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M o d i f i c a t i o n  o f  a n  E n d o t o x i n  E f f e c t  b y  E s t e r s  

The  endo tox ins  of Gram-nega t i ve  bac te r i a  af fect  b o t h  
t h e  p re -ex i s t ing  i m m u n e  and  unrespons ive  s tates ,  the  
fo rmer  b y  decreas ing  the  lag per iod of t he  i m m u n e  
response  and  by  e leva t ing  a n t i b o d y  t i t e r s l  and  the  la t t e r  
by  caus ing a convers ion  to  t he  i m m u n e  s t a t e  charac-  
te r ized  by  a n t i b o d y  fo rma t ion  e. The  m e c h a n i s m  b y  which 
t h e  convers ion  is b r o u g h t  a b o u t  is n o t  known,  bu t  t he  
r ecen t  ev idence  t h a t  the  re t icu loendothe l ia l  sy s t em par-  
t ic ipa tes  in t he  early phase  of a n t i b o d y  fo rma t ion  3 sug- 
gests  t h a t  th is  s y s t e m  of cells m a y  be involved  in t e rmina-  
t ion  of unrespons iveness  as well. I n  t he  p resen t  r epor t  
expe r imen t s  are descr ibed  in which  the  per i tonea l  phago-  
cy tes  of unrespons ive  an imals  are  inh ib i t ed  in ac t iv i ty  b y  
es te rs  of a l iphat ic  acids.  Animals  t r e a t ed  in th is  m a n n e r  
show a decreased  capac i ty  to  r e spond  to  t he  endotox in .  
In  th is  r epo r t  we also compare  endo tox in  wi th  a zir- 
con ium salt,  which  possesses s imilar  proper t ies ,  i.e. of 
causing cell prol i fera t ion  and  s t imula t ion  of the  R E S  4. 

The  i m m u n o a s s a y  used for s tudy ing  the  effects of 
es ters  on t h e  phagocy t i c  cells was  t h a t  of q u a n t i t a t i v e  
radia l  immunod i f fu s ion  s Samples  of pe r i tonea l  fluid were  
d r a w n  a t  in te rva l s  f rom a pool of an imals  in jec ted  wi th  
e thy l  s t ea ra te  24 h pr ior  to  in jec t ion  of endotoxin .  The 
esters  were given in emuls ion  wi th  Tween  80 (0.8% v/v) 
and  glucose (5% w/v) s. The fluids were placed in the  
wells of a p la te  hav ing  a layer  of agar  in which  ant i -  
e n d o t o x i n  se rum was  con ta ined .  By  compar ing  the  pa t -  
t e rn  of prec ip i t in  b a n d s  wi th  p la tes  emp loy ing  known  
concen t r a t i ons  of endotox in ,  i t  was  obse rved  (Table I) 
t h a t  the  e s t e r - t r ea t ed  animals  cleared the  colloid more  
slowly (12 h or greater ,  compared  wi th  8 h for controls) .  
Qual i ta t ive  immunod i f fus ion  tes t s  in which  per i tonea l  
washings  f rom es t e r - t r ea t ed  and  contro l  an imals  were  
t e s t ed  s imul t aneous ly  showed a s imilar  re la t ionsh ip  w h e n  
wash ings  f rom b o t h  groups  of an imals  were  s p o t - t e s t e d  
aga ins t  r abb i t  a n t i s e r u m  (Table II).  I n  th is  assay also, 
fluids of an imals  in jec ted  wi th  e i ther  e thy l  s t ea ra t e  or 
e thy l  r ic inoleate  con ta ined  endo tox in  12 h af ter  inject ion,  
while  controls  had  cleared the  colloid by  8 h. 

