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factors  ac t iva ted  by  the  admin i s t e red  hormone .  Pe rhaps  
an increased release of g rowth  ho rmone  took  place under  
tile inf luence of adrenaline.  Growth  ho rmone  is known  as 
a suppressor  of l iver TAT ac t iv i ty  15. 

Our resul ts  in in tac t  animals  conf i rm the  results  by  
BA~TI~OLINI et  al. ~. These au thors  suggested,  as one of t he  
possibil i t ies to  explain  the  s t imula to ry  effect  of catechol-  
amines  on l iver TAT act ivi ty ,  a media t ion  t h rou g h  
glucocort icoid hormones ,  del ivered under  t he  influence of 

Table II. Liver tyrosine-~-ketoglutarate transaminase activity in 
nmoles of produet/I rain/1 mg, and plasma glucose in mg/100 ml of 
adreualectomized rats (means of 6 values per group 4- S.E.) 

Saline -- 90 rain P Adrenaline + 90 min 

TAT 40.3 4- 3.5 ~ 0.05 27.0 • 3.6 

Glucose 117 • 4 < 0.02 150 ~ 11 

ca techolamine  admin i s t r a t ion  secondari ly.  We  are of the  
opinion t h a t  our results  t e s t i fy  s t rongly  in t he  sense of th is  
suggestion,  a l though  a 100% proof  is no t  easy to  produce.  

Our da t a  concerning p lasma  glucose and l iver glycogen 
are shown here  mere ly  as proofs  for full ac t iv i ty  of the  
appl ied adrenal ine.  

Zusammen/assung. Es wird  eine Ste igerung der Tyro-  
s i n - e -Ke tog lu t a r a t -T ransaminase -Ak t iv i t g t  in der  R a t t e n -  
leber  durch  Adrena l in  bes tg t ig t  und  eine Verminde rung  
der T ransaminase -Ak t iv i t g t  nach  Adrena lek tomie  durch  
Adrena l in  nachgewiesen.  

S. NI~METH 

Institute o/ Experimental Endocrinology, 
Slovak Academy o[ Sciences, 
Bratislava (Czechoslovakia), 23 May 7972. 
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Effect of Age  on  the  Act iv i ty  and Citrate  Inh ib i t ion  of Malate  D e h y d r o g e n a s e  of the  Bra in  and Heart  
of Rats  

The enzyme,  mala te  dehydrogenase  (MDH), is known  
to  exist  in two  isoenzymic  forms, cy toplasmic  (cMDH) 
and  mi tochondr ia l  (mMDH)l-a .  The cy toplasmic  mala te  
dehydrogenase  is essent ial  for gluconeogenesis  as i t  con- 
ver t s  the  ma la te  to  oxMoaceta te  and  t h e n  to  phosphoen-  
o lpyruva te  in the  cy top lasm 4. The mi tochondr ia l  ma- 
late  dehydrogenase  is required for cont inuous  opera t ion  of 
t he  Krebs  cycle wi th in  the  mi tochondr ia .  The two forms 
of M D H  are N A D + d e p e n d e n t  and are also under  the  
control  of two separa te  genes 5, n. The p resen t  inves t iga t ion  
centers  a round  the  change  in the  i soenzymes  of M D H  of 
the  bra in  and the  hea r t  of young and old ra ts  and  a pos- 
sible control  mechan i sm of t he  enzyme wi th  ci trate,  one of 
t he  in te rmed ia tes  of the  Krebs  cycle. 

Materials and methods. Animals. The female albino ra ts  
used were of Wis ta r  s t ra in  t aken  f rom the  ra t  colony main-  
t a ined  at  24 ~ 2 ~ They  were fed a commerc ia l  ra t  diet  
(Anidiet  'A' ,  Chelsea Chemical  Labora tory ,  Poona,  In-  
dia) and  were also given g ram (Cicer arietinum) on alter-  
na te  days  and wa te r  ad l i b i t u m . , T h e  ma tu re  adul t  (22 
weeks) and old (96 weeks) ra t s  were killed a t  a f ixed t ime  
on successive days.  

Preparation o/ the tissues. The ra ts  were killed by  dis- 
locat ion of the  neck. Bra in  (cerebral hemispheres)  and  
hea r t  (ventricles) were r emoved  immedia te ly ,  washed  in 
ice-cold sucrose solut ion (0.25M) and weighed in a Uni-  
ma t ic  CL-41 single pan  balance.  A 10% homogena t e  
(w/v) of each t issue was p repared  in cold 0 .25M sucrose 
using a P o t t e r - E l v e h j e m  homogenizer  f i t ted  wi th  a tef lon 
pestle,  The homogena t e  was then  cent r i fuged at  800 • g 
for 20 min  in MSE high speed refr igerated centr i fuge to 
r emove  the  nuclei  and cell m e m b r a n e s  The s u p e r n a t a n t  
was fu r ther  cent r i fuged at  10 000 • g and the  s u p e r n a t a n t  
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Activities (Units/g wet wt.) and percent inhibition by citrate (6.66 btM/ml) of cMDH and mMDFI of the brain and heart of rats of young 
and old age 

