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de te rmined  in a O-ray spect rometer .  The  Figure  presents  
the  resul ts  of th in  layer  c h r o m a t o g r a p h y  of each sample  
of t r i t i a ted  V L B  before pur i f ica t ion and again  a f te r  six 
recrystal l izat ions.  

Discussion. W h e n  e i ther  V L B  or V L B  sulfate was tr i t i -  
a ted  by  the  Wi lzbach  me thod  the  bulk of the  radio- 
a c t i v i t y  in the  p roduc t  is no t  associated wi th  VLB.  Two 
ma jo r  t r i t i a ted  by-products ,  one fast  moving,  the  o the r  
slow moving,  are  formed (Figure). B o t h  are  read i ly  re- 
m o v e d  by  recrys ta l l iza t ion of V L B  as the  sulfate  salt.  

There  are several  in te res t ing  differences be tween  the  
results  ob ta ined  by  t r i t i a t ion  of the  sal t  compared  to the  
free base. Fo r  example ,  six recrysta l l iza t ions  of V L B  
sulfate  ob ta ined  f rom exposure  of the  free base produces  
mater ia l  of near ly  cons tan t  specific ac t iv i ty ,  while in case 
of the  ma te r i a l  exposed as the  salt  cons tan t  specific acti-  
v i t y  is no t  reached.  The  specific ac t iv i ty  of the  p roduc t  is 
also considerably  higher  in the  former  case. The  most  
no tab le  difference, however ,  is t ha t  the p roduc t  from ex- 
posure of the  sal t  conta ins  subs tant ia l  amoun t s  of d ihydro  
V L B  while the  mater ia l  exposed as free base is essent ia l ly  
free of this reduced by-produc t  (Figure). Since reduct ion  
of double  bonds is known 5 to be an i m p o r t a n t  side reac- 
t ion dur ing VVilzbach t r i t ia t ion,  d ihydro  V L B  had been 
expec ted  to be present  as an impur i ty .  The  s t ruc ture  of 
V L B  is now well enough known ~ so t h a t  i t  can be said 
t h a t  the  double  bond invo lved  in d i h y d r o - V L B  format ion  
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Thin-layer chromatography of various vinkaleucoblastine samples. 
(1) VLB: SO 4 after tritiation; (2) VLB base after tritiation; (3) same 
as (~) but after six recrystallizations as sulfate salt; (4) same as (I) 

after six recrystallizations. 

is in the v indol ine  por t ion  of the molecule. This  double 
bond is in a posit ion allylic to a basic n i t rogen:  

Salt + 
N - C H ~ C l t = C t t -  -~ N CH 2 - C H - . C t t -  

F o r m a t i o n  

, T, 

N - C H T C H  = CH-  N-CH2-  C H T  C H T -  

I t  is not  possible a t  present  to expla in  why  the double  
bond in the  sal t  form is susceptible to reduc t ion  while t ha t  
in the  free base is not. I t  is in teres t ing to note, however ,  
t ha t  the  ca ta ly t i c  reduc t ion  of the s imi lar i ty  placed 
double bond of v indol ine  goes readi ly  in acid solut ion bu t  
not  in the  presence of base 7. Fur the rmore ,  in recent  ex- 
per iments  in these laborator ies  by Nl,:uss, i t  has been 
found t h a t  the  ca ta ly t ic  reduct ion  of VLB to  d ihydro-  
V L B  proceeds only when V L B  is present  in the salt  form. 

The reason for the  h igher  specific ac t iv i ty  ob ta ined  
dur ing  t r i t ia t ion of the  free base is not  apparent ,  bu t  i t  is 
possible t ha t  in this case the  me thy lene  carbons ad jacen t  
to n i t rogen are more  readi ly  exchangeable  than  is t rue  
when the  n i t rogen is ionized. Another  possibil i ty is t h a t  
t he  base  in the  amorphous  form offers more surface for 
exchange  than  does the crysta l l ine  salt  form. 

