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Figure  2 shows t h a t  whereas  t he  acid a n d  t h e  a lcohol  a t  
a c o n c e n t r a t i o n  of :t0 -4 M caused  a n  ex tens ive  r a p i d  lysis 
of lysosomes su spended  in 0.25 M sucrose, t h e  es ter  ex-  
h i b i t e d  i ts  ly t i c  effect  on ly  a f t e r  a n  i n c u b a t i o n  for  a 
per iod  longer  t h a n  15 min.  T he  r e m a r k a b l e  lag per iod  in 
the  lyric effect  of t he  es ter  could poss ib ly  ref lect  t he  need  
for i ts  hydro lys i s  w i t h i n  t h e  m e m b r a n e  d o m a i n  b y  lyso- 
somal  l ipases  or non-specif ic  es terases  p r io r  to  exe r t i ng  
organel le  damage .  I f  t h i s  is t he  case, t h e n  h i g h  local  con- 
c e n t r a t i o n  of free f a t t y  acid will be  t h e  cause  of lysosomal  
rup tu re .  U n d e r  cond i t ions  where  s p o n t a n e o u s  lysis  of 
lysosomes was r ecorded  (37~ p ro longed  incuba t ion ,  
0.25 M),  i t  is p laus ib le  t h a t  m e m b r a n e  phos pho l i p id  
hydro lys i s  w h i c h  b r ings  a b o u t  t he  release of free f a t t y  
acids, m a y  be  t h e  i n i t i a t o r  for t he  d a m a g e  to  organel le  
in t ac tness .  Lysolec i th in ,  t h e  second p r o d u c t  of phospho -  
l ipid hydrolys is ,  ha s  also been  s h o w n  to  h a v e  a b iphas ic  
effect  on  lysosomal  in t eg r i ty .  The  b iphas ic  effect  was  
obse rved  w h e n  lysosomes were exposed  to lyso lec i th in  
u n d e r  t he  same cond i t ions  as appl ied  for t e s t i ng  t he  effect  
of oleic acid (Figure  1) as well  as w h e n  lysosomes were 
exposed  to t he  p h o s p h o l i p i d  in 0.25 M sucrose for 2 h 
a t  37~ 

DE DUVE et  al. G sugges ted  t h a t  c o m p o u n d s  caus ing  
lysis to  lysosomes m a y  ac t  b y  i n i t i a t i n g  a sequence  of 
even t s  i nvo lv ing  a l t e red  p e r m e a b i l i t y  to  solutes,  osmot ic  
swel l ing a n d  rup tu re .  I n d u c t i o n  of changes  in  m e m b r a n e  
p e r m e a b i l i t y  m a y  lead to t he  p e n e t r a t i o n  of low molecu la r  
we igh t  s u b s t r a t e s  r ende r ing  t h e m  a v a i l a b l e  to  lysosomal  
enzymes ,  whi le  a h i g h  molecu la r  we igh t  solute  m a y  st i l l  
be  impe rmeab le .  Such  d i f fe ren t ia l  p e r m e a b i l i t y  changes  
h a v e  been  s h o w n  b y  BADENOCH-JONES a n d  BAUM la, who  
s tud ied  t he  effect  of p roges t e rone  on  t he  ava i l ab le  a n d  
free acid p h o s p h a t a s e  a c t i v i t y  of lysosomes suspended  
e i the r  in  sucrose or in p o l y e t h y l e n e  glycol (PEG, m.w. 
1000). 

W e  h a v e  t e s t e d  the  poss ib i l i ty  of d i f fe ren t ia l  pe rmeab i l -  
i t y  changes  in lysosomes exposed  to  10-* M of oleic acid. 

