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Positive Immunological Reaction of Gut Cells from Orally Immunized Animals Demonstrated by 
Passive Cutaneous Anaphylaxis 

The oral  i m m u n i z a t i o n  of an imals  as descr ibed  in 
var ious  pape r s  b y  RAETTm ~'* and  r e sumed  in a series of 
5 paper s  3-~, a lways  lacked the  d e m o n s t r a t i o n  of a d e q u a t e  
a n t i b o d y  level or  immunolog ica l ly  c o m p e t e n t  cells. I n  
sp i te  oI a g rea t  p ro tec t ion  index  in mice  8,5,~ and  du r ing  
an  ep idemic  ~, ach ieved  by  oral ly  i n t roduced  ant igens ,  i t  
was  only  possible  b y  t h e  hemagg lu t i na t i on  t e chn ique  to  
d e m o n s t r a t e  t he  presence  of low a n t i b o d y  t i ters .  

ROSENBERG, CHANDLER et al .  8 d e m o n s t r a t e d  the  pos-  
s ibi l i ty  of showing  immunolog ica l ly  ac t ive  cells w h e n  
these  were  i m p l a n t e d  i n t r acu t aneous ly  in to  no rma l  reci- 
p ients ,  and  the  poss ibi l i ty  of de tec t ing  t h e  p resence  of 
a n t i b o d y  b y  induc ing  t h e  pass ive  cu t aneous  anaphy lax i s  
(PCA) reac t ion  wi th  excess  of an t igen  and  dye  as indi-  
ca tor .  This  c o m m u n i c a t i o n  p re sen t s  resu l t s  o b t a i n e d  w i t h  
gu t  cells, f rom oral ly i m m u n i z e d  guinea-pigs,  i m p l a n t e d  
in recipients ,  guinea-pigs  and  rats ,  and  cha l lenged  wi th  
t he  an t igen  used for immuniza t ion .  

T w e n t y  guinea-pigs  of P i rb r igh t  wh i t e  W.58 s t ra in  
were  oral ly immun ized  wi th  a h e a t  i nac t i va t ed  (100 °C for 
5 rain) ge rm suspens ion  7 con ta in ing  a m i x t u r e  in equal  
p a r t s  of Salmonella typhi mur ium s t ra ins  6616, 6639, 6643, 
6656, 6659 RKTCC,  to t a l  ge rm cell c o u n t  was 10~ ml. 
The  an imals  were  fed wi th  I ml  of th is  suspens ion  eve ry  
d a y  for 10 days.  

S ix teen  d a y s  a f t e r  t h e  las t  i m m u n i z a t i o n  dose the  gu t  
and  spleen were  r e m o v e d  a n d  p repa red  for t he  PCA 
techn ique .  G u t  a n d  spleen pieces were  gen t ly  homogen ized  
w i t h  a micro  t i ssue  g r inder  in a chil led Eagle  med ium.  
The  suspens ion  was  f i l tered t h r o u g h  a cheesec lo th  and  t h e  
nuc lea t ed  cells c o u n t e d  in a h e m o c y t o m e t e r  c h a m b e r  b y  
a d d i n g  10% of  a Giemsas  1% solu t ion  in 1AI ci tr ic  acid. 
A d e q u a t e  q u a n t i t y  of cetl suspens ion  were  ob ta ined  b y  
d i lu t ion  or gent le  cen t r i fuga t ion  a t  4°C for 5 rain a t  
1500 r p m  and  resuspens ion  in an  a d e q u a t e  volume.  

The  an imals  used as rec ip ients  were  no rma l  P i r b r i g h t  
wh i t e  W.58 s t ra in  guinea-pigs  weighing  250 4- 50 g a n d  

n o r ma l  whi te  ra t s  weighing 200 ± 50 g. E a c h  an imal  was  
sensibi l ized i.e. in to  the  f lank a t  3 or 4 points .  Vo lumes  
of 0.1-0.3 ml  were in jec ted  wi th  a needle  20 (0.45 × 21 mm)  
sho r t  bevel .  A m a x i m u m  of 30 min  e lapsed be tweef f  
excision of t he  donor  t i ssues  a n d  in jec t ion  of t h e  cell sus- 
pens ion  in to  t h e  recipients .  The  an imals  were  chal lenged 
in t r ip l ica tes  a t  t h e  fol lowing t imes :  2, 24, 48, 96, 120 h. 
The  an t igen  for chal lenge was  p r e p a r e d  by  freezing and  
t h a w i n g  the  ge rm cell suspens ion  (109 cells ml) unt i l  no 
more  l iving cells were  p r e s e n t  as p r o v e d  by  the  s te r i l i ty  
tes t .  The  chal lenge i.v. in jec t ion  con ta ined  0.5 ml  of th i s  
an t igen  a n d  0.5 ml  of a 0.5% E v a n s  blue  solut ion in 
saline. The  guinea-pigs  were chal lenged t h r o u g h  t h e  ear  
vein  and  the  ra t s  t h r o u g h t h e  tail  vein  w i th  a 0.30 × 1 6 m m  
needle.  20 rain af ter  chal lenge rec ip ients  were  sacrificed. 
The  skin was  inve r t ed  and  si tes were  e x a mi n e d  for t h e  
dye  location,  t he  lesions d i a m e t e r  was  me a s u r e d  w i t h  a 
t r a n s p a r e n t  ruler. Gut  and  spleen cells f rom n o n - i m m u -  
nized guinea-pigs  were  used  as control .  

