
15. XI. 1963 Brevi comunicazioni - Brief Reports 577 

Rdsumd. Le m6 tabo l i sme  des  acides nuc l6 iques  des cel- 
lules du  foie de souris  de la souche  Call  n o r m a l e s  et  
a t t e i n t e s  d ' u n e  t u m e u r  mal igne ,  a 6t6 6 tudi6  h d ivers  in- 
t e rva l les  de t e m p s  avec  de l ' ad6n ine  marqu6e .  

D a n s  le cas  des  souris  normales ,  la p r o p o r t i o n  de R N A  
incorpor6e  d a n s  le n o y a u  p a r  r a p p o r t  au  c y t o p l a s m e  se 
modi f ie  f o r t e m e n t .  D a n s  le cas  des  sour is  a t t e i n t e s  d ' u n e  

t u m e u r  mal igne ,  ce r a p p o r t  res te  s t ab le  p e n d a n t  la dur6e  
de l 'exp6r ience.  

R. K. NEOGY a n d  S. B o s ~  

Chittaranjan National Cancer Research Centre, 
Calcutta (India), June 21, 1963. 

Monocyte Participation in Connective 
Tissue Repair 

A Q u a n t i t a t i v e  S t u d y  in D i f f u s i o n  C h a m b e r s  U s i n g  

S e x - C h r o m a t i n "  as  a M a r k e r  

1. Introduction. F a t e  a n d  func t ion  of leucocytes  t h a t  
h a v e  m i g r a t e d  i n to  a field of i n f l a m m a t i o n  i n d u c e d  b y  
m e c h a n i c a l  or  chemica l  t r a u m a  p r e s e n t  a large n u m b e r  of 
unso lved  p rob lems .  

Leucocy tes  in  t i ssue  cu l tu re  h a v e  been  s h o w n  to  prol i-  
fe ra te  a n d  d i f f e r en t i a t e  in to  m a c r o p h a g e s  on  t he  one h a n d  
a n d  i n to  f ib rob las t - l ike  cells on  t h e  o t h e r  (ALLG0WER t, 
BLOOM :, HOLLIGER a n d  ALLGOWER3). T he  or igin of these  
f ib rob las t - l ike  cells deve lop ing  in b u f f y  coa t  cu l tu res  was  
i n v e s t i g a t e d  b y  c o m p a r i n g  t ho rac i c  d u c t  l y m p h  con t a in -  
ing  99% smal l  a n d  m e d i u m  sized l y m p h o c y t e s  in the  rab-  
b i t  w i t h  b lood  leucocytes  in  t i ssue  cu l tu re  (HuLLIGER4). 
I n  t h o r a c i c  d u c t  cu l tures ,  f ib rob las t s  deve loped  on ly  v e r y  
rare ly .  Large  m o n o n u c l e a r  cells (monocy te s  a n d  large 
l y m p h o c y t e s )  were  t he r c fo rc  sugges ted  to  be  t he  s t em-  
cells for  t h e  f ib rob las t s  deve lop ing  in b lood cu l tures .  Simi- 
lar  o b s e r v a t i o n s  h a v e  b e e n  m a d e  b y  SHELTON s c o m p a r i n g  
r a b b i t  l y m p h  a n d  b lood cells in  d i f fus ion c h a m b e r s .  

La rge  m o n o n u c l e a r  cells in  h u m a n  b lood  h a v e  also been  
s h o w n  to  t a k e  u p  t r i t i a t e d  t h y m i d i n e  (BOND et  al.6) t h u s  
d e m o n s t r a t i n g  t h e i r  r e p r o d u c t i v e  capac i ty .  

T h e  f ib rob la s t i c  n a t u r e  of t h e  sp ind le  cells deve lop ing  in  
t i s sue  cu l t u r e  ha s  b e e n  p r o v e d  b y  t h e i r  c a p a c i t y  to  fo rm 
col lagen p recurso r s  as m e a s u r e d  b y  h y d r o x y p r o l i n e  for- 
m a r i o n  (ALLGOWER a n d  HULLIGERT). SHELTON 5 d e m o n -  
s t r a t e d  h y d r o x y p r o l i n e  b y  leucocytes  g rowing  in d i f fus ion 
c h a m b e r s  as well. 

