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Table 

Oxidative activities of liver homogenates from THNA-treated rats and controls 

The experimental conditions are the same as those given in the Figure. The final concentration of the added substrates was 0-02 M. 
The rates of O 3 uptake are expressed as ~tt]h[I00 mg of wet weight. All values are corrected for endogenous respiration and represent the 

average of the number of the experiments presented. The significance of the difference between means is indicated by the value of 'P'. 

No. of rats Experimental condition Substrate added O 3 uptake mean Value of 'P '  % Increase 
in 0,, uptake 

6 
6 

12 
12 
4 
4 
6 
6 
8 
8 

Controls 
THNA-treated 
Controls 
TI lNA-t rea ted  
Controls 
TI tNA-t rea ted  
Controls 
THNA-trea ted  
Controls 
THNA-treated 

Na-ei trate  
Na-ci trate  
Na-succinate 
Na-succinate 
Na- tumara te  
Na-fu marate  
Na-matate  
Na-malate  
Na-glutamate  
Na-glutamate  

85 
112 
263 
358 
104 
132 

91 
116 
188 
215 

< 0.02 

= 0.01 

< 0.02 

< 0.02 

= 0.05 

32 

36 

27 

28 

14 

the  presence  of p y r u v a t e  (wi th  f u m a r a t e  a d d e d  to fu rn i sh  
a supp ly  of oxa l ace t a t e  for t he  c o n d e n s a t i o n  r eac t ion  
which  causes  c i t r a t e  fo rma t ion )  is cons ide r ab ly  h i g h e r  
when  l iver  h o m o g e n a t e s  f rom t r e a t e d  r a t s  a re  employed .  

E n d o g e n o u s  oxygen  u p t a k e  b y  l iver  h o m o g e n a t e s  f rom 
T H N A - t r e a t e d  r a t s  shows a s l i gh t  a n d  s o m e w h a t  e r ra t i c  
e n h a n c e m e n t  in  compar i son  w i t h  cont ro ls .  On ly  in  6 ex-  
pe r imen t s  o u t  of 15, a m a r k e d  increase  in endogenous  
resp i ra t ion  was observed ,  b u t  i ts  e x t e n t  ne~e r  r e ached  
t h a t  found  w h e n  p y r u v a t e  a n d  f u m a r a t e  were  added .  

(2) Oxidation o/ some Krebs Cycle intermediates by liver 
homogenates from THNA-treated rats. I n  t h e  sets  of exper i -  
m e n t s  shown  in the  Table ,  l iver  h o m o g e n a t e s  f rom n o r m a l  
a n d  T H N A - t r e a t e d  r a t s  were i n c u b a t e d  w i t h  some Ci t r ic  
Acid Cycle i n t e rmed ia t e s .  

The  added  s u b s t r a t e s  were  ox id ized  a t  v e r y  d i f f e ren t  
ra tes ,  however ,  i t  c an  be  seen t h a t  T H N A - a d m i n i s t r a t i o n  
resu l ted  in all  cases in  h ighe r  o x y g e n  c o n s u m p t i o n  b y  l iver  
homogena tes .  An  in t e r e s t i ng  f ea tu re  of t he  a b o v e  exper i -  
m e n t s  is t h a t ,  regardless  of v a s t  dif ferences  in  oxygen  con-  
s u m p t i o n  us ing  d i f fe rent  T r i ca rboxy l i c  Acid  Cycle in te r -  
mediates ,  t he  pe rcen tage  increase  in O2 u p t a k e  b y  l iver  
homogena te s  f rom t r e a t e d  r a t s  is essen t ia l ly  the  same.  The  
ox ida t ion  of g l u t a m a t e  p r o v e d  to  be  less a f fec ted  b y  T H N A  
t r e a t m e n t  t h a n  t h a t  of t he  above  s u b s t r a t e s  employed .  

