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was 400 m g / k g ;  42 con t ro l  r a t s  were in jec ted  w i t h  s imi la r  
q u a n t i t i e s  of p r o p a n d i o l  M E R C K  only.  A t  days  1, 3, 7, 
10, 14, 17 a n d  21, a f t e r  the  f i r s t  dose 3 a n i m a l s  of each  
group  were r e m o v e d  a n d  a s ample  of b lood  t a k e n  f rom 
the  r e t r o o r b i t a l  plexus.  Bes ides  h a e m a t o c r i t  e ry th rocy te s ,  
r e t i cu locy tes  and  He inz -bod ies  were c o u n t e d  b y  m e a n s  
of Coul te r  counte r ,  m e t h y l e n e  blue  s t a in ing  and  nile b lue  
s t a in ing  respect ive ly .  H a e m o g l o b i n  was e s t i m a t e d  b y  t he  
h a e m o g l o b i n - c y a n i d e  me thod .  The  r e m a i n i n g  an ima l s  
were a l lowed to recover  for 21 days  d u r i n g  w h i c h  t i m e  
b lood was t a k e n  in a s imi la r  m a n n e r  as above ,  and  t he  
same p a r a m e t e r s  m e a s u r e d  a t  s imi la r  t i m e s  a f t e r  s t o p p i n g  
dosing.  A n o t h e r  g roup  of 5 a n i m a l s  were t r e a t e d  in t he  
same  way  w i t h  A I A U  in a da i ly  overa l l  dose of 500 m g / k g  
for 42 days,  a n d  on  t he  43rd d a y  t he  t h r o m b o c y t e s  were 
coun t ed  b y  t he  cocaine  m e t h o d  a n d  c o m p a r e d  to 5 con t ro l  
an ima l s .  

Results and discussion. If  r a t s  are t r e a t e d  for a r e l a t i v e l y  
long  per iod  w i t h  A I A U ,  t h e y  show m a r k e d  d i s t u r b a n c e s  
in l iver  h a e m  me tabo l i s m ,  wh ich  is pa ra l l e led  b y  a E M  
a n d  h is to logica l ly  v is ib le  p i g m e n t a t i o n  of th i s  t i ssue  9, 
and  increased  u r i n a r y  exc re t ion  of p o r p h y r i n s  and  t h e i r  
precursors .  V a r i a t i o n s  were also n o t e d  in s e rum e n z y m e s  
a n d  o t h e r  s e rum p a r a m e t e r s  (RENTSCH a n d  JOHNSTON 10). 

I n  our  e x p e r i m e n t s  we were u n a b l e  to  f ind  m a j o r  
changes  in t h e  h a e m a t o p o e t i c  sys tem.  E r y t h r o c y t e s ,  
h a e m a t o c r i t  a n d  h a e m o g l o b i n  v a r i a t i o n s  were w i t h i n  t he  
m a r g i n  of e r ror  of our  t echn iques .  D u r i n g  t he  e x p e r i m e n t  
t he  r e t i cu locy tes  were in t he  r ange  of 21-145 cells/1000, 
which  is w i t h i n  t he  phys io log ica l  n o r m  for t h e  r a t s  used. 
Heinz-bodies ,  m a r k e r s  of i n t r a - e r y t h r o c y t e  h a e m o g l o b i n  
d e s t r u c t i o n  (RENTSCH and  WITTEKIND 11), were  no t  found.  
H e n c e  i t  can  be  seen t h a t  A I A U  produces  no  s ign i f i can t  
a l t e r a t i ons  in  t h e  p a r a m e t e r s  measured ,  excep t  for a 
s l igh t  e l eva t i on  of t he  t h r o m b o c y t e s  in  t he  h igh-dose  

Thromboeytes of rats dosed with AIAU 500 mg/kg (T) compared 
with those of controls (K) 

Animal number Thrombocytes per ~1 

K1 836 • 10 a 
K2 772 • 10 a 
K3 974 • 10 a 
K4 782 • 103 
K5 1102 x 103 
K average 893 • 103 �9 
T1 1268 • 10 a 
T2 1366 • 10 a 
T3 1252 • 10 a 
T4 1068 • 10 a 
T5 1204 X 10 a 
3' average 1232 • 103b 

SD : 4- 142 • 10~; b SD: 4- 109 x 103; P(0,01 
See text for full experimental details. 

an imals ,  a resu l t  c o n t r a r y  to t h a t  found  in h u m a n s  
h y p e r s e n s i t i v e  to  A I A U  (see Table) .  