F igure  3 shows t h a t  w i t h i n  15 m i n  of exposure  to  oleic 
acid, 70% of t o t a l  acid p h o s p h a t a s e  a c t i v i t y  was non-  
p a r t i c u l a t e  whi le  100% of i t  was  a l r eady  avai lable .  Sus- 
p e n d i n g  the  organel les  in  0.25 M P E G  (m.w. 1000, Carb ide  
a n d  C a r b o n  Co., N.Y.)  led to  a r e d u c t i o n  in b o t h  t he  
ava i l ab le  and  free e n z y m e  ac t iv i ty .  A t  15 m i n  of exposure  
to  t he  acid, a b o u t  42% of e n z y m e  a c t i v i t y  was non-  
p a r t i c u l a t e  and  50% was  avai lable .  T h u s  lysosomes,  
suspended  in sucrose, r eac ted  to  oleic acid in t h e  same  
p a t t e r n  e x h i b i t e d  u p o n  exposure  to proges te rone ,  b u t  
P E G  did  n o t  seem to afford p roec t ion  aga ins t  r u p t u r e  b y  
oleic acid. 

The  o b s e r v a t i o n  t h a t  ava i l ab le  a c t i v i t y  in sucrose 
exceeds t h a t  in  P E G  (Figure  4) could  der ive  f rom an  
expec ted  dif ference in t he  in i t ia l  p roper t i e s  of lysosomal  
suspens ions  in t h e  two  media .  ALEXANDROWICZ 14 pre-  
sen ted  ev idence  t h a t  h igh  molecu la r  we igh t  p o l y e t h y l e n e  
glycols, a t  h igh  c o n c e n t r a t i o n s  in  so lu t ion  h a v e  h i g h  
osmot ic  coeff ic ients ;  i.e. an  increase  f rom 1 to 5 was 
recorded  for P E G  of 6000 molecu la r  weight .  Accord ing  
to  his  theory ,  0.25 M so lu t ion  of P E G  of a molecu la r  
we igh t  of a 1000 would  h a v e  a h ighe r  osmot ic  pressure  
t h a n  t h a t  of 0.25 M sucrose. The  sh i f t  in  the  osmot ic  
f rag i l i ty  curve,  obse rved  for lysosomal  suspens ions  in 
P E G  as c o m p a r e d  to those  in sucrose (Figure  4), is con- 
s i s t en t  w i t h  th i s  i n t e r p r e t a t i o n .  T h u s  in 0.25 M P E G  the  
lysosomes are expec ted  to s h r i n k  to  a ce r t a in  e x t e n t  a n d  
the re fo re  to  be less p rone  to  d a m a g e  b y  oleic acid. The  
v e r y  smal l  d i f ference in t he  va lues  of ava i l ab le  and  free 
acid p h o s p h a t a s e  in  P E G  solu t ions  implies  t h a t  t h e  pr i -  
m a r y  i n t e r ac t i on  w i t h  oleie acid suffices to  b r ing  a b o u t  
leakage  of enzymes  a n d  does n o t  invo lve  a c h a n g e  in 
p e r m e a b i l i t y  t h a t  al lows s u b s t r a t e  to  p e r m e a t e  whi le  
P E G  p e r m e a t i o n  is sti l l  r e t a rded .  

13 p. BADENOCH-JONES and H. 13AUM, Nature New Biol. 242, 123 
(1973). 

14 Z. ALEXANDROWICZ, J. Polym. Set. 40, 107 (1959). 

Evidence  of Mi to t i c  D i v i s i o n  of C o e l o m o c y t e s  in the  N o r m a l ,  W o u n d e d  and Grafted E a r t h w o r m  
Eisenia foetida 

M. J. PARRY 1 

Department o/ Biology and Geology, Polytechnic o/ North London, Holloway Road, London N7 8DB (England), 
72 November 7975. 

Summary. I n  t h e  o l igochaete  Eisenia/oetida t h e  free amoebocy tes ,  once re leased in to  the  coelomic f lu id  were o b s e r v e d  
to r e m a i n  mi to t i ca l l y  ac t ive  fol lowing t he  t r a u m a  of rece iv ing  a b o d y  wal l  g ra f t  or wound .  

