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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  
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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 .  
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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  
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Number of animals in different stages of development in normal and treated tadpoles 
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Premetamorphie stage Prometamorphic stage Toad 

End of the experiment Normal ~ 4 10 34 

Treatedt, 17 15 10 

25 animaIs per group at the beginning of tt~e experiment. ~ 2 animals diet at this stage, b 8 animals died at this stage. 

be d issolved in t he  w a t e r  in  wh ich  t h e y  are kept .  An ima l s  
a t  two s tages  of d e v e l o p m e n t  h a v e  been  used in th i s  s t u d y  : 
t he  p r e m e t a m o r p h i c  a n d  p r o m e t a m o r p h i c  s tages  2. Thy -  
roid a c t i v i t y  is a b s e n t  in t he  f i r s t  s t age  a n d  increased  
r ap id ly  d u r i n g  t he  second a. Differences  in  h o r m o n a l  
a c t i v i t y  could  induce  d i f fe rent  responses  to  t he  v e n o m  
appl ica t ion .  

Materials and methods. 100 t adpo le s  (Bu/o viridis) were 
used  in t h i s  s tudy ,  50 in the  p r e m e t a m o r p h i c  s tage an d  
50 in t h e  p r o m e t a m o r p h i c  s tage.  The  an ima l s  of e ach  
s tage  were d iv ided  in to  2 g roups  of 25 each, a n d  p u t  in to  
2 s epa ra t e  pails,  one c o n t a i n i n g  10 1 of t a p  w a t e r  (pH 6.8, 
t e m p e r a t u r e  22~176 t h e  second c o n t a i n i n g  t a p  w a t e r  
in  w h i c h  t he  c o n t e n t  of 12 v e n o m  sacs were minced ,  

Fig. 1. a) Tail of an untreated tadpole. Hematoxylin-Eosin. Arrow: 
melanophore layer. • 750. b) Higher magnification of a melanophore. 
Note the conspicuous pigment grallules. • 1990. 

which  yie lded a p p r o x i m a t e l y  6 m g  v e n o m  per  1. This  
p rocedure  was r epea t ed  twice  3 a n d  5 weeks a f t e r  t he  
b e g i n n i n g  of t h e  ex p e r i men t .  The  w a t e r  was ch anged  
before  i n t r o d u c i n g  t h e  n ew  dose of venom.  T h e  an i ma l s  
were fed l e t tuce  leaves.  

The  e x p e r i m e n t  was c o n d u c t e d  for 2 m o n t h s  a n d  t he  
s t a t e  of each  a n i m a l  recorded  a t  t h e  end  of it. D u r i n g  t he  
course of t h e  expe r imen t ,  some an i ma l s  showed  b leach ing  
of t h e  skin  a f t e r  v e n o m  appl ica t ion ,  t h e y  were f ixed in 
Bou in  f ixa t ive  a n d  p r e p a r e d  for  h is to logica l  e x a m i n a t i o n .  

Results. Two m a j o r  p h e n o m e n a  were obse rved  d u r i n g  
t h e  course of t i le e x p e r i m e n t :  1. suppress ion  of develop-  
m e n t  an d  2. b l each ing  of t h e  skin  of 11 t adpo les  t r e a t e d  
in t h e  p r o m e t a m o r p h i c  stage.  

1. D e v e l o p m e n t  was  suppressed  in all of t h e  an ima l s  
t r e a t e d  in  t h e  p r e m e t a m o r p h i c  s tage  a n d  in  60~o of t he  
a n i m a i s  t r e a t e d  a t  t h e  p r o m e t a m o r p h i c  s tage  (Table).  

2. Sk in  b l each ing  a p p e a r e d  2 weeks  a f t e r  t h e  b e g i n n i n g  
of t h e  e x p e r i m e n t  in  t h e  gill a rea  a n d  sp read  u n t i l  t h e  
whole  a n i m a l  acqu i r ed  a g ray i sh  colonr ;  i t  could be  
reversed  b y  t r a n s f e r i n g  t h e  an i ma l s  in to  c lean water .  The  
h is to logica l  p i c t u r e  of t h e  ta i l  showed  t h a t  the  p i g m e n t  
g ranu les  n o r m a l l y  p r e s e n t  in t h e  m e l a n o p h o r e s  of t he  
de rmis  d i s appea red  f rom t h e  m e l a n o p h o r e s  of the  t r e a t e d  
an imals ,  on ly  some m i g r a t i n g  p i g m e n t e d  cells were 
obse rved  in t h e  muscle  layer  (Figure  1 a n d  2). 

