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SUMMARY 

Because of the extremely low cholinesterase activities of human platelets, an 
assay method more sensitive and specific than those previously available was needed. 
Such an assay was developed employing 14C-labeled substrates. In this assay system, 
less than 1o -a unit of cholinesterase activity can be measured conveniently. Data 
were also obtained from a nonspecific and less sensitive colorimetric method for the 
purpose of comparison. In general, the results from these two assay methods seem 
to be in fairly good agreement. Furthermore, kinetic data also suggest that the 
cholinesterase activity of intact platelets is most likely an acetylcholinesterase. 

INTRODUCTION 

There are at least a dozen methods available for the assay of cholinesterase 
activities of tissue and biological fluid. A manometriO -4 and a colorimetric method 5 
each ha\re been employed to measure the cholinesterase activities of platelets. Because 
of tile extremely low cholinesterase activity of platelets, these two methods were 
found to be unsuitable for kinetic studies. A more sensitive and specific radiometric 
assay method, a modification of the procedure of Potter 6, was therefore developed. 
In this report, more detailed studies of the assay method, such as optimal substrate 
(acetylcholine) concentration, pH, and enzyme concentration as well as specific 
inhibitor studies which were not described fully before 6 were investigated. Further, 
the application of this method to kinetic studies of platelet cholinesterase activities 
was investigated. 

MATERIALS AND METHODS 

Human platelets were prepared essentially according to a differential centrifu- 
gation method (washed platelets) previously describedL The platelets were washed 
4 times with a volume of citrated saline (I part 3.2% sodium citrate q- 19 parts 
0.9% NaC1 (pH 6.5) ) which was equivalent to one-third of the volume of the original 
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platelet-rich plasma. Platelets isolated by gel filtration (gel platelets) were prepared 
by the method of Tangen et al. s. Both platelet preparations were studied for erythro- 
cyte contamination by use of phase contrast microscopy and for plasma protein 
contamination by estimation of butyrylcholinesterase activity (butyrylcholine used 
as substrate) in the final wash or suspension fluid. Similar cholinesterase activities 
were measured using platelet preparations made by both methods, although the gel 
platelets consistently appeared to have less plasma protein contamination (un- 
published results) than did the washed platelets. 

Several significant changes were made in the original radiometric assay 
method 6. (I) E14C13Butyrylcholine was used instead of benzoylcholine in addition to 
E14Cllacetylcholine and [laCllacetyl-/~-methylcholine as substrates (all were products 
of New England Nuclear). Since butyrylcholine is known to be a better substrate 
than acetylcholine for plasma butyrylcholinesterase, it was therefore chosen as a 
substrate to check for possible butyrylcholinesterase contamination in platelet 
preparations. (2) The substrate concentration (e.g. acetylcholine) was reduced to 
2. 7 • lO -4 M (final concn; with approx. 20 ooo cpm) in order to increase tile sensitivity 
of the measurement and to minimize possible substrate (acetylcholine) inhibition 
(Fig. I). (3) The pH was also changed to 8.0 in 0.05 M Tris to insure maximum enzyme 
activity (Fig. 2). (4) MgC12 was omitted from the reaction mixture, since it was found 
to have no effect on enzymatic activity (Table I). Siliconized clotting tubes (IO m m ×  
75 ram, Kimble Glass Co.) were used to store the dried substrates (under P205 in 
vacuo) and for subsequent enzymatic assay. Normally, a final reaction mixture of 
o.I ml contained: 5 #moles Tris (pH 8.0); 0.027 /~mole substrate (or otherwise as 
indicated); 15/,moles NaC1 (to maintain isotonicity); and 2"IOS-2.5 .los platelets. 
After incubation at 37 °C for lO-6O rain, the enzymatic reaction was stopped by the 
addition of o.I ml 0.2 M HC1. The 14Cl-labeled acetic acid or butyric acid was extracted 
with 2 ml of toluene-isoamyl alcohol (5 :I, v/v) by vigorous mixing on a vortex mixer 
for 1-2 rain. The organic phase was separated by brief centrifugation (Adams Sero- 
fuge, IOOO × g, 5 rain) and I ml of aliquot was transferred to a scintillation vial 
containing 4 ml of absolute ethanol and IO ml of I~o phenylbiphenyloxadiapole- 
1,3,4 in toluene. Samples were counted in a Nuclear Chicago scintillation counter. 
The extraction efficiency was found to be 70% for E14Clacetic acid and was not 
dependent upon the acetate concentration in the reaction mixture; the extraction 
efficiency of !14C]butyric acid was found to be 93%. The counting efficiency was 
found to be 75 o~ and no quenching was seen when platelets were used as the enzyme 
source. The enzymatic activity (v) is expressed as/mmles of substrate hydrolyzed 
(at particular substrate concentration) per rain at 37 °C and pH 8.o or as units 
(I unit is defined as that amount of enzyme that will catalyze the hydrolysis of 
I pmole acetvlcholine per rain). The data were calculated based on an internal 
standard (acetylcholine, butyrylcholine or acetyl-/~-methylcholine) and the extraction 
and counting efficiency were also corrected. Among the three substrates tested the 
rate of hydrolysis of acetyleholine by human intact platelets was found to be lO-2O 
times higher than butyrylcholine and acetyl-$-methylcholine (see Table I) and conse- 
quently acetylcholine was chosen as the substrate for routine assay and kinetic 
studies. In this assay system, a cholinesterase activity as low as IO-4-IO -5 unit can 
be measured conveniently. Choline acetyltransferase activity was not detected in 
platelets by the procedure of Fonnum". 
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RESULTS AND DISCUSSION 

