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Funct iona l  State  of M o u s e  Liver  M i t o c h o n d r i a  in T o x i c o s e s  Due to Aspergillus flavus and Penicillium 
r u b r u m  

Two s t ra ins  of fungi, one of A spergillus/lavus and one 
of 1%nicillium rubrum, were de tec ted  in our  l abora to ry  
to  be hepa to tox ic  to  mice, when  infec ted  wi th  the  d ie tL  
Studies  on citric acid cycle enzymes  in these  livers showed 
large devia t ions  f rom those  of normal .  As mos t  of these  
enzymes  are p resen t  in mi tochondr ia ,  it  is desirable to  
examine  the  func t iona l  s ta te  of m i tochondr i a  in the  
af fec ted  l ivers which migh t  expla in  t he  var ia t ions  s t a t ed  
above  and  m a y  also indica te  w h e t h e r  mi tochondr i a  are 
vulnerable  to  a t t a ck  by  the  toxic  principles.  For  this,  
cer ta in  specific mi tochondr ia l  funct ions,  such as ox ida t ive  
phosphory la t ion ,  ATPase  act ivi ty ,  pyr id ine  nucleot ide  
l inked subs t r a t e  ox ida t ion  and  f a t t y  acid oxida t ion  have  
been  examined .  

Materials and methods. The diets  were p repa red  as 
descr ibed elsewhere 1 and  fed to Swiss albino mice 
(weighing abou t  20 g) for 4 weeks, On the  28th day, t h e y  
were killed by  cervical  dislocation,  l ivers were r emoved  
and mi tochondr i a  isolated as descr ibed by  BRACHET and  
MIRSKY 2 (0.25M sucrose m e d i u m  at  p H  8.5 for ATPase  
and  at  p H  7.4 for all o ther  reactions).  P ro te in  was esti- 
m a t e d  by  the  m e t h o d  of LOWRY et a l  a, phosphorus  by  
t h a t  of FISKE and GUBBAROW 4, The ATPase  ac t iv i ty  
was de t e rmined  5,~ in t he  absence of any  added  factors,  
in the  presence  of 2 ,4-d in i t rophenol  (DNP),  E D T A  and  
D N P  and Mg ++. All reac t ion  sys tems  were incuba ted  at  
30~ for 20 rain, deprote in ized  wi th  t r ichloroacet ic  acid 
and the  phosphorus  es t imated .  Oxida t ive  phosphory la t ion  
was measured  as descr ibed by  HUNTER v. Oxida t ion  of 
2-oxoglutara te  was carr ied out  a t  30~ in the  presence  
and in the  absence of D N P  by  m a n o m e t r i c  me t h o d  s 
Oxida t ion  of oc tana te  was also followed manomet r ica l ly .  

The resul ts  are p re sen ted  in the  Tables  I, I I  and I I I .  

Discussion. I n t a c t  l iver mi tochondr i a  have  l i t t le or 
no ATPase  ac t iv i ty  and  only in the  presence of cer ta in  
uncoupl ing agents  such as DNP,  the  enzyme  exhibi t s  
act ivi ty '9  Addi t ion  of Mg++ to  in tac t  mi tochondr i a  does 
no t  ac t iva te  ATPase  ~~ Bu t  s t ruc tu ra l  damage  to mito-  
chondria ,  such as t h a t  caused by  freezing and thawing  
or by  deoxychola te ,  s t imula te  ATPase  in t he  presence  
of Mg++ while no D N P  is p resen t  in the  sys t em n.  Table I 
shows t h a t  in normal  and  in A . / l a v u s  poisoned liver, the  
ATPase  ac t iv i ty  is enhanced  on addi t ion  of D N P ,  b u t  
no t  in the  presence  of added  Mg++. This  indicates  t h a t  
there  is no s t ruc tura l  damage  of mi tochondr i a  in A.  flavus 
poisoned liver. Bu t  in the  P. rubrum poisoned tissue, 
ATPase  is no t  s t imula ted  e i ther  by  Mg++ or by  D N P  
in the  presence  of E D T A  or in its absence,  and th is  
indicates  impai red  func t ion ing  of mi tochondr ia .  Addi t ion  
of E D T A  to the  sy s t em suppresses  ATPase  in normal ,  
A . / l a v u s  and  P. rubrum poisoned l iver mi tochondr ia .  
This is in ag reemen t  w i th  the  view of SELWY~ ~2, who 
found t h a t  E D T A  inhibi ts  purif ied ATPase .  