LEVlN et  al. 12 sugges t  t h a t  A I A U  exer t s  i ts  p a t h o -  
phys io log ica l  effects for 2 reasons :  1. t he re  is a n  al lyl  
g roup  in t he  molecule,  a n d  2. t he  c o m p o u n d  is c o n v e r t e d  
i n to  an  ac t ive  me tabo l i t e .  I t  is also sugges ted  t h a t  t he  
ac t ive  fo rm is a n  epoxide  on t he  al lyl  group.  This  epoxide  
is t h e n  t h o u g h t  to  r eac t  w i t h  h a e m  caus ing  i ts  d e s t r u c t i o n  
in l iver.  

W h y  t h e n  does A I A U  no t  cause  h a e m o g l o b i n  des t ruc-  
t i on  in b lood ? One answer  m a y  be  t h a t  red  cells are  u n a b l e  
to  me tabo l i ze  i t  a n d  t he  ac t ive  m e t a b o l i t e  fo rmed  in 
o the r  t i ssues  neve r  reaches  t h e  c i r cu la to ry  sys tem.  I n  th i s  
c o n t e x t  i t  shou ld  be m e n t i o n e d  t h a t  o t h e r  t i ssues  besides  
l iver  can  p roduce  t he  ac t ive  me tabo l i t e .  W e  h a v e  found  a 
green  p i g m e n t a t i o n  in i so la ted  m i c r o s o m a l  p r e p a r a t i o n s  
of lung  a n d  k i d n e y  f rom r a t s  t r e a t e d  w i t h  A I A U  10. Th i s  
ind ica tes  a s imi la r  p a t t e r n  to t h a t  in  t h e  l iver  where  A I A U  
causes  h a e m  b r e a k d o w n  p r o d u c t s  f rom c y t o c h r o m e  P-450, 
co lour ing  t he  microsomes.  

Tissues  capab le  of p r o d u c i n g  t h e  ac t ive  molecule  
p r o b a b l y  b i n d  i t  t i g h t l y  and  r ap id ly  to s t r u c t u r e s  nea r  t he  
si te  of i ts  fo rmat ion .  This  means  t h a t  t he  effect ive half-  
life of t he  new c o m p o u n d  fo rmed  m u s t  be  e x t r e m e l y  
short .  In  t h e  k idney ,  t h e r e  is the  poss ib i l i ty  of a n  al lyl  
g roup  epoxide  fo rming  a n d  be ing  r ap id ly  excre ted  due  to 
t he  special  n a t u r e  of the  t u b u l a r  sys tem.  Epox ides  found  
in r a t  u r ine  a f te r  a d m i n i s t r a t i o n  of A I A  s u p p o r t  th i s  la,1.. 

Zusammen/assung. W e n n  R a t t e n  lXngere Zei t  m i t  2- 
A l ly l -2 - i sop ropy lace ty lha rns to f f  b e h a n d e l t  werden,  fin- 
den  s ich in ve r sch i edenen  Organen  g r i i n -b raune  P igmen te .  
Diese vo rwiegend  in Mic rosomen  loka l i s ie r ten  P r o d u k t e  
s t a m m e n  v o m  H~tm des C y t o c h r o m s  P-450 sowie a n d e r e n  
H ~ m o p r o t e i n e n .  A m  hS~matopoet ischen Sys t em k o n n t e n  
demgegen t ibe r  ke ine  Ve r / i nde rungen  ge funden  werden.  
D a m i t  i s t  der  Schluss  ges t a t t e t ,  dass  de r  fiir die H/ imde-  
n a t u r i e r u n g  v e r a n t w o r t l i c h e  a k t i v e  M e t a b o l i t  eine sehr  
kurze  H a l b w e r t z e i t  h a b e n  muss.  
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I n h i b i t i o n  o f  t h e  L o c a l  H e m o r r h a g i c  S h w a r t z m a n  R e a c t i o n  b y  a n  A c i d  P r o t e i n a s e  

