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suspens ions  w i t h  equa l  n u m b e r s  of cells. D a t a  are ex- 
pressed as:  m e a n  • SE  (No. of observa t ions) .  

Results. a) t~reparation o/ isolated cells. P e r c e n t a g e  
v iabi l i t ies  va r i ed  be t w een  30 -60%,  as t h e y  did  for 
VAHOU~u e t  a13, whereas  for GLICK et  al. 5 t h e y  were 95% 
or more.  A t t e m p t s  to  i m pr ove  v i ab i l i t y  (e. g. use of p las t ic  
vessels) were w i t h o u t  success, excep t  t h a t  o f  r educ ing  t he  
t e m p e r a t u r e  to  30~ (Table).  The  i m p o r t a n t  va r i ab l e  is 
t he  collagenase,  since i ts  d ispers ive  a c t i v i t y  is due  to 
p ro teo lyf ic  c o n t a m i n a t i o n ,  wh ich  can  v a r y  cons ide rab ly  
f rom b a t c h  to ba tch .  4 p r e p a r a t i o n s  were used:  CLS 
45BI94  a n d  45D006 ( W o r t h i n g t o n  Biochemica l  Corp., 
Freehold ,  N . J . ,  USA) a n d  I 44C 0080 and  I I  15C 6890 
(Sigma L o n d o n  Chemica l  Co., K ings ton ,  Surrey,  U.IZ.). 
The  f i rs t  3 gave s imi la r  resul t s  (Sigma I be ing  used 
rout ine ly) ,  b u t  S igma  l I  was less useful. A pos i t ive  cor- 
r e l a t ion  was o b t a i n e d  be tween  pe rcen tage  v i ab i l i t y  and  
yield of cells/g t issue (Table, a t  37~ H a r v e s t  3, r 
+ 0 . 5 8 ,  p _~ 0.02; H a r v e s t  4, r = + 0 . 6 0 ,  p < 0.02). Th i s  
is also s h o w n  b y  t he  para l le l i sm of v iab i l i ty  a n d  yield of 
cells for alt  b u t  t he  ear l ies t  expe r i m en t s  pe r fo rmed  w i t h  
S igma  I (Figure).  

b) Incorporation into heart cells o/14C /rom [14C]glucose. 
Cells were i n c u b a t e d  for 30, 60 or 120 rain.  M a x i m u m  in-  
co rpo ra t i on  was a t  60 ra in ;  a t  30 a n d  120 min  t h e  incor-  
p o r a t i o n  was 49% and  61% respec t ive ly  of t h a t  a t  
60 min.  I n c u b a t i n g  t he  cells w i t h  E14C]glucose in 5 m M  
glucose or galac tose  r educed  i nco rpo ra t i on  of z4C (cpm) 
f rom 16740 • 1300 (5) (0.5 m M g l u c o s e )  to  11,100 • 1,300 
(5) and  9,180 ~ 560 (6) respect ively .  Thus  t h e  ca r r i e r  
t r a n s p o r t  sys t em for glucose was st i l l  ope ra t i ng  in m o s t  
of t he  cells, a n d  was r a t e  l imi t ing  for glucose up take .  

Discussion. GLICK et  al. 5 t e s t ed  14 d i f fe rent  commerc i a l  
p r e p a r a t i o n s  of col lagenase,  all f rom e i the r  S igma  or 
W o r t h i n g t o n .  Since t he  yield of l ive cells per  g r a m  t issue  
va r i ed  b e t w e e n  4,500 a n d  270,000, t h e i r  e x p e r i m e n t s  were 
less successful  t h a n  those  g iven  here  (Table), whereas  for 
pe rcen t age  v i ab i l i t y  (95% or more) the i r s  were t h e  more  
successful.  This  rec iprocal  di f ference does n o t  ref lect  
s imply  a g rea te r  p ro teo ly t i c  a c t i v i t y  of the  col lagenase  
used here  - g rea te r  cell d ispers ion w i t h  g rea te r  cell dis- 
r u p t i o n  - s ince t he re  is a s ign i f ican t  cor re la t ion  b e t w e e n  
% v i ab i l i t y  and  yield of cells, and  a para l le l i sm be tween  
t h e m  for a l m o s t  all e x p e r i m e n t s  (Figure).  
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Summary. A s igni f ican t  r educ t ion  in p l a s m a  chol ines te rase  a c t i v i t y  a t  a t ime  w h e n  fecal egg coun t s  ind ica ted  a p a t e n t  
infec t ion  ha s  been  found  in a l imi ted  s t u d y  w i t h  sch is tosome infected Rhesus  monkeys .  