On  t h e  bas is  of e x p e r i m e n t s  done  in vitro a n d  in vivo, 
ALLGOWER1 h a s  sugges ted  t h a t  t h e  leucocytes  m i g r a t i n g  
in to  a field of w o u n d - h e a l i n g  p a r t i c i p a t e  in  t h e  f ib rocy t ic  
p o p u l a t i o n  of r e p a i r  t issue,  

To o b t a i n  more  i n f o r m a t i o n  on  t he  q u a n t i t a t i v e  aspec t s  
of t h e  leucocyt ic  c o n t r i b u t i o n  to  f ib rob las t i c  repai r ,  ex-  
p e r i m e n t s  w i t h  c o m b i n e d  f ib rocy t ic  a n d  leucocyt ic  cell 
p o p u l a t i o n s  in  d i f fus ion  c h a m b e r s  were p l a n n e d ;  the  dif-  
fus ion  c h a m b e r s  were chosen,  since t he  r eac t ive  in f l am-  
m a t i o n  a r o u n d  t h e m  would  p r ov i de  a n  i n f l a m m a t o r y  
mil ieu.  Leucocy tes  were c o m b i n e d  w i t h  f ib rocy tes  to  
inc lude  poss ible  rec ip roca l  inf luences  b e t w e e n  the  d i f f e ren t  
cell  t ypes .  To follow t h e  f a t e  of b o t h  cell t y p e s  q u a n t i -  
t a t i ve ly ,  a ce l lu lar  labe l  was  needed .  

T h e  use  of a m e t a b o l i c  labe l  such  as t r i t i a t e d  t h y m i d i n e  
to follow t h e  fa te  of l eucocytes  was  n o t  cons ide red  su i t -  
able ,  s ince  r eu t i l i za t ion  of leucocyt ic  D N A  as s h o w n  b y  
DUMONT 8, FICHTELIUS a n d  DIDERHOLM 9, a n d  BRYANT 1° 
m i g h t  in t e r fe re  w i t h  t h e  i n t e r p r e t a t i o n  of t he  da t a .  

Sex c h r o m a t i n  was  chosen  as  a su i t ab l e  m a r k e r  for  ou r  
e x p e r i m e n t s ;  i t s  a d v a n t a g e s  h a v e  been  discussed (HuL- 
LIGER et  al. n) .  

A mode l  t y p e  of g r a n u l a t i o n  t i ssue  was p r e p a r e d  b y  en-  
c los ing  k n o w n  n u m b e r s  of f ib rocy tes  a n d  of leucocytes  of 
oppos i te  sex in  d i f fus ion  c h a m b e r s .  T he  di f fus ion c h a m -  
bers  were i m p l a n t e d  in to  t he  p e r i t o n e a l  c a v i t y  of r abb i t s ,  

where  a n  i n f l a m m a t o r y  e x u d a t e  fo rmed  a r o u n d  t he  c h a m -  
be r s  a n d  smal l  b lood  vessels  covered  t h e  o u t e r  m e m b r a n e s .  
Af t e r  2-3  weeks t he  p e r c e n t a g e  of f ib rocy t i c  nucle i  de r iv -  
ing f rom leucocytes  was  coun ted ,  us ing  sex c h r o m a t i n  as a 
marke r .  

2. Alaterial and Methods. (a) Tissue. S u b c u t a n e o u s  con-  
nec t ive  t i ssue  was excised f rom the  a b d o m e n  of r a b b i t s  
weighing  2-3  kg. The  t issue was chosen  f rom the  t h in ,  
a l m o s t  a v a s c u l a r  c o n n e c t i v e  t i ssue  shee t  b e t w e e n  sk in  a n d  
muscle .  The  t issue shee ts  were sp read  a n d  cu t  i n to  s q u a r e  
pieces of 0.5-1 m m  side length .  One  piece was  e x p l a n t e d  
in a d i f fus ion c h a m b e r  e i t he r  a lone  or  t o g e t h e r  w i t h  a 
piece of b u f f y  coat .  A t  the  same  t i m e  4 to  6 r a n d o m l y  
chosen  pieces were e x p l a n t e d  in a p l a s m a  clot  on  cover-  
slides and  i m m e d i a t e l y  f ixed in 95% alcohol  to  d e t e r m i n e  
the  cell t y p e s  be ing  p r e sen t  in t he  exp lan t .  

Buf fy  Coa t :  Blood was o b t a i n e d  b y  ca ro t id  a r t e r y  can-  
n u l a t i o n  f rom a r a b b i t  of sex oppos i te  to  t h a t  of the  d o n o r  
of t he  c o n n e c t i v e  t issue.  B u f f y  coa t  was  p r e p a r e d  b y  cen-  
t r i f uga t i on  a t  2000 R P M  for 8 ra in  in a r e f r ige ra ted  cen t r i -  
fuge us ing  s i l iconized tubes .  T h e  s u p e r n a t a n t  p l a s m a  was 
p i p e t t e d  off w i t h o u t  d i s t u r b i n g  t h e  h u f f y  coat .  T h e  re-  
m a i n i n g  b lood w i t h  b u f f y  coa t  was  cen t r i fuged  a second  
t ime  a t  2000 RPM,  a n d  t h e n  i n c u b a t e d  a t  37 ° u n t i l  c l o t t i n g  
of t h e  h u f f y  coa t  was  comple te .  T h e  b u f f y  coa t  was  cu t  
in to  smal l  pieces whose  sides m e a s u r e d  1-2 m m .  4 to  6 
r a n d o m l y  chosen  pieces  were  used  for  t h e  d e t e r m i n a t i o n  
of t he  in i t i a l  cell n u m b e r .  

