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INTRODUCTION 

The experiments reported in this paper are concerned with the influence of thyro- 
xine, both in vivo and in vitro on the succinoxidase, choline oxidase and adenosine 
triphosphatase (ATP-ase) activity of the liver and the hexokinase activity of skeletal 
muscle and the brain in rats. Since there is a l~rima ]acie resemblance between certain 
of the over-all physiological effects of thyroxine and 2:4 dinitrophenol (DNP) following 
the administration of these substances to intact animals, the influence of DNP on 
certain of the above enzymes has also been investigated. 

METHODS 

A nimals and diet 
The animals  used in these experiments  were either hooded rats  obtained from the Medical 

Research Council or albino rats  obtained from Glaxo Ltd. In short  termed experiments  the animals  
were taken from a stock colony which had been fed a diet of rat  cake ad libitum. In  all long termed 
exper iments  involving the  adminis t ra t ion  of substances over a period of four days or longer, the  
animals  were pair fed with a v i t amin  supplemented diet the  composition of which is shown in Table I. 
The animals  were allowed drinking water ad libitum and were fed, weighed and injected a t  the same 
t ime  each day. 

Estimation o/ensyme activities 
Succinoxidase act iv i ty  was determined a t  37 ° exact ly  according to the method of SCHNEIDER 

AND POTTER ~. ATP-ase ,'activity was determined a t  37 ° in the  presence of o.oo25 M CaCI t by  the  
method of D u s o i s  A~'d POT~RS; the enzyme act iv i ty  was always determined using two different 
concentrations of t i~ue .  Choline oxidase act ivi ty  was determined as follows: the  t issue was removed 
from the animal ,  Chilled on ice and weighed after chopping with scissors. I t  was then homogenised 
with 2 vo ls  of ice cold glass distilled water using a previously chilled homogeniser. The resulting 
homogenate  was I t r ~ n e d  through a layer of musl in  and an aliquot (o.5o ml) added to Warburg  
flasks containing x.~) ml o.x M sodium phosphate  buffer. To each flask was also added o.so ml of 
either a z % solution of choline chloride in o.I M phosphate  buffer PH 7.8 or phosphate  buffer alone. 
The total  volume in t h ~ m a i n  compar tment  was made up to 2.5 ° m l  with water, cytochrome c or 
additions, o.2o m]. c ~ 2 o %  KOH and filter paper roll was placed in the  centre inset. The oxygen 
uptake was determined m~nometr ical ly after Io rain temperature  equilibration a t  38 ° with air as 
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t he  gas  phase .  The  chol ine  ox idase  ac t i v i t y  was c o m p u t e d  by  s u b t r a c t i n g  t he  oxygen  u p t a k e  in  t he  
presence  of chol ine  f rom t h a t  observed  in  t he  absence  of added  s u b s t r a t e  ( "endogenous  resp i ra t ion") .  
The  o x y g e n  u p t a k e  over  t he  first 2o rain  was  used  for these  e s t ima t ions ,  t he  chol ine oxidase  ac t i v i t y  
over  t h i s  per iod  be ing  l inear .  

The  hexok inase  a c t i v i t y  of h i n d  l i m b  musc le s  was e s t i m a t e d  u s ing  aqueous  ex t r ac t s  p repared  
e x a c t l y  accord ing  to COLOWlCK, CORI A N D  S L E I N  2. T he  a c t i v i t y  was  c o m p u t e d  f rom m e a s u r e m e n t s  
of t he  glucose c o n s u m p t i o n  by  t he  m e t h o d  of NELSON zl. The  e x t r a c t s  (0.8o ml) were i n c u b a t e d  for 
IO rain a t  28 ° in  open t e s t  t ubes  c o n t a i n i n g  t h e  fo l lowing c o n s t i t u e n t s  in a final vol. of 2.35 ml :  
ve rona l - ace t a t e  buffer  PH 7.9 o.o14 M ;  MgC12 0.0085 M ;  N a F  0.056 M ;  glucose o.oo22 M ;  A T P  
o.oo42 M (added l a s t  to s t a r t  t he  react ion) .  I n  a p r e l i m i n a r y  no te  descr ib ing  some  of these  inves t i -  
ga t ions  25, t he  concen t r a t i ons  of buffer,  g lucose  and  A T P  s t a t ed  are  erroneous.  0.9 m g  of glucose 
was  a d d e d  to each  t u b e  so t h a t  in  cont ro l  e x p e r i m e n t s  approx ,  one qua r t e r  to one t h i rd  of the  to ta l  
g lucose was  ut i l ized.  The  ac t iv i t i es  observed  are t h u s  a ref lexion of large  changes  in  t he  g a l v a n o m e t e r  
r ead ings .  The  A T P  concen t r a t i on  used  was  no t  l imi t ing .  

