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Immunodepressive activity of Daunomycin on skin allografts in mice 
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Drug Treatment Schedules at days ~ 
route 

Doses 
(mg/kg/day) 

Mean 
survival 
time 

Probability 
level (P) 
(comparison with 
control group) 

Daunomycin i.p. 
Daunomyein i.p. 
Daunomyein i.p. 
Daunomycin i.p. 
Daunomycin i.p. 

Daunomyein i.v. 
Daunomyein i.v. 
Daunomyein i.p. 

--3, --2, --i, 0 
--I, 0, +I, +2 
--8, --7, --6, --5, --4, --3, --2, --I 
--4, --3, - - 2 , - - 1 ,  +1, +2,  +3, +4  
+1, +2,  +3, +4, +5, +6,  +7, +8  

--3, --2, --1 
--3, --2, --1 
--8, --7, --6, --5, --4, --3, --2, --1 

1.25 
1.25 
1.25 
1.25 
1.25 

5 
3.3 
1.25 

12.4 
13.1 
14.1 
15.0 
13.7 
14.1 
13.2 
15.4 
14.3 
17 b 

< 0.05 
< 0.05 
< 0.05 
< 0.05 
< 0.05 

< 0.05 
~< 0.05 

0 = day of grafting, b Some animals are dead before the end of the experiment. 

de layed  dea th  of some animals  in a group of younger  mice. 
In  fact  it  is well known t h a t  the  le thal  dose of Dauno-  
myc in  is h igher  when  th is  drug  is admin is te red  i.v. as 
compared  to  t he  i.p. route.  

Discussion and conclusions. According to our da t a  
D a u n o m y c i n  de te rmines  an increase of skin al lografts  
survival  t ime  in mice. This  increase correlates  well wi th  
the  cumula t ive  doses used, since the  5 mg /kg /day  i.v. 
t r e a t m e n t  gave the  longest  survival  t ime,  w i thou t  any  
toxic  side-effects,  which  po in t s  to the  impor t ance  of the  
admin i s t r a t i on  route.  In  fac t  t he  i.v. route  al lowed us to  
reach m u c h  h igher  cumula t ive  doses of Daunomycin ,  
moreover  th is  route  is cur ren t ly  used in h u m a n  practice.  
Also, D a u n o m y c i n  i.p. causes a marked  local inflam- 
m a t o r y  react ion.  

The mechan i sm of act ion of Daunomyc in  as immuno-  
depressan t  is no t  comple te ly  unders tood,  th is  drug is an 
an t imi to t i c  agent ,  t hus  i t  des t roys  main ly  i m m a t u r e  and  
ac t ive ly  prol i fera t ing cells i.e. bone  mar row cells, gastro-  
in tes t ina l  ep i the l ium and  neoplas t ic  cells. Unpub l i shed  
observa t ions  14 f rom this  l abora to ry  have  shown t h a t  it  
has  no ac t iv i ty  upon  the  re t iculo-endothel ia l  sys tem and 
upon macrophages .  The effect  d isplayed agains t  de layed 
hype r sens i t i v i ty  react ions  is defini te  and  well docu- 
m e n t e d  a, e, 7,10,11 

On the  o ther  hand ,  clinical s tudies  by  KOULINSKY et al. is 
have  shown t h a t  de layed hypersens i t iv i ty  react ions to 4 
d i f ferent  ant igens  in a group of 21 pa t i en t s  wi th  acute  
leukemia  were comple te ly  abol ished by  Daunomyc in  in 
6 subjects ,  who p resen ted  severe, i rreversible bone 
mar row aplasia. I t  would thus  seem t h a t  immunodepres -  
s i re  ac t iv i ty  of D a u n o m y c i n  is non-specific,  p robab ly  
re la ted  b o t h  to  its an t imi to t i c  proper t ies  and to  the  
des t ruc t ion  of i m m a t u r e  cells (stem cells). 

