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to take place in supraoptic nucleus and median eminence 
in photosensitive birds exposed to prolonged dMly photo- 
periods ~,1°, and correlated to an increased gonadotropin 
release. 

As dehydration implicates antidiuretic hormone release 
associated with depletion of neurosecretory material, a 
similar parallel can be drawn between the augmented 
phosphatase act ivi ty and the liberation of the octapeptide 
from the neurosecretory cells, This relation seems more- 
over strengthened by the fact tha t  the breakdown of 
neurosecretory material  from the pars nervosa of dehy- 
drated mice has been seen to correspond with deformed 
and ruptured membranes of neurosecretory granules s. 
Acid phosphatase is apparently localized in lysosomes, a 
sub-cellular particle engaged, among other activities, in 
programmed cellular breakdown taking place in cases of 
apocrine and holocrine secretion n. Since optical ~ and 
ultrastructural  xa-~ observations on neurosecretory 
systems of several species, including the rat  x",x~, suggest 
tha t  the release of neurosecretory material  is made 
through a holocrine or apocrine mechanism, the increased 
hypothalamic acid phosphatase activity,  reported in the 
present paper, provides a reliable biochemical basis for 
these morphological findings. 

Resumen.  Se constat6 un aumento significativo en el 
contenido de tosfatasa Acida del hipot~lamo de ratas 
deshidratadas; estos resultados se discuten en relacidn a 
posibtes mecanismos de secrecidn ap6crina de las c61ulas 
neurosecretoras. 
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The Role of the Pentose -Phosphate  Pathway in  

A d j u s t m e n t  of  the Heart to a High Load and the 
D e v e l o p m e n t  o f  M y o c a r d i a l  Hypertrophy 

The compensatory hypertrophy represents an essential 
factor in adjustment  o¢ the heart  to a prolonged in'crease 
of physiological load in deficiency, hypertension and in- 
tense physical work. The development of the compensa- 
tory hypertrophy proceeds on the base of a significant 
increase of the synthesis of nucleic acids and proteins in 
the myocardium. This ensures not only a t imely replace- 
ment  of worn myocardial structures but also a rapid 
augmentation of the mass of the myocardium a. 

Apparently the activation of the biosynthesis of 
nucleic acids and proteins in the myocardium in its hyper- 
function is reached by way of coordinated increase of 
activity of a number of fermentative systems. I t  may be 
suggested tha~ an important  role in realization of these 
processes must belong to pentose-phosphate pa thway as 
far as this metabolic process iS the fundamental  source of 
reduced NADP-H,  and riboso-5-phosphate for the 
nucleic acids and protein synthesis. 

In this connection, in the present work the change of 
act ivi ty of one of the most important  ferments of the 
pentose pathway, transketolase, in the hyperfunction of 
the heart  has been studied. Simultaneously the study of 
action of the antagonist of vi tamin B 1 - oxythiamine, on 
the transketolase activity, protein synthesis and hyper- 
t rophy of the heart  in its hyperfunction has been carried 
out. 

The compensatory hyperfunction of the heart  was 
experimentally producod in rabbits by creation oi stenosis 
of the aorta with the earlier described method x ensuring 
a persistent narrowing of the transverse section of the 
aortic lumen 3 times, The act ivi ty  of the transketolase 
was determined by the method of ]3RUNS z in control 

animals and in rabbits with hyperfunction of the heart 2 
and 45 days following creation of stenosis. 

As seen from Table I, 2 days following the onset of 
hyperfunction when the processes of biosynthesis of 
nuclear acids and proteins s,4 in the myocardium are 
sharply intensified, the act ivi ty  of transketolase in this 
organ is increased by more than 60%. Following 45 days 
when the process of hypertrophy is essentially completed, 
the transketolase act ivi ty  decreases, approaching the 
normal level. 

Apparently, these changes are specifically connected 
with the compensatory hypertrophy of the heart. They 
take place only in the myocardium and are lacking in 
other tissues, for instance in blood, 

The close correlation between the act ivi ty of trans- 
ketotase and the intensity of development of the myocar- 
dial hypertrophy is revealed in the analysis of data  
relating to different animals at  the initiM stage of hyper- 
function and hypertrophy of the heart.  From the Figure 
it is seen tha t  the higher the act ivi ty of transketolase in 
the myocardium of the animal, the more increased the 
relative weight of the left ventricle, i.e. the more intense 
the development of the process of hypertrophy. 