The re  is genera l  a g r e e m e n t  ~-5 t h a t  t he  p r ime  source  of 
e a r t h w o r m  coe lomocytes  is t he  l in ing  of t h e  coe lomic  
cav i ty .  However ,  d i s a g r e e m e n t  exis ts  as to  w h e t h e r  once 
free these  coe lomocytes  are capab le  of d iv id ing ;  severa l  
au tho r i t i e s  3, 6-s h a v e  i nd i ca t ed  t h a t  u n d e r  s t ress  t he re  is an  
increase  in t he  mi to t i c  a c t i v i t y  in t he  worm.  H o w e v e r  o n l y  
one a u t h o r  3 r epo r t ed  obs e r va t i ons  of m i t o t i c  f igures in  
free coeIomocytes ,  o the r s  6, 7 r epo r t ed  t h i s  increase  to  be 
associa ted  w i t h  t h e  coe lomocyte  s t e m  ceils only. Severa l  
p a p e r s  7, s h a v e  i nd i ca t ed  t h a t  cells in  t he  c ica t r ic ia l  t i s sue  
w h i c h  is r egene ra t i ng  and  d i f f e r en t i a t i ng  fol lowing t r a u m a  
also e x h i b i t  mi to t i c  ac t iv i ty .  C o n t r a r y  to  these  repor ts ,  
LIEBMANN e obse rved  no  m i t o t i c  a c t i v i t y  in  t he  free coe- 
lomocytes  and  be l ieved t h a t  t h e y  n e v e r  unde rgo  divis ion.  
This  l a t t e r  v iew was r e c e n t l y  s u p p o r t e d  b y  C o o r E ~  9 
who  agreed t h a t  m i to t i c  f igures were n e v e r  seen in coelo- 
mocytes .  

I n  a n  a t t e m p t  to  resolve th i s  p rob lem,  I e x a m i n e d  
coe lomocytes  for mi to t i c  figures,  in e a r t h w o r m s  w h i c h  h a d  
been  sub j ec t ed  to w o u n d i n g  a n d  a v a r i e t y  of g ra f t  com- 
b ina t ions .  

A u t o g r a f t s  us ing  Eisenia/oetida v a r  unicolor, al lograf ts  
us ing  E. /oetida v a r  typica a n d  v a r  unicolor a n d  xeno-  
g ra f t s  us ing  Lumbricus terrestris as t he  donor  a n d  E./oetida 
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D i s t r i b u t i o n  of m i t o t i c a l l y  a c t i v e  e o e l o m o c y t e s  in  l u m b r i c i d s  

S p e c i a l i a  EXPERIENTIA 32/4 

G r a f t  t y p e  T i m e  p o s t  g r a f t i n g  A m o e b o c y t e s  

a t  w h i c h  f i x a t i o n  S e p t a  a n d  F r e e  A m o e b o c y t e s  C i e a t r i c i a l  H o s t  m u s c l e  O t h e r  l o c a t i o n s  
t o o k p l a c e  p e r i t o n e u m  in  P V C  t i s s u e  

E l e o e y t e s  

Control . . . . .  

W o u n d e d  E U  w o r m s  5 h o u r s  - -  -- + -- -- 

17 hours . . . . .  

120 h o u r s  - -  - -  + + - -  
15 hours . . . . .  

Autograft EU worm 5 hours . . . . .  

g r a f t e d  o n t o  i t se l f  17 h o u r s  - -  + - -  - -  M u s c l e  of  g r a f t  
120 hours + + + -- -- 

15 d a y s  - -  + - -  - -  - -  
20 d a y s  . . . .  M u s c l e  of  g r a f t  

Allo~aft ET donor 5 hours . . . . .  

on EU host 17 hours . . . . .  

72 hours . . . . .  

16 days . . . . .  

