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QUANTIFICATION OF NIACIN AND 
NlAClNAMlDE IN VITAMIN PREPARATIONS 

BY DENSITOMETRIC THIN LAYER 
CHROMATOGRAPHY 

Joseph Sherma and Matthew Ervin 
Department of Chemistry 

Lafuyette College 
Euston, Pennsylvania 18042 

Abstract 

A densitometric T L C  method was developed for the determination 
of the B - 3  vitamins niacin and niacinamide in commercial vitamin 
preparations. The method involves removal of excipients by ethanol 
precipitation, separation of the vitamins by high performance TLC 
on phosphor-containing silica gel layers, and in situ scanning of 
sample and standard zones. The per cent recoveries for niacinamide 
i n  vitamin products were 96 to 104% and for niacinamide added to 
products 99 and 102%. Recoveries of added niacin were 99 to 102%, 
but recoveries of niacin in products ranged from 0 to 74% of the 
label values. Additional ingredients did not interfere with the 
de terminat ion. 

I N T R O D U C T I O N  

A method was published recently (1)  for identification and 

quantification of niacin (nicotinic acid) and niacinamide (nicotin- 

amide) (both referred to as vitamin B - 3 )  in pharmaceutical prepar- 
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3424 SHERMA AND ERVIN 

a t i o n s  based on removal of  e x c i p i e n t s  by e t h a n o l  p r e c i p i t a t i o n ,  

i s o l a t i o n  of  t h e  a n a l y t e s  by s i l i c a  g e l  t h i n  l a y e r  chromatography 

w i t h  w a t e r  a s  t h e  mob i l e  phase ,  s c r a p i n g  and e l u t i o n  of  t h e  zones 

w i t h  0 . 1  N H C L ,  and s o l u t i o n  s p e c t r o m e t r i c  d e t e r m i n a t i o n  a t  262 nm. 

Th i s  pape r  r e p o r t s  a more r a p i d ,  s i m p l i f i e d  method f o r  t h i s  a n a l y -  

s i s  i n v o l v i n g  d i r e c t  s c a n n i n g  of  t h e  u l t r a v i o l e t  (UV) abso rbance  of  

t h e  s e p a r a t e d  v i t a m i n  zones on phosphor- impregnated h i g h  perform- 

ance  s i l i c a  g e l  l a y e r s .  P r e c i s i o n  and accu racy  f o r  t h e  d e t e r -  

m i n a t i o n  o f  n i ac inamide  i n  a c t u a l  and s p i k e d  samples  were 

e x c e l l e n t .  Assay v a l u e s  of v i t a m i n  p r o d u c t s  f o r  n i a c i n  were 

c o n s i s t e n t l y  low, bu t  r e c o v e r i e s  of  n i a c i n  from f o r t i f i e d  samples  

were quan t i t a t  i v e  . 

EXPEXIMENTAL 

S t a n d a r d  S o l u t i o n s  

Niac in  (No. N785-0) and n i ac inamide  (No. 2 4 , 0 2 0 - 6 )  s t a n d a r d s  

were pu rchased  from A l d r i c h .  S t anda rd  s o l u t i o n s  of  each were 

p r e p a r e d  a t  a c o n c e n t r a t i o n  of 1.00 p g / p l  i n  e t h a n o l ,  u s i n g  a 

v o r t e x  mixer  t o  h a s t e n  d i s s o l v i n g  of  t h e  s o l i d s .  

P r e p a r a t i o n  of  Samples 

Vitamin samples  a n a l y z e d  were i n  t h e  form of  c a p s u l e s  o r  

t a b l e t s .  Capsules  were emptied and an amount of powder e q u i v a l e n t  

t o  c a .  100 mg of  n i a c i n  o r  n i a c i n a m i d e  a c c o r d i n g  t o  t h e  l a b e l  v a l u e  

w a s  a c c u r a t e l y  weighed and t r a n s f e r r e d  to  a 100 ml v o l u m e t r i c  f l a s k .  
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NIACIN AND NIACINAMIDE IN VITAMINS 3425 

F i f t y  m l  of a b s o l u t e  e t h a n o l  was added  and  t h e  c o n t e n t s  were s w i r l e d  

on a F i s h e r  Vortex-Genie mixer  a t  s e t t i n g  8 f o r  4 m i n u t e s .  The 

s o l u t i o n  was d i l u t e d  t o  volume w i t h  e t h a n o l  and  t h e  mix ing  w a s  

r e p e a t e d .  T a b l e t s  were  ground t o  a smooth powder w i t h  a m o r t a r  and 

p e s t l e .  Powder e q u i v a l e n t  t o  c a .  100 mg of v i t a m i n  was a c c u r a t e l y  

weighed and t r e a t e d  a s  d e s c r i b e d  above  f o r  c a p s u l e s .  Both c a p s u l e  

and  t a b l e t  s o l u t i o n s  had t h e o r e t i c a l  c o n c e n t r a t i o n s  o f  

c a .  1.00 p g / p l .  

