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The biosynthesis of some furocoumarins present in Ruta graveolens has been studied ad-
ministering labeled psoralen, xanthotoxin, rutaretin, marmesin and 7-hydroxycoumarin-derivatives. 

The results obtained indicate that the biosynthetic pathway involves not only psoralen, but also 
xanthotoxin and bergapten, by means of methoxylation or demethoxylation reactions. 

Moreover results achieved from administering rutaretin demonstrate that this substance is a 
new very effective natural precursor for xanthotoxin; in a parallel way marmesin is incorporated 
into psoralen. The reported results indicate that also at the stage of natural 4\5'-dihydrofuro-
coumarins intermediates an interconversion can occur. 

Finally the essential role of umbelliferone in the biosynthesis of furocoumarins has been con-
firmed. 

The common strain Ruta graveolens L., contains 
many different furocoumarin-derivatives, located 
primarily in the leaves 

It is well known that these substances show very 
interesting photobiological properties, which explain 
the photodermatites 11 that this plant can provoke. 
The biological properties of furocoumarins have 
been widely investigated in our Institute over a long 
period 12 and their molecular mechanism of photo-
sensitization has been clarified 13 '14 . 

Many Authors 1 5 - 2 3 have investigated the biosyn-
thetic pathway of furocoumarins and the results ob-
tained with different plants and herbs indicated that 
the biosynthesis of this substances involves in a first 
stage the formation, from the corresponding oxy-
genated cinnamic acid, of 7-hydroxycoumarin-deri-
vative. 

Request for reprints should be sent to Dr. G. CAPORALE, 
Universitä di Padova, Istituto di Chimica Farmaceutica, 
Via Marzolo 5, 35100 Padova (Italien). 
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This represents a first step in the biosynthesis of 
furocoumarins and in particular umbelliferone (or 
its glucoside skimmin) has been proposed as the 
physiological precursor in this first stage 16 '19 . 

Successively the formation of the furan ring oc-
curs on the 7-hydroxycoumarin-derivative through 
an isoprenylation reaction which leads to a 4',5'-di-
hydrofurocoumarin-derivative15'16. Recently STECK 
and BROWN 17 '19 suggested that the natural inter-
mediate which is involved in this stage is marmesin 
(5) , [4',5/-dihydro-5'-(l-hydroxy-l-methylethyl) -
furocoumarin]. 

These Authors implied that this substance is sub-
sequently transformed in psoralen; finally at this 
stage hydroxylation and O-alkylation reactions oc-
cur on psoralen (1) and consequently the other furo-
coumarins, such as bergapten (2) , xanthotoxin (3) 
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and so on, can be formed. 
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Fig. 1. 

In a recent paper experimenting with Ruta gra-
veolens 2 3 we found that other 4 /,5'-dihydroderiva-
tives, such as 4',5'-dihydropsoralen, 4',5'-dihydro-
bergapten and also 4',5 /-dihydroxanthotoxin can act 
as possible precursors for the corresponding furo-
coumarins; moreover we obtained results which 
suggested that a transformation of one of these furo-
coumarins occurred in the other two, probably 
through methoxylation or demethoxylation reactions. 

With the aim of confirming this possibility of 
interconversion among the various substances con-
tained in Ruta graveolens, we have administered 
labeled psoralen (1) and xanthotoxin (3) to the 
plant and then followed their possible transforma-
tion in other furocoumarins. 

OH 
5 

Fig. 2. 

Moreover we have also fed Ruta graveolens with 
labeled rutaretin (4 ) , [4',5'-dihydro-5'- (1-hydroxy-
l-methylethyl)-8-hydroxy-furocoumarin]; this sub-
stance, which is present in the herb 9 , contains an 
hydroxyl-group in -8-position and consequently 
would be a precursor for xanthotoxin. W e have 
tested this substance and for comparison also mar-
mesin (5) to establish if in Ruta graveolens there 
exists a different physiological precursor other than 
marmesin. 

Fig. 3. 

24 H. V. PECHMANN, Chem. Ber. 17, 929 [1884]. 
2 5 G . RODIGHIERO and C. ANTONELLO, F a r m a c o [Pavia] 

10, 889 [1955]. 
2 6 G . RODIGHIERO and C. ANTONELLO, A n n . Chimica 4 6 , 9 6 0 

[1956]. 

Finally we have studied the role in this herb of 
labeled 5-,methoxy-7-hydroxycoumarin (7) and 7-hy-
droxy-8-methoxycoumarin (8) and also umbelli-
ferone ( 6 ) . 

Materials and Methods 

Preparation of labeled substances 

7-hydroxycoumarin or umbelliferone (6)24, 5-meth-
oxy-7-hydroxycoumarin (7) 25 and 7-hydroxy-8-meth-
oxycoumarin (8) 26 have been prepared by synthesis in 
this Institute. 

