
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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ac t iva t ion  to  resul t  in cent r i lobular  lesion while those  
detoxif ied  d i rec t ly  p roduce  per ipor ta l  damage.  Those 
tox ins  which resul t  in de toxi f ica t ion  th rough  in te rmed ia tes  
which  are more  toxic  t h a n  the  p a r e n t  compound  and its 
u l t imate  metabol i tes ,  p roduce  midzonal  necrosisl~. 

There  is now considerable  evidence to  show t h a t  carbon 
te t rach lor ide  needs  to  be ac t iva ted  by  microsomal  enzyme 
sys t em in the  l iver before becoming  toxic  17, is. Adminis-  
t r a t ion  of glucocort icoids increases tox ic i ty  of carbon 
te t rach lor ide  ~9 indica t ing  an effective s t imula t ion  of drug 
me tabo l i sm dur ing  cort isone the rapy .  Such a t r e a t m e n t  
in acute  aflatoxicosis,  on the  o the r  hand ,  resul ts  in protec-  
t ion agains t  l iver damage  2o. 

P r e g n a n c y  depresses  me tabo l i sm of var ious  foreign 
compounds  s~ and  increases suscept ib i l i ty  to  acute  af la toxin  
damage  22. Similarly, v i t amin  A deficiency has been  shown 
to depress  t he  me tabo l i sm of a va r i e ty  of drugs s3 and  has  
been  d e m o n s t r a t e d  to  increase t he  suscept ib i l i ty  to  acute  
af la toxin  damage  s4. A more  di rect  and  cl inching evidence 
for t he  role of me tabo l i sm of af la toxin  as a factor  deter-  
mining  its toxic i ty ,  is p rov ided  b y  the  s tudies  on hypo-  
physec tomized  rats.  H y p o p h y s e c t o m y  reduced  the  
me tabo l i sm of aminopyr in  and of af la toxin  s~. There  was 
a decreased fo rma t ion  of the  metabol ic  p roduc t s  of alia- 
tox in  p roduced  b y  the  microsomal  enzymes25. However ,  
the  acute  suscept ib i l i ty  to  a f la toxin  was grea t ly  increased 
by  h y p o p h y s e c t o m y  26. 

These da t a  therefore  s t rong ly  suggest  t h a t  an effective 
drug  metabol iz ing  sy s t em pro tec t s  the  an imal  f rom ~che 
acute  effects of af la toxin.  On the  o ther  hand,  th is  effective 
drug metabo l i z ing  sys tem would appear  to have  exac t ly  
the  opposi te  effect  on the  carcinogenic po ten t i a l  of aria- 
toxin.  P ro te in  def ic iency and v i t amin  A def ic iency increase 
t he  acute  suscept ibi l i ty ,  b u t  reduce the  incidence of 
h e p a t o m a s  s~, 28. Again, h y p o p h y s e c t o m y  marked ly  reduces 
the  LD~026, b u t  is no t  compat ib le  w i th  the  p roduc t ion  of 
liver tumoursSL These resul ts  indica te  t h a t  dur ing  the  
me tabo l i sm of af la toxin  in the  body,  compounds  which  
are less toxic  w i th  respec t  to  acute  lesions b u t  more  
effective in hepa tocarc inogenes is  are formed.  This possi- 
bi l i ty  is suppor t ed  by  the  observa t ion  t h a t  admin i s t r a t ion  
of a single large dose of 500 txg of the  tox in  resul ts  in the  
deve lopmen  t of h e p a t o m a s  in 50% of ra t s  3~ while a 
smal ler  dose of less t h a n  100 ~g when  admin is te red  in 
mul t ip le  d iv ided  doses over  a long per iod resul ts  in liver 
cancer  in 100% of animals3L 

The obse rva t ion  t h a t  s imul taneous  admin i s t r a t ion  of 
p h e n o b a r b i t o n e  and af la toxin  reduces the  incidence of 

a f la toxin- induced  hepa t ic  tumours ,  however ,  suggests  
t h a t  a f la toxin  is  detoxif ied  wi th  respec t  to its carcinogenic 
po ten t i a l  also as. This could have  resul ted  f rom the  compet -  
i t ive inhib i t ion  of the  me tabo l i sm of the  carcinogen 
admin is te red  while the  drug-metabol iz ing  sys t em is 
hand l ing  the  phenobar t i tone .  

I t  appears ,  therefore,  t h a t  the  microsomal  drug me tab -  
olizing enzymes  are ra te  l imit ing in the  degrada t ion  of 
af la toxin  in the  ra t  liver. I t  is l ikely t h a t  these  'de toxif ied '  
p roduc t s  are more  carcinogenic to  the  liver. F u r t h e r  
s tudies  are necessary  to  subs t an t i a t e  th is  hypothes is .  

Summary. The evidences to  incr imina te  the  possible 
role of microsomal  drug  metabol iz ing  sys tem in af la toxin  
tox ic i ty  in ra t  have  been  reviewed. I t  is suggested t h a t  an 
effective drug  me tabo l i sm resul ts  in decreased acute  
tox ic i ty  and  the  p roduc t s  of me tabo l i sm are more  carcinor 
genie t h a n  the  na t ive  tox in  to t he  ra t  liver. 
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Benzodiazepines :  a C o m p a r i s o n  of their Effects in Mice on the Magni tude  of the P a l m a r  Skin 
Conduct iv i ty  R e s p o n s e  and on Penty lene te trazo le - Induced  Se izures  

We have  previous ly  d e m o n s t r a t e d  i t h a t  a wide va r i e ty  
of CNS depressan t s  inh ib i t  t he  pa lmar  skin conduc t iv i ty  
response  in mice (PSeR- t e s t ) .  This  t e s t  m i g h t  t hus  be 
used to  s t u d y  non-specif ic  sedat ive  act iv i ty .  On the  o ther  
hand ,  the  blocking of pen ty lene te t r azo le - induced  seizures 
(anti  P I  S = A P I  S-test) a t  ve ry  low doses is charac ter i s t ic  
of benzodiazepines  and  migh t  be re la ted  to  t he  ant i-  
epileptic and  anxioly t ic  act ions of these  drugs.  Conse- 
quent ly ,  a sys t emat i c  compar i son  be tween  the  two me t h o d s  
deserves  inves t igat ion.  

Methods. Swiss Or1 male  mice (body weight  18 to  25 g), 
r andomized  in to  ba tches  of 10, were used for bo t  h methods .  
P S C R -  and  A P I S - t e s t s  were carr ied ou t  following 1 and s 
respect ively .  The P S C R - t e s t  is based  on the  increase of the  
pa lmar  skin conduc t iv i t y  level in response  to  a photo- 

s t imulus ;  13 benzodiazepines  and  2 o the r  drugs (cf. Table) 
were in jec ted  i.p. 20 min  before the  i.p. admin i s t r a t ion  of 
125 mg/kg  of pen ty lene te t r azo le  in t he  A P I S - t e s t  or 
before t he  2nd pho tos t imulus  in the  PSCR- te s t ,  Each  
b a t c h  of mice was dosed in such a way  as to  achieve a 
logar i thmic  increase of dosage over  the  whole exper iment .  
For  each drug  t e s t ed  the  following values were calculated : 
the  E D  50 (following 3) p reven t ing  tonic  convulsions and 
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