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a n d  ra re  a n d  b r o k e n  cr i s tae ;  t he  i n t r a c r y s t a l  spaces  were 
r educed  in size un t i l  t h e y  b e c a m e  a l m o s t  v i r tua l .  

The  cy top l a smic  m a t r i x  was in s t ead  swollen, and  in the  
m i t o c h o n d r i a  wh ich  r eached  s t r i k ing  vo lume,  i t  a p p e a r e d  
rarefied.  The  progress ive  m i t o c h o n d r i a l  swell ing caused  
r u p t u r e  of t he  surface m e m b r a n e s  and  ex t e rna l  e m p t y i n g  
of t he  con ten t s .  

The  m i t o c h o n d r i a  c o n s t i t u t e  a d o u b l e - c o m p a r t m e n t  
s y s t e m ;  of these  one is accessible to  sucrose and  va r ious  
smal l -s ized molecules ;  t h e  o the r  is p e r m e a b l e  on ly  to 
w a t e r  a n d  cor responds  to  t h e  cy t op l a s m i c  m a t r i x  a. 
Swell ing of t h e  m i t o c h o n d r i a  t h u s  t r e a t e d  is b r o u g h t  
a b o u t  a t  t he  expense  of t h e  second c o m p a r t m e n t  (mann i -  
t o l - impermeab le )  a n d  is p r o b a b l y  preceded  b y  a l t e r a t ions  
of t he  i n t e rna l  m e m b r a n e  caused  b y  benzo(a )pyrene .  

The  ac t ion  m e c h a n i s m  of benzo (a )py rene  on t he  mi-  
t ochond r i a l  m e m b r a n e s  is s imi la r  to  t h a t  car r ied  ou t  
b y  some de te rgen ts ,  b y  g ramic id in  a n d  d ie thy ls t i l -  
bestrol~,5;  these  subs t ances  w e a k e n  a n d  b r e a k  u p  t he  
p ro t e in -phospho l ip ides  l ink,  a n d  in th i s  w ay  p r ovoke  
t he  leakage  of phospho l ip id ic  molecules  f rom t he  mi to -  
chondr i a l  m e m b r a n e s .  T h r o u g h  t h e  gaps  le f t  open  b y  t h e  
r e m o v a l  of t he  phospho l ip id i c  molecules,  accord ing  to  t he  
d i a g r a m  of GREEN s , t h e  passage  of solutes,  n o r m a l l y  
impene t r ab l e ,  t akes  place. 

Riassunto. Viene  t r a t t a t o  m i t o c o n d r i  i sola t i  di l ega to  di 
r a t t o  con u n a  soluzione acquosa  di benzo(a )pyrene .  I 
m i t o c o n d r i  cosi t r a t t a t i  appa iono  rigonfi,  h a n n o  ma t r i c i  
ch iare  e no tevo le  a u m e n t o  degli  spaz i  m a n n i t o l o - i m p e r -  
meabi l i .  Ques te  modi f icaz ion i  sono ve ro s imi lmen te  d o v u t e  
a l l ' az ione  del  benzo (a )py rene  sulle molecole fosfol ipidiche 
delle m e m b r a n e  motocondr ia l i .  
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A C u m u l a t i n g  M e t a b o l i t e  D e r i v e d  f r o m  a P i p e r a z i n e - S u b s t i t u t e d  P h e n o t h i a z i n e  D r u g  

A c c u m u l a t i o n  of a m i n o r  m e t a b o l i t e  d u r i n g  r e p e a t e d  
a d m i n i s t r a t i o n  of t r icycl ic  p s y c h o a c t i v e  drugs  ha s  been  
proposed  as a possible  m e c h a n i s m  a c c o u n t i n g  for t he  
de layed  onse t  of a n t i p s y c h o t i c  act ion.  W e  obse rved  t h a t ,  
u p o n  r epea t ed  app l i c a t i on  of t he  neuro lep t i c  d rug  per-  
az ine  (Taxi lan  | to  rats ,  a h i t h e r t o  u n k n o w n  m e t a b o l i t e  
a c c u m u l a t e s  in  t issues.  