The impai red  ox ida t ive  phosphory l a t i on  and  ATPase  
ac t iv i ty  in P. rubrum poisoned t issue suggest  t h a t  t he  
s t ruc tura l  in tegr i ty  of t he  mi tochondr i a  is lost. However ,  
ox ida t ions  of 2-oxoglutara te  and oc tanoa te  proceed at  
normal  rates.  In  A.  ]lavus poisoned liver, t he  mi to-  
chondr ia  appear  in tact ,  as all specific funct ions  s tudied  
are well re ta ined.  The  de rangemen t s  observed  in t he  
mi tochondr ia l  funct ions  in P. rubrum poisoning m a y  be 
the  p r ima ry  lesions or only secondary  effects of the  key 
lesions, effected by  the  direct  ac t ion of t he  toxic  principle 
in the  infected diet.  I n  af la toxin  poisoning of r a t  liver, 
nucleus had  been  repor ted  to  be the  p r i m a r y  locus of 
a t t ack  ~a. 

Table I. Activity of ATPase 

Mito- 
ehondria of 

A c t i v i t y  of A T P a s e  
(bag Pi/mg protein of mitochondria) 

no added in presence in presence in presenee 
factors of DNP of DNP of Mg ++ 

(30 [*moles) and EDTA (3 baM MgCI=) 
(2 bamoles) 

N o r m a l l i v e r  0.8 ~_ 0.12 16.2 ~_ 0.34 10.7 ~_ 0.20 2.1 4- 0.88 

A. ]lavus 
a f f e c t e d l i v e r  1.0 • 0.14 16.7 ~_ 0.28 9.8 4- 0.47 2.8 ~= 0.25 

P. rubrum 
affected liver 0.6 4- 0.10 0.8 4- 0.15 0.2 4- 0.05 0.8 4- 0.12 

3 ml  of the  r e a c t i o n  s y s t e m  c o n t a i n e d  6 bamoles of A T P ;  30 bamoles 
of Tris buf fe r  (pH 8.5); 325 bamoles or  sucrose  a n d  0.5 inl of the  
m i t o c h o n d r i a i  suspens ion .  

Tab le  II .  Ox ida t i ve  p h o s p h o r y l a t i o n  

Mitochondria of [x a t o m s  of O or  P/bag of p ro t e in  of m i t o c h o n d r i a  

ba a t o m s  of P ba a t o m s  of O P / O  ra t io  

N o r m a l l i v e r  2.70 4- 0.20 1.40 j :  0.10 1.92 

A /lavus 
affected liver 3.15 J_ 0.21 1.50 4- 0.20 2.10 

P. rubrum 
affected liver 2.08 4- 0.16 2.60 4- 0.20 0.80 

2.7 ml  of the  r e a c t i o n  sys te ln  con t a ined  0.4 ml  of 0 . 1 M  p o t a s s i u m  
p h o s p h a t e  buffer ,  0.2 inl of 1% c y t o e h r o m e  C; 0.2 ml  of 0.1 M MgC12; 
0.2 ml of 0.1M ATP; 0.3 ml of 0.1M succinate and 0.5 ml of mito- 
chondr i a l  suspens ion  ill the  ma in  c o m p a r t m e n t ,  0.2 rill of 0 . 3 M  
glucose a n d  0.5 1111 of the  hexok inase  p r e p a r a t i o n  in the  s ide -a rm 
a n d  0.2 ml  of 20% K O H  in the  centre-wel l .  
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Table III. Oxidation of 2-oxoglutarate 

Specialia 15.2. 1969 

Time 
(rain) 

[xl of oxygen eonsumed/mg of protein of mitochondria 

Normal liver A. flavus affected liver 

in absence in presence in absence in presence 
of DNP of DNP (3 • 10 -SM) of DNP of DNP 

P. rubrum affected liver 

in absence in presence 
of DNP of DNP 

20 1.20 4- 0.12 3.42 4- 0.34 3.22 4- 0.42 2.84 ~ 0.40 1.45 ~ 0.15 4.33 =[= 0.60 
40 2.83 -4- 0.41 6.25 -4- 0.44 6.74 -4- 0.38 6.56 -4- 0.32 3.16 -t- 0.18 8.67 4- 0.32 
60 4.61 ~ 0.36 8.17 4- 0.78 7.45 4- 0.35 5.82 4- 0.26 4.58 4- 0.53 9.12 4- 0.82 
80 5.18 -4- 0.43 8.88 -4- 0.80 7.62 4- 0.26 5.68 4- 0.32 4.82 4- 0.41 10.23 ~ 0.76 

2.7 ml of the reaction system contained 30 ~xmoles of inorganic P; 10 [xmoles of MgC12; 30 [xmoles of 2-oxoglutarate and 830 ~zmoles of 
sucrose in the main compartment; 0.3 ml of tile mitoehondrial suspension in the side-arm and 0.2 ml of 20% KOH in the centre-well. 