I n h i b i t o r , '  P e p s t a t i n  

W h e n  bac,terial  e n d o t o x i n  is in j ec ted  in to  r a b b i t s  in t r a -  
cu taneous ly ,  fol lowed in 24 h b y  a n  i.v. i n j ec t ion  of a n o t h e r  
e n d o t o x i n  p r e p a r a t i o n ,  a n  i n f l a m m a t o r y  a n d  necro t ic  
r eac t ion  is m a n i f e s t e d  a t  t h e  s i te  of i n t r a c u t a n e o u s  
i m p l a n t a t i o n  of t h e  m a t e r i a l  1, 2. The  m e c h a n i s m  of th i s  

local h e m o r r h a g i c  SHWARTZMAN p h e n o m e n o n  is unclear .  
However ,  ev idence  ind ica tes  t h a t  a g r a n u l o c y t e  m e d i a t e d  
i n f l a m m a t o r y  process  a-5 is i nvo lved  a long  w i t h  t he  effect  
of e n d o t o x i n  upon  the  b lood vessels a n d  l y m p h o r e t i c u l a r  
cellsS, L C o m p l e m e n t  8 as well  as t he  b lood coagu la t ion  
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sys t em 2, 9-n  has also been  impl ica ted  in th is  pa thologic  
phenomenon .  I t  is l ikely t h a t  the  SHWARTZMAN reac t ion  
is a consequence of cascade react ions  in which  enzyme 
act ivi t ies  could p lay  a role. The intracel lular  p ro teo ly t ic  
enzymes  have  been suggested to be essent ia l  in t he  
genera t ion  of th is  reac t ion  *, and  t ryps in  was r epor ted  to 
p o t e n t i a t e  i t  ~. 

If t r yps in  inhib i tors  were in jec ted  i.v. shor t ly  before 
the  t ime  of t he  p rovoca t ive  endo tox in  inject ion,  t he  
express ion  of t he  SHWARTZMAN p h e n o m e n o n  was sup- 
pressed~a, ~. I t  was suggested t h a t  the  t issue damage  
observed in the  p h e n o m e n o n  was condi t ioned  di rec t ly  
by  or t h rough  release of prote inases ,  par t i cu la r ly  the  
lysosomal  enzymes  con ta ined  in granulocytes4.  Soybean  
t r yps in  inhib i tor  and  bovine  organ t ryps in  inhib i tor  
(Trasylol) are known  inhib i tors  of kinin genera t ion  and  
of the  t ryps in- l ike  pro te inases  pa r t i c ipa t ing  in t he  blood 
coagulat ion processes ~5, b u t  riley do no t  inh ib i t  the  acid 
prote inases ,  such as ca theps in  D ~s, which  is the  major  
pro te inase  of r abb i t  nentrophi ls~L This class of acid 
pro te inases  has  been  impl ica ted  by  DINaLE ~8 in the  
pa thologica l  degrada t ion  of cart i lage mat r ix .  If  the  
p ro teo ly t ic  enzymes  der ived f rom the  granulocytes  have  
indeed an essent ia l  func t ion  in elici t ing the  SI~WARTZ~IAN 
phenomenon ,  the  possible  pa r t i c ipa t ion  of the  acid pro-  
te inases  canno t  be neglected.  
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Fig. 1. pH profile of the proteolytic activity of rabbit peritoneal 
polymorphonuelear leukocytes. The cells (about 4 x 105), prepared 
according to COHI~ and HIRSCH ~s were homogenized with a Polytron 
homogenizer after freezing and thawing in 10 ml of saline solution. 
The material was centrifuged for 5 rain at 400 x g, and 0.2 ml aliquots 
of the supernatant fraction were used for the assay. The general 
proteolytie activity on methyl-14C-glycinated hemoglobin 29 was 
determined after a 2 h-incubation at 37~ (�9169 0.4 M sodium 
citrate buffer and 0.5 M Tris-HC1 buffer were used in the pH range 
of 2 to 5.5 and 6 to 9, respectively. The effects of the following 
proteinase inhibitors were also examined in the entire pH range tested : 
hydroxystilbamidine at 1.9• -5 M (A--A), soybean trypsin 
inhibitor at 0.8• .5 M (10 ~xg/ml) (A--&), and pepstatin at 
] .5 • 10 -s M (0.01 ~zg/ml) (@--@). 

