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STUDIORUM PROGRESSUS 

Proteolyt ic  Act iv i ty  in the S e r u m  of Rabbits  
Dur ing  Anaphy lax i s  

Introduct ion.  Soon a f t e r  the  d i scovery  of a n a p h y l a x i s  
b y  PORTI]~R and  I~ICHET z i t  was  sugges ted  t h a t  ana-  
phy lax i s  in  t he  r a b b i t  was  due  to acu te  d i l a t a t i o n  a n d  
fai lure  of the  r i gh t  h e a r t  2. Th i s  was  a t t r i b u t e d  f i rs t  to  
increase  in p u l m o n a r y  a r t e r y  pressure  due  to cons t r i c t ion  
of t he  p u l m o n a r y  a r t e r y  a. L a t e r  c i r c u m s t a n t i a l  ev idence  
po in t ed  to o b s t r u c t i o n  of p u l m o n a r y  capi l lar ies  b y  leuco- 
cy te -p l a t e l e t  m i c r o t h r o m b i  and  release of h i s t a m i n e  4 a n d  
s e ro ton in  s f rom the  aggrega ted  cells. Since n e i t h e r  an t i -  
h i s t a m i n e s  6 no r  s e ro ton in  dep le t ion  7 amel io ra te  sys temic  
a n a p h y l a x i s  in  t h e  r a b b i t ,  a t t e n t i o n  was s u b s e q u e n t l y  
focused on  vascu l a r  obs t ruc t i on .  I t  h a s  been  k n o w n  for 
some t ime  t h a t  a h i g h  level  of c i rcu la t ing  a n t i b o d y  is 
essent ia l  to  elicit  a n a p h y l a x i s  in  the  r a b b i t  s. I t  h a s  also 
been  shown  t h a t  p u l m o n a r y  vessels become  o b s t r u c t e d  
du r ing  a n a p h y l a x i s  b y  eosinophi l ic  masses  9. I t  r e m a i n e d  
to  be d e m o n s t r a t e d  t h a t  these  masses  con t a i n  I TM w h e n  
label led an t igen  was used  ~0, and  t h a t  t h e y  are f luorescent  
w h e n  f luorescein t agged  a n t i g e n  was used for chal lenge n .  
F u t h e r m o r e ,  a n a p h y l a x i s  could be  p roduced  b y  in j ec t ing  
p re fo rmed  a n t i g e n - a n t i b o d y  p rec ip i t a t e s  u.  

T h u s  o b s t r u c t i o n  of t h e  p u l m o n a r y  vessels b y  an t igen -  
a n t i b o d y  p rec ip i t a t e s  is p r e s e n t l y  cons idered  to  be t he  
m a i n  p a t h o g e n e t i c  m e c h a n i s m  respons ib le  for t he  de- 
v e l o p m e n t  of a n a p h y l a x i s  in  the  r a b b i t  ~.  However ,  in  
o the r  lesions i n d u c t e d  b y  i m m u n e  prec ip i ta tes ,  such  as 
t he  A r t h u s  reac t ion ,  t he  p rec ip i t a t e s  pe r  se, a l t h o u g h  
of ten  p lugging  vessels ~a, cause l i t t le  t issue i n j u r y  in t he  
absence  of po lymorphonuc lea r (PMN)- leucocy tes14 .  Re-  
cen t ly  evidence  was p r e sen t ed  t h a t  PMN-leucocy tes  m a y  
induce  t issue i n j u r y  w h e n  t h e y  phagocy tose  an t igen -  
a n t i b o d y  p rec ip i t a t e s  1~ a n d  t h e r e b y  become  deg ranu -  
la ted,  re leas ing t h e i r  lysosomal  enzymes  16. These  f ind ings  
p r o m p t e d  us to  i nves t i ga t e  t he  possible role of PMN-  
leucocyt ic  enzymes  in  a n a p h y l a x i s  cf t h e  r abb i t .  I t  was  
found  t h a t  a n a p h y l a x i s  was  induced  b y  o b s t r u c t i o n  of t he  
p u l m o n a r y  vessels b y  t he  i m m u n e  prec ip i ta tes .  However ,  
PMN-leucocy tes  w h i c h  phagocy tose  t he  i m m u n e  precipi-  
t a t e s  become  d e g r a n u l a t e d  a n d  in  t h i s  process  p r e s u m a b l y  
release t h e i r  lysosomal  enzymes .  A rise in  p l a s m a  ca thep-  
s in level  was de t ec t ed  d u r i n g  anaphy lax i s ,  b u t  was no t  
de tec ted  in leucopenic  rabb i t s .  These  enzymes  m a y  be  
respons ib le  for va scu l a r  i n j u r y  in the  lung,  p a r t i c u l a r l y  
hemor rhage ,  and  p r o b a b l y  c o n t r i b u t e  to  the  d e v e l o p m e n t  
of p r o t r a c t e d  shock. P r e l i m i n a r y  f indings  were r epo r t ed  
r ecen t ly  ~. 