(b) Diffusion chambers were p r e p a r e d  acco rd ing  to  t h e  
t e c h n i q u e  desc r ibed  b y  ALGIRE 12 us ing  two  luci te  r ings  
of 18 a n d  of 13 m m  d i a m e t e r  t h a t  wou ld  f i t  i n to  one 
ano the r .  Mil l ipore  13 f i l ters  (pore size 0.45 V) of t he  same  
size were g lued  to  each  r ing  w i t h  a specia l  glue 14. The  r ings  
w i t h  t he  f i l ters  were  dr ied  a t  r o o m  t e m p e r a t u r e  for 1-2  h.  
The  t i g h t n e s s  of t h e  f i l ters  on  t he  r ings  was e x a m i n e d  b y  
d ipp ing  t h e  r ings  i n to  70% alcohol,  where  places  t h a t  
were n o t  g lued t i g h t l y  rol led up.  The  r ings  were t h e n  
s ter i l ized u n d e r  a n  u l t r a v i o l e t  l a m p  ove rn igh t .  
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Pieces of connect ive  t issue and of bu l ly  coa t  were ex-  
p l an t ed  e i ther  singly or in combina t ion  in one c h a m b e r  
using a small  d rop  of 50% rabb i t  p l a sma  in Gey ' s  solution.  
The  chamber s  were closed by  push ing  the  smal ler  r ing 
wi th  the  fil ter downwards  in to  t he  larger ring, t ak ing  care 
no t  to squeeze the  cells. The slit be tween  the  two rings 
was closed wi th  glue. Dur ing  the  whole man ipu la t ion  the  
two filters were kep t  mois t  w i th  Gey ' s  solution.  Af te r  
*/2-1 h, when  the  glue h a d  dried,  8-10 c h a m b e r s  were im- 
p lan ted  into the  per i tonea l  cav i ty  of a r abb i t  of the  same 
sex as the  donor  of the  connec t ive  tissue. 

14-21 days  la ter  the  an imals  were bled by  carot id  a r t e ry  
cannu la t ion  and  the  c h a m b e r s  were  t a k e n  out .  The i r  
localization and  vascular iza t ion  were recorded.  

(c) Histology o/ filters. The outs ide  of the  fil ters was 
cleaned wi th  a mois t  gauze. The whole  c h a m b e r  was t h e n  
d ipped  in to  95% alcohol for 2-3 h unt i l  t he  glue h a d  dis-  
solved and  the  fil ters would  sepa ra te  easily f rom the  lucite 
rings. The fil ters were s ta ined  according  to the  Feulgen  
me thod .  Af ter  d e h y d r a t i o n  fil ters were m o u n t e d  in H S R  
resin unde r  especial ly th in  coversl ides.  

(d) Quantitative analysis. Explanted material. Connective 
tissue pieces on coversl ides  were s ta ined  wi th  Schiff  re- 
agen t  according  to  Feulgen.  The size of t he  t issue pieces 
was then  d r a w n  using a 10 × objec t ive  and  a 6 × measur -  
ing eye-piece.  The  areas  were measu red  wi th  a p lan imete r .  
Cell nuclei  were coun ted  in the  t issue pieces in 20 squares  
of the  6 × eye-piece using a 50 × oil immers ion  object ive .  
The to ta l  n u m b e r  of cell nuclei was t h e n  calculated.  

Leucocytes: Tota l  cell n u m b e r  in buf fy  coa t  pieces was  
d e t e r m i n e d  b y  incuba t ing  b u l l y  coa t  pieces in 4% acet ic  
acid for 24 h. Af te r  th is  t ime the  fibrin clot  wi th in  the  
bu l ly  coat  has  usual ly  dissolved and the  leucocytes  can be 
coun ted  as single cells in a coun t ing  c h a m b e r  w i t h o u t  fur-  
the r  di lut ion.  Dif ferent ia l  coun t s  wcrc m a d e  f rom b lood  
smears  s t a ined  wi th  Giemsa.  

