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Control Reaction mixture 

Fig. 1. Disc acrylamide gel electrophoresis patterns of control, and 
granuloma collagen lysate with several new degradation products. 14- 
day-old granuloma, 3-day incubation of tissue on collagen gel. 

Fig. 2. Granuloma, photomicrograph of central area showing talc, 
macrophages and giant cells, H.E. • 205. 

to  be  assoc ia ted  w i t h  f ib rob las t  p ro l i fe ra t ion .  Per iods  of 
h igher  col lagen lysis  occurred  w i t h  increased  f ib rob la s t  
popu la t ions .  However ,  in  our  s tud ies  m a x i m u m  lysis 
occur red  a t  14 days,  w h e n  his to logica l  e x a m i n a t i o n  showed 
a n e a r l y  exclusive  m a c r o p h a g e  and  g i a n t  cell p o p u l a t i o n  
(Figure  2), w i t h  on ly  occas ional  f i b rob la s t s  a t  t he  per i -  
p h e r y  of t h e  lesion. E n z y m e  h i s tochemica l  e x a m i n a t i o n  
of c r y o s t a t  sect ions  of t i ssue  (macrophages  a n d  g i a n t  cells) 
s u r r o u n d i n g  t he  e x p l a n t s  d e m o n s t r a t e d  in tense  acid 
p h o s p h a t a s e  (pH 5.2) a n d  a m i n o p e p t i d a s e  (pH 5.5 a n d  
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6.8) a c t i v i t y  6. F r o m  these  obse rva t ions ,  i t  is be l ieved  t h a t  
a col lagenase  was assoc ia ted  w i t h  t h e  h igh ly  lyric enzyme-  
ac t ive  m a c r o p h a g e  a n d  g i an t  cell p o p u l a t i o n  in the  cen t r a l  
areas  of t h e  ta lc  g r anu lomas .  

Th i s  p r e l i m i n a r y  o b s e r v a t i o n  is p a r t  of a con t inu ing  
s t u d y  which  will be  r epo r t ed  more  ex tens ive ly  a t  a l a t e r  
da te .  

Zusammen/assung. E i n  ko l lagenoly t i sches  E n z y m  wurde  
in T a l k g r a n u l o m e n  u n d  im Z u s a m m e n h a n g  m i t  Makro-  
p h a g e n  sowie Riesenze l len  ge funden  u n d  e lek t rophore-  
t i sch  cha rak te r i s i e r t .  

T .N .  SALTHOUSE an d  
BARBARA F. M~ATLAGA 

Ethicon Research Foundation, 
Somerville (New Jersey 08876, USA), 27 September 1971. 

Interaction of Daunomycin  with Nucleic Acids: Effect of Photoirradiation of the Complex 

T h e  biological  a c t i v i t y  of d a u n o m y c i n  is be l ieved  to  be  
r e l a t ed  to  i t s  ab i l i t y  to  i n t e r a c t  w i t h  t he  ' p r i m e r '  D N A  1, 2, 
t h u s  i n h i b i t i n g  no t  on ly  D N A - d e p e n d e n t  R N A  synthesis3,  4, 
b u t  also D N A  dup l i ca t i on  4. P h o t o d y n a m i c  a c t i v i t y  of 
d a u n o m y c i n  aga ins t  some D N A  a n d  R N A  vi ruses  has  
been  descr ibed  5, s. 

D a u n o m y c i n ,  a f luorescen t  glycosidic a n t i b i o t i c  of t h e  
a n t h r a c y c l i n e  group,  could sensi t ize  p h o t o d y n a m i c  ef- 
fects  7. P r e l i m i n a r y  i r r ad i a t i on  (UV a n d  visible) experi-  
m e n t s  of i t s  D N A  complex  i nd i ca t ed  t h a t  a s t ab l e  combi-  
n a t i o n  of d a u n o m y c i n  w i t h  D N A  t o o k  place. Var ious  
m e t h o d s  were used to  t e s t  t he  s t a b i l i t y  of t h e  p h o t o -  
i r r a d i a t e d  complex  : dialysis,  gel f i l t ra t ion ,  so lven t  ex t rac -  
t i on  a n d  e n z y m a t i c  d iges t ion.  W e  r e p o r t  here  s tudies  on  
t he  effects  of U V - i r r a d i a t i o n  of d a u n o m y c i n - n u c l e i c  acid 
complexes .  