Diseussion.--If conclusions  r ega rd ing  t he  in vivo effects  
of T H N A  can  be  d r a w n  f rom e x p e r i m e n t s  ca r r i ed  o u t  
u n d e r  in vitro condi t ions ,  ou r  f ind ings  would  sugges t  t h a t  
T H N A  s t imula t e s  the  h e p a t i c  Cye Iopho ra se  a c t i v i t y  of  
t he  r a t .  J u d g i n g  f rom the  e x p e r i m e n t s  in  w h i c h  p y r u v a t e  
a n d  f u m a r a t e  were employed ,  t h e  p r e p a r a t i o n s  f rom 
t r ea t ed  ra t s  a p p e a r  to  p roduce  (and  to  oxidize) ' a c t i ve  
ace ta t e '  more  readi ly  t h a n  controls .  

Our  expe r imen t s  do no t  offer a n y  e x p l a n a t i o n  of t h e  
m e c h a n i s m  b y  wh ich  T H N A  s t i m u l a t e s  K r e b s  Cycle 
ac t iv i ty ;  however ,  i t  seems of in t e res t  to  no te  t h a t  t he  in 
vivo effects of T H N A  resemble ,  in  some respects ,  t hose  of 
' uncoupl ing '  agen t s  such  as 2, 4 -d in i t rophenol ,  t h y r o x i n e  
a n d  t r i iodo- thyron ine .  One could the re fo re  p u t  fo rward  
t he  hypo thes i s  t h a t  T H N A  causes  a n  acce le ra t ion  of t he  
ox ida t ive  processes a t  t h e  expense  of chemica l  eff ic iency 
in genera t ing  h igh -ene rgy  p h o s p h a t e  b o n d s  r equ i red  in  t h e  
anabo l i sm (synthesis)  of c a rbohyd ra t e s .  W o r k  to s t u d y  
the  in vivo a n d  in vitro effects  of T H N A  upon  ox ida t i ve  
phosphory la t ion ,  a n d  to  con t ro l  w h e t h e r  t h e  above  h y p o -  
thesis  is just if ied,  is now u n d e r  progress  a n d  will fo rm the  
sub jec t  m a t t e r  of s u b s e q u e n t  c o m m u n i c a t i o n s .  

I n  conc lus ion  w e  a d m i t  t h a t  our  resu l t s  l end  s t rong  
s u p p o r t  to  a s sume  t h a t  T H N A  a d m i n i s t r a t i o n  to  ra ts  
b r ings  a b o u t  e n h a n c e d  c a r b o h y d r a t e  b r e a k d o w n  by 
s t i m u l a t i n g  K r e b s  Cycle ac t iv i ty .  

V. MARTINI a n d  M. ORUNESU 

Institute o/General Physiology, University o/Bari  (Italy), 
April 13, 1959, 

Riassunto 

Gli o m o g e n a t i  di  l ega to  dei r a t t i  sacr i f icat i  dopo 4 h 
da l la  s o m m i n i s t r a z i o n e  di f l - t e t r a i d r o n a f t i l a m m i n a  (30 mg 
pro  kg  pe r  v ia  i n t r ape r i t onea l e )  p r e s e n t a n o  u n a  a u m e n t a t a  
capac i th  di oss idare  a lcuni  compos t i  del Ciclo di Krebs ,  in 
rappor t ( )  ai  control l i .  Viene  a v a u z a t a  l ' ipo tes i  che  l ' i n t ensa  
gl icogenolisi  ep a t i c a  e musco la re  e l ' a n m e n t a t a  aceti la-  
z ione in vivo del l ' ac ido  p a r a - a m i n o b e n z o i c o  p r o v o c a t e  nel 
r a t t o  da l l a  s o m m i n i s t r a z i o n e  di  f l - t e t r a id rona f t i l ammina ,  
s iano cau s a t e  d a  u n  e sa l t a to  m e t a b o l i s m o  i n t e r m e d i o  ossi- 
da t ivo .  

