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Percentage inhibition of brain serum, and erythrocytes aeetylcholinesterase and liver sueeinie dehydrogenase activities after Cyolane ad- 
ministration 

Enzyme Daily dose (mg/kg) Percentage inhibition b 

1 week 2 weeks 4 weeks 

Brain acetylcholinesterase 

Erythrocytes acetylcholinesterase 

Plasma acetylcholinesterase 

Liver succinic dehydrogenase 

0.9 ~ 54 -~ 3.64 -- -- 
0.18 40 ~_ 3.23 36 J_ 3.3 35 4- 3.28 
0.09 28 ~ 2.83 15 =~ 2.88 16 ::t= 2.33 
0.045 0 0 0 

0.9 ~ 37 ~ 3.75 -- --  
0.18 15 ~ 3.28 40 4- 3.75 45 4- 2.33 
0.09 0 28 ~ 2.31 30 ~ 2.88 
0.045 0 10 ~ 2.19 10 4- 1,87 

0.9 e 28 ~ 1.04 -- -- 
0.18 5 ~ 1.87 44 -1- 3.3 42 4- 3.64 
0.09 0 30 4- 1.9 30 4- 2.48 
0.045 0 15 =[= 2.54 17 4- 1.87 

0.9 ~ 0 -- -- 
0.18 0 37 -4- 1.73 40 :t: 1.27 
0.09 0 30 ~: 2.71 35 ~ 1.38 
0.045 0 12 ~- 2.54 15 4- 1.78 

Data are means of 4 6 rats. b Mean -E S.D. o Rats treated with 0.9 mg/kg died within 10 days. 

c o r r e s p o n d i n g  to  0.9, 0.18, 0.09, a n d  0.045 m g / k g  (1/10, 
1/50, 1/100 a n d  1/200 of t h e  LDs0 r e spec t ive ly ,  fo r  1, 2 
a n d  4 weeks .  R a t s  we re  sacr i f iced  24 h a f t e r  t h e  l a s t  dose.  
B lood  w a s  col lected in cen t r i f uge  t ubes ,  a n d  b r a i n  a n d  
l iver  were  qu i ck ly  r e m o v e d  for  e n z y m a t i c  assay .  

A c e t y l c h o l i n e s t e r a s e  in b r a i n  was  e s t i m a t e d  a f t e r  t he  
m e t h o d  of HESTRIN 11, u s i n g  10% r a t  b r a i n  h o m o g e n a t e  
a n d  a n  i n c u b a t i o n  pe r iod  of 15 min .  A c e t y l c h o l i n e s t e r a s e  
in e r y t h r o c y t e s  a n d  p l a s m a  were  a s s a y e d  a c c o r d i n g  to  
MICHEL 12, Succinic  d e h y d r o g e n a s e  a c t i v i t y  w a s  m e a s u r e d  
co lo r ime t r i ca l ly  u s ing  0 .5% so lu t ion  of  2 -3 -5 - t r ipheny l -  
t e t r a z o l i u m  chlor ide  a c c o r d i n g  to  t he  m e t h o d  ot FAHMu la. 

Results and discussion. I n  t he  p r e s e n t  e x p e r i m e n t s ,  
r e p e a t e d  s h o r t - t e r m  a d m i n i s t r a t i o n  of Cyo lane  to  r a t s  
r e su l t ed  in a decrease  in a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  of 
b ra in ,  e r y t h r o c y t e s  a n d  p l a s m a ,  (Table).  T h i s  i n h i b i t i o n  
w a s  c o m p a r a b l e  to  o t h e r  o r g a n o p h o s p h o r u s  pes t i c ides  2-6 

T h e  i n h i b i t i o n  ot t he  e n z y m e s  u n d e r  i n v e s t i g a t i o n  
r e m a i n e d  a l m o s t  c o n s t a n t  f r o m  2 up  to  4 weeks.  I t  s eems  
t h a t  t h e  c u m u l a t i v e  effects  w i t h  r e p e a t e d  a d m i n i s t r a t i o n  
of low doses  were  c o m p e n s a t e d  phys io log ica l ly2 .  

T h e  e x t e n t  of i n h i b i t i o n  of a c e t y l c h o l i n e s t e r a s e  a n d  
succin ic  d e h y d r o g e n a s e  w a s  p r o p o r t i o n a l  to  t h e  Cyo lane  
dose.  Th i s  p r o p o r t i o n a l i t y  does  n o t  s eem to  ex i s t  b e t w e e n  
t h e  p e r c e n t a g e  i n h i b i t i o n  a n d  t h e  a d m i n i s t r a t i o n  pe r i od  14. 