Cytoplasmic malate dehydrogenase Mitochondrial malate dehydrogenase 

Tissue Age (weeks) Units/g wet p Inhibition p Units/g wet p Inhibition p 
wt. • 10 ~ (%) wt.x 10 a (%) 

22 3.44 14.25 1.30 42.00 
Brain 0.01 0.001 0.01 

96 2.77 32.17 0.92 45.82 
22 2.30 31.50 4.80 42.90 

Heart 0.05 0.20 (NS) 0.05 
96 2.02 27.12 4.20 43.12 

0.20 ( i s )  

0.20 (NS) 

Each value represents the mean of 4-5 animals. P values of 0.05 or lower were taken as significant signifie. NS, notant. 
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so ob ta ined  was  used for the  assay of cMDH. The pel lets  
were suspended  in sucrose (0.25M) and  used for the  assay 
of m M D H .  

Spectrophotometrie assay of MDH. The m e t h o d  of assay 
for M D H  was the  same as t h a t  of OCHOA ~ wi th  a l i t t le  
modif ica t ion .  The assay mix tu re  included 2.49 ml  of 
water ,  0.3 ml  of p h o s p h a t e  buffer  (0.1M, p H  7.4), 0.01 ml  
of N A D H ,  0.1 ml  of s u p e r n a t a n t  and  0.1 ml  of oxaloace- 
t a t e  (0.25 m M  final  concentra t ion) .  The to ta l  volume of 
the  assay m i x t u r e  was 3.0 ml. The concen t ra t ion  of 
N A D H  was so ad jus ted  t h a t  0.01 ml gave the  O.D. of 0.5 
a t  340 rim. The reac t ion  was s t a r t ed  by  adding  the  oxalo- 
ace ta te  and the  decrease in O.D. was recorded a t  340 n m  
in SP-500 spec t ropho tome te r .  The pe rcen tage  inh ib i t ion  
of cMDH and  m M D H  act ivi t ies  were s tudied  by  using 
c i t ra te  concen t ra t ion  of 6.66 IxM/ml. This concen t ra t ion  
of c i t ra te  was decided upon f rom the  inhib i t ion  da t a  of 
p re l imina ry  expe r imen t s  p roduc ing  the  inhib i t ion  be- 
tween  30-50%- The to ta l  vo lmne  of assay mix tu r e  was ad- 
j u s t ed  by  decreasing the  volume of water .  The ac t iv i ty  of 
M D H  was expressed  as uni ts /g  wet  wt.  of the  tissue. The 
level of s ignif icance be tween  the  two sets of da t a  were 
ca lcula ted  according to  SIEaEL s. 

ResulYs and discussion. The Table shows t h a t  t he  ac t iv i ty  
of b o t h  the  i soenzymic  forms of ma la te  dehydrogenase ,  
c M D H  and  m M D H ,  is s ignif icant ly  grea te r  in the  bra in  
and hea r t  of 22-week-old ra ts  as compared  to  t h a t  of the  
96-week-old rats.  Also, the  ac t iv i ty  of cMDH is h igher  in 
b o t h  the  t issues t h a n  t h a t  of the  m M D H  at  b o t h  the  ages. 
The ac t iv i ty  of mi tochondr ia l  ma la te  dehydrogenase  was 
inh ib i ted  by  c i t ra te  to  a grea ter  ex t en t  t h a n  t h a t  of the  
cMDH. However ,  there  was no change  in the  percen tage  
inh ib i t ion  of m M D H  ac t iv i ty  in the  bra in  and hea r t  of 
22- and  96-week-old rats.  The ac t iv i ty  of cMDH was in- 
h ib i ted  by  c i t ra te  a t  bo th  the  ages, b u t  the  pe rcen tage  of 
inhib i t ion  was s ignif icant ly  grea ter  in the  bra in  of 96- 

week-old ra t s  t h a n  t h a t  of t he  22-week-old rats .  There  was 
no s ignif icant  difference in the  pe rcen t  inh ib i t ion  of the  
ac t iv i ty  of cMDH of the  hea r t  of the  22- and 96-week-old 
rats.  

The grea ter  ac t iv i ty  of the  cMDH in b o t h  the  aerobic 
tissues, b ra in  and  hear t ,  indicates  t h a t  t h e y  have  efficient  
glycolyt ic  p a t h w a y  and  t h a t  these  t issues can to lera te  the  
absence of oxygen  dur ing  young  adu l thood  (22-week-old) 
as compared  to t h a t  of t h e  older  ra ts  (96-week-old). This 
f inding is cons is tent  w i th  the  earlier observa t ions  9, ~0. The 
ac t iv i ty  of mi tochondr ia l  ma la te  dehydrogenase  is h ighly  
inhib i ted  by  c i t ra te  as compared  to  t h a t  of t he  cMDH at  
bo th  the  ages of rats .  This  m a y  suggest  t h a t  the  accumu-  
la t ion of c i t ra te  wi th in  the  cell, which  is an in t e rmed ia te  of 
the  Krebs  cycle, has  some control l ing mechan i sm in the  
opera t ion  of the  cycle 1]. 