In vitro E f f e c t s  

o f  1 , 2 , 3 , 4 - T e t r a h y d r o - ~ - n a p h t y l a r n i n e  ( T H N A )  

o n  S u c c i n a t e  O x i d a t i o n  b y  R a t  L i v e r  H o m o g e n a t e s  

P rev ious  e x p e r i m e n t s  1, 2 showed  t h a t  T I t N A ,  a powerful  
py rogen i c  agen t ,  when a d d e d  to  r a t  l ive r  h o mo g en a t e s ,  
exe r t s  a s l i gh t  i n h i b i t i o n  on  o x i d a t i o n  of  m a l a t e  and 
s ign i f i can t ly  increases  t o t a l  0 2 up take ,  w h e n  succ ina te  is 
e m p l o y e d  as subs t r a t e .  These  in vitro effects  on  suce ina te  
a n d  m a l a t e  o x i d a t i o n  t e n d e d  to p r o v e  t h a t  T H N A  acts 
t h r o u g h  a m e c h a n i s m  s imi la r  to  t h a t  of t hy rox ine ,  which 
h a s  r e c e n t l y  b e e n  descr ibed '  b y  WOLFF, CLARKE and 
BALL 3,4, ESTABROOK ~ a n d  BARKER ~. These  inves t iga tors  
a d m i t t e d  t h a t  t h e  inc reased  o x i d a t i o n  of succ ina te  by 
f resh  r a t  h e a r t  h o m o g e n a t e s  in  t h e  p resence  of t h y r o x i n e  is 
due  to  i t s  c a p a c i t y  of i n h i b i t i n g  t h e  m a l a t e  dehydrogenase  

1 V. MARTINI and M. ORUNESU, Boll. Soc. Ital. BioI. spefim. 34, 
G33 095S). 

3 j .  TEN CATE and T. KNOPPERS, Arch. Need, PhysioL ca, 35~ 
0042). 

3 E. c. WOLFF and E. G. BALL, J. biol. Chem. 2,°4, 1083 (1957). 
4 E. C. CLARKE and E. G. BALL, Fed. Proe. 14, 193 (1955). 

R. W. ESTABROOK, H. A. NEUFELD, and W. B. MASOn, Fed. 
Proc. 13, ~05 (1954). 

6 S. B. BARKER, Endocrinology 61; 534 (1957). 
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Table I 
Effect of THNA on sueeinate oxidation by 'aged' rat liver 

homogenates 

Time 
rain 

20 
40 
60 

mm 30~ uptake 

Controls Iwi h'r    

3 1 ± 5 . 0  41:2_4.6 
48 4- 3.7 6 5 ± 4 . 2  
63 4- 5.5 84 ::tz 5"8 

Value % Variation in the 
of 'P'  presence of THNA 

-~ 0.02 + 32 
< 0.02 + 35 
< 0-02 + 33 

Each Warburg flask contained: 0-5 ml of 'aged' liver homogenate 
[5% W/V}; 0.3 ml of 0"i M phosphate buffer (pH 7-6); 0"2 mt of 
0-0I M Na-ATP; 0-4 ml of 0.003 M MgCI~; 0.3 ml of 0-05 M Na- 
suecinate; 1-0 ml of 0"12 M KCI-0"02 NaHCO a solution; 0"3 ml of 0-01 
M THNA or water (controls). 0-2 ml of 15% NaOH in the center well. 
Duplicate estimations were made in all cases. Gas phase: air. Tem- 
perature: 38°C. The flasks were allowed to equilibrate for 7 min and 
readings were taken at ~0-min intervals for 60 rain. The rates of O 2 
uptake are expressed per 25 mg of wet weight of tissue. Mean values 
of 14 experiments 4- standard deviation after endogenous O 2 uptake 
subtraction are presented. The significance of the difference be- 

tween means is indicated by the value of 'P ' .  

a c t iv i ty  and  the  accumula t ion  of oxa lace ta te ,  a s t rong  
inhib i tor  of succinic dehydrogenase .  