T L C  D e t e r m i n a t i o n  

T L C  was c a r r i e d  o u t  on channe led  Ana l t ech  s i l i c a  g e l  G p r e -  

c o a t e d  p l a t e s  w i t h  p r e a d s o r b e n t  s p o t t i n g  area and f l u o r e s c e n t  

phosphor  t h a t  is a c t i v a t e d  by 254 nm uv l i g h t .  Laye r s  were  p u r i -  

f i e d  by pre-development  w i t h  me thy lene  c h l o r i d e - m e t h a n o l  (1 : l  v / v )  

and d r i e d  i n  a fume hood b e f o r e  u s e .  

Us ing  a Urummond 10 pl m i c r o d i s p e n s e r ,  3 ,  5 ,  7 ,  and 10 pg of 

n i a c i n  o r  n i a c i n a m i d e  ( 3  t o  10  p1 o f  t h e  1.00 pg /p l  s t a n d a r d  s o l u -  

t i o n )  and  d u p l i c a t e  6 pl a l i q u o t s  of f i l t e r e d  sample  ( c o n t a i n i n g  

6.00 pg f o r  a t h e o r e t i c a l  100% r e c o v e r y )  were  a p p l i e d  by s t r e a k i n g  

on t h e  p r e a d s o r b e n t  a r e a s  of t h e  c e n t e r  s i x  l a n e s  of t h e  l a y e r .  

The l a y e r  was deve loped  i n  a p a p e r - l i n e d ,  v a p o r - s a t u r a t e d  g l a s s  

t a n k  w i t h  benzene -me thano l -ace tone -g lac i a l  a c e t i c  a c i d  ( 7 : 2 0 : 5 : 5  

v / v ) .  Mobile phase  was removed by a i r  d r y i n g  in a hood,  and 

quenched  zones  of  n i a c i n a m i d e  and n i a c i n  were measured w i t h  a 

Kontes  K-495000 d e n s i t o m e t e r  u s i n g  t h e  s h o r t  254 nm) UV s o u r c e  and  

5 nun s c a n  head .  Areas  of r e c o r d e r  peaks  were  o b t a i n e d  u s i n g  t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3426 SHERMA AND ERVIN 

formula h e i g h t  x wid th  a t  h a l f  h e i g h t ,  and t h e  amount of  a n a l y t e  i n  

each sample w a s  c a l c u l a t e d  from t h e  a v e r a g e  a r e a  o f  t h e  d u p l i c a t e  

sample a l i q u o t s  and t h e  c a l i b r a t i o n  e q u a t i o n  based on t h e  areas of  

t h e  s t a n d a r d  zones .  

To e v a l u a t e  t h e  a c c u r a c y  of  t h e  method, f o r t i f i c a t i o n  

( s p i k i n g )  expe r imen t s  were c a r r i e d  o u t  by s t a n d a r d  a d d i t i o n  of  

n i a c i n  o r  n i a c i n a m i d e .  Two i d e n t i c a l  p o r t i o n s  of  a sample were 

weighed and a known amount o f  s t a n d a r d  was added,  as  a s o l i d  o r  

e t h a n o l  s o l u t i o n ,  t o  one of t h e  p o r t i o n s .  The two samples  were 

a n a l y z e d  as d e s c r i b e d  above ,  and t h e  r e c o v e r y  was c a l c u l a t e d  from 

t h e  d i f f e r e n c e  between t h e  measured c o n c e n t r a t i o n s  of  t h e  f o r t i f i e d  

and u n f o r t i f i e d  samples  d i v i d e d  by t h e  c o n c e n t r a t i o n  of s p i k e  added 

t o  t h e  sample.  N iac in  o r  n i ac inamide  were added t o  samples  i n  an  

amount t h a t  would doub le  t h e  d e c l a r e d  l a b e l  v a l u e  when t h e  compound 

was a l r e a d y  p r e s e n t ,  o r  a t  a l e v e l  e q u a l  t o  t h e  amount of  t h e  o t h e r  

compound when none was o r i g i n a l l y  i n  t h e  f o r m u l a t i o n .  

