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ep i the l ium.  On a n  earl ier  occasion, an  e q u i v a l e n t  da i ly  
dosage of i n d o m e t h a c i n  has  been  obse rved  to i n h i b i t  t he  
hea l ing  of sk in  w o u n d s  in t h e  r a t  2. T h e  dif ference in 
resu l t s  could be  expla ined,  for example ,  b y  t he  fac t  t h a t  
t he  e x t e r n a l  su r round i ngs  of a skin w o u n d  are c o m p l e t e l y  
d i f fe ren t  f rom those  of an  e x t r a c t i o n  wound .  

A 5-days '  i n d o m e t h a c i n  t r e a t m e n t  r e t a r d e d  the  ossifica- 
t ion  of t h e  a lveo la r  socket  to  a ce r t a in  ex t en t .  P e r h a p s  
i n d o m e t h a c i n  has  some effect  on  t he  func t ion  of osteo-  
b las t s  and  osteoclasts .  F u r t h e r  s tudies  are r equ i red  for 
reso lv ing  th i s  p rob lem.  

Zusammen/assung. U n t e r s u c h u n g e n  a n  der  R a t t e  
zeigten,  dass  n a c h  Z a h n e x t r a k t i o n e n  die Z u f u h r  y o n  I n d o -  
m e t h a z i n  e in  pos tope ra t i ve s  Oedem b e t r ~ c h t l i c h  redu-  
ziert ,  dabe i  abe r  die Oss i f ika t ion  der  A lveo lenh6h le  ver-  
z6gert .  
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Inhibition of Adriamycin Cardiotoxicity by Acetyldaunomycin 
T h e r a p y  w i t h  t he  a n t h r a c y c l i n e  an t ib io t i c s  dauno-  

myc in  (D) a n d  a d r i a m y c i n  (A) has  f r e q u e n t l y  been  
assoc ia ted  w i t h  c a r d i o m y o p a t h y  a n d  conges t ive  h e a r t  
fa i lure  1-1~ The  card io tox ic  effects m a y  be recognized 
ear ly  b y  careful  m o n i t o r i n g  of h e a r t  func t ions  11. B u t  t h e  
only  p r ac t i c a l  meas u r e  to  p ro tec t  t he  p a t i e n t s  is a s t r i c t  
l im i t a t i on  of t he  t o t a l  dose to  a p p r o x i m a t e l y  500 mg m 2 1% 

Var ious  app roaches  h a v e  been  t r i ed  to  reduce  cardio-  
t o x i c i t y  of a n t h r a c y c l i n e  an t ib io t ics .  I n  acu te  exper i -  
ments ,  m e c a m y l a m i n e ,  h e x a m e t h o n i u m ,  guane th id ine ,  
and  reserp ine  were shown  to  i nh i b i t  a r r h y t h m i a  induced  
b y  i.v. infus ions  of D in to  h a m s t e r s  12. Moreover,  t he  che- 
l a t ing  agen t s  E D T A  a n d  I C R F  159 were found  to  coun te r -  
ac t  t he  increase  in c o r o n a r y  per fus ion  pressure  caused  b y  
D a n d  A in t he  isola ted dog h e a r t  1~. A clinical  app l i c a t i on  
of these  pha rmaco log ica l  o b s e r v a t i o n s  was  n o t  t r ied .  

Ca rd io tox ic i ty  could also be r educed  b y  a d m i n i s t e r i n g  
t he  an t ib io t i c s  in  t he  form of D N A  complexes .  These  are 
t h o u g h t  to  be i nco r po r a t ed  in to  t he  ceils b y  p inocytos is ,  
avo id ing  h i g h  free d rug  concen t r a t i ons  in  t h e  ex t race l lu la r  
space 14. E n c o u r a g i n g  s u p p o r t  for th i s  concep t  was p rov id -  
ed b y  p r e l i m i n a r y  cl inical  obs e r va t i ons  15. 