The  hexok ina se  a c t i v i t y  of b r a i n  was  m e a s u r e d  u n d e r  t he  s ame  condi t ions .  The  t i s sue  was  
r e m o v e d  i m m e d i a t e l y  t he  a n i m a l  had  been ki l led and  was  homogen i s ed  in 5 vols  ice cold glass  dis t i l led  
water .  0.20 ml  of t h e  b r a i n  h o m o g e n a t e  was  a d d e d  to each  tube .  

D r y  we igh t s  were d e t e r m i n e d  by  h e a t i n g  to c o n s t a n t  we igh t  a t  IO5 °. 

Materials 
For  in jec t ion  purposes ,  DL-sodium t h y r o x i n e  (Br i t i sh  D r u g  Houses  Ltd . )  was  d i sso lved  in wa te r  

by  a d d i n g  t he  m i n i m a l  a m o u n t  of 2 N N a O H .  The  cont ro l  a n i m a l s  were in jec ted  a t  t he  s a m e  t i m e  
w i th  t he  s ame  vol.  of d i lu te  alkal i .  L - thyrox ine  ((a)~ = - - 5 . 4  2°) was  gene rous ly  dona ted  b y  Sir 
CHARLES HARI~GTON. T h y r o g l o b u l i n  was  p repared  f rom sheep  t h y r o i d  g l ands  by  t h e  m e t h o d  of 
ROSSITER ~.  I o d i n a t e d  case in  was  ob t a i ned  f rom Boots  L td .  a n d  was  purif ied by  isoelectr ic preci-  
p i ta t ion .  D N P  was  ob t a i ned  f rom Boots  L td .  a n d  pur i f ied  by  r epea ted  rec rys ta l l i sa t ion  f rom ho t  
water .  A T P  was ob t a ined  as  t h e  d i b a r i u m  sa l t  e i ther  f rom r abb i t  musc le  b y  t h e  m e t h o d  of NEEDHAM s° 
or  f rom Boots  L td .  C y t o c h r o m e  c was  p repa red  f rom ox  h e a r t  by  t he  m e t h o d  of KEILXN AND HARTREE 1° 
excep t  t h a t  t h e  final d i a ly s i s  was  m a d e  aga i n s t  g lass  d i s t i l l ed  wa te r ;  i t  was s t a n d a r d i s e d  spectro-  
pho tome t r i ca l l y .  Verona l -ace ta te  buffers  were p repared  accord ing  to MICHAELIS TM. 

TABLE I 

C O M P O S I T I O N  O F  T H E  D I E T  U S E D  I N  P A I R E D  F E E D I N G  E X P E R I M E N T S  

C o n s t i t u e n t  g / Ioo  g diet  

8 o - 9 o %  ex t r ac t i on  who lemea l  flour 
Casein  
Dr ied  mi l k  
A n i m a l  fa t  
Ca l c i um ca rbona t e  
Cod l iver  oil 
T a p  wa te r  

