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was local. The fact  t h a t  imidazole  does no t  inhibi t  b u t  
facil i tates and po ten t i a t e s  the  A F R  to e -MSH fu r the r  
suppor t s  the  suggest ion t h a t  the  effect  of a -MSH is no t  
d i rec t ly  med ia t ed  by  pros taglandins ,  as seems to be the  
case w i th  o the r  t r a u m a t i c  agents  to the  eye6,14. The 
act ion of e -MSH on the  d is rupt ion  of the  b lood-aqueous  
barr ier  migh t  join the  chain of react ions  af ter  pros ta -  
g landin synthesis .  I t  should be not iced,  however ,  t h a t  
the  effects of imidazole  on wa te r  pe rmeab i l i ty  1", calcium 
binding16,17, pH,  and osmolar i ty  17 migh t  also con t r ibu te  
to  its act ion on the  e -MSH effect. 

Pi locarpine  (2%), which  has  some chemical  s t ruc tures  
in c o m m o n  wi th  imidazole,  was tes ted  in a p re l iminary  

18 The synthetic ~:MSH was kindly put at our disposal by Ciba Ltd., 
Basel, Switzerland. 

s t u d y  (5 rabbits)  for its possible  effect  on the  A F R  to 
e-MSH. A faci l i ta t ion and po t en t i a t i on  of the  A F R  to 
e-MSH, similar  to t h a t  of imidazole,  was foundlK 

Summary. MSH, like t r a u m a t a  to the  eye, cause a 
pe rmeab i l i t y  d i s tu rbance  in rabbi ts ,  w i th  pro te in  leakage 
into t he  aqueous.  The M S H  effect  was enormous ly  in- 
creased by  ins t i l la t ion of imidazole or pi locarpine.  The 
M S H  effect  seems to engage a d i f ferent  mechan i sm t h a n  
the  p ro s t ag l an d i n -d ep en d en t  ac t ion  of o the r  agents.  
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T h e  Effect  of I n d o m e t h a c i n  on  T o o t h  E x t r a c t i o n  W o u n d  H e a l i n g  in  R a t s  

I n f l a m m a t i o n  is an essent ial  feature  in wound  healing. 
Many  studies  indica te  t h a t  an t i - i n f l ammato ry  agents  
affect  the  wound  healing.  According to some s tudies  
i ndomethac in  r e t a rds  t he  heal ing of exper imenta l  skin 
wounds  in the  ra t  1, 3. However ,  STRUCK and  HERNA-NDEZ- 
RICHTER a observed  qua l i ta t ive  and  quan t i t a t i ve  im- 
p r o v e m e n t  in the  heal ing  of wounds  af ter  local subcu-  
t aneous  appl ica t ion  of indomethac in .  PENNERS 4 s t a t ed  in 
his clinical r epor t  t h a t  i ndomethac in  has  a favourable  
effect  on the  heal ing of surgical  wounds .  

As there  are b o t h  posi t ive  and  negat ive  views on the  
effect  of i ndome thac in  on wound  healing, we wan t ed  to  
inves t iga te  how indome thac in  affects the  heal ing of 
t o o t h  ex t rac t ion  wounds .  In  th is  k ind of inves t iga t ion  i t  
is possible to de te rmine  w h a t  k ind  of effect  i ndomethac in  
has on heal ing in epi thel ia l  tissue, subepi thel ia l  connect ive  
t issue and  bone. 
Materials and methods. A to ta l  n u m b e r  of 51 male Sprague-  
Dawley  ra ts  was s tudied.  The age of the  animals  a t  the  
beginning of the  s t u d y  was  50 days  and  the i r  average 
weigh t  was 160 g. The t o o t h  ex t rac t ions  were carried out  