As can be seen f rom t h e  Table,  the  i m p l a n t e d  gu t  ceils 
are  able to  ev idence  a pos i t ive  PCA reac t ion  a f te r  more  
t h a n  24 h, w i th  a m a x i m u m  reac t ion  b e t w e e n  72 and  96 h .  
The reac t ion  when  chal lenged 2 h a f te r  sensibi l izat ion is 
nega t ive  in all ins tances .  The  i n t ens i t y  of t he  reac t ion  is 
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Immunological reaction of ceils from orally immunized animals 

Donor of cells Recipient Interval between transfer and challenge, h 

Species Antigen Interval Species No. of No. of cells Total 2 24 48 72 
of animal orally between of animal animals injected sides 
cell donor introduced last oral cell sensibil- 

immuniza- receptor ized 
tion and gut 
removal 
Days 

96 120 

GP STM 16 GP 4 1.5 x 10 ~ 12 O ++ + + +  + + + +  ++ O 
GP STM 16 GP 4 1 × l0 g 12 O + + + +  + + + +  :k O 
GP STM 16 GP 4 1.5 x l0 s 12 O + ++  + + +  + O 
GP STM 16 GP 4 1 ×105 12 0 ~ ++  + + +  + O 
GP STM 16 GP 4 1.5 × 10' 12 O 0 + + O O 
GP STM 16 GP 4 1 × 10' 12 O O i O O O 

GP STM 16 R 4 1 × l0 s 12 O i + ++ + O 
GP STM 16 R 4 1 × 107 12 0 :t: + + O O 
GP STM 16 R 4 1.5 × I0 ~ 12 O O O O O o 
GP STM 16 R 4 1 × l0 g 12 0 0 0 O O 0 
GP STM 16 R 4 5 x l0 s 12 0 0 0 O 0 0 
GP STM 16 R 4 1 x l0 b 12 O 0 0 O O O 

GP, guinea-pig; R, rat; STM, heat inactivated Salmonella typhi murium; O, no reaction; +, less than 5 mm ~; ++ ,  5-10 mm ~, 
+ + + ,  10-15 mm~.  
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a function of the quant i ty  of cells implanted, The im- 
plantat ion of guinea-pig cells to rats is not  so effective 
as in the homologous animal. To obtain a blue lesion of 
5-10 mm in rats implanted with orally immunized guinea- 
pigs gut  cells, we need 10 s nucleated cells whereas the 
same elfect is obtained in homologous animal with 
approximately 10 ~ cells. We did not succeed in obtaining 
a positive P e A  with spleen cells from immunized animals, 
nor from gut or spleen ceils from normal non-immunized 
guinea-pigs. In  all our registered experiments, the P e A  
reaction was negative after 120 h. 

Experiments  to obtain a positive PCA when challenging 
with the following antigens : Escherichia coli 2380 RKTCC, 
Sh. [lexneri 2a RKTCC and bovine serum albumin, were 
unsuccessful in all instances. 

In a total  of 20 animals immunized, 6 did not  show 
positive reaction in gut  nor in the spleen tissues. 

Oral ingestion of antigens leading to stimulation of 
some immunological reaction is generally accepted with 
doubt. Therefore we looked for a technique tha t  can 
evidence some reaction between the antigen and the orally 
immunized animal. 

Gut ceils of immunized animals showed positive PCA 
reactions when challenged with the homologous antigen 
and negative reaction when other antigens were used, 
This demonstrates tha t  this reaction was highly specific. 
The specificity is probable also as related to the species 
of the animal, as in rats comparatively high cell quanti- 
ties must be used to obtain positive results. I t  is also 

interesting tha t  30% of the animals could not show a 
positive PCA reaction in the gut  ceils. This may be due 
to a phenotype individual ability to be st imulated by 
oral immunization. Further  work to elucidate the nature 
of this reaction after oral immunization is in progress. 

