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CHEMICAL STUDIES ON TOBACCO SMOKE LXVII.  
QUANTITATIVE DETERMINATION OF ALKALOIDS I N  TOBACCO 

BY LIQUID CHROMATOGRAPHY 

J e a n  Jacques  P i a d e  and D i e t r i c h  Hoffmann 
D i v i s i o n  o f  Environmental  C a r c i n o g e n e s i s  

Naylor  Dana I n s t i t u t e  f o r  Disease P r e v e n t i o n  
American Heal th  Foundat ion 

V a l h a l l a ,  N . Y .  10595 

ABSTRACT 

An HPLC method w a s  developed f o r  t h e  q u a n t i t a t i v e  de te rmina-  
t i o n  of i n d i v i d u a l  a l k a l o i d s  of  t h e  b a s i c  f r a c t i o n  of  t o b a c c o  ex- 
t rac t s .  Two r e v e r s e  phase RP-18 columrrs were u s e d , e l u t i n g  w i t h  a 
g r a d i e n t  o f  aqueous t r i e t h y l a m i n e  phosphate  b u f f e r  (pH 7 . 5 6  ) and 
a c e t o n i t r i l e .  

q u a n t i t a t i v e  t e c h n i q u e s  i n  r e g a r d  t o  t i m e  f a c t o r s ,  s e n s i t i v i t y  
and accuracy .  

The method w a s  op t imized  and compared f a v o r a b l y  wi th  e x i s t i n g  

INTRODUCTION 

Tobacco a l k a l o i d s  a r e  regarded  t o  be e s s e n t i a l  f o r  man's  

h a b i t u a t i o n  to tobacco  p r o d u c t s  (1). S i n c e  n i c o t i n e  e l i c i t s  t h e  

greatest  pharmacologica l  e f f e c t  o f  a l l  of t h e  tobacco  a l k a l o i d s  

(21 and s i n c e  it accounts  f o r  more t h a n  85% of t h e  a l k a l o i d s  i n  

tobacco ,  most a n a l y t i c a l  methods have been d i r e c t e d  towards q u a n t i -  

t a t i n g  of n i c o t i n e  ( 3 ) ,  whi le  fewer s t u d i e s  were concerned w i t h  

t o t a l  a l k a l o i d s  i n  tobacco and i t s  smoke (41, o r  w i t h  t h e  concur-  

r e n t  d e t e r m i n a t i o n  of i n d i v i d u a l  tobacco  a l k a l o i d s  ( 5 , 6 , 7 ) .  P r e -  

l i m i n a r y  d a t a  on t h e  s e p a r a t i o n  o f  i n d i v i d u a l  a l k a l o i d s  have been 

r e p o r t e d  by Elmenhorst ,  u s i n g  g a s - l i q u i d  chromatography on c a p i l -  

l a r y  columns ( 8 ) .  
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1506 PLADE AND HOFFMANN 

Recent s t u d i e s  on t h e  c o r r e l a t i o n  o f  a l k a l o i d s  i n  tobacco  

and s p e c i f i c  N-ni t rosamines i n  p r o c e s s e d  tobacco  and  i n  mainstream 

and s i d e s t r e a m  smoke (7,9) r e q u i r e d  the q u a n t i t a t i v e  d e t e r m i n a t i o n  

of i n d i v i d u a l  a l k a l o i d s .  

T h i s  paper  r e p r e s e n t s  t h e  r e s u l t s  o f  a s t u d y  on t h e  q u a n t i t a -  

t i v e  d e t e r m i n a t i o n  o f  n i c o t i n e  and minor a l k a l o i d s  i n  tobacco  by 

reverse phase HPLC. 

MATERIAL AND METHODS 

Apparatus .  

