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Table II. Infectivity titer of various viruses after treatment with psoralen 

EXPERIENTI& XXI/I 

Virus Virus Infectivity titer, neg. log I0~ Time of 
titration irradia- 
system a Irradiated b Psoralen~ Psoralen tion in 

without treated treated~ min 
Psoralen without and 

irradiation irradiation b 

1 Pseudorabies PK cells 5.4 5.4 1.0 80 
2 Infectious canine hepatitis DK ceUs 4.5 3.7 1.7 80 
3 Fowl pox {pigeon strain) Chick embryo 2.6 2.2 1.0 90 
4 Teschen disease PK cells 6.2 6.2 6.2 100 
51 New Castle disease ~ Chick embryo 7.0 7.5 7.7 120 
52 New Castle disease. PK cells 5.7 6.2 5.7 120 
53 New Castle disease f Chick embryo 6.2 6.0 5.7 120 
54 New Castle disease f P K cells 4.2 4.5 3.7 120 
6 Foot and mouth disease CK cells 5.75 5.75 4.24 90 

(type C) 

a REED and MUENCIt'S method (Am. J. Hyg. 27, 439 (1938)). ~ 3 ml of viral suspension in 60 mm Petri dishes, opened, were irradiated 
by an analysis quartz lamp original Hanau, rood. Q-500, with 366 m/z filter, at 25 cm of distance, at room temperature. ~ Psoralen was 
added to the viral suspension at the final concentration of 18.7/~g/ml (10-6M). a PK = established line of pig kidney cells (W, A. MALM- 
QmST, Am. J. vet. Res. 28, ~41 (1962)); DK ceils = primary culture of dog kidney cells; CK cells = primary culture of calf kidney cells. 
, Chick embryo stock, f Cell culture stock. 

make  also RNA-vi ruses ,  t r e a t e d  b y  fu rocoumar ins ,  pho t o -  
sensi t ive.  

F u r t h e r  resea rch  is in progress ,  b o t h  in t he  field of cell 
pho tosens i t i za t ion  and  virus pho to inac t i va t i on ,  and  in the  
field of in te rac t ion  b e t ween  Iu rocoumar ins  and  D N A  af te r  
UV-i r rad ia t ion ,  w i th  the  aim of c lar i fying the  m e c h a n i s m  
of the  biological pho tosens i t i za t ion  b y  furocoumar ins .  

Riassunto. Le fu rocumar ine  possono legarsi in v i t ro  al 
D N A  ed, in  mi su ra  mol to  minore ,  a l l 'RNA.  P e r  i r radia-  
zione U V  (3655 A) in  p resenza  di  psora lene ,  t r e  v i rus  a 

D N A  sono s t a t i  ina t t iva t i ,  m e n t r e  nessun  ef fe t to  ~ s t a to  
n o t a t o  su a l t r i  t r e  virus  ad R N A .  

L. MUSAJO, G. RODIGHIERO, G. COLOMBO, 
V. TORLONE, and  F. DALL'AcQUA 

Istituti di Chimica Farmaceutica e di Istologia ed 
Embriologia dell' Universitfi di Perugia ed Istituto 
Zoopro/ilattico per l'Umbria e le Marche, Perugia (Italy), 
Ju ly  27, 1964. 

E v i d e n c e s  of a P h o t o r e a c t i o n  of the  
P h o t o s e n s i t i z i n g  F u r o c o u m a r i n s  w i t h  D N A  and 
w i t h  P y r i m i d i n e  N u c l e o s i d e s  and N u c l e o t i d e s  1 

In  connec t ion  wi th  our  researches  on the  m e c h a n i s m  of 
ac t ion  of t he  sk in -pho tosens i t i z ing  fu rocoumar ins  2, we 
have  pub l i shed  a no te  3 on t h e  in t e rac t ion  of fu rocouma-  
f ins  w i t h  nucleic acids.  

We  h a v e  found  t h a t  t h e  fu rocoumar ins  h a v e  a specific 
capac i ty  of b ind ing  to  DNA,  while the i r  b ind ing  to  R N A  
occurs  to  a m u c h  less ex t en t .  No re la t ionsh ip  exists ,  
however ,  b e t w e e n  such  a p r o p e r t y  (which opera tes  in 
absence  of a n y  i r radia t ion)  and  the  sk in -pho tosens i t i z ing  
a c t i v i t y  of fu rocoumar ins ;  b o t h  ac t ive  and  inac t ive  
tu rocoumar ins  are  able to  b ind  to  DNA.  

