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MEASUR 
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CHROMATOGRAPHY 
BY HIGH-PERFORMANCE 

JAYE E. HEFNER, ARTHUR G .  WILLIAMS, 

AND H. FRED DOWNEY 
Department o f  Physiology 

Texas  College of Osteopathic Medicine 
Fort Worth, Texas  76107 

ESTHER J. ROBIN SON^, 

ABSTRACT 

A new procedure has been developed t o  measure n i c o t i n e  i n  blood 
plasma by h i g h - p e r f o r m a n c e  l i q u i d  ch romatography  (HPLC). 
Nicot ine i s  e x t r a c t e d  from plasma by e l u t i o n  w i t h  cholorform. 
F i n a l  determinat ion i s  achieved by i s o c r a t i c  HPLC wi th  u l t r a -  
v i o l e t  d e t e c t i o n .  Twenty m i c r o l i t e r s  of  plasma e x t r a c t  i s  
de lu t ed  over a s i l i c a  column a t  a flow r a t e  of 1.0 mlfmin with a 
dioxane:isopropanol:NH40H (80:3.0:0.4) m o b i l e  p h a s e .  The 
procedure i s  s e n s i t i v e  t o  0.05 ug of n i c o t i n e  pe r  m l  of plasma 
and is l i n e a r  w i t h i n  the  range of 0.05 t o  10.0 ugfml of plasma. 
When a known amount of n i c o t i n e  was added  t o  p l a sma ,  t h e  
concen t r a t ion  of n i c o t i n e  measured averaged 99.9 - + 3.9 ( S . D . ) %  of 
t h e  known c o n c e n t r a t i o n .  The w i t h i n - s a m p l e  c o e f f i c i e n t  o f  
v a r i a t i o n  was 3.9% 

Presen t  A d d r e s s :  Department of I n t e r n a l  Medicine, Un ive r s i ty  of 
Texas Heal th  Science Center a t  D a l l a s ,  Dallas, Texas 75235 
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INTRODUCTION 

HEFNER ET AL. 

The measurement of n i c o t i n e  i n  body f l u i d s  has become an 

impor tan t  pharmacological a s s a y  t o  bo th  c l i n i c a l  and r e s e a r c h  

l a b o r a t o r i e s .  S i n c e  n i c o t i n e  is  a major a d d i c t i v e  component of 

tobacco smoke and thus  p l a y s  a s i g n i f i c a n t  r o l e  i n  main ta in ing  

t h e  smoking  h a b i t ,  t h e r e  i s  i n c r e a s i n g  c l i n i c a l  i n t e r e s t  i n  

m o n i t o r i n g  p l a sma  n i c o t i n e  c o n c e n t r a t i o n s  of s m o k e r s l Y 2 .  

N ico t ine ,  a p o t e n t  n i c o t i n i c  r e c e p t o r  a g o n i s t ,  i s  u t i l i z e d  i n  

r e s e a r c h  l a b o r a t o r i e s  i n v e s t i g a t i n g  t h e  a u t o n o m i c  n e r v o u s  

system'. S t u d i e s  of t he  pharmacokine t ics  of n i c o t i n e  and i t s  

phys io log ica l  a c t i o n s  r e q u i r e  an  a c c u r a t e ,  s e n s i t i v e ,  and r a p i d  

method f o r  t he  q u a n t i t a t i v e  a c t i o n s  of n i c o t i n e  i n  blood plasma. 