A Model ALC/GPC-204 l i q u i d  chromatograph (Waters  A s s o c i a t e s ,  

M i l f o r d ,  Mass.) equipped w i t h  a Model 6000 s o l v e n t  d e l i v e r y  system 

and a Model LC-25 UV/vis ible  d e t e c t o r  moni tor ing  a t  254 nm w a s  

employed throughout  this s t u d y .  The t es t  samples  were i n t r o d u c e d  

through a Waters Model U 6 K  s e p t u m l e s s  sample l o o p  i n j e c t o r .  The  

i s o l a t e d  a l k a l o i d s  were i d e n t i f i e d  by mass s p e c t r a  o b t a i n e d  a t  

70 e V  on a Hewlett-Packard Model 5982A GLC-MS system. Liquid  

s c i n t i l l a t i o n  c o u n t i n g  was done w i t h  a Nuclear-Chicago Isocap  300 

S c i n t i l l a t i o n  system. N i c o t i n e  d e t e r m i n a t i o n  by GLC ( 4 )  w a s  

c a r r i e d  o u t  w i t h  a Hewlet t -Packard 5710A g a s  chromatoqraph w i t h  

F I D  i n  a d d i t i o n  t o  t h e  s p e c t r o p h o t o m e t r i c  n i c o t i n e  d e t e r m i n a t r a n  

(FTC) f o r  which a Carey Model 118 s p e c t r o p h o t o m e t e r  w a s  used ( 1 0 ) .  

Reaqents. 

A11 o r g a n i c  s o l v e n t s  were s p e c t r o - q u a l i t y ,  t h e  o t h e r  chemi- 

c a l s  of  a n a l y t i c a l  r e a g e n t  g r a d e .  

mM), o b t a i n e d  from New England Nuclear ,  Boston,  Mass., w a s  p u r i -  

f i e d  and employed as an i n t e r n a l  s t a n d a r d .  

N i ~ o t i n e - m e t h y l - ~ ~ C  ( 5 0 .  4 m C i /  

Reference Compounds. 

Nicot ine  and 2 , 3 ' - d i p y r i d y l  were purchased from A l d r i c h  

Chemical Company, Milwaukee, Wisc. and a n a b a s i n e  from F l u k a ,  
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CHEMICAL STUDIES ON TOBACCO SMOKE. LXVII 1507 

Basel, Switzerland. Nornicotine, cotinine, anatabine, myosmine, 

and N'-formyl-nornicotine were synthesized according to published 

methods (11-14). 

Gas Liquid Chromatography. 

The standard nicotine determination (4) was performed on a 

6' stainless steel column packed with 2% KOH and 10% Carbowax 20M 

on 45-60 mesh Chromosorb W AW DMCS column temperature 16SoC, de- 

tector and injector port 200OC. For the analysis of the basic 

fraction of the tobacco and for the GLC-MS analysis, we obtained 

the best results with a 12' glass column packed with 3% SP 

2250 DB on 100-120 mesh Supelco port. After sample injection, the 

column temperature was kept at 12OOC for 16 min and subsequently 

programmed to 24OOC at a rate of 4OC/min. 

Sample Preparation. 

The moisture content of the tobacco was determined according 

to Bethmann e z  2l. (15). Five grams of tobacco (dry weight) were 

stirred for 24 hours in the dark and at room temperature in 250 ml 

of distilled water to which nicotine-14C (0.2 vg in solution) had 

been added as an internal standard. After adjustment to pH 1-1.5 

with HC1 and filtration on Celite (545 Johns Manville), the fil- 

trate was extracted twice with 100 ml of dichloromethane. The pH 

of the aqueous phase was then adjusted to 11 with concentrated 

NaOH and subsequently extracted four times with 100 ml each of di- 

chloromethane to yield the basic fraction of the tobacco extract. 

The dichloromethane was evaporated and the sample volume was ad- 

lusted with methanol to 2 ml (Fig. 1). In order to verify that 

neither PI'-formyl-nornicotine nor cotinine was artifactually 

formed from nicotine or from nornicotine during the work up, a 

mixture of nicotine and nornicotine standards was submitted to 

the complete analysis. No peak was detected where N'-formyl- 

nornicotine or cotinine would have been expected. Also sub- 

stituting ethyl acetate for dichloromethane as an extracting sol- 
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isoa PLADE AND HOFFMANN 

5 9  OF GROUND TOBACCO STIRRED 
24hr IN 250ml WATER 

C NICOTINE STANDARD ADDED 
14 

I )  FILTER ON E L I T E  
2 )  ADJUST pH I 

3 )  EXTRACT WITH CH2C12 

4 + 
ORGANIC AQ U € 0  US 
LAYER LAYER 

2) EXTRACT WITH CH2C12 

CH2Cl2 EXTRACT 

I) DRIED KzCO3 
2) CONCENTRATE 
))ADJUST VOLUME IN McOH 

FIGURE 1. Sample p repa ra t ion  scheme. 

vent  d id  not  y i e l d  any d i f f e r e n c e  i n  t h e  r e s u l t  of t h e  a n a y l s i s .  