Af te r  cu l t iva t ion  : Cells cu l t iva ted  in diffusion c h a m b e r s  
were e x a m i n e d  wi th  a 100 × oil immers ion  objec t ive  and  
a 10 × eye-piece and  were d i f fe ren t ia ted  according  to  the i r  
shape  and  c h r o m a t i n  s t ruc tu r e  in to  f ibroblas ts ,  his t io-  
cytes,  mac rophages  and  lymphocy te s .  In  chambe r s  con- 
t a in ing  buffy  coa t  only, t he  re la t ive  p ropor t ion  of t he  
above cell t y p e s  was  d e t e r m i n e d  by  t o u t i n g  100-300 ceils 
in one Chamber.  In  c h a m b e r s  con ta in ing  connec t ive  t issue 
or connec t ive  t issue and  leucocytes  only,  f ibrocyt ic  nuclei  
were coun ted  and  the i r  sex c h r o m a t i n  was regis tered.  

3. Results. 10 expe r imen t s  were pe r fo rmed  wi th  a t o t a l  
of 98 c h a m b e r s  imp lan ted .  

(a) Cell counts in explanted material are s u m m a r i z e d  in 
Table  I. Connect ive  t issue exp lan t s  con ta ined  7800 to 
25 000 cells per  explan t .  Buffy  coa t  pieces con ta ined  f rom 
500000 to  800000 cells; of these  an average  of 7% were  
large mononuc lea r  cells (monocy tes  and  large l y m p h o -  
cytes) which means  35000 to  56000 per  exp lan t .  The  
rat io of I ibrocyte  to large mononuc l ea r  cell in the  ,n ixed 
chambers  was b e t w e e n  1 : 5 and  1 : 2. 

(b) Cell populations in chambers alter 2-3 weeks. Chambers  
conta in ing  buffy  coa t :  22 ou t  of 25 c h a m b e r s  were covered  
wi th  a large a m o u n t  of small  newly  bui l t  vessels,  the  re- 
main ing  3 chambers  were no t  well 'vascular ized '  and  cells 
wi th in  the  chamber s  were dead.  10 c h a m b e r s  were ana-  
lysed and cells were classified according  to  the i r  nuclear  
s t ruc ture  and  shape in to  d i f ferent  cell types  (HULLIGER 
et al. 1,); their  d i s t r ibu t ion  is shown in Table  1I. 

Chambers  conta in ing  connec t ive  t issue:  22 ou t  of 26 
c h a m b e r s  were well e m bedded  in vascular ized  sites. In  25 
ou t  of 26 chamber s  connect ive  t issue did no t  grow a t  all, 
only  the  nuclei of the  exp lan ted  mater ia l  were recogniz-  
able in some of the  chambers .  In  one c h a m b e r  macro-  

phages  of the  hos t  were invad ing  be tween  the  sl i t  of the  
two  lucite rings. In  th is  c h a m b e r  f ibrocytes  were growing 
a b u n d a n t l y .  

Ch a mb e r s  conta in ing  connec t ive  t issue and  buf fy  coa t  
in c o m b i n a t i o n :  41 ou t  of 47 c h a m b e r s  were well 'vascu-  
larized' ,  whi ls t  the  r emain ing  6 c h a mb e r s  had  no or ve ry  
few blood vessels on the i r  surface and  the  cells inside these  
c h a m b e r s  d id  no t  grow. In  t he  well vascular ized  c h a m b e r s  
there  was a b u n d a n t  g r o w t h  of f ibrocytes  mixed  wi th  
macrophages .  

The d i s t r ibu t ion  of sex c h r o m a t i n  posi t ive  (Figure 1) 
and sex c h r o m a t i n  nega t ive  (Figure 2) f ibrocytes  in 33 ou t  
of 41 c h a m b e r s  is recorded  in Table  I I I a  and  I I I b .  The  
res t  of the  'vascu la r ized '  c h a mb e r s  were d iscarded  due to 
technica l  difficult ies in the  work-up.  The average  of sex 
c h r o m a t i n  pos i t ive  f ibrocytes  in mixed  popu la t ions  of 
female leucocytes  and  male  f ibrocytes  is 43% wi th  a 
range f rom 2% to 93% (Table I I Ia ) .  If  male  leucocytes  
were mixed  wi th  female f ibrocytes ,  63% of the  f ibrocytes  
were sex c h r o m a t i n  nega t ive  wi th  a range f rom 37-100% 
(Table I I Ib) .  Therefore  rough ly  50% of t he  f ibrocytes  
p r e s e n t  in mixed  cul tures  a f t e r  3 weeks '  cu l t iva t ion  in dif- 
fusion c h a m b e r s  were of ' h a e m a t o g e n o u s '  origin. 

