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Glucose #.siduel [mg) 

Tfimoins Irradi6s 

Glucose r~siduel (rag) 1100 ~ 700 1100 ~ 100 
Concentrations (mg/cm s) 60 ~ 12 56 4- 10 
Effectifs 14 16 

(t = 1,9) 
Glucose r~siduel (rag) 700 h 0 100 ~ 0 
Coefficient de correlation 0,91 0,77 
Probabilit~ 0,001 0,01 
Pente de la droite de r6gression yen x I • 10 -~ 8 ,10 -~ 
Effectifs 16 16 

t~moins e t  32 cobayes irradi~s t o t a l e m e n t  depuis  14 jours  
p a r  une  dose subl6tale de rayons  X (500 roentgens  de 
250 kV) et  nous avons  utilis6 pour  mesurer  le v o l u m e  de la 
so lu t ion  gas t r ique  e t  sa t eneu r  en glucose les t echniques  
d~cri tes  en 3. 

Chez les t~moins, le glucose ingot6, qu i  ne passe dans  
l ' in tes t in  que  par  pe t i tes  fract ions,  reste dans  l ' e s tomac  
off il est  dilu~ pa r  les s6cr6tions de la muqueuse .  Cet te  
d i lu t ion  se fai t  en deux  t emps :  un premier  temps,  trbs 
cour t  (moins de 15 min) abaisse la concen t ra t ion  
60 4- 12 m g / c m  3, puis i l y  a un arrbt ;  le glucose f ranchi t  
le pylore  sans que la concen t ra t ion  change  jusqu'5, ce qu ' i l  
ne reste plus que 700 mg  de  glucose dans l ' es tomac.  A ce 
m o m en t ,  la concen t ra t ion  baisse de nouveau  en su ivan t  
une loi d6finie: entre  le log des concent ra t ions  e t  le glucose 
r~siduel i l y  a u n e  corr61ation h a u t e m e n t  s ignif icat ive (co- 
eff icient  de cor rNat ion  0,91; p = 0,001; voi r  F igure  e t  
premi~re pa t t i e  du Tableau) .  

L ' i r r ad i a t i on  modif ie  la  marche  des ph~nom~nes.  La  
premibre  d i lu t ion reste normale ,  aussi rapide,  aussi im- 
por tan te .  L a  concen t ra t ion  a t t e in t e :  56 :t: 10 mg /cm ~ ne 
diff~re pas  s t a t i s t i quemen t  de celle des t6moins  (t de  
F i sher  = 1,9), mais  elle persiste jusqu '~  ce que  l ' e s tomac  
aft  6vacu6 ~ peu pr+s tou t  son con tenu ;  c ' e s t  seu lement  
lorsqu ' i l  ne reste plus que 100 mg  de  glucose que  la con- 
cen t ra t ion  s 'abaisse de nouveau,  mais  elle le fair en su ivan t  
la loi  normale.  Le  coefficient  de corr61ation 0,77 est signi- 
f icat if  au scull de probabi l i t6  0,01, mais  la droi te  repr6- 
s en t an t  la fonet ion:  log concent ra t ions /g lucose  r6siduel a 
une  pen te  8 lois plus forte que  chez les t6moins  (Figure 
e t  deuxi~me pa r t i e  du Tableau) ,  

P e n d a n t  une longue pbriode, les condi t ions  d ' ab -  
sorpt ion sont  done fo r t emen t  per turb~es chez l e s ' an imaux  
irradi~s, car  c ' es t  essent ie l lement  l a  di lut ion que  1£ 

solut ion ing~r6e subi t  dans  l ' e s tomac  qui  rSgle la vi tesse 
de l ' absorp t ion  intestinale~,L Toutefois  il n ' e s t  pas  ici 
possible d ' e s t imer  l ' impor tance ,  voi re  m6me  le sens de 
ce t te  pe r tu rba t ion  don t  les cons6quences sont  mult iples ,  
mais  oppos~es. Alors que  la pers is tance d ' une  concen-  
t r a t ion  61erie  acc61~re t'absorption 7, d 'au t res  facteurs  
agissent  en sens inverse ;  citons,  l ' absence d 'eau ,  peu t  6tre 
aussi une moindre  perm6abil i t6 ~ I 'eau de la muqueuse  
intes t inale  analogue ~ celle q)ae l 'on a observ6e pour  le 
p6ri toine s, la d iminu t ion  du v o l u m e  gastr ique,  qui  ra lent i t  
le t rans i t  pylor ique  9. 