Recovery of t h e  14C-nicotine ranged between 8 5  and 9 5 % .  A 10 Ll 

sample w a s  then  subjec ted  t o  a n a l y s i s  by HPLC. 

HPLC-Analysis. 

A l l  t e s t s  were c a r r i e d  o u t  a t  room temperature.  The m o s t  

s a t i s f a c t o r y  chromatographic system w a s  found t o  be  a s h o r t  Bonda- 

pak C o r a s i l  C-18 precolumn followed by two Lichrosorb  Rp-18 

columns. The sepa ra t ion  w a s  optimized by vary ing  column t ypes ,  

mobile phases ,  b u f f e r  pH and concen t r a t ion ,  flow and e l u t i o n  q ra -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CHEMICAL STUDIES ON TOBACCO SMOKE. LXVII 1509 

d i e n t .  The best s e p a r a t i o n  of t h e  main tobacco a l k a l o i d s  w a s  ob- 

t a i n e d  w i t h  a n  aqueous b u f f e r  o f  0.07 M t r i e t h y l a m i n e  a d j u s t e d  t o  

pH 7.56 w i t h  H PO (as s o l v e n t  A )  and a c e t o n i t r i l e  (as s o l v e n t  B) , 
and a t  a f low r a t e  of  1 . 5  ml/min w i t h  a l i n e a r  g r a d i e n t  from 0 t o  

25% o f  s o l v e n t  B i n  90 minutes .  I d e n t i f i c a t i o n  o f  a l l  major peaks 

of t h e  tobacco  e x t r a c t  chromatograms w a s  a s c e r t a i n e d  by GC-MS o f  

c o l l e c t e d  f r a c t i o n s  and by matching HPLC r e t e n t i o n  t i m e s  w i t h  

t h o s e  of  a u t h e n t i c  samples .  For  q u a n t i t a t i o n s ,  peak areas w e r e  

measured u s i n g  t h e  peak h e i g h t  x width  a t  h a l f  h e i a h t  method, 

which was found t o  g i v e  very  c o n s i s t e n t  r e s u l t s .  The s t a n d a r d  

c a l i b r a t i o n  c u r v e s  were l i n e a r  ( c o r r e l a t i o n  c o e f f i c i e n t  '0.999) 

f o r  a l l  i n d i v i d u a l  tobacco a l k a l o i d s  i n  t h e  c o n c e n t r a t i o n  r a n g e s  

used throughout  t h i s  s t u d y .  D e t e c t i o n  l i m i t  w a s  b e t t e r  t h a n  

1 i q / i n j e c t i o n .  

3 4  

RESULTS AND DISCUSSION 

Due t o  t h e  h i g h  e f f i c i e n c y  of  t h e  d u a l  column sys tem,  t h e  

p r e s e n c e  of  a guard  column had no n o t i c e a b l e  e f f e c t  on t h e  sepa-  

r a t i o n .  T h e r e f o r e ,  d e s p i t e  t h e  s i m p l i f i e d  sample clean-up and t h e  

b a s i c  pH of  t h e  s o l u t i o n ,  no a p p r e c i a b l e  a l t e r a t i o n  of t h e  columns 

w a s  observed ,  even a f t e r  s e v e r a l  months o f  cont inuous  use. The 

r e p e t i t i v e  a n a l y s i s  of  b a s i c  f r a c t i o n s  of  v a r i e d  tobacco  b r a n d s  

showed t h e  HPLC a n a l y s i s  t o  be  q u i t e  r e p r o d u c i b l e ,  p r o v i d e d  the 

pH of t h e  b u f f e r  w a s  k e p t  c o n s t a n t  (+ 0 . 0 1  pH u n i t ) .  A t y p i c a l  

cnromatoqram of such a m i x t u r e  i s  shown i n  F i g u r e  2 .  One of  t h e  

main problems o f  t h e  tobacco a l k a l o i d  a n a l y s i s  i s  t o  a c h i e v e  a 

s u f f i c i e n t  s e p a r a t i o n  between t h e  predominant  n i c o t i n e  peak and 

those  of  t h e  o t h e r  a l k a l o i d s ,  and t o  minimize i t s  broadening  and 