Discussion. In  a recen t  review on wound  repai r  process 
in ma mma l s ,  RUSSELL and  ]3ILLINGItAM 1~ s t a t ed :  'Al- 
t h o u g h  f rom the  evidence  cons idered  above ,  i t  seems an  

Table I. Tissue explanted 

No. Connective Buffy Number of cells implanted into 
tissue coat the diffusion chambers 

Connective Buffy coat large 
tissue tiiOilOiltlelear 

1 ~ c~ S 900 59 000 
~ d~ 11 000 42 000 

3 ~ ~ 6,5O0 5O0OO 
4 ~) ~ 15700 12700 
5 (~ ~ 13,400 4700[) 
6 9 3 - aSooo 
7 c~ 9 ~ 1500 as ooo 
s d 9 p24oo ~a000 
9 d 9 2~9oo aoooo 

10 9 ~ 13 500 38000 

Table II. Cetlutar population of buffy coat chambers after 2 3 weeks 
cultivation 

Exp. Totalceils Fibrocytcs Macro- Histiocytes Lymphocytes 
No. counted % phages % % % 

1 300 15 16 10 59 
2 300 23 33 37 7 
3 300 15 14 26 45 
4 300 23 l I 63 3 
5 300 6 41 15 38 
6 ]0[) 24 62 2 12 
7 300 16 "33 15 36 
8 300 8 43 20 29 
9 300 21 114 63 O 

10 300 26 12 57 5 

Average 17.7 28 30.8 23.4 

15 p. S. RUSSELL and R. E. BILLINGHAM in Progress in Surgery, 
Vol. II by M. ALLG~JWER, Karger Basel/New York 1962). 
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a l m o s t  i n e s c a p a b l e  c o n c l u s i o n  t h a t  t h e  m a j o r i t y  of  f i b ro -  
b l a s t s  i n  a w o u n d  a r e  of  local or ig in ,  t h e  p o s s i b i l i t y  t h a t  
s o m e  c o n t r i b u t i o n  t o  t h e i r  n u m b e r  is  m a d e  b y  t r a n s f o r m a -  
t i o n  o f  m o n o n u c l e a r  ce l l s  o f  h e m a t o l o g i c  o r i g i n  c a n n o t  be  
e x c l u d e d ,  e s p e c i a l l y  in  t h e  c a s e  o f  t h e  c o r n e a ' .  I n  p r e v i o u s  
p u b l i c a t i o n s ,  h o w e v e r ,  w e  h a v e  s u g g e s t e d  t h a t  i n  a r e p a i r  
a r e a  t h e  h e m a t o g e n o u s  e l e m e n t s  m i g h t  f o r m  a m u c h  
l a r g e r  p a r t  o f  t h e  f i na l  f i b r o c y t i c  p o p u l a t i o n  t h a n  h i t h e r -  
t o  a d m i t t e d .  Vqe h a d  n o  q u a n t i t a t i v e  d a t a  i n d i c a t i n g  to  
w h a t  e x t e n t  t h i s  m i g h t  be  t r u e .  T h e  e x p e r i m e n t s  de s -  
c r i b e d  in  t h i s  p a p e r  c o n f i r m  o u r  p r e v i o u s  h y p o t h e s i s  t h a t  
m o n o n u c l e a r  ce l l s  f r o m  p e r i p h e r a l  b l ood  s u b s t a n t i a l l y  
c o n t r i b u t e  to  t h e  f i b r o c y t i c  p o p u l a t i o n  if m i g r a t e d  i n t o  a 
f ie ld o f  i n f l a m m a t i o n  o r  r epa i r .  

I n  t h e  c o m b i n e d  e x p l a n t s  u s e d  in  o u r  e x p e r i m e n t s  we  
h a v e  t a k e n  l a r g e r  a m o u n t s  o f  l e u c o c y t e s  b e c a u s e  o f  c i r cu -  
l a t i n g  l e u c o c y t e s ,  o n l y  l a r g e  m o n o n u c l e a r  ce l l s  ( a v e r a g e  
7 %  o r  1 1 0 0 0 - 6 3 0 0 0  p e r  e x p t a n t )  c a n  be  c o n s i d e r e d  a s  
s t e m  cel ls  fo r  f i b r o c y t e s  (HuLLIGER4),  A c c o r d i n g  t o  a n  in -  
v e s t i g a t i o n  in  m a n  ( B o n d  e t  al.  ~) on  t h e  b a s i s  of  t h y m i -  
d i n e  i n c o r p o r a t i o n ,  o n l y  0 . 4 - 0 . 7 %  of  t h e  l a rge  m o n o -  
n u c l e a r  ce l ls  a r e  c a p a b l e  o f  d i v i s i o n .  