L ' in t6r~t  des observat ions  ci-dessus est  de r a t t ache r  ~ un 
problbme tr~s g6n6ral : pe r tu rba t ion  radio indui te  du mdta-  
bol isme hydr ique ,  un fair  qui  para issa i t  t o u t  ~ fair 6tran-  
ger:  la d iminu t ion  de l ' absorp t ion  in tes t inale  des glucides. 

Les droi tes  de r6gression repr6sentdes dans  la F igure  
o n t  616 trac6es par  la m6thode  des moindres  carr6s. Le  
Tableau  con t i en t  les s ta t i s t iques  re la t ives  aux  donn6es 
exp~rimentales .  

Summary. A suble tha l  dose of X-rays ,  de l ivered  to 
guinea-pigs  14 day  s before a glucose a b s o r p t i o n  test ,  
a l ters  the  pa t t e rn  of wa te r  exchange  be tween  the  blood 
and the  gastr ic  cav i ty .  The  normal  di lut ion,  which proves  
to be a main  factor  in the  regula t ion of the  in tes t ina l  ab-  
sorpt ion of sugar,  is no longer  achieved.  

M. LOURAU 

Institut de Biologic, Paris (France), le 20 ddcembm 1960. 

7 M. LOURAU, Exper. 15, 192 (1959). 
8 p. MEYNIEL, Th~se de Doctorat en mddecine (Bordeaux 1950), 

(Drouillard Ed.). 
J. N. Hvtcv et I. MAcDoNALD, J. Physiol, 196, 459 (1954). 

P R O  L A B O R A T O R I O  

U t i l i z a t i o n  of  t h e  p H - S t a t  in  t h e  S t u d y  of  C e l l u l a r  
M e t a b o l i s m  

The buffer ing proper t ies  of the  sys tems employed  in 
t he  s t udy  of cel lular  m e t a b o l i s m  p reven t  appreciable  
changes of hydrogen  ion concent ra t ion  in the  m e d i u m ;  
therefore,  in thei r  presence, we canno t  recognize d i rec t ly  
t he  release of acid radicals  and in brief the  appearance  of 
the  p ro tons  produced  by  the  cells as t e rmina l  s tep of the i r  
metabol ic  process. 

I n  th is  note  we repor t  p re l iminary  results  on the  s t udy  
of cel lular  me tabo l i sm carr ied ou t  on the  basis of changes 
of hydrogen  ion concen t ra t ion  in unbuffered  solutions,  as 
measured  by  an a u t o m a t i c  t i t r a to r  adap ted  as p H - s t a t  1. 

We  m a d e  use of a T i t r ig raph  mod.  T T T  I A (Rad iome te r  
Copenhagen  N.V. Denmark)  wi th  some modif icat ions.  The  
t i t r a t ion  chambe r  was immersed  in a the rmos ta t i ca l ly  
control led ba th ;  i t  was closed by  a loose rubber  s topper  
th rough  which passed the  two p H  electrodes,  the  alkali  
de l ive ry  tip, the  gas de l ivery  t ip  and the  glass rod of an 
electric stirrer.  A low st i r r ing speed of abou t  150 r.p.m. 
was choosen,  to avoid  damaging  the  cells. A magne t ic  
s t i rrer  could a l t e rna t ive ly  have  been used. A hole in the  
s topper  made  possible the  w i thd rawa l  of samples  dur ing  
the  exper iments .  