under  sl ight  e ther  anaesthesia .  The gingival  t issue was 
first  loosened ve ry  carefully f rom all molars  on the  left  
side w i t h  a sharp  ins t rument .  The t ee th  were then  care- 
fully r o t a t e d  wi th  modif ied  forceps and  t h e n  ex t r ac t ed  
wi th  a s t rong ver t ica l  pull. R o o t  f rac tures  were uncom-  
mon  and,  if a n y  were observed,  t he  ra t  was excluded f rom 
the  trial.  The  to ta l  ex t r ac t ion  t ime  was never  more  t h a n  
1 rain per  rat .  I m m e d i a t e l y  af ter  ex t rac t ions  the  ra t s  
were conscious and in good cortdition. Af te r  ex t rac t ions  
they were kept without food for 4 h, but they received 
water ad libitum. 

Then 26 rats (test animals) were given indomethacin 
2 mg/kg p.o. twice daily by gastric catheter in a carboxy- 
methyl-cellulose suspension. The remaining 25 rats 

1 j .  j .  p. MORTON and M. H. MALONE, Archs int. Pharmacodyn. 
Th6r. 196. 117 (1972). 

2 t~. H. LEE and T. G. TONG, J. Pharm. Sci. 59, 1036 (1970). 
3 H. STRUCK and H. J. HERN**~NDEZ-RICHTER, Arzneimitt.-Forsch. 

(Drug Res.) 21, 1840 (1971). 
4 R. PENNERS, Arzneimitt.-Forsch. (Drug Res.) 27, 1842 (1971). 

Fig. 1. 14-day-old extraction 
wound of the control rat. The 
wound is fully covered by the 
epithelium. New bone (NB) can 
be seen in the bottom half of the 
socket. The zone of bone forming 
cells (arrows) is clearly visible 
between new bone and connective 
tissue (CT). H. E., • 
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Fig. 2. 14-day-old extraction 
wound of the indomethacin- 
treated rat. There is only a 
narrow new-bone zone in the 
bottom part of the socket. H. 
E., • 28. 

(controls) were given only carboxy-methyl -ce l lu lose  
suspension.  I n d o m e t h a c i n  admin i s t ra t ion  was con t inued  
for 5 days,  excep t  for 2 groups of animals  f rom which  the  
spec imens  were t aken  a l ready 1 and  3 days  af ter  the  t oo th  
ext rac t ions .  The f irs t  i ndomethac in  dose was given in the 
morning,  3 h before t o o t h  ext rac t ions ,  lt/o h af ter  the  
ext rac t ions ,  the  oedema  in the  cheek was recorded.  

B o t h  the  i ndome thac in - t r e a t ed  ra ts  and the  control  
ra ts  were killed by  cu t t ing  the  aor ta  under  e ther  anaes the-  
sia in groups of 5-6 ra t s  1, 3, 7, 14 and 21 days  af ter  the  
ext rac t ions .  The half  of the  upper  jaw from which the  
t ee th  had  been ex t r ac t ed  was r emoved  f rom the  rats.  The 
specimen consis ted of alveolar  sockets,  one half  of the  
ha rd  palate,  and the  soft  t issues of these areas. The speci- 
mens  were fixed for 2 days  in 10% neut ra l  formalin,  
decalcified for 2 week in 10% E D T A  and e m b e d d e d  in 
paraff in .  The 7-~zm sect ions were s ta ined  using the  haema-  
toxyl in-eos in  technique.  

Results .  11/~ h af ter  ex t rac t ion ,  77% (20/26) of the  
i ndome thac in - t r ea t ed  ra ts  had  visible oedenla  in the 
cheek. In  the  contro l  rats,  oedema was 100% (25/25). 
Be tween  the  figures there  is a s ta t is t ical ly  s ignif icant  
difference (p < 0.05. using the  z~-test), i n  general,  the  
oedema  was less severe in the  i ndome thac in - t r ea t ed  ra ts  
t h a n  in the  contro l  rats.  The indomethac in  dose adminis-  
te red  had  no effect  on the  weight  d e v e l o p m e n t  of the  rats.  