Zmammen/assung.  D a s  P h o s p h o r s / i u r e e s t e r - I n s e k t i z i d  
Cyo l an  h e m m t  n i ch t  n u r  die Cho l ines t e rasen ,  s o n d e r n  
a u c h  die S u c c i n o d e h y d r o g e n a s e  der  Leber .  
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A n  A u t o r a d i o g r a p h i c  D e m o n s t r a t i o n  o~ B l o o d  Cel l  R e n e w a l  i n  Styela clara ( U r o c h o r d a t a :  
A s c i ~ a e e a )  

T h e  b lood  cells of a sc id i ans  c i rcu la te  in t h e  b lood  chan -  
nels  a n d  w a n d e r  t h r o u g h o u t  t h e  t i s sue s  a n d  t h e  tun ic .  
A l t h o u g h  some  b lood  cell t y p e s  are  c o m m o n  to  all asci-  
d ians ,  o t h e r  b lood  cell t y p e s  o f t en  differ  f r o m  species  to  
species.  T h e  n u m b e r  of b lood  cells desc r ibed  in a n y  one  
species  also va r i e s  w i t h  t h e  m o r p h o l o g i c a l  c r i t e r ia  of t h e  
a u t h o r s .  W i t h  l igh t  m i c r o s c o p y ,  8 t y p e s  h a v e  b e e n  descr ib-  
ed in Styela clava 1 while  5 t y p e s  h a v e  b e e n  desc r ibed  in 
Styela plicata 2. 

T h e  or ig in  a n d  r e n e w a l  of a sc id i an  b lood  cells h a v e  b e e n  
t h e  s u b j e c t  of c o n t r o v e r s y .  T h e  n e u r a l  g l and  3 a n d  h a e m o -  
b l a s t s  in t h e  c o n n e c t i v e  t i s sue  4 h a v e  been  r e p o r t e d  as  
s i tes  of b l o o d  cell f o r m a t i o n .  Severa l  a u t h o r s  h a v e  

1 W. C. GEORGE, Q. J1. microsc. Sci. 81,391 (1939). 
2 T. OnuvE, Sci. Rep. Res. Insts Tohuku Univ., Biol. 11, 191 (1936). 
3 L. Cuf~nOT, Archs Zool. exp. gdn. 9, 13 (1891). 
4 j .  M. P~R~S, Annls Inst. oc6anogr., Monaco 21, 229 (1943). 
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r e m a r k e d  on  t he  absence  of mi to t i c  f igures  in  t h e  b lood  
spaces  5, 6. The re  is genera l  a g r e e m e n t  t h a t  t he  l y m p h o c y t e  
is t he  p rogen i to r  b lood cell type .  W h e t h e r  l y m p h o c y t e  cell 
d iv i s ion  occurs  on ly  in t he  l y m p h  nodules  of t he  b o d y  wal l  
a n d  d iges t ive  t r a c t  5 or b o t h  ill t h e  l y m p h  nodules  an d  in 
t he  c i rcu la t ing  b lood  1, 2 has  no t  been  es tab l i shed .  I n  
e i the r  case, t he  l y m p h o c y t e s  are  p r e s u m e d  to d i f f e ren t i a t e  
in to  t he  o the r  cell t ypes  b y  t he  loss of t h e  nucleolus,  a n  
increase  in t h e  a m o u n t  of cy top lasm,  a n d  t he  acqu i s i t i on  
of va r ious  cy top l a smic  inclus ions  a n d  vacuoles.  The  
t r a n s f o r m a t i o n s  of one b lood  cell t y p e  to  a n o t h e r  h a v e  
been  deduced  f rom morpho log ica l  c r i te r ia  a lone  ~, 7. 

I n  t i le  p r e s e n t  inves t iga t ion ,  a u t o r a d i o g r a p h y  w i t h  
t r i t i a t e d  t h y m i d i n e  was used to  localize si tes of b lood  cell 
p ro l i fe ra t ion  a n d  d e t e r m i n e  possible  b lood cell t r a n s f o r m a -  
t ions  in  t he  asc id ian  Styela clara. A shor t  exposure  to  
t r i t i a t e d  t h y m i d i n e  labeled  b lood  cells engaged  ill pre-  
mi to t i c  D N A  synthes is .  B y  sampl ing  t issues  a t  inc reas ing  

Fig. 1. An autoradiogram of the lymph nodules in the body wall of 
Styela clava 1 h after the injection of tritiated thymidine. • 

Fig. 2. An autoradiogram of the lymph nodules in the body wall of 
Styela clava 60 days after the injection of tritiated thymidine. The 
blood cells are no longer labeled although several atrial epithelial 
cells (arrows) are still labeled, m, muscle. • 600. 

t i m e  i n t e rva l s  a f t e r  t h i s  sho r t  exposure ,  t h e  fa te  of t he  
p ro l i f e ra t ing  cells was followed. 

