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O b s e r v a t i o n s  were also m a d e  u n d e r  p h a s e  c o n t r a s t  
mic roscopy  us ing  a Lei tz  O r t h o p l a n  microscope  f i t t ed  
w i t h  p l a n a r  ob jec t ives  and  He ine  phase  c o n t r a s t  conden-  
ser. F o r  th i s  purpose ,  t he  e x t r a c t  was d i lu t ed  w i t h  
se rum-f ree  McCoy m e d i u m  to  give a c o n c e n t r a t i o n  of 
10 ~l /ml  of med ium.  H e L a  cells g rown on covers l ips  were 
i n v e r t e d  over  depress ion  slides c o n t a i n i n g  sponge  e x t r a c t  
in  m e d i u m  and  obse rva t i ons  were m a d e  over  a 2-h period.  
Cells exposed  to  m e d i u m  c o n t a i n i n g  an  e q u i v a l e n t  
a m o u n t  of e t h a n o l  b u t  w i t h o u t  sponge  e x t r a c t  were 
used as controls .  

F igure  1 shows a p o p u l a t i o n  of H e L a  ceils i m m e d i a t e l y  
a f t e r  a covers l ip  cu l tu re  was i n v e r t e d  over  m e d i u m  
c o n t a i n i n g  sponge ex t rac t .  Af te r  10 mil l  of exposure  to  
t h e  ex t rac t ,  spher ica l  globules  were obse rved  nea r  t h e  
p e r i p h e r y  of t h e  ceils (Figure 2). I n  a few cells, t h e  
c y t o p l a s m  appea red  to h a v e  f r a g m e n t e d  and  t he  nuclei  
showed p r o m i n e n t  nuc lea r  m e m b r a n e s  w i t h  l i t t l e  nuc lea r  
detai l .  M a r k e d  changes  were seen 1 h l a t e r  (Figure  3). 
Cy top lasmic  m a t e r i a l  a p p e a r e d  to  be  f r a g m e n t e d  a n d  
were found  to  aggreaga te  a r o u n d  t h e  nuc leus  in some 
cells, l eav ing  a clear zone a d j a c e n t  to  t h e  cell m e m b r a n e .  
I n  some cells, t h e  cell m e m b r a n e  appea red  to  h a v e  
rup tu red .  The  nuc lea r  m e m b r a n e  was more  p r o m i n e n t  in  
some ceils whi le  in o the r  cells i t  appea red  to h a v e  r u p t u r e d  
also. Nuc lea r  de ta i l  was  lack ing  in m o s t  of t he  cells an d  

t h e  nucleol i  were e i t he r  n o t  seen or a p p e a r e d  as sma l l  
d a r k  c lumps.  These  f ea tu res  were also obse rved  u n d e r  t h e  
e lec t ron  microscope,  a n d  a more  de ta i l ed  u l t r a s t r u c t u r a l  
s t u d y  is n o w  u n d e r w a y  s. No r ecove ry  was o b t a i n e d  w h e n  
th i s  covers l ip  cu l tu re  was p laced  in sponge-f ree  m e d i u m  
a f t e r  t h e  expe r imen t .  

The  e x p e r i m e n t s  h a v e  s h o w n  t h a t  a n  alcoholic  e x t r a c t  
of t h e  sponge,  Suberites inconstans, was cy to tox ic  to  H e L a  
ceils; r ecovery  was poss ible  on ly  w h e n  t h e  ceils were 
exposed  to  low c o n c e n t r a t i o n s  of t h e  ex t rac t .  

Zusammen/assung. E i n  a lkohol i scher  E x t r a k t  des 
S c h w a m m e s  Suberites inconstans erweis t  s ich als e in  
Zellgif t  gegent iber  Hela-Zel len .  W a c h s t u m s s t 6 r u n g e n  
t r e t e n  anf,  u n d  m i k r o s k o p i s c h  s i c h t b a r e  V e r i i n d e ru n g en  
a n  K e r n e n  u n d  M e m b r a n e n  werden  festgestel l t .  
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Closed Circulation in the Rat Spleen as Evidenced 
Microscopy of Vascular Casts 

No conclus ive  ev idence  has  been  ava i l ab le  to  se t t le  t h e  
ques t ion  w h e t h e r  t h e  a r t e r i a I  b lood  of t h e  spleen is 
d i r ec t ly  d ra ined  in to  t he  venous  s inuses  or flows in to  t h e  
spaces  of t he  cords of B i t l r o t h  before be ing  rece ived  b y  
t h e  s inuses  1. The  fo rmer  'c losed '  t h e o r y  was o r ig ina t ed  b y  
V~'t~IDENREICH 2 in  1901, and  t he  la t te r ,  ' open '  t h e o r y  b y  
HELLY a in t i le n e x t  year.  A l t h o u g h  t he  'c losed '  t h e o r y  was 
s t r e n g t h e n e d  in t he  1930's b y  some l igh t  microscopis t s  
such  as BJ6m;MAN 4, who  in jec ted  va r ious  m a t t e r s  in to  
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splenic  vessels, an d  KNISELY 5, w h o  obse rved  t h e  spleen 
in  l iv ing  animals ,  t h e  genera i  v i ew  of m o d e r n  h is to togis t s  
seems inc l ined  t o  t h e  ' o p e n '  t h e o r y  1. R e c e n t  e lec t ron  
microscope  s tud ies  on  u l t r a t h i n  sec t ions  of t h e  o rgan  
h a v e  also fai led to  d e m o n s t r a t e  a closed c i r cu la t ion  in t h e  
spleen 6. 

