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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. 
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pheny lbu t azone  'has  a specific re la t ionship  to  inf lamed 
t issue '  8. To f ind out  whe the r  there  is accumula t ion  of 
acidic N S A I D  in con t ras t  to t he  non-acidic  congeners,  
we assayed the  concen t ra t ion  of t he  same drugs in the  
washes  f rom inf lamed and  non- in f lamed  joints  of chickens 
3 and  5 h af ter  drug  adminis t ra t ion ,  a t  2 and  4 h af ter  
el ici t ing the  in f l ammat ion  respect ively.  The resul ts  are 
given in the  Table.  Clearly, there  is accumula t ion  of the  
two  acidic N S A I D  tes ted  in t he  fluid of the  inf lamed 
joints .  The concen t ra t ion  of these  drugs in the  fluid of the  
inf lamed joints  was a l ready  abou t  3 t imes  h igher  t h a n  in 
t he  contro l  jo in ts  a t  3 h and  6 to  8 t imes  h igher  a t  5 h 
af ter  drug  adminis t ra t ion .  On the  o the r  hand ,  the  non-  
acidic congeners  did no t  show such behaviour .  The con- 
cen t ra t ion  of these  drugs was equal  or only  s l ight ly  h igher  
in the  fluid of the  inf lamed as compa red  to  the  control  
joints .  

I t  m a y  be argued t h a t  our  results  are only  p e r t i n e n t  for 
a ve ry  specific model  of acu te  in f l ammat ion  and  canno t  
be generalized.  Therefore  we ex tended  our  expe r imen t s  
to  a more  widely  used model  of in f lammat ion ,  the  car- 
rageenin  edema in the  rat .  ~4C-labelled pheny lbu t azo n e  
or an t ipyr ine  was admin i s t r a t ed  p.o. to young ra ts  and  a t  

the  same t ime  an in f l ammat ion  elicited by  the  inject ion 
of car rageenin  into the  left  h i n d -p aw  and  the  subcu taneous  
t issue of t he  neck. 5 h la ter  t he  an imal  was anaes the t ized ,  
exsanguina ted ,  deep frozen and  cut  in to  th in  (100 vm 
thick) slices. The slices were freeze dr ied and then  m o u n t e d  
on X-ray-f i lm.  The r ad ioau tog raphs  so ob ta ined  for 
p h en y l b u t azo n e  (Figure a) show high  rad ioac t iv i ty  in t he  
inf lamed t issue of the  neck  and the  left  h ind-paw,  bu t  
also in liver, small  in tes t ine  and kidney.  Other  t issues 
conta in  only  t races  of ac t iv i ty .  In  cont ras t ,  expe r imen t s  
using 14C-labelled an t ipy r ine  (Figure b ) d o  no t  show 
accumula t ion  of ac t iv i ty  in the  in f lamed tissue, again 
indica t ing  t h a t  only acidic N S A I D  accumula te  in inf lamed 
tissue. 

An exp lana t ion  for th is  observa t ion  m a y  be t h a t  t he  
two  c o m m o n  physioco-chemical  character is t ics  of acidic 
N SA ID ,  n ame l y  the i r  unusua l ly  high degree of b inding  to  
p lasma  pro te ins  in vivo 1, 5 and  the i r  p K a  values a round  

R. J. FLOWER, H. S. CHEUNG and D. W. CUSHMAN, Prostaglandins 
4, 325 (1973). 

8 G. WILHELMI and R. PULVER, Drug Res. 5, 221 (1955). 

Radioautographs of phenylbuta- 
zone (a) and antipyrine (b) treated 
rats. Young rats (30 g body wt.) 
were given 100 ~zCi (10 mg/kg) 14C- 
labelled phenylbutazone or anti- 
pyrine by stomach tube. At the 
same time inflammation was elicit- 
ed by the injection of 0.05 ml of a 
2 % (w/v) suspension of carrageenin 
into the left hind-paw or 0.2 ml 
suspension plus 0.2 ml air into the 
subcutaneous tissue of the neck. 
5 h later the animals were ex- 
sanguinated, deep frozen and cut 
into thin (100 tzm) slices which 
were mounted on X-ray film. 
After 8 days of exposure, the 
pictures given were examined. The 

�9 phenylbutazone treated animal (a) 
shows high activity in the in- 
flamed tissue of the neck and the 
left hind-paw, whilst the anti- 
pyrine treated does not display 
high activity in the inflamed tissue. 



15. 8. 1975 Specialia 953 

49,10, cause two effects.  Firs t ly ,  capi l lary damage  wi th  
ex t r avasa t i on  of p la sma  proteins ,  as seen in in f l ammat ion  11, 
will lead to  c o n c o m m i t t a n t  ex t r avasa t i on  of drug  bound  
to  these  pro te ins  and  thus  cause e levated  concen t ra t ions  
of drug  in inf lamed tissue. Secondly,  weak acids show 
increased l ipophi l ic i ty  in acidic compa r tmen t s ,  which  m a y  
resul t  in increased membrane -concen t r a t ion% and  biolog- 
ical ac t iv i ty .  Acidic c o m p a r t m e n t s  are k n o w n  to  exist  in 
the  s t om ach  9, the  k idney  9 and inf lamed tissue n.  W h e t h e r  
these  exp lana t ions  t oge the r  are suff icient  to explain  the  
accumula t ion  and pharmacolog ica l  ac t iv i ty  of acidic 
NS AID ,  however ,  remains  a m a t t e r  of specula t ion a t  
p resen t  ~2. 