Kinetic data concerning the cholinesterase activity of intact human platelets 
as obtained by the modified radiometric assay method are shown in Figs 1- 4. It  

12 

IO 

c 

~o.8 

E 0 6  

~r 

0 0.4 
x 
> 

0 2  

12 

IO 
c 

E 0 8  

0 6  

~) 04 

> 
0.2 

o'.o ,; ,'.~ ;o ~ %.~ 6£ ~'.o ¢.5 do 8'.5 ~.o 
EAcetylchol in~ m M  pH 

Fig. I. Cholinesterase activities of intact  platelets:  Effect of [~4C~]acetylcholine concentrat ions 
on enzymat ic  activity. The assay mix ture  of  o.i  ml contained:  5 /~moles Tris buffer (pH 8.0) ; 
15 / ,moles NaC1; E14C1]acetylcholine, as indicated; and 2. zo 8 gel platelets. After incubation at 
37 °C for 20 min, the labeled acetate was analyzed as described in the text.  Similar data  have 
been obtained with washed platelets. Km est imated from a L ineweaver -Burk  plot was found 
to be at I. 5. IO -4 M. The arrow indicates the acetylcholine concentrat ion (2. 7. io  -4 M) used for 
rout ine assay. 

Fig. 2. Cholinesterase activity of intact  platelets: Effect of pH on the enzymatic  activity. The 
assay mixture  of o.i ml contained:  5 / ,moles Tris buffer (pH as indicated); 15 /,moles NaC1; 
o.o27 /*mole E14C1]acetylcholine; and 2. lO 8 gel platelets. After incubat ion at 37 °C for 3 ° min. 
the labeled acetate was analyzed as described in the text.  
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Fig. 3. Cholinesterase act ivi ty of intact  platelets:  Effect of incubat ion t ime on the enzymatic 
activity. The assay mixture  of o.I ml contained:  5 / ,moles  Tris buffer (pH 8.0); 15/*moles NaC1; 
0.027/*mole ?4Cl]acetylcholine; and 2. lO 8 washed platelets. After incubat ion at  37 °C for the 
period of  t ime indicated, the labeled acetate was analyzed as described in the text.  

Fig. 4. Cholinesterase act ivi ty of intact  platelets: Effect of platelet concentrat ion on enzymatic  
activity. The assay mixture  of o.i  ml contained:  5 / ,moles  Tris buffer (pH 8.o); 15/ ,moles NaCI; 
0.oz7/*mole [14C1]acetylcholine; and gel platelets as indicated. Other  assay conditions were same 
as described in the text.  
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can be seen in Fig. I that the cholinesterase activity is closely related to the substrate 
(acetylcholine) concentration. The typical acetylcholine inhibition at higher concen- 
tration (greater than I raM) may also indicate that  the human platelet enzyme is 
likely an acetylcholinesterase I°. The apparent observed Km of acetylcholine was de- 
termined to be 1.5. Io-a M from a Lineweaver-Burk plot of the data shown in Fig. i. 
The pH profile (Fig. 2) indicates that the optimal pH seems to be at 8.5; however, 
it was found that  at that pH the nonenzymic hydrolysis of substrates (acetylcholine, 
butyrylcholine and acetyl-/%methylcholine) were exceptionally high (e.g. the spon- 
taneous hydrolysis of acetylcholine at pH 8. 5 (0.3073. IO 4/~mole/min at 37 °C) was 
found to be 3 times higher than at pH 8.0 (O.lO16. IO a/~mole/minn)) and conse- 
quently pH 8.0 was chosen for routine measurements. The enzymatic activities were 
also found to be similar in both phosphate and Tris buffers. 

