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E f f e c t  o f  A n a b o l i c  A n d r o g e n s  o n  G r a n u l a t i o n  
T i s s u e  P r o d u c t i o n  i n  t h e  R a b b i t  

T h e  e x p e r i m e n t a l  s tud ies  car r ied  o u t  in  o rder  to  assess 
t h e  effect  of anabo l i c  a n d r o g e n s  on  i n f l a m m a t i o n  h a v e  
g iven  c o n t r a s t i n g  resu l t s  1-4. Likewise,  t h e  i n t e r a c t i o n  of 
these  s te ro ids  a n d  cor t i cos te ro ids  on  i n f l a m m a t i o n  is sti l l  
a n  open  ques t i on  s-s. T h e  d i sc repanc ies  in t he  resu l t s  m a y  
be  a t t r i b u t e d  to  d i f ferences  in  t h e  t e s t  p rocedures  em-  
p loyed,  as well  as to  t he  v a r i a b l e  chemica l  s t r u c t u r e  of t he  
s te ro id  a s sayed  a n d  t he  d i f f e ren t  dosage.  Hence ,  a f u r t h e r  
i n v e s t i g a t i o n  ha s  b e e n  p l a n n e d  on  t h i s  sub jec t ,  us ing  dif- 
f e r en t  anabo l i c  a n d r o g e n s  a t  va r ious  dose levels, a d m i n i -  
s t e red  a lone  or t o g e t h e r  w i t h  a v e r y  ac t ive  cor t icos tero id ,  
such  as f lupredniso lone .  As e x p e r i m e n t a l  tes t ,  a r t i f ic ia l ly  
p r o d u c e d  w o u n d s  were  used,  since t h i s  p rocedu re  h a s  b e e n  
a l r e a d y  e m p l o y e d  w i t h  good resu l t s  to  e s t ab l i sh  t he  inh i -  
b i t o r y  effect  of cor t icos tero ids  on  t he  n o r m a l  g r a n u l a t i o n  
processes  9,10. 

Mater ia l  and  Methods.  T he  p r e s e n t  i n v e s t i g a t i o n  was  
ca r r i ed  o u t  on  r a b b i t s  of b o t h  sexes, we igh ing  1800-2000 g 
a n d  m a i n t a i n e d  on  a well  b a l a n c e d  die t .  Asep t i c  sk in  
w o u n d s  were m a d e  on  b o t h  ears,  u s ing  a m e t h o d  s imi la r  
to  t h e  one  e m p l o y e d  b y  HOWES11. 

The  fol lowing anabo l i c  a n d r o g e n s  were  t e s t e d :  17~- 
m e t h y l - 1 7 f l - h y d r o x y a n d r o s t a - 1 ,  4-d ien-3-one  ( m e t h a n d r o -  
s tenolone ,  D i a n a b o l  Ciba),  17~-ethyl-4-es t rene-17f l -ol  
(oestrenol,  Orgabol in ,  N .V.  Organon) ,  4 -hydroxy-17~-  
m e t h y l - 1 7 f l - h y d r o x y a n d r o s t a - 4 - e n - 3 - o n e  (oxymes te rone ,  
O r a n a b o l  Fa rmi t a l i a ) .  As cor t icos tero id ,  6¢¢-fluoropredni- 
solone ( f luprednisolone ,  E t a d r o l  F a r m i t a l i a )  was  used.  
T h e  s te ro ids  were  d issolved in  T w e e n  80 a n d  i n j ec t ed  sub-  
c u t a n e o u s l y ;  da i ly  doses v a r i e d  accord ing  to  t h e  exper i -  
m e n t a l  series. Con t ro l  a n i m a l s  rece ived  T w e e n  80 alone.  
Single a n d  c o m b i n e d  t r e a t m e n t s  were  ca r r i ed  out ,  s t a r t i n g  
t h r e e  d a y s  before  t h e  w o u n d s  were m a d e  a n d  c o n t i n u i n g  
for 8 days  t h e r e a f t e r  u n t i l  t h e  t i m e  of sacrifice.  