X e n o g I a f t  L T  d o n o r  5 h o u r s  + + - -  - -  - -  
on  E U  h o s t  17 h o u r s  + - -  + - -  - -  

120 h o u r s  + + - -  + - -  
16 oays + -- + -- -- 

40 days + + + -- -- 

80 d a y s  + + + -- -- 

P o s t  2 n d  g r a f t  

S e c o n d  x e n o g r a f t  3 d a y s  + + - -  - -  N e p h r i d i a l  w a l l  

D V  or  L T  d o n o r  10 d a y s  + + + - -  - -  
on  E U  h o s t  45 d a y s  - -  + + - -  - -  

ET, Eisenia /oetida typica; E U ,  Eise~ia ]oetida unicolor; L T ,  Lumbricus terrestris; D V ,  Dendrobaena veneta; P V C ,  P e r i  v i s c e r a l  c a v i t y .  - - ,  
N o  m i t o t i c a l l y  a c t i v e  cel ls  f o u n d ;  q-, M i t o t i c a l l y  a c t i v e  ce i ls  f o u n d .  A m o e b o c y t e s ,  w h i c h  a re  p h a g o c y t i c  ce l ls  t h a t  p r o d u c e  p s e u d o p o d i a ,  
w e r e  f o u n d  to b e  m i t o t i c a l l y  a c t i v e .  No  e l e o c y t e s  w e r e  f o u n d  to b e  m i t o t i c a l l y  a c t i v e .  E l e o c y t e s  a re  s p h e r i c a l  cel ls  w h i c h  h a v e  a c h a r a c t e r i s t i c  
ye l low color  a n d  a h i g h  l i p id  c o n t e n t .  T h e y  a re  b e l i e v e d  to b e  a t y p e  of  ' t r o p h o c y t e ' .  T h e y  a r e  n o r m a l l y  f o u n d  f r ee  in  t h e  P V C .  T h e i r  o r i g i n  

is b e l i e v e d  to b e  t h e  g u t  wal l .  

F ig s .  1 - 1 0 . 1 . 7 2  h a l l o g r a f t e d  w o r m  - n e p h r i d i a l  wal l .  2. 120 h x e n o g r a f t e d  w o r m  - b e n e a t h  g r a f t .  3 . 4 0 - d a y  x e n o g r a f t e d  w o r m  - c i c a t r i c i a l  
t i s sue .  4.  120 h a u t o g r a f t e d  w o r m  - i n t e r s e g m e n t a l  s e p t a .  5. 120 h a u t o g r a f t e d  w o r m  - f r e e  a m o e b o c y t e .  6. 120 h x e n o g r a f t e d  w o r m  - f r e e  
a m o e b o c y t e .  7 . 3  d a y  2 n d  x e n o g r a f t e d  w o r m  - b e n e a t h  f i r s t  g r a f t .  8 . 3  d a y  2 n d  x e n o g r a f t e d  w o r m  - f r ee  a m o e b o e y t e .  9. 3 d a y  2 n d  x e n o g r a f t e d  
w o r m  - f r ee  a m o e b o c y t e .  10. 3 d a y  2 n d  x e n o g r a f t e d  w o r m  - s o m a t o p l e u r a l  p e r i t o n e a l  cell .  
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v a r  unicolor as t he  host ,  were m a d e  accord ing  to  a pre-  
v ious ly  r epo r t ed  m e t h o d  i0. O t h e r  E. [oetida v a r  unicolor 
worms  were w o u n d e d  b y  r e m o v i n g  a 2 m m •  1 m m  por-  
t ion  of dorsa l  b o d y  wall. T he  c o m b i n a t i o n s  made,  a n d  
t h e  t i m e  in te rva l s ,  pos t  graf t ing,  a t  wh ich  ind iv idua l s  
were f ixed are recorded  in t he  Table .  T he  hos t s  were  all  
ki l led in Bou ins  f i xa t ive  be t w een  09.00 h a n d  10.00 h. 
Th i s  was  to  e l imina te  a n y  v a r i a t i o n  in obs e r va t i ons  wh ich  
m a y  h a v e  occur red  as a r e su l t  of possible  m i t o t i c  r h y t h m s .  
N o r m a l  u n t r e a t e d  c l i te l la te  worms  of a s imi lar  size (50-  
60 ram) a n d  120 days  old were  used as controls .  Af t e r  
e m b e d d i n g  in pa ra f f in  wax,  10 ~m serial  sect ions  were 
cut .  S u b s e q u e n t l y  t h e y  were s ta ined ,  some in Feu lgens  
s t a in  o the r s  in  Ehr l i chs  H a e m a t o x y l i n  a n d  Eosin .  
Sect ions  were v iewed u n d e r  a Zeiss pho t om i c r o s cope  2 
a n d  t he  loca t ion  of mi to t i c  f igures  wh ich  were  obse rved  
are recorded  in t he  Table .  