A v a r i e t y  of ana lyses  have been developed t o  q u a n t i t a t e  

n i c o t i n e  i n  b i o l o g i c a l  f l u i d s ,  b u t  t h e s e  a n a l y s e s  l a c k  

s e n s i t i v i t y  and s p e c i f i c i t y 4 7 5  or  are too t ed ious  f o r  r o u t i n e  

a p p l i c a t i o n s  i n  many c l i n i c a l  and  r e s e a r c h  l a b o r a t o r i e s  . 
Prev ious ly ,  gas  chromatography has been t h e  p r i n c i p a l  a n a l y t i c a l  

technique f o r  measuring n i c o t i n e ,  b u t  the  in s t rumen ta t ion  i s  

e x p e n s i v e ,  a n d  t h e  a s s a y  i s  t e d i o u s  a n d  c o m p l i c a t e d  . 
Radioimmunoassays have been described'' , b u t  t h e s e  methods a r e  

l abor ious  and r e q u i r e  f r e q u e n t  checking of s t anda rd  curves  . 
Recent ly ,  HPLC procedures  t o  measure n i c o t i n e  i n  u r i n e  have been 

14 

6 

7-9 

2 

O f  t h e s e ,  t h e  r e p o r t  of Maskarinec e t  a l .  

a l s o  demonstrated t h a t  HPLC could be u t i l i z e d  t o  measure n i c o t i n e  
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NICOTINE IN PLASMA 2377 

i n  plasma;  however ,  t h e i r  method r e q u i r e d  a complex p r e -  

s e p a r a t i o n  s t e p .  Futhermore, Maskarinec e t  a l .  d id  n o t  e v a l u a t e  

the accuracy and p r e c i s i o n  of t h e i r  procedure as  a p p l i e d  t o  

blood p lasma. 

Thus, we developed and evaluated a new, s e n s i t i v e ,  r a p i d ,  

a c c u r a t e ,  and r ep roduc ib le  HPLC assay 

of n i c o t i n e  i n  blood plasma. 

EXPERIMENTAL 

f o r  measuring small amounts 

Mate r ia  1s 

Nico t ine  was obtained from Eastman Kodak (Rochester ,  N Y ,  

U.S.A.). Other HPLC-grade r eagen t s  were obtained from F i s h e r  

S c i e n t i f i c  ( P i t t s b u r g h ,  P A ,  U . S . A . ) .  When p r e l i m i n a r y  

measurements of n i c o t i n e  i n  human and canine p la sma  demonstrated 

no d i f f e r e n c e s  due t o  the source of plasma, we eva lua ted  the 

a c c u r a c y  and p r e c i s i o n  of t h i s  p r o c e d u r e  w i t h  c a n i n e  plasma 

because of i t s  a v a i l a b i l i t y  i n  our  l abora to ry .  

Chromatographic Conditions 

A R a i n i n  R a b b i t  HP/HPX s o l v e n t  d e l i v e r y  s y s t e m  ( R a i n i n  

Instrument  I n c . ,  Wolburn, MA, U.S.A.) and a f i x e d  wavelength 

u l t r a v i o l e t  absorbance d e t e c t o r  (UV Monitor 111, Milton Roy Co., 

R iv ie ra  Beach, FL, U.S.A.) were used. Output from the d e t e c t o r  

was recorded on a Kipp and Zonen r eco rde r  (Kipp and Zonen Inc . ,  

Bohemia, N Y ,  U.S.A.). 
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2378 HEFNER ET AL. 

The a l k a l o i d s  were sepa ra t ed  by a Microsorb-Si column (15 x 

4.6 mm I.D.) obtained from Rainin.  The mobile phase cons i s t ed  of 

a dioxane:isopropanol:NH&OH ( 8 0 : 0 . 3 : 0 . 4 )  s o l u t i o n .  The ope ra t ing  

cond i t ions  were as fol lows:  temperature ,  ambient; p re s su re ,  2000 

p . s . i . ;  f l ow- ra t e ,  1 mllmin; wavelength,  254 nm; c h a r t  speed, 10 

mm/min. 

E x t r a c t i o n  Procedure 

Two m i l l i l i t e r s  of plasma were mixed with an equal  volume 

of chloroform. Nico t ine  i n  the plasma was e x t r a c t e d  by vo r t ex  

mixing f o r  5-6 min. The samples were then cen t r i fuged  f o r  10 min 

a t  0' C. The aqueous upper l a y e r  was discarded and the lower 

chloroform l a y e r  was aga in  cen t r i fuged  f o r  an a d d i t i o n a l  5-6 min 

i f  no t  c l e a r .  One m i l l i l i t e r  of the c l e a r  chloroform l a y e r  was 

removed and gen t ly  evaporated t o  dryness  under n i t rogen .  The 

r e s idue  was r ed i s so lved  i n  200 u l  of the mobile phase s o l u t i o n ,  

and a 20 u l  sample was then i n j e c t e d  onto the  column. 

