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position of ~heir bases according to the method developed 
by KIRBY ~,9. 

In the Table, the results of chromatographic and oscil- 
lopolarographic analyses of the A content in RNA are 
given for the sake of comparison. 

quant i ta t ive  Adeninbestimmung in saurem Hydrolysat  
der RNS entwickelt. 

J. BOHA~EK 

Institute o/Biophysics,  Czechoslovak Academy o/Sciences, 
Brno (Czechoslovakia), January 28, 1963. 

ZusammenJassung. Auf dem Prinzip der Komparations- 
t i t rat ion wird eine schnelle oszillographische Methode ftir 
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S T U D I O R U M  P R O G R E S S U S  

L o c a l  M e t a b o l i c  R e s p o n s e  to  P h y s i o - P a t h o l o g i -  

ea l  D e m a n d s :  T h e  P e n t o s e  P h o s p h a t e  P a t h w a y  

In  the effort to understand and combat  disease, tile 
s tudy of the pathways and intermediate products of meta- 
bolism plays an ever-increasing role. I t  is obvious tha t  
any quali tat ive or quant i ta t ive  changes occurring in the 
metabolic pat tern will produce consequent functional 
alterations in the cells affected. 

In  vitro studies have shown that,  under normal condi- 
tions, glucose breakdown takes place via both the Emb-  
den-Meyerhoff (glycolytic) and pentose phosphate (direct 
oxidative) pathways in the arterial wall, liver, kidney, 
pancreas, adrenals and the spleen; whereas, in the veins, 
cardiac and striated muscles, central nervous system and 
gastro-intestinal tract,  glucose is metabolized via the 
glycolytie route only~-L 

This diversity in the pat tern of glucose metabolism in 
different tissues implies that  their requirements and utili- 
zation of the various intermediate metabolites provided 
by these pathways vary  according to their structure and 
function. Metabolic needs alter under different physio- 
logical and pathological conditions. I t  has been shown, 
for instance, tha t  the pentose shunt is increased in the 
lactating mammary  gland 8; while the opposite is found to 
hold true in the erythrocytes taken from patients with 
thyrotoxicosis 9. 

Tile present communication reports results concerning 
the metabolism of glucose via the pentose phosphate path- 
way during (1) digestion, and (2) inflammation and re- 
pair. These particular physio-pathological processes have 
been selected for s tudy because they are representative of 
the basic continuous functional responses by living tissues 
to maintain the integrity of the milieu interieur. 

Experimental. The method of BLOOM and STETTEN 10 
was used to indicate the relative utilization of the glyco- 
lyric and direct oxidative routes in glucose metabolism. 
The radioactive material  (glucose-l-x4C and glucose-6-x4C, 
obtained from the Radiochemical Centre, Amersham) was 
diluted wittl inert substrate to give a specific act ivi ty  of 
about  1.5 #c/mg. The glucose concentration in the War-  
burg flasks was 0.1%. Details of tissue preparation, incu- 
bation conditions and CO 2 determinations have been 
described in an earlier communication x. 

(a) Study o] glucose metabolism during digestion. Adult, 
male Wistar  rats, weighing 200-250 g, were fasted for 12 h. 
They were then allowed to feed for 15 min on a mixture 
of condensed milk, sugar and assorted grain, as well as 
being given water  to drink. 2 h later they  were decapi- 
tated, and slivers of the stomach wall (weighing about 
100 rag) were taken and transferred to Warburg flasks. 
Sections were taken from the upper and lower half of the 
lesser curvature of the stomach, the lat ter  tissue in the rat  

comprises an infinitely larger proportion of smooth muscle 
fibers. 

(b) Study o/ glucose metabolism during inflammation and 
repair. Under  light intravenous sodiumpentathol anes- 
thesia, the femoral artery or vein was exposed in adult  
male mongrel dogs weighing about 10 kg. The vessel was 
then traumatized, by being crushed with artery forceps; 
by intramural  injection of an irr i tant  (0.2-0.5 em~ 1% 
phenol or 0.5 cm 3 of 50% ethyl alcohol) ; or by being cut 
across and anastomozed. The animals were sacrificed 
48-96 h after the intervention, at which time the affected 
part  of the vessel was carefully dissected out  and trans- 
ferred to Warburg flasks. 

Results and Comments. The results in the Table indicate 
that  under conditions of digestion and during inflamma- 
tion and repair glucose metabolism via the pentose phos- 
phate pa thway was considerably increased, although the 
quant i ta t ive  increase cannot be precisely established be- 
cause of the limitations of the technique employedn,  ~. 

Chemical reactions in biological systems are responses 
to physiological exigencies. Glucose, the major basic 
nutr iment  of animal tissue, is metabolized via at  least two 
p a t h w a y s -  the glycolytic and the pentose phosphate. The 
former is the major and, in some tissues, the only measur- 
able route of glucose metabolism under normal physio- 
logical conditions. The intermediate metabolites formed 
are utilized for the synthesis of the necessary cell consti- 
tuents and, together with the Krebs cycle, this pathway 
provides the energy required for the many biochemical 
processes relating to cellular function and body 'work'. 

