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Nicotinic acid has been used for the treatment of hyperlipemia. It is pharma- 
cologically active at very low plasma concentrations of O.l-O_4 fig/ml [I, 2]_ 
Nevertheless, a large dose (1.5-6 g/day) of nicokinic acid is necessary to main- 
tain the pharmacologically effective plasma concentration because of its rapid 
elimination from blood [3] _ In order to prevent the rapid and excessive in- 
crease of plasma concentration and the subsequent side-effects, several pro- 
drugs have been examined and used [d-7]. 

Though the plasma concentration of nicotinic acid is a significant index of 
its pharmacological effects and side-effects [1, 21, no sensitive, specific, pre- 
cise, and accurate method by which such low effective concentrations can be 
de&mined has been developed. Carlson’s method [S] has been widely used for 
monitoring plasma concentrations of nicotinic acid after administration of 
nicotinic acid and its prodrugs. This method is based on extraction of nico- 
tinic acid from plasma followed by a calorimetric determination with the modi- 
fied Kijnig reaction [9] _ However, this methdd is not necessarily specific only 
for nicotinic acid, but also for nicotinamide and other metabolites to some ex- 
tent_- With this method, furthermore, -a large amount of plasma (3 ml) is neces- 
sary for. measurin g low concentraUons (less than 1 pg/ml nicotinic acid). Blank 
ext@tion equivalent to 0.5-0.8 @g/ml of nicotinic acid- was obtained [1] _ And 
this -blank extinction~~ is not. ascribed to endogenous nico%ic acid or nico- 
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tinamide because normal plasma contains only minute amounts of these (less 
than 0.05 pg/ml) [1, 10,111. 

Some other methods have been reported for the assay of nicotinic acid in 
plasma. With the microbiological assay, the total concentration of nitotinic acid 
and nicotinamide is determined 1121. Prelimin~~ isolation of nicotinic acid by 
thin-layer chromatography followed by quantitative analysis is timecomsumiug 
and losses are great [ 8]_ The spectrophotometric assay developed by Diab [ 131 
was not sensitive enough to assay low effective plasma concentrations of nico- 
tinic acid_ In this study, we developed a selective and sensitive high-perfor- 
mance liquid chromatographic (HPLC) assay method for nicotinic acid in 
plasma by cationexchange chromatography_ 

EXPERIMENTAL 

Materials 
Nicotinic acid and nicotinuric acid were purchased from Kishida, Osaka, 

Japan, and Sigma, St_ Louis, MO, U.S.A., respectively_ Nicotinamide and quin- 
aldic acid were from Wako Pure Chemicals, Osaka, Japan. All the chemicals 
were of reagent grade and used without further purification_ 

Procedures 
One half milliliter of distilled water and 3 ml of acetone were added to 

0.5 ml of plasma in a test tube, and agitated with a Vortex mixer. After centri- 
fugation at 1500 g for 10 min, 3 ml of the supemate were transferred into a 
glass-stoppered test tube containing 3 ml of chloroform_ The mixture was 
shaken for 5 miu and then centrifuged at 1500 g for 5 min_ One half milliliter 
of the aqueous layer was acidified with 0.1 ml of 0.1 N hydrochloric acid, and 
dried up with a centrifugal evaporator (Model RD-21, Yamato Scientific Co., 
Tokyo, Japan) at 60°C for 30 min. After addition of 200 ~1 of methanol to the 
residue, the solvent was evaporated in vacua. Then, 200 ~1 of the internal stan- 
dard (quinaldic acid) in acetone (4 pig/ml) were added. After centrifugation at 
3500 g for 10 min, 150 ~1 of the supemate were taken to dryness in vacua. The 
residue wss dissolved in 50 ~1 of redistilled water and 20 ~1 of the solution were 
injected into the HPLC system. Plasma samples containing more than 2 fig/ml 
nicotinic acid were appropriately diluted with distilled water before being pro- 
cessed as above. 

Chromatographic conditions 
A liquid chromatograph (Hitachi 635A) equipped with a high-pressure sam- 

pling valve (6350650, 1 ~1 to 2.0 ml) and multiwavelength UV detector 
(Hitachi 635M) was used. For the stationary phase, a cation-exchange column 
(Zipax SCX, 25-37 km, 50 cm X 2.1 mm I.D., E-1. Du Pont de Nemours & Co., 
Wilmington, DE, U_S_A_) was used, and the column was warmed at 45°C using 
a constant-temperature water bath circulator. The mobile phase consisted of 
0.02 M phosphate buffer solution [NaH,PO,-H,PO,, 65 : 35 (pH 2.6) and 
78 : 22 (pH 2.8) for nicotiuic acid assay and metaholites assay, respectively] _ 
The flow-rate was 1-O ml/mm and the pressure was approximately 30 kg/cm’. 
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The  wave leng th  and  abso rbance  uni t s  ful l  scale were  260  n m  and  0 .005,  respec- 
t ively.  