RESULTS 

S e n s i t i v i t y  

This  method was s u f f i c i e n t l y  s e n s i t i v e  t o  d e t e c t  n i c o t i n e  

c o n c e n t r a t i o n s  2 0.05  ug/rnl o f  p l a sma .  We e v a l u a t e d  t h e  

procedure f o r  concen t r a t ions  of 0.05 t o  10.0 ug/ml plasma. No 

i n t e r f e r e n c e  was encountered from subs t ances  normally p r e s e n t  i n  

plasma. A r e p r e s e n t a t i v e  chromatogram i s  shown i n  F ig .  1. The 

a l k a l o i d s ,  n i c o t i n e  and c o t i n i n e ,  were w e l l  s epa ra t ed  wi th  no 
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NICOTINE IN PLASMA 2319 

I I 1 I 
0 2 4 6 

RETENTION TIME 
(minutes) 

FIGURE 1. HPLC chromatogram of n i c o t i n e  a l k a l o i d s  i n  dog plasma. 
Absorbance range, 0.0 - 0.1. 

i n t e r f e r i n g  peaks; the base l ine  was s t a b l e  and noise- f ree .  A s  

shown i n  F i g .  2 ,  t h e  c a l i b r a t i o n  c u r v e  of t h e  peak h e i g h t  

response was l i n e a r  f o r  n i c o t i n e  concentrat ions of 0.5 to  10.0 

ug/ml plasma. As shown i n  Figure 3, the c a l i b r a t i o n  curve of 

the peak height  response was a l s o  l i n e a r  f o r  concentrat ions of 

0.05 t o  1.0 ug/ml. Cot inine i s  e x t r a c t e d  and separated by our 
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2380 HEFNER ET AL. 
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FIGURE 2 .  C a l i b r a t i o n  curve of the peak he igh t  response i n  the 
range 0.50 - 10.0 ug n i c o t i n e  pe r  m l  plasma. Values a r e  means 2 
S.D. f o r  30 de te rmina t ions  a t  each concen t r a t ion .  

procedure (Fig.  l), but  we did n o t  eva lua te  the accuracy of t he  

procedure f o r  c o t i n i n e  determinat ions.  

Accuracy 

We a d d e d  n i c o t i n e  t o  p l a s m a  i n  v i t r o  t o  y i e l d  

concen t r a t ions  of 0.05, 0.10, 0.50, 1.00, 2 . 5 0 ,  5.00, and 10.0 

ug/ml.  On t e n  s e p a r a t e  o c c a s i o n s ,  e a c h  c o n c e n t r a t i o n  was 

prepared and assayed in  t r i p l i c a t e .  Mean 5 S.D. va lues  f o r  30 

determinat ions a t  each concen t r a t ion  from 0 .5  t o  10.0 ug/ml are 
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NICOTINE IN PLASMA 238 1 

FIGURE 3 .  
range 0.05 

R=0.997 

12- 

10 - 

8-  

I I I 1 I 1 I 1 I 
0.2 0.4 0.6 0.8 1 .o 01 
0.2 0.4 0.6 0.8 1 .o 0 

NICOTINE (pg/ml) 

C a l i b r a t i o n  curve of the peak he igh t  response i n  the  
- 1.0 ug n i c o t i n e  pe r  m l  p l a sma .  Values a r e  means + - 

S . D .  for 30 determinat ions a t  each concen t r a t ion .  

presented i n  Fig.  4 .  Mean - + S . D .  values  f o r  30 de te rmina t ions  a t  

each concen t r a t ion  from 0.05 t o  1.0 ug/ml a r e  presented i n  Fig.  

