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m a r r o w  test  wi th  Chinese H a m s t e r s  ~ 
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Summary. In  accordance wi th  the i r  carcinogenic effects, 7, 12-d imethy lbenzan thracene  and 3, 4-benzo(a)pyrene induce 
s i s te r  ch roma t id  exchanges  in the  bone mar row of Chinese H a m s t e r s  in vivo. P h e n a n t h r e n e  is inactive.  A dose depen-  
dence  of induced s i s te r -chromat id  exchanges  can be shown. 

Recen t  publ ica t ions  show t h a t  mutagenic  subs tances  
induce no t  only ch romosome  aber ra t ions  bu t  also sister  
ch roma t id  exchanges.  Different ia l  s ta in ing  of sister chro-  
ma t id  exchanges  (SCE) was so far res t r ic ted  to cul tured 
cells ~-6. 
Recen t ly  me thods  were developed to d e m o n s t r a t e  the  
induct ion  of SCE in vivo, i.e. in the  bone mar row cells of 
t r ea ted  animals~. W i t h  th is  new techn ique  of Vogel and 
Bauknech t ,  the  dose-dependence  of SCE induced  by  3 
polycyclic hydrocarbons  was examined :  7 ,12-dimethyl -  
benzan th racene  (DMBA); 3 ,4-benzo(a)pyrene (BaP) and  
p h e n a n t h r e n e  (Ph). 
Male Chinese Hams te r s ,  8-20 weeks old, received one 
dose e i ther  of 2.5, 7.5, 12.5, 25, 50 or 100 mg DMBA/kg  
b.w. or of 25, 50 or 100 mg BaP /kg  b.w. or of 25, 50 or 
100 m g / P h / k g  b.w. All 3 hydroca rbons  were dissolved in 
Trieapryl ine,  using a homogenizer  for be t t e r  solution. 
21/~ h before f ixation,  10 mg Colchicine/kg b.w. was given. 
The animals  were sacrificed 24 h af ter  the  t r e a t m e n t  wi th  
hydrocarbons ,  and 28 h af ter  the  first  inject ion wi th  
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Dose response curve of sister chromatid exchanges induced by 
DMBA (top curve), BaP (middle curve), and Ph (bottom curve) in 
bone marrow cells of Chinese Hamsters. The horizontal line repre- 
sents the control level (3.4). Abscissa: Dose (mg/kg b.w.). Ordinate: 
Mean nmnber of sister chromatid exchanges • standard deviation 
(vertical lines). Each point of the curves represents a sample of 50 
cells from 2 animals. 