A t  h is to logica l  e x a m i n a t i o n ,  t h e  m a x i m a l  t h i c k n e s s  of 
t he  g r a n u l a t i o n  t i ssue  fo rmed  was  ca l cu l a t ed  a n d  t h e  re- 
sul ts  e v a l u a t e d  s t a t i s t i ca l ly .  I n f e c t e d  w o u n d s  were n o t  
cons idered .  T h e  s t a n d a r d  e r ror  of t he  m e a n s  ( 'e') was  cal- 

cu l a t ed  acco rd ing  to  t h e  f o r m u l a  e = ] /e  d2/n (n - -  1), a n d  
t h e  s t a t i s t i c a l  s igni f icance  of t h e  d i f ference  (' P ' )  acco rd ing  
to  t h e  S t u d e n t  t e s t  ( ' t ' ) ;  va lues  of ' /~ '  < 0.001 were con-  
s idered  to  be  s igni f icant .  T h r e e  e x p e r i m e n t a l  series were  
ca r r ied  out .  

Results .  I n  a f i rs t  e x p e r i m e n t a l  series t h e  ef fec t  of t h e  
t h r e e  anabo l i c  a n d r o g e n s  a d m i n i s t e r e d  alone,  5 m g  da i ly  
pe r  an ima l ,  on  p r o d u c t i o n  of g r a n u l a t i o n  t i s sue  in ear  
w o u n d s  was  s tud ied .  As s h o w n  b y  Tab le  I, such  a h i g h  
dose n e i t h e r  s t i m u l a t e d  n o r  i n h i b i t e d  t h e  a m o u n t  of 
g r a n u l a t i o n  t issue.  His to logica l ly ,  no  di f ferences  were  ob-  
s e rved  b e t w e e n  con t ro l  a n d  s t e r o i d - t r e a t e d  an ima l s ;  ac- 
tua l ly ,  i n  all  g roups  u n d e r  e x p e r i m e n t ,  col lagen a n d  ret i -  
cu l in  ne twork ,  f ib rob las t i c  pro l i fe ra t ion ,  new  f o r m a t i o n  
of b lood  vessels,  and  a m o u n t  of P A S - p o s i t i v e  g r o u n d  sub-  

Table I. Effect of anabolic androgens on production of granulation 
tissue in ear wounds of rabbits 

Thickness of the 
No. Dose mg granulation tissue 
wounds Group daily mm 4- e ' P '  

14 Controls - 0.600 4- 0.044 
8 Methandrostenolone 5 0.420 4- 0.032 
9 Oestrenol 5 0.424 4- 0.045 

10 Oxymesterone 5 0.563 4- 0.076 

:> 0.05 
> 0.05 
> 0.05 

s t ance  were  p rac t i ca l ly  the  same.  A t  t h e  end  of t he  exper i -  
m e n t a l  per iod,  t h e  ep i t he l i z a t i on  of t he  w o u n d s  was  com-  
p l e t ed  b o t h  in  t r e a t e d  a n d  u n t r e a t e d  a n i m a l s  (Figures  1 
a n d  2). 

I n  a second  e x p e r i m e n t a l  series, t he  effect  of t he  associ- 
a t i o n  of anabo l i c  a n d r o g e n s  a n d  f l u p r e d n i s o l o n e  was  
t e s t ed .  5 m g  of anabo l i c  a n d r o g e n s  were  i n j ec t ed  dai ly .  
T h e  cor t icos te ro id ,  w h i c h  w h e n  g iven  a t  1 m g  d a i l y  pe r  
r a b b i t  r e su l t ed  in a s ign i f i can t  i n h i b i t i o n  of t h e  g r o w t h  of 
g r a n u l a t i o n  t issue,  was  in jec ted  a t  a da i ly  dose as  low as 
0.25 m g  dai ly ,  i.e. a t  a dose w h i c h  d id  n o t  a p p r e c i a b l y  
af fec t  t h e  h e i g h t  of g r a n u l a t i o n  t i ssue,  or  p r o d u c e d  o n l y  a 
m i n i m a l  i n h i b i t i o n  of no  s t a t i s t i c a l  s ignif icance.  As s h o w n  
b y  Tab le  I I ,  t h e  c o m b i n e d  t r e a t m e n t  led to  a s ign i f i can t  
r e d u c t i o n  of t h e  t h i c k n e s s  of g r a n u l a t i o n  t i ssue  w h e n  com-  
p a r e d  to con t ro l  an ima l s ,  t h e  i n h i b i t o r y  effect  be ing  prac-  
t i ca l ly  of t h e  same degree for all  t h e  anabo l i c  a n d r o g e n s  
t es ted .  