Some p re l imina ry  e x p e r i m e n t s  ind ica ted  t h a t  t he  en-  
hanc ing  effect  of T H N A  on succ ina te  ox ida t ion  by  r a t  
liver homogena t e s  is s o m e w h a t  d i f fe ren t  f rom t h a t  of 
t hy rox ine  and  could pe rhaps  be ascr ibed  to a ' d i rec t '  
s t imula t ion  of succinic oxidase  sy s t em ac t iv i ty .  In  view of 
this possibi l i ty,  the  in vitro effects  of T H N A  on succ ina te  
oxida t ion  b y  ra t  l iver homogena t e s  were fu r the r  inves t i -  
gated.  

Animals and Methods. Male albino ra t s  f rom a local 
s t ra in  were  used th roughou t .  L ive r  h o m o g e n a t e s  were  
p repared  b y  gr inding a po r t i on  of  t h e  liver in a Po t t e r -  
E l v e h j e m  all-glass a p p a r a t u s  w i t h  cold 0-12 M KC1-0.02 M 
NaHCO a solut ion to  yield a 5% %r[V suspension,  The 
homogena te s  were employed  w i th in  a 2 h per iod  of ' ag ing '  
in order  to  allow the  max ima l  loss of D P N  (Diphospho-  
pyr id ine  Nucleot ide)  and  the  consequen t  inh ib i t ion  bo th  
of ma la te  dehydrogenase  ac t iv i ty  and  oxa lace ta te  for- 
marion.  

Succinate  ox ida t ion  was de t e rmined  manomet r i ca l ly  
according to the  me thod  of A'SE:qBERG and  POXTV.RL 
Cytochrome oxidase  a c t i v i t y  was measu red  by  the  mano-  
metr ic  t echn ique  of SCHlqEIDER and  POTTERL Succinic 
dehydrogenase  ac t iv i ty  was  fol lowed by  observ ing  the  
t ime for  90% reduc t ion  of Methy lene  Blue anaerob ica l lyL  
The e x p e r i m e n t a l  condi t ions  are  g iven in connec t ion  wi th  
Tables  I to  II .  

Results and Discussion. The  effect  of T H N A  addi t ion  on 
oxygen  up t ake  by  r a t  l iver ' aged '  h o m o g e n a t e s  in t he  pre-  
sence of succ ina te  is shown  in Table  I. 

The increased ra te  of Oz up take  in t he  presence  of 
0-001 M T H N A  was  regular ly  observed  f rom the  earlier 
t ime in terva ls  and  was m a i n t a i n e d  over  pro longed per iods  
of incuba t ion .  Since i t  is well  k n o w n  t h a t  succinate  
oxida t ion  b y  r a t  l iver f resh h o m o g e n a t e s  falls off rap id ly  
wi th  t ime ,  unless  oxa l ace t a t e  (which inh ib i t s  succinie 
dehydrogenase  ac t iv i ty)  is r emoved ,  t h e  possibi l i ty  of 
T H N A  effects  be ing s imi lar  to  those  a l ready  r epo r t ed  for 
thyrox ine  was cons idered :  i .e .  t h a t  a T H N A - i n h i b i t e d  
format ion  of oxa lace ta te  m i g h t  have  been  responsible  for 
the e n h a n c e d  O~ up take .  Succina te  ox ida t ion  was then  

7 W. W. U~tBRg~T, R. H. BURRIS, and J. F STAUFFER, Mano- 
metri~ Techniques (Minneapolis 1957). 

Table I I 
Effect of THNA on the reduction of methylene blue by rat liver 

suceinie dehydrogenase complex (S. D. C.) 

