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Colorimetric Method for Measuring Pseudocholinesterase,  Acetylcholinesterase and Whole Blood 
Cholinesterase.  Its Use in the Presumptive Diagnosis  of Cancer 

W e  firs t  s t a r t e d  to d e t e r m i n e  chol ines te rase  a c t i v i t y  in  
p lasma,  whole  b lood a n d  cells in 1958. W~e ca lcu la ted  t h e  
la t te r ,  s t a r t i n g  w i t h  t h e  un i t s  o b t a i n e d  in p l a s m a  a n d  
whole blood, us ing  t he  co lor imet r ic  m e t h o d  of BIGGS 
et  alA. W e  found  increased  cho l ines te rase  a c t i v i t y  in 
a s t h m a t i c  p a t i e n t s  as c o m p a r e d  w i t h  t he  n o r m M  subjec ts ,  
t he re  be ing  also increased  a c t i v i t y  fol lowing t he  admin i s -  
t r a t i o n  of A C T H ;  these  di f ferences  were s t a t i s t i ca l ly  
s ign i f ican t  ( P  < 0.001) ~ 

Fol lowing t he  s ame  t e c h n i q u e  we l a t e r  a d m i n i s t e r e d  
A C T H  a n d  cor t i cos te rone  to  \Vis t a r  r a t s  a n d  here  also 
t he  increase  was s t a t i s t i ca l ly  s ign i f ican t  ( P  < 0.001) a,*. 
F u r t h e r m o r e ,  fol lowing a d r e n a I e c t o m y  in these  a n i m a l s  
t he re  was a def in i te  decrease  ( P  < 0.001) of cho l ines te rase  
ac t iv i ty .  These  levels b e c a m e  a l m o s t  n o r m a l  a f t e r  t h e  
in jec t ion  of cor t i cos te rone  s. 

I n  19646, we s t a r t e d  our  s tud ies  on  cho l ines te rase  
a c t i v i t y  in p a t i e n t s  suffer ing f rom cance r  in  d i f fe ren t  
o rgans  and  found  a decided decrease  of these  enzymes  as 
c o m p a r e d  w i t h  n o r m a t  sub jec t s  ( P < 0 . 0 0 1 ) .  W e  used  
t he  a fo r emen t ioned  co lor imet r ic  t e c h n i q u e  d u r i n g  these  
i nves t i ga t i ons : ,  s. W e  t h e n  p roceeded  to per fec t  t h i s  
m e t h o d  of dosage of t h e  co l ines te rase  enzymes  in o rder  
to  increase  precis ion and  sens i t i v i ty  b y  i n t r o d u c i n g  t he  
d i rec t  assay  of ace ty lcho l ines te rase  in to  t h e  b lood  cells. 

V[aterial and methods, The  d e t e r m i n a t i o n s  were ,made  
on  100 n o r m a l  adu l t s  a n d  on  30 ma le  p a t i e n t s  w i t h  
p u l m o n a r y  cancer .  T he  m e t h o d  is ba sed  on  t he  changes  
in colour  p roduced  in a Buf fe r  of B r o m o t h y m o l  b lue  due  
to  acet ic  acid re leased f rom t h e  ace ty lcho l ine  of t h e  
subs t ra t e .  Th i s  is re leased b y  t he  cho l ines te rase  p r e sen t  
in  t he  m a t e r i a l  to  be  ana lyzed .  

Our  t e c h n i q u e  is now t he  fol lowing : Reagen ts .  (1) Buf fe r  
S tock :  S o d i u m  B a r b i t a l  16.4944 g K H ~ P O  4 1.361 g- a n d  
NaC1 175.35 g dissolved in 1 1 of d is t i l led  water .  (2) S tock  
buf fe r - ind ica to r  so lu t ion  (Stock  B I ) :  B r o m o t h y m o l  b lue  
100 m g  dissolved in  2 ml of 2 N  NaOH.  A dd  150 ml  of 
t he  s tock  buf fe r  solut ion,  c o m p l e t i n g  w i t h  dis t i l led w a t e r  
up  to  950 ml  a n d  t h e n  HC1 0 . 5 N  to o b t a i n  p H  8 which  
m u s t  be  exact .  As a genera l  ru le  less t h a n  16 ml  of 
0 . 5 N  HC1 are used. (3) W o r k i n g  p l a s m a :  S tock  B I  476.2 
to 1000 m l  w i t h  dis t i l led water .  W o r k i n g  whole  b lood  
a n d  cells: S tock  B I  400 to 1000 ml  w i t h  dis t i l led  water .  
(4) 0 .01% sapon in  solut ion.  (5) S u b s t r a t e :  1 . 5 •  
of f ina l  c o n c e n t r a t i o n  of ace ty lcho l ine  b romide .  Store  
in  r e f r ige ra to r  a n d  change  eve ry  15 days.  

