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using a swimming  maze as a p recau t ion  aga ins t  odour  
cues. No evidence for in fo rmat ion  t rans fe r  has  been 
ob ta ined  unde r  these  condit ions.  

t en  wiederhol t  und  dabe i  keine In fo rma t ions i ibe r t r agung  
nachweisen  k6nnen.  

C. C. KOENZLE and H. ZEIER 

Zusammen/assung. Ktirzlich wurde  fiber ein E x p e r i m e n t  
ber ichte t ,  in dem es gelungen sein soll, die spezifische 
rgumliche Reprgsen ta t ion  eines L a b y r i n t h s  durch  Ge- 
h i r n e x t r a k t e  von  dress ier ten  M/iusen auf Empfgnger t i e re  
zu i iber t ragen.  Wir  haben  das E x p e r i m e n t  un te r  Aus- 
schluss von Geruchsspuren  (Schwimmlabyr in th )  an Ra t -  
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Fine  S t r u c t u r a l  C h a r a c t e r i z a t i o n  of M i c r o b o d i e s  
mentagrophytes 

Trichophyton mentagrophytes is a d e r m a t o p h y t i c  fungus 
of considerable  medical  impor tance .  In  spi te  of this,  
research regarding its u l t r a s t ruc tu ra l  morphology1-4 has  
revealed only  its general  aspects ,  the  usual  t echniques  
used to  da te  being inadequa te  to br ing  to  l ight  the  finer 
s t ruc tura l  details.  

An improved  fixation,  and new knowledge regarding 
the  subs t ruc tu re  of the  cell walD, were obtaff .ed by  using 
a pref ixa t ive  conta in ing  tris-l-aziridinyl-phosphine oxide 
(TAPO), a com pound  recent ly  in t roduced  wi th  success 
in biological e lectron microscopy 6-10. 

In  th is  s tudy,  we repor t  tha t ,  using basical ly the  same 
technique ,  a be t t e r  p rese rva t ion  of the  in te rna l  s t ruc tures  
of the  fungus m a y  also be obta ined.  In  par t icular ,  it  is 
noted  t h a t  in the  hypha l  cells, 2 types  of organelles sur- 
rounded  by  a single uni t  m e m b r a n e  are present ,  i.e. 
microbodies  and Woronin  bodies. These t e r m s  are widely 
accepted  and have  been morphological ly  character ized.  

Woronin  bodies were a l ready ident i f ied in foregoing 
u l t ras t ruc tura l  s tudies  in Trichophyton spp. and o the r  
de rn la tophy tes ,  not  because of the i r  morpho logy  which  
p resen ted  cer tain ambigui t ies ,  bu t  on the  basis of the i r  

and  W o r o n i n  B o d i e s  in  Trichophyton 

posi t ion near  the  sep tum,  and  therefore  also called septa l  
or per iphera l  granules1-4,11,1~. On the  cont rary ,  micro-  
bodies have  no t  been  ident i f ied in d e r m a t o p h y t i c  fungi. 

Methods. Trichophyton mentagrophytes, s t ra in  No. 560.66 
(Centraal Bureau voor  Schimmelcul tures ,  Baarn,  The 
Nether lands) ,  was grown on a Sabouraud  mal tose  agar  
medium,  a t  28 ~ on a th in  sheet  of cel lophane,  as recent ly  
describedla.  E lec t ron  microscopic observa t ions  were 
carried ou t  on the  younges t  h y p h ae  ha rves t ed  f rom the  
outside por t ion  of the  cul tures  in logar i thmic  phase.  The 
specimens were fixed in a mix tu re  of 6% g lu ta ra ldehyde  
(E as t man  K o d a k  Company ,  Roches ter ,  N.Y.)  and  1% 
T A P O  (lris-l-aziridinyl-phosphine oxide;  K and K Labo-  
ra tor ies  Inc.,  Plainview,  N.Y.)  in a 0.1 M p h o s p h a t e  
buffer  (pH 6.2), a t  4 ~ for 2 h. Af ter  a brief washing,  t he  
samples  were pos t f ixed  in 1% OsO 4 in the  same buffer  
for 1 h, a t  room t empera tu re ,  d e h y d r a t e d  in acetone  and  
emb ed d ed  in D u rcu p an  ACM. Ul t r a th in  sections, ma in ly  
cu t  longi tudinal ly  to  t he  h y p h a l  s t rands ,  were ob ta ined  
wi th  a L K B  Ul t ro tome  I I I  u l t r amic ro tome  and then  
s ta ined wi th  uranyl  ace ta te  and  lead c i t ra te  and  observed  
th rough  a Jeol J E M - T 7  a t  60 Kv.  