These  p r e l im ina ry  expe r imen t s  were carr ied ou t  wi th  
Yoshida ' s  ascites cells and ra t  l iver  slices. 

1 C. F. JACOBSEN arid J. L£oms, C. R. Tray. lab. Cartsberg, S~r. 
ehim. 27, 333 (1951}. 
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T h e  asc i t ic  f luid was  su spended  in 5 vol  of i so tonic  
sa l ine  so lu t ion  a n d  cen t r i fuged  twice  a t  4°C for  10 ra in  a t  
350 x g, d i s ca rd ing  t he  s u p e r n a t a n t .  T he  cells were  t h e n  
r e suspended  in t he  fol lowing m e d i u m :  NaC10.154 Mol/100, 
IZC1 0.154 Mol/4,  CaCl,  0.11 Mol]3, MgSO 4 0.154 Mol/1,  
KH~PO4 0.20 Mol/0.5,  N a O H  0 .1-N a d d e d  u n t i l  p H  7.4. 

Af t e r  cen t r i fug ing  twice,  t h e  cells were  r e s u s p e n d e d  in 
t h e  s a m e  m e d i u m  in t h e  p r o p o r t i o n  of 1 vo l  p a c k e d  cells 
to  5 vol  of m e d i u m .  T h e  p a c k e d  cell v o l u m e s  were  de-  
t e r m i n e d  in a h e m a t o c r i t  a f t e r  c en t r i f ug i ng  for 20 ra in  a t  

2500 x g. I n  some ins tances ,  d r y  w e i g h t  d e t e r m i n a t i o n s  
were  also made .  T h e  l iver  slices were  w i t h d r a w n  a n d  
p r e p a r e d  in t h e  usua l  w ay  s. T he  t i t r a t i o n  vesse l  u sua l ly  
c o n t a i n e d  12 ml  of m e d i u m  a n d  3 ml  of ce l lu lar  suspens ion  
( to ta l  n u m b e r  of cells a b o u t  150 x 10 *) or  15 ml  of m e d i u m  
a n d  a b o u t  60 m g  of l iver  slices (dry  weight ) .  T he  so lu t ion  
was  a d j u s t e d  to  t h e  des i red  va lue  of p H  7.4 w i t h  sma l l  
q u a n t i t i e s  of N a O H  N/50,  a n d  t he  e x p e r i m e n t s  s t a r t e d  as 
soon  as t e m p e r a t u r e  e q u i l i b r i u m  was r eached  (2-3 rain).  
T h e  t e m p e r a t u r e  of t h e  b a t h  was m a i n t a i n e d  a t  37 ° . T h e  
c o n c e n t r a t i o n  of t h e  a lka l i  u sed  i n  t h e  t i t r a t i o n  was  of 
0.02 no rma l ,  su f f i c ien t ly  low to  avo id  app rec i ab l e  cell  
damages .  

Before  i n t r o d u c t i o n  of t h e  cells, t h e  l iquid  m e d i u m  was 
s a t u r a t e d  w i t h  gas  a n d  d u r i n g  t h e  course  a s t r e a m  of a g a s  
was  b lown  Over t h e  sur face  of t he  l iquid.  B u b b l i n g  was 

• avo ided  to p r e v e n t  foaming .  
Since t he  lysis of cells re leases  m a t e r i a l s  w i t h  bu f fe r ing  

p roper t i e s ,  we checked  f r e q u e n t l y  t h e  a m o u n t  of lysed 
cells a t  t he  end  of  t h e  e x p e r i m e n t s .  T he  op t i ca l  dens i t i e s  
a t  260 a n d  280 mtx showed  t h a t  t h e  p e r c e n t a g e  o f  cells 
l y s e d ' w a s  close to  t h a t  o b s e r v e d  in t h e  W a r b u r g  vessels  
( a b o u t  1 .5%).  T h e  r a t e  of  ce l lu t a l / r e sp i r a t i on ,  in  ab s ence  
of fflay s u b s t r a t e ,  is g iven  b y  t h e  a m o u n t  of  a lka l i  r equ i r ed  
to  neu t r a l i ze  t h e  p r o t o n s  de r ived  f rom t h e  f i rs t  d i s soc ia t ion  
of c a r b o n a t e  acco rd ing  to  t h e  r e a c t i o n :  CO s + HsO + 
H2CO s -->- H+ + HCO 3- a n d  t h i s  is r eco rded  b y  t h e  p H -  
s t a t .  