In the  contro l  group, the  heal ing of the  ex t rac t ion  
wounds  followed the  general  principles which  have  
a l ready  been es tabl ished 5-7 The indomethac in  t r e a t m e n t  
had  no effect  on the  heal ing of the  ep i the l ium and  the  
subad jacen t  connec t ive  tissue. The epithelial  prol i fera t ion 
a t  the  wound edge s t a r t ed  in bo th  groups  on the  3rd day  
a f te r  ext rac t ions .  The whole wound  was covered by  
ep i the l ium in 14-day-old wounds .  However ,  the  s t ruc tu re  
of t he  ep i the l ium was no t  fully mature .  The ep i the l ium 
was folded, and  the  kera t in ized layer was still t h inne r  
t h a n  the  kera t in  layer  of the  ad jacen t  mucosa.  The 
epithel ial  pegs pene t r a t i ng  into the  connect ive  t issue were 
irregular.  In  21-day-old wounds  no difference could be 
observed be tween  the  wound epi the l ium and the ep i the l ium 
of t he  sur rounding  alveolar mucosa.  

A difference be tween the  control  and indomethac in  
groups appeared  in the  fo rmat ion  of new bone. In  t he  

i ndomethac in  group, bone repair  was re ta rded .  The 
difference was clearly visible a l ready in the  7-day-old 
wounds.  In  the  14-days-old wounds  of the  contro l  animals,  
the  b o t t o m  halves  of the  sockets  were filled wi th  new 
bone. In  the  i ndome thac in - t r ea t ed  rats,  an equ iva len t  
a m o u n t  of new bone was never  observed  at  th is  s tage of 
heal ing (Figures i and 2). The whole socket  was filled wi th  
new bone in the  21-days-old wounds  of the  controls.  A t  
th is  stage, bone format ion in the  i ndomethac in  group 
cor responded to t ha t  in contro l  r a t s  a t  14 days  af ter  
ext rac t ion .  

Discuss ion.  The indomethac in  dose admin i s t e r ed  was 
no t  found to produce  any  toxic  s y m p t o m s  in the  rats.  
WISEMAN and CHIAINI s r epor t  t h a t  the  absorp t ion  of 
indomethac in  af ter  oral admin i s t r a t i on  is lower in man  
than  in the  rat .  Likewise, the  half-life of indomethac in  is 
shor te r  in man  t h a n  in the  rat .  Therefore,  it  can be pre- 
sumed t h a t  the  i ndome thac in  dosage (2 • 2 mg/kg p.o. 
for 5 days) which was used in th is  s tudy  is s o m e w h a t  
higher  t h a n  the  clinical dosage, t h o u g h  it does no t  pro- 
duce toxic  symptoms .  An equiva len t  dai ly dose has  been  
used in ano the r  s tudy  concerned  wi th  the  effect  of indo- 
me thac in  on sk in  wound heal ing in the  ra t  2. 

Too th  ex t rac t ions  cause pos tope ra t ive  oedema  in the  
cheek of t he  rat .  I n d o m e t h a c i n  clearly decreased this  
oedema.  This is logical since i ndome thac in  is an ant i -  
i n f l a m m a t o r y  agent.  

The dosage of i ndomethac in  used was no t  found  to 
affect  heal ing processes in the  connect ive  t issue or the  

H. ToDo, Arch. oral. Biol. 13, 1421 (1968). 
H. Tot)o, Arch. oral. Biol. 73, 1429 (1968). 

7 p. j .  HUUSKO, Acts odont, scand. ,32, 269 (1974). 
E. H. WZSE~,~N and 3- CmAINI, BJoehem. Pharmac. 27, 2323 
(1972). 
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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 .  

P. J. HUusKo, LEENA H. E. NIEMINEN 
and L. S. NIEMINEN 

Research Center Ldiihe-Medipolar, P.O. Box 425, 
SF-20101 Turhu 10 (Finland), 6 January 1975, 

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  

I - - - - I  I 1mY 0,1 SeO 

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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