W e  h a v e  also no t i ced  t h a t  i nac t iva t ion  of some D N A -  
con ta in ing  viruses  occurs  a f te r  i r r ad ia t ion  w i t h  long-wave  
UV- l igh t  (3 655 A) in t he  presence  of psoralen,  t he  mos t  
sk in-ac t ive  furocoumar in .  

Now we have  inves t iga ted  the  modi f ica t ions  occurr ing  
in t he  D N A  and  fu rocoumar in  solut ions,  w h e n  t h e y  are 
i r r ad ia ted  wi th  long-wave  UV-l ight .  

No s igni f icant  resul ts  h a v e  been  ob ta ined  b y  examin ing  
the  var ia t ions  of viscosi ty ,  U V - s p e c t r a  and  r o t a t o r y  
power  of t he  D N A  solutions,  when  i r rad ia ted  b o t h  in the 
presence  and  absence  of furocoumar ins .  

On the  con t ra ry ,  we found  a s t rong  modi f ica t ion  of the 
f luorescence s p e c t r u m a f te r  i r r ad ia t ing  solut ions  of DNA 
and  of some iu rocoumar ins  b y  long-wave  U V - l i g h t  

F igure  1 r e p o r t s  t h e  f luorescence spec t r a  of a solut ion 
of D N A  and  psoralen,  before  and  a f t e r  i r radia t ion ,  as de- 
t e r m i n e d  b y  an  A m i n c o - B o w m a n  spec t rophotof luor i -  
mete r .  There  is an ev iden t  sh i f t  of t he  m a x i m u m  from 
450 m/~ to  400 m/~, and  an increase of t h e  f luorescent  in- 
t ens i ty .  

The  f luorescence s p e c t r u m  of psoralen,  i r r ad ia t ed  alone, 
does no t  show a s imilar  change,  as appears  f rom Figure  2. 

1 This study was presented at the IV International Photobiology 
Congress, Oxford, 26-30 July 1964. 
L. MusAJo and G. RODmVnERo, Exper. 18, 153 (1962). - L. MUSA- 
jo, Pure appl. Chem. 6, 369 (1963). 

a L. MusAjo, G. RODIGHIERO, G. COLOMBO, V. TORLONE and F. 
DALL'AcQ~A, Exper. go, 22 (1964). 
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Analogous modif icat ions  in the  fluorescence spec t ra  
were also observed for solut ions of DNA added  wi th  o the r  
sk in-photosens i t iz ing  furocoumarins  such as xan tho -  
toxin,  bergapten ,  4 ' -mcthyl -psora len  and  4, 4', 8-tri-  
methyl -psora lcn .  The  results  are  repor ted  in Table  I. 

On the  cont ra ry ,  no modif ica t ion was observed a f t e r  ir- 
r ad ia t ing  a solut ion of  DNA in the  presence of skin-  
inact ive furocoumarins  (bergaptol,  impera tor in ,  isopim- 
pinellin). 

W i t h  the  nueleotides,  the  nucleosides and  the  purine or 
pyr imid ine  bases,  which occur in DNA and RNA, we 
have  ob ta ined  these  results:  (a) On i r radia t ing aqueous  
solut ions conta in ing  one of these compounds  anti psoralen,  
modif ica t ions  in the  fluorescence spec t ra  were ob ta ined  
only  wi th  the  nucleot idcs and  nucleosides der ived from a 
pyr imid ine  base (Table II) .  The  modif icat ions are ident i -  
cal  in all cases, and  they  are  similar to  those  observed for 
the  DNA solutions.  (b) W i t h  the  nucleot ides  and nucleo- 
sides der ived from a pur i r% no modif icat ion was observed.  
(c) Nei ther  do modif ica t ions  occur  wi th  the  simple pur ine  
and  pyr imidine  bases 4. 

Table I. Modifications of the fluorescence spectra observed in the 
aqueous solutions of DNA b 0.2% and furocoumarins after irradia- 

tion at 3655 A 

Furocoumarins Concert- Acti- Fluorescence -~,w.ax 
tration rating 
pg/ml wave- Before After 

length" irrao irra- 
~'maz diatiou diation 

In/, m~ mp i l i#l 

Shifts 

Skin-pholosensit(zing 
Psoralcn 18.6 330 450 400 --50 
Xanthotoxin 16.0 325 495 470 -- 25 
Bergapten 6.0 33.5 450 410 --30 
4"-Methyl-psoralen 3.7 330 450 395 -- 55 
4,4',8-Trimethyl- 2.1 335 460 385 --75 
psoralen 

Skin-inactive 

Bergaptol 15.0 340 450 450 0 
Imperatorin 8.5 310 440 440 0 
lsopimphlellin 8.6 350 440 440 0 

• The activating wavelengths were the same before and after irra- 
diation, b DNA was extracted from calf thymus ( P - 7 . 3 2 % ;  
NIP- 1.68). 