Mater ia l s  and Methods .  Albino  r a b b i t s  (2.5-3 kg) were 
i m m u n i z e d  w i t h  an t i gen  g iven  s u b c u t a n e o u s l y  in to  mul t i -  
pie s i tes  inc lud ing  foot  pads :  25 m g  of bov ine  s e r u m  
a l b u m i n  (BSA) or horse  fe r r i t in  (Pentex,  Kankakee ,  Ill.) 
in  comple te  F r e u n d ' s  a d j u v a n t .  Six weeks la te r  t he  circu- 
l a t ing  a n t i b o d y  N was  de t e rmined .  A n t i b o d y  N va lues  
var ied  be tween  0.2 a n d  1.2 mg  per  ml  of serum.  T he  an t i -  
gen  dose for i n t r a v e n o u s  chal lenge was based  o n  t he  
a n t i g e n  requ i red  for equ iva lence  in t he  q u a n t i t a t i v e  
p rec ip i t in  t e s t  and  t he  e s t i m a t e d  p l a s m a  vo lume  in each  
animal .  R a b b i t s  i m m u n i z e d  w i t h  B S A  were cha l lenged  
w i t h  f luorescein i so t h i ocyana t e  (Nut r i t iona l  B iochemi-  
cals, Cleveland,  Ohio) c o n j u g a t e d  BSA.  In  order  to  com- 
pare  a n a p h y l a x i s  b e t w e e n  leucopenic  and  n o r m a l  im-  
m u n i z e d  r a b b i t s  some r a b b i t s  were pa i red  accord ing  to 
t h e i r  c i rcu la t ing  a n t i b o d y  N level. One r a b b i t  of each  pa i r  
w i t h  s imi la r  c i rcu la t ing  a n t i b o d y  N level  was m a d e  leuco- 
penic  w i t h  n i t r ogen  m u s t a r d  a d m i n i s t e r e d  in  two  in t r a -  

venous  in jec t ions  (1.75 mg  a n d  1.0 mg/kg)  48 h a p a r t .  
Hema to log i c  f ind ings  on  t he  d a y  of chal lenge w i t h  an t i -  
gen:  t o t a l  W B C  500-1500,  d i f fe rent ia l  c o u n t  2 - 5 %  
neu t roph i l s .  A t  the  t ime  each  a n i m a l  was  g iven  n i t rogen  
m u s t a r d  t h e y  were also g iven  a n  i n t r a m u s c u l a r  i n j ec t ion  
of s t r ep tomyc in -pen ic i l l i n .  T h r e e  days  a f t e r  t h e  f i r s t  
n i t r ogen  m u s t a r d  in jec t ion  r a b b i t s  were cha l lenged  w i t h  
a n t i g e n  in pa i r s  (one n o r m a l  a n d  one leucopenic) .  All 
r a b b i t s  were obse rved  cl inical ly  a n d  signs of a n a p h y l a x i s  
( t achypnea ,  weakness ,  n y s t a g m u s ,  weav ing  of the  head ,  
defecat ion,  u r i n a t i o n  and  p ros t r a t i on )  were recorded.  
Se rum was col lected before  cha l lenge  a n d  l h a f te r  chal-  
lenge, excep t  in  those  r a b b i t s  t h a t  died before  the  hour .  
Autops ies  were pe r fo rmed  on  all  an imals .  

S e r u m  c a t h e p s i n  ac t i v i t y  was assayed  is b y  i n c u b a t -  
ing 1 ml  of serum,  1 ml  of 2% d e n a t u r e d  h e m o g l o b i n  a n d  
1 ml  of buffer ,  a t  37 ~ for 24 h. The  r eac t ion  was s t opped  
b y  a d d i n g  2 ml  of 10% TCA. Af te r  5 m in  t he  m i x t u r e  was 
f i l tered t h r o u g h  W h a t m a n  No. 40 f i l ter  paper .  The  op- 
t ica l  dens i t y  of the  TCA s u p e r n a t a n t  was r ead  a t  280 nm.  
B l a n k s  were  p r epa red  b y  a d d i n g  TCA before  the  add i t i on  
of t he  se rum.  

