
15. 10. 1970 Specialia 1143 

4, o b  
4, O b  
,~ O D  

'g 0 0 ~  

'~ O K )  

~5~, 0 0 

~T O O  

30 

30a 

20 

20a 

15 

1So 

oJo 
o)~o 
0)~0 

OO 
O o  

0 

XIII 

I I  

I t  

u 

XHI 

II 

11 

X III 

11 

"" 0 (0  v 

,8 0 D " 

2~ 0 t{OI ,, 

u, 0 ~D ,, 
Fig. 4. Immuno-osmophoresis test. Antigens: purified FPV con- 
centrated 13 times (XIII) and normal chorioallantoic membrane (V). 
Sera: FPV (30), FPV V (20) and S (16), NDV (23, 24), Sendal (35, 
37, 41, 42), normal chorion allantoie membrane (19), human group 
B (26); index 'a'-exhausted with normal chorioallantoic membrane 
antigens. 
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Fig. 5. Biphasic immuno-osmophoresis test. Antigen: purified FPV 
concentrated 11 times (XI). Sera: FPV (1, 10, 13) and FPV V 
sera (20), normal charioallantoic (18, 19) and standard hemolytic 
sera. 

BblB0~bl. ]~a~ BblgBJIeHH9 KJIeT0qHbIX aHTHreHoB B C0CTaBe 
BHpyC0B KJIaccHqecK0-~ qyMbI IITHII, 60Jle3HI4 HbtOKacJIa H 
Cenglafi 6blnn npHMeHeHbI MeTOJIbt /IHqbdpyamI B arape, nM- 
MynoaneKwpoO#ope3a H nMMyHOOCMOqbopeaa. C noMombm aTHX 
MeTOB;0B y]IaJIOCb BBIfIBHTIa B COCTaBe BHpHOHOB HeCKO2IBKO 
KJIeTOqHMX aHTHFeHOB, BK~toqast BH~IOCI]etIHq0IIqecKH~, rpyH- 
n0cHetI~HqecKH~ A H aHTHreH qO0pcMaHa. 
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E x p e r i m e n t a l  Myocardi t i s  : E n h a n c e m e n t  by  the 

I t  has  been  s h o w n  t h a t  Lewis r a t s  are more  suscep t ib le  
t h a n  o t h e r  s t r a in s  to  a n u m b e r  of a u t o - i m m u n e  disease 2. 
I n  add i t ion ,  per tuss i s  vacc ine  is k n o w n  to acce lera te  a n d  
i n t ens i fy  ce r t a in  e x p e r i m e n t a l  a u t o - i m m u n e  diseases 
w h e n  g iven  in a d d i t i o n  to  t he  a n t i g e n  a d j u v a n t  emul-  
s ion ~-s. 

I n  p rev ious  s tudies ,  28% of H e b r e w  U n i v e r s i t y  s tock  
r a t s  i m m u n i z e d  w i t h  h e a r t  e x t r a c t s  in  comple t e  F r e u n d ' s  
a d j u v a n t ,  deve loped  m y o c a r d i t i s L  The  p r e s e n t  exper i -  
m e n t  was  des igned  in o rder  to  e s t ab l i sh  w h e t h e r  Lewis 
r a t s  were more  suscep t ib le  to  t h e  d e v e l o p m e n t  of myo-  
ca rd i t i s  t h a n  t h e  H e b r e w  U n i v e r s i t y  s tock  r a t s  a n d  
w h e t h e r  pe r tuss i s  vacc ine  ha s  a n y  a u g m e n t i n g  effect  on  
t h i s  process.  

Materials and methods. Animals: I n b r e d  Lewis  r a t s  
(Microbiological  Associates,  Be thesda ,  Md.) a n d  ' S a b r a '  

Use  of Per tuss i s  Vaccine in Lewis  Rats  ~ 

ra t s  of t h e  H e b r e w  U n i v e r s i t y  o u t b r e d  stock,  of b o t h  
sexes an d  weigh ing  150-200 g, were used. 