L i t t l e  i n f o r m a t i o n  is a v a i l a b l e  a s  t o  t h e  p e r c e n t a g e  of  
f i b r o c y t e s  c a p a b l e  o f  d i v i s i o n .  A t  t h e  m o m e n t  o f  e x p l a n t a -  
t i o n  o f  c o n n e c t i v e  t i s s u e  al l  t h e  ce l ls  a r e  p y k n o t i c ,  b u t  
a f t e r  24 h o f  c u l t i v a t i o n  in vitro m o s t  o f  t h e  cel ls  h a v e  re-  
g a i n e d  t h e  s h a p e  o f  a f i b r o b l a s t  w i t h  nuc l eo l i .  M a n y  
m i t o s e s  c a n  be  s e e n  a f t e r  3 - 4  d a y s  o f  c u l t i v a t i o n  in vitro 
(ALLGOVCER1), SO t h a t  o n e  c a n  a s s u m e  t h a t  i n  o u r  c o n -  
n e c t i v e  t i s s u e  e x p l a n t  a l a r g e  p e r c e n t a g e  o f  t h e  f i b r o c y t e s  
a r e  c a p a b l e  o f  d i v i s i o n .  

I n  v i e w  of  t h e s e  f i n d i n g s  we  c a n  s t a t e  t h a t  o u r  i n i t i a l  
i n o c u l u m  c o n t a i n e d  m o s t  p r o b a b l y  m o r e  c o n n e c t i v e  t i s -  

Table l l lb .  Combined cultures of mate leucocytes and female 
fibr<wytes 

No. Host o/,o l,eucocvtie. % Fil)roeytie (~'£ l,eueoevtic 
chamber origin sex (wigin sex contribution t(~ 

chr{}matin- ehromatiu- final fibrocyte 
negative punitive population 

I a ~ :)7 :1 

e 3 ,% If, 
d 9 72 2S 

2 a ~ s~ ! 2 

6 a  ~ 100 o 
b i? 5e I s  
e ~ 37 |13 

Average ~;I 

Standard 
deviation 

65 

63 

t; t 

26 

"fable I l ia .  Combined cultures of female leucocytes and male 
fibroeytes 

No. Host  % Leueoeytic % Fibrocytic % Leucocytic con- 
chamber origin = sex origin = sex tribution to 

chromatin- ehmmat in-  final fibroeyte 
positive negative population 

3 a d ~ 10 90 
b 21 79 
e 30 70 20 

7 a ~ 73 27 
b 90 10 
e 15 85 
d 93 7 68 

8 a  c~ 25 75 
b 4 96 
e 81 19 
d 34 66 
e 38 62 
f 18 82 
g 15 85 
h 17 83 
i 13 87 26 

9 a ~ 7'2 28 
b 73 27 
e 94 6 
d 71 29 
e 61 39 
f 53 47 
g 27 73 
h '2 98 57 

Average 43% 
Standard deviation 31 

Fig. 1. Sex chromatin negative fibrocytic mwleus 1.125 ×. l:eulgen 
stain. 

Fig. 2, Sex chromatin positive fibrocytic nucleus I I`25 >:. 1;eulgen 
stain. 
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sue cells c apab l e  of r ep roduc t i on  t h a n  monocy tes .  W e  st i l l  
f ind t h a t  500/0 of t he  f inal  f ib rocy t ic  p o p u l a t i o n  in our  dif-  
fus ion  c h a m b e r s  is of m o n o c y t i c  origin.  

I n  a c t u a l  repa i r  or  i n f l a m m a t i o n ,  a c o n t i n u o u s  in f lux  
of h e m a t o g e n o u s  cells is l ikely to occur,  whereas  our  ' m o d e l  
g r a n u l a t i o n  t i ssue '  on ly  resul t s  f rom one in i t i a l  ce l lu lar  
inoeulum.  W h e r e  no m e m b r a n e  h i nde r s  i m m i g r a t i o n  of 
new monocy tes ,  t h e i r  p a r t i c i p a t i o n  in t he  f inal  f ib rocy t ic  
p o p u l a t i o n  should  exceed t h a t  obse rved  in our  di f fus ion 
chambers .  

The  obse rva t i on  t h a t  f ib rocy tes  did  no t  grow if ex-  
p l an t ed  ahme  in di f fus ion c h a m b e r s  is su rp r i s ing  and  qu i t e  
a t  va r i ance  wi th  o b s e r v a t i o n s  in vitro. The  fac t  t h a t  infil- 
t r a t i n g  or  added  leucocytes  i nduce  a b u n d a n t  g r o w t h  of the  
same  t issue leads us  to  s imi la r  conc lus ions  as CARREL 1~ 
On the  basis  of o b s e r v a t i o n s  m a d e  on  cu l tu res  in vitro, he 
sugges ted  t h a t  leucocytes  c o n t a i n  g r o w t h  p r o m o t i n g  sub-  
s tances  called ' t r e p h o n e s ' ,  s t i m u l a t i n g  f ib rocy t ic  r ep roduc -  
t ion.  