Results and discussion. The young h y p h a l  ceils of T. 
mentagrophytes conta in  2 types  of organelles t h a t  show 
the  character is t ic  and d is t inc t ive  aspects  of the  W o ron in  
bodies and microbodies  only  when a pref ixa t ive  conta in ing  
a g lu t a ra ldehyde -TAPO mix tu re  is used, followed by  an 
osmium postf ixat ion.  

Fig. 1. Cross section through a young hyphal cell of Trichophyton 
mentagrophytes CBS 560.66 showing several Woronin bodies. M, 
mitochondrion; Mb, microbody; S, septum; W, hyphal wall; Wb, 
Woronin body. In all the electron micrographs the length of the bar 
corresponds to 0.5 Din. 
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W o r o n i n  b o d i e s  a r e  s p h e r i c a l ,  o r  less  o f t e n  ovo id ,  
m e a s u r i n g  a p p r o x i m a t e l y  0.2 ~ m  in  d i a m e t e r .  T h e y  a r e  
b o u n d e d  b y  a s i ng l e  u n i t  m e m b r a n e  c o n t a i n i n g  a h o m o -  
g e n e o u s  e l e c t r o n  d e n s e  m a t r i x  ( F i g u r e  1). B e c a u s e  of  t h e i r  
s h a p e ,  s ize  a n d  e l e c t r o n  o p a c i t y ,  t h e  s t r u c t u r e  of  t h e  
m e m b r a n e  is o b s e r v e d  o n l y  w h e n  t h e  o r g a n e l l e s  a r e  
s e c t i o n e d  m e d i a l l y .  A l t h o u g h  t h e s e  b o d i e s  a r e  g e n e r a l l y  
o b s e r v e d  n e a r  t h e  s e p t a  ( F i g u r e  4), t h e y  c a n  o f t e n  be  
f o u n d  t h r o u g h o u t  t h e  e n t i r e  c y t o p l a s m  ( F i g u r e  3). T h i s  
t y p e  of  o r g a n e l l e  is v e r y  s i m i l a r  to  t h e  W o r o n i n  b o d i e s  
d e s c r i b e d  in p r e v i o u s  s t r u c t u r a l  i n v e s t i g a t i o n s  on  a s c o m y -  

c e t o u s  f u n g i  14-16, a n d  we  a s s u m e  t h a t  i t  c o r r e s p o n d s  to  
t h e  s t r u c t u r e s  r e p e a t e d l y  o b s e r v e d  c lose  to  t h e  s e p t a  in  
Trichophyton s p p .  a n d  in  o t h e r  de rma tophy t e s l -4 ,n ,~2 ,17 -~* .  
M i c r o b o d i e s ,  o f t e n  of  o v o i d  s h a p e  a n d  r a n g i n g  in  s ize  
f r o m  0.4 t o  1.0 [xm, c o n s i s t  of  a f ine  g r a n u l a r  m a t r i x  t h a t  
is s u r r o u n d e d  b y  a s i ng l e  m e m b r a n e  ( F i g u r e  2). T h e s e  
o r g a n e l l e s  a r e  d i s t r i b u t e d  w i t h  a c e r t a i n  u n i f o r m i t y  in  
t h e  h y p h a l  cel ls  w h e r e  t h e y  a r e  o f t e n  close,  in  d i f f e r e n t  
d e g r e e s ,  t o  ~Woronin b o d i e s  ( F i g u r e  3). N e a r  t h e  s e p t a ,  
h o w e v e r ,  t h e y  a r e  less  f r e q u e n t  t h a n  e l s e w h e r e .  T h i s  
s e c o n d  t y p e  or  o rgane l l e ,  n o t  p r e v i o u s l y  i d e n t i f i e d  in  
d e r m a t o p h y t e s ,  c o r r e s p o n d s  m o r p h o l o g i c a l l y  to  t h e  
m i c r o b o d i e s  f o u n d  in  p l a n t  cel ls  23-25, i n c l u d i n g  s o m e  
fung i lS ,  2 6 - 2 s .  

T h e r e  is s p e c u l a t i o n  26, 29, a n d  o n e  r e p o r t  16, t h a t  m i c r o -  
b o d i e s  g i v e  o r i g in  to  W o r o n i n  bod i e s .  I n  s p i t e  of  t h i s ,  in  
t h e  p r e s e n t  s t u d y ,  t h e  f a c t  t h a t  t h e  2 o r g a n e l l e s  o f t e n  lie 

Fig. 2. Cross section showing a nlicrobody. Note the difference from 
the neighbouring mitoehondrion. 
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Fig. 3. Longitudinal section of a hyphal portion, at a distance from 
the septum, showing neighbouring microbodies and Woronin bodies. 
Note the different electron density of their matrix. 

