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Zusammen/assung. Die BtSkter  de r  K o k o s p a l m e  (Cocos 
nuci/era L.) s ind in l inks-  ode r  r e c h t s d r e h e n d e n  Spi ra len  
angeo rdne t .  ZS.hlungen an  e inem grossen Mate r i a l  indi-  
scher  und  n i c h t i n d i s c h e r  P a l m e n  (3028 bzw. 13 842 BAume) 
e rgab  ein geringft igiges ~Iberwiegen de r  l i n k s d r e h e n d e n  
B l a t t s p i r a l e n  (52 ,05% bzw. 52,90%).  Der  D r e h s i n n  de r  
Sp i ra len  erwies  sich, wie K r e u z u n g s v e r s u c h e  zeigten,  als  
gene t i sch  n i c h t  f ixiert .  In  f f inf j / ihr igem F e l d v e r s u c h  

l,htrzc Mit teihlngen I"XPt.:RiWNTtA XVIII/7 

( 1955  1960) l ie fer ten  P a l m e n  m i t  l i n k s d r e h e n d e n  Btatt-  
sp i ra len  e inen  s ign i f ikan t  gr6sseren E r t r a g  an  Kokos- 
niissen. 
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Histoenzymologic  Behaviour of the Giant Cell of 
Foreign Body Granuloma as Compared with the 

Osteoclast 

Ear l i e r  pub l i c a t i ons  h a v e  shown  t h a t  os teoc las t s  a n d  
c h o n d r o c l a s t s  possess  g r ea t  e n z y m a t i c  ac t iv i ty .  Large  
q u a n t i t i e s  of acid phosphataseX;  ~, succ in i c -dehydrogen -  
ase 3,4, c y t o c h r o m e  ox idase  ~ and  f l -g lucuronidase  n h a v e  
been  found  in these  cells. 

F r o m  these  f indings  i t  c an  be a s s u m e d  t h a t  some 
r e l a t i onsh ip  m a y  ex i s t  b e t w e e n  these  e n z y m e s  a n d  bone  
a n d  ca r t i l age  a b s o r p t i o n  processes.  The  morpho log ica l  
s imi la r i ty  of t he  os teoc las t  a n d  foreign b o d y  g i a n t  cell 
i nduced  us to  m a k e  a c o m p a r a t i v e  s t u d y  of these  t w o  
e lements .  On ly  i so la ted  d a t a  are ava i l ab le  on  the  h i s to -  
enzymolog ic  b e h a v i o u r  of foreign b o d y  g r a n u l o m a  mul t i -  
nuc l ea t ed  cells ~. 

W e  s tud ied  t h e  h i s toenzymolog ic  p a t t e r n  of:  (1) Osteo-  
c las t s  and  c h o n d r o c l a s t s  u n d e r  n o r m a l  cond i t ions  in  C3H 
mice,  W i s t a r  ra ts ,  H a m s t e r  a n d  man ,  us ing  e n c h o n d r a l  
and  m e m b r a n o u s  g r o w t h  zones (areas of e n c h o n d r a l  
g r o w t h  of f emur  a n d  t i b i a  a n d  m e m b r a n o u s  g r o w t h  of 
maxi l la ) .  (2) The  s ame  m a t e r i a l  in \ ¥ i s t a r  r a t s  t h a t  
rece ived  1000 U.  of p a r a t h y r o i d  h o r m o n e  s u b c u t a n e o u s l y  
a n d  kil led 60 h l a t e r  *. (3) A series of pa tho log ic  processes  
c h a r a c t e r i z e d  b y  a b u n d a n t  m u l t i n u c l e a t e d  giant -ce l l s  
(os teoc las toma,  so l i t a ry  a n d  aneu rysma l )  bone  cys ts  a n d  
g i a n t  cell of foreign b o d y  g r a n u l o m a .  (4) G i a n t  cells of 
fore ign b o d y  g r a n u l o m a  induced  b y  t h e  i n t r o d u c t i o n  of a 
cellulose sponge  i n to  VVistar r a t s  a n d  C3H mice  ki l led 
one  m o n t h  l a t e r  a n d  b y  t h e  p resence  of d e t r i t u s  in ex-  
p e r i m e n t a l l y  p r o v o k e d  w o u n d s  in t o n g u e  of  "vVistar ra ts .  