5.  L inea r  r eg res s ion  a n a l y s i s  of t h i s  da t a  demonstrated t h a t  the 

r e l a t i o n s h i p  between n i c o t i n e  measured and n i c o t i n e  added was 

l i n e a r  (P < 0.01) from 0.05 t o  10.0 ug/mL. The s lope  of t h i s  

r e l a t i o n s h i p  was 0.997, which was no t  s t a t i s t i c a l l y  d i f f e r e n t  
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2382 HEFNER ET AL. 

FIGURE 4 .  

10 
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6 

4 

2 

I I I I I I I I I 
2 4 6 a 10 0 

NICOTINE ADDED (,uglml) 

Standard a d d i t i o n  curve of n i c o t i n e  i n  dog plasma 
of 0.5 - 10.0 ug n i c o t i n e  pe r  m l  plasma. Values the range 

means 2 S.D. f o r  30 de t e rmina t ions  a t  each concen t r a t ion .  

over 
a r e  

from 1.0000 (P  > 0.200).  The c o r r e l a t i o n  c o e f f i c i e n t  was 0.999.  

The concen t r a t ion  of n i c o t i n e  measured i n  these  samples averaged 

99.9 - + 3.9% (S.D. )% of t he  known concen t r a t ion .  

T o  determine the accuracy of t he  procedure f o r  measuring 

n i c o t i n e  i n  whole blood, we added n i c o t i n e  t o  blood i n  v i t r o  t o  

y i e l d  concen t r a t ions  of 0.05, 0.10, 0.50, 1.00, 2.50, 5 . 0 0 ,  and 

10.0 u g / m l  o f  b l o o d .  S i x  m i l l i l i t e r  b l o o d  s a m p l e s  were  
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1 .o- 

0.8 - 

0.6 - 
- 

0.4 - 

FIGURE 5 .  

NICOTINE ADDED (pglml) 

Standard  a d d i t i o n  curve  of n i c o t i n e  i n  dog plasma over  
the range of 0.05 - 1.0 ug n i c o t i n e  p e r  m l  plasma. Values a r e  
means 2 S.D. f o r  30 de te rmina t ions  a t  each concen t r a t ion .  

cen t r i fuged  a t  0' C f o r  10 mins a t  1500 G. The plasma was then 

p i p e t t e d  i n t o  c h i l l e d  t u b e s  and  a s s a y e d .  On four s e p a r a t e  

o c c a s i o n s ,  e a c h  c o n c e n t r a t i o n  was p r e p a r e d  and  a s s a y e d  i n  

t r i p l i c a t e .  Mean + S.D. va lues  f o r  1 2  de t e rmina t ions  a t  each of 

t he  seven concen t r a t ions  i n  plasma a r e  presented  i n  Tab le  I.  The 

concen t r a t ion  of n i c o t i n e  i n  plasma f o r  t hese  samples averaged 

94.0 + 1 . 2 %  o f  t h e  known c o n c e n t r a t i o n .  The r e l a t i o n s h i p  

between n i c o t i n e  measured and n i c o t i n e  added was l i n e a r  (P < 

0.01)  from 0.05 t o  10.0 ug/rnl. The s l o p e  of the  r e l a t i o n s h i p  was 

- 

- 
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NICOTINE IN PLASMA 2385 

0.921,  which was s i g n i f i c a n t l y  l e s s  than 1.0000 (P < 0.01). The 

c o r r e l a t i o n  c o e f f i c i e n t  was 0.999. 

P r e c i s  ion 

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

performed f o r  the accuracy s tudy  desc r ibed  above and f o r  plasma - 
e r y t h r o c y t e  e q u i l i b r i u m  s t u d y  d e s c r i b e d  below. The mean 

c o e f f i c i e n t  of v a r i a t i o n  f o r  a l l  m u l t i p l e  determinat ions was 3.9% 

- + 0.8 (S .E . )%.  

