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THE APPLICATION OF SYSTEMS WITH 
DIFFERENT SELECTIVITY FOR THE 
SEPARATION AND ISOLATION OF 

SOME FUROCOUMARINS" 

T. WAWRZYNOWICZ AND 
M. WAKSMUNDZKA-HAJNOS 

Department of Inorganic and Atralyrical Chemistry 
Medical Academy 

Staszica 6 ,  20-081 Lublin, Poland 

ABSTRACT 

Using thin layer chromatography in flat chamber or 
liquid column chromatography on t h e  micropreparative 
scale t h e  separat ion and isolation of furocoumarins 
from A n g e l i c a  A r c h a n g e l i c a  of f.<L> and P a s t i n a c a  sativa 
<L> fruit e x t r a c t s  w a s  carried out. 

The b e s t  results w e r e  obtained using 
chromatography and rechromatography in d i f fe ren t  
s y s t e m s  <e.g.,different selectivity of reversed and 
normal phase sys tems) .  Close analogy of polarity and 
molecular s t r u c t u r e  of furocoumarins limited t h e  
loading of t h e  s y s t e m  t o  0.001 g p e r  1 L of t h e  
adsorbent. 

INTRODUCTION 

Some substances from t h e  furocoumarins group are 

important drugs in therapy of psoriar is  and leucodermy. 

Especially a r ich source of these  photoactive compounds 

*> Preliminary r epor t  on this work w a s  presented a t  t h e  
Sixt.h Danube Symposium on Chromatography in  V a r n a ,  
B u l g a r i a ,  12-17 October, 1987. 
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3926 WAWRZYNOWICZ AND WAKSMUNDZKA-HAJNOS 

are the  f r u i t s  of A r c h a n g e l i c a  off. and P a s t i n a c a  

sativa. Due t o  the  s i m i l a r i t y  of molecular s t ruc tu res  

of furocoumarins and s i m i l a r  polarity their  separation 

and isolation in the  preparative scale is difficult. 

The sat isfactory results of analytical separation 

of coumarins w e r e  obtained using HPLC <1,2>, or 
combination of thin l aye r  chromatography and 

reversed-phase HPLC (3). Swager and Cardellina (4) have 

separated some coumarins in t he  milligram scale using 

va r ious  chromatographic methods and systems. More 

recently the  preparative isolation of s o m e  

furocoumarins from plant extracts w a s  performed using 

overpressured hyer-chromatography CopLC> C5,6>. 

Looking for t he  simpler and cheaper LCC separation 

methods the  commercial Lobar A Si 60 column CE.Merck> 

and s t ra ight  phase systems w e r e  applied f o r  t he  

isolation of some components of A r c h a n g e l i c a  off. f r u i t  

ex t rac ts  C7>. 

In the  present investigations reversed phase 

chromatographic s y s t e m s  f o r  t h e  separation and 

isolation of components of furocoumarin fraction from 

plant ex t rac ts  w e r e  optimized using the horizontal 

sandwich chamber with a glass distributor of eluent. 

The chamber enables equilibration of t h e  s y s t e m  C a s  in  

column chromatography), gradient elution, 
preconcentration of the  sample (8) .  The formation and 

separation of zones can frequently be observed under W 
light. 

The design of t he  chamber a l l o w s  also for 

continuous development and band application of the 

sample across t h e  plate  from the  edge of t h e  layer 

<9-ll>.With this mode of sampling the  size of t h e  

sample can be greatly increased and the  effect. of the  

s y s t e m  overloading can be examined. 
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ISOLATION OF FUROCOUMARINS 3927 

