
598 Specialia EXPERIENTIA 24/6 

osmiophiten Inhalt.  Dies deutet  auf eine Aktivi t~t  des 
Golgi-Apparates hin. Beriicksichtigt man die ~3bergangs- 
stadien zwischen den einzelnen Granulaformen, so k6nnte 
man darin eine Entwicklungsreihe sehen. Die homogenen, 
osmiophilen K6rper k6nnte man mit  dem a-Granulomer 
der Blutplitttchen des Menschen is vergleichen. Dies s teh t  
im Gegensatz zur Beobachtung SCHUHMACHERS 7, der ihr 
Vorkommen iiberhaupt ausschloss. Die lamellAren und 
vakuolAren K6rper diirften den lichtmikroskopisch nach- 
gewiesenen Zytosomen entsprechen 10. Lamellenk6rper 
wurden auch schon in anderen Zellen z.B. in BlutplAtt- 
chen yon Menschen ~* und Hunden ~4 oder Leberzellen yon 

?% 

Rat ten  1~ gefunden. Sic werden als ein spezielles Zwischen- 
stadium im Kohlenhydrat-  und Fettstoffwechset 16 oder 
als Degenerationserscheinungen 14 angesehen. Myelin- 
membranen wurden ebenfalls an der Peripherie osmio- 
philer Granula und Vakuolen der Blutpl~.ttchen des Men- 
schen festgestellt 1~. Sie werden als Sitz von Gerinnungs- 
faktoren diskutiert ~2. 

Entgegen der Feststellung SCHUHMACHERS 7 befinden 
sich im Zytoplasma weiterhin feine R6hrchen (Mikrotu- 
bull) (Figur 2a, b), die mi t  denen der Thrombozyten des 
Menschen 1,s, der Amphibien 4 und der Fische ~,ls ver- 
gleichbar sind. Sie verlaufen in der NAhe der Zellmembran 
(untereinander parallel) und sind teilweise zu Btindeln an- 
geordnet. Ihr  Durchmesser betrggt 150-200 A, ihre Wand- 
stArke 50-80 ~k. Sie waren nicht in allen Zellanschnitten zu 
sehen; das mag auf ihren Verlauf zurfickzufiihren sein, 
k6nnte abet  auch Folge einer gewissen LabilitAt der Tu- 
bull sein. Ihre Lage und die Tatsache, dass in einem be- 
s t immten Plasmaareal entweder nur LAngs-, Quer- oder 
Schr~gschnitte auftreten, lassen darauf schliessen, dass 
sie die Zelle ringf6rmig durchziehen. M6glicherweise bil- 
den sie auch hier - Ahnlich wie bei den Blutpli~ttchen des 
Menschen 1, a, _ ein geschlossenes System. 

Summary. Thrombocytes of clinical healthy, laying 
hybrid-hens were studied by using the electron micro- 
scope EM 9. In the cytoplasm of these cells osmiophilic 
granules of different stages were found, also lamellary 
bodies with or without vacuoles. A single lamella consists 
of myelin-membranes. Furthermore linear, branched out 
or circular membranes, which consist of 3 stratums, were 
observed in the cytoplasm. Ring-shaped microtubules lay 
close by the plasma membrane. 
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Fig. 2a. Mikrotubuli (Mt), quer; b. Mikrotubuli (Mt), langs, x 90000. 
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R N A - I n d u c e d  I m m u n i t y  Aga ins t  a Rat S a r c o m a  

The transfer of acquired immunity  against experimen- 
tal tumours or leukemias has been studied by several 
authors. Recently, i t  has been reported tha t  the injection 
of spleen cells or lymphocytes from immune donors into 
normal animals either delayed the growth of transplantable 
tumours or leukemias or induced their  complete rejec- 
tion 1-4. COHEN 6 and FRIEDMAN s obtained in normal 
spleen cells an immune reaction against foreign antigen 
in vi tro by addition of RNA from immune spleen cells. 
ALEXANDER et al.7 reported the inhibitory effect of nucleic 
acids from rat  and sheep immune lymphocytes on rat  
sarcomas. 

The purpose of this work was the study of the immuni ty  
against a rat  sarcoma (Sarcoma E 100) induced by RNA 

from immune rats. This study was started independently 
from tha t  of ALEXANDER et a l J  and used a different ex- 
perimental model : the tumour  is a transplantable sarcoma 
maintained in inbred rats and the RNA from the immune 
donor is injected only once, 5 days prior to the grafting of 
the tumour.  