Materials and methods. I n  a t yp i ca l  expe r imen t ,  a solu- 
t i on  of calf t h y m u s  D N A  (5 • 10-3M of D N A  phosphorus )  
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and  d a u n o m y c i n  (5 •  in 0.01M Na p h o s p h a t e  
buffer  (pH 6.8) was i r rad ia ted  wi th  UV-l igh t  (Westing-  
house s ter i lamp,  15 W) in con tac t  wi th  air a t  room tem-  
pera ture .  The d is tance  be tween  the  l ight  source and  the  
sample  was 10 cm. 

For  the  b inding  s tudy,  af ter  pho to i r rad ia t ion  dauno-  
myc in  was ex t r ac t ed  (5 t imes) by  wa te r - sa tu ra t ed  phenol  a t  
room tempera tu re .  The opt ical  dens i ty  of D N A  solut ion 
was measured  a t  475 n m  af ter  exhaus t ive  dialysis against  
wa te r  or  af ter  e ther  ex t rac t ion .  

Results and discussion. As shown in Table I, calf t h y m u s  
D N A  i r rad ia ted  in presence  of daunomycin ,  ex t r ac t ed  
wi th  phenol  and  dialyzed,  showed a gradual  increase of 
opt ical  dens i ty  a t  475 n m  wi th  increasing leng th  of irra- 
diat ion.  Opt ical  dens i ty  in the  Visible region was no t  ob- 
served w i thou t  i r radiat ion.  Similarly, the  control  solut ion 
of i r rad ia ted  D N A  alone showed no absorp t ion  in the  vi- 
sible region. 
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Fig. 1. Spectral changes of daunomycin-DNA physical and photoirra- 
diated complex upon exposure to DNase. A) Daunomyein-DNA irra- 
diated (for 18 h) complex (cf. legend to Table I). 1. Before DNase 
digestion. 2. After digestion by DNase (100 ~g/ml) for 12-24 h at 
37~ in 0.015M of Mg-Ar B) Daunomycin-DNA (1/10) physical 
complex in 0.01M sodiunl phosphate; pH 6.8.1. Before DNase diges- 
tion. 2. After digestion by DNase. 

The visible absorp t ion  s p ec t ru m of DNA i r rad ia ted  in 
the  presence of daunoxnycin,  a f ter  phenol  ex t rac t ion  
(Figure 1A, curve 1), exhib i t s  a form very  close to  t h a t  of 
D N A - d a u n o m y c i n  phys ica l  complex  (non irradiated)  
(Figure 1B, curve 1). W h e n  D N A - d a u n o m y c i n  photo-  
i r rad ia ted  complex  is hydro l ized  by  pancrea t ic  DNase,  the  
absorp t ion  m a x i m u m  shif ts  to shor te r  wave leng th  (Figure 
1A, curve  2), bu t  t he  spec t ra  charac ter i s t ic  of the  pure  
daunomyc in  was no t  res tored,  as we found af ter  digest ion 
of D N A - D a u n o m y c i n  physical  complex  (Figure .1 B, curve 
2). 

Digest ion p roduc t s  of aH-Daunomyc in -DNA i r rad ia ted  
complex  (Figure 2 B) were separa ted  by  th in- layer  chro- 
m a t o g r a p h y  on silica gel. The enzymat i c  hydro lysa te  has 
2 s t rongly  red-colored and  radioac t ive  spots  showing the  
f luorescence charac ter i s t ic  of daunomyc in ;  one spot  cor- 
responds  to  free d a u n o m y c i n  in RI  value, the  o ther  UV 
absorbing  spot  remains  a t  the  origin. As a control ,  ~H-dau- 
n o m y c i n - D N A  complex  wi thou t  exposure  to photo i r ra -  
d ia t ion  was diges ted  by  DNase.  E lu t ion  of the  control  
(Figure 2A) resul ted in r emoving  over  99% of the  radio- 
ac t iv i ty  f rom the  origin. UV-absorb ing  mater ia l  (digestion 
p roduc t s  of DNA) was  found to  be re ta ined  a t  the  origin. 
Rep ea t ed  expe r imen t s  of th is  na ture ,  showing associat ion 
of r ad ioac t iv i ty  and f luorescence character is t ic  of dauno-  
myc in  wi th  D N A  c o m p o n e n t s ,  clearly indica ted  t h a t  a 
f i rm combina t ion  had  been  genera ted  be tween daunomy-  
cin and DNA, as an effect  of i r radia t ion.  
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Fig. 2. Silica gel thin-layer chromatogram of A) non-irradiated SH- 
daunomycin-DNA complex, B) irradiated 3H-daunomycin-DNA 
complex after DNase digestion. In B) a solution of DNA (6 • 10-3M 
of DNA phosphorus) and of Daunomycin (6 • 10-4M, specific activity 
20 [zC/mg) in 0.01M sodium phgsphate was irradiated for 24 h. After 
phenol extraction and difilysis, the DNA was treated by pancreatic 
DNase (100 [xg/cc) for 12 h at 37~ Solvent system: Benzyl alcohol- 
Formic Acid-Ethyl Formate-H20 (4:1 : 4 : 5, v/v). 

