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Demonstrat ion of Cell-Bound Antibody by Fluorescent Microscopy in the Intestine of Rabbits Fol-  
lowing Live Enteral Cholera Vaccination 

Whi le  a d v o c a t i n g  t he  d e v e l o p m e n t  of a l ive oral  cholera  
vaccine,  ~'IUKERJEE 1 a rgued  t h a t  ef fect ive  i m m u n i t y  
aga ins t  cholera  res ts  p r i m a r i l y  in t he  cells of the  i n t e s t i na l  
mucous  m e m b r a n e .  There  is ev idence  to  ind ica te  t h a t  
c o p r o a n t i b o d y  arises f rom t h e  i n t e s t i n a l  t i ssue  2-5 a n d  
t he  work  of BURROWS et  al. 6, FRETER 7, BHATTACItARYA 
and  2~'IUKERJEE s, and  SANYAL a n d  I~IUKERJEE 9 suggests  
t h a t  coproan t ibod ies  m a y  h a v e  a role in p r o t e c t i o n  aga ins t  
cholera.  I n t e s t i n a l  ep i the l ia l  t i s sue  be ing  t h e  p r i m a r y  si te  
exposed to  t he  ac t ion  of cholera  v ibr ios  m a y  be  expec ted  
to form t h e  f i rs t  ba r r i e r  of dcfence  if i ts  c o n s t i t u e n t  cells 
con t a in  a n t i b o d y  in b o u n d  form. E x p e r i m e n t s  were the re -  
fore car r ied  ou t  to  i nves t i ga t e  t h e  presence  of an t ibod ie s  
in t he  i n t e s t i na l  ep i the l ia l  cells a f te r  l ive en te ra I  vac-  
c ina t ion .  

Methods. A d u l t  r a b b i t s  (weighing 1.25 kg) were im- 
m u n i z e d  i n t r a i n t e s t i n a l l y  w i t h  a single dose of 8 • 109 
v iab le  v ibr ios  of t he  apa thogen i c  vacc ine  E1 Tor  s t r a i n  
No.W-61,  :0, :~. Af ter  a week ' s  in te rva l ,  i n t e s t i na l  ep i the l ia l  
cells were isola ted f rom groups  of i m m u n i z e d  and  con t ro l  
r a b b i t s  accord ing  to  t he  m e t h o d  of HARRER et  al. 12. 
F ina l  suspens ions  of t he  i so la ted  ep i the l ia l  cells were 
m a d e  in H a n k s '  so lu t ion  c o n t a i n i n g  140 u n i t s / m l  of 
s t r e p t o m y c i n  a n d  penicil l in.  On microscopica l  e x a m i n a -  
t i on  u n d e r  phase  con t ras t ,  t h e  p r e p a r a t i o n  was seen to  
con t a in  co lumner  ep i the l ia l  cells essen t ia l ly  free f rom 
o the r  cell types .  The  cell suspens ions  were son ica ted  in 
t he  M S E  u l t r a son ic  d i s i n t eg ra to r  for 10 m i n  a t  20 kc/sec 
a n d  p rese rved  in t he  re f r ige ra to r  a t  4~ 

Son ica ted  cell suspens ions  were e x a m i n e d  b y  ind i rec t  
f luorescence microscopy.  On each  of t h r ee  i m m  w i d e  
slides smea r s  of VV-6 s t r a in  were p repared ,  t he  second a n d  
t h i r d  for  use as nega t ive  and  pos i t ive  controls .  The  smears  
were f ixed b y  gent le  warming .  The  t e s t  s m e a r  was covered  
w i t h  sonica ted  cell suspens ion  f rom i m m u n i z e d  r a b b i t  
a n d  t he  nega t ive  a n d  pos i t ive  con t ro l  s m e a r s  were 
covered  respec t ive ly  w i t h  sonica ted  cell suspens ion  f rom 
n o r m a l  r a b b i t  a n d  k n o w n  h igh  t i t r e  s e rum aga ins t  W-6 
s t ra in .  The  slides were i n c u b a t e d  for 40 m i n  in a m o i s t  
c h a m b e r  a t  37~ a n d  r insed  twice  w i t h  p h o s p h a t e -  
buf fe red  sal ine of p H  7.4 for 10 min.  The  smears  were 
dr ied and  covered  w i t h  sheep a n t i - r a b b i t  7-globul in  
c o n j u g a t e d  w i t h  f luorescein i so th iocyana t e  (Nu t r i t i ona l  
B iochemica l  Corpora t ion ,  Cleveland;  Ohio) a n d  i n c u b a t e d  

for a n o t h e r  40 min.  The  slides were aga in  washed  w i t h  
p h o s p h a t e - b u f f e r e d  sal ine for 10 ra in  w i th  2 changes ,  
dr ied a n d  m o u n t e d  in buf fe red  glycerol-sal ine for exami -  
n a t i o n  u n d e r  t h e  f luorescence microscope.  