In  th is  communica t ion ,  we p resen t  evidence ind ica t ing  
t h a t  by  p roper  ad mi n i s t r a t i o n  rou te  and  amoun t ,  a 
specific inhib i tor  of acid prote inase ,  p e p s t a t i n  ~9, can 
suppress  the  SltWARTZMAN phenomenon .  This  suggests  
the  i nvo lvemen t  of s teps  ca ta lyzed  by  acid pro te inases  
in t he  react ion.  

Materials and methods. Adul t  female  whi te  r abb i t s  
(New Zealand),  weighing 1.5-2.5 kg, were pa r t i a l ly  
depi la ted  of the  abdomina l  hai r  w i th  t he  aid of cl ippers and  
a dep i la to ry  agent .  The pro te inase  inh ib i tors  employed  
were crysta l l ine  soybean  t r y p s i n  inh ib i to r  (Calbiochem, 
California), peps t a t i n  (a generous gift  of Dr. H. U~EZAWA, 
In s t i t u t e  of Microbial  Chemis t ry ,  Tokyo), hyd roxys t i l b -  
amid ine  i se th ionate  (May & Baker,  New York),  and  
Compound  A Esodium-2-(N-methyl-4-octylbenzenesul-  
fonic) e thanesul fonate]  (General Anil ine & Film, New 
York).  The i l lhibitors were e i ther  made  up in a solut ion or 
a fine suspens ion  in py rogen  free saline or in 50% sterile 
d imethy l su l fox ide  (DMSO) in saline, and  were a d m i n i s -  
t e r ed  i n t r ade rma l ly  30 rain before the  p rovoca t ive  
in jec t ion  of endotoxin .  For  eva lua t ion  of inhibi tors  
appl ied  in t radermal ly ,  4 t e s t  si tes on each an imal  were 
used for var ious  inhib i tors  and a control .  I n  the  expe r imen t  
using i.v. in jec t ion  of inhib i tors  in 20% DMSO-ster i le  
saline, 2 reac t ion  si tes were p repa red  on each animal .  
Ill all cases the  p r epa ra t i ve  dose of endo tox ic  lipo- 
polysacchar ide  (Lipopolysacchar ide  W E. colt 026:B6, 
Difco Labora tor ies ,  Michigan) was 50 ~g, given in t ra-  
de rmal ly  in a to ta l  vo lume of 0.5 ml  of saline solution.  
The provoca t ive  dose was  100 or 250 ~g of endo tox in  in 
1 ml  of pyrogen  free saline solution,  given i.v. 22 to  24 h 
following the  p r epa ra t i ve  dose. The ex t en t  of hemorrhag ic  
lesions was de t e rmined  by  the  m e a s u r e m e n t  of a hemor -  
rhagic  area size in mil l imeters ,  by  scoring of t he  a p p a r e n t  
i n t ens i ty  of hemor rhage  and  b y  e s t ima t ion  of the  ab- 
sorbances  a t  430 n m  of the  2% sodium ca rbona te  ex t r ac t  
of a 40 • 40 m m  excized t es t  area of skins.  These de te rmi -  
na t ions  were made  e i ther  a t  5 or 20 h following the  
p rovoca t ive  in jec t ion  of endotox in .  In  a posi t ive  response,  
t he  skin sites p repa red  developed typica l  hemor rhag ic  
lesions wi th in  5 h. 
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Results and discussion. The resul ts  oI the  i n t r a d e r m a l  
app l ica t ion  of p ro te inase  inhib i tors  are shown in Table  I. 
E a c h  of tile inh ib i tors  examined  caused suppress ion  of the  
SI~WARTZ~AN reac t ion  to  va ry ing  degrees when  comp ared  
to  t he  controls.  However ,  a dose response  re la t ionship  
was diff icul t  to  es tab l i sh  in the  dose range  tes ted .  For  
example ,  soybean  t r yps in  inh ib i to r  given in a m o u n t s  
of 0.5, 1.0 and  2.0 mg  per  si te was suppress ive  in each 
case, b u t  no corre la t ion could be observed  be tween  the  
dose given and  the  ex t en t  of lesions. This  is due par t i a l ly  
to  the  insens i t iv i ty  of q u a n t i t a t i v e  eva lua t ion  of t he  
phenomenon ,  b u t  m a y  also be due to  the  s tep  which  is 
sensi t ive  to  t he  pro te inase  int l ibi tors occurr ing at  tile 
ear ly  s tage of the  series of cascade react ions.  