Antigens: R a b b i t  a n d  r a t  h e a r t s  were s to red  a t  - -  20 ~ 
t h a w e d  before  use a n d  a 33% h o m o g e n a t e  in  sa l ine  pre-  
p a r e d  in a Sorval l  o m n i m i x e r  a t  4 ~ T h e  h o m o g e n a t e  
was f i l tered t h r o u g h  2 layers  of gauze  a n d  t h e  p r o t e i n  
c o n t e n t  d e t e rmi n ed .  T h e  an t igens  were m i x e d  in equa l  
vo lumes  w i t h  F r e u n d ' s  comple te  a d j u v a n t  (Difco) en r i ched  
w i t h  4 m g / m l  of M. tuberculosis h u m a n  t y p e  C, DT, P N  
(k indly  suppl ied  b y  t h e  Min i s t ry  of Agr icu l ture ,  F isher ies  
a n d  Food  Cont ro l  V e t e r i n a r y  Lab. ;  W e y b r i d g e ,  Surrey,  
Eng land ) .  T h e  f ina l  p r o t e i n  c o n t e n t  of t h e  a d j u v a n t  
emuls ion  was  20-25 m g  p ro t e in /ml .  

Pertussis vaccine was k i n d l y  suppl ied  b y  R A F A  Ltd .  
Labora to r i e s ,  J e rusa lem,  a n d  c o n t a i n e d  228 • 102 Borde- 
tetla per  ml.  
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Myocarditis in rats sensitized to rabbit and rat heart-adjuvant emulsion with or without pertussis vaccine 

]z~XPERIE NTIA 26110 

Degree of myocarditis 
Rat Heart Adjuvant Pertussis 
strain antigen vaccine 0 + + +  + + +  

Rats with 
myocarditis/ 
total 
injected 

Lewis Rabbit + + 4 5 10 4 19/23 
Rabbit + 6 1 0 0 1[7 
Rat + + 5 6 2 0 8/13 
None + + 22 1 0 0 1[23 
None - -  + 8 0 0 0 0/8 

Hebrew Rabbit + + 8 1 1 0 2/10 
University Rabbit + - -  5 0 1 0 1 [6 
' Sabra' None + + 5 0 0 0 0]5 

None + - -  5 0 0 0 0[5 

After 14 days. For grading of lesions see text. 

Immunization: Rat s  were in jec ted  wi th  0.1 ml  of t he  
an t igen  a d j u v a n t  emuls ion in to  t he  foot  pad  of each 
h ind  leg (a to ta l  of 4-5 mg pro te in  per  rat),  followed by  
an in ject ion of 0.05 ml  per tuss is  vaccine in to  t he  dorsum 
of each h ind  leg. Control  ra t s  were in jec ted  wi th  t he  
same a m o u n t  of saline a d j u v a n t  emulsion wi th  or w i t h o u t  
pertussis .  

Histological examination: 14 days  af ter  immuniza t ion  
the  animals  were killed by  ether,  the  hear t s  were r emoved  
and  f ixed in 4% neu t ra l  formalin,  sectioned,  and  s ta ined  
wi th  h a e m a t o x y l i n  and eosin. 

Tanned cell haemagglutination was per fo rmed  as de- 
scr ibed elsewhere s. 

Results. The results  are summar ized  in the  Table. Only 
2 of 13 r a t s  developed myocard i t i s  w i thou t  the  addi t ion  
of per tuss is  vaccine.  The addi t ion  of per tuss is  vaccine 
had  a marked  enhanc ing  effect  upon  the  d e v e l o p m e n t  of 
the  disease in t he  Lewis ra ts  bu t  no t  in the  Hebrew 
Unive r s i ty  s t rain.  In  the  lat ter ,  only 2 of t he  10 animals  
immunized  wi th  r abb i t  hea r t  and  per tuss is  vaccine devel-  
oped myocardi t i s .  Lewis ra ts  immunized  wi th  xenogeneic  
(rabbit)  hea r t  developed myocard i t i s  more  f requen t ly  and  
to  a grea ter  ex t en t  t h a n  those  immunized  wi th  allogeneic 
(rat) hea r t .  