Discussion. Our  resu l t s  showed  t h a t  h o r n e t  v e n o m  
exer t s  a def in i te  suppress ive  effect  on  t h e  m e t a m o r p h o s i s  
of t h e  tadpole .  Th i s  eIfect  d e a r l y  depends  on  t h e  s tage of 
d e v e l o p m e n t  a t  wh ich  t h e  v e n o m  has  been  a d m i n i s t e r e d ;  
t h i s  is p r o b a b l y  r e l a t ed  to  the  s tage  of d e v e l o p m e n t  of the  
endoc r ine  sys tem.  

The  b l each ing  p h e n o m e n o n  is c o m p a r a b l e  to  t h a t  
descr ibed  b y  HADLEY a n d  GOODMA~r ~ in frog sk in  u n d e r  
t h e  inf luence  of n o r e p i n e p h r i n e  in vi t ro ,  i n  t h e i r  work,  
sk in  b l each ing  resul t s  f rom changes  in t h e  d i s t r i b u t i o n  of 
p i g m e n t  g ranu les  w i t h i n  t h e  me lanophores .  I n  our  case, 
b l each ing  is due  to  t h e  d i s a p p e a r a n c e  of t h e  p i g m e n t  
g ranu les ;  i t  occurs  in  whole  an i ma l s  an d  is a progress ive  
p h e n o m e n o n .  This  suggests  t h a t  b l each ing  is due to  some 
phys io logica l  d i s tu rbance .  T h e  h o r n e t  v e n o m  indeed  
c o n t a i n e d  ca techolamines~ ,  b u t  d u r i n g  t h e  t i m e  i n t e r v a l  
requ i red  for b l each ing  to occur  (2 weeks) t h e y  m o s t  

Fig. 2. a) Tail of a treated tadpole. Hematoxyliu-Eosin. Thick 
arrow: migrating melanophore. • 750. b) Note the absence of pig- 
ment granules. • 1990. E, epidermis; D, dermis; ~,  muscle. 
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p robab ly  undergo ox ida t ion  and  are no t  ac t ive  anymore .  
I t  is possible t h a t  the  po lypep t ides  conta ined  in the  horne t  
v e n o m  are responsible  for t he  changes  observed in the  
tadpoles ;  th is  will be  the  subjec t  of fu r ther  inves t igat ion.  

Rdsumd. Le ven in  de la gu6pe (Vespa orientalis) 
suppr ime la m 6 t a m o r p h o s e  du t~ tard  de c rapaud  (Bu/o 
viridis) chez t o u s l e s  an imaux  trai t6s  au s tade  pr6m6ta-  
morph ique  et  chez 60% des an imaux  trai t6s  au s tade  

p rom6tamorph ique .  Onze des an imaux  trai t6s on t  mont r6  
un 6claircissement  de la peau. 

LILIANE BARR-NEA and  J. IStlAY 

Department o/Cell Biology and Histology, 
and Department o[ Physiology and Pharmacology, 
Sackler School o/2Vledicine, Tel Aviv University 
Ramat Aviv (Israel), 23 September 7974. 

