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A REVERSE PHASE TECHNIQUE FOR 

COUMARINS IN CELERY 
SEPARATING THE LINEAR FURANO- 

Ross C. Beier 
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Veterinary Toxicology and Entomology 
Research Laboratory 

P.O. Drawer GE 
College Station, Texas 77841 

ABSTRACT 

A r e v e r s e  phase method f o r  s e p a r a t i n g  t h e  f o u r  l i n e a r  
furanocoumarins  p s o r a l e n ,  x a n t h o t o x i n ,  b e r g a p t e n ,  and 
i s o p i m p i n e l l t n  i n  c e l e r y  is d e s c r i b e d .  The p h o t o s e n s i t i z i n g  
compounds, p s o r a l e n ,  x a n t h o t o x i n ,  and b e r g a p t e n  were a l s o  
q u a n t i f i e d  i n  c e l e r y  b l ades  and l e a v e s .  The method u t i l i z e s  a 
phenyl-bonded HPLC column w i t h  a methanol-water s o l v e n t  system. 
T h i s  system a l l o w s  t h e  use of a d e t e c t i o n  wavelength (225  nm) mre 
a p p r o p r i a t e  f o r  t h e s e  l i n e a r  furanocoumarins  than  is c u r r e n t l y  used 
w i t h  normal phase systems.  

INTRODUCTION 

L i n e a r  furanocoumarins  ( p s o r a l e n s )  o c c u r  wide ly  as 

c o n s t i t u e n t s  of p l a n t s  from s e v e r a l  f a m i l i e s  ( 1 , Z ) .  These p o t e n t  

p h o t o s e n s i t i z i n g  compounds have been used m e d i c i n a l l y  f o r  

t r e a t m e n t  of s k i n  d i s o r d e r s  ( 1 , 3 , 4 ) ,  b u t  much conce rn  has  been 

a s s o c i a t e d  w i t h  t h e  medical  use of l i n e a r  furanocoumarins  ( 5 ) .  

They have been shown t o  be p h o t o t o x i c  d u r i n g  t h e r a p e u t i c  use (1)  
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1924 BElER 
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FIGURE 1 .  Linear  furanocoumarins found i n  c e l e r y .  

and are suspected of being photocarc inogenic  ( 6 , 7 ) .  C e l e r y  

handlers  and processors  are a f f e c t e d  w i t h  photodermat i t i s  of the 

f i n g e r s ,  hands, and forearms which is the r e s u l t  of the l i n e a r  

furanocoumarins i n  c e l e r y  (8,9). Recent ly ,  photodermat i t t s  among 

grocery workers p o s s i b l y  caused by the  handl ing  of c e l e r y  was 

repor ted  by the Nat iona l  I n s t i t u t e  f o r  Occupat ional  S a f e t y  and 

Heal th  (10) .  

Celery has been shown t o  c o n t a i n  t h e  f o u r  l i n e a r  

furanocoumarins shown i n  F igure  1 ( 11) . During earlier a n a l y s e s ,  

we used a normal phase HPLC technique;  a 25 cm Supelco 5p S i l i c a  

Column wi th  a so lvent  system of e t h y l  a c e t a t e  (0.1%) and formic 

a c i d  (0.1%) i n  chloroform a t  2.5 mlfmin and a d e t e c t i o n  wavelength 

of 250 nm. This  system has  been repor ted  as t h e  a n a l y s i s  method i n  

o t h e r  r e p o r t s  (12-14). 