Results .  B o t h  n o r m a l  and  leucopenie  r a b b i t s  w i th  h i g h  
levels (over 0.8 m g  Ab N pe r  ml  of serum) of a n t i b o d y  
died w i t h  severe  signs of a n a p h y l a x i s  w i th in  a few 
minu tes .  The  m a i n  clinical  d i f ference be tween  t he  n o r m a l  
and  leueopenic  r a b b i t s  t h a t  su rv ived  was t h a t  p r o t r a c t e d  
shock w i t h  p r o s t r a t i o n  pe r s i s t ed  for h o u r s  in no rma l  r ab -  
b i t s  b u t  no t  in  those  which  h a d  b e e n  m a d e  leucopenic.  

A t  a u t o p s y  the  lungs  of non- leucopen ic  an ima l s  showed  
gross ev idence  of severe focal a n d  diffuse hemor rhage ,  
whereas  the  lungs  of l eucopenic  an ima l s  were grossly 
normal ,  excep t  for a few areas  of a te lec tas is  and  a few 
smal l  focal h e m o r r h a g i c  areas.  
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I n  an ima l s  cha l lenged  w i t h  f luorescein- label led  BSA,  
i m m u n e  p rec ip i t a t e s  could be  de t ec t ed  in t he  l u m i n a  of 
p u l m o n a r y  vessels.  I n  h e m a t o x y l i n - e o s i n  s t a ined  sect ions  
t he  p u l m o n a r y  vessels of all  r a b b i t s  con t a ined  eosino- 
phi l ic  masses .  The  p u l m o n a r y  vessels  in  an ima l s  w i t h  a 
n o r m a l  leucocyte  c o u n t  c o n t a i n e d  p la te le t s  a n d  n u m e r o u s  
PMN-leucocytes ,  b o t h  of w h i c h  h a d  phagocy tosed  t h e  
a n t i g e n - a n t i b o d y  prec ip i t a tes .  M a n y  of t he  p h a g o c y t o s e d  
p rec ip i t a t e s  h a d  fused w i t h  lysosomes (granules) to  fo rm 
diges t ive  vacuoles  (Figure 1). D u r i n g  th i s  process m a n y  leu- 
cocytes  and  p la t e l e t s  h a d  b e c o m e  d e g r a n u l a t e d  (Figure 2). 

Inc rease  in p ro teo ly t i c  a c t i v i t y  of se rum d u r i n g  ana -  
phy lax i s  could be  de t ec t ed  on ly  in r a b b i t s  w i t h  n o r m a l  
leucocyte  coun t s  (Table).  The  pro tease  a c t i v i t y  d e m o n -  
s t rab le  in  the  s e r u m  h a d  two peaks  of a c t i v i t y :  a large 
p e a k  a t  p H  3 a n d  a smal l  p e a k  a t  p H  7 (Figure 3). 

Discussion. The  d e m o n s t r a t i o n  of increased  p ro teo ly t i c  
a c t i v i t y  in  t he  s e rum of r a b b i t s  du r ing  anaphy lax i s ,  
t o g e t h e r  w i t h  u l t r a s t r u c t u r a l  changes  ind ica t ive  of t h e  
l i be ra t ion  of lysosomal  enzymes  is suggest ive  t h a t  t h e  
p ro tease  or p ro teases  re leased du r ing  a n a p h y l a x i s  are 
der ived  f rom the  PMN- leucocy te  lysosomes.  Lysed P M N -  
leucocyte  lysosomes hydro lyse  var ious  pro te ins ,  i nc lud ing  
a n t i g e n - a n t i b o d y  complexes  and  s y n t h e t i c  subs t ra t e s .  
T h e i r  a c t i v i t y  is i n h i b i t e d  p a r t l y  b y  S H - e n z y m e  inh ib i -  
tors19, ~~ The  pro teases  in  teucocyt ic  lysosomes are 
ca theps in s  26. The  p ro teo ly t i c  a c t i v i t y  d e m o n s t r a b l e  in the  
s e r u m  dur ing  a n a p h y l a x i s  r esembles  t h a t  o b t a i n e d  w i t h  
lysed PMN-leucocy te  lysosomes 1~,20. Since the re  are no  
acid pro teases  in  t he  s e rum 21 t he  two m o s t  l ikely sources  
are  PMN-leucocy tes  and  plateletse~. The  acid ca theps in s  
re leased  in t he  s e r u m  f rom PMN-leucocy tes  are p r o b a b l y  
t he  ca theps ins  D and  E descr ibed  b y  LAPR]ESLE an d  
"VVEBB ~a. I t  could be  a rgued  t h a t  p ro teases  w i t h  a p e a k  
a c t i v i t y  of such  low p H  could  n o t  ac t  in  vivo. However ,  
low p H  va lues  are r epo r t ed  to  occur  in digest ive  vacuoles  