This suggests that  activation of the transketolase is 
apparently one of the links of the biochemical mechanism 
of hypertrophy of the myocardium in its compensatory 
hyperfnnction. 
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The  increase  of t he  s y n t h e s i s  of nucle ic  acids a n d  pro-  
t e ins  in  t h e  m y o c a r d i u m  a t  t h e  in i t i a l  s tage  of h y p e r -  
f unc t i on  u n d e r l y i n g  i ts  h y p e r t r o p h y  c e r t a i n l y  r equ i res  a n  
inc reased  in f low of p recursors ,  in  p a r t i c u l a r  t h a t  of 
r i b o s o - 5 - p h o s p h a t e  p r o d u c e d  in  t h e  course  of pen tose -  
p h o s p h a t e  w a y  of sp l i t t i ng  of t he  c a r b o h y d r a t e s .  T h e  
m a j o r i t y  of t h e  r i b o s o - 5 - p h o s p h a t e  neces sa ry  to  t h e  cell  
is fo rmed  f r o m  g lucos e - 6 - phos pha t e  in  t h e  non-oxidat ive  
r eac t ions  of p e n t o s e - p h o s p h a t e  w a y  c a t a l y z e d  b y  t r a n s -  
ke to lase  a n d  t ransa ldo laseS-% T h e  ev idence  o b t a i n e d  of 
t he  increase  of a c t i v i t y  of t r a n s k e t o l a s e  in  t he  h y p e r -  
t r o p h i e d  m y o c a r d i u m  t o g e t h e r  w i t h  t h e  d a t a  p r e s e n t e d  
b y  o t h e r  a u t h o r s  on  t h e  low a c t i v i t y  of t r a n s k e t o l a s e  as  
c o m p a r e d  to  o t h e r  f e r m e n t s  of t h e  p e n t o s e - p h o s p h a t e  
waY l°'xt, sugges t  t h a t  t r a n s k e t o l a s e  l imi t s  t h e  r a t e  of 
f o r m a t i o n  of r i boso -5 -phospha t e .  I n  t h e  n o r m a l  m y o c a r -  
d ium,  t he  c a p a c i t y  of t h i s  e n z y m e  seems  to  ensu re  t h e  
c u r r e n t  r e q u i r e m e n t s  of m e t a b o l i c  p rocesses  in  r iboso-5-  
p h o s p h a t e ,  b u t  i t  does  n o t  c rea te  a n y  rese rve  suf f ic ien t  
for a cons ide rab le  increase  of p r o d u c t i o n  of th i s  m e t a b o -  
lite. 

I n  t h i s  connec t ion ,  t h e  inc rease  of a c t i v i t y  of t h e  t r a n s -  
ke to lase  a t  t h e  in i t i a l  s t age  of h y p e r f u n c t i o n  of t h e  h e a r t  
. apparent ly  r e p r e s e n t s  a n  i n d i s p e n s a b l e  c o n d i t i o n  for  t h e  
increase  of p r o d u c t i o n  of r i b o s o - 5 - p h o s p h a t e  a n d  t h e  
i n t e n s i t y  of nucle ic  acids a n d  p r o t e i n  syn thes i s  for  t h e  
r e p l a c e m e n t  of w o r n  s t r u c t u r e s  a n d  a s i m u l t a n e o u s  in-  
crease of t h e  a b s o l u t e  mass  of t h e  m y o c a r d i u m .  

Such  a c o n c e p t  of t h e  role of t he  t r a n s k e t o l a s e  is in  
a g r e e m e n t  w i t h  t h e  r e su l t s  o b t a i n e d ,  in  t he  e x p e r i m e n t  
w i th  t he  a n t a g o n i s t  of v i t a m i n o  Bx-oxy-thiamine.  As s h o w n  
b y  t he  d a t a  p r e s e n t e d  in  T a b l e  I I ,  i n j ec t i on  of o x y t h i a -  
m ine  in doses of 100-400 m g / k g  da i ly  to  r a b b i t s  w i t h  
e x p e r i m e n t a l  ao r t i c  s tenos i s  i nh ib i t s  t he  a c t i v i t y  of t r a n s -  
ketolase  a n d  a t  t h e  s ame  t i m e  abo l i shes  t he  a c t i v a t i o n  of 
p ro t e in  syn thes i s ,  t h u s  essen t i a l ly  s lowing d o w n  t h e  
m y o c a r d i a l  h y p e r t r o p h y .  