The  cell coun t s  t a k e n  a t  the  t ime  the  fluids were d r a w n  
show t h a t  t h e  decrease  in e n d o t o x i n  c o n t e n t  could no t  be  
due  to  d i lu t ion  b y  exuda t ion ,  s ince t h e  concen t r a t i on  of 
e n d o t o x i n  r ema in ing  a f t e r  a p re l imina ry  equ iva l en t  d rop  
was  h igher  in t he  fluids showing the  h igher  n u m b e r  of 
cells. The  d a t a  sugges t  t h a t  a decrease  in p h a g o c y t e  ac- 
t i v i t y  h a d  been  p roduced  b y  the  esters.  

E t h y l  s t ea ra t e  emuls ion was  t h e n  in t roduced  in to  t he  
per i tonea l  cavi t ies  of mice wh ich  h a d  been  pa ra lyzed  

Table I. Suppressed clearance of endotoxin" following treatment 
with 60 mg ethyl stearate (i.p.); quantitative test 

Treatment Test interval Average No. Endotoxin 
(h post- ceils x 107/ml remaining 
endotoxin) (/*g]ml) 

Control 

Stearate 

0 189 200 
2.5 26.5 100 
5 25.0 50 
8 35.7 0 

12 84.1 0 

0 460 200 
2.5 275 100 
5 420 100 
8 404 100 

12 357 50 

Administered i.p. 24 h following i.p. injection of the ethyl stearate. 

imnmnologica l ly  by  in jec t ion  of 500 #g t y p e  8 pneumo-  
coccal po lysacchar ide  ($8). Fo u r t een  days  af ter  such an 
in jec t ion  of $8, only  1 of 11 mice had  se rum a n t i b o d y  
when  assayed  by  indi rec t  red cell hemolysis ,  wi th  comple-  
m e n t  as lyric fac tor  (Table III)  A n o t h e r  group  of 
pa ra lyzed  mice  received 50 /,g of endo tox in  20 h before  
chal lenge wi th  an  immun iz ing  dose of an t igen  (0.5 /~g); 
67 % of these  an imals  showed  the  appea rance  of an t ibody .  
A th i rd  group  of pa ra lyzed  an imals  was g iven e thy l  
s t ea ra t e  (60 rag) before the  endo tox in  (24 h pr ior) ;  only  
30% of these  an imals  had  a n t i b o d y  a f te r  challenge.  
Fu r the r ,  w h e n  the  to t a l  dose of es ter  was increased to  
200 mg  none  of t h e  an imals  p roduced  an t ibody .  These  

Table II. Differences in clearing of endotoxin from the peritoneal 
cavities of ester-treated and untreated mice; qualitative test 

Experi- Treatment Immunodiffusion test for endo- 
ment toxin at times indicated (h) 

A 0 24 48 
+ + 
. a t .  _ _  _ _  

0 4 8 12 
+ + + + 
+ + - -  __ 

0 4 8 12 
+ + + + 
+ + - -  _ 

B 

Ethyl stearate (60 mg) 
None 

Ethyl stearate (60 mg) 
None 

Ethyl ricinoleate (60 nag) 
None 

Table III. Inhibition of endotoxin-induced conversion by ethyl 
stearate in imnmnologically unresponsive mice 

Treatment ~ No. Reciprocal Average 
Reactors mean weight 
total hemolysin spleens 

titers (g/100 g wt.) 