B U d R .  In  t he  controls,  un t r ea t ed  animals  or animals  
t r ea t ed  wi th  t h e  pure  solvent ,  the  mean  n u m b e r  of SCE/  
cell was 3.2 4- 1.2 and 3.4 4- 1.4 respect ively.  Compared  
wi th  induced breaks  and interchanges ,  the  n u m b e r  of 
SCE per  cell is much  higher.  Therefore  much  fewer  cells 
need to  be counted  t h a n  in the  case of ch romosome  aber-  
rat ions.  We  found 50 cells adequa te  to get  reliable resul ts  
wi th  hydrocarbons .  
The figure shows the  dose-response curves ob ta ined  so 
far. DMBA, the  mos t  act ive compound ,  as well as BaP,  
show a non- l inear  increase of SCE. This  m a y  also be the  
case wi th  Ph,  bu t  the  n u m b e r  of SCE induced is no t  
significant.  The dose curve of DMBA is based on 6 dif- 
fe rent  concent ra t ions .  A signif icant  increase is ob ta ined  
wi th  7.5 mg/kg  b.w. ; obviously  no, or a ve ry  low, th resh-  
old value exists.  The 3-point-curve of B a P  rises f rom 
abou t  25 mg/kg  b.w. wi th  a s ignif icant  increase be tween  
25 and 50 mg/kg  b.w. Here  a d i s t inc t  th resho ld  value 
seems to exist .  The increase of SCE induced by  P h  is no t  
s ignif icant  w i th  a dose of 100 mg/kg  b.w. 
3 main  conclusions can be d rawn f rom the  resul ts :  
1. The induc t ion  of SCE corresponds  to the  resul ts  ob- 
t a ined  f rom chromosome  aberra t ions  (unpublished).  
2. I t  reflects the  sequence of carcinogenic effects by  the  3 
hydroca rbons  wi th  DMBA as the  mos t  act ive compound .  
3. The SCE t e s t  is much  more  sensi t ive t h a n  the  induc t ion  
of ch romosome  aberrat ions.  A signif icant  increase of SCE 
can be observed wi th  concen t ra t ions  much  lower t h a n  
those  which are necessary to induce ch romosome  aberra-  
t ions. The t es t  m a y  be used as a quick  m e t h o d  to  screen 
for the  induct ion  of ch romosome aber ra t ions  and  to  
examine  the  exis tence of a th reshold  value. 
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Mouse  sex  vesicle .  C-band and pair ing at the l ight  and electron microscope  1 
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Summary. C banded  mouse pachy tene  chromosomes  were s tudied  wi th  the  l ight  and electron microscopes by  the  whole 
m o u n t  technique.  The X and  Y chromosomes  show pair ing by  the  long, b y  the  shor t  or b y  b o t h  long and  shor t  arms. 
Assuming  Lyon ' s  hypothes i s ,  the  la t te r  suggests  t h a t  the  Y segmen t  t r ans fe r red  to the  X is intercalar .  W i t h  the  l ight  
microscope,  a nega t ive  image of the  s y n a p t o n e m a l  complex  is evidenced.  
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The prepara t ions  were ob ta ined  f rom normal  male 
Swiss albino mice wi th  2 n = 40 acrocentrics.  For  e lectron 
microscopy,  the  p repara t ions  were made  as follows: The 
seminiferous tubules  were placed in 0.8% or 0�9 NaC1 
solut ion for 4-10 min,  squashed  on a slide, the  cell sus- 
pens ion obta ined  being spread  over  disti l led wa te r  in a 
plast ic  t r a y  wi th  Teflon bars.  Collected on col lodium 
(1.5%) covered grids, th is  mate r ia l  was t r ea t ed  wi th  
p h o s p h a t e  buffered t ryps in  p H  6.9 (0.01%, 5 min  at  
37~ s ta ined in aqueous P T A  (1%, 5 min at  room tem-  
perature) ,  t hen  washed in dist i l led wa te r  and air dried. 

The electron micrographs  were ob ta ined  in a Siemens 
E lmiskop  I, a t  60 kv  and  low magnif icat ion.  

For  l ight  microscopy,  the  cell suspensions were ob- 
t a ined  as for the  e lectron microscope.  Bu t  the  dispersion 
was made  on dist i l led wa te r  in a Buchne r  funnel,  con- 
ta in ing abou t  6 slides a t  t he  bo t tom.  A rubber  tube  
ad ap t ed  to  the  lower end of the  funnel  was used for the  
control  of the  wa te r  outflow�9 By  wa te r  decan ta t ion  
(5 min), the  nuclei  were depos i ted  on the  slides. Af te r  

�9 air drying,  the  cytological  p repa ra t ions  were selected at  
the  phase  microscope.  They  were s ta ined for 30 rain in 

Fig. 1-6. Electron micrographs showing the C band (arrows) in the autosomal bivalents (1-3) and in the X (4,5); XY pairing at the long 
arm (4) and by both telomeres (5); overlapping of X and Y cores (6). Bars (1 ~xm). 
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Giemsa di luted in S6rensen p h o s p h a t e  buffer  p H  6.8, 
washed in disti l led wa te r  and the  coversl ips m o u n t e d  
wi th  Pe rmoun t .  

The C b a n d  was observed in the  au tosomal  b iva len ts  
and in the  X chromosome a t  the  e lectron microscope 
(Figures 1-5). Rar i fac t ion  of the  non-cen t romer ic  chro- 
m a t i n  and par t i a l  or to ta l  r emoval  of the  S.C. were also 
de tec ted  (Figure 1). X and Y pair ing by  the  long arms 
(Figure 4) and  by  bo th  long and  shor t  a rms in a ring-like 
conf igura t ion  (Figure 5) were evidenced.  The mos t  fre- 
q u e n t  X Y  conf igura t ion  is shown in Figure  6. 