L inear  furanocoumarins have been separa ted  by o t h e r  normal 

phase systems. . C o r a s i l  I w i t h  a s o l v e n t  system of chloroform- 

cyclohexane with UV d e t e c t i o n  a t  254 nm w a s  used t o  s e p a r a t e  

furanocoumarins from s p r i n g  p a r s l e y  ( 1 5 ) .  A system u s i n g  Par t i s i l  

and a so lvent  system of methylene c h l o r t d e - a c e t o n i t r i l e  ( 9 5 : 5 )  a t  a 

wavelength of 254 nm was used t o  ana lyze  xanthotoxin  i n  blood and 

plasma (16,171. The s e p a r a t i o n  of var ious  furanocoumarins i n  

twelve s p e c i e s  of Umbel l i fe rae  was accomplished w i t h  a so lvent  
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LINEAR FURANOCOUMARINS IN CELERY 1925 

s y s t e m  of cyc lohexane -e thy l  acetate ( 3 :  1)  on a m i c r o p o r a s i l  normal 

phase  column a t  a d e t e c t i o n  wave leng th  of 254 nm (18). A sys t em 

u s i n g  a MicroPak Si-10 column and a s o l v e n t  s y s t e m  of  

chloroform-methanol  a t  a wave leng th  of 270 nm was used to a n a l y z e  

f o r  l i n e a r  fu ranocoumar ins  i n  t h e  seed  of Cas imi roa  e d u l i s  ( 1 9 ) .  

While i n v e s t i g a t i n g  a n a l y t i c a l  HPLC methodo log ie s  f o r  a n a l y s i s  

of l i n e a r  fu ranocoumar ins ,  a wide range of r e v e r s e  phase  methods 

have been t r i e d ,  i n c l u d i n g  N % ,  and CN HPLC columns.  We 

r e p o r t e d  a r e v e r s e  phase c18 method f o r  s e p a r a t i n g  e l e v e n  of 

twe lve  l i n e a r  fu ranocoumar ins  , b u t  b e r g a p t e n  and i s o p i m p i n e l l i n  

e l u t e  a t  t h e  same t i m e  w i t h  t h a t  method as w e l l  as w i t h  o t h e r  

r e v e r s e  phase columns ( 2 0 ) .  The d e t e r m i n a t i o n  of b e r g a p t e n  i n  

perfumes and s u n t a n  cosmetics was accomplished w i t h  a s o l v e n t  

s y s t e m  of a c e t o n i t r i l e - w a t e r  ( 3 6 : 6 5 )  on a RP-8 (10 um) column and a 

f l u o r e s c e n c e  d e t e c t o r  ( 2 1 ) .  A r e v e r s e  phase method u s i n g  UV 

abso rbance  would be u s e f u l  f o r  t h e  s e p a r a t i o n  of the l i n e a r  

fu ranocoumar ins  found i n  c e l e r y  ( F i g u r e  1). Lower wave leng ths  than  

250 nm may then  be used f o r  d e t e c t i o n  which would a l l o w  g r e a t e r  

s e n s i t i v i t y  f o r  x a n t h o t o x i n ,  b e r g a p t e n ,  and i s o p i m p i n e l l i n .  

I n  t h i s  paper  i t  is demons t r a t ed  t h a t  a r e v e r s e  phase  sys t em 

w i l l  e f f e c t i v e l y  s e p a r a t e  t h e  l i n e a r  fu ranocoumar ins  i n  c e l e r y .  A 

r e v e r s e  phase  sys t em of methanol-water  (44 :56  v / v )  on a p h e n y l  HPLC 

column a l l o w s  t h e  use  of a mre a p p r o p r i a t e  wave leng th  f o r  t h e s e  

l i n e a r  fu ranocoumar ins .  

CHEMICALS 

The l i n e a r  fu ranocoumar ins  used as s t a n d a r d s  i n  t h i s  s t u d y  

were o b t a i n e d  from t h e  f o l l o w i n g  s o u r c e s :  p s o r a l e n  ( I n t e r c h e m  

Corp.)  , x a n t h o t o x i n  (B iochemica l  L a b o r a t o r i e s ,  Redondo Beach,  CA), 

b e r g a p t e n  ( A l d r i c h  Chemical Co., I n c . ) ,  and i s o p i m p i n e l l i n  