Riassunto. L'e f fe t to  immunodepres s ivo  della Dauno-  
micina  g s ta to  s tud ia to  sulla sopravv ivenza  del t r ap i an to  

cu taneo  nel topo. La Daunomic ina  d e t e r m m a  un aumen to  
del t e m p o  di sopravv ivenza  del t r ap i an to  cutaneo,  staff-  
s t i camente  significativo. Gli AA. d iscutono l ' impor t anza  
che possono assumere  le dosi, la via  di  somminis t raz ione  
e lo schema di t r a t t a m e n t 0  impiegato.  

G. DADDI JR. 16, C. INTINI, 
A. ~VI. ISETTA a n d  M. SOLDATI 
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Long T e r m  Rep lacement  Therapies  wi th  Tes tos terone  Propionate  and H u m a n  Chorionic  Gonado-  
trophin  in H y p o p h y s e c t o m i z e d  Adult  Male Rats  i 

Daily t e s tos t e rone  p rop iona te  (TP) in ject ions  com- 
menc ing  immed ia t e ly  af ter  h y p o p h y s e c t o m y  obviously  
p r e v e n t e d  subs tan t i a l  tes t icu lar  weight  losses, sus ta ined  
spermatogenes is ,  as judged  by  histological  criteria,  dur ing  
a th ree  weeks per iod in adul t  ra t s  2. Longer  r ep lacemen t  

therap ies  revealed t h a t  t e s tos te rone  d id  no t  ma i n t a in  
the  germ cell n u mb e r s  a t  t he  normal  level ~. Quest ions 
arose for how long a per iod tes tos terone ,  HCG could give 
r ep l acemen t  for the  ra t ' s  test icle  when  s t a r t ed  wi th  t h e  
in ject ions  immed ia t e ly  af ter  h y p o p h y s e c t o m y .  
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Fig. 1. Effects of long term TP replacement therapy on the weights 
of the testes, prostate glands, and seminal vesicles of hypophysee- 
tomized rats. 

3060 
m~ 

ZOO0 

1000 

o I 

1000 

Z000 

3000 

r ~  

18 9 
185 

178 152, 
0~5 

[Z3 TWO leSTeS 
�9 Proslate glands 
t~ seminal vesicles 
�9 Standar~ error 

Body weight in g 
,-~ ~ at the begin 
[ I *~althe end oftho experiment 

ILAaa 

8 3 3 ~ Rats 
190 185 176 181 
15# 15% 15Z 147 ~- ~< 
] Z ~ months or ireatment 

Human chorionic gonadatrophin:60 LU.S.c./day 

Fig. 2. Effects of long term HCG replacement therapy on the weights 
of the testes, prostate glands, and seminal vesicles of hypophysee- 
tomized rats. 

Fig. 3, Long term testosterone propionate replacement therapy in hypophysectomized rats: 0.3 mg s.c./day (• 400). Note that the 
sequence for the signs of degeneration under this steroid as given in this plate advanced in a smooth and quasi 'organized' way. Even 
after 6 months of continuous treatment there were still nmnerous 'young' spermatids visible, a) 21 days. Note the absence of inter- 
stitial cells, b) 2 months. Spermatogenesis no further advanced than to the spermatid level, occasionally spermatozoa, c) 4 months. 
Widths of tubules slightly smaller; reduction of cell population within the germinal epithelium comes into prominence. Slight intraepithelial 
edema observable, d) 6 months. Beginning of the disorganisation of the cellular elements. 
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Methods. M a t u r e  m a l e  r a t s  * w e i g h i n g  180-200 g were  
h y p o p h y s e c t o m i z e d .  18 i n t a c t  a n i m a l s  s e r v e d  as  con t ro l s .  
D a i l y  i n j e c t i o n s  c o m m e n c e d  i m m e d i a t e l y  a f t e r  h y p o -  
p h y s e c t o m y  as  i n d i c a t e d  in t h e  f igures .  Tes tes ,  p r o s t a t e  
g lands ,  s e m i n a l  ves ic les ,  a d r e n a l s  w e r e  r e m o v e d  a t  
a u t o p s y  a n d  w e i g h e d .  Tes t e s  were  i n s p e c t e d  h i s to log ica l ly .  
T h e  H C G  p r e p a r a t i o n  w a s  e x t e n s i v e l y  t e s t e d  for  i t s  F S H  
p o t e n c i e s  ~, 6 a n d  f o u n d  to  be  d e v o i d  of d e t e c t a b l e  a m o u n t s  
of  F S H .  