TABLE 1 

List of Compounds Investigated 

No 

8 

9 

Name of compound Abbre Struc Substituents 
Iviation/-turel 

~~ 

RS OCH3 
Re = OCHzCH=CCCHa>z 

Phellopterin 

Imperatorin I 1 Re = OCHzCH=CCCHs>z 

Isopimpinellin iP 1 Rs = Re = OCHs 

Xanthotoxol I Xol I 1 IRe = OH 

3 R7 = OCHa l o =  I I Re = CHzCH=CCCHs>z 
Osthol 

- ~~~ 

R7 = OCCHzCH=CCCHe>CHzlz 
-CHzCH=CCCHs>z 

Umbel i prenin 
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Y X  

L 

C%%MeOH60 70 

I 
5 

0 

25 

0 

FIQURE 1 Plots of Rw v s  concentrationC%> of the  
modifier in mobile phase. Active solid silarrized 
silica gel.Mobile phase: methanol CMeOH> in w a t e r .  For 
the  identification of solutes see Table 1. 

EXPERIMENTAL 

The petroleum e ther  ex t rac ts  of Archangelica off. 

and Pastinaca sa t iva  f r u i t s  w e r e  analyzed and separated 

chromatographically. Analytical thin layer  

chromatography w a s  carried out  on 100 x 200 mm glass 

pla tes  covered with 0.25 nun silanized silica gel 

CE.Merck, Darmstadt, F.R.Q.). Micropreparative thin 

layer chromatography w a s  carried out  on 100 x 200 mm 
glass plates covered with 0.75 nun sihnized silica for 

preparat ive chromatography CE.Merck>. The thin Layer 
elution w a s  performed in t h e  sandwich chamber with a 
glass distributor of the  eluent produced by Polish 
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6 6 

I 
W 0 20 10 

FIQURE 2 Chromatograms <HPLC> of f r u i t  ex t rac ts  from 
<a> A n g e l i c a  A r c h a n g e l i c a  off. L and <b> P a s t i n a c a  
satiua L. Column: LiChrosorb RP-18.Moblle phase: 6:4 
methanol-water. For t he  identification of solutes see 
Table 1. 

Reagent.s,Lublin <12>. The zones and spo t s  w e r e  
localized under W fight at  366 nm. The localized zones 

can be scraped off in the  conventional w a y  and t h e  

fractions isolated by extraction with a s t r o w  solvent. 

The extraction w a s  carried out  using glass columns 

stoppered with glass wool, t he  upper end of t he  column 

forms a funnel t o  facilitate adsorbent collection. 
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I 
63 

I 
I 

FIGURE 3 (a> Micropreparative thin-layer chromatograms 
of the  extract from Angel ica A r c b n g d f c a  f rui ts .  
A c t i v e  solid silanized silica gel. Mobile phase: 6:4 
methanol-water. Samples: increasing volumes of 0,594 v/v 
solution of Archangelfca extract .  
Cb> Analytical <HPLC> chromatograms of t he  fractions 
eluted from zones indicated on t h e  plates. Column: 
LiChrosorb RP-18. Mobile phase: 6:4 methanol-water. For 
t h e  identification of solutes see Table 1. 

For micropreparative column separation of the  

extracts Lobar pre-packed columns: LlChroprep Sl 60 

<40-63pm>, size A < 240 x I0 mm i.d.> and LiChroprep 

Rp-8 <40-63 pm>, size B C 3 1 0  x 25 mm i.d.> <E.Merck> 
w e r e  used. The eluent w a s  delivered from a home-made 

pump at  a flow rate of 5-6 Wmin and pressure of 

0.3-0.6 MPa. The samples w e r e  injected using a 
d b r a t e d  syriqs by t h e  stop-flow method. 

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



ISOLATION OF FUROCOUMARINS 393 1 

TLC froctions (0.8 cm’) b 
1 

10 0 
4 

5 0 th in1 

I o r b  
lo n 

-0 
10 0 tlminl 

I 
0 tlminl 

FIGURE 3 (continued; 

A photometric de tec tor  a t  254 run w a s  used. Mixtures of 
dichloromethane and heptane C7:3> containiw 5% 

diisopropyl e t h e r  and 1:l or 7:3 mixtares of 
m e t h a n o l - w a t e r  w e r e  used as t h e  mobile phase for 
normal-phase and reversed-phase systems, respectively. 

For t h e  analysis of t h e  plant extract and eluted 

column and TLC fractions HPLC w a s  applied using a 

liquid chromatograph <produced by t h e  I n s t i t u t e  of 
Physical Chemistry, W a r s a w )  equipped with a 200 ml 

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



3932 

1 

WAWRZYNOWICZ AND WAKSMUNDZKA-HAJNOS 

B 

I x  
B 

-Id+ 
10 0 5 0 5 0 5 0  

t [mill 

FIQURE 4 C a >  b c h r o m a t o g r a p h y  on micropreparative scale 