Materials and methods. Spec imens  of Styela clara were .  
col lected f rom Mission Bay,  San  Diego, California,  U S A  
a n d  in jec ted  i n t r a - a t r i a l l y  w i t h  1 ~Ci of t r i t i a t e d  t h y m i d i n e  
(New E n g l a n d  Nuc lea r  Corp.) p e r  g f resh  weight .  The  
aqueous  so lu t ion  of t r i t i a t e d  t h y m i d i n e  (specific a c t i v i t y  
6.7 C i /mM)  was d i lu ted  w i t h  a n  equa l  vo lume  of 2 t imes  
c o n c e n t r a t e d  sea w a t e r  before  use. 3 i n d i v i d u a l s  were 
sacr i f iced b y  f i xa t i on  ill Bo u i n ' s  f luid a t  each  of t h e  follow- 
ing t i m e  i n t e r v a l s :  1 h, 10, 20 a n d  60 days.  The  b o d y  wall  
an d  d iges t ive  t r a c t  were d issected  out ,  d e h y d r a t e d ,  and  
e m b e d d e d  in paraf f in .  7 ~zm sect ions  were covered  w i t h  
K o d a k  Nuc lea r  T r a c k  E m u l s i o n  t y p e  NI3T-2 b y  t he  
d i p p i n g  m e t h o d  a n d  s tored  a t  4~ for per iods  of 2 weeks 
to 2 m o n t h s .  A u t o r a d i o g r a m s  were deve loped  in K o d a k  
D-19 deve loper  (3 rain),  a n d  sect ions  were s t a ined  t h r o u g h  
t h e  emuls ion  w i t h  h e m a t o x y l i n .  

Results. 3 t y p e s  of b lood cells c an  be  recognized in 
a u t o r a d i o g r a m s :  t h e  l y m p h o c y t e ,  t h e  leucocyte ,  a n d  t he  
v a c u o l a t e d  cell. All  3 b lood  cell t ypes  occur  free ill t he  
c i r cu la t ing  b lood  an d  c lus te red  ill l y m p h  nodules  w i t h i n  
t h e  connec t ive  t i ssue  of t h e  body .  I n  t h e  b o d y  wall ,  t h e  
l y m p h  nodules  occur  in  p a t c h e s  i m m e d i a t e l y  a d j a c e n t  to  
t h e  a t r i a l  ep i t he l i um ( the i n t e r n a l  l in ing  of t h e  b o d y  wall). 
I n  t h e  d iges t ive  t rac t ,  t h e y  are mos t  c o n c e n t r a t e d  ill t he  
b r a n c h i a l  wall. 

L y m p h o c y t e s  are small ,  r o u n d  to ova l  cells a p p r o x i m a t e -  
ly 6-8  ~zm in d i a m e t e r  w i t h  a large nuc leo la ted  nucleus.  
The  nuc leus  fills mos t  of t h e  cell an d  is s u r r o u n d e d  b y  a 
sma l l  a m o u n t  of basoph i l i c  cy top lasm.  Severa l  l y m p h o c y -  
tes  f r e q u e n t l y  c lus te r  t o g e t h e r  in  t h e  in te r io r  of t h e  l y m p h  
nodules .  Cell b o u n d a r i e s  are di f f icul t  to  d i s t i ngu i sh  as the  
large basophi l i c  nucle i  of a d j a c e n t  cells crowd each  o the r  
w i t h  l i t t l e  i n t e r v e n i n g  cy top lasm.  