Materials and methods. Peraz ine ,  d e s m e t h y l  pe raz ine  
(DMP) a n d  V-[phenoth iaz iny l - (10)~-propylamine  (PPA) 
were k i n d l y  suppl ied  b y  Chemische  F a b r i k  P r o m o n t a ,  
H a m b u r g .  N- [y -Pheno th i az iny l -  (10)-propyl ) -e thylenedi -  
a m i n e  ( P P E D )  was  syn thes i zed  b y  r eac t i ng  P P A  w i t h  
ch lo roace ton i t r i l e  a n d  t r i e t h y l a m i n e  in t e t r a h y d r o f u r a n  
for 4 days  a t  r oom t e m p e r a t u r e .  The  re su l t ing  n i t r i l e  
(m.p. 85-86 ~ f rom m e t h a n o l )  was  r educed  w i t h  LiA1H 4 in 
e ther .  P P E D  was o b t a i n e d  as an  oil, over-a l l  yield 40%.  

Rf values of perazine metabolites in thin layer chromatography on 
Kieselgel GF~ 4 

Compound Solvent a 

A B C 

Perazine 0.79 0.76 0.36 
DM P 0.40 0.33 0.38 
PPA 0,63 0.89 0.63 
PPED natural 0.30 0.55 0.34 

synthetic 0.30 0.56 0.33 
PPED sulfoxide 

natural b 0.09 0.21 0.12 
synthetic 0.09 0.21 0.12 

Solvent A) isopropanol/chloroform]water]25% ammonia = 40:20: 
2.5 : 2. B) aeetone/isopropanol/1 N ammonia = 36 : 28:16. C) dichloro- 
ethane/ethyl acetate/ethanol/acetic acid/water = 15:26:12:8:7.5. 
b Prepared in vitro from natural PPED. 

A d u l t  ma le  Yv'istar r a t s  were g iven  peraz ine  d i m a l o n a t e  
(2 x 50 m g / k g  free base  ) b y  oesophagea!  t u b e  for 7 days  
a n d  kil led 12 h a f t e r  the  l a s t  dosage.  L ive r  t i ssue  (5 g) was  
homogen ized  w i t h  20 ml  10% NaC1 solut ion,  mixed  w i t h  
0.6 ml  10% sod ium deoxycho la t e  so lu t ion  a n d  3.5 ml  25% 
N H  a a n d  e x t r a c t e d  w i t h  3 • 20 m l  d ich lo roe thane .  The  
organic  phases  were e v a p o r a t e d  a n d  the  res idue ch roma-  
t o g r a p h e d  on  Kieselgel  GF2~ ~. The  p la t e s  were f i rs t  
washed  w i t h  ch lo ro fo rm/ i sop ropano l  = 10:1  a n d  t h e n  
deve loped  in so lven t  A (Table).  U V - a b s o r b i n g  b a n d s  were 
r e m o v e d  a n d  t h e  subs t ances  i so la ted  1. T h e y  were pur i f i ed  
b y  r e c h r o m a t o g r a p h y  in so lven t  B. 

Results. The  l iver  e x t r a c t s  were found  to  con ta in  sma l l  
q u a n t i t i e s  of perazine ,  D M P  a n d  P P A  c h r o m a t o g r a p h i -  
cal ly  iden t i ca l  w i t h  a u t h e n t i c  c o m p o u n d s  in all  so lven t  
sys t ems  tes ted .  The  b a n d  w i t h  Rf  0.30 in so lven t  A could  
be  resolved in so lven t  B in to  a m i n o r  ye t  un iden t i f i ed  
c o m p o n e n t  a n d  a m a j o r  n i n h y d r i n - p o s i t i v e  p r o d u c t  whose  
c o n c e n t r a t i o n  in l iver  exceeded t h a t  of al l  o the r  m e t a b o -  
lites.  N e i t h e r  t h i s  m e t a b o l i t e  itself, no r  i t s  sul foxide 
o b t a i n e d  b y  H 2 0  2 ox ida t ion ,  were c h r o m a t o g r a p h i c a l l y  
iden t i ca l  w i t h  a n y  of t h e  peraz ine  me tabo l i t e s  i so la ted  
f rom h u m a n  u r ine  1, 2. 