Fig. 2. Control. The excized skins (the dermis side) from the rabbits 
given intradermal injection of 50 [zg of endotoxin followed 24 h later 
by 250 ~g of endotoxin in 1 ml of saline i.v. 30 rain prior to the 
provocative endotoxin injection animals were given 4 ml of 20% 
DMSO in saline i.v. Soybean trypsin inhibitor. The excized skins 
from rabbits subjected to the same treatment as the control group 
but given 2.4 mg of soybean trypsin inhibitor in 20% DMSO-saline 
i.v. prior to the provocative injection. Pepstatin. The exeized skins 
from the animals with the same treatment of the controls but given 
4 mg of pepstatin in 20% D~SO-saline, i.v. prior to the provocative 
endotoxin injection. 

U n d e r  the  exper imen ta l  condit ions,  soybean  t ryps in  
inh ib i to r  reduced  the  hemorrhag ic  lesions due to  the  
SI~WARTZMAN p h e n o m e n o n  on an average  of abou t  65% 
wi th  respec t  to  the  control .  The acid pro te inase  inhibi tor ,  
p e p s t a t i n  (mol. wt.  685.9), admin i s t e red  in a suspens ion  
of sal ine or 50% DMSO a t  0.5, 1.0, and  2.0 mg  dose per  
site, par t i a l ly  suppressed  the  man i fes t a t ion  of the  localized 
SHWARTZMAN react ion.  However ,  the  ex t en t  of inh ib i t ion  
by  peps ta t in ,  on an overal l  average,  was  no t  as r emarkab le  
as tile p ro tec t ive  effect  of soybean  t r y p s i n  inh ib i to r  (tool. 
wt. 21,500), which  was compared  at  less t h a n  1120 the  
molar  q u a n t i t y  of peps ta t in .  Since the  dissociat ion 
co n s t an t  (K d for cathepsir t  D-peps ta t in  complex  is in the  
order  of 10 -s to 10 -9 M ~~ 2 mg (about  3 ~zmoles) of 
p e p s t a t i n  per  si te could be expec ted  to  effect ively  inh ib i t  
the  acid pro te inases  po ten t i a l ly  seques tered  a t  t he  reac t ion  
loci. Thus, the  s teps  which  poss ib ly  involve acid pro te in-  
uses appeared  to be less cri t ical  to the  d e v e l o p m e n t  of t he  
localized SHWARTZMAN react ion  when  compared  wi th  
those  involv ing  the  soybean  t ryps in  inh ib i tor -sens i t ive  
proteinases .  Never theless ,  the  inh ib i to ry  effect  of peps t a t in  
was reproducible ,  and  moreover ,  o the r  ol igopept ides ,  
which  inh ib i t  ca theps in  D and  peps in  wi th  K~ values  of 
10 -~ to  10 -s M, showed a s ignif icant  r educ t ion  in b o t h  the  
sever i ty  and  incidence of hemorrhag ic  necrosis,  while  the  
non- inh ib i to r  pep t ides  wi th  s imilar  amino  acid sequences  
did no t  (unpubl ished results).  Co mp o u n d  A, which  inhib i t s  
in v i t ro  hemoglobinolys is  by  ca theps in  D at  p H  4 and  by  
t r y p s i n  a t  p H  7, did no t  give a conclusive result ,  ma in ly  
because th is  reagen t  i tself caused a d i rec t  i n f l a m m a t o r y  
reac t ion  of t he  skin. In  one exper iment ,  hyd roxys t i l b -  
alnidine,  a p o t e n t  t r y p s i n  inh ib i to r  in v i t ro  (K,, 6.2 • 10 -e 
M) 22, failed to suppress  the  SHWARTZ~IAN react ion.  