Plasma - Erythrocyte  Equi l ibr ium -- 
To examine the d i s t r i b u t i o n  of n i c o t i n e  between plasma and 

e ry th rocy te s ,  and t o  determine how r a p i d l y  t h i s  d i s t r i b u t i o n  

reaches equ i l ib r ium,  n i c o t i n e  was added i n  v i t r o  t o  whole blood 

t o  y i e l d  c o n c e n t r a t i o n s  o f  0 . 5 0 ,  1 . 0 0 ,  2 .00 ,  5 .00 ,  and 10.0 

u g l m l .  B l o o d  c e l l s  w e r e  t h e n  s e p a r a t e d  f r o m  p l a s m a  by 

c e n t r i f u g a t i o n  a t  va r ious  i n t e r v a l s  a f t e r  a d d i t i o n  of n i c o t i n e .  

The 5 ug/ml sample was analyzed a t  5 mins, whereas the o t h e r  

samples were waffled f o r  15,  30, 45, o r  60 mins be fo re  a n a l y s i s .  

The r e s u l t s  a r e  p re sen ted  i n  Table  I. Nico t ine  was d i s t r i b u t e d  

between plasma and whole blood wi th  an  average r a t i o  of 0.94 5 

0.01. There was no s t a t i s t i c a l  d i f f e r e n c e  between the  r a t i o s  of 

d i s t r i b u t i o n  between plasma and whole blood as a f u n c t i o n  of 

time. Thus, the d i s t r i b u t i o n  reaches equ i l ib r ium wi th in  f i v e  

minutes a f t e r  t he  i n t r o d u c t i o n  of n i c o t i n e  i n t o  whole blood, and 

t h i s  d i s t r i b u t i o n  remains c o n s t a n t  f o r  a t  l e a s t  one hour. 
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Since we found the concen t r a t ion  of n i c o t i n e  i n  plasma t o  

be c o n s i s t e n t l y  lower than t h a t  of whole blood (Table I ) ,  the 

i n t r a c e l l u l a r  concen t r a t ion  of n i c o t i n e  was appa ren t ly  g r e a t e r  

than t h a t  of plasma. A f t e r  c a l c u l a t i n g  plasma and c e l l  volumes 

f r o m  t h e  b l o o d  h e m a t o c r i t ,  we c a l c u l a t e d  t h e  n i c o t i n e  

concen t r a t ion  i n  e ry th rocy te s  by the fol lowing formula: 

[N ico t ine IB  x BV - [ N i c ~ t i n e ] ~  x PV 

Ery th rocy te  Volume 
[ N i ~ o t i n e ] ~  = 

Where [ N i c o t i n e l E  i s  t h e  c o n c e n t r a t i o n  o f  n i c o t i n e  i n  

e ry th rocy te s ,  [ N i ~ o t i n e ] ~  i s  the concen t r a t ion  of n i c o t i n e  i n  

whole blood, [ N i c ~ t i n e ] ~  is the concen t r a t ion  of n i c o t i n e  i n  

plasma sepa ra t ed  from t h e  whole blood, BV i s  blood volume, and PV 

i s  t h e  p l a s m a  v o l u m e .  N i c o t i n e  was d i s t r i b u t e d  b e t w e e n  

e ry th rocy te s  and plasma wi th  an  average r a t i o  of 1 . 2 1  + 0.04 

(S .D.>. 

- 

DISCUSS I O N  

The measurement of n i c o t i n e  i n  body f l u i d s  has become of 

s i g n i f i c a n t  i m p o r t a n c e  t o  b o t h  r e s e a r c h  a n d  c l i n i c a l  

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

proven t o  be the most u s e f u l  technique f o r  t he  s e p a r a t i o n  of t he  

t o b a c c o  a l k a l o i d b .  HPLC i s  s i m p l e r  a n d  f a s t e r  t h a n  g a s  

chromatography7-’ o r  radioimmunoassay both of which may be 

too expensive and l abor ious  f o r  r o u t i n e  a p p l i c a t i o n s .  
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2381 NICOTINE IN PLASMA 