The  F igu re  1 shows a t yp i ca l  t i t r a t i o n  cu rve  o b t a i n e d  
w i th  Y o s h i d a ' s  asc i tes  cells in t h e  p resence  of oxygen .  
W h e n  asc i tes  cells a re  t e s t ed  in p resence  of a s u b s t r a t e  
(glucose) u n d e r  ae rob ic  cond i t ions ,  t h e r e  are  t w o  sources  
o f  p ro tons ,  c a r b o n a t e  a n d  lac t i c  acid.  I n  a b s e n c e  of 
oxygen ,  t h e r e  is on ly  one  source,  n a m e l y  l ac t i c  ac id  
(F igure  2), 

I n  t he  case of ae rob ic  glycolysis ,  we m a d e  a co r rec t ion  
of t h e  a m o u n t  of a lka l i  r equ i r ed  to  n e u t r a l i z e  t he  p r o t o n s  
de r ived  f rom c a r b o n a t e ,  o n  t h e  bas is  of t h e  C r a b t r e e  effect  
(Figure  1 - d a s h e d  line). Since t h i s  co r rec t ion  was  found  
to  be  v e r y  c o n s t a n t  in  d i f f e ren t  e x p e r i m e n t s ,  t h i s  v a l u e  
needs  to  be  d e t e r m i n e d  b y  t h e  m a n o m e t r i c  m e a s u r e m e n t s  
o n l y  once  for t h e  s y s t e m  u n d e r  i nves t i ga t i on .  

T h e  q u a n t i t i e s  of Iaet ic  ac id  re leased  d u r i n g  t h e  
glycolysis,  as  e s t i m a t e d  b y  co lo r imet r i c  ~ a n d  e n z y m a t i c  4 

Titrimetric method Manometric method 

Qco, a [zMol Qco, a [~Mol 
L( + )lactic L( + )lactic 
acid b acid b 
I¢ IId Ie IIO 

Yoshida's cells 5.7 1.0 1.4 6.6 1.2 1.4 
Rat liver slices 4.06 -- -- 4.25 -- -- 

The amount of CO~ is given in mm 3 at standard pressure and 
temperature per mg dry weight of tissue per h. 

b This value means the ~Mol of L( + )lactic acid produced per mg dry 
weight of tissue per h. 

e In the presence of oxygen. 
d In the presence of argon. 
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Fig. 1. Titration curve for Yoshida's ascites cells. Experiment No. 12. 
Gas: oxygen. T = 37°C. Cells 97.5 mg dry weight, glucose ~tMol 210. 
(The dashed line represents the correction of the glycolysis on the 

basis of the Crabtrce effect (57%).) 
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Fig. 2. Titration curve for Yoshida's aseites cells. Experiment No. t2. 
Gas: argon. T = 37°C. Cells 97.5 mg dry weight, glucose FtMol 210. 

m e t h o d s ,  a re  v e r y  close to  those  ca l cu la t ed  f rom t h e  
e q u i v a l e n t s  of a lka l i  del ivered.  

The  Tab le  shows d a t a  on  t h e  r e sp i r a t i on  a n d  glycolysis  
of Y o s h i d a ' s  asc i tes  cells a n d  r a t  l iver  slices, c a l c u l a t e d  
b o t h  f rom t i t r i m e t r i c  a n d  m a n o m e t r i c  m e a s u r e m e n t s .  T h e  
va lues  r e p o r t e d  a b o v e  c a n  also be  expressed  in  e q u i v a l e n t s  
of p r o t o n  neu t ra l i zed .  On t h i s  basis ,  t h e  CO s re leased  b y  
Y o s h i d a ' s  ase i tes  cells co r r e sponds  to  0 . 2 5 4 x 1 0  -6 g 
p r o t o n s / m g / h ,  t h e  ae rob ic  glycolysis  to  1.00 x 10-6 a n d  
t h e  a n a e r o b i c  glycolysis  to  1.4 x 10-*g p r o t o n s / m g / h  f rom 
lac t i c  acid.  