No mi to t i c  f igures  were  obse rved  in  n o r m a l  con t ro l  
worms .  I n  t h e  m a j o r i t y  of w o u n d e d  and  gra f ted  worms  
m i t o t i c  f igures were found.  T he  coe lomocyte  p o p u l a t i o n  
is compr ized  of a m o e b o c y t e s  a n d  eleocytes.  All  mi to t i c  
f igures  obse rved  were in amoebocy tes ,  no eleocytes  were 
seen unde rgo ing  divis ion.  Th i s  was  found  to  be  t he  case 
fol lowing obse rva t i ons  m a d e  us ing  H a e m a t o x y l i n  a n d  
Eos in  s t a ined  sect ions  as th i s  a l lowed a m o e b o c y t e s  to  be  
d iscerned  f rom eleocytes  b y  t h e  a p p e a r a n c e  of t h e i r  cy to-  
p lasm.  

Mito t ic  a c t i v i t y  was obse rved  in hos t  t i ssue  only,  
e x c e p t  in  t he  case of 17-h-old a n d  20 day  a u t o g r a f t s  in  
which  mi to t i c  f igures were found  in t he  c i rcular  muscle  
l ayer  of t he  graf t .  Th i s  suggests  t h a t  all  t r a n s p l a n t s ,  
excep t  au togra f t s ,  do n o t  a id  in t he  process  of h o s t  g ra f t  
i n t e g r a t i o n  as t h e y  r e m a i n  mi to t i ca l l y  inac t ive .  

I n  worms  wh ich  received second graf t s  f rom the  same  
ind iv idua l ,  a n o t h e r  i n d i v i d u a l  of t he  same species or f rom 
a n  ind iv idua l  of a n o t h e r  species i.e. Dendrobaena veneta; 
mi to t i c  f igures were found  in s imi la r  loca t ions  as those  
found  in worms  rece iv ing  f i rs t  g raf t s  only. Consequen t ly  
t he  resul t s  f rom these  t h r ee  c o m b i n a t i o n s  were t a b u l a t e d  
toge ther .  

I conclude  t h a t  e a r t h w o r m s  h a v i n g  be ing  sub jec t ed  to  
t he  s t ress  of rece iv ing  a g r a f t  or a w o u n d  pro l i fe ra te  t h e i r  
a m o e b o c y t e s  f rom t h e  i n t e r s e g m e n t a l  sep ta  and  somato -  
p leura l  p e r i t o n e u m  a n d  some pro l i fe ra t ion  of these  cells 
can  occur  w h e n  t h e y  are free in t h e  coelomic cav i ty .  
CAUldRON a also obse rved  mi to t i c  a c t i v i t y  in  s imi la r  si tes 
a f t e r  inj ec t ing  pa r t i cu l a t e  m a t t e r  in to  t he  coelomic c a v i t y  
of Lumbricus terrestris. This  suggests  t h a t  t he  free amo-  
ebocy tes  are n o t  ful ly  d i f f e r e n t i a t e d  w h e n  re leased f rom 
the i r  s i te  of origin,  a n d  also th i s  increase  in mi to t i c  a c t i v i t y  
ref lects  t he  i m p o r t a n c e  of a m o e b o c y t e s  in  t he  r egene ra t i on  
of new t i ssue  a n d  also in t he  d e f e E e  of t he  organism.  

m M. PARRY, Experientia 31, 117 (1975). 