Results.  U n d e r  t h e  i n f l uence  of  t e s t o s t e r o n e  p r o p i o n a t e ,  
t h e r e  was  a g r a d u a l  d e c r e a s e  of  t e s t i c u l a r  w e i g h t  o v e r  t h e  
p e r i o d  of  6 m o n t h s .  P r o s t a t e  g l a n d  a n d  s e m i n a l  ves ic les  
were  s t i m u l a t e d  b y  f a r  b e y o n d  n o r m a l  (F igure  1). 

U n d e r  t h e  i n f l uence  of  HCG,  h o w e v e r ,  an  a b r u p t  
decI ine  of t e s t i c u l a r  w e i g h t  t o o k  p lace .  A f t e r  2 m o n t h s  
t h e  t e s t i c l e s  r e a c h e d  a level,  r a t h e r  t y p i c a l  for  H E  c o n t r o l  
r a t s .  E x c e s s i v e l y  s t i m u l a t e d  p r o s t a t e  g l a n d s  a n d  s e m i n a l  
ves ic les  w e r e  f o u n d  a f t e r  2 w e e k s  t i m e  only .  L a t e r  on,  
t h e s e  g l a nds  w e r e  in  an  a t r o p h i c  c o n d i t i o n  (F igure  2). 

As  j u d g e d  b y  h i s to log ica l  i n s p e c t i o n s ,  f i r s t  d e v i a t i o n s  
f r o m  n o r m a l  were  f o u n d  to  t a k e  p l a c e  a f t e r  21 d a y s  of  
T P  t r e a t m e n t  (F igu re  3, a). T h o s e  t e s t e s  w h i c h  h a d  b e e n  
u n d e r  T P  in f luence  for  2 m o n t h s  e x h i b i t e d  f i r s t  s igns  of 
a n  i n t r a e p i t h e l i a l  e d e m a ;  s i m u l t a n e o u s l y  s p e r m i o g e n e s i s  
w a s  a r r e s t e d  (F igure  3, b). 

T h e  s e m i n i f e r r o u s  t u b u l e s  r e t r o g r e s s e d  g r a d u a l l y  
t h r o u g h o u t  t h e  e x p e r i m e n t  (F igure  3, b - d ) .  I n  cor re la -  
t i o n  w i t h  t h i s  p a r a m e t e r ,  t h e r e  was  a c o n t i n u o u s  d i m i n -  
u t i o n  of t h e  ce l lu la r  e l e m e n t s  too .  A f t e r  6 m o n t h s  of  
T P  t r e a t m e n t ,  t h e  ove ra l l  i m p r e s s i o n  of  t h e  t e s t i c u l a r  
h i s t o l o g y  t u r n e d  o u t  to  g ive  a p i c t u r e  of  d i s o r g a n i s a t i o n  
w i t h  a m o r e  i m p o r t a n t  i n t r a e p i t h e l i a l  e d e m a ,  as  c o m p a r e d  
w i t h  t h e  t r a n s i t o r y  s i t u a t i o n  f o u n d  a f t e r  a 4 - m o n t h s  
p e r i o d  (F igure  3, c - d ) .  