Al though  HPLC h a s  become s t a t e - o f -  t h k - a r t  i n  m e a s u r i n g  

tobacco a l k a l o i d s ,  the l i t e r a t u r e  has focused on the q u a n t i t a t i o n  

o f  n i c o t i n e  i n  u r i n e  2 9 4 - 6 9 1 2 , 1 3 .  M a s k a r i n e c  e t  a l .  1 4  

demonstrated t h a t  t h e i r  procedure f o r  measuring n i c o t i n e  i n  u r i n e  

could be app l i ed  t o  plasma. However, they did n o t  e v a l u a t e  the 

accuracy and p r e c i s i o n  of t h i s  procedure f o r  n i c o t i n e  i n  plasma. 

T h e  p r o c e d u r e  of M a s k a r i n e c  e t  a l .  r e q u i r e d  a complex p r e -  

s e p a r a t i o n  s t e p  which a p p r e c i a t e l y  lengthens the a n a l y s i s  time. 

Thus, we developed and evaluated a new HPLC Erocedure t o  measure 

small  amounts of n i c o t i n e  i n  p l a sma .  

T h i s  p r o c e d u r e  i s  a d v a n t a g o u s  i n  s e v e r a l  a s p e c t s .  The 

a n a l y s i s  t i m e  i s  s h o r t ;  r e t e n t i o n  t imes f o r  n i c o t i n e  and c o t i n i n e  

a r e  2 . 1  and 3 . 7  mins, r e s p e c t i v e l y .  The sample s i z e  i s  sma l l ,  

wi th  only 6 m l  of whole blood needed t o  make t r i p l i c a t e  within-  

sample determinat ions.  The e x t r a c t i o n  procedure i s  s imple r  and 

s h o r t e r  than t h a t  descr ibed by Maskarinec e t  a l .  T h i s  procedure 

i s  s e n s i t i v e  t o  0.05 ug of n i c o t i n e  pe r  m l  of plasma and i s  

l i n e a r  w i th in  the range of 0.05 t o  10.0 ug/ml. The e x c e l l e n t  

accuracy, p r e c i s i o n ,  and s e n s i t i v i t y  of the procedure should 

enable  i t s  r o u t i n e  u s e  i n  c l i n i c a l  and r e sea rch  l a b o r a t o r i e s .  I t  

has been reported t h a t  plasma n i c o t i n e  l e v e l s  of smokers range 

between 0.06-0.10 ug/ml of blood 9310915. The method p resen ted  

he re  has  s u f f i c i e n t  s e n s i t i v i t y  t o  d e t e c t  

n i c o t i n e  a t  these l e v e l s .  
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When a known amount of n i c o t i n e  was added t o  plasma, t he  

concen t r a t ion  of n i c o t i n e  measured 99.9 5 3.9 (S.D.)% of t h e  

known concen t r a t ion .  However, when a known amount of n i c o t i n e  

was added t o  whole blood, t he  c o n c e n t r a t i o n  of n i c o t i n e  i n  the  

p l a s m a  m e a s u r e d  o n l y  9 4 . 0  + 1 . 2  ( S . D . > %  o f  t h e  known 

concen t r a t ion .  The d i f f e r e n c e  i n  accuracy  between plasma and 

whole blood measurements caused u s  t o  f u r t h e r  i n v e s t i g a t e  the  

p o s s i b i l i t y  o f  s e l e c t i v e  p a r t i t i o n i n g  o f  n i c o t i n e  i n  

e r y t h r o c y t e s .  We c a l c u l a t e d  the  c o n c e n t r a t i o n  o f  n i c o t i n e  i n  

e r y t h r o c y t e s  and found a c o n s i s t e n t l y  h ighe r  n i c o t i n e  c o n t e n t  i n  

the  e r y t h r o c y t e s  a t  each of t he  f i v e  c o n c e n t r a t i o n s  s tud ied .  

F u r t h e r  i n v e s t i g a t i o n  of mechanisms which determine t h e  plasma- 

e r y t h r o c y t e  d i s t r i b u t i o n  of n i c o t i n e  appea r s  warranted. 

- 
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