives at a leading ion concentration of 40 mM is shown in Fig. 2. With 
increa~ng pH, the R~ values of the niadn derivatives increased. However, the 
difference in mobility b~ween pyfidine and ~-picofine decreased. At pH 4.0, 
~-picofin~ pyridine, 3-hydroxymeth~pyridin~ 6-aminonicotinamide and ~onicotinic 
acid hydraNde could be separa~d. Nicotinamide, thionicotinamide, N-meth~nico- 
finamide and 3-acetylpyridine could also be detected under these conditions but as 
a mixed zone, and their separation could not be improved by changing the pH of the 
leading ~ec~oly~.  

An ~otachopherogram obtNned using 40 mM potassium acetate and acetic acid 
as the ~ading ~ec~oly~  and 10 m M  glydne and hydrochloric and  as the ~rminating 
~ectroly~ is shown in Fig. 3. Six niadn derivatives, of  ~-picofine, pyfidin~ 
3-hydroxymeth~pyridin~ 6-aminon~otinamide, ison~otin~ add  hydrazide and 
nicotinamide, could be deafly separa~d. The cafibrafion graphs were finear over the 
sample amounU range 1-5 nmol. 
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