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in s imi la r  p a t t e r n s .  BECKER et  al. ~4 work ing  w i t h  neurons ,  
h a v e  suggested  t h a t  acid p h o s p h a t a s e  is assoc ia ted  w i t h  
lysosomes.  R e c e n t l y  OGAWA a n d  SHINONAGA is, f rom 
e lec t ron  microscopica l  s tud ies  of cu l t u r ed  f ib rob las t s  of 
ch ick  e m b r y o  origin,  h a v e  sugges ted  t h a t  acid p h o s p h a -  
tase  is localized in t he  m e m b r a n e s  of lysosomes.  T h e y  
r e m a r k  t h a t  ' t h e  e n d o p l a s m i c  r e t i c u l u m  a n d  p e r h a p s  t h e  
Golgi a p p a r a t u s  are i n v o l v e d  in t h e  f o r m a t i o n  of lyso- 
somes ' .  I t  is of i n t e r e s t  to  m e n t i o n  here  t h a t  in  sp ina l  
gang l ion  cells we h a v e  descr ibed  t he  loca l iza t ion  of t he  
Golgi bodies  in  pe r i nuc l ea r  a reas  in  some cells, whe reas  
t h e r e  is a genera l  d i s t r i b u t i o n  in  o the r s ' " .  I n  t h e i r  topo-  
g raph ica l  a r r a n g e m e n t  these  s tages  a re  iden t i ca l  w i t h  
acid p h o s p h a t a s e  d i s t r i b u t i o n  seen in the  p r e s en t  s tudies .  
Therefore ,  i t  seems possible  t h a t  acid p h o s p h a t a s e  is 
e i t he r  local ized in t he  Golgi  bod ies  or  in  lysosomes 
de r ived  f rom t h e  Golgi  bodies.  

S imple  es te rase  p r e p a r a t i o n s  h a v e  d e m o n s t r a t e d  i n t r a -  
cy top l a smic  d i s t r i b u t i o n  of t h e  e n z y m e  in t w o  p a t t e r n s :  
pe r inuc l ea r  (arrows P, F igu re  6) a n d  genera l  (arrows, 
F igure  6). i n  t h i s  r e spec t  t h e  e n z y m a t i c  loca l iza t ion  re-  
sembles  t h a t  of acid p h o s p h a t a s e  a n d  o x i d a t i v e  enzymes ,  
a n d  differs f rom t h e  p e r i p h e r a l  loca l iza t ion  of a lka l ine  
p h o s p h a t a s e  a n d  adenos ine  t r i p h o s p h a t a s e .  All  the  cells of 
t he  t r i g e m i n a l  gang l ion  are  pos i t ive  for s imple  es te rase  to  
some degree or  o ther .  I n  th i s  r e spec t  t h e y  differ  f rom 
specific cho l ines te rase  p r e p a r a t i o n s  where  on ly  a few 
t r i g e m i n a l  gang l ion  cells show e n z y m a t i c  a c t i v i t y  (cells a, 
F igure  8). The  r e m a i n i n g  cells are  e i t h e r  t o t a l l y  n e g a t i v e  
cells b, F igure  8) or  show on ly  pe r iphe ra l  loca l iza t ion  

(arrow, F igu re  8). I n  sp ina l  gang l ion  of r a t  ~ none  of t he  
cells showed  exclus ive  p e r i p h e r a l  loca l iza t ion  of specific 
chol ines te rase .  

A de ta i l ed  p a p e r  d iscuss ing  t he  s ignif icance of t h e  en-  
zymes  ac t ive  in va r ious  p a r t s  of gang l ion  cells will be  
p u b l i s h e d  elsewhere .  

Zusammen/assung. Es wird  f iber die t o p o g r a p h i s c h e  
V e r s c h i e d e n h e i t  de r  V e r b r e i t u n g  d ive r se r  E n z y m e  in den  
T r i g e m i n u s - G a n g l i e n  yon  R a t t e n  be r i ch t e t .  Die B e d e u t u n g  
de r  p e r i p h e r e n  Ver t e i l ung  yon  a lka l i s che r  P h o s p h a t a s e  
u n d  a d e n o s i n e r  T r i p h o s p h a t a s e ,  de r  pe r inuk le t t r en  u n d  
a l l geme inen  V e r t e i l u n g  yon  C y t o c h r o m - O x y d a s e ,  Suc- 
c i n o d e h y d r a s e  u n d  sau re r  P h o s p h o t a s e  in den  N e u r o n e n  
wi rd  besp rochen ,  ebenfa l l s  die Ve r t e i l ung  spezif isch cho-  
l i nes t e ra se -pos i t ive r  Zel len u n d  die cycl ische V e r t e i l u n g  
v o n  5 -Nukleo t idase  in e in igen  Zellen. 
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S e x  C h r o m a t i n  a s  a M a r k e r  in  s o m e  R a b b i t  C e l l s  