( i s o l a t e d  from Ammi majus  as r e p o r t e d  by I v i e ,  1978).  All s o l v e n t s  

were Omni-Solve MCB ( 2 2 ) .  Water was p repa red  f o r  sample 

p r e p a r a t i o n  and HPLC purposes  by r e f  l u x i n g  r eve r se -osmos i s  water ( 4  

l i t e r s )  w i t h  po ta s s ium permanganate  ( 2  g )  and sodium hydrox ide  (10 
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1926 BElER 

g )  f o r  2 hr,  d i s t i l l e d ,  and followed by t reatment  f o r  2 hr  wi th  UV 
l i g h t  in a Model 816 H.P.L.C. Reservoir  ( P h o t r o n i x  Corp.). 

MATERIALS AND INSTRUMENTATION 

SEP-PAK@ c a r t r i d g e s  were obtained from Waters Assoc ia tes ,  

Inc .  Beckman Model 112 chromatographic pumps c o n t r o l l e d  by a 

Beckman Model 421 c o n t r o l l e r  were used t o  d e l i v e r  t h e  so lvent  

system through a Whatman guard column ( P i e r c e  Chemical Co.), f i l l e d  

w i t h  P e l l i c u l a r  Packing RP ODS (IBM Ins t ruments ,  I n c . ) ,  and then a 

4.6 mm I D  x 15 cm 5p phenyl column (IBM I n d u s t r i e s ,  I n c . ) .  

Samples were introduced v i a  a 20 p1 loop i n j e c t o r ,  Model 7125 

(Rheodyne, Inc . ) .  The column's e f f l u e n t  was monitored by a Beckman 

Model 165 d e t e c t o r  a t  225 nm and recorded w i t h  a Hewlett-Packard 

3390A i n t e g r a t o r .  

METHODS 

E x t r a c t i o n  and clean-up of c e l e r y  leaves  ( 2  g)  and b lades  ( 5  

g )  wi th  SEP-PAKQ c a r t r i d g e s  was accomplished as earlier repor ted  

(11) .  The combined e l u a t e s  from t h e  s i l i ca  SEP-PAM? were 

concent ra ted  t o  dryness  by r o t a r y  evapora t ion  and taken  up to  0.3 

m l  i n  methanol/water (44:56 v / v ) .  This  s o l u t i o n  was d i r e c t l y  

i n j e c t e d  onto a phenyl column being pumped wi th  methanol/water 

(44:56 v /v)  a t  a flow rate of 1.2 ml/min. 

A standard curve was generated by making s o l u t i o n s  of t h e  f o u r  

l i n e a r  furanocoumarins which contained from 1 n g / p l  t o  100 ng/p l  of 

each component. 

RESULTS AND DISCUSSION 

The d i f f e r e n c e  in s e n s i t i v i t i e s  of each l i n e a r  furanocoumarin 

as a func t ion  of d e t e c t i o n  wavelength is shown i n  F i g u r e  2. This  

is a comparison of t h e  absorbance a t  225 nm t o  t h e  absorbance a t  

254 nm, the wavelength used i n  most normal phase s i t u a t i o n s  f o r  

l i n e a r  furanocoumarins. Equal q u a n t i t i e s  of l i n e a r  furanocoumarins 

were separa ted  a t  each of t h e  two wavelengths 254 nm (A)  and 225 nm 
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LINEAR FURANOCOUMARINS IN CELERY 
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FIGURE 2 .  HPLC chromatographs of psora len  ( p )  , xanthotoxin  ( x )  , 
bergapten  ( h ) ,  and i s o p i m p i n e l l i n  (i) a t  a d e t e c t i o n  wavelength of 
2 5 4  nm (A)  and 225 nm (B). 

TABLE 1 

Q u a n t i t i e s  of the  photo toxic  l i n e a r  furanocoumarins i n  c e l e r y  

l e a v e s  and b lades  in ppm w i t h  four  reps per  sample. 