Thus  i t  has been possible to prepare  t r i t i a ted  V L B  of 
cons t an t  specific a c t i v i t y  which conta ins  no d ihydro-  
VLB.  I t  is of course possible tha t  o ther  impur i t ies  which 
co-crystal l ize wi th  V L B :  SO, and co -chromatograph  with 
VLB m a y  be present  s 

Zusammen[assung. Das Alkaloid Vincaleukoblas t ine  
(VLB) wurde  ats Base bei Anwendung  der  \~;itzbaeh- 
Technik  t i t r ier t .  Die Verbindung,  bis zur kons tan ten  Ak- 
t iv i t~ t  gereinigt ,  en th ie l t  kein D i h y d r o - V L B  mehr.  Das 
Alkaloid,  als Sulfatsalz  dem Tr i t i um unterworfen,  inkor-  
por ier t  die Subs tanz  nur  geringffigig, wobei das T r i t i u m  
enha l t ende  D i h y d r o - V L B  ensteht .  
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Determinat ion of Adenine in Hydrolyzates  of 
Ribonucleic Acids with the Aid of Comparative 

Titration 

One of the  pr incipal  me thods  of research into  nucleic 
acids is the  de te rmina t ion  of the  molecular  propor t ions  of 
the  bases of these  acids. At  present ,  several  me thods  are 
used to de te rmine  the  propor t ions  of bases. The  mos t  
widely  used m e t h o d  is t h a t  of paper  c h r o m a t o g r a p h y  
which, upon separa t ion  of the  ind iv idua l  bases, permi ts  
the i r  m e a s u r e m e n t - - s p e c t r o p h o t o m e t r y  in UV. Ano the r  
m e t h o d  used in pract ice  consists in f rac t iona t ion  of a mix-  

ture  of bases wi th  the  aid of an ion exchanger  and,  upon 
elution,  in repea ted  measurements  in UV. These me thods  
yield suff ic ient ly  accura te  results ;  however ,  the i r  perfor-  
mance  is r a ther  t ime  consuming.  

For  this reason,  i t  is advisable  to look for new me thods  
which  would  essential ly speed up the  process of analysis.  
Thus,  t he  me thod  of di rect  s p e c t r o p h o t o m e t r y  of R N A  
hydro lyza te  has been worked ou t ;  however ,  i t  is l i t t le  
used, for the  t r e a t m e n t  of the  resul ts  is r a the r  int r icate ,  
and moreover  the  de te rmina t ion  in the  presence of sub- 
stances absorbing in UV is inaccurate .  

Polarographic  me thods  for the  de t e rmina t ion  of the  
components  of nucleic acids were used for the  first  t ime  by  



436 Br~ves communications - Kurze Mitteilungen EXPERIENTIA XlX/8 

H E A T H  À , who  found,  t h a t  i t  was on ly  aden i ne  t h a t  was  
po l a rog raph ica l l y  act ive .  U p  to  t h e  p r e s e n t  t ime ,  however ,  
wc h a v e  n o t  succeeded in d e t e r m i n i n g  a d e n i n e  polaro-  
g raph ica l ly  in  a m i x t u r e  of o t h e r  bases  of nucle ic  acid,  e.g. 
in the  h y d r o l y z a t e  of RNA--GOWELSKI ~. PALE~EK a dem-  
o n s t r a t e d  t h e  poss ib i l i ty  of d e t e r m i n i n g  a d e n i n e  w i t h  t h e  
aid of osc i l lographic  p o l a r o g r a p h y  a n d  f o u n d  t h a t  also a n  
excess of cy t id ine  or  cy t idy l i c  acid in  t h e  m i x t u r e  does n o t  
in te r fe re  w i t h  t he  d e t e r m i n a t i o n  process.  