Table I. Effect of irradiation on solvent extraction of daunomycin 
from its native DNA complex 

Table II. Effect of irradiation on solvent extraction of daunomycin 
froln its denatured DNA complex 

Irradiation (h) O.D. 475 nm Irradiation (h) O.D; 475 nm 

0 0.010 0 (colourless) 
14 0.443 22 0.159 
18 0.553 
22 0.636 30 0.280 
30 0.737 41 0.323 

In these experiments 16.5 ml of aqueous solution (1 • 10-1M Na phos- 
phate buffer, pH 6.8) of DNA (5 • 10-aM of DNA phosphorus) and of 
daunomycin (5 • 10 -a) were irradiated in dish (9.5 cm of diameter) at 
10 em from a light source. Daunomycin was extracted ( • 5) by phenol. 
Phenol was removed by exhaustive dialysis against water in a dark- 
ened room at about 4 ~ C. Phenol in external solution was assayed by 
UV absorbance. 

DNA Was denatured in phosphate buffer by heating in boiling water 
for 10 rain, after which the solution was quickly cooled in ice for 
30 rain. Conditions are the same as those described in legend to Table 
I. Phenol was removed by ether extraction. The OD 475 nm was read 
after evaporation of each sample to 10 ml. 
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Also h e a t - d e n a t u r e d  D N A  i r rad ia ted  in presence of 
d a u n o m y c i n  and  worked  ou t  in t he  same expe r imen ta l  
condi t ions  descr ibed for na t ive  DNA, formed a s table  com- 
b ina t ion  w i t h  d a u n o m y c i n  (Table II) .  

The  obse rva t ions  r epo r t ed  in th i s  commun ica t i on  are 
only qua l i t a t ive ;  and a t  th is  s tage in t he  inves t iga t ion  no 
a t t e m p t  was made  to  charac ter ize  the  complex  t h a t  is 
fo rmed by  pho to i r r ad ia t ion  a n d  no conclusion can be 
d r a w n  wi th  respec t  to  t he  mechan i sm of the  reac t ion .  Stu-  
dies are in progress  to  e lucidate  whe the r  d a u n o m y c i n  re- 

1.0 

0.9 

0.8 

0.7 

0.6 

0.4 

03 

0.2 

0.1 

4o - s' o 6so m 
Wavelength 

Fig. 3. Spectra of apyrimidinic DNA-Daunomycin i) and apurinic 
DNA-Daunomycin irradiated complexes 2). Apurinic and apyrinfidi- 
hie DNA's were obtained according to TAMM s and SHAPIRO 9 respec- 
tively. In this experiment a PCQ-XI photochemicallamp (Ultraviolet 
Products) was used. A solution of DNA (about 8 x 10-SM of nueleo- 
tide phosphorus) and of Daunomycin (2 x 10 -a) in 0.01M Na phos- 
phate (pH 6.8) was irradiated for 15 min. The spectrum was recorded 
after phenol extraction. 

ac ts  wi th  free pur ine  and  py r imid ine  nucleosides or nucleo- 
t ides.  P re l imina ry  exper imen t s  w i th  apurinic  and apyri-  
midinic  D N A  (Figure 3) show t h a t  onIy wi th  apyr imid in ic  
D N A  it  is possible  to  ob ta in  a f te r  pho to i r r ad ia t ion  a s tab le  
c o m b i n a t i o n  wi th  d a u n o m y c i n  showing a s p e c t r u m  s imi -  
lar  (curve 1) to  t h a t  of d a u n o m y c i n - D N A  i r rad ia ted  com- 
plex. This suggests  t h a t  pur inic  bases  m a y  be react ive  sites 
of DNA. 

