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n e u r o h y p o p h y s e a l  h o r m o n e s  a n d  analogs.  I t  appea r s  t h a t  
subs t ances  wh ich  af fec t  t h e  u t e r ine  m o t i l i t y  n o t  on ly  
change  t he  i n t e n s i t y  of t he  r h y t h m i c  con t r ac t ion ,  b u t  
can  also modi fy  t h e  t i m e  course of t he  i nd iv idua l  con t rac -  
t ion.  

Th ree  a l t e r n a t i v e  e x p l a n a t i o n s  of these  f indings  come 
to m i n d :  1. t h e  differences  in t he  t i m e  coUrse of con t rac -  
t ions  are  d e t e r m i n e d  b y  t h e  compl i ca t ed  n a t u r e  of ton ic /  
phas ic  r e l a t ionsh ips  a n d  b y  d i f fe ren t  r ecep to r  reserve  for 
d i f fe ren t  subs t ances ;  2. s epa ra t e  recep tors  for d i f fe ren t  
subs t ances  occur  in  m y o m e t r i u m ;  t he  v e r y  s h o r t  dura -  
t i on  of t h e  L V P - i n d u c e d  c o n t r a c t i o n  is p a r t i c u l a r l y  
s t r ik ing  in th i s  c o n t e x t ;  3. t he  m y o m e t r i u m  con ta ins  two  
popu la t i ons  of receptors ,  one for  c o n t r a c t i o n  a n d  one for  
r e l axa t ion ;  d i f fe ren t  subs t ances  m a y  h a v e  d i f fe ren t  
aff ini t ies  for each  of t he  r ecep to r  popula t ions .  

The  f ind ing  t h a t  t h e  a rea  u n d e r  t he  c o n t r a c t i o n  cu rve  
is a sens i t ive  measu re  of t h e  response  of t he  u t e rus  to  
h i g h  concen t r a t i ons  of h o r m o n e  al lowed us to  use th i s  
p a r a m e t e r  for  r ap id ly  m e a s u r i n g  res idua l  h o r m o n a l  
ac t iv i t ies  in  a large n u m b e r  of samples  a f te r  i n c u b a t i o n s  
of n e u r o h y p o p h y s e a l  h o r m o n e s  w i t h  deg r ada t i ve  enzym-  
es, w i t h o u t  p r io r  d i lu t ion  of samples  ~. The  m e t h o d  was 
found  to be  va l id  for d e a m i n o - o x y t o c i n  a n d  b r a d y k i n i n  
as well  as for oxytoc in .  

I n  s u m m a r y ,  t h e  t ime- response  p a t t e r n s  of t he  i so la ted  
r a t  u t e rus  to  n e u r o h y p o p h y s e a l  pep t ides  was s tudied .  A t  
h i g h  doses of pep t i de  a c o n c e n t r a t i o n - r e l a t e d  effect  u p o n  
t he  d u r a t i o n  of t h e  f i rs t  c o n t r a c t i o n  was  found  a n d  t h e  
a rea  u n d e r  t h i s  c o n t r a c t i o n  is useful  for t h e  b ioa s say  of 
oxy toc in  a n d  ce r t a in  o t h e r  pept ides .  

Zusammenfassung. H a l b w e r t z e i t  u n d  Ze i t -E f f ek t - In t e -  
gra l  ffir die e rs te  O x y t o c i n - K o n t r a k t i o n  der  i sol ier ten  
G e b / i r m u t t e r  der  R a t t e  w u r d e n  u n t e r s u c h t .  L ine  Ver-  
1/ingerung der  K o n t r a k t i o n  wurde  bei  e r h 6 h t e r  Dosis 
b e o b a c h t e t .  E n t s p r e c h e n d e  un te r sch ied l i che  Abh/ ingig-  
ke i t en  ffir ve r sch iedene  u t e r o t o n i s c h  wi rkende  P e p t i d e  
s ind  deu t l i ch .  Zur  A u s w e r t u n g  des Bioassays  y o n  Oxy- 
t o x i n  u n d  gewisser  Ana logen  wird  die V e r w e n d u n g  des 
I n t e g r a l s  vorgesch lagen .  
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The~ethylation o f ~ e r c u r i d ~ G h l o r i d e  b 3 ~ I u m a n  