Results and discussion. The  resul t s  d e m o n s t r a t e  c lear ly  
t h a t  t h e  i n t e s t i na l  ep i the l ia l  cells of en te ra l ly  i m m u n i z e d  
r a b b i t s  con ta in  an t ibod ie s  c o m b i n i n g  w i t h  the  homologous  
s t r a i n  (Figure 1). No a n t i b o d y  was p r e s en t  in in t e s t ina l  
ep i the l ia l  cells of u n i m m u n i z e d  rabb i t s .  T h e  re la t ive ly  
h ighe r  i n t e n s i t y  of f luorescence in t h e  slide p r epa red  w i t h  
k n o w n  h igh  t i t r e  a n t i v i b r i o  s e rum (Figure  2) was due to 
t h e  presence  of a h ighe r  a m o u n t  of a n t i b o d y  in t h e  se rum 
t h a n  in t h e  son ica ted  p r e p a r a t i o n  wh ich  h a d  been  m a d e  
:from a re la t ive ly  s c a n t y  suspens ion  of cells. T h e  epi the l ia l  
cells h a d  been  washed  tho rough ly ,  so t h a t  the  poss ib i l i ty  
of t h e  a n t i b o d y  be ing  der ived  d i rec t ly  f rom t h e  b lood 
m a y  be  excluded.  I t  appea r s  t h a t  t h e  a n t i b o d y  d e m o n -  
s t r a t e d  by  f luorescence mic roscopy  was or ig inal ly  p re sen t  
in  t h e  ep i the l ia l  cells in  b o u n d  form. T h e  p r e s en t  d a t a  
do n o t  p e r m i t  a n y  conclus ion  as to  w h e t h e r  t h e  ce l l -bound  
a n t i b o d y  is de r ived  f rom t h e  s e rum an d  c o n c e n t r a t e d  b y  
t h e  cells f rom t h e  c i rcula t ion,  or  r ep resen t s  a n t i b o d y  
fo rmed  b y  l y m p h o i d  cells in t h e  i n t e s t i n a l  ep i the l ium.  
I t  is l ikely t h a t  t h e  a n t i b o d y  occurs b o n n d  to  one or 
o the r  of t h e  cell-organelles,  m o s t  p r o b a b l y  to  t h e  cell 
m e m b r a n e .  
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Fig. 1. Slide prepared with sonicated intestinal epithelial cell sus- Fig. 2. slide prepared with known high titre antivibrio serum raised 
pension of immunized rabbit, ill rabbit. 
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The appea rance  of bound  an t ibodies  in t h e  in tes t inal  
epi thel ia l  cells a f te r  exposure  to  l ive vibr ios  is of signifi- 
cance because i t  provides  evidence for t he  impor t ance  of 
local i m m u n i t y  in p ro tec t ion  aga ins t  cholera.  Since in 
cholera the  causal  vibrios mul t ip ly  and  remain  l imi ted  
in the  in tes t ina l  lumen,  an an t ibac te r ia l  i m m u n e  mecha-  
nism, if i t  is to  be effective,  has  t o  opera te  a t  the  lumena l  
surface of t he  mucous  m e m b r a n e  l ining the  intes t ine .  
This  in fac t  appears  to  be the  case f rom the  presene 
results .  

The cel l -bound a n t i b o d y  l ibera ted  on cytolysis  of the  
epithelial  cells shed i n t o  t he  lumen  - a process  of known  
rap id i ty  in t he  in tes t ine  - m a y  fo rm p a r t  of the  copro- 
a n t i b o d y  de tec tab le  in t he  lumenal  secret ions  and faeces, 
and  t h o u g h t  to  be the  main  p ro tec t ive  fac tor  in choleraS". 