_____- 
Psoralen" Xanthotoxin Bergap t e n  

Leaves 0 . 1 5  2 0.07 3 . 5  t 0.9 1.5 t 0 . 4  

Blades 0.11 + 0.03 2 . 1  + 0 . 3  0 . 3 2  + 0 . 0 7  

* A l l  values  f o r  l i n e a r  furanocoumarins are i n  ppm. 

(B). This  c l e a r l y  demonstrates  t h a t  t h e  s e n s i t i v i t i e s  of 

xanthotoxin ,  bergapten ,  and i s o p i m p i n e l l i n  are n e a r l y  e q u i v a l e n t  t o  

t h a t  of p s o r a l e n  a t  a wavelength of 225 nm. A t  2 5 4  nm however, the  

s e n s i t i v i t i e s  drop  of f  d r a m a t i c a l l y  from p s o r a l e n  t o  

i s o p i m p i n e l l i n .  
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1928 BEIER 

The q u a n t i t a t i v e  r e s u l t s  of the photo toxic  l i n e a r  furanocoumarins 

in c e l e r y  leaves  and b lades  as determined by t h i s  method are 

presented  in Table 1. I s o p i m p i n e l l i n  was not included because i t  

i s  not an a c t i v e  p h o t o s e n s i t i z e r  ( 2 3 ) .  

These l e v e l s  of l i n e a r  furanocoumarins are about  3 f o l d  h igher  than  

what was observed i n  c e l e r y  b lades  grown i n  d i f f e r e n t  l o c a t i o n s  of 

t h e  United S t a t e s  i n  1983 ( 1 1 ) .  

Example t r a c i n g s  of the  l i n e a r  furanocoumarins i n  the  leaves  

( A ) ,  blades  ( B )  and the  s t a n d a r d s  (C) are  shown i n  F i g u r e  3 .  

cu cu 
a, cn 
t 
0 
Q cn 
0, 
U 

Y 

b 
c 
0 
Q, 

a, 
P 
c 

. x  

0 5 10 15 

Time (min.) 
FIGURE 3 .  HPLC chromatograms of c e l e r y  l e a v e s  ( A ) ,  c e l e r y  blades 
(B), and s tandards  ( C )  c o n t a i n i n g  psora len  ( p ) ,  xanthotoxin  ( x ) ,  
and bergapten ( b )  . 
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LINEAR FURANOCOUMARINS IN CELERY 1929 
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FIGURE 4.  Standard curves f o r  bergapten ,  xanthotoxin ,  and 
psora len .  Standard d e v i a t i o n s  were included when they were l a r g e r  
than t h e  s i z e  of t h e  p l o t t e d  p o i n t s .  

The s tandard  curves  used t o  o b t a i n  t h e s e  r e s u l t s  are presented  

in Figure  4. Standard curves f o r  the t h r e e  l i n e a r  furanocoumarins 

genera ted  over a concent ra t ion  range of 0.03-6.0 ppm, c a l c u l a t e d  on 

t h e  b a s i s  of e x t r a c t e d  sample weight being 5 g and f i n a l  sample 

volume being 300 p l ,  had c o r r e l a t i o n  c o e f f i c i e n t s  equal  t o  o r  

g r e a t e r  than 0.99967 i n  each case. 
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1930 BElER 

The reverse-phase HPLC technique repor ted  here extends t h e  HPLC 

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

c e l e r y  with t h i s  method can be made wi th  better s e n s i t i v i t y  f o r  a l l  

photo toxic  l i n e a r  furanocoumarins. 

L inear  furanocoumarins are b i o l o g i c a l l y  a c t i v e  compounds and 

t h e i r  p o t e n t i a l  s i g n i f i c a n c e  t o  human h e a l t h  as w e l l  as p e s t  

c o n t r o l  is becoming an a c t i v e  research  area. The methods repor ted  

h e r e  w i l l  improve t h e  q u a n t i f i c a t i o n  techniques  f o r  l i n e a r  

furanocoumarins i n  c e l e r y  and o t h e r  p l a n t s .  
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