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Type III (Arthus) allergic reactions and endotoxin toxicity in guinea-pigs 1 
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Summary. Lipopo lysaccha r ide  (endotoxin)  f rom E. coli cells p roduced  l e tha l  effects in guinea-pigs .  E n d o t o x i n  caused  
no  vis ible  d e r m a l  change  in n o r m a l  an imals ,  b u t  p roduced  skin r eac t ions  cha rac t e r i zed  b y  specific A r t h u s - t y p e  (Type 
I I I  i m m u n e  hype r sens i t i v i t y )  vascu la r  i n f l a m m a t i o n  in i m m u n i z e d  animals .  I t  is conc luded  t h a t  A r t h u s  allergic reac t ions  
were evoked  b y  endo tox in ,  however ,  e n d o t o x i n  l e tha l  t ox i c i t y  appea r s  i n d e p e n d e n t  of th i s  process.  

L ipopo lysaccha r ide  complexes  t e r m e d  e n d o t o x i n s  m a y  be 
der ived  f rom the  cell walls  of g r a m - n e g a t i v e  b a c t e r i a  
b y  h e a t  or b y  chemica l  m e t h o d s  3. These  e x t r a c t s  p roduce  
a d iverse  r ange  of biological  effects w h e n  in jec ted  in to  
m a m m a l s ,  inc lud ing  severe,  f r e q u e n t l y  le thal ,  cardio-  
vascu la r  d i so rgan iza t ion  (shock)4-7. I t  is t h o u g h t  t h a t  
these  agen t s  p roduce  t he  shock  s t a t e  f r e q u e n t l y  assoc ia ted  
w i t h  sepsis in  m a n  s, 9. 

The  m e c h a n i s m  of ac t ion  of these  e n d o t o x i n s  on t he  
c i rcu la t ion  r e m a i n s  u n k n o w n .  Sugges ted  m e c h a n i s m s  
range  f rom d i rec t  pha rmaco log ica l  effects  on  s m o o t h  
muscle1~ a n d  i n t e r ac t i ons  w i t h  au t i co id  mecha -  
nismse,  1~ to immuno log ica l l y  m e d i a t e d  allergic reac-  
t ions  13. In  t he  absence  of knowledge  of t ox i c i t y  mecha -  
n isms,  r a t i o n a l l y  based  t h e r a p y  is d i f f icul t  to  devise.  
Th i s  ref lects  in t he  h igh  m o r t a l i t y  r a t e  assoc ia ted  w i t h  
sept ic  shock  in h u m a n s  s,9. T he  consensus  of pub l i shed  
r epo r t s  is t h a t  e n d o t o x i n s  are un l ike ly  to ac t  t h r o u g h  
d i rec t  effects on  c o m p o n e n t s  of the  c i rcu la t ion  4-6. The  
ana lys i s  of i nd i r ec t  effects  c a n n o t  be s e p a r a t e d  f rom 
the  ques t ion  of t he  i n v o l v e m e n t  of i m m u n o p h a r m a c o -  
logical r eac t ions  re leas ing vasoac t ive  amines ,  pep t ides  
and  l ipids  14. 

