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Chimica. — Psoralen—thymine C4-cycloadduct form ed  in vitro in 
the photoinactivation with psoralen of Ehrlich ascites tumor cells (A 
Nota di L u i g i  M u s a j o , F r a n c o  B o r d i n , F r a n c a r o s a  B a c c i c h e t t i  

e R i t a  B e v i l a c q u a , presentata ((*) **} dal Corrisp. L .  M u s a j o .

Riassunto. — Gli A utori hanno irradiato in vitro a 3.655 Â sospensioni di cellule del 
carcinoma ascitico di Ehrlich del topo in presenza di psoralene; in queste condizioni, come 
è stato dim ostrato precedentemente, viene d istru tta  la capacità di trasm ettere il tumore.

Il DNA cellulare è stato poi estratto e idrolizzato con acido formico all’88% : tra  i prodotti 
di idrolisi è stato isolato un C^-cicloaddotto fluorescente psoralene-tim ina identico al foto
composto già ottenuto per irradiazione di tim ina e psoralene.

Questi risultati sono stati confermati irradiando sospensioni cellulari contenenti psora
lene uniform em ente m arcato con tritio.

La perdita della capacità di trasm ettere il tum ore da parte del liquido ascitico, irradiato 
in vitro in presenza di psoralene, appare legata alla fotoreazione tra  la furocum arina e le 
basi pirim idiniche del DNA cellulare.

In  continuing our investigation of the m echanism  of the action of 
skin-photosensitizing furocoum arins [1] we have identified and studied the 
photoreaction which takes place when a DNA solution containing a skin- 
photosensitizing furocoum arin is irradiated at 3.655 A  [2, 3, 4]. This 
photoreaction has the result of forming a stable chemical linkage between the 
m acromolecule and the furocoum arin [3]. Following this we have been able 
to establish th a t two different types of photoadducts between furocoum arin 
and the pyrim idine bases of DNA are formed [4].

a) C4-photocycloadducts in positions 4 - 5 ' of furocoum arin and 5-6 
of the pyrim idine base; these substances are fluorescent in u.v. light and 
stable in an acid m edium . For the photoadduct psoralen-thym ine we have 
suggested structures corresponding to formulas I or II [5].
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(*) Istituto di Chimica Farm aceutica dell’U niversità di Padova. Centro Nazionale di 
Chimica del Farm aco e dei Prodotti biologicamente attivi del Consiglio Nazionale delle 
Ricerche. Padova.

(**) Nella seduta del 9 dicembre 1967.
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b)- C r-photocycloadducts in which is involved the double bond in 
position 3-4 of the pyronic ring of furocoum arin; these substances do not 
possess fluorescence and are unstable in an acid m edium . For the photo
adduct psoralen-thym ine belonging to this class we have suggested the 
structures II I  or IV  [6].
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All these substances, by irradiation at 2.537 A, break up again yielding 
furocoum arin and the initial pyrim idine base [5, 6].

These photoreactions, in our opinion, are responsible for the biological 
effects of furocoum arins upon different substrates [1, 7, 8, 9, 10, 11, 12, 13].

R ecently we have been able to establish th a t the ascitic exudate of the 
Ehrlich tum or, after irradiation at 3.655 A (inactive by itself) in the pres
ence of extrem ely small am ounts of skin-photosensitizing furocoum arins 
such as psoralen or xanthotoxin, or bergapten, loses the ability to transm it 
the tum or to mice [14].

In  order to ascertain w hether this photoinactivation is connected with 
the form ation of cycloadducts similar to those previously m entioned, we have 
ex tracted  and hydrolysed the DNA of Ehrlich ascitic tum or cells after irra 
diation in the presence of psoralen.

The following experim ents have been carried out:

A )  A  suspension of Ehrlich ascitic tum or cells of mice, cultured in 
our laboratories by transp lan ta tion  in albino Swiss mice, diluted with physio
logical saline containing psoralen and kept in contact with crushed ice, has 
been irradiated, in conditions of sterility, with a Philips H P W  125 lam p 
(3.655 A; distance 15 cm; intensity of irradiation 4.2 X i o 15 quanta/sec/cm 2).

W e have used suspensions containing 4X io6 cells per 0.1 ml and with 
a final concentration of psoralen of 15 [xg/ml.

A fter two hours irradiation the cells have been collected by centrifugation, 
washed m any times with physiological saline by  suspension and following 
centrifugation. T he cell DNA have then been extracted by E .R .M . K ay ’s 
m ethod, using saline iM  and sodium dodecil-sulphate [15, 16].

The DNA solutions thus obtained have resulted fluorescent with a spectrum  
(Aminco Bowman spectrophotofluorim eter with Aminco XY recorder) show
ing a m axim um  at 400 m[i (exciting wavelength 330 m[x) sim ilar to th a t of
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solutions containing fluorescent photoadduct obtained from psoralen and 
pyrim idine bases [5] or DNA samples irradiated  in the presence of psoralen.

T he cell DNA has then been hydrolysed w ith 8 8 %  formic acid at 1750 
for half an hour and the products obtained have been separated by  paper 
chrom atography (W athm anN o. 1, solvent % -butanol-acetic acid-w ater 4 : 1 : 5). 
By exam ining the chrom atogram  in u.v. light at 3.655 Â  a spot w ith violet 
fluorescence has appeared w ith R F 0.71, the same as th a t of the fluorescent 
photoadduct obtained from psoralen and thym ine (formulas I - I I ) .