W i t h  the  l ight  microscope, we found similar aspects .  
The C band  appeared  in the  au tosomal  b iva lents  (Figure 
7) and in the  X chromosome (Figure 8). A na r row and 
regular  slit a t  the  synapt ic  surface of the  au tosomal  and 
sexual  b ivalents  was seen (Figures 9, 10). We in t e rp re t ed  

this  e m p t y  space as rar i fact ion of the  non-cen t romer ic  
ch roma t in  and  S.C. digestion,  as a l ready descr ibed in the  
electron microscope s tudy.  

The wa te r  spread  t echn ique  resul ted in sex vesicle dis- 
tension.  This and  the  C band ing  faci l i ta ted the  analysis  
of the  X Y  pair ing wi th  the  l ight  microscope. F r o m  34 
vesicles selected, 3 showed X and  Y univalents (Figure 
11), 25 showed pair ing by  the  long arms (Figure 12), 
1 exhib i ted  pai r ing  by  the  shor t  arms (Figure 13). B u t  in 
5 the  X and  the  Y were s imul taneous ly  pa i red  by  the  
long and shor t  a rms (Figures 14-16 and  8) like the  ones 
seen under  the  e lectron microscope (Figure 5). Besides 
the  pair ing by  bo th  ends,  t he  X shows a bend ing  a t  its 
middle  por t ion  (Figures 15, 16). The nucleolus a t  the  long 
X a rm was also f requent ly  observed (Figures 11 and  14) 
as a l ready  repor ted  4. 

X Y  pair ing by  the  long arms was shown by  serial sec- 
t ions under  the  e lectron microscope 4, in who le -moun t  
p repara t ions  a, 5 and in C banded  squash  p repa ra t ions  
under  the  l ight  microscope G. The high f requency  of pa i r ing  
jus t  by  the  long arms suggests  early t e rmina l iza t ion  at  
the  shor t  arms. This could resul t  f rom absence of chias- 
m a t a  in the  shor t  arms. H y p o t o n i c  t r e a t m e n t  could also 
influence the  early separa t ion  of the  ach iasmat ic  arms.  

The presence  of the  X and Y univa len ts  in p a c h y t e n e  
nuclei can  be a t t r i b u t e d  to failure of pairing, late pa i r ing  
or early t e rmina l iza t ion :  

Failure of pair ing of the  sex chromosomes  should resul t  
in pos t - reduct ion .  1But according to OHNO et al.L only 
pre- reduct ion  occurs. La te  pair ing of the  X and Y is also 
improbable  because the  sex chromosomes  and the  auto-  
somes begin the i r  pair ing process synchronica l lyL Ac- 
cording to SOLARI 4, the  decrease in size of the  long a rms '  
S.C. m a y  be in t e rp re t ed  as an early repulsion of the  sex 
chromosomes.  

According to LYONS, the  X-ch romosome  inac t iva t ion  
in m a m m a l s  was preceded by  the  appearance  of a small  
different ial  segment ,  car ry ing  the  Y genes for the  testis.  
This was followed by  the t r ans fe r  of a large segmen t  from 
the  Y to the  X chromosome.  According to th is  scheme, 
the  t ransference  would have  occurred a t  the t e rmina l  
por t ion  of the  homologous  X arm. 

Accept ing this  hypothes is ,  in the  mouse a t ransference  
of an in terca la te  segment  of the  long Y a rm to the  middle  
of the  long X a rm could also be assumed.  Hence,  X and  
Y can pair  by  b o t h  p rox imal  and distal  ext remit ies .  The 
anomalous  S.C. 4 and the  bend ing  of the  long X a rm m a y  
be associated to the  t rans loca t ion  s 

Fig. 7-16. Light microscope aspects of pachytene nuclei prepared by 
the water spreading technique. C band (arrows) in the autosornes (A} 
(7). Localization of the distended sex vesicle in relation to the auto- 
somes and C band in the X (8). Negative image of the S. C. in the 
autosomes (9) and in the sex vesicle (10) ; X and Y univalents and the 
nucleohts (n) (11}; X and Y paired by the long X arm (12); by the 
short X arm (13}; by both the telomeres (14 16 and 8); bending of 
the X (double arrows) (15, 16). Bars (5bun). 
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