The ac t iv i ty  of p ro te inase  inh ib i tors  to  reduce tile 
localized hemorrhag ic  SHWARTZ~IAN react ion  was  also 
d e m o n s t r a t e d  by  i.v. admin i s t r a t i on  of inh ib i tors  pr ior  
to  t he  p rovoking  ~ntravenous endo tox in  in jec t ion  
(Table II,  Figure  2). Bo th  p e p s t a t i n  and  soybean  t ryps in  

20 S. I{UNIMOTO, T. AOYAGI, I{. 1VfORISHIMA, T. TAKEUCHI a n d  
H. UM~ZAW& J. Antibiot. 25, 251 (1972). 

~ T.-Y. LIN and D. S. FLt~CHTEII, 9th Int. Congress of Biochemistry 
Abstract, 2024 (1973), p. 97. 

22 j .  D. GERATZ, Experientia 25, 1254 (1969). 

Table I. Suppression of the SH~VARTZMAN reaction by proteinase inhibitors in skirt prepared with endotoxin: intradermal administration of 
inhibitors 

Agent 
(dose range) 

Hemorrhagic lesions 

Area (mm 2) • intensity score Suppression 2% Na2CO 3 extract of reaction loci b Suppression 
(number of animals) (%) A4~onm (number of animals) (%) 

Saline control 764 • 29.6 c (23) a -- 10 :t0.8 ~ (10) -- 
Soybean trypsin inhibitor (0.5-1 mg) 266 ~= 23.9 (17) 65 6.1 ~ 0.2 (9) 39 
Pepstatin (0.5-2 mg) 410 i 29.3 (17) 46 5.7 ,4- 0.9 (12) 43 
Compound A (0.6-15 rag) 670 • 106 (18) 12 5.9 ~ 0.5 (10) 41 

The results of 5 separate experiments with different amounts of inhibitors are summarized by normalization of alI other experimental data 
to the control level in the first experiment. The normalization factors ranged from 1.5 to 5.5. b A 16 cm 2 area of the reaction loci was extracted 
with 10 ml of 2 % Na2C Q. The extract after filtration through glass wool was subjected to determination of A430,m and protein concentration. 
e Standard error of mean. a About 74% of the animals showed a positive SKWARTZ~IAN reaction with an intensity score (1 to 4) of 3. The 
mortality rate in the control group was about 7% in 5 experiments. 
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Table II. Effect of proteinase inhibitors on the localized hemorrhagic SI~WARTZMAN phenomenon in skin prepared with endotoxin : intravenous 
administration of inhibitors 

Agent 
(dose range) 

Hemorrhagic lesions 

Area (ram ~) x intensity score Suppression 2 % Na2CO a extract of reaction loci Suppression 
(number of test areas) (%) A430nm (number of test areas) (%) 

Saline control 1626 ~ 235 (6) ~ -- 11.2 4- 2.2 (6)~ -- 
Soybean trypsin inhibitor (2.4 rag) 334 4- 93 (8) 80 4.0 4- 0.7 (8) 64 
Pepstatin (4.0 rag) 591 ~ 240 (8) 64 3.8 4- 0.7 (8) 66 

Standard  error  of mean.  

i n h i b i t o r  a t  t h e  doses t e s t ed  ef fec t ively  r educed  t he  
m a n i f e s t a t i o n  of t h e  localized SHWARTZ~A~ p h e n o m e n o n  
in r abb i t s .  The  suppress ive  ef fec t iveness  of p e p s t a t i n  was 
less t h a n  t h a t  of s o y b e a a  i n h i b i t o r  if c o m p a r e d  a t  t he  
same mola r  concen t r a t i on .  This  is cons i s t en t  w i t h  t he  
resu l t  of the  e x p e r i m e n t s  w i t h  i n t r a d e r m a l  app l i ca t i on  of 
inh ib i to rs .  