It  can be seen in Fig. 3 that the reaction rate was linear with time. However, 
it should be pointed out that since the substrate concentration for the routine assay 
is not at the saturation level, it is important that the incubation time for each 
determination be limited to an interval during which less than lO% of the substrate 
is hydrolyzed in order to assure that the true initial velocity is measured. In addition, 
because of the substrate (acetylcholine) inhibition, V of acetylcholine can only be 
estimated from a double reciprocal plot; V obtained from the extrapolated value 
was generally found to be 1.5-1. 7 times higher than the rate of acetylcholine at 
2.7.1°-4 M. 

A slight nonlinearity of reaction rate at higher platelet concentrations was 
noted (Fig. 4). Further studies indicated that this nonlinearity was most probably 
caused by the product inhibition (see Table II; K, of choline was estimated to be 
approx. 6. lO -4 M), since choline accumulates in the reaction mixture as the enzymatic 
reaction proceeds. Choline is known to be an inhibitor of cholinesterase in other 
systems TM. Additional possibilities, such as substrate exhaustion, further metabolism 
of acetate by platelets, or the possible presence of inhibitor(s) of the enzyme in the 
platelet suspension have been eliminated by control experiments. 

Additional information concerning other properties of the platelets cholin- 
ester ase activities was obtained by the radiometric procedure and this is shown in 
Tables I and II. It  can be seen in Table I that platelets hydrolyze acetylcholine at a 
rate much greater than butyrylcholine and acetyl-fl-methylcholine. In addition, the 
butyrylcholine activity of gel platelets was also found to be less than that of washed 

T A B L E  I 

S U B S T R A T E  S P E C I F I C I T Y  O F  C H O L I N E S T E R A S E  F R O M  I N T A C T  H U M A N  P L A T E L E T S  

Data  were obtained by  radiometr ic  method using [14Cl]acetylcholine, Et4C1]butyrylcholine and 
E14C1]acetyl-/~-methylcholine (all final concentrat ion at  2. 7. lO .4 M) as substrates .  Other  assay 
condit ions are as described in the text.  Numbers  in parentheses  indicate the n u m b e r  of determi- 
nations. 

Methods of  
preparation 

Activity ( X ro 4 i~mole[min) /2 . i o  8 platelets a a 

Acetylcholine (a)  Butyr~,lcholine (b) Acetyl- b c 
fl-methylcholine (c) 

Washed platelets 0.780 i 0.369 (12) o.125 ± 0.075 (9) 0.067 4- 0.034 (7) 6.2 11.6 
Gel platelets 1.1o6 4- o.42o (16) o.o61 4- O.Ol 7 (7) 0.086 4- 0.036 (9) 18.1 12.8 
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TABLE II 

E F F E C T  O F  S U B S T R A T E S ,  P R O D U C T S ,  M O N O -  A N D  D I V A L E N T  I O N S ,  A N D  I N H I B I T O R S  ON T H E  C H O L I N -  

E S T E R A S E  A C T I V I T I E S  O F  I N T A C T  H U M A N  P L A T E L E T S  

Data  were obtained by radiometric method using [1*Cl~acetylcholine (final concn 2.7.1o -4 M) 
as substrate.  Other  assay conditions are as described in the text. 

Addition Final concn (M)  % activity of control 

None (control) IOO 
5,5'-Dithiobis-(2-nitrobenzoic acid) 2. IO -z lO 4 
Acetylthiocholine i • i o-3 16 
Butyrylthiocholine I • i o  - a  1 2  

Sodium acetate 5" I O - a  I I o  

Choline chloride I- IO -4 92 
5 "  IO--4  7 6 
I " I O  - a  6 5 

KCI I - IO -s lO 5 
MgC12 I • IO -~ lO8 
CaC12 I • IO -s lO 3 
MnC12 i • lO -3 lO 7 
EDTA I • IO -a lO 4 
Eserine* I • I O  - 5  o 

Decamethonium i • I o - a  o 

Trimethylphenylammonium i • io -a 9 
( + )-Tubocurarine I. 10 -3 4 
Gallamine triethiodide I • i o -3 i o 
Procaine i • IO a 29 
Dibucaine i - i o -a 43 
Quinidine sulfate i • IO -a 62 
Atropine sulfate i - io -a 75 

* Inhibi t ion was found to be irreversible. 

p l a t e l e t s .  T h i s  is e x p e c t e d  s ince  p l a t e l e t s  p r e p a r e d  b y  gel f i l t r a t i o n  s h o u l d  h a v e  less  

p l a s m a  p r o t e i n  e o n t a n f i n a t i o n  t h a n  p l a t e l e t s  p r e p a r e d  b y  s i m p l e  w a s h i n g  p r o c e d u r e .  