of the  fraction I1 eluted f r o m  TLC plates C s e e  F i ~ . 3 a > .  

d i c h l o r o m e t h a n e  + heptane containitlg 5% d i i s o p r o p y l  
ether. Flow rate 5.8 ml0min. Pressure  0.6 ma. N u m b e r s  
indicate fractions. 
C b >  A n a l y t i c a l  CHPLC) chromatograms of the fractions 
eluted f r o m  t h e  L o b a r  A Sl 60 column. Column: 
L i C h r o s o r b  RP-18. Mobile phase: 6:4 m e t h a n o l - w a t e r .  For 
t he  identification of solutes see T a b l e  1. 

Column: L o b a r  A, Si 60. M o b i l e  phase: 7:3 
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@ 

8ml 

I 

\ 8 

0 30 t h i n 1  

70 0 tlminl 

(B-ro) 
I 

t ~ m i n ~  10 0 

0-7) 

t l m i n ~  10 0 

FIQURE 5 <a> R e c h r o m a t o g r a p h y  of the  fraction I11 
eluted f r o m  TLC plates  C s e e  Fig.3a). Column: L o b a r  A Si 
60. Mobile phase: 7:3 d i c h l o r o m e t h a n e  + heptane 
containing 5% diisopropyl ether. Flow rate 5 mVmin. 
Pressure  0.6 ma. N u m b e r s  indicate fractions. 
<b> A n a l y t i c a l  <HPLC> chromatograms of the  fractions 
eluted f r o m  the L o b a r  A Si 60 column. Column: 
L i C h r o s o r b  RP-18. Mobile phase: 6:4 m e t h a n o l - w a t e r .  F o r  
the  identification of solutes  see T a b l e  1. 

syringe p u m p  and a W (254 nm> detector. A 250 x 4 mm 

i.d. stainless-st.eel column w a s  packed w i t h  10 p m  

L i C h r o s o r b  RP-18 CE.Merck> and 5 pl s a m p l e s  of extract. 
solutions in t h e  eluent w e r e  injected. M e t h a n o l - w a t e r  

mixtures w e r e  used as the  m o b i l e  phase at a f l o w  rate 

of 1.2 ml/min. All m e a s u r e m e n t s  w e r e  carried ou t  a t  
ambient t e m p e r a t u r e .  
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-I 
0 60 

FIQURE 6 <a> Micropreparative separations , of the  
extract f r o m  P a s t i n a c a  satiua fruits. Column: L o b a r  B 
RP-8. Mobile phase 7:3 m e t h a n o l - w a t e r  Flow rate: 5.5 
Wmin.  S a m p l e :  1.4 ml of methanolic solution 
containing 15 mg of t h e  extract. N u m b e r s  indicate 
collected fractions. 
<b> A n a l y t i c a l  CHPLC) chromatograms of the  fractions 
eluted f r o m  column. Column: L i C h r o s o r b  Rp-18. M o b i l e  
phase: 6:4 m e t h a n o l - w a t e r .  

MATERIALS 

T h e  investigated fruit extracts of A n g e l i c a  

A r c h a n g e l i c a  off. <L> and P a s t i n a c a  satiua CL> w e r e  

obtained in a Soxhlet-type extractor w i t h  t h e  closed 

solvent < p e t r o l e u m  ether> cycle (13). The dried 
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5 010 0 5 0 ftminl 

h.: 10 0 

FIGURE 6 (continued) 

extracts w e r e  dissolved in t h e  mobile phase. A n a l y t i c a l  

reagent-grade organic so lvents  C a U  E.Merck> w e r e  

applied. 

RESULTS DISCUSSION 

In order to select. t h e  optimum separation 

conditions of t h e  plant extracts a systematic thin  

layer chromatographic analysis of t h e  standarcis of t h e  

main furocoumarins occurring in  Archangelica off. and 
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FIQURE 7 (a> Micropreparative t w o - s t e p  gradient 
separation of the extract  f r o m  A n g e l i c a  A r c h a n g e l i c a  
fruits. Column: L o b a r  B RP-8. M o b i l e  phase: 1:l 
m e t h a n o l - w a t e r ;  after 110 min 7:3 m e t h a n o l - w a t e r .  Flow 
rate: 6 M m i n .  Sample :  2 ml of m e t h a n o l i c  solution 
containing 40 mg of t h e  e x t r a c t , .  Numbers indicate 
collected fractions. 
(b> A n a l y t i c a l  <HPLC> c h r o m a t o g r a m s  of t he  fractions 
eluted f r o m  the L o b a r  B RP-8 column. Column: L i C h r o s o r b  
RP-18. Mobile p h a s e :  6:4 m e t h a n o l - w a t e r .  

P a s t i n a c a  sativa € r u i t s  w a s  carried in t he  b i n a r y  

s o l v e n t  s y s t e m s .  Typ ica l  RM vs.c% v/v of m o d i f i e r  

relationships are presented in F i g u r e  l<see also ref. 

14). U s i n g  t h e  t h i n - l a y e r  and HPLC RP-18 