On t h e  bas is  of these  e x p e r i m e n t s ,  i t  seems t h a t  t h e  use  
of a p H - s t a t  c an  i m p r o v e  t he  s t u d y  of ce l lu lar  m e t a b o l i s m  
b y  m a k i n g  i t  poss ible  to  m o d i f y  such  fac tors  as t e m p e r -  
a t u r e  or  t h e  n a t u r e  of the  gas, to  i n t r o d u c e  d i f f e r en t  
subs t r a t e s ,  a n d  to  w i t h d r a w  s a m p l e s  d u r i n g  t h e  course  of 
t h e  e x p e r i m e n t s .  I t  also g r e a t l y  increases  t h e  speed of t h e  
m e a s u r e m e n t s  s ince o n l y  a few m i n u t e s  a re  r equ i r ed  to  
o b t a i n  a d e q u a t e  a n d  r ep roduc ib l e  resul ts .  The  e x p e r i m e n t s  
c an  also be  p e r f o r m e d  w i t h  large q u a n t i t i e s  of m a t e r i a l  
and,  s ince t he  h i g h  s e n s i t i v i t y  of t he  i n s t r u m e n t  p e r m i t s  
t he  d e t e c t i o n  of v e r y  smal l  q u a n t i t i e s  of p ro tons ,  i t  be-  
comes  poss ible  to  i nves t i ga t e  t he  f i rs t  s tages  of m e t a b o l i c  
a c t i v i t y  a f t e r  t h e  a d d i t i o n  of a s u b s t r a t e .  

2 W. W. UMBREIT, R. H. BURRIS, and J. F. STAUFFER, Manometric 
Techniques (Burgess Publishing Co. 1957). 
S. B. BARKER and W. H. SUMMERSON, J. bioI. Chem. 138, 535 
(1941). 

4 G. PFLEIDERER and K. DosE, Bioehem. Z. 326, 437 (1955). 
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Riassunto .  ~2 stata s tudiata  la possibilit£ di seguire con 
un ti tolatore automatico impiegato come pH-sta t  l 'anda- 
melxto della respirazione e della glicolisi di cellule soprav- 
viventi .  I valori ot tenuti  sono in accordo con quelli 
descritti nella letteratura. 

Rispetto al metodo manometrico sono segnalati alcuni 
vantaggi quali la rapidit~t delle determinazioni, la possi- 

bilittt di variare pih parametri  sperimentali nel corso 
dell 'esperienza nonch~ la facilitA di prelievo di materiale 
durante l 'esperimento. 

U. FERRIm and L. BELLELLI 

Is t i tu to  Reg ina  Elena  per  lo S tudio  e la Cura dei Turnof f ,  
R o m a  (Italy),  March  6, 1961. 

S T U D I O R U M  P R O G R E S S U S  

A n  A p p r o a c h  to  M o l e c u l a r  D y n a m i c s  of  Chemica l  
React ion 

According to the theory of transition state ~, the reaction 
rate constant can be expressed as 

k = ~(kT /h )  {Q(o/Q(i}} exp ( - - A U d k T ) ,  (1) 

where u is the transmission coefficient, k T the statistical 
temperature which is the absolute temperature  T mul- 
tiplied by Boltzmann's  constant k, h Planck's  constant, 
Q(t) the parti t ion function of the so-called transition state, 
Q(i) the partit ion function of the initial molecular system, 
and A U i is the act ivation energy. The chemical reaction 
has been classified by HomuTi  into the two types, the one 
being an effusion-type and the other a diffusion-type, by 
the relations of the transmission coefficient ~ _~ 1 and 