Fig. 2. Completely degranulated PMN-leucocyte showing signs of 
degranulation. The nucleus (nue) is piknotic and the cytoplasm, 
which is ahnost free of glycogen, has innumerable vacuoles which 
contain precipitates (ppt) of BSA-anti BSA. The arrows point to dis- 
ruptions in the cellular membrane. This is not a fixation artifact; note 
portion of a well preserved eeli in the left upper corner. • 24,000. 
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Fig. 3. Serum cathepsin activi ty during anaphylaxis. Effect on 2% 
denatured hemoglobin at various pH values (see Table). 

Fig. 1. PMN-leucocyte in capillary of lung. It has a digestive vacuole 
(vac), which contains ferritin-antiferritin precipitates (ppt), together 

with fragments of granules (gr). gly = glycogen, x 58,000. 
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of cells, where  s u b s t r a t e  a n d  e n z y m e  i n t e r a c t  ~4 a n d  t he  
i n t r ace l lu l a r  p H  of phagocy t i c  cells was  sa id  to  be  3 or  
less*5. I f  released,  acid c a t h e p s i n  could n o t  ac t  a t  phys io -  
logical  p H  levels. However ,  w h e n  p u l m o n a r y  vessels  be- 
come  i m p a c t e d  b y  a n t i g e n - a n t i b o d y  p rec ip i t a t e s  a n d  
occ luded  b y  aggrega ted  leucocytes  and  p l a t e l e t s ,  l oca l ly  
re leased  acid ca theps in s  could be  p r o t e c t e d  f rom t h e  buf -  
fer ing c a p a c i t y  of t h e  s e rum and  could cause  local a l t e ra -  
t ions  in  t he  walls of vessels. A m a r k e d  d rop  in  p H  in  in-  
f l a m m a t o r y  e x u d a t e s  ha s  been  d o c u m e n t e d  2s. 

Mechan ica l  p lugg ing  of t he  p u l m o n a r y  vessels appea r s  
to  be  t he  m a j o r  p a t h o g e n e t i c  e v e n t  in  sys temic  ana -  
phy l ax i s  in  t he  r abb i t .  O b s t r u c t i o n  of these  channe l s  ac- 
c o u n t s  for  t h e  s y m p t o m s  obse rved  i m m e d i a t e l y  a f t e r  t h e  
cha l l eng ing  dose of an t i gen  a n d  mass ive  o b s t r u c t i o n  
usua l ly  ends  fa ta l ly .  However ,  if t h e  a n i m a l  su rv ives  t he  
f i rs t  c r i t ica l  phase ,  o the r  fac tors  bes ides  p lugg ing  beg in  
to  a s sume  impor t ance .  P h a r m a c o l o g i c a l l y  ac t ive  sub-  
s tances ,  such  as h i s t a m i n e ,  s e ro ton in  a n d  slow r eac t i ng  
s u b s t a n c e  seem to p l ay  b u t  a minor ,  if any,  role ~2. The re  
is a s l igh t  de lay  in  t he  onse t  of h y p o t e n s i o n  in  t h e  absence  
of p l a s m a  kinins2L However ,  p ro teases  p r e s u m a b l y  de-  
r ived  f rom PMN-leucocy tes  a n d  p la te le t s  m a y  p l ay  a sig- 
n i f i can t  role in  p r o t r a c t e d  anaphy lax i s .  Leucopen ic  r ab -  
b i t s  w h i c h  do n o t  die w i t h i n  a few minu tes ,  due to  t he  

Serum cathepsin levels during anaphylaxis in rabbits 

No. of Enzynle units~ 
rabbits 

Pre-anaphylaxis 

Mean S.E. b 

60 min 
post-anaphylaxis 

Mean S.E.b 

m e c h a n i c a l  o b s t r u c t i o n  caused  b y  t he  i m m u n e  complexes ,  
r ap id ly  recover .  R a b b i t s  w i t h  a n o r m a l  leucocyte  c o u n t  
r e m a i n  in a s t a t e  of p ros t r a t i on .  F u r t h e r m o r e ,  h e m o r r h a g e  
in  t he  lungs,  as in  t he  h e m o r r h a g i c  skin  lesion of t h e  
A r t h u s  reaction~3, ~r c an  deve lop  a p p a r e n t l y  on ly  w h e n  
PMN~leucocytes  are p r e sen t  a n d  show evidence  of de-  
g ranu la t ion .  