The histological  changes  in t he  m y o c a r d i u m  were 
fundamen ta l l y  similar  bu t  var ied in the i r  in tens i ty  and  
dis t r ibut ion .  The mos t  marked  changes  consis ted of b o t h  
focal and diffuse in ters t i t ia l  cellular inf i l t rat ion,  clas- 
sifted as + - } - +  (Figure). The lesions were i r regular ly 
d i s t r ibu ted  in the  m y o c a r d i u m  and  consis ted of l ympho id  
and  his t iocyt ie  cells accompanied  by  muscle necrosis. 
In  some of these  focal lesions po lymorphonuc lea r  leuco- 
cytes  were also present .  In  o ther  sections,  there  were 
fewer focal lesions and  no diffuse lesions. Minimal  muscle  
necrosis was ev iden t  and  in general  the  i n f l a m m a t o r y  
inf i l t ra te  was less str iking.  These lesions were classified 
as + .  No such lesions were found  in o the r  organs exa- 
mined.  Tanned  haemagg lu t ina t ion  tes ts  showed some posi- 
t ive  sera b u t  no correlat ion wi th  the  myocard ia l  lesion. 
This f inding corresponds  wi th  a previous s t udyL  

Discussion. In  the  p resen t  s tudy  we have  d e m o n s t r a t e d  
t h a t  per tuss is  vaccine po ten t i a t e s  the  deve lopmen t  of 
myocard i t i s  in Lewis  rats.  These results  accord wi th  
those  of o thers  in expe r imen ta l  allergic encephalomyel i -  
t is  4, adrenal i t is  5, thyro id i t i s  3 and  asperlnatogenesis% 
This s t u d y  also shows the  difference in suscept ib i l i ty  to  

myocard i t i s  of the  inbred  Lewis ra t s  as opposed to Lhe 
ou tb red  H eb rew  Univers i ty  s t rain.  R a b b i t  hea r t  ex t rac t s  
p roved  to be a more  p o t e n t  an t igen  t h a n  ra t  hear t .  This  
f inding conf i rms those  of earlier s tudies  ~, a l though  it 
differs f rom the  results  ob ta ined  by  o ther  workers  using 
thy ro id  and  adrena l  ant igens  3,5. Only 2 of the  10 ra ts  
of the  Hebrev~ Univers i ty  s t ra in  t r ea t ed  wi th  per tuss is  

Diffuse cellular infiltration of myoeardium, graded + + +.  H. & E., 
x 150. 
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vacc ine  showed  myocard i t i s .  Ea r l i e r  s tud ies  9 showed  t he  
occurrence  of s p o n t a n e o u s  m yoca r d i t i s  in  th i s  s t ra in ,  
a l t h o u g h  th i s  was  no t  e v i d e n t  in the  p re sen t  s t u d y  a n d  
on ly  one of t he  Lewis r a t s  showed  such  lesions. I n  pre-  
v ious  s tudies  p o l y m o r p h o n u c l e a r  leucocytes  were  r a re ly  
found  in t he  les ions ;  however ,  in  th i s  e x p e r i m e n t  t h e y  
were  p r e sen t  in large n u m b e r s  in  all t h e  an i m a l s  g raded  
as + + + .  The  presence  of a b u n d a n t  p o l y m o r p h o n u c l e a r  
leucocytes  is p r o b a b l y  r e l a t ed  to  t he  mass ive  m y o c a r d i a l  
necrosis  p r e sen t  a n d  no t  to  infect ion,  as no microorga-  
n i sms  were found  in t he  sect ions  e x a m i n e d  10. 

festgestel l t ,  w e n n  wahl los  gezi ichtete ,  gene t i sch  n i c h t  ver-  
w a n d t e  R a t t e n  (Hebrew U n i v e r s i t y  s t r a i n  <(Sabras>) in 
derse lben  Weise  b e h a n d e l t  wurden .  