I t  c a n  also be  seen  in T a b l e  I I  t h a t  a c e t y l t h i o c h o l i n e  a n d  b u t u r y l t h i o c h o l i u e  w h i c h  

a re  u t i l i z ed  as s u b s t r a t e s  in  t h e  c o l o r i m e t r i c  a s s a y s  of  cho l ines t e r a sea ,  u i n h i b i t  

a c e t y l c h o l i n e  h y d r o l y s i s  i n d i c a t i n g  t h a t  t h e  s a m e  c a t a l y t i c  s i t e  m a y  be  i n v o l v e d ;  

w h e r e a s  t h e  co lo r ing  a g e n t  5 , 5 ' - d i t h i o b i s - ( 2 - n i t r o b e n z o i c  acid)  h a s  h a d  n o  effect .  T h e  

s t r o n g  i n h i b i t i o n  b y  a g e n t s  s u c h  as eser ine ,  d e c a m e t h o n i u m ,  t r i m e t h y l a m m o n i u m ,  

( + ) - t u b o c u r a r i n e ,  a n d  g a l l a m i n e  t r i e t h i o d i d e  m a y  i n d i c a t e  t h e  p r e s e n c e  o f  a s e p a r a t e  

e s t e r a s e  s i t e  a n d  r e c e p t o r  s i t e  for  t h e  p l a t e l e t  e n z y m e  12. M o d e r a t e  i n h i b i t i o n  r e s u l t e d  

f r o m  use  of  o t h e r  a n t i c h o l i n e s t e r a s e  a g e n t s  s u c h  as  p r o c a i n e ,  d i b u c a i n e ,  q u i n i d i n e  

su l fa t e ,  a n d  a t r o p i n e  su l fa t e .  
T h e  c o l o r i m e t r i c  m e t h o d  of  M a c Q u e e n  et al. n was  p e r f o r m e d  to  c o m p a r e  t h e  

s e n s i t i v i t y  o f  t h i s  m e t h o d  for  m e a s u r i n g  p l a t e l e t s  c h o l i n e s t e r a s e  a c t i v i t i e s  a n d  also 

as a c h e c k  o n  t h e  v a l i d i t y  of  t h e  r a d i o m e t r i c  m e t h o d .  T h e  f ina l  c o n c e n t r a t i o n  o f  

a c e t y l t h i o c h o l i n e  (or b u t y r y l t h i o c h o l i n e )  a n d  5 , 5 ' - d i t h i o b i s - ( 2 - n i t r o b e n z o i c  acid)  in  

t h e  r e a c t i o n  m i x t u r e  were  i . o .  lO -2 a n d  3.2" IO -a M, r e s p e c t i v e l y .  T h e  p H  of  t h e  

r e a c t i o n  m i x t u r e  w as  8.0 in  0.05 M Tr i s  a n d  t h e  s a m e  a m o u n t  of  p l a t e l e t s  ( 2 . 1 o  s) 

was  u s e d  for  e a c h  d e t e r m i n a t i o n .  I n  t h i s  p r o c e d u r e ,  h o w e v e r ,  a f t e r  t h e  e n z y m a t i c  

r e a c t i o n  was  r e t a r d e d  w i t h  q u i n i d i n e  su l fa t e ,  t h e  p l a t e l e t s  were  r e m o v e d  b y  c e n t r i f u -  

g a t i o n  (5000 × g, 5 ra in)  a n d  t h e  a b s o r b a n c e  o f  t h e  s u p e r n a t a n t  f lu id  was  m e a s u r e d  

in  a Zeiss  P M Q  I I  s p e c t r o p h o t o m e t e r  a t  412 n m .  T h e  p r o p e r  c o n t r o l s  were  d e t e r m i n e d  
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T A B L E  I I [  

C O L O R I M E T R I C  D E T E R M I N A T I O N  O F  C H O L I N E S T E R A S E  A C T I V I T I E S  O F  P L A T E L E T S  