A None 1/11 58 - 

B Endotoxin only 6/9 250 - 

C Stearate (60 mg) + 3/10 40 - 
endotoxin 

D Stearate (200 rag) + 0[10 < 20 - 
endotoxin 

E Zirconium 0/13 < 20 0.88 

F Stearate (200 mg) + 0]10 < 20 0.56 b 
zirconium 

Injection schedule: A, $8, 500 #g day 1. B, $8, 500/~g day 1; 
endotoxin, 50 pg day 14; $8, 0.5/*g 20 h post-endotoxin. C, $8, 
500/~g day 1; stearate, 20 mg days 15, 16, 17; endotoxin, 50/~g day 
16; $8, 0.5/zg day t7, 20 h post-endotoxin. D, $8, 500/2g day 1; 
stearate, 40 mg days 15, 16, 17, 18, 19; endotoxin, 50/~g day 18; 
$8, 0.5/*g day 19, 20 h post-endotoxin. E, $8, 500/~g day i ; zirconium, 
7.8 mg day 14. F, $8, 500/~g day 1; stearate 40 mg days 15, 16, 17, 
18, 19; zirconium 7.8 mg day 18. All injections i.p. b p = < 0.01. 
(Comparison groups E and F.) 
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findings suggest  t h a t  the  re t iculoendothel ia l  sys tem is 
involved  in the  endotox in- indueed  t e rmina t ion  of im- 
munologic  unresponsiveness.  Unl ike  endotoxin ,  however ,  
z i rconium does no t  cause such a t e rmina t ion  even though  
i t  p roduced  splenic hyperp las ia  ind ica t ive  of phagocy te  
prol i ferat ion.  The  e thy l  s t ea ra te  decreased the  average  
weight  of t he  spleens (10-12 spleens) to  a near -normal  
level  and there  was no evidence  t h a t  e thyl  s teara te  was 
cytotoxic ,  judging  f rom t r y p a n  blue tests  for v iab i l i ty  of 
the  per i toneal  phagocytes .  

I n  earl ier  work  by one of us (S.M.) i t  was shown t h a t  
endo tox in  could cause increased resis tance to  chal lenge 
wi th  v iable  D. pneumoniae even when the  mice were 
immunologica l ly  para lyzed  to the  capsular  ant igen  7. Two 
in te rpre ta t ions  were possible:  (a) the  resis tance was inde- 
penden t  of the  immunologic  state,  and did not,  therefore,  
require  an t i body  for expression, and (b) the  observed 
effect  was due  to  a convers ion of the  pa ra ly t i c  s ta te  to  t he  
i m m u n e  s ta te  by- t he  endotoxin .  The  present  exper iments  
canno t  decide be tween  the  2 a l ternat ives ,  since resis tance 
to  D. pneumoniae m a y  also involve  ant igens  o ther  t h a n  
the  capsular  polysacchar ide  an t igen  s. B u t  the  da t a  do 
ex tend  the  findings of BROOKE, who observed  t e rmina t ion  
by  endo tox in  in s imilar ly  para lyzed  animals.  Unl ike  the  
findings by  t h a t  author ,  the  t i ters  in the  present  experi-  

ments  are high, and suggest  an ac t ive  synthesis  of anti-  
body  ra ther  t han  a release f rom an t ibody- fo rming  or 
car ry ing  cells by  a cyto-al lergic  mechanism.  Fur ther ,  t h e y  
show t h a t  a b lockade of the  phagocyt ic  cells of the  peri- 
toneal  cav i ty  decreases the  capac i ty  of endotox in  to pro-  
duce the  conversion.  T h e y  also suggest  t h a t  the  mecha-  
nism by  which the  effect is b rough t  about  is t h rough  the  
an t igenic i ty  of endotoxin ,  since the  s imilar ly  act ing 
z i rconium did no t  cause the  convers ion 9. 

Zusammen[assung. I m m u n t o l e r a n t e  M~iuse k6nnen  
dnrch  E n d o t o x i n  in immunolog isch  reak t ive  Tiere  ver-  
wande l t  werden. E ine  zu wiederhol ten  Malen verabre ich te  
Substanz  (Athyls tearat )  h e m m t  die Umwand lung .  
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Two Different Iodinating Sys tems  in Isolated Thyroid Cells 

The cellular site of iodide-binding to thyroglobul in  in 
the  thy ro id  has been a m u c h  discussed topic be tween  bio- 
chemists  and morphologists1.  Argumen t s  have  been pre- 
sented  for its locat ion in the  foll icular lumen  ~-~, in the  
thy ro id  cell 5-7 and a t  the  cell colloid in ter face  4-s. NVNEZ 
et  al. ° have  suggested the  exis tence of 2 iodinat ion  sites: 
1 in the  follicular lumen  for the  iodinat ion  of p re formed 
molecules,  the  o ther  in the  thyro id  cell for the  iodinat ion 
of newly synthes ized molecules.  In  this communica t ion  
we repor t  evidence of the  exis tence of 2 iodinat ing  sys tems 
in isolated thyro id  cells. 

