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Cytotoxic Effects of an Alcoholic Extract of a Sponge,  Suberites inconstans 

Many  toxic  and  pharmacologica l ly  ac t ive  subs tances  
have  been isolated f rom mar ine  inver tebrates~-~.  A m o n g  
mar ine  sponges  inves t iga ted ,  some have  been found  to  
con ta in  ant iv i ra l  subs tances  5, an t ib io t ics  and  a n t i t u m o u r  
subs tances  s. I n  our inves t iga t ion  of mar ine  sponges  in 
Singapore  waters ,  we found  t h a t  an alcoholic ex t r ac t  of 
t he  sponge,  Suber i t e s  i ncons t ans ,  was  cy to tox ic  to  H e L a  
cells. 

Suber i tes  i ncons tans  were col lected f rom a local reef, 
d ra ined  of sea wa te r  and  cut  into smal l  pieces. Non-  
sponge mater ia ls  were  careful ly r emoved  and discarded.  
The  sponge  was  immersed  in equal  vo lumes  of 95% 
e thano l  and  shaken for ~ week. The alcoholic ex t r ac t  was  
then  f i l tered and  concen t r a t ed  by  flash evapora t ion  

before f reeze-drying and  storage.  The freeze-dried mate r ia l  
was redissolved in 50% ethanol ,  cen t r i fuged  to  r emove  
any  insoluble par t ic les  and  steri l ized by  m e m b r a n e  
f i l t ra t ion.  The concen t ra t ion  of sponge mate r ia l  was 
de t e rmined  by  t ak ing  a l iquouts  of t he  ex t rac t  and  
evapora t ing  to comple te  dryness,  and  weighed.  

Stock cul tures  of H e L a  cells (St ra in  E, C o m m o n w e a l t h  
Serum Laborator ies ,  Austral ia)  were grown as monolayers  
in McCoy 5a m e d i u m  (modified, GIBCO) conta in ing  10% 
ox serum and  ant ib io t ics  as descr ibed previous ly  6. 

The effect  of the  sponge ex t r ac t  on H e L a  cell g rowth  
over  4 days  was  inves t iga ted  using D N A  as an index  of 
growth.  D N A  was e s t ima ted  according to  t he  m e t h o d  of 
s 7 using calf t h y m u s  D N A  as s t andard .  H e L a  
cells ( approx imate ly  5 • 10 ~ cells/ml) were grown at  37 ~ 
for 24 h in roller tubes  conta in ing  McCoy m e d i u m  wi th  
10% ox serum and ant ibiot ics ,  af ter  which  the  m e d i u m  
was replaced wi th  fresh media  conta in ing  sponge mater ia l s  
rang ing  f rom 0 to  1.2 m g / m h  Af te r  an o t h e r  48 h of 
incubat ion ,  t he  media  were renewed  wi th  fresh solut ions 
conta in ing  the  same concen t ra t ions  of sponge ext rac t .  At  
the  end of t he  nex t  48 h of incubat ion ,  t he  D N A  co n t en t  
for each tube  was analysed.  

The resul ts  are summar i zed  in t he  Table.  The D N A  
c o n t e n t  per  tube  of H e L a  ceils a t  t he  beg inn ing  of the  
e x p e r i m e n t  was 4.5 ~tg. Af ter  4 days '  g rowth  in t he  
absence of sponge  ex t rac t ,  th is  was  increased to  35.4 ~tg, 
an  8-fold increase.  The effect  of t he  sponge ex t r ac t  
var ied  wi th  i ts  concen t ra t ion .  At  concen t ra t ions  up to 
6 ~g/ml the  ex t r ac t  had  no inh ib i to ry  effect  on cell 
growth.  Above  th is  concen t ra t ion ,  t he  inh ib i t ion  was 
par t ia l  while a t  concen t ra t ions  of 60 ~g/ml and above,  
g rowth  was to ta l ly  inh ib i t ed  wi th  concomi t an t  reduc t ion  
in D N A  conten t .  The l a t t e r  was a r e su l t  of cell lysis. At  
concen t ra t ions  of 24 [xg/ml and below, t he  cy to tox ic  effect  
could be reversed even af ter  4 days  of exposure.  

Effect of Suberites inconstans extract on HeLa cell growth 

Concentration of 

Suberites inconstan.s 
extract (~zg/ml) 

HeLa cell DNA content per tube 

After 4 days 2 days after 
growth removal 

of sponge material 

1,200 0 0 
120 0.2 0 
60 1.5 0.5 
24 14.7 25.2 
12 27.8 45.8 
6 35.9 44.8 
2 34.4 46.1 
0 35.4 

Fig. 1 3. Phase contrast photographs of HeLa cells which were ex- 
posed to the sponge extract for 0, 10 and 60 rain respectively. • 400. 
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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  

by Scanning Electron 

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. 