Marmesin (5) 27 (extracted from Aegle marmelos, 
Correa) and rutaretin (4) 9 (extracted from Ruta gra-
veolens) have kindly been provided by Prof. Dr. A. 
CHATTERJEE and Prof. Dr. G. SCHNEIDER respectively. 

All these substances have been tritiated with the 
W i l z b a c h method 28. 

Purification of these substances has been carried 
out as described elsewhere 22. Specific radioactivity of 
these compounds is reported in Table I, II and III. 

Feeding Ruta graveolens with the labeled compounds 

Aqueous solutions of the various labeled substances 
added to an equal volume of an "aqueous nutritious 
solution"29 were introduced separately into 250 ml 
beakers containing seven months old herbs, which were 
immersed in these feeding solutions. 

"Metabolism time" lasted seven days and during 
this period "aqueous nutritious solution" was added 
to maintain constant the level of the liquid layer. 

During this "metabolism period" the herbs were 
illuminated with 500 W OSRAM HWL lamps. Control 
experiments were performed under the same experimen-
tal conditions without feeding labeled compounds. 

Isolation and purification of furocoumarins 

All the herbs, which were fed with the same labeled 
compound, were collected together after the "meta-
bolism time", dried, completely triturated and extracted 
in an extraction apparatus; the methanolic extract 
after concentration was treated up following the proce-
dure for preparing the "coumarinic extract" as des-
cribed elsewhere 21> 22> 30. 

Psoralen, bergapten and xanthotoxin, which are com-
monly considered the most important furocoumarins 
contained in this herb1 9 '2 3 , have been isolated and 
purified as follows: in a first stage a initial separation 
of the three substances was performed using thin layer 
preparative chromatoplates (Merck Cat. 5717). 1 ml of 

2 7 A . CHATTERJEE and S . S. MITRA, J. A m e r . chem. Soc . 7 1 , 
6 0 6 [ 1 9 4 9 ] . 

2 8 K . E . WILZBACH, J. A m e r . chem. Soc. 7 9 , 1 0 1 3 [ 1 9 5 7 ] . 
29 E. J. HEWITT, Plant Physiology, vol. 3, pag. 101, Academic 

Press, New York 1963. 
30 E. SPÄTH, Chem. Ber. 70 A , 83 [1937]. 
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"coumarinic extract" was applied as a band on every 
plate and this was developed with a mixture of cyclo-
hexane-ethyl acetate (2 : 1, v/v). In this way the traces 
of administered labeled substances were separated 
from the three furocoumarins. In a second step the 
area corresponding to the three furocoumarins was 
eluted with ethyl alcohol (using 25 ml of solvent for 
every plate) and the obtained solutions were filtered 
through a Millipore Mitef SM 5 p, membrane; after 
concentration they were applied to 3 chromatopapers 
Whatman 3MM which were developed with water. In 
this way psoralen and xanthotoxin were separated from 
bergapten. In a third stage silica gel analytical chro-
matoplates (Merck Cat. 5715) were used to isolate 
psoralen from xanthotoxin, developing plates with 
chloroform. The radiochemical purity of psoralen, 
bergapten and xanthotoxin was tested on silica gel thin 
layer chromatoplates using cyclohexane-ethyl acetate 
( 2 : 1 , v/v) as a solvent system. The amounts of these 
three substances have been measured spectrophoto-
metrically, determining the O.D. of the corresponding 
solutions obtained by elution from the above mentioned 
chromatoplates (the bands of the three furocoumarins 
were brought into evidence by their fluorescence when 
exposed at 365 nm light). 

Spectrophotometrical determinations and radiochemical 
measurements 

Spectrophotometrical determinations were performed 
in a parallel way both recording the ultraviolet spectra 
of the ethanolic solutions of the three furocoumarins 
using a 124 double beam model Perkin-Elmer spectro-
photometer and successively by reading the absorbance 
at X max by means of a single beam CF4 OPTICA 
instrument. Radiochemical measurements were per-
formed by a liquid scintillator spectrometer Beckman 

LS 150, using a dioxane base liquid scintillator: naph-
thalene g 120, 2,5-diphenyl-oxazole g 4, 2,2'-p-phenylen-
bis(5-phenyl-oxazole) g 0.075 in dioxane up to 1000 ml 
of solution. The apparatus efficiency in the experi-
mental conditions used was 30 — 34% for tritium. 

Results and Discussion 

The results obtained feeding Ruta graveolens with 
psoralen (1) and xanthotoxin (3) are reported in 
Table I. 

These data indicate that feeding experiments 
with psoralen lead to a good incorporation of radio-
activity both into bergapten and also into xantho-
toxin and moreover similar experiments with 
xanthotoxin show that this substance acts as an ef-
fective precursor for psoralen and bergapten. These 
results clearly demonstrate the possibility of inter-
conversion by means of methoxylation or demeth-
oxylation reactions. This new aspect indicates that 
the biosynthetic pathway of furocoumarins in Ruta 
graveolens cannot necessarily involve only psoralen, 
as previously reported 19, but also xanthotoxin and 
bergapten. 