The  mass  s p e c t r u m  (Var ian  MAT SM 1 A) of t h e  un-  
k n o w n  c o m p o u n d  showed a n  in t ense  molecu la r  ion p e a k  
a t  role 299 (according to  exac t  mass  m e a s u r e m e n t  
CI~H~INaS), a ba se  p e a k  a t  m/e 226 (C14Hl~NS, [_pheno- 
th i az iny l - (10) ] -e thy l  cat ionS,  z) -and f u r t h e r  f r a g m e n t s  a t  
m/e 212 ( 1 0 - m e t h y l e n e - p h e n o t h i a z o n i u m  ion) a n d  199 
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(CI,HgNS, p h e n o t h i a z o n i u m  ion). Therefore ,  N-[7-pheno-  
t h i az iny l - (10 ) -p ropy l ] - e thy l ened i amine  ( P P E D )  was pro- 
posed  as s t r u c t u r e  of t h e  me tabo l i t e .  I n  accordance  w i t h  
this ,  t h e  100  M H z - N M R - s p e c t r u m  (TMS as i n t e r n a l  
reference)  showed  abs o r p t i ons  a t  6 .8-7 .4  (8 a r o m a t i c  H), 
3.92 (NI~ -, t,  2 H, J ~ 7 Hz),  1.81 (C-CH~-C, s, 2 H) 
a n d  2.61 p p m  (N-CH~-, m, 6 H). The  U V - s p e c t r u m  wh ich  
closely r e s e m b l e d  t h a t  of peraz ine~  a n d  the  I R - s p e c t r m n  
also agreed  w i t h  t he  p roposed  s t ruc tu re .  UV-,  I R -  a n d  
mass - spec t r a  of t he  m e t a b o l i t e  a n d  of s y n t h e t i c a l l y  pre-  
p a r e d  P P E D  were i den t i ca l ,  as were t h e  RI  va lues  of t he  
two c o m p o u n d s  a n d  of t h e i r  sulfoxides  in  TLC (Table).  

I n  acu te  e x p e r i m e n t s  w i t h  50 m g / k g  peraz ine  pe r  os, 
P P E D  proves  to  be  a m i n o r  m e t a b o l i t e  in  r a t  l iver.  
R e p e a t e d  dosage  leads  to  a p rogress ive  increase  in i ts  
t i ssue  concen t r a t i on .  Af te r  t e r m i n a t i o n  of pe raz ine  admi -  

3%1.3 J t . ) /  
[ I I 

CH 2 CH 2 CH~ 
[ I I 

CH 2 CH 2 CH 2 
f i 

CH~ CH 2 CH~ 
I i N i 

N H NH~ 

H, 7 7 H , CH2, PPA 

H~C CH~ CH 2 
~ N  / H2N / 

i 
R PPED 

R = CH~ Perazine 
R = H DMP 

n i s t r a t i on ,  t i s sue  levels  of P P E D  decl ine  m u c h  s lower  
t h a n  those  of o the r  me tabo l i t e s ,  a n d  P P E D  is st i l l  de tec t -  
able  in  va r ious  o rgans  2 weeks a f t e r  t he  las t  dosage.  

DisCussion. T h o u g h  t he  p ipe raz ine  r i ng  forms  p a r t  of a 
large  n u m b e r  of p h a r m a c e u t i c a l  compounds ,  a p p a r e n t l y  
n o t h i n g  was k n o w n  on i ts  m e t a b o l i c  d e g r a d a t i o n  in m a m -  
mals .  An  o x i d a t i v e  a t t a c k  on t he  c a r b o n  ske le ton  could be  
d e m o n s t r a t e d  b y  us 2 t h r o u g h  t h e  i den t i f i c a t i on  of a 
d ike top ipe raz ine  d e r i v a t i v e  w h i c h  is excre ted  in h u m a n s  
inges t ing  perazine .  The  occur rence  of P P A  in r a t  l iver  
shows t h a t  t he  p ipe raz ine  r ing  can  be  comple t e ly  degraded ,  
l eav ing  on ly  1 a m i n o  group.  P P A  cons t i t u t e s  a c o m m o n  
m e t a b o l i t e  of pe raz ine  and  promazine~.  

Zusammen/assung.  W i e d e r h o l t e  orale  Gabe  des Neuro-  
l e p t i k u m s  Pe raz in  (Tax i lan  | f f ihr t  bei  de r  R a t t e  zur  
IZumula t ion  e ines  M e t a b o l i t e n  m i t  tei lweise a b g e b a u t e m  
P ipe raz in r ing ,  N- [F -Pheno th iaz iny l -  (10)-propyl~-i i thylen- 
d i amin .  Seine K o n s t i t u t i o n  wurde  d u r c h  N M R -  u n d  
Massenspek t ro skop ie  sowie d u r c h  S y n t h e s e  gekl~irt. Als 
wei teres  A b b a u p r o d u k t  wurde  7-~Phenothiaz inyl - (10)] -  
p r o p y l a m i n  ident i f iz ie r t .  
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N e u r o n  P o p u l a t i o n s  i n  t h e  C e r e b e l l u m  o f  t h e  C a t  