Suspensions of isolated sheep and horse thy ro id  cells 
were prepared  by  means  of an  adap ta t i on  of the  contin-  
uous flow t ryps in iza t ion  technique  of TONG G-l°. The  
incuba t ion  procedure,  and the  col lect ion of isolated cells, 
a f ter  the  incubat ion,  have  been descr ibed prev ious ly  1°. 
The  dura t ion  of the  incuba t ion  was 2 h for the  measure-  
men t s  of iodide up take  and iodide organif icat ion,  and 6 h 
for the  measuremen t s  of 125I iodide incorpora t ion  in the  
iodoamino  acids of proteins.  Fo r  the  la t te r  exper iments ,  
the  incuba t ion  med ium conta ined  x*sI iodide 4 pM 
(specific a c t i v i t y  750 C/M). Iod ide  t r app ing  was eva lua ted  
by  the  C/M ratio,  where  C and M are  the  rad ioac t iv i t ies  
of lalI iodide in ident ica l  vo lumes  of cells and m e d i u m  s-x0. 
A t  10-7M, the  C/M rat ios  were abou t  10 for horse cells 
and abou t  40 for sheep cells. Iod ide  organif ica t ion was 
measured  by  the  incorpora t ion  of lslI iodide in the  twice  
washed 10% t r ichloracet ic  acid prec ip i ta te  of the  cells. 
Incorpora t ion  of lesI iodide into  iodothyronines  was 
calcula ted f rom the  r ad ioac t iv i t y  of the  cell homogena t e  
and f rom the  re la t ive  rad ioac t iv i t ies  of t he  iodo thyron ine  
spots  on ch roma tog rams  of the  cells hydro lysa tes  (chro- 
ma tograph ic  sys tems : t e r t i a ry  i sopen tano l -NH4OH 2.5 N, 
and n -bu tano l - e thano l -NH4OH 0 . 5 N  (5: 1:2)) 1°. W h e n  
results  of separa te  exper iments  were pooled, the  means,  
the  s t andard  dev ia t ion  of the  mean,  and  the  S tuden t ' s  
t -values were  ca lcula ted  f rom the  c o m m o n  logar i thms  of 
these results.  I n  this  case, results  are expressed as ant i -  

logar i thms of the  means  and of the  means  :k the  s tandard  
dev ia t ion  of the  mean  n. Thyro t rop in  ( thytropar)  and 
twice  crysta l l ized bovine  l iver  catalase were ob ta ined  
respect ive ly  f rom A r m o u r  (Kankakee ,  USA) and Sigma 
(Saint  Louis,  USA) .  

NaC10,  2 m M  comple te ly  inhibi ted  the  t r app ing  of 
iodide by  isolated thyro id  cells a t  all the  concent ra t ions  
of iodide which were used (C/M = 0.8). The  iodide 
organif icat ion which proceeds in the  presence of per-  
ch lora te  m a y  therefore  be called 'organif icat ion indepen-  
den t '  of iodide t r app ing  while t he  organif ica t ion which is 
suppressed by  NaC10,  m a y  be  called 'organi f ica t ion  
dependen t '  on iodide t rapping.  Above  concent ra t ions  of 
iodide of 1 0 - e M  for horse thy ro id  cells and of 10-TM for 
sheep thyro id  cells, the  addi t ion  of NaC104 did no t  de- 
press iodide organif ica t ion;  i.e. the  organif ica t ion of 
iodide was independen t  of iodide t r app ing ;  below these  
concent ra t ions  t he  organif icat ion of iodide was par t i a l ly  
inhibi ted  by  NaC10 4, i.e. pa r t i a l ly  dependen t  on iodide 
uptake.  

'Dependen t '  and  ' i ndependen t '  13~I iodide organifica- 
t ion have  been s tudied  in horse isolated thyro id  cells for 
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