Zusammenfassung. Es wurde  die cy top lasmat i sche  und 
mi tochondr i sche  Malate  Dehydrogenase  im Gehirn und 
Her r  junger  und  al ter  R a t t e n  s p ek t ro p h o t o me t r i s ch  un- 
t e r such t  und  s ignif ikante  Aktivi t~i tsunterschiede gemes- 
sen. 
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The Effect of Maltose  on the Aldos terone  Act ivated 

Li t t le  a t t en t i on  has been focused on the  me tabo l i sm of 
c i rculat ing disaccharides,  while the  absorp t ion  of d ie t a ry  
d isacchar ides  has been s tudied  by  m a n y  reseachers.  
Recen t ly  some s tudies  of me tabo l i sm  of c i rculat ing 
disacchar ides ,  especial ly maltose,  were repor ted  1, 2. They  
suggested t h a t  c i rcula t ing maltose,  unlike lactose and  
sucrose, m i g h t  be hydro lyzed  by  ex t ra in te s t ina l  mal tases  
and  subsequen t ly  metabol ized.  In  the  p resen t  s tudy,  the  
poss ibi l i ty  t h a t  mal tose  was ut i l ized as a subs t r a t e  af ter  
pe rmea t ing  across a cell m e m b r a n e  is discussed.  

Materials and methods. The ur inary  b ladder  of the  frog, 
Rana catesbiana, was used as a model .  Frogs  were kep t  a t  
8~ to keep t h e m  in a s t eady  state.  Af te r  double  p i th ing  
of the  frogs, the  b ladders  were excised and  halved.  Each  
h e m i b l a d d e r  was m o u n t e d  in a luci te  c h a m b e r  and  incu- 
b a t e d  for 14 h in Ringer ' s  solut ion conta in ing  penicil l in G 
(1 mg/ml)  and s t r e p t o m y c i n  (1.6 mg/ml)  to  make  the  
b ladder  steroid-free.  Af ter  th is  overn igh t  incubat ion ,  
t issue 11-OHCS decreased to a p p r o x i m a t e l y  40% of the  
controlK The expe r imen t s  were carr ied out  a t  room 
t empera tu re .  The area of the  chambe r  orifice was 3.16 cm 2. 
To p r e v e n t  mechanica l  d i s to r t ion  of the  b ladder  mem-  
brane,  b o t h  orifices of the  chamber s  were covered by  
nylon  mesh  and  the  b ladder  was sandwiched  be tween  2 
discs of ny lon  mesh.  The shor t -c i rcu i t  cur ren t  (SCC) was 
measured  by  the  m e t h o d  of USSlNG and  ZERAHN 4. The 
compos i t ion  of t he  Ringer ' s  solut ion was:  NaC1, 111 raM;  
KC1, 3.5 raM; CaC12, 0.9 r aM;  MgC12, 1.5 r a M ;  NaH2PO4, 

S o d i u m  Transport  of the Frog Bladder 

1.9 m M ;  and  Na2HPO~, 8.1 m2Vf. The osmolal i ty  was 
232 mOsm/L and  the  p H  was 7.4. 

After  14 h incuba t ion  in glucose-free, ant ib iot ic-  
conta in ing  Ringer ' s  solution,  t he  chamber s  were washed  
3 t imes  wi th  fresh Ringer ' s  solut ion and  then  mal tose  was 
added  to  one ch amb e r  a t  the  concen t ra t ion  of 10 m~V/as a 
subs t ra te ,  while glucose was added  to t he  pai red ch amb e r  
a t  the  concen t ra t ion  of 10 m M  as the  control .  Af ter  the  
SCC reached a p la teau,  D-aldosterone {Sigma Co. Ltd.)  
was added  to the  chambers  a t  the  concen t ra t ion  of 1 X 
10-6M. 

Before earr ing out  the  p resen t  exper iment ,  the  sub- 
s t r a t e -d ep en d en cy  of the  a ldos terone  act ion on the  sod ium 
t r a n s p o r t  was checked.  As shown in t he  Figure  A, D- 
a ldos terone  increased the  SCC when  glucose was used as a 
subs t ra te ,  b u t  showed no effect  on the  SCC when  the  
subs t ra te - f ree  Ringer ' s  solut ion was used. This  resul t  is 
cons i s ten t  wi th  the  da t a  of EDELMAN 5 who used Bu]o 
marinus, and  indicates  t h a t  the  a ldos terone  effect  on the  
sod ium t r a n s p o r t  is a subs t r a t e  d e p e n d e n t  ac t ion  in b o t h  
species. 
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