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Effects of Piericidin A and Amytal  on the Energy-Linked Swell ing of Rat Liver Mitoch0ndria 

W e  h a d  s u g g e s t e d  1, ~ t h a t  t h e  f i r s t  e n e r g y  c o n s e r v a t i o n  
s i t e  is on  t h e  o x y g e n  s ide  of  t h e  O - p h e n a n t h r o l i n e  s e n s i t i v e  
s i t e  a s s o c i a t e d  w i t h  t h e  n o n - h e m e  i r o n  of  t h e  N A D H -  
d e h y d r o g e n a s e  b u t  o n  t h e  s u b s t r a t e  s ide  o f  t h e  r o t e n o n e -  
s e n s i t i v e  s i te .  T h i s  w a s  c o n f i r m e d  l a t e r  3, ~ b y  SINGER e t  al.  
u s i n g  o p t i c a l  a n d  E P R  s t u d i e s .  T h e y  h a v e  s h o w n  t h a t  s i t e  
I is  o n  t h e  N A D H  d e h y d r o g e n a s e  b e t w e e n  o n e  of  t h e  
n o n - h e i n e  i r o n  c e n t r e s  a n d  t h e  t y p e  5 - S H  g r o u p .  E x p e r i -  
m e n t s  b a s e d  o n  t h e  e n e r g y  l i n k e d  s w e l l i n g  of  m i t o c h o n d r i a ,  
o n  w h i c h  we  b a s e d  o u r  s u g g e s t i o n  a r e g a r d i n g  t h e  r o t e n o n e  
s e n s i t i v e  s i te ,  a l so  p l a c e  t h e  p i e r i c i d i n  A a n d  a m y t a l  
s e n s i t i v e  s i t e  on  t h e  o x y g e n  s ide  of  t h e  e n e r g y  c o n s e r v a -  
t i o n  s i te .  

P r e p a r a t i o n  o f  r a t  l i ve r  m i t o c h o n d r i a  a n d  t h e  c o n d i t i o n s  
for  a s s a y i n g  s w e l l i n g  m e d i a t e d  s p e c i f i c a l l y  t h r o u g h  
e n e r g y  c h a n g e s  a t  s i t e  I a s  we l l  a s  t h e  p a r a m e t e r s  o f  
m i t o c h o n d r i a l  s w e l l i n g  u s e d  h a v e  b e e n  d e t a i l e d  in  ea r l i e r  
c o m m u n i c a t i o n s  a, 2. T h e  r e s u l t s  w i t h  f l - h y d r o x y b u t y r a t e  
a n d  p y r u v a t e  p l u s  m a l a t e  as  s u b s t r a t e  u n d e r  c o n d i t i o n s  
w h e n  o n l y  s i t e  I is o p e r a t i v e  a r e  g i v e n  i n  F i g u r e s  1 a n d  2, 