Leucocy tes  are  large b lood cells a b o u t  10-14 tzm ill 
d i a m e t e r  w i t h  a small ,  basophi l i c  nuc leus  which  is eccen- 
t r i ca l ly  d isplaced an d  lacks a consp icuous  nucleolus.  
Most  of t h e  cell is filled w i t h  s l ight ly  basophi l i c  cy top lasm.  
Leucocy tes  r ange  in shape  f rom spher ica l  to  ova l  and  
m a y  h a v e  severa l  cy top l a smic  processes.  The  c y t o p l a s m  
m a y  be  g r anu l a r  or t r a n s p a r e n t  a n d  m a y  c o n t a i n  a large 
basoph i l i c  inclusion.  Leucocy tes  p r o b a b l y  inc lude  several  
cell t y p e s  wkich  are di f f icul t  to  d i s t i ngu i sh  f rom each  
other .  I n  t h e  l y m p h  nodules,  t h e  a b u n d a n t  c y t o p l a s m  
a r o u n d  each  nuc leus  p roduces  regions of l igh t  basoph i l i a  
an d  m a k e s  t h e  leucocyte  nuc leus  easi ly d i s t i ngu i shed  f rom 
tile l y m p h o c y t e  nucleus.  

V a c u o l a t e d  cells are t h e  la rges t  of t h e  b lood  cells, be ing  
r o u g h l y  16-18 tzm long. The  nuc leus  is eccent r ica l ly  
p laced  a n d  lacks a consp icuous  nucleolus.  W i t h i n  the  
cy top la sm,  the  v a c u o l a t e d  cells co n t a i n  n u m e r o u s  vacu-  
oles w h i c h  are c lear  or yel low in h e m a t o x y l i n  s t a ined  
sect ions  an d  w h i c h  h a v e  a h igh  i ndex  of re f rac t ion .  
V a c u o l a t e d  cells f r e q u e n t l y  lie e m b e d d e d  b e t w e e n  tile 
a t r i a l  e p i t h e l i u m  a n d  t h e  connec t ive  t i ssue  of t h e  body  
wall. 

A 1 h exposure  to  t r i t i a t e d  t h y m i d i n e  labeled  m a n y  
b lood cells in t h e  body.  Blood cells were labeled  b o t h  in 
t h e  l y m p h  nodules  a n d  in t h e  b lood  channels .  I n  the  
l y m p h  nodules ,  b o t h  l y m p h o c y t e s  a n d  leucocytes  were 
labeled  (Figure 1), a n d  labeled  nuclei  were f r e q u e n t l y  
c lus te red  in smal l  groups.  P r o b a b l y  no  v a c u o l a t e d  cells 
were labeled  a t  th i s  t i m e ;  however ,  pos i t ive  reac t ions  
were d i f f icul t  to  de t ec t  in  a u t o r a d i o g r a m s  as t h e  vacuoles  
a p p e a r  v e r y  s imi la r  to  out-of-focus  s i lver  grains.  

5 M. KOLLMAN, Annls Sei. nat., Zool. 8, 1 (1908). 
6 R. H. M'ILLAR, L.M.B.C. Mere. typ. Br. mar. P1. Anita. 35, (1953). 
7 R. ENDEAN, Q. J1. microsc. Sci. 701, 177 (1960). 
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By 20 days  af ter  inject ion,  mos t  of t he  labeled cells in 
the  l y m p h  nodules  occurred in the  per iphera l  pa r t s  of the  
nodules.  Some vacuola ted  cells were now unequivoca l ly  
labeled, bu t  few lymphocy te s  were labeled any  longer.  
Most  of the  labeled ceils, b o t h  in the  l y m p h  nodules  and  
in the  circulat ing blood, were leucocytes  and  vacuo la ted  
cells. At  60 days  af ter  the  admin i s t r a t i on  of t r i t i a t ed  
thymid ine ,  mos t  of the  b lood cells in the  l y m p h  nodules  
were unlabeled (Figure 2). However  a few sca t t e red  
labeled leucocytes  and  vacuo la ted  cells occurred in t he  
connect ive  t issue below the  atr ia l  ep i the l ium and in the  
blood channels .  

Discussion. The blood cells of Styela clava cons t i tu te  a 
renewing s cell sys tem wi th  a renewal  t ime  on the  order  of 
several  weeks. As suggested by  o ther  au thors  ~, 2, b lood 
cell prol i fera t ion occurs b o t h  in the  l y m p h  nodules  and  in 
the  blood channels .  The possible  blood cell t r ans fo rma-  
t ions  are shown in Figure 3. Al though  b o t h  l y m p h o c y t e s  
and leucocytes  prol i ferate ,  the  l y m p h o c y t e  is p ro b ab l y  
the  more  p r imi t ive  blood cell type .  I t  is u l t r a s t ruc tu ra l ly  
the  most  und i f fe ren t ia ted  blood cell t y p e ~  and m a y  also 
be capable  of d i f fe ren t ia t ing  into germinal  cells x~ and 