Ca l ib ra t ion  curve.  S t a r t i n g  w i t h  a so lu t ion  of 0 .020N 
acet ic  acid,  a scale is p r e p a r e d  as follows: 20 t u b e s  are  

used, in which  increas ing  q u a n t i t i e s  of acet ic  acid 0 .020N 
(from 1-20 ml) a n d  decreas ing  q u a n t i t i e s  of d is t i l led  
w a t e r  ( f rom 19 ml  to  0) are p u t  in  such  a way  t h a t  t h e  
f i rs t  t u b e  con t a in s  1 txmole of acet ic  acid co r respond ing  
to  10 ~x/ml. The  f ina l  r e su l t  is expressed  in p, moles  per  
mi l l i l i t re  of free acet ic  acid. 

P l a s m a  ca l ib ra t ion  curve.  21 n u m e r a t e d  t u b e s  are used 
f rom 0-20. To each  one 0 . 1 m l  of p la sma ,  1 . 4 m l  of 
dis t i l led water ,  2 ml  of S tock  B [  a n d  1 ml  of t he  d i lu t ion  
of t h e  co r re spond ing  acid is added.  T u b e  0 is t r e a t e d  
t he  same,  w i t h  t he  excep t ion  of p u t t i n g  2.4 mI  of dis t i l led 
w a t e r  a n d  no t  a d d i n g  t h e  d i lu t ion  of acet ic  acid 0 .02N. 
Mix well  and  r ead  t h e  a b s o r b a n c e  a t  620 nm,  us ing  
dis t i l led w a t e r  as a b lank .  Div ide  t he  a b s o r b a n c e  o b t a i n e d  
in each  t u b e  ( s t a r t ing  w i t h  t u b e  No. 1) b y  t he  a b s o r b a n c e  
o b t a i n e d  in t u b e  No. 0. Th i s  will  give va lues  which,  
car r ied  to  t h e  o r d i n a t e  axis  and  p u t t i n g  t he  co r re spond ing  
un i t s  in  t h e  abscissa,  a l lows us to  o b t a i n  t he  ca l i b r a t i on  
cu rve  (Figure  1). 

Who le  b lood  ca l i b r a t i on  curve.  21 n u m e r a t e d  t u b e s  
f r o m  0-20 are  used. T u b e  0 con ta ins  1 ml  of saponin ,  
0.1 ml  of t he  sample ,  3.0 ml  of S tock  B I  a n d  4.9 ml  of 
dis t i l led water .  Tubes  1 - 2 0 : 1  ml  of saponin ,  0.1 m l  of 
pooled n o r m a l  whole  b lood ;  3.0 m l  of S tock  BI ,  2.9 m l  
of dis t i l led w a t e r  a n d  2 ml  of t h e  co r r e spond ing  d i lu t ion  
of acet ic  acid. B l a n k :  1 ml  of saponin ,  0.1 ml  of t he  s ample  
a n d  7.9 m l  of d is t i l led  wate r .  Mix well  a n d  r ead  t h e  
a b s o r b a n c e  a t  620 n m  a n d  c o n t i n u e  as for t he  p l a s m a  
curve,  us ing  t he  c o n t e n t s  of t he  b l a n k  t u b e  as t h e  refer-  
ence b l a n k  (Figur  e 2). 

Cel lular  ca l i b r a t i on  curve.  The  p rocedure  is exac t ly  
t he  same  as for  whole  b lood  b u t  us ing  0.1 ml  of cells 
o b t a i n e d  a f t e r  cen t r i fug ing  t he  b lood  a n d  wash ing  twice  
w i t h  physio logica l  solut ion.  E a c h  cen t r i f uga t i on  is done  
a t  4500 rpm for 10 m i n  each.  The  cu rve  is p r e p a r e d  as 
for whole  b lood (Figure  2). 
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Fig. 1. Plasma calibration curve. 
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Fig. 2. Whole blood and cellular calibration curve. ( . . . . .  ) whole 
blood cholinesterase; (----) acetylcholinesterase. 
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Units of cholincstcrase activity found in 100 normal adult males and 30 inales suffering from cancer of the lung 
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ChE plasma AChE mI of blood AChE ml of cells ChE whole blood 
Normal Cancer Normal Cancer Normal Cancer Normal Cancer 

98 -- 19 44 4- 20 ~ 136 ___ 14 94 t :  20 b 285 ___ 25 254 4- 29 ~ 233 4- 25 167 4- 42 a 

Average and standard deviation. �9 P%0.001. b P<0.001. ~ P<0.001. e P<0.001. 

P lasma.  Conta ins :  Work ing  p l a sma  4.2 ml, 0.1 ml  of 
the  sample ;  0.20 ml  of subs t ra te .  Whole  blood. Conta ins  
1 ml  of saponin,  0.1 ml  of the  sample,  7.5 ml  of working  
blood, 0.40 ml  of subs t ra te .  The cor responding  b lank  
conta ins  1 ml  of saponin,  0.1 ml  of t he  sample,  7.9 ml  of 
dist i l led water .  Cells. The procedure  is exac t ly  the  same 
as for whole blood b u t  using the  cor responding  sample.  