N e r v e  G r o w t h  in C o c k r o a c h e s  (Periplaneta americana) w i t h  Rota ted  Gang l ia  

C. M. BATE I, 2 

Department o/ Neurobiology, Research School o/ Biological Sciences, Australian National University, Canberra A C T  
2600 (Australia), 30 September 7975. 

Summary. The  axons  of m o t o r n e u r o n s  in r o t a t e d  cockroach  gangl ia  grow in to  t he  l imb  oppos i te  t he  one t h e y  n o r m a l l y  
i n n e r v a t e  a n d  a p p e a r  to  synapse  w i t h  a p p r o p r i a t e  muscles.  A p p a r e n t l y  t h e  c lass i f ica t ion of m o t o r n e u r o n s  is dup l i ca t ed  
a b o u t  t h e  mid- l ine .  

L a r v a l  and  a d u l t  cockroaches  r egene ra t e  a p p r o p r i a t e  
connec t ions  b e t w e e n  tho rac i c  m o t o r n e u r o n s  a n d  leg 
muscles  w h e n  t h e  ne rves  to  t h e  legs are cu t  a-7. Motor-  
n e u r o n s  of t h e  m e s o t h o r a x  will  connec t  w i t h  homologous  
m e t a t h o r a c i c  muscles  w h e n  offered a m e t a t h o r a c i c  l imb  
in w h i c h  to  grow s , i n d i c a t i n g  t h a t  t he  c lass i f ica t ion of 
cells on w h i c h  t h e  o rde r ly  connec t ion  of muscles  a n d  
m o t o r n e u r o n s  depends  is r epea t ed  in each  of t he  t h r ee  
t ho rac i c  segments .  I n  t h i s  p a p e r  I r e p o r t  p r e l i m i n a r y  
e x p e r i m e n t s  to  e s t ab l i sh  w h e t h e r  t he  c lass i f ica t ion is atso 
dup l i ca t ed  a b o u t  t he  mid-l ine,  t h a t  is w h e t h e r  m o t o r -  
n e u r o n s  will  connec t  w i t h  homologous  muscles  of t he  
oppos i te  side w h e n  offered a c o n t r a l a t e r a l  leg in wh ich  to 
grow. 

Fig. 1. Rotation of ganglia. 

F r e sh ly  m o u l t e d  n y m p h a l  cockroaches  (Periplaneta 
americana) of va r ious  ins t a r s  were l igh t ly  a n a e s t h e t i s e d  
w i t h  c a r b o n  dioxide  a n d  held  down  on t h e i r  backs  w i t h  
plas t ic ine .  A smal l  f lap of cut ic le  was  ra ised  over  e i the r  
pro-,  meso-,  or m e t a t h o r a c i c  gangl ion  a n d  all pe r iphe ra l  
n e r v e  t r u n k s  of t he  exposed gangl ion  were severed,  
l eav ing  t he  l ong i tud ina l  connec t ives  in tac t .  The  gangl ion  
was t h e n  inver ted ,  w i t h  a h a i r  Placed be tween  t he  an-  
t e r io r  connec t ives  to  p r e v e n t  r e - ro t a t iom The  ope ra t i on  
is shown  d i a g r a m m a t i c a l l y  in  F igure  1. The  ope ra t ed  
an ima l s  were k e p t  a t  27 ~ for 3 m o n t h s  before  e x a m i n a -  
t i on  a n d  d u r i n g  th i s  t i m e  t h e y  u n d e r w e n t  a t  leas t  2 
moul ts .  

The  effect  of t he  ope ra t ion  on  t he  r e g r o w t h  of axons  
in to  t he  legs was assayed  b y  r e t rog rade  ion tophores i s  of 
coba l t  chlor ide  in to  t he  m a i n  ne rve  (nerve 5) of one of t he  
legs in t he  o p e r a t e d  s e g m e n t  us ing  c o n v e n t i o n a l  t echn i -  
ques  9. The  resul t s  g iven  here  are for t h e  m e t a t h o r a x  b u t  
are s imi la r  in each  of t he  th ree  segments .  
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