Never the less  it  can  be concluded t h a t  our  observa t ions  
add  a new aspect  to  t he  unde r s t and ing  of t he  mode  of 
ac t ion  of acidic N S A I D .  I t  appears  t h a t  only  acidic drugs 
which  are h ighly  bound  to  p lasma  pro te ins  accumula te  
specifically in inf lamed t issue and thus  inh ib i t  PG-syn-  
thes is  in vivo a t  the  site of in f l ammat ion .  On the  o the r  
hand ,  the  same physico-chemical  charac ter i s t ics  m a y  lead 
to  high m e m b r a n e  concen t ra t ions  and/or  biological ac t iv i ty  
of these  drugs in small  intest ine,  k idney  and liver causing 
the  known u n w a n t e d  side effects in these  organsL As a 
consequence  of these  observat ions ,  it  appears  a lmos t  
impossible  to dissociate the  desired an t i - i n f l ammat o ry  
ac t ion  of acidic N S A I D  f rom the i r  ha rmfu l  side effects.  
Also, since the  degree of accumula t ion  in the  inf lamed 
t issue m a y  va ry  f rom species to  species (depending e.g. 
on the  degree of p ro te in  b inding of the rapeu t i c  doses), 
search for op t imal  pha rmacok ine t i c  behav iour  in hu man s  

m a y  serve as a useful add i t iona l  guide line for the  develop-  
m e n t  of be t t e r  a n t i - i n f l a m m a t o r y  drugsXa-~6. 

Zusammen/assung.  Es wird gezeigt, dass saure Ant i -  
phlogis t ika  im en tz t inde ten  Gewebe angere icher t  werden.  
Alkalische S t r u k t u r v e r w a n d t e  zeigen diesen Ef fek t  nicht .  
Die Bedeu tung  dieses Befur~des fiir das  Verst/~ndnis der  
Wirkung  b e k a n n t e r  und  die En twick lung  neuer  n i ch t  
s teroidaler  Ant iph log is t ika  wird  diskut ier t .  
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M i c r o s o m a l  M e t a b o l i s m  as  a D e t e r m i n a n t  of A f l a t o x i n  T o x i c i t y  

Afla toxins  are a group of t o x i n s  e labora ted  by the  
fungus A spergillus [lavus which  are na tu ra l  c o n t a m i n a n t s  
in foods and  feeds. They  are known  to  p r o d u c e  acute  
necrosis, cirrhosis and  carc inoma of the  liver in a va r i e ty  
of an imal  species including n o n - h u m a n  p r ima tes  1-3. 
However ,  there  is a marked  var ia t ion  in the  response to 
the  tox in  be tween  var ious  species of animals  4. I t  has  no t  
been  possible to correlate  these differences wi th  differences 
in the  s t a tus  of the  drug metabol iz ing sys tem 5. Qual i ta t ive  
changes  in the  me tabo l i sm of the  tox in  r a the r  t h a n  quan-  
t i t a t ive  differences in a single enzyme sys t em m a y  be one 
of the  exp lana t ions  for the  species var ia t ions .  Examp l e s  
of such species-specific me tabo l i sm have,  in fact,  been 
documen ted  6 Such a possibi l i ty  also explains  the  var ia t ion  
wi th  respect  to  the  zones affected in the  livers of d i f ferent  
an imal  species. Af la toxin  liver damage  is per ipor ta l  in the  
rat ,  duckling,  and monkey ,  midzonal  in the  r abb i t  and 
cent r i lobular  "in t he  pig, guinea-pig and dog 4. These 
observat ions ,  therefore ,  indicate  t h a t  a f la toxin  is me ta -  
bolically hand led  d i f ferent ly  by  di f ferent  species of animals.  

In  spi te  of in tens ive  and  ex tens ive  studies,  there  is, 
as yet ,  no comple te  unde r s t and ing  regard ing  the  site and  
na tu re  of a f la toxin  metabol i sm.  I t  has  been suggested 
t h a t  a f la toxin  requires to  be ac t iva ted  for its acu te  toxic-  
i ty  5. I t  has  also been  sugges ted  t h a t  its tox ic i ty  is depen-  
den t  upon  its b e i n g  inac t iva ted  7. Similarly,  d ive rgen t  
specula t ions  have  been  made  wi th  respect  to its carcino- 
genic potent ia l .  On the  basis of r epor ted  da t a  f rom con- 
t rol led s tudies  in ra t s  sub jec ted  to var ious  expe r imen ta l  
procedures ,  an a t t e m p t  has been made  here to  explain  
the  metabol ic  basis for af la toxin  toxic i ty .  

Microsomal  drug me tabo l i sm is re la t ively  ineffect ive in 
young  animals  8 and  in pro te in  deple ted  animals  ",10. In  
b o t h  these  s i tuat ions ,  suscept ib i l i ty  to  acute  af la toxin  

toxic i ty  is increasedI1,1~. Admin i s t r a t i on  of D D T  is 
associated wi th  increased ra te  of drug  metabo l i sm la and  
such t r e a t m e n t  resul ts  in p ro tec t ion  f rom af la toxin-  
induced liver in jury  14. The behav iour  of ca rbon- te t r a -  
chloride in these  condi t ions  is exac t ly  opposi te  to t h a t  of 
af la toxin  7,1~. Such a reciprocal  behav iour  of these  two 
toxins  is also observed  f rom the  zones affected in the  ra t  
l iver dur ing  the i r  acu te  toxici ty .  In  acute  af la toxin  toxic-  
ity, the  lesion is per ipor ta l ,  while in ca rbon  te t rachlor ide ,  
i t  is centr i lobular .  I t  is usual for the  toxins  requir ing 
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