t a i l i n g .  This  requi rement  e x c l u d e s  t h e  u s e  o f  a P a r t i s i l  10/ODS-2 

type  column which gave c o n s i d e r a b l e  broadening  of  most of t h e  

a l k a l o i d  bands. The pH of  t h e  b u f f e r  w a s  found t o  have a s i g n i f i -  

c a n t  e f f e c t  on t h e  s e p a r a t i o n  and on t h e  o r d e r  o f  e l u t i o n  of  t h e  

main peaks .  Below pH 7 . 5 ,  t h e  n i c o t i n e  peak broadening  becomes 

e x c e s s i v e  and pH above 8 would d r a s t i c a l l y  s h o r t e n  t h e  l i f e  o f  
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Y. BUFFER 

pH 756 100 75m2' 

U 
U 

C 
U 
U 

a 
2 
U 

4 
2 

&-NORNICOTINE 
0- ANABASINE 
C-COTININE 
DW'-FORUYL NOR' 

NICOTINE 
E- ANITMINE 
F - W T I N E  
G-YYOSMINE 
n- ZJ'-OIPYRIOYL 

I 

F 

. C  
I Z X  

1 
H 

~ I 

1 10 20 30 40 50 60 70 80 90 
TI ME I MIN I 

FIGURE 2 .  HPLC chromatogram of the bas i c  f r a c t i o n  of tobacco 
e x t r a c t .  W de tec to r  254 m, f l o w  r a t e  1.5 ml/'mrn; 
Lichrosorb RP-18 2 x 2 5  cm. 
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FIGURE 3. Retention times of the main tobacco alkaloids relative 
to nicotine as a function of the pH of the buffer. 
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t hese  columns. Figure 3 shows the  e f f e c t  of e luen t  pH on the  

r e l a t i v e  r en ten t ion  t i m e s  of t he  main tobacco a l k a l o i d s  i n  t h a t  

range. The optimum was found t o  be a t  pH 7.56.  However, i f  a 

p rec i se  q u a n t i t a t i o n  of myosmine i s  requi red ,  a b u f f e r  pH over  

7 . 8  i s  p re fe rab le  because myosmine then e l u t e s  before  n i co t ine .  

The a lka lo id  conten t  of var ious  tobacco brands,  as determined 

by HPLC a n a l y s i s ,  i s  presented i n  Table 1. I n  o rde r  t o  a s c e r t a i n  

the  v a l i d i t y  of t h e  method, n i c o t i n e  q u a n t i t a t i o n  by HPLC w a s  

compared t o  t h e  usual spectrophotometric Coresta and t h e  GC stand- 

ard n i co t ine  de te rmina t ions ,  on the  same brand of re ference  tobac- 

co. The HPLC and GC determinations were performed on t h e  same 

sample e x t r a c t s ;  t he  spectrophotometric de te rmina t ions  w e r e  per- 

formed on d i f f e r e n t  tobacco samples from the  same ba tch ,  and re- 

present  the  t o t a l  a lka lo id  conten t  of t he  tobacco. The r e s u l t s  

a r e  summarized i n  Table 2 and demonstrate good agreement between 

the  HPLC da ta  and those  from the  GLC and spectrophotometric 

methods. (Res'ults of the  spectrophotometric ana lys i s  were expected 

t o  be 

t a t e d ) .  

somewhat higher s ince  the  t o t a l  a l k a l o i d  conten t  i s  quant i -  

I n  conclusion, reverse  phase HPLC o f f e r s  an accu ra t e ,  repro- 

duc ib le  and s e n s i t i v e  method of q u a n t i t a t i n g  tobacco a l k a l o i d s  

which compares favorably w i t h  the p reex i s t ing  methods. T h i s  

technique can a l s o  be extended t o  t h e  semi-preparative s c a l e .  

TABLE 2 

Nicotine Determinations of IR1 Kentucky Ref. Tobacco 

mg/g 

Sample # Spectrophotometric GC HPLC 
(Coresta) 

1 2 0 . 8  2 1 . 0  2 0 . 8  

2 

3 

Means 

2 1 . 5  2 1 . 5  2 1 . 4  

21 .3  2 1 . 2  21 .0  

2 1 . 2  2 0 . 2  21 .2  2 0 . 2  2 1 . 1  2 0 . 2  
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