50.5 
6.9 
6.9 
2.8 
I . O  

o. 7 
31.2 

Roche  "Becosym" v i t a m i n  t ab l e t s  g r o u n d  w i t h  c o n s t i t u e n t s  pr ior  to add i t i on  of cod l iver  oil, 
a n i m a l  fa t  a n d  wa te r  so t h a t  each  3 ° g of final m o i s t  diet  con ta ined :  t h i a m i n  o. i  rag;  r ibof lavin  
0.2 rag;  p y r i d o x i n e  0.2 rag;  n i c o t i n a m i d e  2.o mg ;  c a l c ium p a n t o t h e n a t e  ~.3  rag. D ie t  s to red  a t  2 ° 
for no t  more  t h a n  two weeks.  

RESULTS 

a. Enzymic activities in the tissues o[ thyroxine treated rats 

(i) Hexokinase 

The administration of large doses of thyroxine over a pc'~od of eight days (total 
dose of 2o mg per kg) resulted in marked and statistically significm',t increases in the 
hexokinase activity of hind limb muscle extracts compared with the corresponding pair 
fed controls. Table II shows that the mean increase in hexokinase ~ctivity for six 
Re/erences p. 302/303. 
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thyroxine treated rats was 6 7 %. Six hours after the administration of 8 mg thyroxine 
per kg, however, the hind limb muscle hexokinase activity was within normal limits. 
Similarly, one to two hours after the administration of 4 ° mg DNP per kg the hexokinase 
activity of this tissue was unaltered. 

TABLE II 

T H E  I N F L U E N C E  O F  T H Y R O X I N E  A D M I N I S T R A T I O N  O N  T H E  H E X O K I N A S E  

A C T I V I T Y  O F  R A T  H I N D  L I M B  M U S C L E  A N D  B R A I N  

Long term experiments. Experimental animals injected with 1 mg DL-thyroxine on Ist, 3rd, 5th, 
7th and 8th day. Animals killed on 8th day. 

Short term experiments. Experimental animals injected with 2 mg DL-thyroxine 6--8 hours before 
sacrifice. 

Group 

Controls 
Thyroxine 
injected 
(long term) 

Controls 
Thyroxine 
injected 
(short term) 

Controls 
Thyroxine 
injected 
(long term) 

Tissue 

Leg muscle 
Leg muscle 

Leg muscle 
Leg muscle 

Brain 
Brain 

No. of animals Initial weight 
(g) 

250 
234 

231 
227 

225 
228 

Hexokinase activity 
(mg glucose/io min/g tissue) 
4- Standard error of mean 

0.87 4- 0.04 
1.44 4- o.II 

0.79 4- 0.06 
0.77 4- 0.03 

2.95*4- 0.36 
2.70 4- o.3o 

* Computed in terms of dry weight. Leg muscle hexokinase activity computed in terms of 
wet weight. 

In contrast to the results obtained with muscle, the hexokinase activity of un- 
fractionated, freshly prepared aqueous brain homogenates was not significantly affected 
by thyroxine administration over a period of eight days. 

(ii) Succinoxidase 

Table I I I  summarises the results of experiments which confirm the finding of 
TIPTON AND NIXON ~6 that *~yroxine administration enhances the succinoxidase activity 
of rat liver. DNP adminfstration either for short periods or for as long as 38 days did 
not, however, result in any significant change in the activity of this enzyme system. 

(iii) Choline oxidase 

The choline oxidase activity of hyperthyroid rat livers was essentially the same 
as that of the corresponding pair fed controls. The endogenous respiration of the hyper- 
thyroid livers was elevated some 20-30 %. I t  can be seen from Table IV that, as opposed 
to the choline oxidase activity, the endogenous respiration declined considerably over 
the first 20 min of the experiment. Previous investigations had shown that the endo- 
genous respiration was unaffected by the addition of cytochrome c to a final concen- 
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t r a t i on  of IO -s M, and Table IV shows that the oxygen uptake in the presence of choline 
by either normal or hyperthyroid rat liver homogenates was not influenced by lO -5 M 

cytochrome c. 