In  all three,  i m m e d i a t e l y  af ter  add ing  the  subs t ra te ,  
the  s p e c t r o p h o t o m e t e r  is read  at  620 rim. Incuba t i on  for 
30 rain a t  25 ~ and  the  read ing  is repea ted .  The ra t io  
be tween  the  final  and  ini t ial  readings  is ob ta ined  and  
the  un i t s  of pseudochol ines te rase  or ace ty lchol ines terase  
ob ta ined  found  on the  curve. To express  t he  concen t r a t ion  
of ace ty lchol ines terase  per  mill i l i tre of cells, the  following 
formula  is appl ied:  

Value ob ta ined  in cellular curve  • h e m a t o c r y t  

100 

Care should be t aken  of the  following: (1) The p H  of 
t he  buffer  ind ica tor  (Stock BI) m u s t  be e x a c t .  (2) The 
sal t  of ace ty lchol ine  used should be kep t  in a dryer  to  
avoid  h y d r a t i o n ;  once the  solut ion has  been p repared  it 
should  be kep t  in a refr igerator .  I t  should be renewed 
every  15 days.  (3) The  reagents  should  be kep t  fit 4-6  ~ 

Results and discussion. The resul ts  ob ta ined  wi th  th is  
t e c h n i q u e  in no rma l  subjec ts  and  in pa t i en t s  wi th  
p u l m o n a r y  cancer  are r ep resen ted  in the  cor responding  
Table.  The differences were s ta t i s t ica l ly  s ignif icat ive 
( P  < 0.001). 

I t  is indispensable  to  fix the  correct  no rma l  l imits  by  
mak ing  the  s ta t i s t ica l  analysis  of a suff icient  n u m b e r  of 
no rma l  subjec ts  add ing  and  sub t r ac t ing  f rom the  mean  

value ob ta ined  twice the  a m o u n t  of s t an d a rd  devia t ions .  
I t  is also necessary  to make  these  calculat ions in b o t h  
men  and  w o m e n  as the  values  in t he  l a t t e r  are s l ight ly  
lower t h a n  those  of the  males.  

To use these  de t e rmina t ions  as a t e s t  for the  pre-  
sumpt ive  diagnosis  of neoplas t ic  diseases, the re  are some 
c i rcumstances  t h a t  modi fy  the  values of t he  chol ines terase  
enzymes  t h a t  should be kep t  in mind ;  l iver i n su f f i c i ency ,  
an t ichol ines terase  drugs, admin i s t r a t i on  of ACTH or 
cort icosteroids.  The resul ts  of a pos i t ive  reac t ion  for the  
p r e s u m p t i v e  diagnosis  of cancer  should be expressed:  
1 cross @-), 2 crosses (i i-), 3 crosses ( + + + )  or 4 crosses 
( + + + + ) ,  according to w h e t h e r  the  ab n o rma l  decrease 
is p resen t  in one or all of t he  d i f fe rent  de te rmina t ions .  

Rdsumd. On ddcri t  une m6thodc  color im6tr ique per-  
fect ionn6e pour  la dd te rmina t ion  s imul tande  de l ' ac t iv i t6  
pseudochol ines tdras ique,  de l ' acdtylehol ines tdrase  par  
mill i l i tre de globules et  de sang et  de  la chol inestdrase  
sanguine  totale,  md thode  ac tue l l ement  employ6e par  les 
au teurs  pour  le d iagnost ic  p r6sompt i f  du cancer.  Les 
diff6rences en t re  100 suje ts  n o r m a u x  et  30 malades  de 
cancer  pu lmona i re  on t  6t6 s t a t i s t i q u e m e n t  s ignif icat ives 
(P  < 0.001) dans  les qua t re  dd te rmina t ions .  
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On the Dependence of Nuclear Oxidative Phosphorylat ion on Glycolysis in Isolated Rat Th y mus  
Nuclei  

As has been  es tab l i shed  by  several  au thors  ~-s, cell 
nuclei  isolated f rom the  t h y m u s  glands  of calf and  r a t  
con ta in  cy toch romes  and  show an oxygen  d e p e n d e n t  
A T P  synthes is .  Therefore  ox ida t ive  phosphory l a t i on  is 
no longer a process  exclusively associa ted  to  mi tochondr ia .  
The cell nucleus of t he  t h y m u s  appears  to  be a complex  
organelle,  also con ta in ing  enzymes  and  metabo l i t e s  of 
glycolysis  and  of the  citric ac id  cycle 9-x~ McEwv-x -11 
d e m o n s t r a t e d  the  dependence  of resp i ra t ion  and  A T P  
synthes i s  on glycolysis.  I n  h i s  expe r imen t s  he found  a 
dec reased  resp i ra t ion  and  A T P  con t en t  when  he used 
the  glycolyt ic  inh ib i to r  iodoace ta te  (IAA), which  blocks 
g lyce ra ldehydephospha t e  dehydrogenase  (1.2.1.12). F r o m  
his figures it was s t r ik ing  t h a t  ATP con ten t  was lowered 
by  89%, whereas  oxygen  up t ake  was decreased by  only  
31%. In his expe r imen t s  1 m.,34r I A A  was  used;  t he  nuclei  
were isolated f rom calf t hymus .  BETEL 12 used 1.5 m M  IAA 
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