D a u n o m y c i n - D N A  complexes  are i r rad ia ted  in the  U V  
region so t h a t  b o t h  bases and  d a u n o m y c i n  are excited.  The 
obvious  poss ibi l i ty  of d i rect  damage  to  D N A  has  as ye t  to  
be establ ished.  Using visible l ight  so t h a t  only  d au n o my-  
cin is excited,  p re l imina ry  expe r imen t s  ind ica ted  tha t ,  be- 
sides di rect  damage  to  DNA, a s table  combina t ion  of dau-  
nomyc in  wi th  na t ive  D N A  took  place. The poss ibi l i ty  m a y  
exis t  tha t ,  in t he  case of p h o t o i n a c t i v a t i o n  of viruses ~, 6, 
reac t ion  mechan i sms  s imilar  to pho tochemica l  b ind ing  
m a y  be involved.  In  conclusion,  the  unusual  s t r eng th  of 
the  pho tochemica l  b ind ing  of d a u n o m y c i n  to D N A  raises 
the  poss ibi l i ty  of the  fo rma t ion  of a covalent  bond  be tween  
d a u n o m y c i n  and  nucleic acids, as a consequence  of irra- 
diat ion.  The resul ts  observed could have  in te res t ing  im- 
pl ica t ions  for the  exp lana t ion  of t he  biological effects of 
daunomyc in .  

Riassur Quale effe t to  de l l ' i r radiaz ione  UV 8 s ta to  
osservato  un  legame inso l i t amen te  for te  t r a  daunomic ina  
ed acidi  nueleici, che suggerisce la possibilit& del la  forma-  
zione di un legame covalente .  

A. DI MARCO, F.  Zu~IxO, P. OREZZI and  
t{. A. GAMBETTA 

Experimental Oncology Division, 
National Cancer Institute, 
Via Venezian 1, 20133 Milano (Italy), 
15 September 1972. 
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M o r p h o g e n i c  E f f e c t s  o f  H a l o g e n a t e d  T h y m i d i n e  A n a l o g s  o n  D rosoph i l a  I I I .  5 - I o d o d e o x y u r i d i n e  1 

W h e n  Drosophila larvae  are fed a mix tu re  of 5-bromo- 
deoxyur id ine  (BUdR)  and  5-fiuorouracil  (FU), the  ha tch -  
ing adu l t  flies show a va r i e ty  of deve lopmen ta l  lesions 
including ins tances  of supe rnumera ry  t issue g rowth  as 
well as br is t les  in place of hairs  3, 3 U n d e r  similar  condi-  
t ions  of t r e a t m e n t ,  F U  i s  ineffect ive in s t imula t ing  
g rowth  while B U d R  admin i s t e red  alone induces a low 
f requency  of deve lopmen ta l  modif icat ions .  These observa-  
t ions  suggest  t h a t  t r e a t m e n t  w i t h  B U d R  is t h e  p r ime  
fac tor  in upse t t i ng  no rma l  g rowth  processes in Drosophila 
while F U  amplif ies  th is  effect.  

B U d R ,  a t h y m i d i n e  analog, is incorpora ted  in to  DNA, 
and  the  level of its incorpora t ion  can be i nc r ea sed  by  
inh ib i t ing  de novo syn thes i s  of t h y m i d i n e  monophospha t e .  
5 -F luorodeoxyur id ine  is a po t en t  inh ib i to r  of t h y m i d y l a t e  
syn the t a se  4, and  has been  used to  create  t h y m i d i n e  de- 
f ic ient  condi t ions  in a n u m b e r  of biological sys temsS-L 

Since the  presence  of F U  increased the  a m o u n t  of B U d R  
incorpora ted  in to  Drosophila D N A  s, p r e sumab ly  one of 
the  roles of F U  following ingest ion by  Drosophila larvae 
is the  inh ib i t ion  of t h y m i d y l a t e  syn the tase .  In  order  to  
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