The p resen t  s tudies  indica te  t h a t  m i tochondr i a  are 
no t  af fec ted  even secondar i ly  unt i l  the  focal necrot ic  
s tage  of t he  poisoning (by A. ]lavus) a t  which  these  
s tudies  have  been per formed.  

Zusammen/assung. Es wurde  die funkt ionel le  In t eg r i t g t  
der  Mi tochondr ien  nach  Verunre in igung  der  N a h r u n g  mi t  
A./ lavus und  P. rubrum aus verg i f te te r  M/iuseleber unter-  
sucht .  Die Mi tochondr i en funk t ion  der  mi t  P. rubrum 

verg i f te ten  Leber  ist in bezug auf ihre ATPase-T/ t t igkei t  
und  oxyda t ive  Phosphory l i e rung  gest6rt ,  w~hrend  im 
mi t  A. flavus verg i f t e t en  Gewebe alle wicht igen  Mito- 
chondr i en funk t ionen  unver~tndert  blieben. 

K. MADHAVIKUTTY and  
E. R. B. SHANMUGASUNDARAM 

University Biochemical Laboratory, 
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D i s t r i b u t i o n  o f  N o r e p i n e p h r i n e  U p t a k e  W i t h i n  R a b b i t  A o r t a  B e t w e e n  A d v e n t i t i a  a n d  M e d i a  1 

Evidence  has  been  p re sen ted  t h a t  exogenous  nor- 
ep inephr ine  (NE) is t a k e n  up and  bound  to  non-specif ic  
ex t r aneu rona l  s torage sites in t issues conta in ing  post-  
ganglionic adrenergic  nerve  fibers f rom which  it can  be 
released by  t y r a m i n e  ~-~. In  the  p resen t  s tudy,  we have  
examined  the  up take  of t r i t ium-label led  N E  (3H-NE) 
b y  neurona l  and  ex t r aneu rona l  sites in the  isolated rabb i t  
aor ta  t ak ing  advan t age  of t he  ana tomica l  a r r a n g e m e n t  
in th is  vessel  of 2 d i s t inc t  circular  layers:  t he  s mo o t h  
muscle  con ta in ing  tunica  media  and  the  adrenergic  
neurone  conta in ing  tun ica  advent i t i a .  

Methods. The  general  m e t h o d  descr ibed in detai l  by  
NEDERGAARD et  al. s, was used. Chromatographica l ly  
pure  (-4-)-7-3H-norepinephrine hydrochlor ide  (3H-NE) 
was  ob ta ined  commerc ia l lyL R a b b i t  aort ic  r ings were 
p laced  in a t issue b a t h  filled wi th  physiological  salt  
solut ion ma in t a ined  a t  37 ~ After  appropr i a t e  incuba t ion  
periods,  t he  r ings were  removed,  par t ia l ly  d iges ted  by  
means  of a to luene-soluble  q u a t e r n a r y  baseS, ~, and  the  
r ad ioac t iv i ty  de t e rmined  wi th  a l iquid scint i l la t ion 
spec t rome te r  ~~ In  some expe r imen t s  following incuba t ion  
wi th  SH-NE the  adven t i t i a  was s t r ipped  f rom the  media  
in a m a n n e r  similar  to  t h a t  descr ibed by  PEASE and  
PAULE 11. The comple teness  of the  removal  was conf i rmed 
histological ly 12. 

Ext race l lu la r  space of i n t ac t  aor ta  was de t e rmined  
using (carboxyl-14C)inulin~ (25 ?/ml).  

Results. R a b b i t  aor t ic  r ings in v i t ro  accumula ted  
8H-NE (10 -8 and  10-6M) when  t h e y  were incuba ted  
wi th  t he  labelled amine  for va ry ing  t ime  per iods  las t ing 
f rom 2-60 rain (Figure). P a r t  of the  up take  is accounted  
for by  extracel lu lar  space.  The m e a n  up take  of (carboxyl-  

14C)inulin af ter  60 min  by  6 aort ic  s t r ips  was 0.47 • 0.02 
(S.E.M.) ml/g. 

The re la t ionship  be tween  extracel lu lar  concen t ra t ion  
of 8H-NE and  the  d i s t r ibu t ion  of t he  up take  of this  
amine  by  aor ta  in to  adven t i t i a  and  media  was de te rmined  
(Table). At  a low concen t ra t ion  of ~H-NE (10-8M), the  
major  p a r t  of th is  amine  was t aken  up by  advent i t ia ,  
while only  a smal l  po r t ion  was localized in t he  media.  
As the  b a t h  concen t ra t ions  of ~H-NE was ra ised f rom 
10-SM to e i ther  10 -e or 10-4M, the  pe rcen tage  of the  
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