T h e  p r e s en t  s t u d y  was u n d e r t a k e n  to shed  l igh t  on  
t h i s  f ield of s t u d y  b y  obse rv ing  d i rec t ly  a n d  3 -d imens iona l ly  
t h e  va scu l a r  cas ts  u n d e r  t h e  s cann ing  e lec t ron  microscope.  

Fig. I. A low power scanning 
electron micrograph showing the 
vascular arrangement in the rat 
spleen. Red pulp (R), white pulp 
(W), a central artery (A) and tra- 
becular veins (V) are seen. 
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Fig. 2. Higher magnification of the boxed area in Figure 1. Note that 
the resin stubs representing the venous sinuses (S) communicate with 
the terminal threads of the follicular arterioles (arrows). 

Fig. 3. A scanning electron micrograph showing the connection 
(arrow) between a terminal twig of the penicillar artery (a) and sinuses. 
A branching trabecular vein (v) is seen, 

The  me thodo log ica l  exp lo ra t i on  was r ecen t l y  m a d e  b y  
one  of t he  a u t h o r s  a n d  r e p o r t e d  e lsewhere  7. P las t i c  cas ts  
of t he  va scu l a r  bed  in a d u l t  r a t  spleens  were m a d e  b y  
in j ec t ion  f rom the  tho rac i c  a o r t a  of m e t h a c r y l i c  m e t h y l  
es ter  mix tu re .  Af te r  p o l y m e r i z a t i o n  of t h e  in jec ted  resin,  
t h e  t i ssues  of t he  a n i m a l  were r e m o v e d  b y  m a c e r a t i o n  in  a 
c o n c e n t r a t e d  N a O H  so lu t i on  and  r ins ing  in water .  The  
cas ts  were carefu l ly  d issected  u n d e r  t he  b inocular ,  an d  
a p p r o p r i a t e  p a r t s  to  be  obse rved  were exposed.  T h e  
spec imens  were t h e n  coa ted  w i t h  gold in a v a c u u m  evapor -  
a to r  a n d  obse rved  in  a J S M - U 3  t y p e  ( J E O L )  s c a n n i n g  
e lec t ron  microscope  w i t h  an  acce le ra t ing  vo l t age  of 5 kV. 

A s u r v e y  v iew of a p o r t i o n  of spec imen  (Figure  1) 
shows a s t r u c t u r a l  u n i t  of t he  va scu l a r  bed  in t h e  spleen.  
The  r o u n d  d a r k  a rea  (W) cor responds  to  a l y m p h  follicle 
or w h i t e  pu lp ,  a n d  t he  ou t e r  w h i t e  mass  (1R) to  t he  red 
pulp.  The  loose, cora l l i form s t r u c t u r e  (V) s u r r o u n d i n g  t h e  
l a t t e r  r ep roduces  t h e  t r a b e c u l a r  veins .  The  cen t r a l  a r t e r y  
is r ep re sen t ed  b y  t he  cy l inde r  (A) loca ted  eccentr ica l ly ,  
in  t h e  follicle. I t  issues 2 t y p e s  of b ranches .  The  more  
n u m e r o u s  a n d  t h i n n e r  ones  are fol l icular  a r te r io les  w h i c h  
r a m i f y  w i t h i n  t he  follicle to  t e r m i n a t e  a t  i t s  pe r iphery .  
The  less n u m e r o u s  a n d  t h i cke r  ones  are  penic i l la r  a r te r ies  
w h i c h  pass  deep in to  t he  red  p u l p  (Figure  1). 

A closer v iew of t he  res in  mass  in t he  red  pu lp  (Figure 2) 
shows t h a t  i t  cons is t s  of i r r egu la r - shaped  s tubs  wh ich  are 
m a i n l y  e longa ted  r ad i a l ly  a n d  are connec t ed  w i t h  each  
o t h e r  b y  cons t r i c t ed  por t ions .  I t  is obv ious  t h a t  t he  s tubs  
r ep re sen t  i n d i v i d u a l  venous  sinuses.  The  n a r r o w  spaces  
b e t w e e n  t he  s t u b s  m u s t  co r respond  to t he  cords  of ]3illroth. 