RESULTS AND DISCUSSION 

Development w i t h  t h e  mob i l e  phase produced w e l l - s e p a r a t e d  

F compact ,  f l a t  zones of n i a c i n  and n i ac inamide  w i t h  r e s p e c t i v e  R 

v a l u e s  o f  0.61 and 0.43. T h i r t y  minu tes  were r e q u i r e d  f o r  deve lop -  

ment 12 .5  cm beyond t h e  s i l i c a  g e l - p r e a d s o r b e n t  i n t e r f a c e .  The 

v i t a m i n s  were d e t e c t e d  as d a r k ,  a b s o r b i n g  zones a g a i n s t  a b r i g h t ,  

f l u o r e s c e n t  background ( f l u o r e s c e n c e  quench ing)  when t h e  phosphor- 

impregnated p l a t e  was viewed under  sho r twave  UV l i g h t .  The v i s u a l  
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NIACIN AND NIACINAMIDE IN VITAMINS 3421 

d e t e c t i o n  l i m i t  was abou t  100 ng f o r  each  compound, bu t  h i g h e r  

amounts were s p o t t e d  f o r  t h e  a n a l y s i s  i n  o r d e r  t o  a c h i e v e  more 

r e l i a b l e  d e n s i t o m e t r i c  measurement.  No chromogenic d e t e c t i o n  

r e a g e n t  w a s  r e q u i r e d  b e f o r e  s c a n n i n g ,  such as t h e  use  of  B r C N  and 

a n a l i n e  t o  produce ye l low s p o t s  as r e p o r t e d  by I s m a i e l  e t  a l .  ( 2 ) .  

P l o t s  of s c a n  area vs  we igh t  s p o t t e d  had a v e r a g e  l i n e a r i t y  

c o r r e l a t i o n  c o e f f i c i e n t s  ( R )  of 0.99 and s imi l a r  s l o p e s  f o r  n i a c i n  

and n i ac inamide  between 3 and 10 micrograms.  Sample a l i q u o t s  were 

chosen t o  c o n t a i n  we igh t s  of  v i t a m i n s  n e a r  t h e  c e n t e r  o f  t h i s  

l i n e a r  r a n g e ,  and s t a n d a r d s  were always chromatographed i n  p a r a l l e l  

w i t h  samples  t o  c o r r e c t  f o r  minor v a r i a t i o n s  i n  t h e  c a l i b r a t i o n  

l i n e  from p l a t e  t o  p l a t e .  The u s e  of  m u l t i p o i n t ,  in-system c a l i b r a -  

t i o n  c u r v e s  w i t h  m u l t i p l e  samples  on a s i n g l e  p l a t e  i s  a p r i n c i p l e  

common i n  TLC, bu t  n o t  i n  GC and HPLC, which l e a d s  t o  h igh  a c c u r a c y ,  

p r e c i s i o n ,  and sample t h r o u g h p u t .  

Samples of v a r i o u s  b rands  of  commercial  v i t a m i n  p r o d u c t s  

c o n t a i n i n g  n i a c i n  and n i a c i n a m i d e  were a n a l y z e d  by t h e  TLC 

p rocedure .  For samples  c o n t a i n i n g  n i a c i n a m i d e ,  r e s u l t s  r anged  from 

95.8 t o  104% of t h e  d e c l a r e d  l a b e l  v a l u e s  (Tab le  1 ) .  Each a n a l y s i s  

w a s  c a l c u l a t e d  from t h e  a v e r a g e  a r e a  of  d u p l i c a t e  sample a l i q u o t s ,  

which always d i € f e r e d  by less than  7 .0% and u s u a l l y  less  t h a n  

4 .0%.  R e p l i c a t e  a n a l y s e s  of samples  r e s u l t e d  i n  r e p r o d u c i b i l i t i e s  

( r e l a t i v e  s t a n d a r d  d e v i a t i o n )  of  3 .1  t o  6.8%. F i g u r e  1 shows t h e  

s c a n s  o b t a i n e d  f o r  a t y p i c a l  n i a c i n a m i d e  d e t e r m i n a t i o n .  

