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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.  

R. VON BERSWORDT-WALLRABE, 
M. MEHRING a n d  E .  RICHTER-BONACKER 

Experimentel le  Forschung P h a r m a  Schering AG, 
Abte i lung  Endokrinologie,  D-1 Ber l in  65 (Germany), 
6 A p r i l  1970. 

7 C. P. IJEBLOND, E. STEINB1gRGER and E. C. ROOSEN-RUNGE, in 
Mechanisms Conee~,ned with Conceptio~ (Ed. C. G. HARTMANN; 
Pergamon Press, NewYork- London 1963), p. 1. 

$ R. voN BERSWORDT-WALLRABE and F. NEUMANN, Experientia 
24, 499 (1968). 

9 j .  H. GAARENSTROOM and S. E. DE JONGH, in A Contribution to the 
Knowledge ot the Intluenc.e ol Gonadotropic and Sex Hormones on 
the Gonads o] Rats (Elsevier Publisher Co., New York 1946). 

10 M. C. WOODS and M. E. SIMPSON, Endocrinology 69, 91 (1961). 

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 
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5-20 min  wi th  5 ~zc/ml o5 uridine-5-T (specific ac t iv i ty  
5 c / m M ,  Amersham/Sear le ) .  No colchicine was added.  
The cells were f ixed in 1:3 acetic ac id -methano l  for 
30-60 min to r emove  the  acid soluble labeled nucleo- 
t ides  26. Smears  and hypo ton ic  spreads  were prepared,  
t he  la t t e r  af ter  15 rain exposure  to 50% 'acet ic  acid to  
dissolve background  cytoplasmS7. The slides were coa ted  
wi th  K o d a k  NTB2 liquid emulsion,  exposed 3 days,  
developed and s ta ined 2s. Double  p h o t o g r a p h y  of e i ther  
des ta ined  or degrained22 slides was employed  to analyze 
labeling of 89 spreads  f rom 2 opossums.  Rad ioau tog raphs  
were also p repa red  f rom unlabeled cells e i ther  des ta ined  
or uns ta ined  to tes t  for possible h is tochemica l  or physical  
r educ t ion  of the  emulsion.  Some labeled prepara t ions  
were t r ea t ed  wi th  200 ~zg/ml of r ibonuclease (Mann) in 
p H  7.0 phospha t e  buffer  for 2 h a t  37 ~ to t e s t  for the  
possible convers ion of uridine-5-T to labeled deoxcyt id ine  
and  its subsequen t  incorpora t ion  into DNA 3~ 

Results. Analysis  of smears  d e m o n s t r a t e d  t h a t  approxi-  
ma te ly  85% of the  newly  synthes ized  R N A  remained  on 
p rophase  chromosomes  af ter  5, 10 or 20 min  exposure  to 
uridine-5-T, whereas  only 50% or less remained  on recta-  
phase  chromosomes  at  the  same intervals .  For  th is  
reason, and because the  X chromosomes  are morpholo-  

gically dis t inguishable  in p rophase  as well as in meta-  
phase,  emphas is  was placed on analysis  of R N A  synthes is  
a t  the  earlier stage. 

The Figure is a hypo ton ic  spread  p repa ra t ion  of a cell 
in prophase  which was labeled for 20 min  wi th  uridine-5-T. 
Bo th  X chromosomes  are labeled, one more  densely  t h a n  
the  other.  The incidence of R N A  synthes is  in b o t h  X 
chromosomes  was higher  in p rophase  (76%) t h a n  in 
me taphase  (60~ and increased wi th  the  longer exposures  
to the  isotope (from 40% at  5 min to over  84% at  20 min).  
A to ta l  o5 63 o5 the  89 cells, or a lmost  71% d e m o n s t r a t e d  
incorpora t ion  of uridine-5-T into bo th  X chromosomes  
(Tables I and  II).  

Grain counts  were pe r fo rmed  on 70 of the  89 spreads  
which had  densi t ies  low enough to  assure accuracy.  The 
mean  n u mb er  of grains over  the  to ta l  ch romosome  com- 
p l e m e n t  was 90.1. In  each spread,  the  X chromosome wi th  
the  mos t  grains was categorized as t he  'ac t ive '  X and  
t h a t  wi th  the  fewest  grains as the  ' inac t ive '  X.  The mean  
n u m b e r  of grains per  ' ac t ive '  X was 3.1 (3.4% of the  
total) while t h a t  for the  ' inact ive '  X was 1:7 (1.9% of 
the  total) .  Thus  on the  average, the  ' inac t ive '  X was 
55% as act ive in R N A  synthes is  as its homologue.  Varia- 
t ion in grain counts  be tween  the  two X chromosomes  was 
sl ight (0 to 2) in over  84% of the  spreads  analyzed.  E a c h  
X comprised  2.7% of the  area of the  to ta l  ch romosome 
complement .  

Three observa t ions  lead to the  conclusion t h a t  i t  is 
R N A  and not  D N A  which  is l a b e l e d b y  ur idine-5-T:  
a) in order  for ur idine to be conver ted  to  t hymid ine ,  t he  
t r i t i um molecule m u s t  be cleaved31; b) the  ceils were 
labeled a m a x i m u m  of 20 rain before harves t ,  and the  
m i n i m u m  G 2 per iod for opossum lymphocy te s  is 90 min ~" 

Fig. 1, a and b. Prophase chromosome spread from a culture of 
female opossum lymphoeytes incubated terminally for 20 mill with 
uridine-5-T. Both X chromosomes are labeled, one more heavily 
than the other. • 1375. 
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Table I. X chromosome labeling at individual mitotic stages 

Specialia I~XPERIENTIA 26/8 

Stage No. of cells Neither X Labeled One X Labeled Both X's Labeled 

No. (%) No. (%) No. (%) 

Prophase 59 5 8.5 9 15.3 45 76.3 
Metaphase 30 1 3.3 11 36.7 18 60.0 

Totals 89 6 6.7 20 22.5 63 70.8 

Table II. X chromosome labeling at various intervals after introduction of uridine-5-T 

Time No. Neither X Labeled One X Labeled 
(min) of cells 

No. (%) No. 