The  p r e s e n t  a t t e m p t s  to  reduce  ca rd io tox i c i t y  of A 
were m o t i v a t e d  b y  p h a r m a c o k i n e t i c  and  toxicological  
obse rva t i ons :  Af te r  i.v. in jec t ions  in to  hams te r s ,  a large 
p r o p o r t i o n  of a n t h r a c y c l i n e  an t ib io t i c s  were  t a k e n  up  b y  
var ious  t issues,  inc lud ing  t h e  hear t .  W i t h i n  5 ra in  a 
d a u n o m y c i n o n e - l i k e  aglucone  was found  in a n i m a l s  
t r e a t e d  w i t h  D a n d  A, r each ing  levels in  t he  h e a r t  of 12% 
a n d  37% of t h e  i n j ec t ed  dose respect ively .  W i t h  ace ty l  
d a u n o m y c i n  (AD), a d rug  wh ich  is N - a c e t y l a t e d  a t  t h e  
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Fig. 1. 1. ECG (lead D: electrodes inserted s.c. over right scapula 
and sacral vertebrae) of unanesthetized, untreated rat. 2. ECG 
(lead D) of the same rat, after 6 injections of 4 mg/kg A. Marked 
widening of QRS with appearance of a distinct S-wave trough. 
Moderate flattening of T-wave and bradyeardia. 

sugar  (daunosamine)  moie ty ,  t h e  aglycone  was found  
only  a f te r  30 rain I t s  levels n e v e r  exceeded 2% of t he  
i n j ec t ed  dose1% Ai t e r  r epea t ed  i.p. i n j ec t ion  in rats ,  t h e  
f i rs t  s igns of card io toxic i ty ,  changes  of t h e  Q R S  complex  
in the  e l e c t r o c a r d i o g r a m  (ECG) ,  were observed  wi th  a 
c u m u l a t i v e  dose of 80 mg / rn  2 bf D / a n d  68 m g / m  2 of A 17 
S imi la r  doses also caused  d i s t u r b a n c e s  of the  m e t a b o l i s m  
of h e a r t  m i t o c h o n d r i a  is. AD, however ,  caused  no  signif- 
i c an t  changes  of the  ECG a n d  m i t o c h o n d r i a l  m e t a b o l i s m  
a t  c u m u l a t i v e  doses exceed ing  800 m g / m  2 17,18 

E l e c t r o n  microscopic  s tud ies  d e m o n s t r a t e d  a d i r ec t  
i n ju r ious  effect  of D a n d  A on m i t o c h o n d r i a  a n d  myo-  
f ibri ls  of t he  h e a r t  19. Since AD read i ly  en te red  t he  h e a r t  
musc le  is b u t  was no t  card io toxic ,  i t  was  conce ivab le  t h a t  
i t  m i g h t  compe te  w i t h  A a n d  D for b i n d i n g  sites on  s t ruc-  
t u r a l  p r o t e i n s  and  t h e r e b y  p ro t ec t  myoca rd ia l  cells 
aga in s t  t he  in ju r ious  effects  of t h e  more  tox ic  der iva t ives .  
The  e x p e r i m e n t s  r epo r t ed  in t h i s  p a p e r  bea r  ou t  t h i s  
hypo thes i s .  

Materials and methods. Groups  of 6 female  r a t s  of t h e  
SIV-50 s t r a i n  weighing  a p p r o x i m a t e l y  160 g were in jec ted  
i.p. 5 t imes  weekly  w i t h A ,  AD, or A plus  AD as ind ica t ed  
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in the  Table.  A was p rov ided  in 10 mg  vials con ta in ing  50 
mg lactose, AD as pure  substance.  Solut ions were m a d e  
fresh dai ly  w i th  0.9% NaC1, to  give an in jec ted  volume 
of 0.2 ml/100 g body  weight .  ECGs were recorded before 
t r e a t m e n t  and 2 to  3 t imes  weekly thereaf te r ,  as descr ibed 
previous ly lL W h i t e  blood cell counts  (WBC) were per-  
formed once weekly using a Coulter  Counte r  Model ]3. 
Surviving animals  were sacrificed on the  36th day  and 
inspec ted  for presence of ascites. Hea r t s  were excised, 
weighed,  and  fixed in Bouin ' s  fluid. Atr ia l  and vent r icu lar  
t issues were em bedded  in paraffin,  sect ioned and s ta ined 
wi th  hematoxyl in-eos in .  