Sarcoma E 100 appeared spontaneously s in our rat  
colony in 1955 and is maintained by s.c. passages in an 
inbred line (F = 0.95). The percentage of ' take '  of the 
first graft is 95%. To induce immuni ty  the tumours of the 
first transplantation are excised and the animals regrafted 
3 times. The second graft has a lower percentage of ' take '  
(33%) and the third and fourth grafts take at  rates of 6 
and 4% respectively. All the tumours tha t  grow are 
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surgical ly excised and  i t  has  been  obse rved  t h a t  a f t e r  t h e  
four th  passage  the  an imal s  re jec t  t h e m  invar iably .  R N A  
was e x t r a c t e d  f rom the  spleen of these  i m m u n e  ra ts  and  
f rom n o r m a l  rats .  The ex t r ac t ion  was  pe r fo rmed  by  the  
phenol ic  f r ac t iona t ion  m e t h o d  descr ibed  by  GEORGIEV 
et  al. 9, t he  R N A  used was t h a t  ob ta ined  a t  room t e m p e r a -  
.ture in t he  f i rs t  p a r t  of t he  procedure .  The  i m m u n e  and  
n o r m a l  R N A  were  d i lu ted  in 0 . 1 4 3 / s o d i u m  chlor ide  and  
each  an imal  received t h e  R N A  con ta ined  in one  spleen 
( app rox ima te ly  4 mg/100 g of b o d y  weight) .  The ra ts  were 
in jec ted  i.p., and  5 days  la ter  t he  2 groups  wi th  normal  
and  i m m u n e  RNA,  and  a th i rd  one w i t h o u t  R N A  were  
chal lenged wi th  Sa rcoma  E 100. The  t u m o u r  g rowth  was  
m e a s u r e d  wi th  cal ipers  and  the  resu l t  was  expressed  in 
m m  2 (large d i a m e t e r  × minor  d iameter ) ,  for t h e  correla- 
t ion  be tween  th is  m e a s u r e m e n t  a n d  t h e  t u m o u r  we igh t  is 
ve ry  high (r = 0.95, p < 0.001). Adu l t  r a t s  of b o t h  sexes 
were used.  T h e y  belonged to  3 d i f fe ren t  inbred  lines and  
to  an F 1 cross (a, g, e '  and  ad) 10. The t u m o u r  was a lways  
ma in t a ined  in the  same line (a), b u t  R N A  was ex t r ac t ed  
f rom any  one of these  lines. In  spi te  of minor  dif ferences  
of h i s tocompat ib i l i ty ,  Sa rcoma  E 100 grows well in all 
these  lines. 

A t  first ,  t h e  i m m u n e  R N A  ex t r ac t i on  was pe r fo rmed  a t  
d i f fe rent  per iods  of t ime  a f te r  t he  last  i m m u n i z a t i o n  
passage.  The inh ib i to ry  effect  on the  g rowth  of t he  sar- 
coma  decreased  as t he  t ime  increased.  The corre la t ion  be- 
tween  b o t h  var iab les  was  s ignif icant  (r = 0.51, p < 0.05) 
(Figure).  The rea f t e r  t he  i m m u n e  R N A  was  a lways  ex- 
t r a c t e d  40 days  a f t e r  t he  las t  i m m u n i z a t i o n  (fourth).  

The t u m o u r s  were measu red  a t  20 and  30 days  a f t e r  
graf t ing.  I m m u n e  R N A  inh ib i t ed  the  t u m o u r  g rowth  a t  
20 days,  and  th is  inh ib i t ion  increased a t  30 days.  The  con- 
t rols  and  t h e  group t h a t  received no rma l  R N A  did no t  
differ,  so t h e y  were  pooled (Table). Though  the  t u m o u r s  
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Abscissa: Days from the last passage of the tumour in the donors of 
immune RNA. Ordinate: Size of the tumour at 20 days after trans- 
plantation in immune RNA treated rats. 

g rew tess in i m m u n e  R N A - t r e a t e d  rats ,  t h e y  were se ldom 
finally re jec ted  and  even tua l ly  killed the  animals .  