Introduction. I n  t he  course  of a q u a n t i t a t i v e  inves t iga -  
t i on  on  t he  role of m o n o c y t e s  in  w o u n d  r e p a i r  t i ssue  
(HULLIGER a n d  ALLGOWER1), a cell m a r k e r  was  needed  to  
follow t h e  fa te  of leucocytes  for 2 to  3 weeks  in a mode l  ex- 
p e r i m e n t  of i n f l a m m a t o r y  r epa i r  t issue.  

Cell m a r k e r s  such  as r a d i o a c t i v e  isotopes,  a n d  more  re- 
cen t ly  c h r o m o s o m a l  marke r s ,  h a v e  been  used  widely.  
Most  of t he se  h a v e  c e r t a i n  l i m i t a t i ons  w h i c h  m a d e  t h e m  
useless for ou r  purpose .  R a d i o a c t i v e  i so topes  such  as t r i t i -  
a t ed  t h y m i d i n e  or  p h o s p h o r o u s  were  n o t  cons idered  sui t -  
able  since t h e  label  d imin i shes  w i t h  successive cell d ivi -  
sions.  I n  a n  ac t ive ly  p ro l i f e ra t ing  t i ssue  t he  labe l  d i sappea r s  
w i t h i n  2 to  3 weeks, unless  h i g h l y  r a d i o a c t i v e  t r a c e r  
m a t e r i a l  is used.  I n  t h i s  case i n t e r f e r ence  w i t h  n o r m a l  
cel lular  func t ions  m a y  resul t .  C h r o m o s o m a l  m a r k e r s  do 
n o t  al low morpho log ica l  i den t i f i c a t i on  of t he  cell inves t i -  
ga ted .  

The  sex c h r o m a t i n  b o d y  seemed  su i t ab l e  as a m a r k e r  
w i th  which  t he  fa te  of a c e r t a i n  cell t y p e  could be fol lowed 
in a mixed  p o p u l a t i o n  in vitro or in  d i f fus ion c h a m b e r s  in 
vivo. The  fac t  t h a t  sex c h r o m a t i n  occurs  n a t u r a l l y  in  cells 
seemed to h a v e  a n  a d v a n t a g e  over  ar t i f ic ia l  marke r s .  

I n  order  to  t e s t  t he  usefulness  of sex c h r o m a t i n  as a 
marke r ,  we a t t e m p t e d  to  d e t e r m i n e  w h e t h e r  i t  c an  be  
ident i f ied  in r a b b i t  f ib rocy tes  a n d  leucocytes .  
Materials and Methods 

Subcutaneous connective tissue was o b t a i n e d  f rom the  ab-  
d o m i n a l  region of 6 male  and  6 female  r abb i t s .  P a r t  of 
t h i s  t i ssue  was f ixed a n d  sec t ioned,  f rom some whole  
m o u n t s  were  made ,  and  t h e  res t  was  e x p l a n t e d  in sma l l  
pieces on  coverglasses  in  p l a s m a  clots  (50% r a b b i t  p l a sma ,  
50% H a n k s  sa l t  solut ion)  and  i n c u b a t e d  for 10 to 16 days  

in  rol ler  tubes  w i th  25% r a b b i t  s e rum a n d  75% Eag le ' s  
so lut ion.  

Leucocytes f rom the  same  a n i m a l s  were c o n c e n t r a t e d  
f rom c a n n u l a t e d  ca ro t i d  a r t e r y  b lood  b y  cen t r i fuga t ion ,  
e x p l a n t e d  as b u f f y  coa t  pieces in  p l a s m a  clots  a n d  incu-  
b a t e d  for 6 to  20 days .  

Cytological methods. Blood smears ,  whole  m o u n t s  of con-  
nee t ive  t i ssue  a n d  cu l tu res  of leucocytes  a n d  I ib rocy te s  
were  f ixed in 95% alcohol  a n d  s t a i ned  acco rd ing  to t h e  
Feu lgen  m e t h o d .  Sex c h r o m a t i n  was c o u n t e d  us ing  a 95 × 
ob jec t ive  a n d  a 10×  ocular .  A t  l eas t  100 nucle i  were exa-  
mined ,  o f t en  500. Only  n o n - p y c n o t i c  nucle i  w h i c h  were 
n o t  fo lded or o v e r l a p p i n g  were considered.  Ova l  nucle i  
w i t h  f ine ly  d i s t r i b u t e d  c h r o m a t i n  were cons idered  as be-  
long ing  to f ibrocytes .  T h e  pos i t ion  of t i le sex c h r o m a t i n ,  
w h e t h e r  a t  t he  p e r i p h e r y  of t he  nuc leus  a n d  a d j a c e n t  to  
t h e  m e m b r a n e  or free in t he  c y t o p l a s m  was n o t e d  a n d  
nucle i  w i t h  two sex c h r o m a t i n  bodies  were r ecorded  
sepa ra te ly .  
Results 