Data  were obtained by  using acetylthiocholine (final concn i .  IO -2 M). Other  assay condit ions 
are as described in text.  A molar  ext inct ion coefficient of 1.36. IO4 was used to calculate the 
activity (#moles acetylthioeholine hydrolyzed per  rain at 37 °C, pH 8.o) (cf. ref. 5). 
Calculation of enzyme act ivi ty : 

Total  A A  for esterases activity = a c - - d  = O.160 or 4'7" IO 4 #mole/min.  
AA for noncholinesterase activities (or esterase act ivi ty not  inhibited by eserine) -- b - -  

c - - d  = o.o88 or 2.6. IO -4 #mole/min.  
A A  for cholinesterase act ivi ty = a - - b  -- o.o72 or 2.1 . i o  4 #mole/min.  

Components in assay mixture  A 452 nm (37 °C, 3 ° rain) % of  total A 

(a) Platelets + acetylthiocholine + 
5,5'-dithiobis- (2-nitrobenzoic acid) 0.822 lOO 

(b) Platelets + acetylthiocholine + 
5,5'-dithiobis-(2-nitrobenzoic acid) + eserine 0.750 92 

(c) Acetylthiocholine + 5,5'-dithiobis-(2-nitro- 
benzoic acid) 0.32o 39 

(d) Platelets + 5,5'-dithiobis-(2-nitrobenzoic 
acid) ( ±  eserine)" 0.342 41 

* Eserine was found to have no effect. 

simultaneously. An example is illustrated in Table III. It can be seen that because 
of the intense color contributed by the reagent blank (c, 39%), the enzyme blank 
(d, 4I°/~) and an esterase(s) activity not inhibited by eserine ((b--c--d), lO%) (e.g. 
arylesterase 4, tributyrinase 13 and possible other esterasesI4), only a small fraction 
((a--b), 8°/0) was directly obtained from the cholinesterase activity of the human 
platelets. Nevertheless, a comparison of data obtained by each of these two assay 
methods (Table IV) indicates these data to be in fairly good agreement. Substrate 
inhibition by acetylthiocholine or butyrylthiocholine was not observed in the 
colorimetric procedure. 

T A B L E  IV 

C O M P A R I S O N  O F  R A D I O M E T R I C  A N D  C O L O R I M E T R I C  D E T E R M I N A T I O N  O F  T H E  C H O L I N E S T E R A S E  AC-  

T I V I T I E S  O F  H U M A N  P L A T E L E T S  A N D  E N Z Y M E S  F R O M  O T H E R  S O U R C E S  % 

The radiometr ic  method used [x4C1]acetylcholine (2. 7. lO -4 M) as substra te .  The colorimetric 
method used acetylthiocholine (i .0.  lO -2 M) as substrate .  The same a m o u n t  of platetets (2. lO 8) 
was used in both  methods.  Other  condit ions are as described in text.  H u m a n  ery throcyte  mem- 
brane was prepared as described by  Dodge et al. 15. The enzyme activities from other  sources were 
analyzed under  the same conditions, and ratios were obtained f rom their  respective rates  based 
on the same a m o u n t  of enzyme used. 

Enzyme  sowrces Radiometric assay Colorimetric assay Colorimetric/ 
( X 10 -4 # m o l e / r a i n )  ( X lO -4 f l m o l e / m i n )  R a d i o m e t r i c  

Washed platelets i. 14 
Gel platelets 1.28 
Bovine ery throcyte  acetyl- 

cholinesterase (Sigma) 1.91 
H u m a n  ery throcyte  membrane  

acetylcholinesterase 0.53 
Horse se rum butyry l -  

cholinesterase (Sigma) o.91 
H u m a n  platelet-poor p lasma 

butyrylchol inesterase  2.oo 

2.i6 I. 9 
2 . 0 9  1 . 6  

2 . 0 2  I , I 

0.84 1.6 

lO.5O 1I. 5 

lO.2O 5.I 
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The results obta ined by the radiometric method described above have demon- 
s t ra ted clearly tha t  it  is a most  sensitive and specific method for the measurement  of 
the cholinesterase activities of h u m a n  platelets. I t  is obviously superior to the less 
sensitive and  relat ively nonspecific colorimetric method. Fur thermore ,  kinetic data  
(Figs i and 2; Tables I I  and  IV) and subst ra te  specificity studies (Table I and ref. 16) 
suggest tha t  the in tac t  platelet  cholinesterase is most likely an acetylcholinesterase. 
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