The  R N A  in jec ted  con ta ined  10% pro te in  and  10% 
DNA.  Pro te ins  c a n n o t  be the  main  cause of the  inhibi t ion,  
because  no c i rcula t ing  an t ibodies  are opera t ive  aga ins t  
th is  t u m o u r  according  to  prev ious  unpub l i shed  results .  
Concerning DNA,  i t  seems,  on logical grounds ,  t h a t  i ts  
inf luence is unlikely,  a l t hough  i t  c a n n o t  be dismissed.  

As an  exp l ana t i on  of th is  p h e n o m e n o n ,  a working  h y p o -  
thesis  is proposed.  The  exogenous  R N A  car ry ing  the  
' i m m u n e  message '  is in jec ted  in a smal l  and  single dose 5 
days  before t he  t u m o u r  chal lenge;  it  is t hen  the  f irs t  in- 
fo rma t ion  which  the  an imal  receives concern ing  the  tu -  
mour .  This  R N A  in some way  ac ts  like a t e m p l a t e  t h a t  
elicits or  faci l i ta tes  t h e  release of t he  r a t ' s  own  messenger  
R N A  when  the  t u m o u r  an t igen  begins  to  work.  In  th is  
way,  the  i m m u n e  R N A  is i n s t r u m e n t a l  in evoking  a rap id  
response,  thus  p r o b a b l y  t r ans fo rming  a first  set  i m m u n o -  
logical reac t ion  into a second set  one. This  i n t e r p r e t a t i o n  
would  also expla in  w h y  the  coded message  con ta ined  in 
t he  i m m u n e  R N A  passes  the  s t ra in  and  even  the  species 
bar r ie r  7, since the  expe r imen ta l  an imal  would  only  dere-  
press  t he  i n fo rma t ion  re la ted  to  those  s t imul i  which  i t  
recognizes  as ant igenic ,  t h a t  is non-self  - in th is  par t i cu la r  
case, the  t u m o u r  an t igen  n.  

Resumen. Se es tudi6  el efecto del  A R N  proven ien te  del 
bazo de  r a t a s  i nmun izadas  a un  sa rcoma  t r a n s p l a n t a b l e  
(Sarcoma E 100) en el c rec imien to  del  mismo.  Se inyec t6  
A R N  norma l  y A R N  de ra tas  i nmun izadas  a dos  grupos  de 
an imales  5 dias an tes  de la implan tac i6n  del tumor ,  to- 
m£ndose  un te rcer  grupo como tes t igo  normal .  Los ani-  
males  que  recibieron el A R N  inmune  tuv ie ron  t u mo r e s  
m£s pequefios que  los de los dos  tes t igos  (p < 0.01), a los 
30 dias  despu6s del  in jer to .  Se fo rmula  la h ip6tes is  de que  
el A R N  i n mu n e  posee  la in formac idn  (memor ia  i n mu n o -  
ldgica) pa ra  t r a n s f o r m a r  una  r e spues ta  i nmun i t a r i a  pri-  
mar ia  en secundar ia .  
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Effect of immune and normal RNA on the growth of the tumour 

Time elapsed after grafting 

20 days 30 days 

Treatment No. ~ P No. ~ P 

Immune RNA 22 151.3 17 365.1 
Normal RNA 19 227.0 < 0.05 15 627.4 < 0.05 
Controls 20 238.1 < 0.05 12 664.2 < 0.01 
Normal RNAandcontrols 39 232.7 < 0.01 27 643.8 < 0.01 

Each group is compared with the immune RNA. Tumour size is ex- 
pressed in mm=. P values are obtained from an analysis of variance. 
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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 

x H. RAETTm, Z. immunForsch, exp. Ther. 108, 165 (1950). 
H. RAErrm, Zentbl. Bakt. ParasitKde 183, i (1962). 

8 H. RA~,~rm, Zentbl. Bakt. ParasitKde 193, 398 (1964). 
* H. RAE~rm, Zentbt. Bakt. ParasitKde t97, 368 (1965). 

H. RAETTm, Zentbl. Bakt. Paras[tKde 203, 478 (1967}. 
H. RAgT'rla and A. BUSE, Zentbl. Bakt. ParasitKde 20.4, 221 
(1967). 
B. LIETZ and H. R ~ r r m ,  Zentbl. Bakt. ParasitKde 204, 543 
(1967). 

s L.T. ROSENBER~, M. H. CH.~NDLER and E. E. FISCI1EL, J. Immun. 
8t, 136 (1958). 

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~.  