I t  was a s ton i sh ing ,  a n y h o w ,  t h a t  t he  g r o w t h - p r o m o t i n g  
ac t ion  of leucocytes  s u r r o u n d i n g  t he  c h a m b e r  was no t  
t r a n s m i t t e d  t h r o u g h  the  Mil l ipore f i l ters  wi th  i ts pore-s ize  
of 0.45 ix. One has  to  assume,  therefore ,  t h a t  a n y  g r ow t h -  
p r o m o t i n g  s u b s t a n c e  was p r e s en t  on ly  in v e r y  low concen-  
t r a t i o n  and  on ly  ac t ive  in cel l- to-cel l  con t ac t ,  or  t h a t  i t s  
par t ic les  were of too  la rge  a size to  pass  t h r o u g h  the  pores  
of t he  filter.  In  t h i s  r e l a t i ons h i p  cons ide ra t i on  m i g h t  be  
g iven  to the  o b s e r v a t i o n s  of DUMONT 8 on  t he  r eu t i l i za t ion  
of leucocyt ic  D N A  b y  p ro l i f e ra t ing  cells in a reas  of in f lam-  
mat ion .  T h e  g r o w t h - s t i m u l a t i n g  p roper t i e s  of e m b r ) o n i c  
ex t rac t ,  on  the  o t h e r  h a n d ,  h a v e  been  found  in a nucleo-  
p ro te in  f r ac t ion  (KUTSKY a n d  FEICHTME1R17). One m i g h t  
assume,  the re fore ,  t h a t  t h e  g r o w t h - p r o m o t i n g  ac t ion  of 
leucocytes  is a ssoc ia ted  w i t h  reu t i l ized  leucocyt ic  D N A  
t l an s f e r r ed  in la rger  par t ic les .  

One  m i g h t  a rgue  t h a t  in vivo blood vessels  will cont r i -  
b u t e  a s u b s t a n t i a l  p a r t  of t he  pe r i va s cu l a r  f ibrocytes .  
Th i s  e l emen t  is no t  r ep r e s en t ed  in ou r  c o m b i n e d  cul tures .  
In  earl ier  c o m p a r a t i v e  t i ssue  cu l tu re  s tud ies  (ALL~6WER x). 
cu l tu res  of a d u l t  sma l l  b lood vessels  d id  no t  show a n y  
b e t t e r  g rowth  t h a n  o r d i n a r y  c o n n e c t i v e  t issue.  F u r t h e r -  

more ,  e x p l a n t s  h a r b o u r i n g  capi l lar ies  show no s u b s t a n t i a l  
d i f ference  in o u t g r o w t h  f rom cu l tu re s  t a k e n  in a n  avas -  
cu la r  a rea .  

On  the  basis  of our  inves t iga t ions ,  we can  conc lude  t h a t  
t he  c o n t r i b u t i o n  of h e m a t o g e n o u s  m o n o c y t e s  to  f ibro-  
ey t ic  r epa i r  is cons iderab le  and  a p p e a r s  to  be  in the  o rder  
of m a g n i t u d e  of 50% or more  of the  f inal  f ib rocy t ic  popu-  
la t ion  '~ 

Zusammen/assung.  M o n o c y t e n  des s t r 6 m e n d e n  Blu tes  
k 6 n n e n  in vitro die morpho log i s chen  u n d  fnnk t ione l l en  
( l l y d r o x y p r o l i n b i l d u n g )  Kr i t e r i en  von  F i b r o c y t e n  er- 
werbeu .  Die q u a n t i t a t i v e  B e d e u t u n g  dieses P h ~ n o m e n s  
fiir den  r e p a r a t i v e n  B i n d e g e w e b s a u f b a u  wurde  m i t  fol- 
g e n d e r  V e r s u c h s a n o r d n u n g  gepr i i f t  : Ve rg l e i chba re  I n o k u -  
la te  yon  M o n o c y t e n  ( e n t h a l t e n  in de r  L e n c o c y t e n h a u t  des 
zen t r i fug ie r t en  Blu tes )  n n d  y o n  F i b r o c y t e n  (aus subcu-  
t a n e m  Bindegewebe)  yon  K a n i n c h e n  v e r s c h i e d e n e n  Ge- 
sch lech ts ,  w u r d e n  in M i l l i p o r e - K a m m e r n  e ingeschlossen  
a n d  f l i t  14-21 Tage  in das  A b d o m e n  eines K a n i n c h e n s  im-  
p l a n t i e r t .  Die Ausz~h lung  des  S e x - C h r o m a t i n s  in  den  
f ib rocy t i t r en  K e r n e n  a m  E n d e  de r  Z t i ch tungspe r iode  er- 
gibt ,  dass  ca. 500/0 monocyt /~ren  U r s p r u n g e s  s ind.  Es  wi rd  
gefolgert ,  dass  dieses P h ~ n o m e n  bei  de r  e igen t l i chen  
W u n d h e i l u n g  n o c h  b e d e u t u n g s v o l l e r  se in  di i r f te ,  d a  de r  
Z u s t r o m  te i lungsf / ih iger  M o n o e y t e n  in e i n e m  \ V u n d g e b i e t  
kon t inu i e r l i ch  vor  s ich geht  u n d  n i c h t  au f  ein in i t ia les  
I n o k u l u m  b e s c h d t n k t  ist. 
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M o n o a m i n e s  in  S y m p a t h e t i c  G a n g l i a  S t u d i e d  
w i t h  F l u o r e s c e n c e  M i c r o s c o p y  