I n  work ing  w i t h  a g roup  of Schistosoma mansoni in-  
fec ted  Rhesus  monkeys% a l imi ted  n u m b e r  of m o n k e y s  
were no t  t r e a t e d  w i t h  a n y  drugs  and  r ep resen ted  t h e  in-  
fec ted  (n = 3) a n d  non in fec t ed  (n = 2) con t ro l  an imals .  
These  monkeys ,  however ,  did c o n t r i b u t e  to  a series of 
b lood t e s t s  wh ich  inc luded  the  d e t e r m i n a t i o n  of p l a s m a  
chol ines te rase  (ChE) ac t iv i ty .  This  r epo r t  descr ibes  t he  
changes  of p l a s m a  C h E  ac t i v i t y  du r ing  t he  course of ea r ly  
and  p a t e n t  sch is tosome infec t ion  in Rhesus  monkeys .  

Materials and methods. E a c h  m o n k e y  (3-4 kg) was  
anes the t i zed  w i t h  n e m b u t a l ,  p laced  in dorsa l  r e c u m b a n c y  
a n d  exposed to a p p r o x i m a t e l y  750 S. mansoni cercar iae  
v ia  the  p e r c u t a n e o u s  route .  A t  weekly  in te rva ls ,  p l a s m a  
C h E  a c t i v i t y  was d e t e r m i n e d  b y  the  e lec t romet r i c  t i -  
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Comparison of fecal egg counts with reduction of plasma cholin- 
esterase in Schislosoma mansoni infected Rhesus monkeys. 

t r a t i o n  m e t h o d  2. Beg inn ing  a t  5 weeks pos t  exposure  to  
t he  sch is tosome infect ion,  twice  weekly  fecal egg coun t s  
(AMS I I I  methodS)  were m a d e  w i th  each  m o n k e y  for t h e  
r e m a i n d e r  of the  s tudy .  An analys is  of va r i ance  Was con-  
d u c t e d  on  t he  ChE  da ta .  

Results and discussion. An in i t ia l  ana lys is  of t he  d a t a  
revea led  t h a t  changes  in C h E  a c t i v i t y  were more  pro-  
nounced  when  the  va lues  were g rouped  a t  4 week  in te r -  
vals.  These  resul t s  are g raph ica l ly  d i sp layed  (Figure) as 
t he  m e a n  p e r c e n t a g e  r educ t i on  of ChE  ac t i v i t y  re la t ive  
to t he  non in fee t ed  controls .  I n c l u d e d  in the  F igure  are 
t he  m e a n  weekly  fecal egg coun t s  to  i l lus t ra te  p a t e n c y  
of t he  sch is tosome infect ion.  Schis tosome eggs were f i rs t  
n o t e d  in t he  feces d u r i n g  the  6 th  week of infect ion.  These  
egg coun t s  increased  in n u m b e r s  to  g rea te r  t h a n  1000 
eggs/g of feces du r ing  t he  8 th  and  9 th  weeks followed b y  
a g r a d u a l  r educ t ion  in n u m b e r s  the rea f te r .  Co inc iden t  
w i th  t he  rise of sch is tosome egg coun t s  was a s ign i f i can t  
r educ t i on  of p l a s m a  C h E  in t he  infec ted  monkeys .  I t  
would  a p p e a r  t h a t  r educ t i on  of e n z y m a t i c  a c t i v i t y  was 
in i t i a t ed  a t  a t ime  w h e n  the  sch is tosome infec t ion  b e c a m e  
p a t e n t  a n d  c o n t i n u e d  t h r o u g h o u t  t he  r e m a i n d e r  of t he  
s tudy.  

A n  a l t e red  se rum ChE  is some t imes  ind ica t ive  of im-  
pa i red  hepa t i c  func t ion  ~ a n d  ce r t a in  o t h e r  a b n o r m a l i t i e s  
inc lud ing  sch is tosome infec t ions  of m a n  5. The  mode  of 
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act ion by  which paras i t ic  infect ion affects enzymat i c  ac- 
t i v i t y  mus t  be specula ted  a t  th is  t ime.  I t  is known  t h a t  
the  liver is affected in schis tosomiasis  when  the  young 
paras i te  is migra t ing  to the  mesenter ic  vessels and later  
when  egg and  toxic  metabol ic  p roduc t s  are passed  by  the  
ma tu r e  worms  a. In  Rhesus  monkeys  infected wi th  S. 
mansoni, a change of serum pro te in  occurred 6 to 7 weeks 
following the  init ial  infect ion and about  the  t ime  t h a t  
eggs appeared  in the  feces e. Associated wi th  th is  change 
of se rum pro te in  was a fall of to ta l  b o d y  and in t ravascu la r  
a lbumin.  The same au thors  6 men t ion  t h a t  s imilar  pro te in  
changes  have  been observed wi th  malaria,  t rypanoso-  
missis,  tr ichenelliasis,  t r ichos t rongylos is  and fascioliasis. 
In  analogous s tudies  w i th  S. matheei in sheep 7, s, a more  
deta i led  accoun t  of t he  sequent ia l  changes  of a lbumin  
degrada t ion  associa ted wi th  the  paras i t ic  disease has  
been repor ted .  These au thors  s s t a t e  t h a t  ' the  under ly ing  
cause of increased a lbumin  degrada t ion  is due to an ab- 
normal  loss of p la sma  into the  gas t ro in tes t ina l  t rac t ' .  