Both X's Labeled 

(%) No. (%) 

5 20 4 20.0 8 40.0 8 40.0 
10 18 2 11.1 4 22.2 12 66.7 
20 51 0 0.0 8 15.7 43 84.3 

Totals 89 6 6.7 20 22.5 63 70.8 

and  c) t r e a t m e n t  w i t h  r ibonuclease  r e m o v e d  over  97% 
of t he  grains,  t l i s t o c h e m i c a l  or phys ica l  r educ t i on  of t he  
emuls ion  was judged  n o n e x i s t e n t  since no  s igni f icant  
increase  in gra ins  above  b a c k g r o u n d  was n o t e d  in t h e  
n o n r a d i o a c t i v e  h y p o t o n i c  spreads.  

Discussion. Due to  a v a r i e t y  of cy togene t i c  pecul iar i t ies ,  
t he  opossum has  offered an  u n u s u a l  o p p o r t u n i t y  to  
inves t iga t e  a n d  q u a n t i t a t e  X c h r o m o s o m a l  R N A  syn-  
thesis.  The  resul t s  d e m o n s t r a t e  t h a t  b o t h  X ch romosomes  
of l y m p h o c y t e s  f rom female  opossums  syn thes ize  R N A  
dur ing  t he  br ie f  po r t i on  of t he  cell cycle wh ich  was 
examined .  E v i d e n c e  suggests  t h a t  R N A  syn thes ized  b y  
p h y t o h e m a g g l u t i n i n - s t i m u l a t e d  l y m p h o c y t e s  is nonr ibo-  
somalm,  a*; r a t h e r  t h e  ' obv ious  hypo t he s i s '  is t h a t  i t  is 
'messenger  R N A  p roduced  in large quant i ty ' a4 .  P r e sum-  
ably,  therefore ,  b o t h  X ch romosomes  of these  cells are 
genet ica l ly  ac t ive  (a l though  one to a lesser degree) j u s t  
pr ior  to  mitosis .  I t  m u s t  be  k e p t  ill mind ,  however ,  t h a t  
differences m a y  exis t  b e t w e e n  cu l tu red  cells a n d  those  
in t he i r  n a t u r a l  s ta te .  

The  X ch romosomes  of opossum l y m p h o c y t e s  a p p e a r  
to  be  more  s imi la r  t h a n  dissimilar ,  especial ly d u r i n g  t he  
i n t e rva l  of t he  cell cycle j u s t  pr ior  to  mitosis .  Ev idence  
for th i s  s imi la r i ty  s t ems  f rom t he  obs e r va t i on  t h a t  b o t h  
X ch romosomes  comple te  D N A  syn thes i s  a t  t h e  same  
t i m e  ~5, and  t h a t  t h e y  con t a i n  s imi lar  a m o u n t s  o5 he te ro-  
c h r o m a t i n  2~. Opossum l y m p h o c y t e s  also exh i b i t  a shor t  
cell cycle 21 wh ich  suggests  t h a t  t h e y  m a y  lack sex chro- 
m a t i n  (and  t h u s  m a y  be  gene t ica l ly  act ive)  du r ing  per iods  
of r ap id  growth .  

R N A  syn thes i s  in  t he  h u m a n  sex c h r o m a t i n  b o d y  has  
been  a t t r i b u t e d  to  j u x t a p o s e d  e u c h r o m a t i n  11. Th i s  pos-  
s ib i l i ty  was  e l imina ted  in  t h e  p re sen t  s t u d y  since hypo-  
ton ic  spread  p r e p a r a t i o n s  al lowed for  spa t i a l  s epa ra t ion  
of chromosomes .  I t  has  also been  suggested  t h a t  l abe l ing  

in  h u m a n  m e t a p h a s e  ch romosomes  was the  ' resu l t  of 
r andom,  non-specif ic  adhe rence  of labeled 1RNA '~6 
Release  of labeled R N A  f rom p rophase  ch romosomes  in 
t he  p re sen t  i nves t i ga t i on  was slight.  A l t h o u g h  t he  pos- 
s ib i l i ty  of non-specif ic  adhe rence  of some labeled R N A  
to  ch romosomes  c a n n o t  be  ignored,  i t  seems i m p r o b a b l e  
t h a t  a s igni f icant  a m o u n t  of t h a t  released in p rophase  
cells would adhere  to  a single chromosome,  specifically 
t he  ' i nac t ive '  X 35 

Rdsumd. P o u r  une  6 tude  q u a n t i t a t i v e  de la syn th~se  
du RNA,  nous  avons  util is6 des ch romosomes  sexuels 
d 'Opossum,  m o r p h o l o g i q u e m e n t  faciles k d i s t inguer  en  
p rophase  et  poss6dan t  des caract~res  cy tog6n6t iques  
inusuels .  Les r6su l ta t s  sugg~rent  que les deux  chromo-  
somes X des l y m p h o c y t e s  femelles  son t  actifs  g6n6t ique-  
m e n t  (quoique l ' un  d ' eux  le soit  moths  que  l ' au t re )  pen-  
d a n t  une  cour te  p6riode du cycle de la cellule. 
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