F o r  t he  q u a n t i a t i v e  d e t e r m i n a t i o n  of aden i ne  in a mix -  
t u r e  of all  bases  of R N A  ( r ibonuc le id  acid),  we e m p l o y e d  
t he  m e t h o d  of c o m p a r a t i v e  t i t r a t i o n  acco rd ing  to  KAL- 
veDA ~, o r ig ina l ly  m e a n t  for d e t e r m i n i n g  pure  s u b s t a n c e s ;  
we modi f ied  t h i s  m e t h o d  mud used  i t  for  d e t e r m i n i n g  
aden ine  r i g h t  in  t h e  ac id  h y d r o l y z a t e  of R N A .  

Methods. Pr inc ip le  of t he  m e t h o d  of c o m p a r a t i v e  t i t r a -  
t i o n :  o n  t h e  screen of t h e  osc i l lopo la rograph  are  o b t a i n e d  
two  cu rves  of t h e  f u n c t i o n  (dE~dr) = ]I(E), one  for  t h e  
so lu t ion  i nves t i ga t ed ,  t h e  o t h e r  for  t h e  so lu t ion  of bas ic  
e l ec t ro ly te  w h i c h  is t i t r a t e d  w i t h  t h e  m e a s u r i n g  so lu t ion  
of t h e  re ference  depo la r i ze r  so long, un t i l  b o t h  cu rves  a re  
ident ica l .  I n  t h i s  o r ig ina l  form,  t h e  m e t h o d  c a n  b e  u s e d - -  
as t h e  a u t h o r  p u t s  i t - - o n l y  for t he  d e t e r m i n a t i o n  of pu re  
subs tances .  I n  t he  p resence  of o t h e r  s u b s t a n c e s  in  t h e  mix-  
tu re ,  t he  s h a p e  of t he  c u r v e  c h a n g e s  a n d  t h u s  t h e  c u r v e  
i n d e n t a t i o n ,  r e fe r r ing  on ly  to  one  subs t ance ,  c a n n o t  wel l  
be  c o m p a r e d  w i t h  t h e  i n d e n t a t i o n  on  t h e  o t h e r  c u r v e  
caused  b y  t h e  same  subs t ance ,  t h o u g h  in  t h e  p resence  of 
o t h e r  a d m i x t u r e s .  

F o r  t h i s  reason,  we modi f i ed  t h i s  m e t h o d  so t h a t  we 
e s t ab l i shed  t he  di f ference in  t h e  c o n c e n t r a t i o n s  of a d e n i n e  
b e t w e e n  t h e  so lu t ion  of R N A  h y d r o l y z a t e  a n d  b e t w e e n  
t he  s ame  so lu t ion ,  to  which ,  for  ins t ance ,  1 m l  of bas ic  
e lec t ro ly te  h a d  b e e n  added .  Thus ,  a d i f ference  in  A 
(adenine)  c o n c e n t r a t i o n s  ar ises  b e t w e e n  t h e  d i l u t ed  a n d  
t h e  u n d i l u t e d  so lu t ion  of h y d r o l y z a t e ,  a n d  t h i s  d i f ference  
man i f e s t s  i tself  in  a d i m i n u t i o n  of t h e  d e p t h  of i n d e n t a -  
t i on  in  t h e  d i l u t ed  so lu t ion .  A f t e r  c o m p e n s a t i n g  t h e  con-  
c e n t r a t i o n  d i f f e r e n c e - - i n d i c a t e d  b y  t he  s ame  i n d e n t a t i o n  
d e p t h  of a d e n i n e  in  b o t h  s o l u t i o n s - - i t  is possible  to  calcu-  
l a te  t h e  A a m o u n t  in  t h e  h y d r o l y z a t e  f rom t he  c o n s u m p -  
t i on  of a d e n i n e  t i t r a t i o n  so lu t ion  of k n o w n  c o n c e n t r a t i o n .  