Zusammen]assung. Meerschweinchen wurden mit  hitze- 
inaktivierten S. typhi murium-Bakterien oral mit  Sonde 
immunisiert.  16 Tage nach der Impfung wird diesen 
Tieren der Dfinndarm entnommen, zerkleinert und im 
passiven, kutanen Anaphylaxie-Test (PCA) in unbehan- 
delten Meerschweinchen und Rat ten  auf Antik6rperbil- 
dung gepriift. Im Dtinndarm von zwei Dri t teln der oral 
geimpften Meerschweinchen wurden hochspezifische Rea- 
gine mit  der PCA-Technik nachgewiesen. 
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P r o d u c t i o n  d ' a n t i c o r p s  7 S e t  19 S chez  des  R a t s  d ' A g e  d i f f 6 r e n t  

Dans un travail  publi6 ant6rieurementl ,  2 nous avons 
montr6 qu'apr~s injection d'antig~ne prot6ique ~ 2 6chan- 
tillons de rats ~vVISTAR d'~ge different, la production 
d'anticorps des animaux f~g6s 6tait inf6rieure h celle des 
animaux jeunes. 

Darts le pr6sent travail,  nous avons cherch6 ~t confirmer 
et  ~ pr~ciser nos premiers r~sultats en var iant  les ~chan- 
tillons et le mode d'immunisation, et  en dosant les anti- 
corps avan t  et apr~s action du 2-mercapto6thanol. On a 
montr6 en effet que les anticorps de poids mol6culaire 
61ev6 (19 S) qui caract6risent la premiere phase de la 
r6ponse primalre sont sensibles ~ Faction du 2-mercapto- 
6thanol et que Ies anticorps de poids mol6culaire plus 
faible (7 S) qui  caract6risent la seconde phase, r6sistent 
cet agent r6dueteura-L 

Conditions expdrimentales. Deux experiences furent 
entreprises ind6pendamment, la premiere portant  sur la 
synth~se des anticorps 7 S et 19 S a u  d6but de l ' immuni-  
sation (40 premiers jours), la seconde sur l '6volution des 
taux  d'anticorps an ¢ours d 'une p6riode plus prolong6e 
(du 10e au 120e jour) et apr~s injection de rappel (60e 
jo~rL 

Dans ces 2 exp6riences, nous avons immunis6 des rats 
WISTAR (WCF)  femelles, avec de la s6rum albumine bovine 
(SAB) (Behring-Werke). Chaque animal recevait 1 mg de 
SAB 6mulsionn6 dans de l 'Adjuvant  de Freund complet 
(Difco); volume final: 1 ml. L' injection ~tait effectu6e 
dans le coussinet plantaire:  0,15 ml dans chaque pat te  
ant6rieure, 0,35 ml dans chaque pat te  post6rieure. Des 
prises de sang ont 6t6 prat iqufes avant  l ' immunisation et 

des temps vari6s apr~s injection de l'antigbne. Tous les  
s6rums - conserv6s ~t l '6tat  congel6 - o n t  6t6 6tudi6s avant  

et apr~s t ra i tement  par le 2-mercapto6thanol (2-ME), ~t 
la concentration finale de 0,1 M, pendant  1 h A 37°C. 

La teneur en anticorps a 6t6 d6termin6e par h6mag- 
glutination passive 8,9. Chaque titrage a 6t6 effectu6 en 
4 exemplaires. La fraction sensible au 2-ME a 6t6 appeMe 
,19 S ,  et  la fraction r6sistante ,7 S,.  Afin de r6aliser les 
meilleures conditions de comparaison, nous avons tou- 
jours titr6 simultan6ment dans les 2 exp6riences une 
s6rie de s6rums d 'an imaux jeunes et une s6rie de s6rums 
d 'animaux ~tg6s correspondant ~t tous le s  temps ~tudi6s. 

Rdsultats. (A) Synth~se des anticorps 7 S e t  19 S a u  
d6but de l ' immunisation. 

Pour cette exp6rience, nous disposions d 'un ~chantillon 
de 24 animaux jeunes (10 semaines) d 'un poids moyen de 
160 g e t  d 'un 6chantillon de 24 animaux ~tg6s de 16 mois, 
d 'un poids moyen de 325 g. Chaque ~chantillon a ~t6 
divis6 en 3 lots de 8 animaux chacun, saign6s respective- 
merit les 3e et 20e jours, les 6e et 30e jours, les 10e et 40e 
jours apr~s l ' injection de l'antig~ne. 
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