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We have previous ly  desc r ibed  a photometr ic  method for the separa te  de terminat ion  of psora len  and angeliein in 
Pso ra l ea  drupaceae Bge [1] and of psora len  and bergapten in Ficus  ca r i ca  L. [2]. 

In this paper  we desc r ibe  a spec t rophotomet r ie  method we have developed for de te rmin ing  the furocoumar ins  in 
these plants.  Of the absorption maxima presen t  in the UV spec t ra  of psora len  ( kc,~OHm,x 207, 246, 291, 330 m# [3, 4I ) and 
angel icin (}~cri:~i'q~'207 , 246, ~99 m# ]31), the most  suitable for s p e c t r o m e t r i c  invest igat ions is the maximum at 246 m# (log 
e 4.64 ), which has the same position and the same intensity in two compounds. Bergapten has a somewhat different  
spec t rum wi~h five absorpt ion bands ()c~H:~o~.m~ 223, 251, 261, 269, 315 m#).  For  analytical  de te rmina t ions  it is possible  to 
use the maximum at 223 m~t (loge 4.43*) or that at 315 m~ (loge 4.23*) as was done in the determinat ion  of the 
furocoumar ins  in the seeds of Ammi  majus L. [5]. A method for  the de terminat ion  of a mix ture  of psora len  and 
bergapten without the i r  separat ion by measu r ing  the in tensi t ies  of absorption at 280 and 310 m~ is known [6, 7]. 

As in the previous photometr ic  de te rmina t ions  [1,2], in this method the plant ex t rac t  is chromatographed on 
paper without any p re l im ina ry  purif icat ion.  The desorpt ion of the fu roeoumar ins  f rom the paper is p rac t ica l ly  total 
[1]. However ,  in working with highly diluted solutions,  even v e r y  smal l  losses  on the paper may dis tor t  the r e su l t s  
and it is  des i rab le  to chromatograph  solutions of the pure furocoumar ins  in concentra t ions  c lose  to those in the 
ex t rac t s  under invest igat ion on a separa te  sheet  of paper and to use the eluates  as s tandard solutions.  Within the 
concentrat ion range of 0.003-0.0003 m g / m l ,  the optical densi ty  of ethanolic solutions of the furocoumar ins  under 
considerat ion is d i r ec t ly  proport ional  to thei r  concentrat ion,  i . e . ,  B e e r ' s  law is observed.  

The object ivi ty  of the method was tes ted  in exper iments  with additions.  The mean re l a t ive  e r r o r  is =~2.0%. The 
resu l t s  of the determinat ion of the fu rocoumar ins  by the spec t rophotomet r ic  method in the seeds and roots  of P. 
.drupaceae Bge. and also in the l eaves  of F. c a r i c a  L. a re  comparab le  within the l imi t s  of e r r o r  of the analysis  with 
those obtained by the use of c o l o r i m e t r i c  methods  [1,2]. 

E X P E R I M E N T A L  

Prepa ra t i on  of the ext rac t ,  An accura te ly -weighed  sample  (5 g) of the a i r - d r y  raw ma te r i a l  ground in a coffee 
mil l  and passed through a s ieve  (with ape r tu res  1 .0-1.5 mm in diameter)  was t r a n s f e r r e d  to a 50-ml  measur ing  flask 
and covered  with 35 ml of ethanol. In the analysis  of the Pso ra l ea  seeds ,  80% ethanol was used and in the analysis  of 
the leaves  of F. ca r i ca  L. and the roots  of P. drupaceae  Bge°, 95% ethanol was used. After being shaken for 3 hr  the 
f lasks were  fil led to the mark  with the same ethanol and thei r  contents were  well  mixed.  The ext rac t  was f i l t e red  
through a no. 1 g lass  f i l t e r  and subjected to chromatograph  separa t ion.  