TABLE I I I  

T H E  I N F L U E N C E  OF T H Y R O X I N E  AND 2:4 DINITROPHENOL ADMINISTRATION 

ON T H E  SUCCINOXIDASE ACTIVITY OF RAT LIVER 

Group No. of animals  Ini t ia l  weight 
(g) 

Liver succinoxidase act ivi ty 

I Total  liver 
Q°2 succinoxidase* 

a. Thyroxine administration 

(Experimental  animals  received subcutaneous injection of o.I mg DL-thyroxine on Ist, 3rd and 5th 
day and I mg on 7th day. Animals killed on 9th  or Io th  day) 

Controls 
Thyroxine injected 

260 
245 

54.2 4- 1.8 
80. 4 4- 3.8 

11o.9 4- 7.5 
154. 3 4- 6. 4 

b. Acute administration o/dinitrophenol 

(Experimental  animals killed 1-2 hours after subcutaneous injection of 4 ° mg DNP/kg) 

Controls 
DNP injected 

244 
239 

47.4 4- 3 -1 
49.9 4- 4.2 

lO3.3 4- 12.4 
92.1 4- 8.I 

c. Prolonged administration o/ dinitrophenol 

(Experimental  animals  injected subcutaneously with io  mg DNP/kg/day for 19-38 days) 

Controls 
DNP injected 

198 
2 0 0  

5o.1 4- 2.9 
48.0 4- 5.1 

lO4. 7 4- 8.8 
lO9.6 -~ 8.6 

* Qo, × to ta l  dry weight of liver (g) computed in terms of 250 g rat.  

TABLE IV 

THE I N F L U E N C E  OF T H Y R O X I N E  ADMINISTRATION ON THE CHOLINE OXIDASE ACTIVITY OF RAT LIVER 

Experimental  animals injected with i mg DL-thyroxine on Ist, 3rd and 5th day;  sacrificed on 7th day 

0 s uptake (#1)/166 mg liver in:  

Ini t ia l  
weight io min 

(g) 
End. Chol. 

No. of 
animals 

Group 20 min 

+Chy~l Chol. 
.'c End. Chol. + cyt. c 

~Zontrols 6 2 9 1  1 9 . 1  58.7 5 8 . 7  3 1 . 4  1 0 4 .  5 IO2.  3 
rhyroxine  
n jec ted  6 292 24.6 62.3 61.3 38.3 116.1 lO8.8 

* Standard error of mean. 

Re/erences p. 3o~ /3o 3. 

Choline 
oxidase act ivi ty 

(/~I 0~/166 mg/2o ml 
corrected for endo 
genous respiration 

73.1 ± 3.2* 

72.8 4- 5.9 
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(iv) ATP-ase 

A few experiments were pertormed on the influence of prclonged thyroxine adminis- 
tration on the ATP-ase activity of rat liver. Although the liver ATP-ase activity of 
each thyroxine treated animal was greater than that of the corresponding pair fed 
control, the mean increase being 37% (Table V), the wide range of individual values 
found among the control series makes the increase in activity observed in the thyroxine 
treated animals of doubtful statistical significance. Two hours after the administration 
of 4 o mg DNP]kg the ATP-ase of rat liver was within normal limits. 

TABLE V 

T t t E  I N F L U E N C E  OF T H Y R O X I N E  ADMINISTRATION ON T H E  A T P - a s e  ACTIVITY OF RAT LIV]~R 

Experimental animals injected with x mg DL-thyroxine on ist, 3rd, 5th and 7th day. Animals 
killed on 8th day. 