Table 11. Shifts (m/~) of the ~'ma.z of the fluorescence spectra of aqueous 
solutions of bases, nucleosides and nucleotides (0,1~/o) added by 

psoralen (16pglml) and irradiated (90 rain at 3 055 A) 

Bases Nucleosides Nucleottdes 

Thymine 0 Thymidine 
Cytosine 0 Cytidine 

Deoxy-cytidine 
Uracil 0 Uridine 
Adenine 0 Adenosine 

Deoxy-adenosine 
Guanine 0 Guanosine 

Deoxy-guanosi no 

--50 Thymidylie acid -5t) 
--50 Cytidylic acid --50 
--~M) l~xy-cytidylic acid --50 
--50 Uridylic acid --50 

0 Adenylic acid O 
0 l)eoxy-adenylie acid 0 
0 Guanylic acid 0 
0 Deoxy.guanylic acid 0 

Before I~dlotion 
25 r . . . .  After I~tlliilion tit 3.655JL 
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Fig. 1. Fhioreseence spectra (before aiid after irradiation) of an 
aqueons 0.'2% I)NA sohitlon containing 16/tgfinl of psoralen. 90 itlili 
Of irradiation at 3 6.~)5 A (t)hiltps HI)W 1~5 lamp at a distance of i5 

cm). Activating wavelength: 8:]0 in~. 
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I~ig. ~. l:luor(~cence spectra of nit aqueous solution of psoralen (16 
#,g{ml) before arid after 90 rain of irradiation at ~| 655 A. Activating 

wavelength: : r io  tn/ l .  

* Added in proof: When irradiated in frozen aqueous solutions, the 
pyrimidiue bases (thyntine, cytosine, uracil} al.~o react with the 
photoseusitiziug ftirocoumarins, showing mt~ifications in the 
fluorescence spectra and new chromatographic spots. 
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T h e  f o r m a t i o n  of a new  c o m p o u n d  on i r r a d i a t i n g  
(3655 A) a n  a q u e o u s  so lu t ion  of p so ra l en  a n d  a p y r i m i -  
d ine  nucleos ide  was  also c o n f i r m e d  b y  p a p e r  c h r o m a t o -  
g r a p h y .  Af te r  i r r ad i a t i on ,  in  t h e  c h r o m a t o g r a m  ( e x a m i n e d  
a t  3655 ]k UV-l igh t ) ,  w i t h i n  t h e  spo t  of pso ra len  a n d  o t h e r  
v e r y  s l igh t  spo ts  due  to  t h e  pho to lys i s  p r o d u c t s  of  furo-  
c o u m a r i n  ~, t h e r e  is a n  e v i d e n t  new spo t  w i t h  v io le t  fluo- 
rescence.  

The  new spots  o b t a i n e d  w i t h  va r ious  nucleos ides  h a v e  
all  t h e  same  v io le t  f luorescence b u t  d i f f e ren t  R f  va lues ,  as 
appea r s  in  Tab le  I I I .  

T h e  spo ts  of t h e  nucleos ides  c a n  be  obse rved  a t  2537 /~  
U V - l i g h t  a n d  t h e i r  R f  va lues  a re  s l igh t ly  smal l e r  t h a n  
t hose  of t h e  new  c o m p o u n d s .  

P r e l i m i n a r y  e x p e r i m e n t s  show t h a t  t h e  f o r m a t i o n  of 
t h e  new  c o m p o u n d s  t akes  p lace  b e t t e r  b y  i r r a d i a t i n g  t h e  
m i x t u r e  of pso ra len  a n d  nnc leos ides  in  t h e  sol id s ta te .  

I r r a d i a t i n g  a n  i n t i m a t e  solid m i x t u r e  of t h y m i d i n e  a n d  
psora len  (2:1 mol) for 1 h w i t h  a Ph i l ips  H P W  125 l a m p  
(3655 A) a t  a d i s t ance  of 25 cm, p r e p a r i n g  t he  c h r o m a t o -  
g r a m  of t h e  p r o d u c t  o b t a i n e d  a n d  e lu t ing  w i t h  m e t h y l -  
a lcohol  t he  new  spo t  w i t h  v io le t  f luorescence  a n d  Rf  0.64 
(see Tab le  I I I ) ,  we h a v e  o b t a i n e d  a solut ion,  w h i c h  
d e m o n s t r a t e s  a f luorescence s p e c t r u m  (Figure  3) w i t h  a 
;tma~ a t  395 mt~, v e r y  s imi la r  to  t hose  (~max 400 m#)  s h o w n  
b y  t h e  i r r a d i a t e d  so lu t ions  of p so ra l en  a n d  D N A  or  o t h e r  
p y r i m i d i n e  nueleos ides  a n d  nuc leo t ides .  