~ 1, respectively 2. 
However, g is a correction factor brought somewhat 

formally into the expression of rate constant. For t h e  
reaction of effusion-type (~. ~_ 1), it can be" consid6red tha t  
the transition state method of Eyring's  is a good approach. 
But  it  must be supposed tha t  the Eyring's  theory is in- 
applicable to the reaction of diffusion-type, because the 
method is based on the equilibrium model Of chemical 
reaction whose or ig inal  concept can be found in the 
elassi6al t rea tment  of ARRHENIUS 'a. -Therefore, i t  will be 
desirable to deal with the problem f÷om the more general 
point of view. 

This paper describes an approach t o the  non-equ ilibrium 
model of chemical reaction from the molecu.lar dynamical 
theory. One of our purposes in this work is to find the 
mutual  re la t ionshipsamong the several theoretical treat-  
ments of reaction rate from a unified and general situation. 

In the approach based on the non-equilibrium model, 
the problem is reduced to the diffusion problem of 
particles over a potential barrier from a potential-hollow 
corresponding to the initial configurations of reaction 
system to another hollow belonging to the final con- 
figurations of product system on the adiabatic potential  
energy surface 4. If  the degree of freedom of the reacting 
molecular system is given b y / ,  the transition (hyper-) 
surface of the dimension ( f -  1) can be defined in the 
vicinity of the 'watershed'  of a potential  barrier. A profile 
of the potential  energy surface in the two dimensional 
case is shown diagrammatically in Figure 1, Our interest 
is focused upon the diffusion flux of the representative 
points of reaction system across the transition surface in 
phase space as a consequence of Brownian motion. I t  may 
be safely said tha t  Brownian motion in the molecular 
level is responsible for diffusion process in the macroscopic 
level, in a broad sense. As shown in Figure 2, the behav- 
four of the flow of the representative points can be likened 
to the motion of Brownian particles as a whole. Such a 
Brownian particle-like motion results from the irregularly 
fluctuating forces due to the interaction between the re- 
action system and the surroundings. The reacting system 
is presumed to accept or lose energy through the fluctuat- 
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Fig. 1. A profile of two-dimensional potential energy surface. 
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Fig. 2. Brownian particle-like motion of the representative points in 
the "neighbourhood of the transition surface. 

ing forces from the surroundings. Then the passage of the 
reacting system in the vicinity of the top of 'potential 
barrier to the final state taking th~ molecular configu- 
rations of product can be achieved by means of a large 
number of f luctuat ions .  

In the /-dimensional phase space, the co-ordinates of 
position are called (qD q2 . . . . .  qf), the conjugate momenta  
are (Pl, P2 . . . . .  p]), and the reduced masses with regard to 
those degrees of freedom are ( M  v M S . . . . .  Mr) ,  respec- 
tively. The co-ordinates are chosen so tha t  these normalize 
each other in the neighbourhood of the transition surface, 
and ql is selected as the reaction co-ordinate. 

The Hamiltonian H r of the reaction system is given by 

f 
H r = ~ p~/2 M= + V(q x, q= . . . . .  qf) ,  (2) 

cZ-1 

where U(ql, q2 . . . . .  ql) is the potential  energy of the 
system. 

The potential  energy of the system is developed in the 
power series of the displacements around the saddle-point 
in the transition surface, whose molecular configuration is 
specified by suffix t, as the following: 

1 S. GLASSTONE, K. J. LAIDLER, and H. Evm~o,  Theory o/ Rate 
Processes (McGraw-Hill, New York 1941). 

= j .  HORIUTI, Pap. Inst. Phys. Chem. Res. Tokyo 34, 1174 (1938); 
Bull. Chem. Soe. Japan 13, 210 (1939). 
S. ARRHENIUS, Z. phys. Chem. 4, 226 (1889). 

4 H. A. KRAMERS, Physica 7, 284 (1940). 