c h r o m a t o g r a p h i c  data and basing on the earlier studies 

on t h e  separation of c o m p o n e n t s  of Herac leum Genus  

f r u i t s  <14> t w o  s y s t e m s  for preparat ive separ.ation of 

extracts w e r e  chosen: 

1. r e v e r s e d  phase s y s t e m :  50-70% m e t h a n o l  in  w a t e r  

(see F i g u r e  1> 

2. 5% v/v diisopropyl ether in  b i n a r y  diluent 
d i c h l o r o m e t h a n e - h e p t a n e  <7:3> / silica (7). T h e  

combination of these  t w o  systems may p e r m i t  t o  isolate 
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M d 4 I  
to 0 5  0 5  0 5  0 

IX-01 

x-01 

0 
L 1 

10 0 10 0 to 0 tlminl 

FIGURE 7 ( cont inued)  

s o m e  pure components of plant extracts, especially t h e  

photoactive ones - xanthotoxin and bergapten. 
Figure 2 shows t h e  chromatograms obtained f o r  fruit.  

extracts of A r c h a n g e l i c a  off. and P a s t i n a c a  sativa 

using reversed-phase HPLC. The main compounds of both 

extracts are bergapten, xanthotoxin and imperatorin. 

The highest amounts of bergapten and xanthotoxin w e r e  

found in P a s t i n a c a  sativa. and t h e  highest amounts of 

imperatorin and &O phellopterin in  A r c h a n g e l i c a  off. 
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The resul ts  of the  investigations on the  influence 

of t he  sample size on separation of A r c h a n g e l i c a  

extract  are shown in Figure 3. Usiry: t he  plates covered 

with 0.75 nun layer of silanized silica. increasing 

volumes of .  0.5 X v/v ex t rac t  solutions w e r e  introduced 

and then developed with methanol-water <6:4> mixture. 

Under these conditions three main fractions w e r e  

obtained - the  first with unidentified compounds, t he  

second zone containing xanthotoxin, isopimpinelin and 
bergapten, and the  third - imperatorin and 

phellopterin. 

The rechromatography of the  second zone isolated 

from the  thin-layer plates,  using another s y s t e m  

resulted in base-line separation C s e e  Fig.4); 

unfortunately,the separation of less PO- 
furocoumarins from the  third zone (imperatorin, 

phellopterin> is not so efficient (see Fig.5). I t  w a s  

also shown t h a t  fo r  closely related compounds 

overloading of this s y s t e m  should not exceed 0.OOlg 

sample per l g  of the  adsorbent. 

Basing on TLC-RP data the  micropreparative 

separation of P a s t i n a c a  sativa fruit extract w a s  

carried out using LOBAR-8 CRP-8) column and 70% 

solution of methanol in w a t e r  CFig.ba>.The analytical 

chromato6rams of the  collected fractions Csee Fig.bb> 

indicate the  necessity of rechromatographing the  

non-separated fractions.The application of two-step 

gradient elution improves the  isolation of xanthotoxol 

and xanthotoxin <Fig.7>, but other  components are only 

partially separated. 

The best  results are obtained in two-stage 

separations using s y s t e m s  of differentiated 

selectivity, 04. normal and reversed- phase 
chromatography. 
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CONCLUSIONS 

1. T h e  c o m p o u n d s  occurring in the fruits of s o m e  

Umbelliferae f a m i l y  plants  are difficult t o  separate 

<especially furocoumarind due t o  the i r  s imi la r  

chemical s t ructure .  
2. T w o - s t e p  gradient elution using reversed-phase 

s y s t e m  permits t o  obtain pure xanthotoxol and 

xanthotoxin. 

3. R e c h r o m a t o g r a p h y  <using a different s y s t e m >  

significantly i m p r o v e s  t h e  separation. In reversed- 

phase s y s t e m  i m p e r a t o r i n  and phellopterin can be 

w e l l  separated and in n o r m a l  phase s y s t e m  t h e  m o r e  

polar c o m p o u n d s  <xanthotoxin,bergapten>. 

4. T h e  s i m i l a r i t y  of m o l e c u l a r  s t ruc tu res  of 

furocoumarins l i m i t s  t h e  over1oading”of the s y s t e m  

t o  about  O.OOlg/lg adsorbent. 
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