The  ab i l i ty  of m ic roo rgan i sms  in s ed imen t s  of lakes a n d  
r ivers  to  t r a n s f o r m  inorgan ic  m e r c u r y  to  t he  far  more  
toxic  m e t h y l m e r c u r y  a n d  d i m e t h y l m e r c u r y  is a well  
d o c u m e n t e d  p h e n o m e n o n 1 ,  3. The re  is now  evidence  t h a t  
inges ted  mercur i c  chlor ide  (HgCI~) m a y  be  m e t h y l a t e d ,  
in  vivo,  in t h e  r a t  i n t e s t ine  S and,  in  vi t ro ,  b y  h u m a n  
faeces*. However ,  one c a n n o t  infer  f rom these  exper i -  
m e n t s  t h a t  t he  mic rob ia l  f lora  of t he  in te s t ine  is respon-  
sible for  t he  m e t h y l a t i o n  reac t ion ,  since t he  gu t  c o n t e n t s  
con t a in  severa l  sources  of me tabo l i c  a c t i v i t y  o t h e r  t h a n  
b a c t e r i a  5. W e  would  like to  p r e s en t  d a t a  on  t he  ab i l i t y  of 
pure  cu l tu res  of bac t e r i a  a n d  yeasts ,  i so la ted  f rom h u m a n  
faeces, to  c o n v e r t  HgCI 2 to  m e t h y l m e r c u r y .  

S t ra ins  of Escherichia coli, s t reptococci ,  s taphylococci ,  
bac te ro ides  a n d  b i f i dobac t e r i a  were inocu la ted  in to  a 
m e d i u m  con ta in ing  0.1 M p o t a s s i u m  p h o s p h a t e  buffer ,  
p H  7.0, Bac to -pep tone ,  B a c t o - t r y p t o n e ,  yeas t  e x t r a c t  a n d  
D-glucose, cacti  a t  0 .5% (w/v). S t ra ins  of lac tobac i l l i  
were cu l tu red  in Oxoid M R S  b r o t h  a n d  yeas t s  in  Oxoid  

Methylmercury synthesis by intestinal bacteria 

Microorganism No. tested No. positive Range 
(ng CHaHgC1 formed/ 
ml/44 h) 

Streptococci 6 4 2.1-5.8 
Staphylococci 10 6 0.5-5.0 
E. coli 5 3 0.9-3.0 
Yeasts 9 4 0.7-1.7 
Lactobacilli 9 1 0.5 
Baeteroides } 
Bifidobaeteria 10 3 0.4-0.6 

The strains were incubated with ~~ (5 [xg/ml) for 44 h at 37~ 
and any methylmereury formed was extracted into benzene and 
subjected to thin-layer chromatography as described in the text. 

Intestinal Bacteri~ 
S a b o u r a u d  med ium.  The  cu l tures  were i n c u b a t e d  for 
44 h a t  37 ~ u n d e r  aerobic  condi t ions ,  excep t  for lacto-  
baci l l i  (under  c a r b o n  dioxide) a n d  bac te ro ides  a n d  bif ido-  
b a c t e r i a  (under  oxygen-f ree  n i t rogen)  a n d  in t he  presence  
of ~~ (Rad iochemica l  Centre,  A m e r s h a m )  a t  a f inal  
c o n c e n t r a t i o n  of 5 tzg/ml. Before  use t he  so lu t ion  of 
2~ was s h a k e n  w i t h  redis t i l led  benzene  to r e m o v e  
a n y  organic  impur i t ies .  