P r io r  s tud ies  h a v e  es t ab l i shed  t h a t  b o t h  p la te le t s  and  
g ranu locy te s  are essent ia l  to  t h e  express ion  of b o t h  
localized a n d  genera l ized  SHWARTZ~AN reactions3,10. 
THOMAS 4 was able  to  d e m o n s t r a t e  t h a t  p r e p a r a t i o n  
of t he  skin  of r a b b i t s  b y  i n t r a d e r m a l  i n j ec t ion  of t he  
g ranu le  f r ac t ion  o b t a i n e d  f rom pe r i t onea l  g ranulocytes ,  
fol lowed b y  i.v. i n j ec t ion  of endo tox in ,  r esu l ted  in a 
SHWA~TZSIAN t y p e  h e m o r r h a g i c  lesion. Our  ana lys i s  of 
t he  genera l  p ro t eo ly t i c  a c t i v i t y  in  r a b b i t  p o l y m o r p h o -  
nuc lea r  leukocytes ,  as s h o w n  in F igure  1, r evea led  t h a t  the  
m a j o r  a c t i v i t y  is in  the  acidic r ange  and  l i t t le  t r y p s i n  
i nh ib i t o r - s ens i t i ve  genera l  p ro teo lys i s  could be  de tec ted .  
The  n e u t r a l  and  a lka l ine  prote i l lases  of l eukocy tes  m a y  
the re fore  h a v e  s t r i c t  s u b s t r a t e  r e q u i r e m e n t s  w i t h  r e l a t ive ly  
l imi ted  hydrolys is ,  a n d  t he  d i rec t  effect  of such  enzymes  
in caus ing  t i ssue  d a m a g e  would be  ins ign i f i can t  unless  t he  
ac t iv i t i es  of these  e n z y m e s  could be  l inked  to some 
a c t i v a t i o n  m e c h a n i s m s  lead ing  to  t i ssue  in ju ry .  The  
c a t h e p s i n  D t y p e  acid p ro te inase  ac t iv i t i e s  of l eukocy tes  
was shown  to be  s ign i f ican t ly  i n h i b i t e d  b y  p e p s t a t i n  

23 H. IKEZAWA, T. AOYAC-t T. TAKEUCHI and H. UMEZAWA, J 
Anfibiot. 2d, 488 (1971). 

24 ~-. GROSS, J. LAZAR and H. ORTH, Science 775, 656 (1972). 
25 R. P. MILLER, C. J. POPER, C. W. WILsON and E. DEVITO, Biochem. 

Pharmac. 21, 2941 (1972). 
26 K. K. F. NG, in Prostaglandins, Peptides and Amines (Eds. P. 

MANTEGAZZA and E. W. HORTON ; Academic Press, New York 1969) 
p. 9. 

27 M. OVRRTURF, IV[. LEONARD and W. M. KmKENDALL, Bioehem. 
Pharmac. 23, 671 (1974). 

2s Z. A. Co~N and J. G. HIRSeH, J. exp. Med. 712, 983 (1960). 
29 H. R. WILLIAMS and T.-Y. LI~, Bioehim. biophys. Acts 250, 603 

(1971). 

b u t  was  no t  af fected b y  t he  t r y p s i n  i nh ib i t o r s  a t  t he  
c o n c e n t r a t i o n s  t es ted .  