r e s p e c t i v e l y .  I n  o r d e r  to  p r e v e n t  a n y  c o n t r i b u t i o n  f r o m  
s u b s t r a t e - l e v e l  p h o s p h o r y l a t i o n  d u e  t o  o~-ke tog lu ta ra te  
r e s u l t i n g  f r o m  o x i d a t i o n  of  p y r u v a t e  p l u s  m a l a t e ,  1 m M  
a r s e n i t e  w a s  a l so  i n c l u d e d  in  t h i s  s y s t e m .  A t  t h i s  c o n c e n -  
t r a t i o n  a r s e n i t e  c o m p l e t e l y  e l i m i n a t e s  t h e  o x i d a t i o n  of 
e - k e t o g l u t a r a t e  5, 6. I n  b o t h  f i gu re s ,  c u r v e  1 r e p r e s e n t s  t h e  
s w e l l i n g  m e d i a t e d  b y  al l  t h e  3 e n e r g y  c o n s e r v i n g  s i t e s  
in  u n t r e a t e d  m i t o c h o n d r i a .  T r e a t m e n t  w i t h  0.15 ~tM 
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Fig. 1. Effect of amytal  and piericidin A 
on induction of swelling by phosphate plus 
thyroxine in rat  liver mitochondria using 
/~-hydroxy-butyrate as substrate. Mito- 
ehondria (0.6 mg protein) were suspended 
in 3 ml of 0.15 M KC1 containing 20 m M  
Tris-HC1 (pH 7.4) at 28~ Swelling by 
phsophate (2 raM) plus thyroxine (20 [zM) 
was started after a 3 mill incubation with 
the following: 1, fi-hydroxybutyrate,  5 
mM;  2, antimycin A, 0.15 [zM and KCN, 
0 . 5 m M  added to system 1; 3, PMS, 0.1 
m M  added to system 2; 4, amytal,  1.8 m M  
added to system 3 ; 5, pierieidin A, 0.06 ~zM 
added to system 3 ; 6, amytal,  1.8 m M  ad- 
ded to system 2; and 7, piericidin A, 0.06 
[zM added to system 2. I n  curves 2, 5, 6 
and 7, ATP and Mg 2+, 60 ~M of each was 
added at the end of 7 min after addition of 
phosphate plus thyroxine. 
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Fig. 2. Eflect of amytal  and pierieidin A on induction of 
swelling by phosphate plus thyroxine in rat liver mitochon- 
dria using pyruvate pins malate as substrate. Mitochondria 
(0.6 mg protein) were suspended in 3 ml of 0.15M KC1 con- 
taining 20 m M  Tris-HC1 (pH 7.4) at 28 ~ Swelling by phos- 
phate (2 mM) plus thyroxine (20 [zM) was started after a 
3 rain incubation with the following: 1, Pyruvate,  5 mM, 
malate, 1 raM, and arsenite 1 mM;  2, antimycin A, 0.15 [zM 
and KCN, 0.5 m M  added to system 1; 3, PMS, 0.1 m M  
added to system 2; 4, amytal,  1.8 m M  added to system 3; 
5, piericidin A, 0.06~zM added to system 3; 6, amytal  1.8 m M  
added to system 2 ; 7, pierieidin A, 0.06 ~tM added to system 
2; 8, phosphate and thyroxine omitted from system 1. 
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antimycin A and 0.5 mM KCN blocked mitochondrial 
swelling (curve 2). If, however, 0.I mM PMS were added 
to the above system swelling occurred (curve 3). Addition 
of 1.8 mM amytal or 0.06 [xM piericidin A ~ did not 
eliminate the swelling supported by the bypass created 
with PMS (curves 4 and 5, respectively). Addition .of 
a m y t a l  or p ier ic id in  A in t he  absence  of PMS to t he  sys t em 
represen ted  b y  cu rve  2 d id  no t  induce  swell ing (curves 6 
and  7, respect ively) .  I n  the  absence  of PMS,  swell ing could 
be  s u p p o r t e d  b y  add i t i on  of 60 v M  each of A T P  and  Mg e+. 
(Figure 1). A l t h o u g h  n o t  shown  here,  i n d u c t i o n  of swell ing 
b y  A P T  a n d  M e+ was also obse rved  for t he  sys t ems  
r ep re sen t ed  b y  F igure  2. Curve 8 in F igure  2 r ep resen t s  
t h e  swell ing m e d i a t e d  b y  all t h e  3 energy  conserv ing  sites 
in  m i t o c h o n d r i a  in  t he  presence  of 1 m M  arsen i te  w i t h o u t  
t he  add i t i on  of p h o s p h a t e  a n d  thy rox ine .  