Chromatography.  The s tar t ing line was marked  on a nar row side of type "B" chromatographic  paper 7 cm f rom 
the upper sur face  of the sheet .  On this l ine,  3.5 cm f rom both s i d e s  (at a width of the s t r ip  of 15 cm) 0.5 ml of an 
ex t rac t  of the roots  (leaves) or  0.2 ml of an ext rac t  of the seeds  was deposited in the fo rm of a continuous line by 
means  of a micropipe t te .  The position of deposit ion was dr ied sl ightly and then the whole sheet  was sprayed with 15-20 
ml of a 20% aqueous solution of ethylene glycol.  This method of impregnat ion,  even af ter  the deposit ion of the ext rac t ,  
proved m o r e  convenient  than the p r e l im ina ry  prepara t ion of the sheet  before the application of the solution under 
invest igat ion.  The paper was dr ied  at room t empera tu r e  for t hr  and was then placed in a chromatographic  chamber .  
Pe t ro leum ether  (fraction with bp 40-70  ° C) was used as the mobi le  phase.  

The n - h e x a n e - b e n z e n e - m e t h a n o l  (5: 4: 1) sys tem on paper previous ly  impregnated with 10% fo rmamide  solution 
used in the previous  c o l o r i m e t r i c  de te rmina t ions  [1,2] is unsuitable in this case  because of the cons iderable  

*Our resu l t s ,  obtained on a "Hitachi" EPS-3T speetrophotome~er,  differ  somewhat with respec t  to in tens i t ies  
f rom those given in the l i t e r a tu re .  
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adsorpt ion of fo rmamide  in UV light. Chromatography (descending method) was ca r r i ed  out until the front had reached  
a l ine 2 - 3  cm f rom the lower edge of the paper .  The ch romatogram was removed  and dr ied  in the a i r  for 2 - 3  rain and 
then in the drying chest  at 80 ° C for  30 min. The dr ied  ch romatogram was observed  in UV light (UI-1 u l t rachemiscope)  
and the posit ions of the two para l l e l  bands of the furocoumar ins  were  marked.  The spot c lose r  to the s ta r t  co r responds  
to psora len  (blue f luorescence)  and that fur ther  away to angelicin or bergapten (f luorescing light blue and light g reen ,  
respec t ive ly) .  The sect ions  of the paper with the spots of the furocoumar ins  were  cut into smaI1 pieces  and covered  
with 30 ml of 95% ethanol in separa te  f lasks.  Elution f rom the paper was ca r r i ed  out at room t e m p e r a t u r e  by shaking 
for 2 hr  on a vibrat ion shaking machine.  The eluate was f i l te red  through a no. 1 glass  f i l te r  with an inse r ted  paper 
f i l t e r .  

P repara t ion  of the s tandard solut ions.  The standard solutions were  prepared  in ethanol f rom repea ted ly -  
r e e r y s t a l l i z e d  and chromatograph ica l ly  homogeneous furocoumar ins .  Fo r  this purpose,  4.5 mg (accurate ly  weighed) 
of each compound was d isso lved  separa te ly  in a 25 ml measur ing  flask; 0 .5-ml  samples  of these solutions were  
chromatographed on paper by the method desc r ibed  above. Eluates with a concentra t ion of 0.003 m g / m l  were  used as 
s tandard solutions.  The solutions of the individual furocoumar ins  are  stable for a long t ime  on s torage  in a dark 
place.  

Speot rophotometr ic  de te rmina t ion .  The optical densi t ies  of the exper imenta l  and standard solutions were  
m e a s u r e d  on an SF-4A ins t rument  in 95% ethanol at wavelengths of 246 mtt (psoralen and angelicin) and 223 mt~ 
(bergapten) in a cel l  with a l ayer  th ickness  of 1 cm.  

The percentage  content (x) of the individual furocoumar ins  in the raw ma te r i a l  was calculated f rom the formula  

a . b . c s t  • D e l  

x - -  l O : m . v . D s t  , 

w h e r e : a  is the total volume of the ethanolic ex t rac t  of the plant (in the method descr ibed ,  a = 50), ml;  

b is the volume of ethanol used for the elution of the individual furocoumar ins  f rom the paper (in the method 

given, b = 30), ml;  

Cst is the concentra t ion of standard solution, mg/ml ;  

m is the weight of the plant sample ,  g; 

v is the amount of solution deposi ted on the paper,  ml; 

Del and Dst a re  the optical dens i t ies  of the eluate and of the standard solution. 

CONCLUSIONS 

A spectrophotometric method for the separate quantitative determination of the furocoumarins of Psoralea 

drupaceae Bge. and Ficus carica L. has been developed. 
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