In  the  p resen t  s tudy,  it  would  appear  t h a t  enzymat ic  
func t ion  as measured  by  serum ChE was reduced  at  a t ime 
coincident  wi th  schis tosome egg p roduc t ion  of a p a t e n t  
infection.  There  was, however ,  no signif icant  l iver damage  
as indica ted  by  addi t iona l  clinical blood chemis t ry  ~. 
Therefore,  it  m igh t  be suspect  t h a t  wi th  egg passage into 
the  gas t ro in tes t ina l  t rac t ,  a loss of p lasma fluids would 
reduce the  se rum ChE ac t iv i ty  fas ter  t h a n  its r ep lacemen t  
by  the  liver. 

Fasciola hepatica is ano the r  t r e m a t o d e  paras i te  which  
marked ly  affects  the  liver and its associated functions.  A 

recen t  r epo r t  9 has  shown t h a t  in infected rats,  the  ChE 
ac t iv i ty  was reduced wi th in  2 weeks of infect ion wi th  me- 
tacercariae.  In  th is  case, however ,  t issue des t ruc t ion  
dur ing  the  t ime of pa ra s i t e  migra t ion  in t he  liver would be 
a more  probable  cause for the  reduc t ion  of ChE act ivi ty .  
Egg  p roduc t ion  by  ma t u re  flukes would no t  be found 
unt i l  m a n y  weeks later,  and the  eggs would  follow a dif- 
ferent  p a t h w a y  via  the  bile duc ts  as a means  of en te r ing  
the  in tes t ina l  t rac t .  

F r o m  the  foregoing informat ion ,  i t  is suggested t h a t  
paras i t ic  t r e m a t o d e  infect ions are associa ted wi th  a 
va r i e ty  of pathological  effects which include a reduct ion  
of ChE act iv i ty .  This  reduc t ion  of enzymat i c  funct ion  
m a y  be a resul t  of t issue des t ruc t ion  by  the  paras i te  or 
t he  paras i te ' s  eggs. In  t he  p re sen t  s tudy,  loss of p lasma 
prote in  associated wi th  egg per fora t ion  of the  in tes t inal  
wall is t h o u g h t  to be responsible  for the  reduct ion  of 
p la sma  ChE ac t iv i ty  in schis tosome infected monkeys .  
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Summary. For  the  f i rs t  t ime,  he te ro t roph ic  accumula t ion  of dissolved ca rbon  by  a sof t -bodied  mar ine  inver tebra te  
under  in situ condi t ions  has  been demons t r a t ed .  The po lychae te  worm Schizobranchia insignis Bush concen t ra t ed  I~C- 
labelled dissolved carbon  (DC) exuda t ed  by  the  large b rown  alga, Macrocystis integri/olia Bory,  14 t imes  over the  killed 
controls .  Our evidence suggests  t h a t  algal exuda te  m a y  be a s ignif icant  nu t r i t iona l  supp lemen t  to some inver tebra tes  
cohab i t a t i ng  wi th  M. integri/olia. 

Hete ro t roph ic  ut i l izat ion of dissolved organic carbon 
(DOC) compounds  in seawater ,  resul t ing p r edomina t e ly  
f rom algal p r ima ry  product ion ,  has  been the  basis of 
much  specula t ion 3-s, since P t i t t e r ' s  hypo thes i s  9 was p u t  
forward  near  the  t u r n  of the  century .  Recen t  reviews s, to, n 
indicate  t h a t  some cyclos tome fishes and a wide range of 
mar ine  inve r t eb ra tes  accumula te  DOC and  t h a t  th is  
mater ia l  provides  a nu t r i t iona l  supp lemen t  to these 
organisms.  

E x u d a t i o n  of s ignif icant  amoun t s  of pho tosyn the t i ca l ly  
p roduced  DOC has been repor ted  for m a n y  unstressed,  
ac t ive ly  growing algae, including bo th  ben th ic  macro-  
phy t e s  and  p h y t o p l a n k t o n  12 14. To date,  however ,  ac- 
cumula t ion  of DOC by  freeliving inve r t eb ra tes  has been 
d e m o n s t r a t e d  solely in the  l abora to ry  using e i ther  syn-  
the t ica l ly  p repared  subs t ra tes  or algal hydrolysa tes .  Such 
condi t ions  are no t  exper ienced  in to to  by  the  organisms 
in the i r  na tu ra l  e n v i r o n m e n t  and  lead to inconclusive 
results .  In  the  following, we have  conduc ted  exper imen t s  
which  establ ish,  for the  f i rs t  t ime,  he te ro t roph ic  accumu-  
la t ion in si tu of alga1 ext ra  cellular p roduc t s  by  a free- 
l iving mar ine  inver tebra te .  
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