R e c e n t  compar i sons  of t h e  ce rebe l lum to  a n e u r o n a l  
m a c h i n e  1 would  gain  in  v a l i d i t y  if cons ide ra t ion  were 
g iven  to t he  n u m e r i c a l  pa r am e t e r s .  I n  ce rebe l lum research,  
f ind ings  m a d e  on n o n - p r i m a t e s  are f r e q u e n t l y  cons idered  
app l i cab le  to  man ,  to  t he  e x t e n t  of in f luenc ing  cl inical  
neu ro logy  2. The  e n u m e r a t i o n  of t h e  cerebel la r  nuc lea r  
cells, so c lear ly  i so la ted  f rom o t h e r  n e u r o n a l  groupings ,  
r ender s  a n  exac t  a s s e s s m e n t  of t h e  ou t f low or i en ted  
cerebe l la r  c apac i t y  3 in  a g iven  species. Cell f requencies  in  
t h e  deep cerebel la r  grey of m a n  were found  to  be  b u t  a 
f r ac t ion  of t he  fo rmer ly  r epo r t ed  r ange  of f igures 4. Thus,  
e s t i m a t i o n  m e t h o d s  are appl icable ,  g iv ing  a h i g h  level  of 
confidence.  E s t i m a t e s  of t he  va s t  n u m b e r  of P u r k i n j e  
cells would  t e n d  to  be  less precise.  T he  wides t  r ange  of 
u n c e r t a i n t y  is necessar i ly  assoc ia ted  w i t h  a t t e m p t s  to  
e n u m e r a t e  t he  g r anu l a r  cells. The  ava i l ab le  e s t ima te  ~ for 
m a n  ranges  f rom 10 l ~  to  1011. Bas ic  ce rebe l la r  s t r u c t u r e  on  
t he  microscopic  level  is r e m a r k a b l y  c o n s t a n t  in  al l  ve r te -  
b ra te s .  I t  is of in t e res t  w h e t h e r  the  p r o p o r t i o n a t e  dis t r i -  
b u t i o n  of t he  c o n s t i t u e n t  n e u r o n a l  e l emen t s  is s imp ly  a 
f u n c t i o n  of b o d y w e i g h t  or size, or re la tes  to  o the r  factors.  

N e u r o n  nuc leo la r  c o u n t s  were car r ied  ou t  Oil 25 ~ m  
Nissl  s t a i ned  sect ions  of 5 ca t  cerebel la .  B r a i n s  were 
f ixed b y  per fus ion  and  s u b s e q u e n t  i m m e r s i o n  in n e u t r a l  
buf fe red  isotonic  formal in .  Coun t s  were m a d e  b y  periodic 
samples  of 10 sec t ion  in te rva l s .  A 5 sec t ion  per iod  was 

5 

used in 1 b ra in .  Compared  to  an  al l  sec t ion  count ,  t he  
expec t ed  loss of accu racy  4 is 2% only.  

There  is l i t t l e  v a r i a t i o n  a m o n g  cell f requencies  in t he  
deep cerebel la r  nuc le i  of 4 an ima l s  (Table  I). The  5th, a 
y o u n g  male  of low bodyweigh t ,  ha s  s ign i f i can t ly  lower 
cell n u m b e r s  ( P  0.005) in  al l  of t h e  nuclei.  P e r i n a t a l  
n a l n u t r i t i o n  is a poss ible  b u t  no t  p r o v a b l e  cor re la te  for 
t h i s  difference.  C o m p a r e d  to cell f requencies  in  t he  same 
nuc le i  of m a n  a, sh i f t s  in  p ropo r t i ons  are considerable .  
Homologies  here,  c o m p a r i n g  p r i m a t e s  to  non-p r ima tes ,  
are accep ted  now w i t h  few r e se rva t i ons  6,~. W h e r e a s  t he  
m e d i a l  nuc leus  of t he  ca t  a ccoun t s  for  35% of all  deep 
ce rebe l l a r  neurons ,  t he  hom01oge fas t ig ia l  nuc leus  of m a n  
c o n t r i b u t e s  on ly  1 .65% of t he  to ta l .  A g a i n s t  a n  a s sumed  
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