The results obtained feeding the herb with ruta-
retin (4 ) , and for comparison also with marmesin 
( 5 ) , are reported in Table II. Administered ruta-
retin leads mainly to a very high incorporation of 
radioactivity into xanthotoxin; marmesin, similarly 
tested, leads essentially to a strongly evident incor-
poration of radioactivity into psoralen. As dilution 

Compound Specific Psoralen 
administered activity 

Specific dilution* 
[dprn/^moles activity 
X 106] [dpm//<moles] 

Psoralen 7.07 319,000 23.3 
Xanthotoxin 1.257 2700 465 

Bergapten Xanthotoxin 

Specific dilution* Specific dilution* 
activity activity 
[dpm/jumoles] [dpm/^moles] 

46,850 151 7790 908 
4040 321 50,000 25.1 

Table I. Conversion of psoralen and xanthotoxin to other furocoumarins. * Dilution is defined as the ratio between the spe 
cific activity of compounds administered and that of isolated furocoumarins. 

Compound Specific 
administered activity 

[dpm/jitmoles] 
X 106 

Rutaretin 16.15 
Marmesin 5.00 

Psoralen 

Specific dilution* 
activity 
[dpm/jumoles] 

4050 3990 
53,000 94.4 

Bergapten 

Specific dilution* 
activity 
[dpm/^moles] 

6800 2700 
8380 597 

Xanthotoxin 

Specific dilution* 
activity 
[dpm///mol es] 

170.000 95 
1767 2830 

Table II. Conversion of rutaretin and marmesin into furocoumarins. * Dilution is defined as the ratio between the specific 
activity of compounds administered and that of isolated furocoumarins. 
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Compound 
administered 

Specific 
activity 

[dpm//imoles] 
X 106 

Psoralen 

Specific 
activity 
[dpm///moles] 

dilution* 

Bergapten 

Specific 
activity 
[dpm/^umoles] 

dilution* 

Xanthotoxin 

Specific 
activity 
[dpm/^moles] 

dilution* 

7-hydroxy- 11.24 
coumarin 
5-methoxy-7- 23.3 
hydroxy- coumarin 
7-hydroxy-8- 2.92 
methoxy-coumarin 

81,500 138 

1170 19,900 

1365 2540 

24,900 451 

22,650 1030 

587 4970 

7190 1562 

680 34,200 

248 11,750 

Table III. Conversion of oxygenated coumarins into furocoumarins. * Dilution is defined as the ratio between the specific 
activity of compounds administered and that of isolated furocoumarins. 

values reported in Table II indicate, the two sub-
stances are incorporated with the same effectiveness. 
On the basis of these data we can conclude that 
other than marmesin, as previously reported 1 9 , 
another new physiological intermediate, rutaretin, 
can be involved in the biosynthetic pathway of furo-
coumarins in this herb. Moreover we observe that 
from these two precursors have been obtained not 
only the corresponding furocoumarins, but also the 
other two examined acquired definite amounts of 
radioactivity, confirming the possibility of inter-
conversion. 

Finally 5-methoxy-7-hydroxycoumarin ( 7 ) and 
7-hydroxy-8-methoxycoumarin (8) are incorporated 
only in a very small degree into psoralen, bergapten 
and xanthotoxin as indicated in Table III , while um-
belliferone (6 ) leads to a very high incorporation 
of radioactivity into psoralen, and also, in de-
creasing amounts, into bergapten and into xantho-
toxin. 

These data confirm the previously obtained re-
sults by other Authors and indicate that umbelli-
ferone is a good natural precursor in the biosyn-
thesis of furocoumarins. Moreover is confirmed 

that in Ruta graveolens, at the stage of 7-hydroxy-
coumarin-derivative, methoxylation or hydroxyla-
tion reactions cannot occur. 

Considering the various intermediates involved 
in the two first stages in the biosynthetic pathway of 
furocoumarins in Ruta graveolens we found only 
umbelliferone at stage of 7-hydroxycoumarin-deri-
vative and rutaretin and marmesin at the level of 
4' ,5 / -dihydrofurocoumarin-derivatives. It is well 
known 1 9 , and also confirmed by our data, that um-
belliferone cannot be hydroxylated or methoxylated 
and this fact agrees with the possibility that only 
one substance (umbelliferone) is practically in-
volved in the biosynthesis in the first step. In con-
trast the fact that two intermediates, that is mar-
mesin and rutaretin, can function at the stage of 
4' ,5' -dihydroderivatives, indicates that there is the 
possibility of hydroxylation or dehydroxylation 
reactions on these two substances with a consequent 
possible interconversion. 

W e are indebted to Prof. LUIGI MUSAJO and Prof. 
GIOVANNI RODIGHIERO for helpful discussion on this 
research. 
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