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Lack of Immediate  Response of Liver Tyros ine-a-Ketoglutarate  Transaminase  to Exogenous Adre- 
naline in the Adrenalectomized Rat 

In  1971, an increased ac t iv i ty  was repor ted  by  us 1 of 
l iver tyros ine-ct -ketoglutara te  t r ansaminase  ( tyrosine 
aminot ransferase ,  L-tyrosine:  2-oxo-glutara te  amino-  
t ransferase ;  E.C. 2.6.1.5) (TAT) appear ing  in ra t s  as soon 
as 90 min  af ter  exposing t h e m  to 6 rain and  40 sec (400 rpm) 
in t he  Noble-Collip d r u m  2, and  being very  p robab ly  a 
consequence  of enhanced  p roduc t ion  of enzyme protein .  
In  bi la tera l ly  adrenMectomized  animals,  th is  response  was 
subs tan t i a l ly  b lun ted  or even absen t  8. I t s  exis tence in in- 
t ac t  ra t s  was expla ined  by  an act ion of glucocort icoids 
f rom the  adrenals ,  which  1. are known as being s t rong  
inducers  of the  enzyme 4, and  2. were found  to  be in- 
creased in blood p l a sma  of t r a u m a t i z e d  ra ts  even before 
TAT ac t iva t ion  5, ~, so t h a t  also the  t ime  sequence of bo th  
increases seems to  t es t i fy  in favour  of a causal  re la t ionship  
be tween  them:  However ,  an induc t ion  7 of l iver  TAT af ter  
an admin i s t r a t i on  of ca techolamines  to  in tac t  ra t s  has  
been describedS. In  our own exper iments ,  t he  possibi l i ty  
of an influence of adrenal ine,  the  main  ca techolamine  of 
the  ra t  adrenal ,  in ad rena lec tomized  ra ts  was inves t iga ted .  
In  these  animals,  even a decrease of l iver TAT ac t iv i ty  
af ter  adrenal ine  admin i s t r a t i on  was observed.  

Materials and methods. Our expe r imen t s  were pe r fo rmed  
on male, 'specific pa thogen- f ree '  ra t s  (VELAZ, Prague),  
weighing abou t  240 g and kep t  a t  24 ~ and na tura l  l ight  
condi t ions  on a s t a n d a r d  l abora to ry  diet, bu t  depr ived  of 
food 18 h before use. A sub-group of these  animals  was 
sub jec ted  to  bi la teral  adrena lec tomy,  5 days  before use. 
To these  animals,  0.9% saline was given ins tead  of t ap  
wa te r  and no p reexpe r imen ta l  fas t ing was imposed  upon 
them.  

B o t h  adrena l ine  dosage and t iming  schedule were the  
same as descr ibed by  ]~ARTHOLINI et  al. s. T h e  following 
groups of animals  were used (see Table I) : 1. Controls.  2. 
In jec ted  wi th  0.1 ml/100 g b.w. of 0.9% saline a t  t ime  0 
and  killed 30 rain later.  4. In jec ted  wi th  the  same a m o u n t  
of saline a t  t ime  0 and also 60 rain later, and killed 90 rain 
af ter  the  f i rs t  injection.  Groups  3. and 5. in jec ted  wi th  
10 ~zg/0.1ml/100 g b.w. of adrenal ine  (Adrenalin SPOFA,  
Prague)  and  otherwise  t r e a t ed  as groups 2. and  4. The 
remaining  2 groups  (Table II) consis ted of adrena lec tomized  
animals  and  were t r ea t ed  in the  same m a n n e r  as groups 4. 
and  5. f rom Table  I. All in ject ions  were given by  the  i.p. 
route.  

Kill ing of the  animals  was pe r fo rmed  by  decapi ta t ion ,  
t ak ing  place in all groups,  including controls,  a t  the  same 
t ime  of the  day, i.e., in the  la te  morn ing  hours,  to  avoid 
any  influence of the  wel l -known dai ly  r h y t h m  of TAT ac- 
t i v i t y  9 on our results .  In  t he  plasma,  cor t icos terone  ~0 and 
glucose (by t es t  sets p repa red  by  Boehr inger  and sons, 

Mannheim,  Germany) ,  and  in the  livers, glycogen con- 
t e n t  ~ and TAT ac t iv i ty  1~ were de te rmined .  The l a t t e r  was 
expressed in nmoles  of p roduct ,  p - h y d r o x y p h e n y l p y r u v i c  
acid per  rain a t  37~ and  per  mg enzyme  pro te in  de- 
t e rmined  paral le ly  x3 

Results. The contro l  values of p l a sma  cor t icos terone 
(Table I) were the  same as were found  in previous  experi-  
mentsS,  ~. Increases  were found  a t  30 rain af ter  b o t h  sa- 
line and adrenaline,  those  af ter  adrenal ine  being subs tan-  
t ia l ly  higher.  At  90 rain. an increase was found af ter  ad- 
renal ine only. Concerning l iver TAT act iv i ty ,  increased 
levels were found,  90 rain af ter  adrnal ine,  however ,  only 
in in tac t  animals.  Af te r  ad rena l ec tomy  (Table II), t he  re- 
verse, i.e., a decre/~se of enzyme level, was observed.  
Finally,  in the  adrenal ine  t r ea t ed  animals,  a decrease of 
liver glycogen and  a ne t  hyperg lycaemic  response  was ob- 
served at  30 rain and  at  30 and 90 rain, respect ive ly  
(Table I), the  hyperg lycaemic  response  t ak ing  place also 
af ter  ad rena lec tomy  (Table II).  

Discussion. Our results  are in con t r a s t  to  these  r epor ted  
by  WICKS x4 who succeeded in f inding a direct  s t imu la to ry  
effect  of adrenal ine  on the  TAT ac t iv i ty  of fetal  r a t  l iver in 
organ culture.  The complex  act ion of adrenal ine  in vivo 
m a y  be an exp lana t ion  for th is  d iscrepancy.  So the  de- 
creased l iver TAT ac t iv i ty  of our adrena lec tomized  ani- 
mals is ve ry  suggest ive of an in t e rven t ion  of addi t iona l  
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Table I. Liver tyrosine-a-ketoglutarate transaminase activity in nmoles of product/1 min/1 mg, glycogen in %, and plasma corticosterone (B) 
in ~g/100 m1 and glucose in rag/100 ml, of rats (means of 6 values per group i S.E.) 

Group 

Control Saline P Adrenaline Saline P AdrenaIine 
+ 30 min + 30 min + 90 min + 90 rain 

1 2 3 4 5 

B 15 J=8 44 ~=7 o <0.01 71 j- 3~ 22 i 4  <0.001 54 4-5 b 
TAT 39.5 __8.0 -- -- -- 40.8 :~4.2 <0.05 73.3 =t=12 a 
Glycogen 0 .61= t=0 .13  0.47J=0.10 <0.01 0 . 1 3 i  0.05 b 0.49+_0.13 N.S. 0.42:~: 0.10 
Glucose 86 -~8 98 4-3 <0.001 199 ~11~ 95 :~6 <0.001 261 ~=10 ~ 

a Statistically significant against control with P < 0.001; b p < 0.01; o p < 0.02; a p < 0.05. 
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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. 