The accu racy  of  t h e  T L C  method was conf i rmed  by a n a l y s i s  of  

samples  f o r t i f i e d  w i t h  s t a n d a r d  n i a c i n a m i d e .  An amount o f  Sample 3 
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3428 SHERMA AND ERVIN 

TABLE 1 

Sample 

1 ca 

2 Ta 

3 Tb 

4 TC 

5 ca 

6Td 

7Tf 

8 Ta 

ANALYSIS OF VITAMIN PREPARATIONS 
FOR N I A C I N  AND N I A C I N A X I D E  

Avera - 
2 L a b e l  

. - g e  
Labe l  Value (mg) - - _ ~ _ _  C l a i m  

Niac inamide  Niac in  from Assay 

50 

50 

100 

100 

50 

- 

- 

- 

- 

- 

1000 500 

100 

25 

95.8 

104 

102 

103 

103 

99.8; 

74 .4e 

76.9 

0 

C = c a p s u l e  
T = t a b l e t  

a Also  c o n t a i n e d  v i t a m i n s  B-1 ,  B-2, 8-6 ,  and 8-12, f o l i c  a c i d ,  

b i o t i n ,  c h o l i n e  b i t a r t r a t e ,  i n o s i t o l ,  PABA, and c a l c i u m  

p a n t o t h e n a t e .  

b Con ta ined  o n l y  n i a c i n a m i d e .  

c A l so  c o n t a i n e d  v i t a m i n s  E ,  C ,  B-1 ,  0-2, B-6, and B-12, f o l i c  

a c i d ,  b i o t i n ,  and c a l c i u m  p a n t o t h e n a t e .  

d Th i s  was t h e  o n l y  p roduc t  c o n t a i n i q g  bo th  n i a c i n  and n i a c i n -  

amide ,  p l u s  L- t ryp tophan  and v i t a m i n s  C and 8-6 

e Niacinamide  r e c o v e r y  i s  g i v e n  f i r s t ,  n i a c i n  r e c o v e r y  second .  

f Conta ined  o n l y  n i a c i n .  
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10 

F i g u r e  1. Scans  of a chromatogram c o n t a i n i n g  3 ,  5 ,  7 ,  and 10 pg 
n i a c i n a m i d e  s t a n d a r d s  and d u p l i c a t e  a l i q u o t s  ( A  and B) o f  t a b l e t  
Sample 3 ( T a b l e  I ) .  The s t a n d a r d  peaks r e s u l t e d  i n  a c a l i b r a t i o n  
cu rve  w i t h  a l i n e a r i t y  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.991r. The 
a v e r a g e  a r e a s  of t h e  sample a l i q o t s  r e p r e s e n t e d  93 .8% r e c o v e r y  
compared t o  t h e  l a b e l  v a l u e .  The a t t e n u a t i o n  s e t t i n g  of t h e  
Kontes s c a n n e r  was X100. 

c o n t a i n i n g  100 mg of  n i a c i n a m i d e  ( t h e o r e t i c a l )  was s p i k e d  w i t h  a n  

a d d i t i o n a l  100 mg t o  doub le  t h e  v a l u e .  

y i e l d e d  98 .8% r e c o v e r y  of t h e  s p i k e .  

r i e d  o u t  w i t h  Sample 4 ,  and r e c o v e r y  o f  added  n i a c i n a m i d e  was 102%. 

Most commercial  v i t a m i n  p r e p a r a t i o n s  c o n t a i n  n i a c i n a m i d e  

A n a l y s i s  of t h e  sample  

The same expe r imen t  was c a r -  

r a t h e r  t h a n  n i a c i n ,  bu t  t h r e e  a v a i l a b l e  n i a c i n  p r o d u c t s  were 

a n a l y z e d .  Tab le  1 shows t h a t  0 t o  74% of t h e  l a b e l  v a l u e  was 

o b t a i n e d  i n  t h e s e  a s s a y s .  B o i l i n g  w i t h  e t h a n o l  f o r  10 m i n u t e s  

d u r i n g  sample  p r e p a r a t i o n  i n s t e a d  of  room t e m p e r a t u r e  s h a k i n g  d i d  

n o t  i n c r e a s e  t h e  r e c o v e r y  of  n i a c i n  f o r  Samples 6 and 8. For 

Sample 7, t h e  p u r e  n i a c i n  c a p s u l e ,  r e c o v e r y  became q u a n t i t a t i v e  

w i t h  t h i s  more v i g o r o u s  e x t r a c t i o n  p r o c e d u r e .  