A B 

Fig. 3. Transformation of blood cell types in Styela clava. A, lympho- 
cyte; B, leucocyte; C, vaeuolated cell. 

somat ic  ceils o the r  t h a n  blood cells ~x. P r e s u m a b l y  the  
l y m p h o c y t e s  d i f fe ren t ia te  in to  leucocytes.  However ,  
since the  leucocytes  divide  and  also p r o b a b l y  represen t  
several  separa te  cell types ,  the  leucocytes  themse lves  
migh t  be composed  of s tem,  d iv id ing  t rans i t ,  or non-  
d iv id ing  t r ans i t  ~2 componen t s .  Since the  d i f fe ren t ia ted  
vacuola ted  cells do no t  divide,  t h e y  m u s t  be d i f fe ren t ia t ing  
f rom a precursor  cell t ype ;  whe the r  th is  precursor  is a 
l y m p h o c y t e  or a leucocyte  could no t  be de t e rmined  in the  
p resen t  inves t igat ion.  Based upon morphologica l  criteria,  
however ,  vacuo la ted  cells have  been repor ted  to  differen-  
t i a te  f rom in t e rmed ia t e  cell types  and no t  f rom l y mpho-  
cytes  in o ther  ascidians 7,13 

Blood ceils are renewed  in insects  14 and  m a m m a l s  15 
bu t  no t  in ech inoderms  ~6 where  blood cells have  charac-  
ter is t ics  of expand ing  s cell popula t ions .  In  mammals ,  
pro l i fe ra t ing  cells are mos t  concen t r a t ed  in the  bone  
marrow,  l y m p h  nodes,  and  spleen, but ,  like in Styela, t h e y  
also occur in the  circulat ing blood and  in t he  connect ive  
tissue. In  Styela, other  e lements  of t he  vascular  s y s t em 
(the hea r t  and connect ive  t issue l ining the  blood channels)  
comprise  expand ing  cell popula t ions  17. 

Summary. The blood cells of Styela clara were shown 
by  au to rad iog raphy  wi th  t r i t i a t ed  t h y m i d i n e  to  be renew- 
ed af ter  several  weeks. Pro l i fe ra t ing  l y m p h o c y t e s  and  
leucocytes  occurred in the  l y m p h  nodules  and  blood 
channels  of the  body.  Vacuola ted  cells did no t  prol i fera te  
bu t  d i f fe ren t ia ted  f rom a precursor  cell type .  
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A g g r e g a t i o n s  of D e n s e  Granule s  in Mi tochondr ia  

In  a previous s tudy  1 we inves t iga ted  the  r61e of the  
per ib ronchovascu la r  l ympha t i c s  in the  clearance of intra-  
t racheal ly  inst i l la ted ferr i t in  and carbon part icles.  Bo th  
t racers  reached the  l ympha t i c  lumen main ly  via the  open 
intercel lular  junct ions.  Fer r i t in  par t ic les  were moreover  
absorbed  by  the  endothel ia l  cells and accumula ted ,  prob-  
ably  to be d iges ted  e, in secondary  lysosomes. 

The purpose  of the  p resen t  s tudy  was to inves t iga te  if 
these act ivi t ies  of the  l y m p h a t i c  endothe l ia l  cells are 
associated wi th  morphologica l  changes  of the i r  mito-  
chondria ,  as it  is well k n o w n  t h a t  more  act ive mi to-  
chondr ia  d isplay  an a l tered fine s t ruc ture  3. 

We now d e m o n s t r a t e  aggregat ions  of small,  dense,  and 
more  or less rounded  granules (300 ~ 800 A) occurr ing in 
mi tochondr i a  of p u h n o n a r y  l y m p h a t i c  endothel ia l  cells, 
which had  endocy tosed  ferri t in,  were f ixed in a mix tu re  of 

of Act ive  P u l m o n a r y  L y m p h a t i c  Endothe l ia l  Cel l s  

g lu ta ra ldehyde  and  osmium te t roxide ,  and  s ta ined  wi th  
uranyl  ace ta te  and lead ci t rate .  A l though  the  precise na tu re  
of these  granules,  which  have  no t  been repor ted  before 
to t he  bes t  of our knowledge,  remains  unexpla ined ,  it  is 
suggested t h a t  these  aggregat ions  are re la ted  to  an in- 
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