Fig. 4. Longitudinal section showing several Woronin bodies on 
either side of the septum. 
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close to  e a c h  o t h e r  is n o t  a s u f f i c i e n t  r e a s o n  to  h y p o t h e s i z e  
a d i r e c t  d e v e l o p m e n t a l  r e l a t i o n  b e t w e e n  t h e m .  

W o r o n i n  b o d i e s  a r e  c o m m o n l y  b e l i e v e d  to  a c t  m e r e l y  as  
p l u g s  in  t h e  s e p t a l  po re ,  b u t  i t  is p o s s i b l e  t h a t  t h e y  p l a y  a 
m o r e  c o m p l e x  role.  I n  f ac t ,  b e c a u s e  of  t h e i r  m o r p h o l o g y  
a n d  l o c a t i o n ,  t h e y  a r e  v e r y  s i m i l a r  to  o r g a n e l l e s  w h i c h ,  
b a s e d  u p o n  t h e i r  c o n t e n t  of  h y d r o l y t i c  e n z y m e s ,  w e r e  
i d e n t i f i e d  as  l y s o s o m e s  3~ T h e  ro le  of  p l a n t  m i c r o b o d i e s  
h a s  i n s t e a d  b e e n  c l e a r e d  u p  to  a g r e a t  d e g r e e ~ , a L  I n  a 
h e t e r o t r o p h i c  o r g a n i s m  s u c h  as  T. mentagrophytes, t h e y  
a r e  v e r y  p r o b a b l y  i n v o l v e d  in  l ip id  m e t a b o l i s m ;  t h e r e f o r e  
t h e  t e r m  g l y o x y s o m e s  m i g h t  be  m o r e  a p p r o p r i a t e  for  
t h e s e  o rgane l l e s .  

E v e n  if t h e  b i o c h e m i c a l  f u n c t i o n  of t h e  t w o  o r g a n e l l e s  
d e s c r i b e d  a b o v e  m a y  o n l y  be  ve r i f i ed  o n  t h e  b a s i s  of  t h e i r  
r e s p e c t i v e  e n z y m a t i c  c o n t e n t ,  i t  is c lear ,  n e v e r t h e l e s s ,  
t h a t  t h e i r  m o r p h o l o g y  wil l  m e e t  t h e  s t a n d a r d s  g e n e r a l l y  
a c c e p t e d  for  W o r o n i n  b o d i e s  a n d  m i c r o b o d i e s  o n l y  if t h e  
cel ls  of  T. mentagrophytes a r e  p r e f i x e d  w i t h  T A P O .  F u r -  
t h e r m o r e ,  s i nce  t h e  t e c h n i q u e s  u s e d  i m p r o v e  t h e  f i x a t i o n  
of  t h e  e n t i r e  cell, p o s s i b l y  i n c r e a s i n g  t h e  p e n e t r a t i o n  s p e e d  

o f  t h e  o s m i c  f i x a t i o n ,  t h e y  c a n  be  s u g g e s t e d  for  a b e t t e r  
v i s i o n  of  o t h e r  i n t e r n a l  s t r u c t u r e s  of  t h e  d e r m a t o p h y t e  
w h i c h  n o r m a l  f i x a t i v e  p r o c e s s e s  do  n o t  a d e q u a t e l y  p r e -  
s e rve .  

Summary .  M i c r o b o d i e s  a n d  W o r o n i n  bod i e s ,  o r g a n e l l e s  
s u r r o u n d e d  b y  a s i ng l e  u n i t  m e m b r a n e ,  we re  i d e n t i f i e d  in  
t h e  h y p h a l  cel ls  of  Trichophyton mentagrophytes b y  e m -  
p l o y i n g  a f i x a t i v e  c o n t a i n i n g  T A P O .  T h e  f ine  s t r u c t u r e  o f  
t h e  o r g a n e l l e s  is d e s c r i b e d  a n d  t h e i r  p o s s i b l e  s i g n i f i c a n c e  
d i s c u s s e d .  
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Acidic  N o n s t e r o i d  A n t i - I n f l a m m a t o r y  D r u g s  A c c u m u l a t i n g  in I n f l a m e d  T i s s u e  