Fig. I.  -U .V . spectra of the photoadduct with violet fluorescence, prepared
from psoralen and thym ine ------ , and of the substance isolated from the
Ehrlich ascitic tum or cells after irradiation a t 3.655 Â in vitro, in presence 
of pso ra len ---------. Beckman DB Spectrophotom eter with Sargent recorder.

T he isolated substance has also exhibited the sam e chrom atographic 
behaviour of synthetic cyclqadduct using other solvents (water) or other 
adsorbents (thin-layer of M N 300 G cellulose powder, M acherey Nagel). The 
sam e results have been obtained by hydrolysing DNA w ith other m ethods 
(7°  % perchloric acid or 0.4 N hydrochloric acid in a sealed tube [4] heating 
in both cases at ioo° for an hour).

This fluorescent substance has been isolated from the hydrolisates by 
preparative paper chrom atography: its u.v. spectrum  (see fig. 1) has proved 
identical w ith th a t of the synthetic fluorescent photoadduct and like this, 
upon irradiation at 2.537 A  (Philips T U V  15 W  lamp) in glacial acetic acid, 
has reverted to the original monomers, psoralen and thym ine, identified 
by chrom atographic test [5].

B) These results have been confirmed by irradiating for two hours at 
3.655 Â  several cell suspensions containing uniform ly tritium -labelled pso-
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ralen (1.9- io 8 cpm. mM ); as control a part of every suspension has been kept, 
on the contrary, in the dark  for two hours. The DNA extracted from the 
various samples has then been hydrolysed w ith formic acid.

All these operations have been perform ed according to the afore-mentioned 
methods.

A fter evaporation of the hydrolysates in vacuum, the residues thus obtain
ed have been taken  up w ith equal volumes of absolute ethanol; different 
aliquots of these solutions, after dilution to 3 m l w ith absolute ethanol, have 
been m ixed w ith 3 m l of a toluene solution of scintillator (5 g  of 2 -5 - 
diphenyloxazol and 0.5 g of 2 -2 '-p -pheny len -b is-5 -pheny loxazo l in 1000 ml).

The rad ioactiv ity  has been determ ined w ith a liquid scintillator counter 
SELO, M ilan. No radioactiv ity  was found in the controls kept in the dark, 
whereas the DNA obtained from the irradiated cell suspensions has proved 
radioactive.

T a b l e  I.

No. of cells 
per 0,1 ml

Psoralen 
concentration 

p.g/106 cells

Samples 
of extracted 

DNA No.

Psoralen 
linked to DNA 

E*g/lo mg

8 . 1  ■ IO 6 0.21 I O . 9 4

8 . 1  . IO 6 0.21 2 I .O 4

8 . 1  • IO 6 0.21 3 I . 1 2

6 • IO 6 0-33 4 O 00 vO

6 • IO6 0-33 5 1.85

Irradiations (3.655 A) of Ehrlich ascitic tumor cell suspensions in the presence of uniformly tritium-labelled psoralen. 
After two hours irradiation (4.2-io15 quanta/cm2/sec.) the cell DNA has been extracted and hydrolysed with 88% formic 
acid; by measured radioactivity of hydrolisates the amount of psoralen linked to DNA has been determined.

On the basis of 'the perform ed m easurem ents (see Table I) it resulted 
th a t in five sam ples the psoralen am ount linked to cell DNA was about 
I jig/1o mg. The hydrolysate of one of these DNA samples was applied as 
a continuous line upon W athm an No. i chrom atographic paper, developing 
w ith ^ -b u tan o l-ace tic  acid-water 4 : 1 : 5; the chrom atogram  was cut out 
in nine equal bands th a t were eluted with the same volume of absolute etha
nol. For each eluate the fluorescence (X m ax 400 mji, X exc. 330 mji) and the 
radioactiv ity  (3 ml eluate m ixed with 3 ml of toluene solution of scintillator) 
were determ ined.

A t R f 0.70, corresponding to fluorescent adduct psoralen-thym ine, both 
radioactiv ity  and fluorescence m axim a have resulted (see fig. 2).

T he different course of the two diagram s at R F values >  0.70 could 
be explained by the presence of non-fluorescent photocom pounds (see for
m ulas I I I  or IV) or of their decomposition products by formic acid action.
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ö
To sum m arise, by irradiation in vitro at 3.65s A  of Ehrlich ascitic cells 

in the presence of psoralen (in these conditions the cells lose their tum or- 
producing capacity) a photoreaction between furocoum arin and the cells DNA 
occurs, giving a fluorescent C4-cycloadduct, th a t was isolated and identified.

The experim ents perform ed by labelled-psoralen, besides proving these 
results, show also the possible form ation of non-fluorescent compounds.

Fig. 2. -  Paper chrom atography (W athm an No. .1, solvent ^ -bu tanol-acetic  acid - 
w ater 4 : I : 5) of one DNA sample hydrolisate, extracted from Ehrlich ascitic tum or 
cells irradiated a t 3.655 A in the presence of uniform ly tritium -labelled psoralen.

--------  [Ag of psoralen calculated on the basis of the radioactivity measurements, a n d -------- fluorescence
at 400 mp,, X exc. 330 mp, (arbitrary units) determined as indicated in the text.

Q uantitative ratio between different photoadducts is at present the object 
of our work.

In  conclusion we believe th a t the destruction of tum or-producing capacity 
of Ehrlich ascitic cells in mice due to irradiation in vitro in the presence of 
skin-photosensitizing furocoum arins [14] rests upon a precise chemical fact, 
th a t is the photoreaction between furocoum arins and the pyrim idine bases 
of cell DNA.
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