F ina l ly ,  as  a rule,  t h e r e  were  p o s i t i v e l y  no  s p e r m a t o z o a  
o b s e r v e d  l a t e r  t h a n  2 m o n t h s  a f t e r  h y p o p h y s e c t o m y  
(F igure  3, c -d ) .  
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Fig. 4. Long term HCG-replacement therapy ih hypophysectomized rats: 60 I .U.s .c . /day  (• 400). The quintessence of the illustrations 
as given in this plate seems to be the abrupt change from rather normal histology to an advanced disorder between the pictures a) 
and b). This demonstrates the conlplete failure of HCG injeeti6ns to give successful replacement at the testieular level in hypophy- 
seetomized rats, over a period commencing somewhere between 3 weeks and 2 months, a) 21 days. The interstitial cells in a stage of 
beginning retrogression, b) 2 months. Note the appearance of far reaching degenerative changes: A striking intraepithelial edema 
within the interstitial sites. Furthermore, in addition, there were cellular elements, probably activated mesenchyme of vessels. Very 
occasionally only, a few spermatids within some tubules. The same was true for single giant cells, c) 4 mouths. Predominance of dis- 
organization rules this scene: a still more advanced decrease of the tubular diameters, with a depopulation of the germinal line, touching 
those levels which are typical for rat testes after long post-hypophysectomy regression periods, d) 6 months. Note the ultimate 
retrogression of testieular atrophy within the limits of this experiment. 
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Concerning the  testes of the  HCG-t rea ted  rats, first 
signs of histologically visible events,  s l ightly deviat ing 
f rom normal,  were observed after  a 3 weeks period 
(Figure 4, a). In  spite of 2 months  of H C G  influence 
normal- looking in te rs t i t ium was visible no longer 
(Figure 4, b). 

Along wi th  considerably reduced tubu la r  diameters,  
the germinal  epi the l ium was in a s tage of heavy  depopu-  
lation. Pract ica l ly  no spermiogenesis and elements  no 
fur ther  advanced  than  p r imary  spermatocytes  (Figure 4, b). 

Almost  identical  histological  impressions gave slides 
of the  testes which had been 4 and 6 months  under  the  
HCG the rapy  respect ively.  In  fact, there  were still areas 
left  conta ining a few spermatocytes .  On the  o ther  hand, 
however,  qui te  a few tubules  were complete ly  devoid of 
normal ly  occurring cellular structures.  Ins tead  of this, 
they  were occupied wi th  an abundance  of necrot ic  
mater ia ls  (Figure 4, c). I t  migh t  be left  open to discussion 

w h e t h e r  the  sever i ty  of degenerat ion and necrosis was 
even fur ther  advanced  after  6 months  as compared  to 
the  4 months  pictures (Figure 4, c-d).  

Discussion.  Although a high dose of T P  was given 
daily up to 6 months,  the  test icular  events  retrogressed 
in the  hypophysec tomized  ra t  cont inuously.  The  longer 
the  rep lacement  therapy,  the  more a phenomenon  became 
t ransparent ,  which is not  seen earlier under  such an 
exper imenta l  condi t ion 2. The androgen alone could not  
sustain spermiogenesis, tes t icular  weight  in the  adul t  
r a t  in the  long run:  a lmost  ident ical  wi th  wha t  was 
observed after  the  ablat ion of the  p i tu i t a ry  gland in 
controI  ratsT; however,  ex tended  over  a much  longer 
pe r iod  of t ime  the  well-known sequence of degenerat ion 
wi th in  the  germinal  line took place under  T P  too. How- 
ever, i t  mus t  remain  open to discussion whether  the  
u l t imate  stages of a t rophy  as described earlier in H E  
rats 8 could also be reached a l though this steroid is 
injected.  

HCG was m u c h  less effect ive than  testosterone,  prob-  
ably, first  of all, because of its inabi l i ty  to s t imula te  
androgenic secretion(s) of the  inters t i t ia l  cells beyond a 
given term.  The compara t ive ly  high mor ta l i ty  of these 
HCG-t rea ted  rats  dur ing the  second m o n t h  of the  experi- 
men t  points  to the  l ikelihood of an t i -body  Iormaeion in 
consequence of the  ra ther  high and chronic dose of 