Connective tissue. I n  f resh ly  i so la ted  c o n n e c t i v e  t i ssue  
of t h e  r abb i t ,  t h e  nucle i  are  folded a n d  dense ly  s t a i n e d  so 
t h a t  sex c h r o m a t i n  c a n n o t  be  iden t i f i ed  (Figure  1). F ib ro-  
cy tes  growing  in vitro f rom a n  excised piece of c o n n e c t i v e  
t i ssue  h a v e  f la t  ova l  nucle i  wi th  f ine ly  d i s t r i b u t e d  chro-  
m a t i n .  The  sex c h r o m a t i n  can  be  iden t i f i ed  in 84 93% 

O /  (average  = 91.5/o)  of all  female  cells. C o m b i n e d  sex chro-  
m a t i n  f requencies  for all  cu l tu res  f rom female  (Figure  2) 
a n d  male  (Figure  3) c o n n e c t i v e  t i ssue  are  g iven  in Tab le  I. 
L i t t l e  d i f ference was  o b t a i n e d  if 500 i n s t ead  of 100 nuclei  
were coun ted .  

a L. HULLIGER and M. ALLG6WER, in preparation (1963). 
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Leucocytes. In  f reshly  isolated leucocytes  sex ch roma t in  
canno t  be de t ec t ed  wi th  ce r t a in ty ,  because monocy te  and 
l y m p h o c y t e  nuclei  appea r  d i s to r ted  and folded and gen- 
erally con ta in  mul t ip le  c h r o m a t i n  c lumps  (Figures 4 and 
5). Af te r  a few days  in cul ture,  a gradual  change  takes  
place in the  appea rance  of the  large mononuc lea r  cells. 
They  enlarge and  the i r  nuclei  f la t ten .  Mitoses begin 
a round  the  th i rd  or four th  day  of incubat ion .  The n u m b e r  
of g ranu locy tes  and  l y m p h o c y t e s  diminish• After  10 to 14 
days  a large cell popu la t ion  has  developed in which three  
d i f fe rent  ce l l - types  can be d i s t inguished:  (a) Macrophage-  
like cells wi th  d i s to r t ed  and indented ,  mos t ly  elongated,  
nuclei and  a coarse c h r o m a t i n  s t ruc tu re  (Figure 6). There 
is no cons i s t en t  d i f ference be tween  male and  female cells. 
(b) His t iocyte- l ike  cells wi th  round  nuclei in which hetero-  
c h r o m a t i n  is d i s t r i bu ted  in several  small  centres.  No 
def ini te  d i f ference  be tween  male and  female cells can be 

seen (Figure 7). (c) Fibroblas t - l ike  cells wi th  oval  nuclei  
and  finely d i s t r ibu ted  ch romat in .  Sexual  d i m o r p h i s m  is 
very  ev iden t  in these  cells (Figures 8 and  9). 

The d i s t r ibu t ion  of the  d i f ferent  cell t ypes  var ies  from 
one cul ture  to the  next .  One cell t y p e  of ten  forms a 
cluster ;  mi to t ic  figures could be seen in the  c lus ters  of all 
th ree  cell types .  In f ibroblast- l ike cells sex c h r o m a t i n  is 
recognizable in 82-90% (average 89%) of female  nuclei. 
Male cul tures  had  0 to 1% nuclei wi th  sex ch romat in - l ike  
bodies (average 0.3%). The sex c h r o m a t i n  inc idence  in 
two cul tures  wi th  ac t ively  growing f ibroblas t - l ike  cells is 
given in Table  II.  

Discussion. ASHLEY 2 c la imed to be able to iden t i fy  the  
sex ch roma t in  bodies  in freshly isolated h u m a n  female 

2 D. J. 13. ASHLE" G Nature 179, 969 (1957). 

Fibrocytcs and leucocytes from the rabbit. Magnification : 1425 x, Feulgen stain 

Fig. 1. Freshly isolated female stlbc/ltaneolls connective tissue. 
Fibrocyte nuclei. 

