
26 Br~ves corrununications - Kurze Mitteilungen EXPERIENTIA XXI]l  

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 .  
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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 
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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 
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synthesized there, still remains unanswered. The aim of 
the present work is to demonstrate the possibility of 
steroid hormone synthesis in BAT and to state the con- 
ditions in which steroid output  takes place. 

The investigations were carried out on normal and 
adrenalcctomized and castrated (AC) white male mice, 
Porton strain, weighing 20 g, two weeks after operation. 
The intcrscapular BAT was cut into pieces and placed in 
a Krebs-Ringcr calcium-free phosphate medium (pH 7.4) 
containing 11 mM glucose, 0.7 mM ATP, 0.65 mM DPN, 
25 mM nicotinamide and 20 mM sodium fumarate. The 
incubation was carried out at 37°C within 3 h of con- 
tinuous gassing with pure oxygen. 800 mg of BAT were 
incubated in I0 ml of Krebs-Ringcr solution. Thc experi- 
ments were taken up in 3 groups, each of thcm with BAT 
taken from normal and AC mice. In  the first group the 
incubation was performed without any additional com- 
ponents, in the second group 2 IU of the commcrcial 
preparation of ACTH (Polfa) were adclcd, in the third 
group pituitary glands of AC mice wcrc added (2 pcr in- 
cubation vessel}. In the control experiments pituitary 
glands of AC mice were incubated as above. The medium 
and tissue from flasks (10 in each group of experiments) 
were extracted three times with two volumes of chloro- 
form. Extracts were further purified on silica gel column 
through which subsequently petroleum ether, benzene, 
chloroform, acetone and methanol wcre passed. The 
final extracts were again dried down. Paper chroma- 
tography was carried out on washed Whatman No. 1 
paper at 24°C with the Bush Ba (chloroform, acetone and 
methanol eluents) and cyclohexane-bcnzcnc[formamidc 
solvent systems. Standard steroids were applied to lanes 
running parallel to the unknown samples. Steroids wcrc 
detected on developed chromatograms by comparing 
their mobilities with those of the standards and by the 
following tests: reaction with blue tetrazolium, fluorcs- 
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Diagram of chromatograms of extracts of brown adipose tissue incu- 
bation media (adrenalectomized and castrated mice) and of reference 
standards (Ref.). Solvent system: Bush B s at 24°C. Stippled spots 
represent the unknown substance, black areas correspond to the 
standard steroids run simultaneously. 0 - starting line, Z - solvent 
front. Reference standards: F - cort i so l ,  E - c o r t i s o n e ,  B - cortico- 
sterone, S - 17~-hydroxy-II-desoxycorticosterone. Unknown ste- 
roids: Xt - Rf 0.90, blue tetrazolium positive, NaOH fluorescent 
yellow, SbCI s fluorescent orange, HsPO 4 fluorescent orange. Sul- 
phuric acid spectrum-peaks at ~80 and 535 ml, {17~.hydroxy-ll- 
desoxycorticosterone). X s - Rf 0.09, bh,e tetrazolium positive, NaO ! I 
fluorescent blue, SbCl~ fluorescent orange, H,PO 4 fluor~cent nega- 

tive [unknown, 17rt, 19-dihydroxycortexone ?). 

cence with NaOH, SbC13, and H3PO4, UV-absorption of 
methanole cluatcs over the range 200-300 m/~ in a Hilger 
spcctrophotometcr, and sulphuric acid spectrum. 

Chromatograms representing the first group, as well as 
incubatcd pituitary glands, revealed no steroid spots. In  
the second group steroid compounds were seen in only 
trace quantities. Distinct stcroid spots wcrc found only in 
the third group of chromatograms rcprcscnting AC mice, 
opposite to the 17a-hydroxy-ll-dcsoxycorticostcrone 
standard. On the basis of colour reactions and sulphuric 
acid spectrum (peaks at 280 and 535 m/~) the unknown 
steroid compound was identified as 17a-hydroxy-l l -  
dcsoxycorticosterone (Compound S). We failed to identify 
a high polar steroid which in trace quantities was seen to 
appear on the chromatograms (lYcc, 19-dihydroxycor- 
tcxoue ?) (see Figure). Quanti tat ive determinations of the 
size of the steroid synthcsis in BAT were carried out a t  
254 ml4 in a spcctrophotomctcr, and results were calcu- 
lated as/Jg of Compound S/100 mg of BAT/1 h. This out- 
put ranges from 1.7 to 2.5 pg, anti is thus approximativcly 
10-30 times smaller than the average steroid synthesis in 
adrenals. 

Thcrc is a close relationship between the established 
results and those which wcrc published in our former re- 
ports. In 1963 we demonstrated the presence of Com- 
pound S in extracts of BAT in mice and suggested the 
possibility of a steroid synthesis therc 4. As shown by our 
observations, BAT can take up the steroid hormone pro- 
duction if a steroid dcmand at  the periphery exists 
(adrcnalcctomy and castration). This is further substan- 
tiated by the fact that  equal quantities of BAT of normal 
mice fail to yield dctcctable amounts of steroids. The se- 
crcted steroid compound has, however, only a wcak 
glycotropic action and cxcrts very slight influence on Na 
rctcntion. As carly ~ 1958, ZXZlNF. 7 asccrtaincd that  
BAT in rats was able to synthcsize dcsoxycorticostcrone 
from progesterone (unfortumttcly without giving me- 
thodic details). In our experiments we cannot  confirm 
any steroid production in BAT of normal mice. Only 
simultaneous adrenalectomy and castration of mice, and 
the addition to the incubating medium of the pi tui tary 
glands of AC mice, caused the stimulation of BAT. 
Which of the hypophyseal hormones is responsible for 
this stimulation remains unexplained, since the prepara- 
tions of ACTH used by us were ineffective. As in any 
in vitro system, one cannot assume that  the secretory 
product observed corresponds to those normally sccrcted 
by the BAT. 

Zusammen[assung. Brauncs Fettgewebe adrcnalekto- 
mierter uml kastricrter weisser M.ause synthetisicrt in vi- 
tro 17:t-hydroxy-ll-dcsoxycorticosteron in einer Menge 
1 , 7 - 2 , 5  pg/100 mg tics Fettgewcbcs/h, wcnn dcm Inkuba-  
tionsmcdhnm M~usehypophysc zugcsctzt wird. Zugabe 
yon ACTH bcwirkt kcinc Stimulicrung des braunen 
Fcttgewebcs. 
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