Group 
No. of 

animals 

;ontrols 
:hyroxine 

"njectcd 

Initial 
weight 

(g) 

277 

235 

Liver ATP-ase activity 
(/~g P liberated from 
ATP/mg wet weight 

tissue in io rain) 

lO. 4 ~ i .o*  

14. 4 ~ 1.8 

* Standard error of mean. 

b. The influence o] the in vitro addition o] thyroxine, iodinated proteins and DNP on the 
enzymic activity o/rat tissues 

Many attempts were made to duplicate the alteration in liver succinoxidase and 
muscle hexokinase activity observed in thyroxine treated rats by the in vitro addition 
of both DL- and L-thyroxine (concentrations up to 2-lO -4 M) under a wide variety of 
experimental conditions. Similar experiments were performed with thyroglobulin and 
iodinated casein (1- 4 mg]ml). The immediate in vitro addition of these substances to 
the experimental test systems employed in the experiments described above did not 
result in any significant change in the activity of muscle and brain hexokinase, liver 
sucein9xidase, choline oxidase and ATP-ase. 

A similar lack of influence of thyroxine and iodinated proteins was observed under 
other experimental conditions. Thus the incubation of chopped muscle brei with 
thyroxine (lO 4 M) for two hours at 380 in 02, and the subsequent extraction of the 
tissue with ice-cold glass distilled water gave rise to extracts the hexokinase activity 
of which was no different from that of controls incubated without thyroxine. Thyroxine, 
thyroglobulin and iodinated casein incubated for as long as three hours at 380 with 
buffered liver homogenates in the absence of added succinate did not effect the 03 uptake 
on subsequent addition ot succinate from the side arms of the manometers; these experi- 
ments were carried out with incubated controls either at Pn 7.4 or at PH 8.O. Ageing 
the liver homogenates (lO%) for as long as seven clays at 2 °, or dialysis for 24 hours 
at 2 °, failed to make the succinoxidase activity sensitive to thyroxine. 

ALOISI AND CAVALLINI 1 observed that a crude, freshly prepared heart muscle sue- 
einoxidase preparation was unaffected by the in vitro addition of thyroxine, but that 
preparations aged by storing at o ° for many clays were markedly activated by thyroxine. 

Re]even~es p. 3o~ /3o3. 
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We performed a few experiments using the heart muscle succinoxidase preparation of 
KEILIN AND HARTREE 11 which was suspended and stored (at 2 °) in o.i M phosphate 
buffer PH 7.3. The activity of freshly prepared and aged preparations measured mano- 
metxically in the presence of methylene blue was not altered by the addition of lO -4 M 
thyroxine. However, if the activity was measured ill the presence of 3" lO-5 M cyto- 
chrome c, thyroxine sometimes gave rise to small activations of the order of I5%. It  
was noticed that when activation of the enzyme activity did occur, thyroxine (added 
in alkaline solution to the suspension medium buffered at PH 7.3) precipitated out in 
the flasks. Since the succinoxidase activity of similar preparations is markedly activated 
by substances which give rise to colloidal precipitates 12,13, little significance can be 
attached to such small activations, and it is suggested that the results of ALOlSI AND 
CAVALLINI 1, which were obtained with much higher concentrations of thyroxine, were 
similarly unspecific. 

lO -4 M DNP, which almost completely abolishes the phosphate uptake associated 
with the oxidation of glutamate by washed kidney particles 9,1e had little influence on 
any of the enzyme systems investigated. Higher concentrations of DNP were however 
inhibitory to succinoxidase, the inhibition at a concentration of lO -3 M being 20-30 %. 
Low concentrations of DNP (lO -4 M) did nevertheless inhibit the endogenous respiration 
of rat  liver homogenates 3o-4 ° %. 

DISCUSSION 

If it is 'assumed that the hexokinase reaction is the rate-limiting step in the utili- 
sation of glucose by muscle 15, ~2 then the physiological observations of an enhanced rate 
of glucose utilisation in the peripheral tissues of hyperthyroid animals TM indicate that 
the rate o f  the hexokinase reaction is increased under these conditions. Our findings 
concerning the influence of prolonged thyroxine administration on muscle hexokinase 
activity are clearly in accord with this deduction. 