Results.  The typica l  early ECG changes  induced by  
cardiotoxic  an thracyc l ine  ant ib iot ics  are d e m o n s t r a t e d  
in F igure  1: Widen ing  of the  QRS complex  develops 
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Fig. 2, QRS in ECGs of rats treated 5 times weekly with : �9 . . . . . . .  �9  
A 1 Ing/kg; � 9  - - B, AI) 4 tng/kg; � 9  Q, A 1 ing/kg plus 
AD 4 mg/kg. /~'rear~ of groups of 6 rats. *Statistically signifieant dif- 
ference (p < 0.05, U-test of Mann and Whitney) compared to ling/ 
kg A in combination with 4 ing/kg of AD. 
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Fig. 3. QRS duration in ECGs of rats treated with: �9 . . . .  � 9  
2 ml/kg 0.9% NaC1 for 2 weeks, followed by 6 injections of 4 mg/kg 
A plus 2 ml/kg 0.9% NaC1; Q O, 4 mg/kg AD for 2 weeks 
followed by 6 injections of 4 mg/kg A plus 4 mg/kg AD. t, death of 
1 rat. 

f i rs t ;  i t  is usual ly  followed b y  the  appearance  of a d i s t inc t  
S-wave t rough.  F l a t t en ing  of t he  T-wave,  b radycard ia ,  
somet imes  also in t raven t r i cu la r  block and atr ia l  fibrilla- 
t ion m a y  be found  in la ter  s tages 17. 

For  q u a n t i t a t i v e  eva lua t ion  of the  cardiotoxic  effects  
m e a s u r e m e n t  of t he  QRS dura t ion  plus S-wave t rough  
has p roved  to  be the  mos t  rel iable p a r a m e t e r  17. F igure  2 
shows the  results  ob ta ined  in ra t s  t r ea t ed  wi th  1 mg/kg  A 
wi th  and  w i t h o u t  concomi t an t  t r e a t m e n t  w i th  4 mg/kg  
AD, and in animals  receiving 4 mg/kg  AD. A caused a 
s t eady  widening  of the  QRS complex  wi th  d e v e l o p m e n t  
of a S-wave t rough.  Only a ve ry  sl ight  widening  of the  
QRS complex  was observed in the  groups  t r ea t ed  wi th  A 
plus AD or AD alone. The difference be tween  these  
groups and t h a t  t r e a t ed  wi th  A alone was s ta t i s t ica l ly  
s ignif icant  f rom the  8th t r e a t m e n t  day  to the  end of the  
exper iment .  Body  weight  gain and  WBC were reduced  in 
the  animals  t r e a t ed  wi th  A wi th  and  w i t h o u t  AD, b u t  
there  was no s ta t i s t ica l ly  s ignif icant  difference be tween  
these two groups (Table). Two addi t ional  groups of ra ts  
were p re t r ea t ed  w i t h  4 mg/kg  of AD 5 t imes  weekly  for 
2 weeks or equal  vo lumes  of 0.9% NaC1. Bo th  groups  t h e n  
received 6 in jec t ions  of 4 mg/kg  A plus 4 mg/kg  AD or 
equal  vo lumes  of 0.9% NaC1. In  the  saline p r e t r ea t ed  
group ra ts  c o m m e n c e d  to die on the  second day  af ter  the  
last  in ject ion of A and all were dead  3 days  later.  W i t h  
AD p r e t r e a t m e n t  3 animals  died 4-6 days  af ter  the  last  
A inject ion and 3 survived.  Widen ing  of the  Q R S  com- 
plex was more  p ronounced  in the  saline p re t r ea t ed  rats ,  
bu t  weigh t  loss and  leukopenia  were ident ical  in bo th  
groups (.Figure 3 and  Table). 