Biochemica l  a n d  p h a r m a c o l o g i c a l  s tud ies  h a v e  fur-  
n i shed  ev idence  t h a t  t he  ad rene rg i c  t r a n s m i t t e r ,  nor -  
adrena l ine ,  is p re sen t  in t he  s y m p a t h e t i c  n e r v o u s  sys tem,  
n o t  on ly  in t he  p e r i p h e r a l  t e rmina l s ,  b u t  also in t he  cell 
bodies  of the  adrenerg ic  pos tgang l ion ic  n e u r o n  k H i t h e r t o ,  
however ,  t he  cel lular  d i s t r i b u t i o n  of t h i s  m o n o a m i n e  in 
t he  adrenerg ic  n e u r o n  ha s  no t  been  known.  Recen t ly ,  a 
f luorescence m e t h o d  ha s  been  deve loped ,  wh ich  m a k e s  i t  
possible to  s t u d y  t he  local iza t ion  of m o n o a m i n e s  a t  the  
cel lular  level ~-4. U n d e r  d i f fe ren t  condi t ions ,  the  c o n t e n t  
and  local izat ion of c a t echo l amines  in periphera. l  s y m p a -  
t he t i c  neu rons  and  the  ac t ion  of d rugs  on  these  n e u r o n s  
are  now be ing  inves t i ga t ed  b y  th i s  m e t h o d .  Some  resu l t s  
are  r epor t ed  here.  

S y m p a t h e t i c  gangl ia  of male  a lb ino  r a t s  were freeze- 
dried,  t r e a t ed  wi th  f o r m a l d e h y d e  gas, e m b e d d e d  in para f -  
fin, sec t ioned and  the  sect ions  m o u n t e d  for  f luorescence 
mic roscopy  accord ing  to  FALCK ~. 

B y  t he  f o r m a l d e h y d e  t r e a t m e n t  a specific g reen  to 
ye l low-green  f luorescence deve loped  in t h e  p e r i k a r y a  of 
t he  m a j o r i t y  of the  gangl ion  cells, whereas  t he  nuc leus  

was non- I luorescen t .  The  f luorescence was r a t h e r  i n t ense  
in a m i n o r i t y  of the  cells, whereas  i t  was  of m e d i u m  or low 
i n t e n s i t y  in m o s t  of t h e m .  The  la rger  processes  of t he  
ne rve  ceils e x h i b i t e d  a v e r y  f a in t  f luorescence.  A smal l  
n u m b e r  of cells were c o m p l e t e l y  devo id  of t h i s  t y p e  of 
f luorescence.  These  cells m a y  be  chol inerg ie  5 In  some pre-  
w~rtebra l  gangl ia ,  ad rene rg ic  n e r v e  t e r m i n a l s  (FALCK a) 
w i t h  t yp i ca l  var icos i t ies  were obse rved .  These  t e r m i n a l s  
are  no t  r e l a t ed  to t he  blood vessels.  Some t imes  t he  f ibres  
were seen to t e r m i n a t e  in close c o n t a c t  w i t h  n e r v e  celt 
bodies ;  a n d  thus ,  in all p robab i l i t y ,  t h e y  r e p r e s e n t  
s y n a p t i c  t e rmina l s .  In  a s t u d y  of the  s y m p a t h e t i c  gangl ia  
of the  cat ,  v e r y  n u m e r o u s  ad rene rg ic  t e r m i n a l s  were 
obse rved  in the  infer ior  mesen te r i c  gang l ion  ~. 
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