The failure to observe any significant changes in the activity of either liver suc- 
cinoxidase or muscle hexokinase following the in  vitro addition of either thyroxine or 
iodinated proteins or in short termed administration experiments raises the question 
of the mode of action of the thyroid hormone. On the basis of their observation of an 
altered sulphydryl content of rabbit myosin after thyroid treatment, GOL'DSHTEIN et al. ~ 

concluded that the thyroid hormone acts by rupturing thioether linkages in proteins 
with the liberation of free sulphydryl groups. Our finding that  the choline oxidase 
activity of hyperthyroid liver is not significantly different from normal suggests that  
the thyroid hormone does not influence intracellular enzyme activities by restoring 
functional sulphydryl groups in enzyme molecules, for both succinoxidase and choline 
oxidase require free sulphydryl groups for their activity 3. However, it must be mentioned 
that evidence is now at hand that folic acid is essential for choline oxidase 4 and it is 
well established that hyperthyroidism greatly increases the requirement for dietary folic 
acid 1~. Since the diet we employed in our paired feeding experiments was not supple- 
mented with folic acid, our results with choline oxidase may have been complicated 
by an induced deficiency of this vitamin. 

The experimental results obtained with DNP serve to emphasise the difference 
between the mode of action of this substance in enhancing the metabolic rate of the 
intact animal and that of the thyroid hormone. The response of liver succinoxidase to 
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the prolonged administration of DNP and thyroxine appears to parallel that of cyto- 
chrome c, for TlSSI~RES ~, m has demonstrated that although thyroxine administration 
increased the cytochrome c content of rat muscle, DNP administration was without 
effect. The mode of action of DNP (which does not exhibit a latent period of action 
like thyroxine) seems to be closely connected with its ability to dissociate oxidation 
from phosphorylationXS; oxidative phosphorylation is not affected by the in vitro 
addition of either thyroxine or thyroglobulin 9. Whether the inhibition of the endogenous 
respiration of rat liver homogenates (which is uninfluenced by thyroxine) by low concen- 
trations of DNP is related to the very low respiratory quotient of such preparations e 
and is the result of the inhibition of fatty acid oxidation by such systems x4 can only 
be decided by further experimentation. 

Although the possibility that the thyroid hormone directly influences the catalytic 
activity of certain enzyme proteins is still extant, the simplest interpretation of the 
available facts concerning the influence of the thyroid hormones on intracellular enzyme 
systems is that the thyroid hormone affects the concentration of enzyme proteins in 
various tissues. In this connexion our results with hexokinase deserve further comment. 
From Table II it will be seen that the hexokinase of the muscle extracts is expressed 
on the basis of the wet weight of tissue taken. In a further series of experiments with 
hyperthyroid rats, carried out under conditions identical with those used for the 
hexokinase experiments, the wet to dry weight ratio of the control and thyroxine 
treated rats was compared. The latter group showed a mean increase in the wet to dry 
weight ratio of 17 %. This increase is clearly quite disproportionate to the very marked 
inclease in the hexokinase activity of the extract. The wet to dry weight ratios of the 
homogenates used in the brain hexokinase and liver succinoxidase experiments (the 
results of which were expressed in terms of unit dry weight) were practically the same 
in the normal and thyroxine treated groups. 

We considered that some light might be shed upon the question of the change in 
enzyme concentration in hyperthyroid tissues from studies of the schlieren diagrams 
obtained in the electrophoresis of normal and hyperthyroid rat muscle extracts. A few 
exploratory experiments have recently been carried out along these lines by one of us 
(R.H.S.) in collaboration with Miss B. A. ASKONAS. It is apparent from these experiments 
that an increase in the relative amounts of certain of the electrophoretic components 
of muscle extract attends the prolonged administration of thyroxine to the rat. Such 
an increase has been found fin the instance of the slow-moving component designated n 
by JACOB s and of the "Group II" components of this author. These studies are being 
continued; it is hoped to obtain an improved resolution of the muscle components and 
to identify more of them with known enzymes. 