A t  t he  end  of t he  incuba t ion ,  m e t h y l m e r c u r y  was 
e x t r a c t e d  f rom t h e  i n c u b a t i o n  m i x t u r e  b y  t he  m e t h o d  
descr ibed  b y  ~VEsT66 ~: t he  m i x t u r e s  (2 ml) were acidif ied 
w i t h  0.4 ml  c o n c e n t r a t e d  HC1 a n d  e x t r a c t e d  w i t h  2.4 ml  
redis t i l led  benzene .  A po r t ion  of t h e  benzene  e x t r a c t  was  
t h e n  c h r o m a t o g r a p h e d  on  silica gel G us ing  ch loroform-  
n - h e x a n e  (90:10, v/v)  as deve loperL  The  Rf  v a l u e s  of 
m e t h y l m e r c u r i c  chlor ide  a n d  HgC12 u n d e r  these  cond i t ions  
were 0.85 a n d  0.2 respect ively .  The  pos i t ion  of m e t h y l -  
mercur i c  chlor ide  was v isual ized  b y  sp ray ing  w i t h  0 .04% 
(w/v) d i th izone  in  ch lo roform and  t i le  zone sc raped  in to  
a sc in t i l l a t ion  v im  a n d  coun t ed  for  r ad ioac t iv i ty .  The  
i d e n t i t y  of m e t h y l m e r c u r i c  chlor ide was f u r t h e r  conf i rmed  
b y  c h r o m a t o g r a p h y  on  silica gel G w i t h  n - h e x a n e -  
ace tone  (70: 30, v /v)  as so lven t  s. 

M e t h y l m e r c u r y  was p roduced  b y  a m a j o r  p r o p o r t i o n  
of s t r a ins  of s taphylococci ,  s t reptococci ,  yeas t s  a n d  E.  
coli, b u t  b y  on ly  a smal l  pe rcen t age  of ob l iga te ly  anaero-  
bic b a c t e r i a  (bac tero ides  and  b i f idobac te r ia )  and  lac to-  
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bacil l i  (Table).  F u r t h e r m o r e  t h e  a m o u n t  of m e t h y l -  
m e r c u r y  p roduced  b y  t he  ob l iga te  anae robes  a n d  lacto-  
baci l l i  was  m u c h  smal le r  t h a n  t h a t  b y  the  o the r  bac t e r i a l  
t ypes  tes ted�9  These  o b s e r v a t i o n s  sugges t  t h a t  lac tobac i l l i  
a n d  ob l iga te  anae robes  p l ay  on ly  a m i n o r  role in  t h e  
m e t h y l a t i o n  of mercur i c  chlor ide  in t he  h u m a n  gut .  

Us ing  a suspens ion  of caecal  c o n t e n t s  of t he  ra t ,  we 
h a v e  shown  t h a t  t he  a m o u n t  of m e t h y l m e r c u r y  syn thes iz -  
ed f rom HgC12 b y  t h e  caecal  con t en t s  was h ighe r  (up to  
26 ng  m e t h y l m e r c u r y  fo rmed /g  caecal  con ten t s )  t h a n  b y  
pure  cu l tu res  of i n t e s t i na l  bac t e r i a  (RowLAND, u n p u b -  
l ished observa t ion) ,  so i t  would  a p p e a r  t h a t  in caecal  
suspens ions  severa l  types  of bac t e r i a  m a y  ac t  synergis t ica l -  
ly  to  syn thes ize  m e t h y l m e r c u r y ,  or poss ib ly  t h a t  t he  
m e t h y l a t i o n  of HgC12 can  be ca t a lyzed  b y  in t e s t i na l  

enzymes  o the r  t h a n  those  of bac t e r i a l  origin�9 These  
possibi l i t ies  are now be ing  inves t iga ted .  