Since the recognition of the pentose phosphate pathway 
in animal tissue, studies have revealed that  the reaction 
sequence of glucose breakdown via this route provides 
the pentose sugars required for the synthesis of nucleic 
acids; i t  also contributes notably towards the formation 
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of T P N H ,  a n  essent ia l  c o e n z y m e  for  f a t  syn thes i s .  Thus ,  
t h e  m e t a b o l i s m  of  glucose via t h i s  p a t h w a y  c a n  b e  ex-  
pec t ed  to  be  a u g m e n t e d  in  r e sponse  to  cond i t i ons  neces-  
s i t a t i n g  a n  inc reased  p r o d u c t i o n  of  t h e  s u b s t a n c e s  which  
d i rec t ly  or  i nd i r ec t l y  r e s u l t  f r om i t s  u t i l i za t ion .  

I n  t h e  r e s t i ng  gas t r i c  wall,  t h e r e  was  ev idence  of glu-  
cose b r e a k d o w n  o n l y  via t h e  g lyco ly t ic  r o u t e ;  d u r i n g  
d iges t ion ,  howeve r ,  t h e  p e n t o s e  p h o s p h a t e  p a t h w a y  was  
found  to  be  ex t ens ive l y  ut i l ized,  i t s  i n t e r m e d i a t e s  b e i n g  
necessa ry  for t h e  b io sy n t he s i s  a n d  r e p l a c e m e n t  of peps in ,  
r en in  a n d  l ipase.  I n  t h e  b lood  vessels,  m e t a b o l i c  a c t i v i t y  
via t h e  pen to se  p h o s p h a t e  p a t h w a y  inc reased  in  p r opo r -  
t i o n  to  t h e  t y p e  a n d  s e v e r i t y  of t h e  i n j u r y  inf l ic ted .  U n d e r  
n o r m a l  cond i t ions ,  t h e  b r e a k d o w n  of glucose in t h e  ve ins  
occurs  on ly  v ia  t h e  g lycolyt ic  rou t e  ~; t h e  d e m a n d s  of t h e  
r e sponse  to  i n j u r y  a re  t h u s  e v i d e n t l y  m e t  b y  a d d e d  m e t a -  
bol ic  a c t i v i t y  via t h e  p e n t o s e  p h o s p h a t e  rou te .  

I n  t h e  a r t e ry ,  whe re  b o t h  t h e  g lyco ly t i c  a n d  d i rec t  oxi- 
d a t i v e  p a t h w a y s  a re  n o r m a l l y  engaged  in  glucose m e t a -  
bol ism,  t h e  l a t t e r  r o u t e  is s h o w n  to  be  c o n s i d e r a b l y  more  
ut i l ized a f t e r  i n ju ry .  Th i s  h a s  also been  obse rved  to  occur  
( t h o u g h  to  a lesser degree)  in  vessels  u n d e r g o i n g  a t h e r o -  
sclerot ic  changes  xS. 

I n  phys io log ica l  or  pa t ho l og i ca l  processes,  t h e  m e t a -  
bol ic  r e sponse  of t h e  a f fec ted  t issues,  w h e t h e r  d e t r i m e n t a l  
(as in  a theroscleros is)  or benef ic ia l  (as in  repair) ,  m u s t  in-  
vo lve  inc reased  u t i l i za t ion  of t h e  pen t o s e  p h o s p h a t e  p a t h -  
w a y  if b io syn the s i s  of R N A  a n d  D N A  for p r o t e i n  p roduc -  
t i on  a n d  cell p ro l i fe ra t ion ,  as well  as of va r ious  coenzymes  
a n d  nuc leo t ides ,  is requi red .  

F r o m  the  med ica l  p o i n t  of view, t h r e e  i n t e r e s t i n g  obser-  
v a t i o n s  m a d e  b y  o t h e r  i nves t i ga to r s  are w o r t h y  of note .  

Production of lICO 2 from glucose-l-t4C and glucose-6-uC 

D u r i n g  w o u n d  hea l ing ,  OHKUBO e t  al. ~4 f o u n d  t h a t  in  
g r a n u l a t i o n  t i ssue  t he  g lyco ly t ic  p a t h w a y  is p a r t i a l l y  
b locked .  I t  wou ld  a p p e a r  t h a t  t h i s  ho lds  t r u e  on ly  for  t h e  
g r a n u l a t i o n  t i ssue  itself .  Some  of ou r  s tud ie s  (no t  y e t  
comple t ed )  of t h e  m e t a b o l i c  p a t t e r n  of t h e  whole of t h e  
i n j u r e d  a rea  i nd i ca t e  t h a t ,  in  t h e  process  of i n f l a m m a t i o n  
a n d  repa i r ,  m e t a b o l i c  a c t i v i t y  via t h e  E m b d e n - M e y e r h o f f  
rou t e  a l t e r s  l i t t l e  or  a c tuaUy  increases  w i t h  t h e  inc rease  
in  t h e  s h u n t .  H i s to log ic  e x a m i n a t i o n  of t h e  slices c u t  
across  t h e  i n j u r e d  a r ea  suggests  t h a t  t h e  p e n t o s e  s h u n t  
r ep re sen t s  t h e  s u m  of t h e  m e t a b o l i c  a c t i v i t y  via t h i s  r o u t e  
p r o d u c e d  b o t h  b y  r e g e n e r a t i o n  of t h e  i n ju r ed  t i ssue  i tself  
a n d  t h a t  of t he  n u m e r o u s  cells i n f i l t r a t i n g  t h e  a rea  as a 
n o r m a l  r e sponse  to  t h e  hea l ing  process .  