ACKNOWLEDGEMENTS 

The authors are greatly indebted to Professor F. G. YOUNG F.R.S. for many 
valuable suggestions and for his unfailing interest in this work. They also thank Dr 
J. D. JUDA~ for many valuable discussions and for assistance in the determination of 
ATP-ase activities; and Miss B. A. ASKONAS for much advice in connexion with the 
electrophoresis work. 

Re]emnces p. 3o2/3o3. 



302 R .H .  SMITH, H. G. WILLIAMS-ASHMAN VOL 7 (1951) 

SUMMARY 

I. The administration of thyroxine over a period of eight days resulted in a marked increase 
in the hexokinase activity of rat  skeletal muscle extracts, but not of brain homogenates. 

2. The hexokinase activity of skeletal muscle was unaltered a few hours after the administration 
of large doses of either thyroxine or 2 : 4 dinitrophenol. 

3. Prolonged thyroxine administration enhanced the succinoxidase activity of rat  liver and the 
adenosine triphosphatase activity to a lesser extent;  the choline oxidase activity was unaltered. 
Either  acute or prolonged administration of dinitro.phenol did not give rise to any significant change 
in the liver succinoxidase activity. 

4. No significant influence of the in vitro addition of thyroxine on the activity of hexokinase 
or succinoxidase could be demonstrated under a wide variety of experimental conditions. Thyro- 
globulin and iodinated casein were similarly ineffective. 

R~SUM1~ 

I. L'administrat ion de thyroxine pendant  une p6riode de huit  jours r6sultait en une augmen- 
tat ion marquee de l 'activit~ hexokinasique d 'extraits  de muscle stri6 de Rat, mais non d'homog6nats 
de cerveau. 

2. L'activit6 hexokinasique de muscle stri6 6tait inchang6e quelques heures apr&s l 'administration 
de doses importantes de thyroxine ou de 2.4-dinitroph6nol. 

3. Un trai tement prolong~ ~ la thyroxine augmentait  l 'activit6 succinoxydasique de foie de Rat, 
et, ~ un degr~ moindre, l 'activit6 ad6nosinetriphosphatasique; l 'activit6 choline-oxydasique 6tait 
inalt~r6e, l_Rle administration forte ou prolong6e de dinitroph6nol ne donnait lieu A aucun changement 
significatif de l 'activit6 succinoxydasique du foie. 

4. Nous n 'avons pu d6montrer aucune influence significative de l 'adjonction in vitro de thyroxine 
sur l 'activit6 hexokinasique ou succinoxydasique sous des conditions exp6rimentales trbs vari6es. 
La thyr6oglobuline et la cas6ine iod6e 6taient semblablement inactives. 

ZUSAMMENFASSUNG 

I. Verabreichung yon Thyroxin wtkhrend acht Tagen hat te  eine bedeutende Zunahme der 
HexokinaseaktivitAt yon Extrakten yon gestreiftem Rattenmuskel, nicht aber Yon Hirnhomogenaten 
zur Folge. 

2. Die Hexokinaseaktivitt~t yon gestreiftem Muskel war ein paar Stunden nach verabreichung 
yon grosser Dosen Thyroxin oder 2.4-Dinitrophenol unverAndert. 

3. LtLngere Thyroxinverabreichung steigerte die Succinoxidase-AktivitAt yon Rattenleber und 
in geringerem Masse die Adenosin-triphosphatase-Aktivit~Lt; die Cholinoxydase-Aktivitt~t war un- 
verAndert. Starke oder lgngere Verabreichung yon Dinitrophenol hat te  keine bedeutende Vergnderung 
der Lebersuccinoxydase-Aktivitt~t zur Folge. 

4. Nach in vitro Zugabe yon Thyroxin unter sehr verschiedenen Versuchsbedingungen konnte 
kein Einfluss yon Bedeutung auf die Hexokinase- oder Succinoxydase-Aktivitt~t nachgewiesen werden. 
Thyreoglobulin und jodiertes Kasein waren Ahnlich unwirksam. 
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