A t  t he  cen t ra l  m a r g i n  of t he  red  pulp ,  t he  res in  s tubs  or 
s inuses  are a r r a n g e d  in  a pa l i sade  a n d  each  of t h e m  receives  
a t e r m i n a l  twig  of t he  fol l icular  a r te r io les  a t  i t s  conical  
end  (Figure  2). The  pen ic i l l a r  a r te r ies  e n t e r  the  red  pu lp  
a n d  d iv ide  in to  t h e i r  t e r m i n a l  twigs  in  t he  ou t e r  zone of 
t h e  red  pulp ,  a n d  each  of t h e m  is also c o n n e c t e d  w i t h  t h e  
conical  end  of a s inus  (Figure  3). The  c o n n e c t i o n  of t h e  
a r t e r i a l  end  a n d  t he  s inus  r e m i n d s  us of t he  ca lyx  of a n  
egg-plant .  A v i sua l i za t ion  closest  to  these  f igures m a y  be  
t he  d i a g r a m  p r e s e n t e d  in 1936 b y  KNISELV 5 who  obse rved  
microscopica l ly  t h e  c i rcu la t ion  in t he  l iv ing  spleens  of 
mice, r a t s  a n d  ca t s  w i t h  t h e  aid of a specia l ly  devised  
i l l umina t ion .  This  m e t h o d  of KNISELY could no t  p roduce  a 
p h o t o g r a p h i c  record  a n d  his  v iew was s u p p o r t e d  on ly  b y  
a few l a t e r  authorsS.  

The  p r e s en t  s cann ing  e lec t ron  m i c r o g r a p h s  seem to 
i nd i ca t e  u n e q u i v o c a l l y  t h a t  eve ry  a r t e r i a l  end  d i rec t ly  
c o m m u n i c a t e s  w i t h  t h e  s inus  in  t h e  r a t  spleen.  If  t h e r e  
were a n  a r t e r i a l  end  open ing  in to  t h e  cord of Bi l l ro th ,  th i s  
m i g h t  be  r ep roduced  b y  a res in  t h r e a d  e x p a n d e d  in to  a n  
i r regular ,  p e r h a p s  an g u l a r  fo rm r e p r e s e n t i n g  t h e  laby-  
r i n t h i c  meshes  in t h e  cord. This  was  n e v e r  found  in our  
specimens .  S tudies  are  now in progress  to  e luc ida te  
w h e t h e r  t h e  closed c i rcu la t ion  n o w  ev idenced  in t h e  r a t  
m a y  also be  t h e  case in o t h e r  species of m a m m a l s ,  
i nc lud ing  man .  

Zusammen[assung. R a s t e r e ! e k t r o n e n m i k r o s k o p i s c h e  
B e o b a c h t u n g e n  der  Me thak ry l a t ausg t i s s e  der  Blutgef/ isse  
yon  R a t t e n m i l z  ergeben,  dass  jedes Ar t e r io l enende  un-  
m i t t e l b a r  m i t  e inem Sinus  v e r k n i i p f t  ist. Man  b e k o m m t  
n i rgends  ein Bild,  das  eine offene E n d i g u n g  de r  Ar te r io len  
in die Milzs t r~nge  andeu t e t .  Dieses E r g e b n i s  s t t i t z t  die 
~geschlossene~ Theor ie  der  Milzgef~Lsse, die neue rd ings  
yon  der  ~offenen~> Theor ie  i i b e r s c h a t t e t  schein t .  

T. MURAKAMI, T. FUJITA a n d  M. MIYOSHI 

Department o/Anatomy, Okayama University Medical 
School, Ohayama, 700 (Japan), and 
Department o[ Anatomy, Niigata University Medical 
School, Niigata, 951 (Japan), 23 Apri l  1973. 

1 F. TlSCHENI)ORF, in Handbuch der Mikroskopischen Anatomic des 
Menschen (Eds. W. v. MOLLENDORFF and W. BARGMANN; Springer- 
Verlag, Berlin, Heidelberg, New York 1969), vol. VI/6, p. 575. 

2 F.'vVEINDENREICH, Arch. mikrosk. Anat. EntwMech. 58, 247 (1901). 
3 K. HELLY, Arch. mikrosk. Anat. EntwMech. 59, 93 (1902). 
4 S. E. BJ6RKMAN, Acta reed. scand., Suppl. 128, 191, 1 (1947). 
5 M. H. KNISELV, Anat. Ree. 65, 23 (1936). 
6 j .  S. BURKE and G. T. SIMON, Am. J. Path. 58, 127 (1970), L. T. 

CHEN and L. WEISS, Am. J. Anat. 734, 425 (1972). 
7 T. ]~/[URAKAMI, Arch. histol, jap. 32, 445 (1971). 
* H. M. PECK and N. L. HOERR, Anat. Rec. 709, 447 (1951). 