Calibration graph 
S t a n d a r d  so lu t ions  con ta in ing  0.1,  0.2,  0.4,  0.8, 1.2,  1.6,  and  2.0 ~ g / m l  

n ico t in ic  acid in dist i l led wa te r  were  prepared .  Ins tead  of  0.5 ml  o f  dis t i l led  
water ,  0.5 ml  o f  each  s t anda rd  so lu t ion  was a d d e d  to  0 .5  ml  o f  drug-free  
p lasma  and  the  samples were processed  as desc r ibed  above.  The  rat ios  o f  t h e  
peak  he igh t  o f  n ico t in ic  acid to  t h a t  o f  qu ina ld ic  acid ( in te rna l  s t anda rd )  were  
used  to  c o n s t r u c t  a ca l ib ra t ion  graph.  

Monitoring o f  plasma concentrations 
The  e x p e r i m e n t  was p e r f o r m e d  on a h e a l t h y  female  subjec t  aged 27 years ,  

weighing 47 kg. The  basal b l o o d  sample  was f i rs t  t a k e n  a f t e r  overn igh t  fast ing.  
T h e n  500 mg of  n ico t in ic  acid were  admin i s t e r ed  ora l ly  w i th  100 ml  o f  tap  
water .  B lood  samples  were  d r a w n  t h r o u g h  an indwel l ing  venous  ca the t e r  at  
0 .25,  0.5, 1, 2, 3, and  4 h. F o o d  and  beverages were  res t r ic ted  for  4 h a f te r  
admin i s t r a t i on .  

RESULTS AND DISCUSSION 

Sample p reparation 
Since n ico t in ic  acid is water -soluble  at  all pH values,  it  can n o t  be e x t r a c t e d  

f r o m  aqueous  phase by  organic  solvents.  There fo re ,  it  is n o t  easy to  r emove  
the  in te r fe r ing  e n d o g e n o u s  subs tances  in plasma.  D e p r o t e i n i z a t i o n  by  ace tone  
and  subsequen t  c h l o r o f o r m  ex t r ac t i o r~  have been  used to  r educe  such sub- 
s tances  [8, 1 4 ] .  However ,  the  aqueous  l ayer  o b t a i n e d  by  these  p rocedures  was 
n o t  su f f i c ien t ly  c leaned-up  for  t he  HPLC analysis  o f  n ico t in ic  acid. F o r  f u r t h e r  
clean-up,  the  aqueous  l ayer  was ac idi f ied  t o  m a k e  the  c a r b o x y l  g roup  o f  nico- 
t inic  acid non- ion ic  in f o r m  and the  res idue was dissolved in ace tone .  Unde r  
this c o n d i t i o n ,  the  solubil i t ies  o f  the  ca t ion ic  e n d o g e n o u s  subs tances  which  
have an a f f i n i t y  fo r  the  ca t i on -exchange  c o l u m n  were  res t r i c ted  a l though  nico- 
t inic acid can be dissolved.  

The  steps o f  a d d i t i o n  and  s u b s e q u e n t  r emova l  o f  m e t h a n o l  be fore  add i t i on  
o f  t h e  in te rna l  s t anda rd  a c e t o n e  so lu t ion  are necessary .  W i t h o u t  these  steps, the  
recovery  and  r ep roduc ib i l i t y  became  poor .  A l t h o u g h  the  m e c h a n i s m  is un- 
k n o w n ,  it is l ike ly  re la ted  to  t h e  d i s so lu t ion  ~ate o f  n ico t in ic  acid in ace tone .  

Stationary phase 
R e c e n t l y ,  in place o f  ion exchange ,  an ion-pair  reversed-phase sys tem has 

been p re fe rab ly  used  fo r  the  HPLC assay o f  ionic or  ionizable  c o m p o u n d s  be- 
cause o f  its high c o l u m n  e f f i c i ency  [ 1 1 , 1 5 - - 1 7 ] .  Hengen  e t  al. [14] descr ibed  
an assay m e t h o d  for  n ico t in ic  acid by  ion-pair  reversed-phase c h r o m a t o g r a p h y .  
However ,  we cou ld  n o t  ob t a in  a sa t i s fac to ry  resul t  in respect  o f  sensi t ivi ty  
and  separa t ion  f r o m  p lasma b lank  wi th  this  m e t h o d .  Ca t ion -exchange  chroma-  
t o g r a p h y  was preferable  t o  ion-pair  reversed-phase c h r o m a t o g r a p h y  in our  
s t u d y  of  assay o f  n ico t in ic  acid in plasma.  The  mob i l e  phase was e x a m i n e d  ac- 
cord ing  to  t he  inves t iga t ion  by  Williams e t  al. [ 18 ] .  
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SeZec tidy 
Fig_ 1 shows the chromatogram of plasma sample spiked with 1 pg/ml nico- 

tinic acid, 4 pglml nicotinuric acid, and 8 pg/ml nicotinamide compared to 
plasma blank_ Nicotinic acid and internal standard were well separated from 
endogenous substances and metabolites (nicotinuric acid and nicotinamide). 
No unexpected metabolite interfered in the chromatogram obtained from 
plasma sampIe after oral administration of nicotinic acid. 