F r a g m e n t s  of t issue were f ixed in n e u t r a l  fo rmal in  in 
o rder  to  d e m o n s t r a t e  acid p h o s p h a t a s e  (GOMORI'S meth-  
od 8, RUTENBURG a n d  SELIGMAN'S m e t h o d g ) ,  p h o s p h a m i d -  
ase (MEYER a n d  WEINMAN'S m e t h o d l ° ) ;  in  chloral-  
h y d r a t e  fo rmal in  to  show f l -g lucuronidase  (FISHMAN and 
BAKER'S m e t h o d  ~x). In  all  t e c h n i q u e s  f rozen sec t ions  were 
used. O t h e r  f r a g m e n t  was  k e p t  a t  - 2 0 ° C ;  sec t ions  being 
p r e p a r e d  w i t h  t h e  c r y o s t a t e  to  d e t e r m i n e  t h e  presence  of 
succ in i c -dehydrogenase  (PEARSON a n d  DEFENDI'S meth-  
od 12, NACHLAS e t  al. x3). T h e  calcif ied m a t e r i a l  was  t rea ted  
for t h e  d e m o n s t r a t i o n  of acid p h o s p h a t a s e  w i t h  our  pro- 
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I 
Voreign body  graml loms  produce b a y  cellulose sponge.  The  g ian t  ceils appears  in tense ly  s ta ined .  A = succ in ic-dehydrogenase  demonstra-  
t ion (NACHLAS et al.la). B == phosphamidase demonstration (MEYER and WEIN~IAN10). C = acid phosphatase demonstration (GoMomS). 

In 13 and C the stromal fibroblastie cells react moderately. 



15. VII. t962 lhx'vi ('()mtmicazi.ni Ih'i(,t l.&,p,,rt-; 323 

cedure i+. Var iab le  t imes  of i n c u b a t i o n  were used wi th  all  
the t echn iques  to  e v a l u a t e  the  re la t ive  e n z y m a t i c  ac t iv i ty .  

There  was a s imi la r  and  ve ry  h igh  e n z y m a t i c  response  
for all e n z y m e s  in al l  t y p e s  of m u l t i n u c l e a t e d  g i an t s  cells 
studied. Succ in i c -dehydrogenase  and  p h o s p h a m i d a s e  re- 
acted more  specif ical ly,  i.e. t h e  g i a n t  cells gave  a f r a n k  
response aga in s t  t he  n e i g h b o u r i n g  cells t h a t  showed  weak  
react ion only.  Acid p h o s p h a t a s e  r eac ted  w i th  g r ea t e r  in- 
tensi ty  in t he  g i an t  cells and ,  t h o u g h  to a lesser degree,  
there was also a c t i v i t y  of t he  os teob las t i c  e l e m e n t s  in the  
bone t i ssue  a n d  n e i g h b o u r i n g  h i s t iocy t i c  ceils of the  g ran-  
uloma, f l -Glncuronidase  a p p e a r e d  in h igh  p r o p o r t i o n  in the  
giant  cells, t h o u g h  i t  was also seen in t he  os teob las t ic  
e lements  and  to a lesser degree  in the  h i s t iocy t i c  r e t i cu la r  
cells. I n  t he  e x p e r i m e n t s  car r ied  ou t  w i th  p a r a t h y r o i d  
hormone,  a n  increase  of these  e n z y m e s  was found  in bone  
tissue, r e l a t ed  to  t he  increase  of t he  os teoc las t ic  t y p e  of 
g iant  cell. The re  was also a m a r k e d  reac t ion  of acid phos-  
pha t a se  in  t he  f ib rob las t ic  nea r  t he  t r abecu lae .  