Summary. Most  s t r a ins  of s taphylococci ,  s t reptococci ,  
yeas t s  a n d  E. coli i sola ted f rom h u m a n  faeces, could  
syn thes ize  m e t h y l m e r c u r y  compounds .  I n  con t ras t ,  few 
s t r a in s  of ob l iga te  anae robes  could do so. U p  to  6 ng  
m e t h y l m e r c u r y / m l  were fo rmed  in 44 h f rom 2 vg mer-  
curic  chloride.  
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Mechanism o( Ure~ Nitrogen Bindin~ by Proposed 

I n  r ecen t  years ,  t he  p rospec t  ha s  been  cons idered  of 
ame l io ra t i ng  the  u remic  s t a t e  b y  oral  a d m i n i s t r a t i o n  of 
ma te r i a l s  to  a b s o r b  se lec t ively  t he  excess p r o d u c t s  of 
m e t a b o l i s m  which  m i g h t  diffuse in to  t he  g a s t r o i n t e s t i n a l  
t r ac t .  Repo r t s  b y  GIORDANO 1 a n d  b y  SPARKS 2 h a v e  
ind ica t ed  t h a t  inges t ion  of po l ya l dehyde  s t a r c h  increases  
fecal N excre t ion  a n d  m a y  lower b lood urea  N in an ima l s  
a n d  in man .  The  m e c h a n i s m  of th i s  effect  p r e s u m a b l y  
invo lved  complex ing  u rea  wh ich  h a d  diffused in to  t he  
gut ,  t h u s  p r e v e n t i n g  r e a b s o r p t i o n  of the  s izable  po r t i on  
of t he  u r ea  pool  wh ich  m a y  be ava i l ab le  b y  th i s  route" .  
A t t e m p t s  to  d e m o n s t r a t e  u rea  b i nd i ng  in v i t ro  b y  va r ious  
oxidized s t a r c h  p repa ra t ions ,  however ,  h a v e  m e t  w i t h  
va r i ab l e  success* p a r t l y  because  t he  rap id  depo lymer iza -  
t ion  of t h e  po lya ldehyde  p r e v e n t s  s epa ra t ion  of the  b ind-  
ing p r o d u c t  du r ing  equ i l ib r ium dialysis  or gel f i l t r a t ion  
exper imen t s .  Repo r t s  of u r ea  b ind ing  b y  oxid ized  s t a r c h  
h a v e  invo lved  equ i l ib r ium dialysis  e x p e r i m e n t s  a t  h igh  
u rea  c o n c e n t r a t i o n  and  over  long d u r a t i o n  1,2,4. In  th i s  
repor t ,  we p re sen t  ev idence  to ind ica te  t h a t  a n y  a p p a r e n t  
b ind ing  of u rea  b y  po l ya l dehyde  s t a r c h  is due  to conver -  
s ion to a m m o n i u m  ion t h r o u g h  c y a n a t e  ion, and  t h a t  
d i rec t  b ind ing  of a m m o n i u m  ion is a more  p laus ib le  basis  
for ac t iv i ty .  

Methods. Samples  of pe r ioda te  oxidized s t a r c h  were ob- 
t a ined  t h r o u g h  t he  cour tesy  of Dr. C. GIORDANO (Naples), 
or were p r e p a r e d  in our  l abora to r i e s  b y  Dr. A. BERGER 
(Morton Grove).  B i n d i n g  of smal l  molecules  was deter -  
m ined  b y  equ i l ib r ium dialysis  conduc t ed  in Visk ing  
dialysis  bags  (A. H. T h o m a s  Co., Ph i l ade lph ia ,  Pa.,  USA)  
of a b o u t  16 m m  d i a m e t e r  and  con ta in ing  10 ml  of 

Bind ing  of urea  b y  oxidized s t a r c h  as de te rn l ined  b y  equ i l ib r ium 
dialysis  