At  au topsy  of the  surviving animals,  ascites was no ted  
in half  of the  ra t s  t r ea t ed  wi th  1 mg/kg of A b u t  no t  in 
the  groups receiving 4 mg/kg  AD wi th  or w i t h o u t  1 mg/  
kg A. There  were no signif icant  differences in absolute  and 
relat ive hea r t  weights.  

The h is topathologica l  evaluat ion of the  myocard ia l  
t issue revealed only modes t  changes  in pa r t  of the  animals.  
There were small  loci of fibre a t r o p h y  wi th  vacuol iza t ion  
and sl ight  increase in in ters t i t ia l  tissue. These a l te ra t ions  
were mos t  f r equen t ly  seen in the  group t r ea t ed  wi th  
saline plus 4 mg/kg  A, and least  f r equen t ly  in ra ts  receiving 
4 mg/kg  AD. Bu t  the  lesions were no t  well developed and  
could thus  no t  be eva lua ted  quan t i t a t ive ly .  

Discussion. The biochemical  basis of the  a n t i t u m o r  
act ion of an th racyc l ine  ant ib io t ics  is a complex  fo rma t ion  
wi th  DNA, leading to inhib i t ion  of D N A  repl icat ion and 
D N A - d e p e n d e n t  R N A  synthesis~~ 21. This effect  is also 
responsible  for bone  mar row suppression,  as d e m o n s t r a t e d  
in our expe r imen t s  by  a drop  in WBC. AD had  no effect  
on the  leukopenic  act ion of A. This was no t  expec ted ,  
since AD is known  to  inh ib i t  the  g rowth  of cer ta in  
expe r imen ta l  t u mo r s  22 and thus  p robab ly  affects  D N A  
in the  same m a n n e r  as A. 

E x p e r i m e n t a l  evidence indica tes  t h a t  an th racyc l ine  
ant ib iot ics  also affect  o ther  cellular maeromolecules .  For  
example ,  hea r t  mi tochondr ia l  s t ruc ture  S, 10, lg,~a and 
funct ion  is were rap id ly  and  mark ed l y  impa i red  by  A, D, 
and o ther  card io toxic  derivat ives.  Moreover,  s t ruc tu ra l  

20 ]~. CALENDI, A. DIMARCO, M. REGGIANI, ]~. SCARPINATO and L. 
VALENTINI, Biochim. biophys. Aeta 103, 25 (1965). 

21 ]?. ZUNINO, R. GAMBETTA, A. DIMARcO and A. ZACCARA, BiochinI. 
biophys. Acta 277, 489 (1972). 

22 ] .  S. DRISCOLL, G. F. [-{AZARI) JR., ]7t. •. WOOD JR. and A. GOLDIN, 
Cancer Chemother. Rep. Part 2, d 1 (1974). 

2a S. C. W. CIIAI.CROVT, J. B. GAVIN and P. B. HERDSON, Pathology 
5, 99 (1973). 
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EX~mENCIA 3119 

Group Treatment ~ Number of deaths Mean body weight changes 
during treatment (g) 

Maximal decrease in W13C during or 
after t reatment  (% of pretreatment 
values) 

I AD 4 mg/kg, 4 weeks 0/6 70.2 21 

II  A 1 mg/kg, 4 weeks 0/6 32.5 b 44.5 b 

I I I  AD 4 mglkg plus A 1 mg]kg, 0]6 34.3 b 31.8 
4 weeks 

IV 2 ml]kg 0.9% NaC1, 2 weeks, 6/6 --20.8 86 
followed by 6 • 4 mg/kg A 
plus 2 ml/kg NaC1 

V AD 4 ing/kg, 2 weeks, followed 3/6 19.0 80 
by 6 • 4 mg/kg A plus 4 mg/kg 
AD 

Five times weekly by i.p. injection. A, adriamycin; AD, acetyldaunomycin. ~ Statist ically significant difference (p < 0.05, U-test of Mann 
and Whitney) compared to group I. 

changes of myof ib r i l s  comparable  to those induced by 
other  cardiotoxic  chemicals,  were observed in D- and A_- 
t rea ted  animals  and in pa t ien ts  dying in congest ive hear t  
failure af ter  t he rapy  wi th  anthracycl ine  ant ibiot ics  8,10,19. 
I t  is probable,  therefore,  t h a t  the  ca rd iomyopa thy  induced 
by  these drugs is, a t  least  in part ,  due to a lesion of 
s t ruc tura l  proteins.  