These  a re  t h e  f i rs t  r e su l t s  of r e sea rch  work  n o w  u n d e r  
progress .  W e  t h i n k  we h a v e  o b t a i n e d  suf f ic ien t  i nd i ca t i ons  
t h a t  a p h o t o r e a c t i o n  occurs  w h e n  a so lu t ion  of D N A  is 
i r r a d i a t e d  in t h e  p resence  of a skin-active f u r o c o u m a r i n .  

A t  p resen t ,  our  goal  is t h e  i so la t ion  of t h e  n e w - f o r m e d  
subs t ances ,  t h e  s t u d y  of t h e i r  b iological  s ignif icance,  a n d  
t he  ex t ens ion  of these  e x p e r i m e n t s  to  R N A .  

Table III.  Fluorescence and Rf values of new compounds formed in 
the photoreactions between psoralen and pyrimidine nucleosides 

(experimental conditions as in Table II) 
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Fig. 3. Fluorescence spectrum of the new chromatographic spot ob- 
tained in the photoreaction between psoralen and thymidine. Acti- 

vating wavelength: 330 m/z. 

Riassunto. Modif icaz ioni  negl i  spe t t r i  di  f luorescenza  si 
h a n n o  i r r a d i a n d o  (3555 ]k) soluzioni  di D N A  o di nucleo-  
sidi e nuc leo t id i  p i r imid in ic i  in  p r e senza  di  f u r o c u m a r i n e  
fo tosensibi l izzat r ic i .  La  fo rmaz ione  di  n u o v i  compos t i  
hel le  fo to reaz ion i  t r a  pso ra lene  e nucleos id i  p i r imid in ic i  
s t a t a  c o n f e r m a t a  pe r  c r o m a t o g r a f i a  su  ca r t a .  

L. MUSAJO, G. RODIGHIERO, 
a n d  F. DALL'AcQUA 

Pyrimidine New chromatographic spots 
nucleosides 

Fluorescence Rf butanol- 
(at 3 655 A) acetic acid- 

water 4:1 : 5 

Thymidine violet 0.64 
CytJdine violet 0.32 
Deoxy-cytidine violet 0.52 
Uridine violet 0.43 

Istituto di Chimica Farmaceutica dell' Universit& di 
Padova, Sezione I I I  del Centro Nazionale di Chimica 
del Farmaco e dei Prodotti biologicamente attivi del 
Consiglio Nazionale delle Ricerche (Italy), 
August  10, 1964. 

5 L. MUSAjO, G. RODmmERO, F. DALL'ACQUA, and G. CAPORALE, 
Gazz. ehim. itaL, in press. 

The  Stero id  H o r m o n e  S y n t h e s i s  in the B r o w n  
Adipose  T i s s u e  of Mice  

T h e  h is to logica l  a n d  b iochemica l  d i f ferences  b e t w e e n  
b r o w n  a n d  w h i t e  ad ipose  t i s sue  a re  so g r e a t  t h a t  t h e r e  
a re  reasons  for  r ega rd ing  t h e m  as d i f f e ren t  t issues.  Al-  
t h o u g h  b r o w n  ad ipose  t i ssue  (BAT) ha s  r e c e n t l y  b e c o m e  
the  o b j e c t  of r enewed  in te res t ,  i ts  phys io log ica l  role h a s  
no t  ye t  been  clarif ied.  I n  e x t r a c t s  of B A T  of h i b e r n a t i n g  
a n d  n o n - h i b e r n a t i n g  an imals ,  t h e  p resence  of s t e ro id  hor- 

m o n e s  h a s  b e e n  s t a t e d  1-s. T h e  ques t i on  w h e t h e r  the  
s t e ro ids  r evea l ed  in B A T  a re  n o t  on ly  s to red  u p  b u t  also 

t p. H. KRUTZSCH and 'W. W. WELLS, Proc. Soc. exp. Biol. Med. 
105, 578 (1960). 
W. PTAX, Endokrynologia Polska 13, 111 (1962). 

a W. PTAK, Folia Biol. 10, 125 (1962). 
a W. PTAK, Folia Biol. 11, 347 (1963). 
6 h . R .  R&TSIM&MANG&, T. RAHANDR&HA, M. NIGEoN-DuREUIL, and 

M. RABINOWlCZ, J. Physiol. 50, 479 (1958). 
6 L. ZXZlNE, C. R. Acad. Sci. 292, 681 (1956). 