Zusammen/assung. Mit Hilfe der  F luoreszenzmikro-  
skopie lassei1 sictl ze l lgebundene I m m u n k 6 r p e r  in.isolier- 

t en  Darmepi the lze l len  e rwachsener  Kan inchen  nach  
D a r m i m p f u n g  m i t  l ebender  K u l t u r  des Vibrio-eltor-Stam- 
mes erkcnnen.  I m m u n k S r p e r  waren  in den Epi thelze l len  
n ich t  immunis i e r t e r  K a n i n c h e n  n ich t  nachweisbar .  Es  
wird  die m6gliche Rolle der  ze l lgebundenen I m m u n -  
k6rper  be im ant ibakte r ie l len  I m m u n m e c h a n i s m u s  (Schutz 
gegen Cholera und  Anstcckungsor t )  diskut ier t .  
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The Effect of Radiothyroidectomy on Blood Volume, Red Cell Survival and Iron Kinetics in Puppies 

The inf luence of t h y r o i d e c t o m y  on ery thropoies is  in 
the  dog is well documen ted .  In  t he  s tudies  m o s t  carefully 
done ~,~ ab la t ion  of the  t hy ro id  by  surgical  procedures  
or des t ruc t ion  of t he  gland by  admin i s t r a t i on  of radio- 
iodine (I TM) produced  anemia  and  a s t r ik ing decrease in 
t he  red cell renewal  ra te  w i t h o u t  change  in red cell sur- 
vival.  These  s tudies  were done in adul t  animals  and  since 
in general  the  earl ier  t hy ro id  insuff ic iency appears  t h e  
more  far - reaching the  effects,  a t  least  on some organ 
sys tem s, t he  p r e sen t  s t u d y  was  des igned to  inves t iga te  the  
inf luence of t hy ro id  des t ruc t ion  on t h e  e ry thropoie t ic  
sys tem in the  new-born  dog. 

Six mongre l  3-week-old dogs of b o t h  sexes of t he  same 
l i t t e r m a t e  were  used th roughou t .  3 of t h e m  were  in jec ted  
wi th  1 mc/kg  b o d y  weight  of sterile sodium radioiodine 
(I TM) i.p. while  t he  remain ing  3 served as normal  controls.  
The puppies  were  then  lef t  unmoles t ed  and  de te rmina -  
t ions  of per iphera l  hemoglob in  concent ra t ion ,  blood 
volume,  red cell survival ,  and  p l a sma  and  red cell iron 
t u r n o v e r  ra tes  were  pe r fo rmed  in each dog 1 year  later.  
The  to ta l  red  cell vo lume  and  a p p a r e n t  red cell survival  
tl/2 were d e t e r m i n e d  wi th  r ad ioch romium as previous ly  
descr ibed 8. P l a sma  and  red cell iron t u rnove r  ra tes  were  

measured  by  the  m e t h o d  of t l u v F  e t a l .  4. Hemoglob in  
concen t ra t ion  was de t e rmined  by  the  c y a n m e t h e m o g l o b i n  
m e t h o d  and  hema toc r i t s  were done  b y  mic romethod .  
P lasma iron was measured  b y  the  m e t h o d  of PJ':TV:RS 
e t  al. 5. 

The  resul ts  ob ta ined  are p re sen ted  in t he  Table.  The  
m e a n  hemoglob in  concen t ra t ion  was 13.8 g/100 ml and  
the  m e a n  h e m a t o c r i t  44.5% in the  no rma l  dogs. Bo th  
values  showed an ap p ro x i ma t e l y  32% decrease in the  
t hy ro idec tomized  ones. The to ta l  c i rcula t ing red cell vol-  
ume  was decreased 27% f rom the  m e a n  contro l  value of 
36.1 ml /kg  b o d y  weight  to  26.3 ml /kg  in t he  thy ro idec to -  
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Ilematologic data from normal and thyroidectomized dogs 

Normal Thyroideetomized % change 

Body weight, kg ~5.7 _~.• 0.1 ~ 9.1 -4. 1.3 -- 42 
Hemoglobin concentration, g/100 ml 13.8 :}: 0.1 9.4 4- 0.2 -- 32 
Hematocrit, % 44.5 :t: 0.1 30.5 -4- 0.5 -- 3[ 
Red cell volume, mt/kg body weight 36.1 ~ 2.8 26.3 -='_ 0.2 -- 27 
Plasma volume, ml/kg body weight 49.8 -- 3.8 66.2 :i: 1.3 :- 33 
Blood volume, ml]kg body weight 85.9 --' 6.7 92.5 .!_= 1.1 + 8 
Plasma iron,/*g/nil 1.02 .+_ 0.1 0.97 ___ 0.1 -- 5 
Plasma Fe 59 half life, min 47.0 :~: 3.0 106.0 --' 1.0 -1126 
Plasma iron turnover rate, mg]kg per day 1.08 -- 0.2 0.61 --' 0.1 -- 44 
Red cell iron utilization, % 75.0 -~ 2.1 73.0 -J: 2.0 -- 3 
Red cell iron turnover rate, mg/kg per day 0.81 -!_: 0.1 0.45 :- 0.1 -- 4.5 
Cr 51 tl/2, days 24.0 ~- 2.2 24.6 :.!: 2.9 - 

S.E. of the mean. 