Since, b y  a d d i n g  a d e n i n e  t i t r a t i o n  so lu t ion ,  t h e  t o t a l  
vo lume ,  a n d  t h u s  also t h e  c o n c e n t r a t i o n ,  changes ,  we can  
ca lcu la te  t h e  A a m o u n t  in  t h e  a d d e d  v o l u m e  of bas ic  
e lec t ro ly te  acco rd ing  to  t h e  f o r m u l a :  

B • V 1 
Aden ine  m g -  VI + V2 (1) 

where  B ---- a m o u n t  of a d e n i n e  c o n s u m e d  d u r i n g  t i t r a t i o n  
V~ = v o l u m e  of t i t r a t i o n  so lu t ion  ( consumpt ion )  
V 1 ~ v o l u m e  of bas ic  e lec t ro ly te  a d d e d  t o  h y d r o -  

lyzate .  
I f  we d e t e r m i n e  t h e  p h o s p h o r u s  c o n t e n t  in  t h e  R N A  

hydro lyza te ,  we can  ca l cu la t e  t h e  a d e n i n e  c o n t e n t  in  
mo la r  %.  

T h e  a p p a r a t u s  used  for  m e a s u r i n g  was  a Po l a r o s cope  
P 576. Af te r  work  w i t h  a v i b r a t i o n  e lec t rode  t h e  i n s t ru -  
m e n t  was a d a p t e d  b y  bu i l d ing  in  a n  a d d i t i o n a l  res is tance ,  
w h i c h  m a d e  i t  possible  to  work  w i t h  a n  a l t e r n a t i n g  c u r r e n t  
c o m p o n e n t  of 0.03 mA.  

F o r  t i t r a t i o n  w i t h  two  capil lar ies ,  capi l lar ies  of t h e  s ame  
i n t e r n a l  d i a m e t e r  were used.  I n  o rde r  to  ensu re  s y n c h r o -  
nous  s e p a r a t i o n  of t h e  m e r c u r y  drops,  c o n n e c t i o n  of t h e  
capi l lar ies  b y  means  of a smal l  glass rod, in  t h e  place where  
t h e  t a p p e r  was  act ive ,  p r o v e d  to  be  of good a d v a n t a g e .  

I n  a s imi la r  w a y  we can  also work  w i t h  one  capi l la ry ,  a t  
t h e  b e s t  w i t h  one  of t h e  v i b r a t i o n  t y p e  acco rd ing  to  
FIBY 5, w h i c h  furn ishes  a s t ab le  p i c t u r e  on  t h e  screen  of 

t h e  p i c tu r e  tube, us ing  t h e  l igh t  t r ace  a c c o r d i n g  to  
KALVODA e. T h e  l igh t  t r ace  serves  as i n d i c a t o r  of t h e  d e p t h  
of i n d e n t a t i o n .  U n d e r  these  cond i t i ons  t he  process  of de-  
t e r m i n a t i o n  is s h o r t e n e d  a n d  s t i r r ing  d u r i n g  t i t r a t i o n  
d o n e  a w a y  with ,  for  t h e  v i b r a t i n g  e lec t rode  i tself  is a good 
s t i r re r .  

T h e  v i b r a t o r  for t h e  cap i l l a ry  was  c o n s t r u c t e d  in  t h e  
I n s t i t u t e  w o r k s h o p  acco rd ing  to  t h e  des ign  b y  F IBre .  

P r io r  to  d e t e r m i n a t i o n  t he  h y d r o l y z a t e  was d i l u t ed  
w i t h  1 N  H~SO 4 to  a c o n c e n t r a t i o n  of 40-100  7 of p u r e  
R N A  pe r  1 m l  solut ion.  R N A  c o n c e n t r a t i o n  was de te r -  
m i n e d  b y  m e a s u r e m e n t  of e x t i n c t i o n  a t  260 m ~  us ing  E -  
e x t i n c t i o n -  1% 1RNA so lu t ion  a f t e r  hydro lys i s  E 1 ~m - -  310. 