0 E I6 24 0 8 16 24 
Rerentlon tk!e, ah 

Fig_ l_ High-performance liquid chromatograms of p&ma sample spiked with 1 pg/rnl nico- 
tinic acid, 4 pgjrnl nicotinuric acid, axed 8 pglml nicotinamide (A), and of plasma blank (B). 
Mobile phase: NaHZpO,-H,PO, (65 I 35)_ Peaks: 1 = nicotinic acid, 2 = internal standard, 
3 = nicotintic acid, 4 = nicotinamide. 

‘The calibration curve of peak height ratio was linear with a correlation co- 

efficient of O-9997_ The coefficient of variation at 0.5 pg/ml was 3.05% (n = 7). 
The relative recovery of nicotinic acid from plasma sample containing 0.5 

pg/mI was e&mated in comparison with the assay of an aqueous solution, and 

92 + 2.8% (mean f SD., n = 7) was accounted for_ Nicotinic acid was spiked by 
the same procedure as described for the calibration graph. 

The basal value of nicotinic acid (endogenous nicotinic acid) in six healthy 
adults was not determinable (signal-to-noise ratio = 2-3)_ The signal-to-noise 
ratio of the peak height response of 0.1 pg/ml which was the lowest concentra- 
tion in the calibration curve examined was approximately 10. In this experi- 
ment “not determinable” means less than O-05 pg/ml, though this method is 

_ sensitive enough to detect less than 0.05 pg/ml. 

Determination of metabolifes 
The assay method for two -major metabolites of nicotinic acid, nicotinuxic 

acid (glycine conjugate) and nicotinamide, in plasma was also investigated. 
They could be assayed simultaneously by using the same sample solution pre- 
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pared for the nicotinic acid assay by HPLC; the only change was in the mobile 
phase (Fig_ 2). Standard solutions containing 0.5, 1, 2, 3,4, and 5 pg/ml nico- 
tinuric acid, and 1, 2, 4, 6, 8, and 10 pg/ml nicotinamide were prepared_ The 
calibration graphs were constructed by the same method as that of nicotinic 
acid, and they were linear with correlation coefficients of 0.9992 and 0.9985 
for nicotinuric acid and nicotinamide, respectively_ As the procedure for 
sample preparation was developed focusing on nicotinic acid, it is not necessarily 
satisfactory for each metabolite. However, without an additional volume of 
plasma and newly prepared samples by the other methods, they can be assayed 
using the sample solution prepared for nicotinic acid assay 
HPLC conditions except for the change in the mobile phase. 

(B) 

0 8 16 24 0 8 16 24 
Retention time, mln 

under the same 

with 1 @g/ml nico- Fig. 2. High-performance liquid chromatograms of plasma sample spiked 
tinic acid, 4 fig/ml nicotinuric acid, and 8 pg/ml nicotinamide (A), and of plasma blank (B). 
Mobile phase: NT&&PO,-H,PO, (78 : 22). Peaks: 1 = nicotinic acid, 2 = internal standard, 
3 = nicotinuric acid, 4 = nicotinamide. 

Plawwa concenimtion profiles 
By using the newly developed assay method, the monitoring of plasma con_ 

centrations of nicotinic acid and its. metabolites was performed_ The plasma 
concentration profiles are shown in Fig_ 3. After the rapid increase of nicotinic 
acid in large excess, it was rapidly eliminated from plasma, Nicotinuric acid, on 
the other hand, increased with the increase of the concentration of nicotinic 
acid and was gradually eliminated_ The concentrations of nicotinamide were 
non-determinable (< 0.5 pg/ml) at all sampling times. 

It is possible to determine the low plasma concentrations of nicotinic acid 
specifically anct sensitively by the method described in this report_ Our results 
suggest that the method is -useful for monitor&g nicotinic acid which is a sig- 
nificarit index of its pharmacological effects and sideeffects, 
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Fig_ 3_ Plasma concentration profiles of nicotinic acid (0) and nicotinuric acid (0) after oral 
administrations of 500 mg of nicotinic acid_ 
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