Table II. Effect of fluprednisolone alone and combined with anabolic 
androgens (high dose) on production of granulation tissue in ear 

wounds of rabbits 

Thickness of the 
No. Dose mg granulation tissue 
wounds Group daily mm 4- e ' P '  

14 Controls - 0.600 -4- 0.044 - 

10 Fluprednisolone 1 0.331 4- 0.049 .~ 0.001 

8 Fluprednisolone 0.25 0.510 4- 0.058 > 0.05 

8 Fluprednisolone 0.25 0.382 4- 0.057 < 0.001 
Oxymesterone 5 

10 Fluprednisolone 0.25 0.288 4- 0.062 < 0.001 
Methandrostenolone 5 

8 Fluprednisolonc 0.25 0.275 :J: 0.038 < 0.001 
Oestrenol 5 

His tological ly ,  r a b b i t s  i n j ec t ed  w i t h  i m g  da i ly  of flu- 
p r e d n i s o l o n e  showed  a s t r i k ing  depress ion  of n e w - g r o w t h  
of al l  e l e m e n t s  of t he  c o n n e c t i v e  t i ssue  a n d  a lack  of epi-  
t h e l i z a t i o n  of t he  wounds ,  whe reas  a da i ly  dose of 0.25 m g  
p r o d u c e d  no  app rec i ab l e  effect.  T h e  a d d i t i o n  to  such  a 
low dose of cor t i cos te ro id  of 5 m g  da i ly  of anabo l i c  a n d r o -  
gen  led to  a m a r k e d  depress ion  of t h e  g r a n u l a t i o n  t i s sue :  
few new b lood  vessels  could  be  seen, f ib rob las t s  in c o m p a c t  
a r r a n g e m e n t  were p r e s e n t  a r o u n d  old  b lood  vessels,  a m o r -  
p h o u s  g r o u n d  s u b s t a n c e  was  scarce a n d  e l a b o r a t i o n  of 
r e t i cu l in  a n d  col lagen f ibri ls  was  cons i s t en t ly  r educed .  
F r e q u e n t l y  t he  w o u n d s  were  open  w i t h o u t  ep i t he l i z a t i on  
(Figure  3). 
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In a th i rd  expe r imen ta l  series it  was decided to assay 
whe the r  also a l o w d o s e  of anabol ic  androgen  is able to 
po t en t i a t e  the  inh ib i to ry  effect  of f luprednisolone.  The 
dai ly  dose of anabolic s teroid was reduced  to 0.5 mg  daily,  
whereas  the  one of cor t icosteroid  was m a i n t a i n e d  a t  0.25 
mg daily. As shown by  Table I I I ,  the  resul ts  have  evi- No. 

wounds 
den t ly  been in con t ras t  to those  ob ta ined  in the  preced ing  
exper iment .  Actually,  the  low dose of anabol ic  androgen,  14 
in combina t ion  wi th  f luprednisolone  given in doses caus-  
ing a minimal  or no response,  ne i ther  apprec iab ly  af fec ted  8 
the  growth,  nor  the  h is to logy of g ranu la t ion  t issue (Fi- 10 
gure 4). 

Discussion. Analysis  of our resul ts  reveals  t ha t ,  if ana-  10 
bolic androgens  are given alone, t h e y  are unable  to  influ- 
ence the  g rowth  of the  g ranu la t ion  t issue in the  no rma l  10 
processes of w o u n d  healing,  i n d e p e n d e n t l y  f rom the i r  
chemical  s t ruc ture .  Conversely,  f luprednisolone,  admin i -  
s tered a t  a suff ic ient ly  large dose, is capable,  as are o the r  
cor t icosteroids ,  of inh ib i t ing  the  growth .  

Granulation tissue in ear wounds of rabbits 

Fig. 1. Untreated control rabbit. 

Fig. 2. Rabbit treated with methandrostenolone 5 rag/daily. 