Our  resu l t s  show t h a t  foreign b o d y  g i a n t  cells are r ich  in 
enzymes.  Th i s  would  i nd i ca t e  a v e r y  in t ense  m e t a b o l i c  
ac t iv i ty  p r o b a b l y  r e l a t ed  to  t h e  a b s o r p t i o n  m e c h a n i s m .  

] ' h e  fact  t h a t  the  response  in th i s  grim t) of e n z y m e s  for 
os teoclas ts ,  chond roc l a s t s  and  foreign l}o{ly g i an t  cells was 
alike,  induced  us to  a s sume  a s imi la r  e n z y m a t i c  p a t t e r n  
for the  a b s o r p t i o n  m e c h a n i s m  of d i f fe ren t  subs tances .  

Zusammen/assung.  I n t e n s i v e  e n z y m a t i s c h e  .kktivit~it 
(saure P h o s p h a t a s e ,  Succ inodehydrogenase ,  P h o s p h a m i -  
dase  und  Glukuron idase )  wurde  in Os teok las ten- l , ' r emd-  
k6rper r iesenze l len  und  v ie lke rn igen  Riesenzel ien  in e iner  
grossen Zah t  v{m pa tho log i schen  l ( n o c h e n p r o z e s s e n  fest-  
gestel l t .  Die B e d e u t u n g  d ieser  Befunde  fiir den  Mechanis -  
mus  de r  A b s o r p t i o n  wird d i skn t i e r t .  
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H y p e r o x i a  a n d  F o r m a t i o n  o f  C h r o m o l i p o i d  
P i g m e n t s  

Chromol ipo id  p i g m e n t s  (also cal led l ipofuscin,  wear  ami  
tea r  p i g m e n t ,  ceroid,  hemofusc in )  occur  widely  in va r ious  
cells of m a m m a l s .  T h e i r  a m o u n t  is k n o w n  to  increase  w i th  
age a n d  also in va r ious  s i t u a t i o n s  in wh ich  o x i d a t i o n  of 
u n s a t u r a t e d  l ipids  is e n h a n c e d  local ly or  in the  whole  
b o d y L  I t  is k n o w n  t h a t  t he  a m o u n t  of these  p i g m e n t s  is 
increased in  a n i m a l s  suf fer ing  f rom a v i t a m i n o s i s  E "- (i.e. 
in the  absence  of t h e  a n t i - o x i d a n t  a c t i v i t y  of th i s  v i t amin ) ,  
in i ron ove r load  ~ a n d  in h e m o r r h a g e s  in l i p id -con ta in ing  
t issue 4 (i.e. in t he  presence  of i ron c o m p o u n d s  which  
ca ta lyze  o x i d a t i o n ) ;  t he  p i g m e n t a t i o n  also occurs  in cir- 
rhot ic  l ivers  ~. These  d a t a  indica te ,  as ha s  been  p rev ious ly  
s t a t ed  1, t h a t  t h e  t o r m a t i o n  of these  p i g m e n t s  d e p e n d s :  
(a) on  t he  local  p resence  of u n s a t u r a t e d  lipids,  a n d  (b) on  
the  p resence  of cond i t ions  f a v o u r i n g  ox ida t ion ,  Chemica l  
s tudies  6 -9, as well  as h i s t ochemica l  s tud ies  a n d  e x p e r i m e n t s  
of p r o d u c i n g  s imi la r  p i g m e n t s  in vitro 6,1°-13, h a v e  s h o w n  
t h a t  t h e  p i g m e n t s  are  t he  p r o d u c t s  of p e r o x i d a t i o n  a n d  
po lymer i za t i on  of u n s a t u r a t e d  lipids. 

I t  a p p e a r e d  r easonab le  to a s sume  t h a t  r epea t ed  ex- 
posures of a n i m a l s  to  h igh  O2 t ens ion  m i g h t  also cause  the  
fo rma t ion  of l ipid pe rox ides  and  of ch romol ipo id  p igmen-  
ta t ion .  The  p r e s e n t  r e p o r t  deals  w i t h  e x p e r i m e n t s  per-  
formed to  t e s t  t h i s  no t ion .  