Since t h e  specif ic i ty  of p e p s t a t i n  as t h e  i nh ib i t o r  of 
p e p s i n - c a t h e p s i n  D t y p e  acid p ro te inases  has  been  
es t ab l i shed  b y  n u m e r o u s  studies2~ ~3, t h e  resu l t s  of the  
p re sen t  s t u d y  m a y  be  r e a s o n a b l y  i n t e r p r e t e d  as ev idence  
of p~ssible  p a r t i c i p a t i o n  of c a t h e p s i n  D f rom granu locy tes  
in  the  express ion  of t he  local ized SHWARTZMAN reac t ion .  
The  soybean  t r y p s i n  i nh ib i t o r - s ens i t i ve  p ro te inases  m a y  
well  be  those  i nvo lved  ill t h e  b lood  coagu la t ion  s y s t e m  
a n d  c o m p l e m e n t  ac t i va t i on .  Pa tho log i c  a l t e r a t i ons  of the  
coagu la t ion  s y s t e m  followed b y  t he  i n t e r a c t i o n  be tween  
p la te le t s  and  endo tox ic  l ipopo lysacchar ide  were descr ibed  
before  7,10 E v i d e n c e  for i n v o l v e m e n t  of t he  c o m p l e m e n t  
s y s t e m  in t he  pa thogenes i s  of t he  SHWARTZMA~ reac t ion  
ha s  been  o b t a i n e d <  P e p s t a t i n  has  also been  r epo r t ed  to 
i n h i b i t  t i le r e n i n - a n g i o t e n s i n o g e n  s y s t e m  ~4, 25. The  k in in -  
l ike subs t ances  p o t e n t i a l l y  gene ra t ed  b y  t he  ac t ion  of 
r en in  in  b lood ~ could p l a y  a role in t he  express ion  of t h e  
SI~WARTZ~AN p h e n o m e n o n .  The  e n z y m e  renin ,  wh ich  
ca ta lyzes  these  react iol ls  a t  n e u t r a l  pH,  exh ib i t s  t he  
cha rac te r i s t i c s  of acid p ro te inases  inc lud ing  peps in  and  is 
i n h i b i t e d  b y  p e p s t a t i n  ~. 

E x p l o r a t i o n  of t he  m e c h a n i s m  of t i ssue  i n j u r y  b y  use 
of specific e n z y m e  i n h i b i t o r s  m a y  aid in  u n d e r s t a n d i n g  
and  cont roI  of th i s  pa tho log ic  p h e n o m e n o n .  The  s y s t e m  
descr ibed  ill t h i s  c o m m u n i c a t i o n  would  offer a n  i n t e r e s t i ng  
a n d  va luab l e  in  v ivo  t e s t  s y s t e m  for  e v a l u a t i o n  of 
pha rmaco log i ca l l y  useful  p ro t e inase  inh ib i to r s .  

Zusammen/assung. Nachweis ,  dass  das  lokale SftWARTZ- 
rdAN-Ph~Lnomen in K a n i n c h e n  d u t c h  i n t r a d e r m a l e  oder  
i.v. Gabe  yon  P e p s t a t i n ,  e inem sau ren  P ro te inase -  
H e m m e r ,  oder  yon  S o j a b o h n e n - T r y p s i n - H e m m e r  ku rz  
vo r  der  aus l6senden  I n j e k t i o n  yon  bak t e r i e l l em  E n d o -  
t o x i n  u n t e r d r i i c k t  werden  kann .  

TSAU-YEN LIN a n d  I-I. I~. WILLIAMS 

Merck Institute for Therapeutic Research, Rahway 
(New Jersey 07065, USA), 70 September 7974. 

Effect of the  V e n o m  Sac Content  of the  Orienta l  H o r n e t  (Vespa orientalis) on the  
M e t a m o r p h o s i s  of  the  T o a d  T a d p o l e  (Bufo viridis) 

The  v e n o m  of t h e  Or ien ta l  h o r n e t  (Vespa orientalis) is 
k n o w n  to  con t a in  severa l  fac to rs  capab le  of p r e v e n t i n g  
f u r t h e r  d e v e l o p m e n t  of insec t  l a rvae  in to  wh ich  i t  h a s  
been  in jec ted  1. I t  is r easonab le  to  assume t h a t  t h e  lack  
of d e v e l o p m e n t  is due  to i m p a i r m e n t  of t he  h o r m o n a l  
ba lance .  

Ignor ing  t he  m e c h a n i s m  of ac t ion  of t he  venom,  we 
i nves t i ga t ed  t he  m e t a m o r p h o s i s  of t he  t o a d  t adpo le  
(Bujo v~ridis) u n d e r  t h e  in f luence  of t he  whole  c o n t e n t  of 
t he  v e n o m  sac of t he  Or i en t a l  ho rne t ,  as a p r e l i m i n a r y  
s tudy.  The  a d v a n t a g e  of us ing  t adpo le s  is t h a t  t h e i r  
d e v e l o p m e n t  is easi ly  fol lowed a n d  t h a t  t h e  v e n o m  can  