I t  is genera l ly  accep ted  t h a t  large a m p l i t u d e  swell ing 
of m i t o c h o n d r i a  is an  energy- l inked  process  s. I n  our  
e x p e r i m e n t a l  s y s t e m  energy  changes  were r e s t r i c t ed  to 
t h e  f i rs t  s i te  specif ical ly b y  us ing  a c o m b i n a t i o n  of an t i -  
m y c i n  A and  cyan ide  and  channe l l i ng  t he  e lec t rons  f rom 
the  s u b s t r a t e s  to  a n  ar t i f ic ia l  acceptor ,  n a m e l y  P M S L  
T h a t  si tes I I  a n d  I I I  are no t  ope ra t ive  u n d e r  these  con- 
d i t ions  was es tabl ished.  No swell ing t ook  place  if PMS was 
no t  inc luded  (curve 2) in  t h e  sys t em i n d i c a t i n g  t h a t  f lux  
of e lec t rons  f rom s u b s t r a t e s  to  P M S  is necessary.  A n y  
poss ib i l i ty  t h a t  P M S  per  se m i g h t  induce  swell ing is ruled 
ou t  b y  t he  fac t  t h a t  in  t h e  absence  of swell ing agents ,  
p h o s p h a t e  plus thy rox ine ,  t he re  was no  swelling. A d d i t i o n  
of a m y t a l  a n d  pier ic id in  A did  no t  e l imina te  t he  swell ing 
(curves 4 a n d  5). U n d e r  cond i t ions  w h e n  s u b s t r a t e  
ox ida t ion  does no t  t ake  place  add i t i on  of A T P  and  Mg e+ 

induced  swell ing i nd i ca t i ng  t h e  ene rgy- requ i r ing  n a t u r e  
of t he  process  (curves 2, 6, 7). These  resul t s  ind ica te  t h a t  
s i te  I energy  conse rva t i on  is on  t h e  s u b s t r a t e  si te  of 
a m y t a l  and  p ier ic id in  A sens i t ive  sites associa ted  w i t h  
N A D H - d e h y d r o g e n a s e .  Our  obse rva t ions  9 are cons i s t en t  
w i t h  those  of GUTMAIq et  al  a. 

Zusammen/assung. Es gelingt ,  die Schwel lung  der  
R a t t e n l e b e r m i t o c h o n d r i e n  d u r c h  E n e r g i e k o n s e r v i e r u n g  
an  j e d e m  der  3 P h o s p h o r y l i e r u n g s o r t e  herbe izuf i ihren .  
Bei  G e g e n w a r t  yon  P ie r ic id in  A oder  A m y t a l  wi rd  die 
energ ieabh~ngige  Schwel lung  n i c h t  un te rd r i i ck t ,  insofern  
Energie~inderungen auf  den  e r s t en  P h o s p h o r y l i e r u n g s o r t  
beschr~inkt  b le iben,  was daf i i r  spr icht ,  dass  die W i r k u n g s -  
or te  yon  Pier ic id in  A u n d  A m y t a l  auf  der  Sauers toff -  
sei te der  E n e r g i e k o n s e r v i e r u n g  a m  P h o s p h o r y l i e r u n g s o r t  
I liegen. 
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I d e n t i f i c a t i o n  of  A l e x a n d r i n  

Centaurea alexandrina a b i enn ia l  or o f ten  pe renn ia l  
p u b s c e n t  herb ,  occurs  on ly  in E g y p t  1 and  is c o m m o n  in 
t he  M e d i t e r r a n e a n  coas ta l  s t r ip.  SAL~I~ a n d  GHARBO 2 re- 
p o r t e d  t he  i so la t ion  of a c rys ta l l ine  pr inc ip le  n a m e d  
' a l e x a n d r i n '  f rom the  leaves  of C. alexandrina and  s t a t e d  
t h a t  t he  subs t ance  (m.p. 261-262),  is ne i t he r  a lka lo ida l  no r  
glycosidal  in na tu re .  