Table Ill.  Effect of combined treatment, fluprednisolone and ana- 
bolic androgens (low dose), on production of granulation tissue in 

ear wounds of rabbits 

Thickness of the 
Dose mg granulation tissue 

Group daily mm 4- e 'P~ 

Controls - 0.600 4- 0.044 - 

Yluprednisolone 0.25 0.510 ~.~ 0.058 :> 0.05 

Fluprednisolone 0.25 0.534 4- 0.062 ~ 0.05 
Oxymesterone 0.50 

Fluprednisolone 0.25 
0.6"21 4- 0.059 2> 0.05 Methalldrostenolone 0.50 

Fluprednisolone 0.25 
Oestrenol 0.50 0.645 4- 0.057 2> 0.05 

In  t he  e x p e r i m e n t a l  series where  combined  t r e a t m e n t s  
were tes ted ,  by  giving the  cor t icos tero id  in doses which  
caused  l i t t le or no effect  on g ranu la t ion  tissue, it  is no te -  
w o r t h y  t h a t  d i f fe rent  doses of anabol ic  androgens  showed 
d i f fe ren t  effects  w i t h o u t  any  re la t ionship  to  the i r  chemica l  
s t ruc ture .  Actual ly ,  in the  h igh  dose exper imen t s ,  w h e n  
the  dose ra t io  be tween  cor t icos teroid  and  anabol ic  andro-  
gen was 1 : 20, a s ignif icant  add i t iona l  effect  was observed,  
whereas  a dose ra t io  of 1 : 2 did no t  apprec iab ly  affect  the  
g rowth  of g ranu la t ion  tissue. For  th is  reason,  the  inhi-  
b i to ry  effect  of the  anabol ic  androgens ,  alone or in com- 
binat ion ,  obse rved  by  o the r  au thors  using d i f ferent  t e s t  
proceduresZ,a, 7,8, appear s  to be ve ry  likely re la ted  to  the  
doses emp l o y ed  and  no t  to the  chemical  s t ruc tu re  of t he  
compound .  In  our exper iments ,  as well as in those  of 
o thers  ~,s, t he  effect ive inh ib i to ry  dose of anabol ic  s teroid 
is h igh  in t e rms  of possible h u m a n  appl ica t ion ;  however ,  
an in te rac t ion  be tween  anabol ic  androgens  and  cort ico-  
s tero id  in the  i n f l ammat ion  and,  par t icular ly ,  in the  gra- 
nu la t ion  processes appears  to be well es tabl ished.  

Fig. 3. Rabbit treated with fluprednisolone 0.~5 mg/daily, and 
methandrostenolone 5 mg/daily. 

Fig. 4. Rabbit treated with fluprednisolone 0.25 rng/daiiy, and 
methandrostenolone 0.5 rag/daily. 

Rdsumd. Les au teurs  on t  eontr616 l 'effet  de t rois  st6- 
roides anabo l i san t s  sur  la p roduc t ion  du t issu de granula-  
t ion par  la m6 thode  de la plaie cutan6e chez le lapin. 
L ' a d m i n i s t r a t i o n  isol~e de ces st6roides n ' a  modifi~ ni la 
quant i t6 ,  ni la morphologie  du t issue de granula t ion .  
L 'assoc ia t ion  avec cort icost~roide,  la f lupr~dnisolone,  a 
donn6 des r6sul ta ts  d i f f6rents  selon la dose employ6e:  en 
dose 61~v6e, les anabol i san t s  on t  potenci6 l 'e f fe t  inh ib i t eu r  
de la f lupr6dnisolone,  en dose faible, pa r  contre ,  ils n ' o n t  eu 
aucun  effet.  
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Effects  of Oes trad io l  and P r o g e s t e r o n e  on F S H  
and LH Contents  of the  P i t u i t a r i e s  and B l o o d  of 

O v a r i e c t o m i z e d  E w e s  

Several  inves t iga tors  are a t t e m p t i n g  to  improve  breed-  
ing efficiency of ewes by  br inging anoes t rous  ewes in to  
oes t rus  followed by  successful fer t i l izat ion.  The resul ts  ob- 
t a ined  so far  showed t h a t  to ta l  gonado t roph ins ,  F S H  and  
L H  con ten t s  of pi tui tar ies  of ewes dur ing  the  non-b reed ing  
season were not  d i f ferent  f rom those  observed  dur ing  the  

breeding  season (VV'AR~,VICK1; KAMMLADE e t  al. 2; and  
HUTCHINSON and  I{OBERTSON3). SANTOLUCITO et al. 4, 
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