Weighed amounts o f  Samples 3 and 4 c o n t a i n i n g  100 mg of 

n i a c i n a m i d e  were f o r t i f i e d  w i t h  100 mg of n i a c i n ,  and  r e c o v e r i e s  
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3430 SHERMA AND ERVIN 

were 101% and 102%, r e s p e c t i v e l y .  These r e s u l t s  a r e  s i m i l a r  t o  t h e  

q u a n t i t a t i v e  r e c o v e r i e s  f o r  added n i a c i n  r e p o r t e d  by S a r a n g i  e t  a l . ,  

who d i d  n o t  a n a l y z e  any m u l t i v i t a m i n  p r e p a r a t i o n s  fo rmula t ed  w i t h  

n i a c i n .  Samples 6 ,  7 ,  and 8 were f o r t i f i e d  w i t h  s t a n d a r d  n i a c i n  t o  

doub le  t h e i r  l a b e l  v a l u e s ,  and a n a l y s e s  of  f o r t i f i e d  and u n f o r t i -  

f i e d  p o r t i o n s  were done. 

99 .9 ,  and loo%,  r e s p e c t i v e l y .  The r e a s o n s  f o r  q u a n t i t a t i v e  

r e c o v e r y  of  added n i a c i n  bu t  i ncomple t e  r e c o v e r y  of  n i a c i n  p r e s e n t  

i n  p r e p a r a t i o n s  a c c o r d i n g  t o  l a b e l  d e c l a r a t i o n s  are unknown. Some 

or a l l  o f  t h e  n i a c i n  may be p r e s e n t  i n  v i t a m i n  p r e p a r a t i o n s  i n  a 

form t h a t  is n o n - e x t r a c t a b l e  or  no t  d e t e c t e d  by TLC. 

Recove r i e s  o f  t h e  added n i a c i n  were 99 .2 ,  

None of  t h e  a d d i t i o n a l  i n g r e d i e n t s  p r e s e n t  i n  t h e  p r e p a r a t i o n s  

t e s t e d ,  i n c l u d i n g  t h o s e  l i s t e d  i n  t h e  f o o t n o t e s  of  Tab le  1 p l u s  

c o l o r i n g  m a t e r i a l s ,  e x c i p i e n t s ,  e t c . ,  ove r l apped  w i t h  n i a c i n  or 

n i ac inamide .  E x t r a  quenched zones were d e t e c t e d  on some of  t h e  

chromatograms, but  R v a l u e s  were h i g h e r  o r  lower t h a n  t h o s e  of  

t h e  8-3 v i t a m i n s .  Because i n t e r f e r e n c e s  were no t  a problem, no 

a t t e m p t  was made t o  i d e n t i f y  t h e s e  a d d i t i o n a l  zones .  One m u l t i -  

v i t a m i n  c a p s u l e  c o n t a i n i n g  v i t a m i n s  A ,  D ,  and E was ana lyzed  by t h e  

method,  and a pe t ro l eum e t h e r  e x t r a c t i o n  of  t h e  e t h a n o l  s o l u t i o n  

d i l u t e d  w i t h  water  b e f o r e  TLC w a s  added t o  t h e  p rocedure  to remove 

t h e  i n t e r f e r e n c e  o f  f a t  s o l u b l e  v i t a m i n s .  The v a l u e  o b t a i n e d  f o r  

niacinami.de was 99.2% of  t h e  100 mg l a b e l  d e c l a r a t i o n .  

F 

The a u t h o r s  of  t h e  e a r l i e r  paper  ( 1 )  i n v o l v i n g  TLC fo l lowed  by 

s o l u t i o n  s p e c t r o m e t r i c  d e t e r m i n a t i o n  c h a r a c t e r i z e d  t h e i r  method a s  

s i m p l e ,  s a f e ,  i n e x p e n s i v e ,  f a s t ,  and s e l e c t i v e .  The d e n s i t o m e t r i c  
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method s h a r e s  a l l  of  t h e s e  a t t r i b u t e s  bu t  i s  f a s t e r  and s i m p l e r  

because  s c r a p i n g  and e l u t i o n  of s p o t s  are n o t  r e q u i r e d .  The method 

a l l o w s  a c c u r a t e  and  p r e c i s e  a s s a y  of n i a c i n a m i d e  and f o r t i f i e d  

n i a c i n .  N i a c i n  was n o t  r e c o v e r e d  q u a n t i t a t i v e l y  from most of  t h e  

commerc ia l  p r e p a r a t i o n s  a n a l y z e d .  I t  is p r o b a b l e  t h a t  t h e  s p o t s  

c o u l d  be measured  by s c a n n i n g  a t  262 nm on n o n - f l u o r e s c e n t  p l a t e s  

i n s t e a d  of a t  254 nm on phosphor -con ta in ing  p l a t e s ,  bu t  t h i s  was 

n o t  t e s t e d .  
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