"rime % reduction of Methylene Blue 

rain Controls t with THNA 

3 
6 
9 

12 
15 

26 33 
46 58 
64 80 
79 90 
90 90 

% Variation in the 
presence of THNA 

+27 
+26  
+ 25 
+14  

Thunberg tubes expeciatly built to be located into the EEL photo- 
electric colorimeter were used. The systems consisted of: 1 ml of 
Na-succinate 0.008 M; 1 ml of Methylene Blue (10 rag%); 1.6 ml of 
0.1 M phosphate buffer (pH 7.6) and 0"4 ml of 0.02 M THNA or water 
(controls). 0.5 mt of liver homogenate was placed into the side arm. 
The tubes were attached to a manifold and evacuated for 3 rain with 
a high-vacuum pump. The contents of the tube and side arm were 
mixed after 5 rain incubation in a 38°C water bath. At 3 rain intervals 
the tubes were removed, wiped and read in the eolorimeter with a 
660 mbt filter. The activity was followed by observing the time for 
90% reduction of Methylene Blue anaerobically. The values recorded 

in the Table represent the mean of 20 experiments. 

inves t iga ted  in the  presence of g lu t ama te  which  r emo v es  
oxa lace ta t e  by  t r ansamina t i on  to fo rm a s p a r t a t e  a n d  
a -ke tog lu ta ra te ,  ne i ther  of which inhibi ts  t he  suceinic  
dehydrogenase  act iv i ty .  On a percentage  basis, the  resul ts  
ob ta ined  were quite  s imilar  to those repor ted  in Table  I. 

These observa t ions  focussed our a t t en t ion  on the  possi-  
b i l i ty  t h a t  the  increased oxygen up take  m i g h t  imp ly  a 
more  specific ac t ion of T H N A  on the  succinic oxidase  
sys tem.  According to this  assumpt ion,  expe r imen t s  were 
u n d e r t a k e n  to s t u d y  the  enzyme sys tems br ing ing  a b o u t  
the  ox ida t ion  of succinate,  i .e .  succinic d eh y d ro g en as e  
and  Cy toch rome  oxidase.  I t  was observed t h a t  T H N A  
addi t ion  does no t  a l te r  s ignif icant ly  the  r a t  l iver  Cyto-  
ch rome  oxidase  ac t iv i ty .  In  con t ras t  to  this ,  the  a c t i v i t y  of  
t he  succinic dehydrogenase  complex  (SDC), as j udged  by  
the  reduc t ion  of Methylene  blue, is s ignif icant ly  s t i m u l a t e d  
in t he  presence  of T H N A  in a final co n cen t r a t i o n  of 
0.002 M (Table II). 

Thus  the  results  i l lustrated in Table I I  m i g h t  sugges t  
t h a t  the  increased succinate  ox ida t ion  in the  presence  of 
T H N A  m a y  be due to a 'd i rec t '  s t imula t ion  of succinie 
dehydrogenase  act ivi ty .  

A l though  the  above  f indings seem to be in  a g r e e m e n t  
w i th  t he  increased succinate  ox ida t ion  b y  l iver  h o m o -  
gena tes  f rom ra ts  previous ly  t r e a t ed  wi th  T H N A  8, t h e y  
can be cons idered  only  as indica t ive ,  s ince the  g rea tes t  
care m u s t  be taken  in d rawing  conclus ions  regard ing  in 
vivo effects from e x p e r i m e n t s  car r ied  ou t  u n d e r  in vitro 
condit ions.  

V. MARTINI and  M. ORUNESU 

Institute o/ General Physiology, University o/Bari  (Italy), 
April  13, 1959. 

Riassunto 

I1 consumo di oss igeno e la decolorazione del Bleu di  
Meti lene dovu t i  a l l 'oss idazione del succ ina to  da  pa r t e  di  
omogena t i  di  fegato  di  ra t to ,  appa iono  n e t t a m e n t e  a u m e n -  
taf t  in p resenza  di  f l - t e t ra id ronaf t i l ammina .  Viene pro-  
s p e t t a t a  1~ eventual i tA che  ta le  sos tanza  sia in grado di  
eserci tare  un ' az ione  a t t i v a n t e  , ,diretta~ sul s i s t ema  
succino-deidrogenasico.  

s V. MARTIhrI and 3I. 0RUNESU, Exper. 16,331 (1959). 