I. FRIEDMAN, NAOMI ~RoN, ' 
A. LAUFER a n d  A. M. DAVIES 
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Zusammen/assung. Nachweis ,  dass  Per tuss i s  Impf s to f f  
die Ne igung  zur  E n t s t e h u n g  exper imen te l l e r  Myoka rd i t i s  
bei  I n z u c h t - L e w i s - R a t t e n ,  die m i t  K a n i n c h e n -  u n d  R a t -  
t e n h e r z e x t r a k t e n  in vo l l s t~ndig  F r e u n d ' s c h e m  A d j u v a n s  
i m m u n i s i e r t  wurden ,  ve r s t~ rk t .  Ke ine  z u n e h m e n d e  Nei-  
gung  zur  E n t w i c k l u n g  der  K r a n k h e i t  wurde  h ingegen  

z A. LAUFER, E. ROSENMANN and A. M. DAVIES, Br. J. exp. Path. 
z7, 605 (1966). 
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Effect of Caerule in  Infus ion  on G l u c a g o n  Secre t ion  

Prev ious  research  2 has  shown t h a t  in t h e  dog caeru le in  
is t he  m o s t  p o t e n t  s t i m u l a n t  of insu l in  secre t ion  so far  
k n o w n :  in  fact ,  t h e  t h r e s h o l d  dose was 0.5-1 ng /kg  pe r  
mil l  b y  i.v. infus ion  a n d  5-10 ng /kg  b y  single i.v. injec-  
t ion.  On a m o l a r  basis,  t he  insu l in  s t i m u l a n t  a c t i v i t y  of 
caeru le in  was 2-3 t imes  larger  t h a n  t h a t  of cho lecys tok in in-  
panc reozymin .  

UNGER, KETTERER, DUPR]~ a n d  EISENTRAUT 3 d e m o n -  
s t r a t e d  t h a t  i.v. in fus ion  of cho tecys tok in in ,  b u t  no t  of 
secre t in  or gas t r i n  I, s t i m u l a t e d  g lucagon  secre t ion  in t h e  
dog. Comple t ing  our  p reced ing  da ta ,  we h a v e  s tud ied  in 
t h e  p r e sen t  e x p e r i m e n t s  t he  effect  of caeru le in  in fus ion  
on g lucagon  secre t ion in the  dog. 

Materials and methods. P r e p a r a t i o n  of 6 mongre l  dogs, 
insu l in  a n d  glucose t i t r a t i o n  were car r ied  ou t  exac t ly  as 
descr ibed  in a p rev ious  paperS;  g lucagon  c o n c e n t r a t i o n  
in t he  p a n c r e a t i c o - d u o d e n a l  venous  p l a s m a  was  m e a s u r e d  
b y  t he  r a d i o - i m m u n o  assay  of UNGER, EISENTRAUT, 
McCALL and  MADISON 4. 

Caerule in  (p repared  a t  t h e  F a r m i t a l i a  L abo r a t o r i e s  for 
Basic  Research ,  Milan) was  dissolved in physio logica l  
sal ine so lu t ion  a n d  infused  in t he  femora l  ve in  a t  a r a t e  
of 2 ng /kg  pe r  ra in  for per iods  of 30 rain.  

Results and discussion. T he  Tab le  s u m m a r i z e s  t he  resul t s  
of our  expe r imen t s .  The  t a b u l a t e d  d a t a  show t h a t  a t  t h e  
doses used caeru le in  increased  g lucagon  c o n c e n t r a t i o n  in  
the  p a n c r e a t i c o - d u o d e n a l  venous  p lasma.  T he  increase  
was a l r eady  ev iden t  5 mil l  a f te r  t h e  in fus ion  s t a r t e d  and  
r eached  a peak  a f t e r  20-30 rain.  W h e n  ti le in fus ion  was 
d i scon t inued ,  g lucagon  c o n c e n t r a t i o n  r e t u r n e d  to  t he  
basa l  level  in  15-30 rain.  