S tud ies  on  t h e  local  r e a c t i o n  to  t h e  in fec t ious  process  
in  p l a n t s  b y  seve ra l  i n v e s t i g a t o r s  15-x9 sugges t  t h a t  t h e  
s h u n t  m a y  p l a y  a role in  local iz ing t h e  lesion. I t  would  be  
of i n t e r e s t  to  see w h e t h e r  t h e  same  ho lds  t r u e  in a n i m a l  
t issue,  in  w h i c h  e v e n t  t h i s  p a t h w a y  could  also be  con-  
s idered  as p a r t  of t h e  b o d y ' s  defense  m e c h a n i s m .  

I n  a r e c e n t  c o m m u n i c a t i o n ,  LABORIT e t  al. z0 discuss a t  
some l e n g t h  t h e  poss ible  a l t e r a t i o n s  in  t he  p a t h w a y s  of 
glucose m e t a b o l i s m  c o n s e q u e n t  to  changes  in t he  e n v i r o n -  
m e n t a l  f ac to rs  in f luenc ing  t h e  f u n c t i o n a l  a c t i v i t y  of t h e  
body ,  t h u s  a t t e m p t i n g  to  r e l a t e  b iochemica l  d a t a  to  
phys io log ica l  p h e n o m e n a .  

E x t e n s i v e  a n d  c o n t i n u o u s  s tud ies  a re  be ing  c o n d u c t e d  
in  t he  field of cell m e t a b o l i s m  b u t  l i t t l e  c l inical  app l ica -  
t i o n  has ,  as yet ,  m a t e r i a l i z e d  f rom th i s  a c c u m u l a t i o n  of 
knowledge .  Th i s  is p r o b a b l y  l a rge ly  due  to  t h e  fac t  t h a t  
m o s t  r e sea rch  c l in ic ians  are  n o t  suf f ic ien t ly  f ami l i a r  w i t h  
t he  a d v a n c e s  in  b iochemica l  knowledge  a n d  t e c h n i q u e s ;  
a n d  t he  b iochemis t ,  on  t h e  o t h e r  h a n d ,  does  n o t  a p p r e c i a t e  
t he  p r ac t i c a l  a p p l i c a t i o n  because  of h i s  lack of biological  
o r i en t a t i on .  

Tissue Type of 14CO~ production in e,p.m, less 
process, injury background per 100 mg of 
or irritant tissue (wct weight) 

Glucosc-l-14C Glucose-6-14C 

Ratio 

Stomach 
Stomach 
Stomach 
upper half 
Stomach 
upper half 
Stomach 
upper half 
Stomach 
lower half 
Stomach 
lower half 
Artery 
Artery 
Artery 
Artery 
Artery 
Artery 
Artery 
Artery 
Artery 
Vein 
Vein 
Vein 
Vein 

At rest 1681 1480 1.1 
At rest 1813 1880 1.0 
Digestion 12310 1836 6.7 

Digestion 10403 1931 5.4 

Digestion 14042 1622 8.6 

Digestion 12288 4780 2.6 

Digestion 9 762 3725 2.6 

Normal 
Normal 
Phenol 1% 
Phenol 1% 
Alcohol 50% 
Alcohol 50% 
Anastomosis 
Anastomosis 
Crushed 
Normal 
Normal 
Phenol 1% 
Phenol 1% 

27O 95 3.0 
324 103 3.0 

2750 134 20.5 
1532 298 5.1 
1030 196 5.3 

863 251 3.4 
911 122 7.4 

1 121 ~56 4.4 
1 003 186 5.4 

158 142 1.1 
108 74 1.5 

1036 193 5.4 
911 104 8.7 

Each value represents the mean of three separate determinations; 
incubation was for 120 min at 37°C in 95% 02 and 5% COa, 

Rdsumd. On a c o n s t a t 6  duns  le m 6 t a b o l i s m e  de glucpse  
une  a u g m e n t a t i o n  de  l ' u t i l i s a t i on  de  la  vote  o x y d a t i v e  
d i rec te  d a n s  la  pa ro i  de  l ' e s t o m a c  d u r a n t  la  d iges t ion ,  
e t  duns  celle des  v a i s s e a u x  s a n g u i n s  p e n d a n t  i n f l a m m a -  
t ion,  r 6 p a r a t i o n  e t  r e cons t ruc t i on .  Les  r e s u l t a t s  o n t  ~t6 
ana lys6s  en  fonc t ion  de  leur  i n t6 r~ t  p o u r  les p rob l~mes  
c l iniques .  
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