T h e  a c t i o n  of  o x y t h i a m i n e  on  t he  o c t i v i t y  of  t he  t r a n s -  
ke to l a se  i n c o r p o r a t i o n  of S35-methionine  i n to  t h e  p r o t e i n s  
of t h e  m y o c a r d i u m  a n d  t h e  r e l a t i ve  w e i g h t  of t h e  lef t  
v e n t r i c l e  in  r a b b i t s  w i t h  e x p e r i m e n t a l  a o r t i c  s tenos i s .  
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Correlation between the activity of transketolase and the intensity 
of myocardial hypertrophy in rabbits at the initial stage of hyper- 
function of the heart. Abscissa: Relative dry weight of the left 
ventricle in % of the body weight. Ordinate: Activity of the trans- 

ketolase in sedoheptuloso-7-phosphate]h]g of dry tissue. 
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Table I. Change of transketolase activity in compensatory hypertrophy of the heart 

EXamined index Control Compensatory hypertrophy 

2 days 45 days 

I II III  

Relative weight of the left ventricule in % 

Activity of transketolase in the myocardium, 
of sedoheptulose-7-phospate/h/g of fresh tissue 

Activity of transketolase in blood of S-7-P/h/ml of blood 

No. of animals 

0,149 4- 0.005 0.178 ~: 0.009 0.210 -4- 0.008 

4,08 4- 0.06 6.65 4- 0.06 5.00 -l- 0.07 
(s-7-p) pI-II 0.02 

8.20 :t: 0.36 7.55 7~ 0.30 8.10 4- 0.42 

7 8 7 

Table II. The action of oxythiamine on the activity of the transketolase, incorporation of S35-methionine into the proteins of the myocardium 
and the relative weight of the left ventricle in rabbits with experimental aortic stenosis 

EXamined index Without oxythiamine With oxythiamine 

Control Stenosis Control Stenosis 

Activity of transketolase, of S-7-P]g]h 

Relative specific activity of protein 

Relative weight of the left ventricle, % 
No. of animals 

4.40 ± 0,05 6.22 4- 0.35 0.83 4- 0.17 0.60 -4- 0.07 

3.20 -I- 0.13 7.40 q- 0.79 2.65 =[z 0.25 3.00 ,--Ix= 0.60 

0.154 i 0.005 0.192 ± 0.007 0.159 i 0.008 0.165 4- 0,007 

5 6 5 5 
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The inhibition of protein synthesis and myocardial 
hypertrophy by oxythiamine may  be caused by disturb- 
ance of the synthesis of nucleic acids as a result of the 
inhibition of the transketolase and pentose-phosphate 
pathway, as well as by inhibition of the energy production 
due to the depression of ferments associated with vi tamin 
Bx, e.g. pyruvate-  and ketoglutarate dehydrogenase 
which catalyse the oxidating decarboxylation of keto 
acids. However, this lat ter  explanation seems to be less 
plausible since, in disturbance of utilization of the carbo- 
hydrates, the myocardium may largely use, as a source 
of energy, fa t ty  acids, the oxidation of which avoids the 
reaction of the oxidative decarboxylation of the keto 
a c i d s  l ~ , x a  

On the whole the present results support the suggestion 
of the important  role of the pentose-phosphate pathway 
in act ivation of nucleic acids and protein synthesis which 
underlies the hypertrophy and the adjustment  of the 
heart  to a sustained load. 

