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s ignif icant ly  high t i ters  of neutra l iz ing an t ibodies  to 
Coxsackie B viruses 4,5. I t  m a y  be assumed,  therefore,  
t h a t  Coxsackie virus B 1 can cause diabetes  mel l i tus  in 
m a n  and o the r  animals .  The f indings in the  expe r imen t s  
descr ibed above  prov ide  s t rong  evidence for a viral  
e t iology of d iabetes  mell i tus,  since the  direct  viral  invasion 
of fl-cells of islets of Langerhans ,  followed by  cell degene- 
ra t ion  and  necrosis  and  la ter  a t roph ic  changes,  can  
f inal ly reduce the  mass  of funct ional  fl-cells of the  islets of 
Langerhans .  

inf iz ier ten M/tusen gefunden.  Die Inselzellen zeigten 
sowohl le ichte  als auch schwere Sch~idigung. 
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Zusammen/assung. In  den fl-Zellen der Lange rhans ' s chen  
Inseln  des Pankreas  wurden  Viruskris tal le  yon  mi t  
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Effec t s  of  B e n z o ( a ) p y r e n e  on  I s o l a t e d  Rat  L i v e r  M i t o c h o n d r i a  

In  a previous  s tudy,  the  au thors  observed t h a t  hepa-  
tocy tes  of ra t s  t r ea t ed  wi th  benzo(a)pyrene  u n d e r w e n t  
a l te ra t ions  of the  endop lasmic  re t icu lum and  the  mi- 
t ochondr i a ;  these were, in part icular ,  swollen, showed 
a pale mat r ix ,  rare cr is tae and an increase of the  manni to l -  
impermeab le  spaces 1. I t  was not  clear, however,  whe t h e r  
these  mi tochondr ia l  modi f ica t ions  were due  to  the  
benzo(a)pyrene  act ion di rec t ly  exer ted  on the  mito-  
chondr ia l  m e m b r a n e s  or to a med ia te  or indi rec t  ac t ion 
of the  same toxic  subs tance  th rough  the  si tes of o the r  
sub-s t ruc tures  of the  hepa tocy tes .  To clarify th is  histo-  
genet ic  ques t ion  the  p resen t  communica t ion  repor t s  the  
t r e a t m e n t  of isolated ra t  l iver mi tochondr i a  in v i t ro  w i th  
benzo(a)pyrene.  

The p repa ra t ion  of the  mi tochondr i a  was carried out  a t  
0 ~ The ra ts  were killed and bled. The pools of l ivers 
prev ious ly  minced and  washed  in sucrose (0 .25M and 
0.44M) were homogenized  for 3 min  in a Po t te rZElvehjem 
homogenizer  wi th  a tef lon pest le  in the  same sucrose 
solution.  The homogena t e  was then  centr i fuged for 10 min  
at  5,500 g. The precipi ta te ,  consis t ing of t he  mi tochondr ia ,  
was resuspended  in sucrose wi th  the  passages of the  pest le  
carr ied out  manua l ly  and then  centr i fuged for 10 rain a t  

10,000 g. The mi tochondr ia l  pel le t  ob ta ined  was washed 
twice wi th  sucrose 0.25 M. 

The mi tochondr i a  t hus  isolated were resuspended  and 
mixed  in an e lec t romagnet ic  agi ta tor  in an aqueous solu- 
t ion of 2% 3-4 benzo(a)pyrene  for 30 rain 3. I m m e d i a t e l y  
the rea f t e r  the  mi tochondr i a  were washed wi th  a sucrose 
solut ion 0 .25M and fixed in 3% g lu ta ra ldehyde  di luted 
in 0 .13M phospha t e  buffer  at  p H  7.4 for 1 h, washed wi th  
buffer,  pos t - f ixed  in phospha t e  buffered (pH 7.4) 1% 
osmium te t rox ide  wi th  added  sucrose for 1 h, dehyd ra t ed  
in e thanol  and emb ed d ed  in araldite.  

F r o m  the  mater ia l  t r ea ted  in th is  way, u l t ra - th in  
sect ions were p repared  wi th  a Po r t e r -B lum MT2 ultra- 
mic ro tome;  these  were then  s ta ined  wi th  uranil  ace ta te  and 
lead c i t ra te  and  observed under  an E lmiskop  1A electron 
microscope.  

The mi tochondr i a  thus  t r ea ted  increased in vo lmne  and 
had  a roundish  shape,  a pale and homogenous  matr ix ,  

1 L. CUCCURULLO and G. I~[ANOCCHIO, unpublished observations. 
2 A. VESCIA, G. G. GrODANO and G. HERMANN, J. molee. Biol. 33,625 

(1968). 

Fig. 1. Mitochondria treated increased, presented a pole, homogenous Fig. 2. The cytoplasmic matrix is swollen and in the mitochondria 
matrix and rare and broken eristae, which reached striking volume it appeared rarefied. 
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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 

1 U. BREYER, Biochem. Pharmac. 18, 777 (1969). 
2 D. I~RAUSS, W. OTTING and U. BREYER, J. Pharm. Pbarmae. 21, 

808 (1969). 
a j .  N. T. GILBERT and B. J. MILLARD, Org. Mass Spectroln. 2, 17 

(1969). 