I m m u n o - r e a c t i v e  insu l in  c o n c e n t r a t i o n  in t he  p a n -  
c rea t i co -duodena l  venous  b lood  increased  d u r i n g  caeru le in  
infusion,  and  t h e  i n c r e m e n t s  ( abou t  2.5 t imes  t h e  base  
levels) were of t he  same m a g n i t u d e  as those  obse rved  in 
t i le p reced ing  e x p e r i m e n t s  ~. Ar te r i a l  glucose r e m a i n e d  
p rac t i ca l ly  unmodi f i ed ,  conf i rming  our  p rev ious  resu l t s  
where  on ly  doses of caeru le in  h ighe r  t h a n  5 ng /kg  pe r  
ra in  p roduced  a b o u t  a 100% increase  in glycemia,  w i t h  
no ev iden t  r e l a t i on  to t he  dose. A typ ica l  e x p e r i m e n t  is 
shown  in the  Figure .  

F r o m  p re sen t  resu l t s  i t  appea r s  t h a t  caeru le in  s t rong ly  
s t imu la t e s  no t  on ly  insu l in  b u t  also g lucagon  secret ion,  
t h u s  once aga in  conf i rming  t h a t  t i le  a c t i v i t y  s p e c t r u m  
of caeru le in  exac t ly  covers  t h a t  of cho lecys tok in in .  

in the D o g  1 

U n f o r t u n a t e l y ,  i t  was no t  possible  to  ca r ry  ou t  com- 
p a r a t i v e  e x p e r i m e n t s  w i t h  cho lecys tok in in .  However ,  we 
can  observe  t h a t  UNGER et  al. 3 in fus ing  cho lecys tok in in  
a t  a r a t e  of 30 I v y  dog un i t s / r a in  ( abou t  10 9g/rain)  
o b t a i n e d  all i n c r e m e n t  in g lucagon  c o n c e n t r a t i o n  in t he  
p a n c r e a t i c o - d u o d e n a l  venous  p l a s m a  wh ich  was of t he  
s ame  order  of m a g n i t u d e  as t h a t  we o b t a i n e d  in  t he  
p re sen t  e x p e r i m e n t s  w i t h  t he  in fus ion  of 2 ng /kg  pe r  ra in  
(about  30 ng /min)  of caerulein.  

Ar te r i a l  glucose r e m a i n e d  p rac t i ca l ly  unmod i f i ed  a f t e r  
caeru le in  infusion.  S imi la r  resul t s  were o b t a i n e d  b y  
]~UCHANAN, VANCE, MORGAN a n d  ~r 5 who in jec ted  
in t he  dog 2.5-5 I v y  dog un i t s / kg  of cho lecys tok in in  i.v. 
a n d  obse rved  a 2.3 a n d  3.2 t imes  increase  in g lucagon  
and  insu l in  c o n c e n t r a t i o n  respect ive ly ,  w i t h  a v e r y  smal l  
increase  in a r te r ia l  glucose ( abou t  25%) wh ich  r eached  
a peak  10 ra in  a f t e r  t he  m a x i m u m  h o r m o n a l  response.  

Th i s  is no t  su rpr i s ing  if one keeps  in m i n d  t h a t  UNGER 
et  al. 3 o b t a i n e d  in t h e  dog, a f t e r  r ap id  e n d o p o r t a l  injec-  
t ion,  a 50% increase  in g lycemia  on ly  w i t h  doses of 
g lucagon  of 1 txg, wh ich  fa r  exceeded t h e  a m o u n t  of 
g lucagon  (es t imated  a t  a b o u t  30 ng/ml)  re leased in  our  
expe r imen t s .  Moreover,  MEADE, KNEUBUHLER, SCHULTE 
a n d  t3ARBORIAK s d id  no t  f ind  a n y  change  in a r t e r i a l  
glucose fol lowing i.v. in fus ion  of 1 I v y  dog Ul l i t /kg /min  
of cholecys tokin in ,  in  sp i te  of t he  30-40 fold s u b s t a n t i a l  
increase  in  p o r t a l  insu l in  c o n c e n t r a t i o n  el ici ted b y  t he  
ho rmone .  

I t  is hence  ev iden t  t h a t  t he  a m o u n t  of g lucagon  re leased 
b y  caeru le in  in  t he  course of our  e x p e r i m e n t s  is too  smal l  
to  elicit  an  apprec iab le  change  in b lood sugar  levels.  On 
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