BbIB0,~bl. Xj" l<p0~ll,IK0n C rHnepqbyn~nefi cepntta, nbt3naaHo~ 
3rccnepHMeHTam, nb~M CTeH0Z0M a0pTt,t, aKTrmamm CrmTe3a 

HyKJ1eHHOBblX I(ItCJIOT H beI1KOB B MHoKapAe conpono>v4laeTc~ 
peaKHM HOBBHIIeHHeM aI<TIIBti0CTH TpaHCKeToJIa3b[ - 0pepMeHTa 
UeHT030-0p0C~baTHOF0 IlyTH IlpeBpaUleHH~I FJIIOK03M - B MHOK- 
apple, l']o]laBJieHile TpaHCKeTOJla3bl cneHH~IlqecKHM HHFItLH- 
T0p0M OKCHTI, IaMHHOM rl0JIH0CTI, IO CHHMaeT aKTIlBallttlO CI~H- 
Teaa Hyv~neHaoBblx K~Cn0T ~ T0pMo3~T pa3B~r~e r~nepTpo0)~ 
Mu0Kap~a. 
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T h e  Effect  of  H i g h  P h e n y l a l a n i n e  C o n c e n t r a t i o n  
on  t h e  F o r m a t i o n  of  D O P A  f r o m  P h e n y l a l a n i n e  

a n d  T y r o s i n e  by  T y r o s i n e  H y d r o x y l a s e  

IKEDA, LEVITT and UDENFRIEND 1 reported tha t  the 
hydroxylat ion of phenylManine to tyrosine is also 
catalysed by tyrosine hydroxylase ~, which catalyses the 
conversion of tyrosine to DOPA, the initial step of bio- 
synthesis of norepinephrine, in brain and sympathetically 
innervated tissues. They found tha t  phenylalanine and 
tyrosine are competi t ive inhibitors of the enzyme ~. I t  
has been suggested that  in phenylketonuria huge amounts 
of phenylalanine may inhibit  norepinephrine formation 
by competing with tyrosine on tyrosine hydroxylase 2. 
However, it is not clear since phenylalanine also produces 
DOPA ~. A theoretical and experimental  s tudy as to the 
effect of large amounts of phenylalanine on the formation 
of DOPA from both phenylalanine and tyrosine by 
tyrosine hydroxylase is reported in tilts communication. 

In the theoretical kinetic treatment,  the following 
values were used from the report of IKEDA, LEVITT and 
UDENFRIENDI: Km for phenylalanine, 3 . 1 0 - 4 M ;  Km 
for tyrosine, 5 . IO-~M; Vma x for tyrosine/Vma x for phenyl- 
alanine, 20/1. Blood concentration of tyrosine and 
phenylalanine in health and that  of tyrosine in phenyl- 
ketonuria is about 1- 10-4M, whereas that  of phenyl- 
atanine in phenylketonuria is as high as 3 - 10-SM. There- 
fore, these values were used for substrate concentrations. 

Tyrosine hydroxylase 

Phenylatanine 1~ Tyrosine -~ DOPA 

Tyrosine Phenylalanine 
(competitive inhibitor) (competitive inhibitor) 

To calculate the amount  of DOPA formed through 
the above-mentioned process 3, following symbols are 

used : P, concentration of phenylalanine; T, concentration 
of tyrosine; D, concentration of DOPA;  t,2p, Michaelis 
constant for phenylalanine; I t  T, Michaelis constant for 
tyrosine; Vp, Vroax for phenylalanine ; VT, V,n ~ for 
tyrosine ; t, time. 

P T D 
x =  t t -~ '  y =  l--~r , z - -  K r  , 

x ' =  dx y'  ~ z" dz 
dt ' ' dt ' 

_ _  VT a Vp b =  Vp c =  
K p  ' 1~2 T ' K r " 

The decrease of phenylalanine is expressed by LINE- 
WEAVER-B~RK equation 4 in the presence of a competi t ive 
inhibitor, tyrosine 

dP 
dl 

and is rewritten as 

Vp 
Kp Kp T 

1 + --P-- + - - F -  K r  

a a x  
X p 

1 
1 + + y _ _ x _ ~  

X X 

The variation of tyrosine concentration dT/dt  is ex- 
pressed as the difference of 2 LINEWEAVEt~-B~J~K equa- 
tions in the presence of competi t ive inhibitors 

d T  Vp 
_ _ ~  K p  T 

dt I -}- + T K T 

VT 
_ t i t  P 

The first term in the right side is the one for tyrosine 
formation from phenylalanine and the second term is the 