Oxidized Starch Gastrointestinal Absorbents') 

oxidized s t a r c h  so lu t ion  or suspens ion  in l igand Solut ion 
in 0.2 M p H  7.4 sod ium p h o s p h a t e  buffer .  Dialys is  was  
accompl i shed  in 50 or 65 ml  of e x t e r n a l  so lu t ion  iden t ica l  
to  t h a t  ins ide of t he  bag,  w i t h o u t  the  abso rben t .  Af te r  
t he  a p p r o p r i a t e  t ime,  t he  r e t e n t a t d s  were t r ans fe r r ed  
q u a n t i t a t i v e l y  to t a r ed  flasks for v o l u m e  de t e rmina t i ons .  
The  N c o n t e n t  of r e t e n t a t e s  a n d  d i f fusa tes  were de ter -  
m i n e d  b y  the  D u m a s  me thod ,  and  a f te r  cor rec t ion  for 
v o l u m e  factors,  t he  e x t e n t  of b i n d i n g  was ca lcula ted .  
Fo r  these  purposes ,  each  r epea t i ng  u n i t  of oxidized 
s t a r c h  was t a k e n  as 160 Dal tons .  The  b i n d i n g  of 14C- 
labeled  u rea  or c y a n a t e  ( I n t e r n a t i o n a l  Nuc lea r  and  Chem- 
ical Corp., Cleveland,  O., USA) was d e t e r m i n e d  as 
descr ibed or b y  sc in t i l la t ion  count ing .  

Results. Several  d e t e r m i n a t i o n s  of u rea  b ind ing  to 
oxidized s t a r ch  p roduced  the  resul t s  s u m m a r i z e d  in the  
Table.  In  the  equ i l ib r ium dialysis  s y s t e m  used here,  no 
b i n d i n g  was observed  af te r  a few hours  of dialysis,  a n d  
the  resul ts  a t  20 h were var iab le .  A t  physio logica l  u rea  
concen t ra t ions ,  less t h a n  0.1 mole of u rea  per  un i t  of 
po lymer  was bound .  

The  figures for mola r  b ind ing  shown in the  Tab le  
r ep resen ted  m i n i m u m  values,  s ince oxidized s t a r c h  was 
d e m o n s t r a t e d  in our  l a b o r a t o r y  and  b y  o the r s  4 to  depoly-  
mer ize  r ap id ly  a t  r oom t e m p e r a t u r e .  These  depo lymer ized  
f r a g m e n t s  were of 1200 Da l tons  or less, since t h e y  appear -  
ed in t he  inc luded  vo lumes  of smal l  pore  po lyac ry l amide  
gel f i l t r a t ion  co lumns  (Size P-2, Bio Gel Corpora t ion ,  
R i c h m o n d ,  California,  U S A ) .  

P rev ious  exper ience  in our  l a b o r a t o r y  h a d  ind ica t ed  
t h a t  smal l  molecule b ind ing  b y  macromolecu le s  was a 
r ap id  process. Thus ,  t he  r e q u i r e m e n t  for long t i m e  per iods  
to d e m o n s t r a t e  u rea  b i n d i n g  seemed anomalous ,  and  we 
e x a m i n e d  b ind ing  of r e l a t ed  compounds ,  inc lud ing  14C- 
labe l ing  to reduce  the  r e q u i r e m e n t  for m a n y  N analyses .  

Urea  c o n c e n t r a t i o n  Moles of urea  b o u n d / r e p e a t i n g  un i t  

Molar  (mg/100 ml) Naples  Mor ton  Grove  

0.050 (300) 0.043 -L 0.010 (5) 0.032 ~ 0.016 (4) 

1.000 (6000) 0.432 - -  0.068 (7) 0.281 i 0.102 (6) 

~Mean -L SD (number  of trials) for  b i n d i n g  to 700 m g  of oxidized 
s t a r c h  in 10 ml  of buffer .  E x t e r n a l  so lu t ion  vo lumes  was  65 ml. 
There  were  no s ign i f ican t  differences be tween  sources  of s t a rch .  
B i n d i n g  was  de te rn f ined  b y  N ana lyses ;  the  molecu la r  we igh t  of a 
r epea t i ng  un i t  was  t a k e n  as 160. 
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