F ina l ly ,  i t  shou ld  be  n o t e d  t h a t  t he  sys temic  ana -  
phy lax i s ,  as desc r ibed  in  t h i s  paper ,  p r o b a b l y  occurs  to  
some degree in all  species w h e n  i n t r a v e n o u s l y  in j ec t ed  
an t i gen  i n t e r ac t s  w i t h  c i rcu la t ing  a n t i b o d y  and  shou ld  
p e r h a p s  be  refer red  to as a sys temic"  ' A r t h u s  reac t ion ' .  A n  
' a n a p h y l a c t i c  a n t i b o d y '  ha s  been  descr ibed  in m a n y  
species a n d  more  r ecen t ly  pass ive  c u t a n e o u s  anaphy lax i s ,  
due to such  ' a n a p h y l a c t i c  a n t i b o d y '  ha s  been  descr ibed  
also in  t he  r a b b i t  2s. I t  r e m a i n s  to  be  i n v e s t i g a t e d  w h e t h e r  
sys temic  a n a p h y l a x i s  can  be  induced  in  the  r a b b i t  w i t h  a 
t i ssue  b i n d i n g  ' a n a p h y l a c t i c  a n t i b o d y '  20 

Zusammen/assung. W ~ h r e n d  der  A n a p h y l a x i e  des 
K a n i n c h e n s  e n t s t e h e n  i n t r a v a s k u l ~ r e  A n t i g e n - A n t i k S r -  
pe rkomplexe ,  die yon  den  L e u k o z y t e n  p h a g o z y t i e r t  wer-  
den.  Die in  d e n  L y s o s o m e n  (Granula)  v o r h a n d e n e n  
p ro t eo ly t i s chen  E n z y m e  werden  dabe i  freigesetzt ,  u n d  
im Se rum nachgewiesen .  

SAFIA WASI, T. URIUHARA, •. S. TAICHMAN, 
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NormaI 10 13.9 1.6 36.5 2.12 

Leucopenic 5 9.7 2.67 12.1 3.18 

a 1 enzyme unit produces an optical density (at 280 nm) of 1 �9 10 .3 
per h/ml of serum at 37 ~ Equal volumes of serum, 2% denatured 
hemoglobin and buffer (citric aeid-Na-citrate pH 4.0) were incubated 
at 57 ~ for 24 h, the reaction stopped with 10% TCA and the filtrate 
read at 280 nm. b Standard error. 
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C O G I T A T I O N E S  

E s t i m a t i o n  de la r e d o n d a n c e  de f i g u r e s  de 
con tou r  1 

Nous  nous  sommes  d e m a n d 6  si la s t r u c t u r e  des Iormes  
visuel les  p o u v a i t  recevoi r  une  express ion  m a t h ~ m a t i q u e .  
C 'es t  darts la th6or ie  de l ' i n fo rma t ion ,  qu i  s ' es t  r6v616e 
ut i le  d a n s  l '~ tude  q u a n t i t a t i v e  du  langage,  que  nous  a v o n s  
cherch6  la  so lu t ion  de n o t r e  probl~me.  D a n s  la  t r a n s m i s -  
s ion du  message  verba l ,  ce qui  se p r6sen te  comme de 
l ' i n f o r m a t i o n  superf lue ,  ~ savoi r  l ' o r gan i s a t i on  des s ignes 
sous Fac t ion  des r6gles s6mant iques ,  syn t ax iques ,  p rag-  
m a t i q u e s  e t  aut res ,  cons t i tue  la s t r u c t u r e  5. laquel le  la 

th~orie  de l ' i n f o r m a t i o n  d o n n e  le n o m  de r edondance .  
Elle s ' exp r ime  p a r  la fo rmule :  

R = H ( m a x ) - H  
�9 l oo  ( 1 )  

H ( m a x )  

dans  laquel le  H ( m a x )  repr~sen te  la  s o m m e  de l ' i n fo rma-  
t ion  con t enue  d a n s  c h a c u n  des signes, e t  H l ' i n f o r m a t i o n  
r6elle 6mise p a r  le message.  

1 Travail rdalis~ avec l'aide du Fonds National Belge de la Re- 
cherche Scientifique. 