I m m u n e  t ox i c i t y  (hypersens i t iv i ty )  r eac t ions  m a y  be 
d iv ided  in to  4 classes of reac t ion ,  d i s t ingu i shed  f rom 
each  o t h e r  b y  the  t y p e  of i m m u n e  m e d i a t o r s  combin ing ,  
a n d  t h e i r  modes  of i n t e r ac t i on  15. On ly  t he  2 classes 
e x h i b i t i n g  ' i m m e d i a t e '  r eac t ions  ~5 to an t i gen  cha l lenge  
are l ike ly  to  be  i nvo lved  in endo tox in  t o x i c i t y  on the  
basis  of c o n g r u i t y  of t ime  course 4,16 a n d  c a p a c i t y  to  
release vasoac t ive  m e d i a t o r s  of t he  t y p e  t h o u g h t  to  be 
i nvo lved  in e n d o t o x i n - i n d u c e d  vascu la r  changes  4,~,14. 
These  classes of r eac t ion  are t e r m e d  Type  I ( anaphylac t ic )  
and  Type  I I I  ( i m m u n e - c o m p l e x ;  Ar thus )  respect ively .  
I t  h a s  been  es t ab l i shed  t h a t  t he  t ox i c i t y  in guinea-pigs  
is n o t  d e p e n d e n t  on  a n a p h y l a c t i c  r eac t ions  16 leav ing  
Type  I I I  m e c h a n i s m s  as t he  on ly  i m m u n o - p h a r m a -  
cological  r eac t ions  l ikely to  be involved .  Accord ing ly  the  
a im of these  s tud ies  was  to t e s t  for Type  I I I  r e a c t i v i t y  to  
e n d o t o x i n  in guinea-pigs  us ing  classical ly descr ibed  
d e r m a l  b iopsy  t echn iques  17 in para l le l  w i t h  t ox i c i ty  
tes t ing .  

Materials'and methods. Tes t  so lu t ions  of e n d o t o x i n  were 
f resh ly  p r e p a r e d  f rom dis t i l led w a t e r  s tock  so lu t ions  of 
a t r i ch lo race t i c  acid e x t r a c t  of E. coli 0111 : B4  cells 
(Difco Labs. ,  Det ro i t ,  Michigan) .  Tox ic i ty  t e s t i ng  was 
car r ied  o u t  us ing  n o r m a l  a d u l t  guinea-pigs .  An ima l s  were 
g iven  2 m g / k g  doses of e n d o t o x i n  b y  i.p. or i.v. in jec t ion .  
6 a d u l t  guinea-pigs  g iven  0.1 ml  i n t r a d e r m a l  in jec t ions  
b o t h  of phys io logica l  sal ine a n d  2 • 10 -4 g /ml  so lu t ions  of 
e n d o t o x i n  in physio logica l  saline.  Tes t  s i tes  on  t he  skin 
surfaces  were inspec ted  a t  4 a n d  8 h a f t e r  in jec t ion ,  t h e n  
an ima l s  sacrif iced a n d  i n j ec t i on  si tes au tops ied .  Tissues  
were f ixed in formol-sal ine ,  t h e n  sect ions  were cu t  us ing  
c o n v e n t i o n a l  h is to logical  t e chn iques  a n d  s t a ined  w i t h  
h a e m a t o x y l i n  a n d  eosin. 