VChite r a t s  were exposed  6 days  a week  to h igh  O~ 
tensions.  The  c o n t a i n e r  in  wh ich  t he  r a t s  were exposed  to 
O 2 was r insed  t h r ee  t imes  w i t h  pure  oxygen  b y  ra i s ing  the  
pressure to  3.5 a r m  a n d  t h e n  l e t t ing  t he  gas flow out .  The  
gas m i x t u r e  in t he  c o n t a i n e r  was  ca l cu la t ed  to  con t a in  
98% O 2. The  a n i m a l s  were exposed  for 20-30  s i n  to  O 2 a t  
3.5 a rm  d u r i n g  the  f irst  week. As from the  second week the  
pressure was ra ised  to 4 a t m  a n d  as f rom the  midd le  of the  
th i rd  week  t h e  t ime  of exposure  was ra ised to 40 s i n .  

Two exposed  a n i m a l s  a n d  two  con t ro l s  fed a s imi la r  d ie t  
were sacr i f iced weekly  w i t h  e the r .  T he  las t  a n i m a l s  were 
killed 6{) d a y s  a f t e r  t he  f i rs t  exposure  to  O v Pieces  of 
brain,  cerebe l lum,  hea r t ,  l iver,  spleen,  k i d n e y  a n d  i leum 
were f ixed in fo rma l in  a n d  e m b e d d e d  in paraf f in .  Seven  
microns  t h i c k  sec t ions  were s t a i ned  w i t h  h e m a t o x y l i n ,  

S u d a n  b tack  B, Ziehl -Nielsen and  the  P.A.S.  procedures .  
A n o t h e r  sec t ion  was m o u n t e d  u n s t a i n e d  in g lycer in  for 
e x a m i n a t i o n  w i t h  u l t r a -v io l e t  l ight  for au to- f luoresccncc .  

Pieces of t he  b ra ins  of a n i m a l s  kil led in t he  las t  two 
weeks were homogen i zed  a n d  e x a m i n e d  b y  t he  th io -  
b a r b i t u r i c  acid m e t h o d  for t he  a m o u n t  of l ipid pe rox ides  
in t h e m .  

S t u d y  of sec t ions  s t a ined  w i th  S u d a n  black,  Ziehl-  
Nielsen and  the  P.A.S.  p rocedures  i n d i c a t e d  a s l igh t ly  
h ighe r  c o n t e n t  of s t a i n a b l e  m a t e r i a l  in t he  ()2 exposed  
g roups  t h a n  in the  non -exposed  as  f rom a b o u t  the  fou r th  
week of O 2 exposure .  The  s t a i n a b l e  m a t e r i a l  was found 
m a i n l y  in a d v e n t i t i a l  h i s t iocy tes  in the  va r ious  organs,  
b u t  also in h i s t iocy tes  of the  spleen and  l iver  and  in 
neurones .  The  resu l t s  were howeve r  e r ra t i c  w i th  m a r k e d  
i n d i v i d u a l  va r i a t ions .  

l .ess equ ivoca l  c h a n g e s  were found  in sec t ions  e x a m i n e d  
for au to f luorescence  w i t h  u l t r a -v io l e t  l ight .  More m a t e r i a l  
wh ich  e m i t t e d  b r i g h t  yel low f luorescence was found  in t he  
O~-t rea ted  t h a n  in t he  n o n - t r e a t e d  an ima l s  as f rom a b o u t  
t h e  f o u r t h  week. The  yellow f luorescence was m a i n l y  
c o n c e n t r a t e d  in t he  cap i l l a ry  walls and ,  a l t h o u g h  it was  
p re sen t  in all an imals ,  the re  were m a r k e d  d i f fe rences  in 
i n t e n s i t y  be tween  groups.  
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