A v a r i e t y  of  ac id i c  a n d  n 0 n - a c i d i c  c o m p o u n d s  a r e  
p o t e n t  i n h i b i t o r s  o f  p r o s t a g l a n d i n  (PG) s y n t h e s i s  in  
v i t r o  ~ a. S o m e  of  t h e m ,  n a m e l y  t h e  n o n s t e r o i d  a n t i -  
i n f l a m m a t o r y  d r u g s  ( N S A I D ) ,  e x e r t  a n t i - i n f l a m m a t o r y  
a c t i o n  in  v i v o  ~. H o w e v e r ,  o n l y  t h e  ac id i c  N S A 1 D  h a v e  
g a i n e d  a c c e p t a n c e  in  p r a c t i c e  ~,5. S ince  i n h i b i t i o n  of  P G -  
s y n t h e s i s  is n o w  w i d e l y  b e l i e v e d  to  be  t h e  m a i n  t a r g e t  of  
N S A I D  in  i n f l a m m a t i o n  6, t h e  o b s e r v e d  c l in i ca l  u s e f u l n e s s  
of  t h e  ac id i c  in  c o n t r a s t  to  t h e  n o n - a c i d i c  N S A I D  r e m a i n s  
u n e x p l a i n e d .  T w o  e x p l a n a t i o n s  a r e  poss ib le .  F i r s t l y ,  
i n h i b i t i o n  of  P G - s y n t h e s i s  is n o t  of  d e c i s i v e  i m p o r t a n c e  
for  t h e  a n t i - i n f l a m m a t o r y  e f f ec t  of  N S A I D ,  o r  s e c o n d l y ,  
o n l y  ac id ic  N S A I D  i n h i b i t  P G - s y n t h e s i s  s u f f i c i e n t l y  in  
i n f l a m e d  t i s sue .  

T o  t e s t  t h e  s e c o n d  h y p o t h e s i s  we  m e a s u r e d  t h e  i n -  
h i b i t i o n  of  P G - s y n t h e s i s  in v i v o  a t  t h e  s i t e  of  i n f l a m m a t i o n  
b y  ac id i c  a n d  n o n - a c i d i c  p y r a z o l o n e  a n d  i n d o l e  d e r i v a t i v e s .  
T h e  r e s u l t s  a re  g i v e n  in  t h e  T a b l e .  A l t h o u g h  t h e  2 p y r a -  
zo lone  a n d  t h e  2 i n d o l e  d e r i v a t i v e s  a re  a l m o s t  e q u a l l y  
e f f ec t i ve  in  i n h i b i t i n g  P G - s y n t h e s i s  in v i t r o  6, a p p r o x i m a t e -  

ly  10 t i m e s  h i g h e r  d o s e s  a r e  r e q u i r e d  for  t h e  n o n - a c i d i c  
c o m p o u n d  to  a c h i e v e  t h e  s a m e  e f f ec t  in  v i v o  as  t h e  ac id ic .  

T h e s e  r e s u l t s  i n d i c a t e  t h a t  b e s i d e s  P G - s y n t b e s i s  i n -  
h i b i t i o n ,  t h e r e  m u s t  be  a n  a d d i t i o n a l  c h a r a c t e r i s t i c  of  t h e  
ac id i c  N S A I D  w h i c h  r e n d e r s  t h e m  e s p e c i a l l y  a c t i v e  in  
i n f l a m e d  t i s s u e .  T h i s  k i n d  of s e l e c t i v i t y  m i g h t  be  t h e  
r e s u l t  of  spec i f i c  p h a r m a c o k i n e t i c s  l e a d i n g  to  s e l e c t i v e  
a c c u m u l a t i o n  a n d / o r  b io log i ca l  a c t i v i t y  in  c e r t a i n  b o d y  
c o m p a r t m e n t s .  T h e r e  h a v e  b e e n  s p e c u l a t i o n s  t h a t ,  e.g.  
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Acidic and non-acidic pyrazolone and indole derivatives: Inhibition of PG-synthesis and relative drug content in joint fluid 

Acidity Dose i.v. PG F2~ in 
(mg/kg) inflamed joints 

(% of untreated 
controls) 

Drug content in inflamed joints 
(% of control joints) 

after 3 h after 5 h 

Pyrazolone derivatives 
Antipyrine Alkaline p.Ka 1.4 200 51 • 26 �9 82 • 18 84 -E 33 
Phenylbutazone Acidic p .Ka 4.4 20 39 4- 14 ~ 429 i 280 �9 802 i 198 �9 

Indole derivatives 
Indoxole Alkaline p.Ka < 2 50 23 i 13 �9 102 • 31 91 ~_ 28 
Indomethaein Acidic p.Ka 4.2 5 25 • 22 ~ 350 i 224 ~ 631 • 225 ~ 

The drugs were dissolved in DMSO and infused slowly (10 min) i.v. at zero time. 1 h later urate crystals (UC) were injected (4% w/v in saline) 
into the right intertarsal joint of the chicken (2 kg body wt.) the left joint receiving 0.3 ml saline as a control. 3 h later joint washes were 
performed, the PG F~c~ content measured in the UC injected joints as described previously 16 and the drug dependent inhibition of PG-synthesis 
expressed in percent of DMSO treated controls. On other animals having received the same treatment,  the drug content in the inflamed and 
control joints was measured 3 or 5 h after drug administration by fluorophotometric methods (antipyrine and indoxole) 14,15 or using 14C- 
labelled drugs. Means and standard deviations of 5 and more experiments are given. �9 p ~ 0.01. 


