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5-hydroxymarmesin administered to leaves o f Ficus carica 
and to cut ends o f  Ruta graveolens has been efficaciously 
and selectively converted into bergapten while no radioac­
tivity was observed in the other isolated furocoumarins.

Linear furocoum arins, called also psoralens, are a 
well known group o f substances wich show evident 
photosensitizing activity on several biological sys­
tem s [1,2]. The photosensitizing properties o f psora­
lens are used for the photochem otherapy  o f some 
skin-diseases [3, 4], Two natural furocoum arins are 
used in this therapy: 8-m ethoxypsoralen (VIII) (8- 
M OP, xanthotoxin) since m any years and m ore re­
cently 5-m ethoxypsoralen (bergapten, 5-M OP) (VI)
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In these last ten years the biogenesis o f linear furo­
coum arins has been widely investigated: in particu ­
lar the general picture o f the biogenetic pathw ay o f 
these substances is reported  in Fig. 1.

As reported in the schem e the biogenesis o f O- 
alkylfurocoumarins can take place from psoralen (IV) 
through hydroxylation in 5-, in 8- or in both these 
positions and successive alkylation according to the 
classical pathw ay o f Brown and Cow orkers [6] and to 
our experim ental findings [7, 8].

An alternative pathw ay, proposed by our group 
[9], that should be activated in plants and herbs where 
psoralen is accum ulated  to a valuable extent (e. g. 
in Ruta graveolens and in Ficus carica), suggests that 
hydroxylation occurs a t the level o f 4 ',5 '-d ihydrofu- 
rocoum arinic precursor, nam ely m arm esin  (HI), ob­
taining the hydroxym arm esins (V) or (VII), from 
which O -alkylderivatives can be form ed.

This suggestion how ever has found experim ental 
support only for 8-position and only in the case of 
Ruta graveolens; in particu lar we have observed that 
8-m ethoxypsoralen is form ed effectively from  the 
product o f hydroxylation o f m arm esin  in 8-position 
(rutaretin) [9],

5-hydroxym arm esin was p repared  for having fur­
ther and possible definitive support o f this second bio­
genetic pathway; in particu lar for having dem onstra­
tion o f the involvem ent o f  5-position in the hydroxy-
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Fig. 1. General bio­
genetic pathway for 
linear furocoumarins. (VII ) (VIII )
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Table I. Feeding experiments with labeled 5-hydroxymarmesin * on cut ends o f  Ruta graveolens and on leaves o f Ficus 
carica.

Recovered compounds

Plant species Psoralen Bergapten Xanthotoxin

specific 
activity **

dilution *** specific 
activity **

dilution*** specific
activity**

dilution ***

Ruta graveolens 0.006 118,000 3.04 215 0.004 168,000

Ficus carica 0.004 167,000 2.45 266 - -

* Specific activity o f administered 5-hydroxymarmesin was 6.53 X 107 DPM per pimol.
** Specific activity o f recovered compounds is reported as DPM  x  105per^m ol.
*** Dilution is denned as the ratio between the specific activity o f  the compound administered and that o f  isolated furo- 
coumarins.

lation processes o f  m arm esin and m oreover for tes­
ting this precursor in m ore than  one plant o r herb.

Chemical synthesis o f 5-hydroxym arm esin (V) has 
been carried out in this Institute; this possible p re­
cursor o f bergapten (VI) was adm instered to leaves 
o f Ficus carica and to cut ends o f Ruta graveolens. 
In the leaves o f Ficus carica [10], in add ition  to pso­
ralen (IV) bergapten  (VI) is present too; in  the cut 
ends of Ruta graveolens the m ain furocoum arins 
isolated are psoralen (IV), bergapten (VI) and  xan- 
thotoxin (VIII) [8].

The synthesis o f 5-hydroxym arm esin (V) will be 
described in detail elsewhere; the com pound has 
been labeled by the R adiochem ical C entre (Am er- 
sham -England) by a catalytic exchange m ethod 
(TR 8) and the purification has been carried  ou t ac­
cording to a procedure already described [1 1 ].

An aqueous solution o f the labeled substance was 
adm inistered to freshly cut leaves o f Ficus carica 
and to cut ends o f Ruta graveolens and the  system 
was illum inated with a H W L Osram 500 W  lamp. 
After the m etabolism  tim e (72 hours for fig-leaves 
and 96 hours for ru ta), the fig-leaves and the cut 
ends o f ruta were collected, d ried  and w orked up to 
obtain the “coum arinic extracts” [11 -  13].

Psoralen (IV) and bergapten (VI) from Ficus carica 
and psoralen (IV), bergapten (VI) and xanthotoxin 
(Vm) from Ruta graveolens have been isolated and 
purified  according to chrom atographic procedure 
already described [14],

T he isolated furocoum arins were eluted w ith eth­
anol and the solutions obtained utilized for spec- 
trophotom etrical m easurem ents and for rad iochem i­
cal determ inations following a procedure described 
elsewhere [15].

The results obtained from feeding 5-hydroxym ar­
m esin (V) to cut ends o f Ruta (Table I) clearly show 
tha t this com pound has been very effectively trans­
form ed into bergapten (VI), while isolated psoralen
(IV) and xanthotoxin (VIII) did not show practically 
any incorporation o f radioactivity. Analogous results 
have been obtained from  fig-leaves; also in this case 
5-hydroxym arm esin (V) has been converted only 
in to  bergapten (VI) while psoralen (IV) d id  not 
show incorporation o f radioactivity.

These data dem onstrate that 5-hydroxym arm esin
(V) can be effectively and selectively converted into 
the corresponding O -alkylfurocoum arin (bergapten)
(VI) both in Ficus carica and in Ruta graveolens, 
showing a behaviour strictly analogous to that p re­
viously observed with 8-hydroxym arm esin (rutare- 
tin) (VH) [9],
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