Ear l ie r  exper iments  have  shown t h a t  AD was much  less 
cardiotoxic  than  D and A:  af ter  i.v. infusion into  Syr ian  
golden hamsters  and rhesus monkeys  AD did not  ellicit 
cardiac a r rhy thmias  as seen wi th  the o ther  2 drugs24. In  
rats,  dai ly  i.p. inject ions of doses as high as 8 mg/kg  did 
not cause significant ECG changes 17 or impairment of 
heart mitochondrial metabolism Is. This lack of cardiac 
toxicity might be due to the very low rate of aglycone 
formation in tissues xs. Since AD accumulated in the 
heart as efficiently as D and A it is conceivable that it is 
bound to the same biological structures as the 2 toxic 
derivatives. When given at high enough doses it may thus 
effectively compete for binding sites and antagonize the 
toxic effects of related drugs. The present experiments 
provide good evidence that this mechanism as indeed 
possible 20 doses of 1 mg/kg A did not induce significant 
ECG changes in ra ts  when  adminis tered  toge ther  wi th  a 
4-fold higher  dose of AD. When  the  same A dose was 
injected with equal  vo lumes  of saline, definite ECG 
changes occurred towards  t i le end of the  second week of 
t r ea tment ,  confi rming 5 previous exper iments  using the  
same technique  (1~ and unpubl ished experiments) .  Ascites 
was present  i n  half  of the  rats  t rea ted  wi th  1 mg/kg A 
bu t  was not  observed in the  group receiving the  same 
dose of A together  w i t h  4 mg /kg  AD 25 

A sl ight  antagonis t ic  effect was also observed when 4 
mg/kg  of AD were given 2 weeks before and together  
wi th  6 doses of 4 mg/kg  of A. W i t h  4 mg/kg  A alone, 
marked  ECG changes developed rapid ly  and all rats  died 
shor t ly  af ter  t rea tment .  In  combina t ion  with AD, ECG 
changes were no t  as marked  and only half  of the  ~nimals 
died. The  his topathological  changes of the  myocardia l  
t issues were no t  v e r y  pronounced and could therefore  no t  
be used to confirm the  antagonis t ic  effect of AD. 

The reduct ion  of the  cardiotoxic  effect of A by  AD is of 
sufficient  in teres t  to be inves t iga ted  further .  Unfor tu-  
nately,  like most  semisynthe t ic  an thracyc l ine  antibiotics,  
AD is in short  supply. The  exper iments  presented in this 
paper  indicate,  however ,  t h a t  addi t ional  anthracycl ine  

ant ibiot ics  should be developed in order  to find compounds  
w i t h  a h igh  aff ini ty  to  myocard ia l  t issue b u t  wi thou t  
adverse biological effects. Such der ivat ives ,  even  if t hey  
had  no chemotherapeu t ic  action, could then  be used in 
conjunct ion  wi th  h igh ly  act ive  compounds  whose cardio- 
tox ic i ty  t h e y  m a y  reduce to a s ignif icant  degree. 

Zusammen[assung. Die kardiotoxische Wirkung  von 
Adr iamyc in  wurde  im E lek t roka rd iog ramm yon Ra t t en  
nach wiederhol ten i.p. In jek t ionen  nachgewiesen.  Bet 
gleichzeit iger Behandlung mi t  Ace ty ldaunomyc in  waren 
die e lekt rokardiographischen Ver/ inderungen signif ikant  
geringer. Die letale Wi rkung  grosser Adr iamycindosen  
wurde  durch Ace ty ldaunomycin  ebenfalls abgeschw/icht.  
Dagegen hatte Acetyldaunomycin keinen Einfluss auf 
die dutch Adriamycm erzeugte Leukopenie. 
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