5 guinea-pigs  were e x p e r i m e n t a l l y  i m m u n i z e d  w i th  
endo tox in .  The  foo tpads  of each  a n i m a l  were in jec ted  
w i t h  0.4 ml  of a 1:1 m i x t u r e  of comple te  F r e u n d ' s  
A d j u v a n t  and  a 2.5 m g / m l  so lu t ion  of e n d o t o x i n  in 
d is t i l led  water .  For  8 days  f rom the  14th d a y  a f te r  
' p r iming ' ,  t h e  an ima l s  were ' boos t ed '  e v e r y  a l t e r n a t e  day  
b y  0.1 ml  i n t r a d e r m a l  in jec t ions  of a 2)<10 -4 g /ml  
so lu t ion  of n o r m a l  sal ine in to  t he  m a n t l e  region.  An ima l s  
were t h e n  t e s t ed  for d e r m a l  r e a c t i v i t y  as descr ibed  for 
controls .  A pool  of i m m u n e  se rum was m a d e  b y  b leed ing  
a n i m a l s  i m m u n i z e d  as above .  Cont ro l  a n i m a l s  were 
i n j ec t ed  i.p. w i t h  3.0 ml /kg  t he  even ing  pr ior  to  in t r a -  
d e r m a l  chal lenge.  
Results and discussion. All an ima l s  showed  toxic  reac t ions  
and  d e a t h s  occur red  in 3/5 an ima l s  g iven  i.p. in jec t ions  
and  3/2 an ima l s  g iven  i.v. in ject ions .  I n t r a d e r m a l  cha l lenge  
of n o r m a l  guinea-pigs  el ici ted no visible r eac t ions  a t  the  
in jec t ion  si tes a t  4 or 8 h. A m i n i m a l  cel lular  in f i l t r a te  was 
v is ib le  a t  e n d o t o x i n  in jec t ion  si tes on microscopic  
e x a m i n a t i o n ,  however ,  t he re  was no ev idence  of vascu la r  
i n f l a m m a t i o n  or  t issue de s t ruc t i on  typ ica l  of t he  A r t h u s  
p h e n o m e n o n  15. These  nega t i ve  f ind ings  ind ica t ed  t h a t  
A r t h u s  (Type I I I )  r eac t ions  are no t  i nvo lved  in e n d o t o x i n  
t ox i c i t y  in guinea-pigs .  However ,  a n y  f inal  conclus ion 
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requi red  a demons t r a t i on  t h a t  tile t echniques  used were 
adequa te  to de tec t  Ar thus  p h e n o m e n a  i.e., t h a t  th is  
resul t  did no t  r epresen t  a false negat ive  finding. The 
f indings in expe r imen ta l ly  immunized  animals  t ended  to 
exclude th is  possibi l i ty.  In  con t r a s t  to  the  f indings in 
contro l  animals,  dermal  i n f l a m m a t o r y  reac t ions  w i th  
associa ted vasculi t is  and tissue necrosis were elicited in all 
ac t ive ly  immunized  animals.  The cells involved in the  
vascular  i n f l a m m a t o r y  react ion were po lymorphonuc lea r  
leukocytes .  Challenge of pass ively  immunized  animals  
p roduced  skin ulcerat ion and  associat ion Ar thus  vasculi t is  
as observed  for ac t ive ly  immunized  animals.  
This inabi l i ty  to d e m o n s t r a t e  Ar thus  reac t iv i ty  to 
endo tox in  is cons i s t en t  wi th  previous f indings t h a t  this  
species does no t  appea r  to  deve lop  an t ibodies  to  E. coli 
ant igens  under  na tu ra l  condi t ions  x8,~9. This lack of 
immune  p roduc t s  to endo tox in  possibly reflects  the  fact  
t h a t  guinea-pigs do no t  ha rbor  E. coli among  thei r  
na tu ra l  bowel  flora~0, 21, and consequen t ly  are no t  
normal ly  exposed to E. coli ant igens.  
Bacteriological  s tudy  of a var ie ty  of species ranging f rom 
cockroaches  to e lephants  has shown t h a t  E. coli are 
p resen t  among  the  bowel flora of mos t  animals ;  guinea- 

pigs, r abb i t s  and  gerbils r ep resen t  isolated except ions  20, 21 
This p a t t e rn  of f lora appears  to ~correlate w i t h  the  
deve lopmen t  of c i rcula t ing an t ibodies  in mos t  m a m m a l s  
s tudied  ~8. Consequen t ly  the  d e m o n s t r a t i o n  here t h a t  
endo tox ins  m a y  elicit  Ar thus  react ions  in immun ized  
animals  m i g h t  have  impl ica t ions  for the  pa thogenes i s  of 
a t  least  a c o m p o n e n t  of endo tox in  tox ic i ty  in the  m a j o r i t y  
of mammals .  More impor t an t ly ,  however ,  it  m a y  be 
concluded f rom th is  s t u d y  t h a t  there  is an in t r ins ic  
tox ic i ty  mechan i sm ac t iva ted  by  endo tox ins  which  is 
i n d e p e n d e n t  of th is  ma jor  class of immune ,  hypersens i -  
t i v i ty  process.  The combina t ion  of these  f indings and  
previous  f indings t h a t  Type  I mechan i sms  are no t  
involved~G make  i t  unl ikely t h a t  immunoglobul in -  
d e p e n d e n t  i mmu n e  mechan i sms  p lay  a n y  role in endo-  
toxin  tox ic i ty  b ey o n d  po ten t i a t i on  of other ,  as ye t  
undef ined,  toxic  mechanisms .  
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Summary. Polypep t ide  ant ibiot ics ,  t r i chopolyns  A and B, were isolated f rom the  cul ture  b ro th  of Trichoderma poly- 
sporum (Link ex Pers) Rifai (TMI 60146). Assessment  of biological ac t iv i ty  of the  ant ib io t ics  agains t  microorganisms 
was made.  