Fig. 3. Sex chromatin negative connective tissue mwlei of a mah~ 
after I0 clays in culture. 

I 

P 
Fig. '2. Sex chromatin positive connective tissue nuclei of a female 

after 10 days in culture. 
Fig. 4. Freshly isolated female leucocyte (monocytie). 
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Table "I 

Sex Sex chromatin positive (%) 
chromatin 

Nulnber of negative one one two 
Sex cultures (%) peripheral central bodies 

14 99.5 0.3 0.2 - -  1.o 
~) 20 8.5 74.(} 16.5 1.0 4.8 

Standard 
deviation 

of negative 

leucocytes .  R i i s  3 on the  o t h e r  hand ,  could no t  dif ferent i -  
a te  b e t w e e n  the  he t e roch roma t i c  s t ruc tu res  and  the  sex 
c h r o m a t i n  body  of f reshly  i sola ted  h u m a n  leucocytes .  We  
can  conf i rm th i s  for h u m a n  leucocytes  (unpubl i shed  ob-  
servat ions) .  RIIS, however ,  descr ibes  a di f ference in t he  
c h r o m a t i n  s t ruc tu re  of h u m a n  l y m p h o c y t e s  af ter  24 h in- 
cuba t i on  i n  vitro, a l though  he  does no t  give the  pe rcen tage  
of cells w i th  sex ch romat in .  Af te r  24 h incuba t ion  of r abb i t  

leucocytes  we were no t  able to iden t i fy  male  and  female  
cells. We  first  f ind a difference af ter  3 to 4 days  of incuba-  
t ion  when  cell prol i fera t ion  s t a r t s  and a f ibroblas t - l ike  
cell t ype  appear s  in larger n u m b e r s ;  in th is  cell t ype  nu-  
clear c h r o m a t i n  is f inely d i s t r ibu ted .  

Ear l ie r  inves t iga t ions  have  ind ica ted  t h a t  among  r a b b i t  
leucocytes  only  large mononue lea r  ceils (monocy tes  and  
large lymphocy tes )  are responsible  for cell d ivis ion and  
d i f fe ren t i a t ion  in to  f ibroblas ts  (HuLLmER4). In  h u m a n  
leucocytes,  BOND et  al. 5 showed  t h a t  t he  same cell t ype  
takes  up t r i t i a t ed  t h y m i d i n e  i n  vitro. R n s '  suggest ion t h a t  
smal l  l y m p h o c y t e s  also t r a n s f o r m  in to  macrophages ,  does 
no t  appear  to  apply  for r ab b i t  l ymphoey te s .  

The  I ibrocyt ic  na tu re  of the  f ibroblas t - l ike  cells arising 
in leucocyte  cul tures  has  been  ind ica ted  b y  the  demon-  

P. RI~s, Acta haematol. 18, 168 (1957). 
4 L. HU~LIC, ER, Virchow's Arehiv ;129, 289 (1956). 
5 V. P. BOND, E. P, CRONKITE, T. M. FLIEDNE~, and B. Scnor~K, 

Science 128, 208 (1958). 

Fig. 5. Freshly isolated female leucocyte (lymphocytic). 

4 

Fig. 7. Male leucocyte nuclei (histiocyte-like) after 10 days in culture. 

Fig. 6. Female leucocyte nucleus (maerophage-like) after 10 days in Fig. 8. Sex chromatin positive nuclei from fibrocyte-like female cells 
culture, in leucocyte culture after 10 days. 
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s t r a t ion  of collagen p roduc t ion  (ALLGOWER and  HUL- 
LIGER6).  I f  t he  fate  of only  one cell t ype  is to be invest i -  
gated,  it  is adequa t e  to t ake  these  cells f rom a female 
an imal  and  mix  t h e m  wi th  or t r a n s p l a n t  t h e m  to a maleL 

ZusammenJassung. In  frisch isolierten Kan inchenf ib ro -  
b las ten-  und  L e u k o c y t e n  k a n n  kein Gesehlechtsd imor-  
ph i smus  fes tges te l l t  werden.  Nach  einigen Tagen Zell- 

Table II 

Sex chromatin negative St.x chromatin positive (%) 
Sex (%) one peripheral one central two bodies 

1oo --  - -  - -  
III 73.1) 16.0 1.0 

kul t iv ierung f inder  man  in 84 93% (durchschn i t t l i ch  
91,5 %) der weibl ichen F ib rob las t en  den Gesch lech t schro-  
mat ink6rper .  Nur  0 - 2 %  (durchschn i t t l i ch  0,5%) der  
m/innlichen F ib rob las ten  weisen ein dem Geschlechts -  
ch roma t ink6rpe r  iihnliches Gebilde auf. In  L e u k o c y t e n -  
ku l tu ren  sind die e n t s p r e c h e n d e n  Zahlen 82-90% (durch-  
schni t t l ich  89%) fiir weibliche, 0 - 1 %  (durchschn i t t l i ch  
0,3%) ftir miinnliche Zellen. l)iese l ) a t en  lassen den  Ge- 
sch lech t seh romat ink6rpe r  als b r a u c h b a r e n  Ze lhnark ie re r  
beim Kan inchen  erscheinen.  