foreign protein.  Under  testosterone,  such a lack of 
androgenic i ty  was ruled out :  the  established paramete rs  
for the  male  hormone,  pros ta te  glands and seminal  
vesicles had  been s t imula ted  excessively even af ter  6 
months.  These findings suppor t  the  theory  t h a t  the  
dynamics  of the  seminiferous epi thel ium and its mor-  
phology depend not  only on s teroidal  androgenic i ty  bu t  
also on the  synergistic act ion of the F S H  ~,1~ At  first 
sight there  might  arise the somewhat  remote  object ion 
tha t  the  stage of hypophysec tomy  per  se, in o ther  words 
the absence of the  p i tu i t a ry  wi th  its var ious hormones,  
could cause  this failure of the  androgen therapy:  How- 
ever  it  has been shown extens ive ly  t h a t  F S H  plus 
endogenous or exogenous androgen gave full rep lacement  
for the  ra t ' s  testis, even after  u l t imate  a t rophic  condi- 
t ions such as are seen af ter  ex tended pos t -hypophysec-  
t o m y  regression periods s. Al though  the  dynamics  of 
spermatogenesis  in man  and rat  are not  necessarily 
comparable,  this fact  m a y  be of impor tance  in clinical 
practice.  

Zusammen/assung .  Langzei tversuche  mi t  hypophysek-  
tomier ten  R a t t e n  ergaben, dass Testosteron oder HCG 
allein die Spermiogenese,  Hodengewicht ,  n icht  aufrecht-  
erhal ten lmnnten.  
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R N A  S y n t h e s i s  in the Sex  C h r o m o s o m e s  of the O p o s s u m ,  Didelphis virginiana. I. F e m a l e  

The single ac t ive  X (Lyon) hypothesis  ~ is supported 
by  the  following observat ions:  a) female m a m m a l i a n  
somatic  cells f requent ly  demons t ra te  sex chromat in  
bodies2; b) these ceils conta in  a late repl icat ing X 
chromosomea-~;  c) late repl icat ing chromosomes are 
he te rochromat ic  in {nterphase nucleiS, 9; d) heterochro-  
ma t in  synthesizes R N A  at  a lower ra te  t han  does euchro- 
mat in*~ and e) when more than  two X chromosomes 
are present,  the  number  of sex chromat in  bodies is one 
less t han  the  to ta l  number  of X chromosomes present,  
and all bu t  one are late  repl icat ing 14. 

Whereas  the  ma jo r i ty  of evidence favors  this hypo-  
thesis, certain o ther  findings suggest t ha t  bo th  X chro- 
mosomes m a y  be genet ical ly act ive  during brief port ions 
of the  cell cycle. For  example,  sex chromat in  cannot  be 
identif ied in all female somatic  cells in interphase 15. 
Similarly,  dur ing periods of rapid growth, both  female X 
chromosomes m a y  fail to undergo he te rochromat iza t ion  
in ceils wi th  short  cycles 1", 1~. In  addition, all prophase 

chromosomes of female h u m a n  lymphocytes  incubated  
briefly wi th  Ha-uridine were found to synthesize R N A  
immedia te ly  prior to mitosis is, 19. 

The opossum possesses m a n y  unusual  Cytogenetic 
characteris t ics  which m a d e  i t  an ideal animal  in which 
to tes t  the  single act ive  X hypothesis .  Quant i t a t ion  of 
IRNA synthesis  was made  possible since the  X chromo- 
somes are easily identif iable as the  smallest  of the  com- 
p lement  ~0. In  addit ion,  the  following observat ions  have  
been made :  a) cultured" opossum lymphocytes  demon-  
s t ra te  a short  cell cycle 31; b) sex chromat in  is present  in 
both  sexes 32, 2a ; c) the  a m o u n t  of he te rochromat in  appears 
to v a r y  l i t t le  be tween the  X chromosomes of lymphocytes  
from female opossums3~; and d) there  is no typical  late 
repl icat ing X chromosome 2~. 

Materials  and melhods. Lymphocy te s  obta ined f rom 
cardiac blood of female opossums were cul tured according 
to a previously described me thod  ~~ Following 42-48 h 
of incubation,  the cultures were labeled te rminal ly  for 