260 
T h e  e s t ab l i shed  a m o u n t  of R N A  is t h e n  c o n v e r t e d  i n to  
p h o s p h o r u s .  

Process o[ Determination. (a) T i t r a t i o n  w i t h  two  capi l -  
lar ies :  I n t o  each  vessel  3 ml  R N A  h y d r o l y z a t e  so lu t ion  
were  p i p e t t e d .  U p o n  c o m p e n s a t i n g  on  t h e  i n s t r u m e n t  
b o t h  cu rves  to  t h e  s ame  shape ,  1 ml  1 N H~SOI was  a d d e d  
i n to  one  of t h e  vessels.  Thus ,  a d i f ference in  t h e  d e p t h  of 
i n d e n t a t i o n  b e t w e e n  t h e  cu rves  arose  a n d  c o n s e q u e n t l y  i t  
was n e c e s s a r y  to  c o m p e n s a t e  t h a t  d i f ference  b y  a d d i n g  
a d e n i n e  t i t r a t i o n  so lu t ion ,  u n t i l  comple t e  i den t i f i c a t i on  of 
t h e  i n d e n t a t i o n s  on  t h e  cu rves  was  reached .  F r o m  t h e  con-  
s u m p t i o n  of t i t r a t i o n  so lu t ion  t h e  a d e n i n e  c o n t e n t  in  1 m l  
is ca l cu la t ed  w i t h  t h e  a id  of f o r m u l a  (1). 

(b) T i t r a t i o n  us ing  l igh t  t r ace  : I n  t h i s  process  v i b r a t i o n  
e lec t rodes  were  used.  T h e  work ing  m e t h o d  is t h e  s a m e  as 
in  i t e m  ( a ) - - a s  con t ro l  of t h e  d e p t h  of i n d e n t a t i o n  serves  
t h e  l i gh t  t race .  

Errors in Determination. P r o b a b l e  e r ror  in  e i t he r  proce-  
d u r e  was  ca l cu l a t ed  f rom t h r e e  d e t e r m i n a t i o n s  a n d  
a m o u n t e d  to  q- 7 %. 

Paper Chromatography. All R N A  p r e p a r a t i o n s  g iven  in 
t h e  p a p e r  were,  u p o n  hydro lys i s ,  a n a l y s e d  for  t h e  corn- 

Adenine in mol% 
Chromatography Oscillopolarography 

(a} R N A  from yeas t  25.0 24.5 
{b) R N A  from yeas t  26.3 25.4 
(c) R N A  from mouse  l ive r  18.2 19.3 
(d) R N A  from r a t  l ive r  18.1 19.0 
(e) R N A  from ex panc rcas  14.2 15.0 

P repa ra t i ons  used:  (a) R N A  from y e a s t - - p r o d u c t  of Messrs. L ight .  
(b) RNA from yeast, isolated according to CRESTFIELD 7. (C) RNA 
from mouse  l iver,  i so la ted  accord ing  to KIRBY s. (d) R N A  from r a t  
l iver ,  i so la ted  according to KmBY 8. (e) R N A  from ox p a n c r e a s - - p r e p -  
a ra tes  m a d e  ava i lab le  b y  Dr.  S. ZADEA~IL, Czechoslovak A c a d e m y  of 
Scicnces, Prague .  Aden ine - 'Laehema ' ,  i t s  p u r i t y  was  ver i f ied b y  
p a p e r c h r o m a t o g r a p h y . - - A s  t i t r a t i o n  solut ion was  used A in a con- 
cen t r a t ion  of 20 7 / m l  in 1 N H2SOa . - -RNA hydro lys i s :  1 m g  R N A  
hydro lyzcd  w i t h  0.1 ml  1 N H2SO 4 in  sealed glass t es t  t u b e  a t  100°C 
for 1 h. (Note : HC1 cannot be used for hydrolysis, as chlorides in 1 N 
H, SOa environment as basic eleetroIytes interfere with oscillopolaro- 
graphic determination.) 
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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 

Acknowledgment. My thanks are due to Dr. E. PALE~EK for the 
communication of the themes mad the interest with which he 
followed this work. 

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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