LOTTE HULLIGER,  
}I .  P.  KLINGER,  a n d  M. ALLGOWER 

Laboralorium /i'tr experimentelle Chirurgie, Schweizerisches 
Forschungsinstitut, Davos (Switzerland), Anatomisches 
lnsti tut  der Universit?it Basel (Switzerland) and Kantons-  
spiral Chur (Switzerland), January  2, 1963" 

Fig. 9. Sex ehromatin negative nuclei from fibrocyte-like male cells 
in leucocyte culture after 10 days. 

6 M. ALLG6WeR and I.. HULI.I¢;ER, Surgery 47, 603 (1960). 
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H i s t a m i n e  F o r m a t i o n  in H u m a n  W o u n d  T i s s u e  

The d i scovery  of a s ingular ly  high ra te  of h i s t amine  for- 
ma t i on  in ra t  p r e g n a n c y  I encouraged  s tudies  on a possible 
connec t ion  be tween  h i s t amine  fo rmat ion  and  cer ta in  
kinds of rap id  t issue g rowth  charac te r ized  by  a high ra te  
of cell mul t ip l ica t ion .  Subsequen t ly ,  a h igh h i s t amine-  
forming  capac i ty  (HFC), i.e. h igh  ra te  of deca rboxy la t ion  
of his t id ine,  was found  in embryon ic  ra t  e and mouse 3 
t issues,  and  in w o u n d  and  granula t ion  t issues in ra t  skin 
wounds  4. A h igh  corre la t ion be tween  H F C  and mi to t ic  
index  of mul t ip ly ing  cells was seen in the Landschi i tz  I 
ascites t u m o r  in the  mouse  5. The ra t  bone  mar row also 
has  a spec tacu la r ly  high H F C  ~. 

I n  vitro h i s t amine  fo rma t ion  by  h u m a n  tissues, includ- 
ing skin, was  s tud ied  by  \VAToN 7, who repor ted  no hist i-  
dine decarboxylase  ac t iv i ty .  However ,  in vitro his tamine  
fo rma t ion  has been d e m o n s t r a t e d  in h u m a n  basophi l  
b lood cells s,~ and  skin 1° by  isotopic  technique .  

The coopera t ion  of Dr. G6STA JONSSON, Head  of the 
Urology Clinic of the  Unive r s i ty  of Lund,  made  possible 
the  e x a m i n a t i o n  of t he  H F C  in h u m a n  skin wounds.  An 
incision, 2-3 cm in length,  was made  th rough  the  ent i re  
th ickness  of the  skin of the  lower abdomina l  region and 
closed b y  sutures.  Circular pieces of skin, including the  
full l eng th  of t he  incision, were excised at  24 or 48 h af ter  
wounding .  Norma l  t issue to serve as controls  was ob ta ined  
f rom the  excised piece a t  si tes max ima l ly  d i s t an t  from the  
incision. Specimens  are def ined as follows. Skin : epidermis  
and  dermis  a t  cont ro l  sites excised to the  same d e p t h  as 
wound  t issue;  subcut i s :  subcu taneous  layer  of control  

sites excised at  the  same d e p t h  as g ranu la t ion  t i ssue;  
wound tissue : tiffsue immed ia t e ly  su r round ing  the  incision 
to a d e p t h  of 2-3 ram;  g ranu la t ion  t issue:  t issue f rom the  
d e p t h  of the  wound.  The HFC was measured  in t e r m s  of 
x4C-histamine formed ()n incuba t ing  minced  t issue wi th  
~aC-histidine for 3 h. The resul ts  in Table  I are expressed  
in counts  per rain per  g tissue. W i t h  the  ~4C-histidine used, 
1 tzg ~4C-histamine formed cor responded  tu abou t  5000 
counts  per min. The isotopic t echn ique  employed  in th is  
labora tory  has been descr ibed elsewhere n .  The  resul ts  
summar ized  in Table 1 indica te  t h a t  in the  ma j o r i t y  of 

1 G. I{AIILSON, E. ROSENt;RF-'N, and H. WICSTLING, J.  Physiol.  143, 
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