E x t r a c t i o n  of t h e  dr ied  powered  leaves  w i t h  e the r  e, 
fol lowed b y  c o n c e n t r a t i o n  of t he  e x t r a c t  y ie lded a crys ta l -  
l ine deposi t ,  wh ich  a f te r  d issolving in a lcohol  a n d  decolo- 
r i s ing  w i t h  a c t i v a t e d  charcoa l  a f forded t he  s u b s t a n c e  
co r re spond ing  to  t h e  so-called a l exandr in .  Th in - l aye r  
c h r o m a t o g r a p h y  ( a d s o r b e n t : s i l i c a  gel G, so lvents  3, a: car- 
b o n  t e t r a c h l o r i d e - e t h a n o l - w a t e r  10: 8:2,  h e x a n e - e t h y l  
a c e t a t e - e t h a n o l - w a t e r  4 : 6 : 5 : 5, b e n z e n e - m e t h a n o l  8 : 2) of 
t h e  s u b s t a n c e  revealed,  u p o n  sp ray ing  w i t h  p-arfisalde- 
hyde ~, the presence  of two c o m p o n e n t s ;  t he  major one has 
t h e  same  Rf  as fi-sitosterol-fl-D-glueoside, whi le  t he  o the r  
is p r e sen t  in  t races .  R e p e a t e d  rec rys ta l l i za t ion  of t he  sub- 
s t ance  f rom m e t h a n o l  a f forded t h e  m a j o r  c o n s t i t u e n t  in  
pu re  form, m.p.  298-300 o (undepressed) ,  and  p r o v e d  to  
be  fi-sitosterol-fi-D-glucoside. T he  i d e n t i t y  was p r o v e n  b y  
chemica l  a n d  phys i cochemica l  m e a n s  (IR,  NMR,  MS, 
t e t r a a c e t a t e ,  hydrolys is ) .  

The  r e p o r t e d l y  new c o n s t i t u e n t  thymelo l ,  also i so la ted  
b y  SAL~EH et  al. 6 f rom Thymelea hirsuta, has  been  p r o v e d  
b y  RIZI< and  I~IMPLER 7 to  be  a m i x t u r e  of d a p h n o r e t i n  and  
fi-sitosterol-fi-D-glucoside. 

Zusammen/assung. Die als A l e x a n d r i n  besch r i ebene  
Subs tanz ,  die als B e s t a n d t e i l  yon  Centaurea alexandrina 
isol ier t  worden  ist, wurde  als fi-sitosterol-/5-D-glukosid 
iden t i f i z ie r t  s. 

A. M. RIZK, F. M. HAMMOUDA and  S. I. ISMAIL 

Pharmaceutical Sciences Laboratory, 
National Research Centre, Dokki, Cairo (Egypt), 
8 November 7977. 

1 R. A. MUSCHLER, A Manual Flora o/Egypt (Ed. Karl Traise, R. 
Friedl~inder & Sohn, Berlin 1912). 

2 M. R. I. SALEH and S. GttARBO, J. pharm. Sci. U.A.R., 4, 17 (1963). 
G. SCtISPFLIN, Ph. D. Thesis, Freie Universit~it Berlin (1967). 

4 F.  M. HAMMOUDA, A. M. RIZK, H.  GHALEB a n d  M. M. ABDEL- 
GAWAD, Planta reed., in press (1972). 
E. STAHL, Di~nnschicht-Chromatographie (Springer-Verlag, Berlin 
1967). 

6 M. R.  I. SALEH, D. Y. HADDAD and T. M. SiR% J. pharm. Sci. 
U.A.R., Z, 49 (1963). 

T A.M. RIZK and H. RIMPLER, Phytochemistry 71,473 (1972). 
s The authors are greatly indebted to Late Prof. Z. F. AHMED for 

suggesting the subject and to Prof. H. RIMPLER (Institut fiir 
Pharmakognosie der FU Berlin) and Prof. J. SCIIMIDT-THoMt~ 
(Farbwerke Hoeehst AG, Frankfurt) for their kind help in execut- 
ing IR, NMR, MS and elementary analyses. 