Lentinus edodes, one of the  mos t  popular  edible mush-  
rooms in Japan ,  is of ten  p reven ted  f rom growing by 
Hypocrea, Trichoderrna, Gliocladium and Cephalosporium, 
which causes serious damage  for cu l t iva tors  5 -s. Especial ly,  
Trichoderma polysporum (Link ex Pers.) Rifai (strain 
TMI 60146) has been known to have  a s t rong  inh ib i to ry  
act ion agains t  Lentinus edodes. Recent ly ,  the  novel  cyclic 
ol igopept ide an t i fungal  metabol i tes ,  cyclosporins  A and C 
have  been isolated f rom strain n u m b e r  N R R L  8044 of the  
same species,  and the i r  s t ruc tures  have  been de t e rmined  
by  chemical  inves t iga t ions  9 and  X- ray  analysis  1~ Our 
inves t iga t ions  on Trichoderma polysporum, s t ra in  TMI 
60146, resul ted in the  isolation of 2 new metabo l i t e s  t r i -  
chopolyns  ~ A and  B, which s t rongly  inh ib i t  g rowth  of 
h y m e n o m y c e t e s  as well as o ther  organisms.  In  this  com- 
munica t ion ,  p re l iminary  s tudies  on the  s t ruc tu re  and the  
biological ac t iv i ty  of t r i chopolyns  are repor ted .  
Material and methods. The f i l t rate  of the  cul ture  b ro th  of 
Trichoderma polysporum was concen t r a t ed  to abou t  1/s in 
volume at  45-50 ~ under  reduced pressure,  and  ex t r ac t ed  
witb. e ther .  The e ther  layer  was dried over  Na2SO ~ and 
concen t ra t ed  to dryness  followed by  c h r o m a t o g r a p h y  over  
silicic acid. E lu t ion  wi th  10% me thano l - ace tone  gave 
fract ions hav ing  a s t rong inh ib i to ry  ac t iv i ty  aga ins t  
Lentinus edodes. F u r t h e r  f rac t iona t ion  by  column chro- 
m a t o g r a p h y  and p repa ra t ive  th in- layer  c h r o m a t o g r a p h y  
(TLC) resul ted  in the  isolation of 2 new pep t ide  ant ibio-  
tics, t r i chopolyn  A as an amorphous  solid which was 
shown to  be homogeneous  on TLC over  silicic acid (Rr 
0.29; so lvent  sys tem,  70% d ich lo romethane-15% acetone-  

15% methanol)  and  t r i chopo lyn  B as crys ta ls  {m.p. 114- 
116 ~ from dichloromethane- l igroin)  whose Rf-value was 
0.27 under  the  same condi t ions  as t r ichopolyn  A. Maxi- 
m u m  yields (3-4 mg/1) of t r i chopotyns  A and  B were ob- 
t a ined  from the  cul ture  mediun ,  which consis ted of glu- 
cose (25 g), a m m o n i u m  t a r t a r a t e  (4 g), KH2PO 4 (2 g), 
MgSO 4 (1 g) and  FeC1 a (0.1 g) in 1000 ml of t ap  wa te r  a t  
initial  p H  3.5 under  artificial  ven t i la t ion  for 4-5 days.  
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