In vivo Mutagenic Interaction of Nitrite and Ethylenethiourea 

Ethy l ene th iou rea  (ETU) is by  itself a weakly  mutagenic  x 
and carcinogenic 3, 3 decompos i t ion  ~ and  metabol ic  5 
p roduc t  of the  fungicidal  ethylene-bis-dithiocarbamates. 
Recen t ly  i t  has  been  repor ted  t h a t  ureas and  o ther  ni t ro-  
gen conta in ing  pest ic ides  and  food con taminan t s ,  a f ter  
n i t rosa t ion  wi th  sodium ni t r i te  in s imula ted  gastr ic  juice, 
become h ighly  mutagen ic  6-s and  carcinogenic 6,13 sub- 
stances.  Other  repor t s  have  shown t h a t  the  feeding of 
mice or ra t s  w i th  n i t r i te  and amines  or amides  leads to t he  
in vivo fo rmat ion  of the  respec t ive  N-n i t roso-der iva t ives  ~ 
and la ter  on in t he  life of the  animals  to t umor s  of various 
organs~Z. There  have  been, however ,  no in v ivo  m a m m a -  
l ian tes ts  for t he  mu tagen ic  ac t iv i ty  of such pest ic ides  
in te rac t ing  w i t h  n i t r i te  d i rec t ly  wi th in  the  animal.  For  
th is  r eason  we in t ended  to inves t iga te  the  effects  of an 
oral ly given mix tu re  of E T U  and  sod ium ni t r i te  on the  t2 
cyto logy of the  mouse  bone  marrow,  because the  micro-  
nucleus t e s t  is a simple,  rapid,  reliable mu tagen ic i ty  t e s t  
m e t h o d  t3-~5 which  is also easy to perform.  

We  began our expe r imen t s  w i th  p re l imina ry  in v i t ro  3 
studies,  in which  the  Salmonella typhimurium t es te r  
strains,  k indly  p rov ided  by  Prof.  13. N. AMES (Univers i ty  of 4 
California, Berkeley),  were used. The results  d i sp layed  in 
Table  I show the  large increase in t he  re la t ive  mutagen i -  5 
c i ty  when  a N-n i t rosa ted  E T U  was placed onto  t h e  t e s t  G 
plates.  

For  our ma in  task,  young female ICR mice ob ta ined  7 
f rom the  T ie rzuch t ins t i tu t  of t he  Unive r s i ty  of Ziirich 8 
were given the  var ious  t e s t  compounds  e i ther  oral ly or i.p. 
Two dosages of each compound  were applied.  For  the  i.p. 9 
appl icat ion,  the  compounds  were dissolved in sterile ~0 
physiological  saline, can ta in ing  3% DMSO. The con- 

11 
cen t ra t ion  of each c o m p o u n d  was calculated in such a way  
t h a t  a 30 g an imal  received the  p roper  dose in a vo lume of ~2 
0.50 ml. Orally given compounds  were dissolved in a 2% 
gum Arab solut ion and were appl ied  wi th  means  of a ~8 
s t om ach  tube.  4 mice were used for each concen t ra t ion  ~4 
and t h e y  received the  t e s t  subs tances  twice  24 h apar t .  ~5 

6 h af ter  t he  second appl icat ion,  the  mice were sacrificed 
and  the  bone  mar row smears  p repa red  and  s ta ined as 
descr ibed by  SCH~ID la 

TO d i f fe ren t ia te  clearly the  effects of the  E T U - n i t r i t e  
in te rac t ion  f rom those  of t he  single componen t s ,  we 
appl ied  t h e m  a t  t he  same dose levels as used in the  mix-  
ture.  Also included in th is  t e s t  were control  animals ,  
which  received no t r e a t m e n t ,  and a pos i t ive  control  w i th  
t he  known mu t ag en  Tren imon  (2, 3, 5-tris-ethyleneimino- 
benzoquinone-  (1, 4). 

Chromosome breakage,  as an express ion of mu ta t i ona l  
events ,  leads to the  fo rma t ion  of small,  separa te  micro-  
nuclei  in blood cells. They  are easiest  to  recognize in 
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Table I. Relative mutagenie activities of various compounds on Salmonella typhimurium strain his G 46 

Compound Concentration (raM) Relative mutagenicity Comments 

None -- 1.0 
ETU 1 2.5 
NaNO 2 5 1.5 
ETU + NaNO~ i + 5 14.0 
2-Aminopurine 0.5 10.0 

Spontaneous mutations 
Dissolved in DMSO 
Dissolved in acetate buffer (pH 4.5) 
Dissolved in acetate buffer (pH 4.5) 
Positive control, dissolved in water 

The plate test was performed as outlined by AMES 16 and modified by usK Relative mutagenicity is defined as the quotient from the mean 
number of colonies on the test plates divided by the mean nmnber of spontaneously arlzing colonies. 


