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The  cholinesterase (CE) ac t iv i ty  may be studied by his tochemical ,  manometr ic ,  b io logica l ,  t i t rometr ic ,  po- 
ten t iometr ic ,  and color imetr ic  methods. After assessing the advantages and disadvantages of these methods, i t  may 
be concluded that  the .b io logica l  method is insufficiently accura te ,  the manometr ic  method is very laborious and re-  

quires cumbersome apparatus (a Warburg apparatus), the h is tochemical  method suffers from a compl ica ted  quanti-  
t a t ive  analysis of the results, and the co lor imet r ic  method possesses low sensit ivity (0.1-0.2 pH) and gives var iable  
results depending on the indicators used. 

The  most common feature of a l l  the method listed above is the measurement  of the ac t iv i ty  of the enzyme in 
buffered solutions at a cer tain (often opt imal)  pH value, The use of buffered solutions means that  small  changes in 
enzyme ac t iv i ty  taking p l a c e  in vivo as a result of changes in the pH of the heart  tissue cannot be detected.  Meas- 
urement  of the CE ac t iv i ty  at a f ixed pH value also interferes with the detect ion of changes in the enzyme ac t iv i ty  
associated with changes in the pH of the heart  tissue. 

Because of these disadvantages, at  M. E. Raiskina's suggestion, the author has a t tempted  to develop a method 
of measuring CE ac t iv i ty  at  the  pH of the myocardium measured in vivo. 

The potent iometr ie  method was considered to be most suitable for this purpose, for i t  enables the CE ac t iv i ty  
to be determined within wide l imits  of pH with equal accuracy (0.01 pH), However, this method did not satisfy a l l  
requirements,  because the in i t ia l  pH of the tissue shifted to the acid  side during incubation.  To overcome this defect,  
the potent iometr ic  method was supplemented with s t age-by-s tage  t i t ra t ion with a lka l i  to mainta in  the in i t i a l  pH. 

Principle of Determinat ion of CE Activi ty.  The principle of potent iometr ic  determinat ion of CE is based on 

measurement  of the change of pH toward the ac id  side during hydrolysis of ace ty lcho l ine  by the CE of the heart  
muscle. In the modif ica t ion  now used, the CE ac t iv i ty  was determined by the potent iometr ic  t i t ra t ion of the ace t i c  

acid  l ibera ted  during hydrolysis of ace ty lchol ine .  

Apparatus Required. The  apparatus devised permits para l le l  de terminat ion of CE in twelve samples. The 

basic e lements  of this apparatus, i l lustrated in Fig. 1, are a water bath made of organic glass and the temperature  of 
which is kept constant at 38 • 0.1 ~ (1) with a heater  (2) and a contact  thermometer  (3); to the ver t ica l  wall  of the 
water  bath are fixed twelve 1 -ml  pipets (10) with taps. The pipets are connected by a distributor (6) to the bott le 
(4) with the 0.01 N solution of NaOH for t i t rat ion.  To prevent contact  between the a lka l i  and the CO 2 of the air, 
the bott le is closed with a tube (11) containing soda- l ime .  Small  glass jars with stoppers of organic glass, in the 
holes of which are fixed a glass e lect rode,  a potassium chloride bridge, and the bottom end of the pipet,  are fixed 
in three special  holes in the water bath. The fourth hole in the stopper is intended for maintaining the atmospheric  
pressure in the small  glass jar at the moment  of t i tration. All  the glass electrodes (of type G202C and G222C, manu- 
factured by the firm of "Radiometer ,"  Denmark) are connected to a pH meter  (9) through a h igh-ohmic  selector (8) 
made by the author. The  input and output resistance of the selector is l0 s f~, and this ensures accuracy  of the m e a -  

surements. Tomeasure  the pH, a pH-mete r  27 with a wide scale  (from pH 6.8 to 8.2) or a pH-meter  22 with a 
scale extender (type P.HA6~t3, made by the firm of "Radiometer ,"  Denmark) was used. The potassium chloride 
bridges, f i l led with agar -agar  solution with a saturated solution of KC1, were branches from the vessel (5) containing 
a type K401 ca lomel  electrode.  This e lec t rode  was connected to the pH meter.  
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Fig. 1. 
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Scheme of apparatus for measuring the cholinesterase activity 
of the myocardium. Explanation in text. 
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Dilution of 1 g pH of myocardium Acetylcholtne 
tissue per ml sample 

Fig. 2. Relationship between cholinesterase activity (in mg 
acetylcholine/g protein) and dilution of tissue (A), pH of myo- 
cardium (B), and acetylcholine concentration (C). 

Immediately before the experiment, the pH meter was calibrated with each of its glass electrodes separately, 
using two precision buffer solutions of pH 6.5 and 4.0 (20~ The position of the calibration tumbler switch for each 
electrode was noted and was used throughout the experiment. 

Determination of optimal conditions for measuring CE activity. Development of the method began by deter- 
mining the optimal conditions for CE activity. The relationship between the dilution of tissue and the CE activity 
(at pH 7.5 and acetylcholine concentration 1 mg/ml sample) is shown in Fig. 2A. It is clear from Fig. 2 that the 
optimal dilution of tissue was 1: 40, and this was used in the subsequent investigations. 

The relationship between the pH of the homogenate and CE activity (with tissue diluted 1 : 40 and acetylcholine 
concentration 1 mg/ml) is shown in Fig. 2B. It is clear from Fig. 2 that the optimal pH is 8.0-8.5. A pH of 8.6 was 
chosen for the subsequent investigations. 
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The relationship between the ace ty lcho l ine  concentration and the CE ac t iv i ty  (with tissue dilution 1 : 40 and 

pH 8.5) is shown in Fig. 2C. The opt imal  concentrat ion of the substrate may be seen to be 0.5-1.0 mg/ml .  An 
ace ty lcho l ine  concentrat ion of 0.5 rag/m1 was chosen. 

These results confirm those obtained by other investigators for the opt imal  conditions for studying CE act ivi ty .  

For instance, according to Augustinsson [5] and Chaudhuri [9], the opt imal  pH for true CE is 7.5-8.0,  and for pseudo- 
cholinesterase 8.0-8.5. A series of investigations has shown that the opt imal  concentrat ion of ace ty lchol ine  lies be-  
tween 0.5 and 1.0 rag/m1 [5,6,10,11], for in these conditions CE combines with two molecules of ace ty lchol ine  at  
once [4]. 

Course of the Determination.  Cats were anesthet ized with a mixture of urethane (0.4 g/kg)  and chloralose 
(0.06 g/kg)  intraperi toneal ly .  After thoractomy, the animals were mainta ined on ar t i f ic ia l  respiration. In some ex-  
periments,  the pH of the myocardium was measured on the excised heart. In others, while the animals were al ive,  

glass electrodes with bal l  points 4-5 mm in d iameter  were sutured into the wal l  of the right and left  ventricles by a 
method developed in the author's laboratory. After the pH of the right and left  ventricles had been determined,  the 
heart  was quickly excised, a cannula inserted into the aorta, and the heart  washed out with cold 0.15 M solution of 
KC1. The  right and left ventr icles  were separated and minced with scissors on ice  and in a glass homogenizer .  The 

homogenate  of tissue from the right ventr icle  was transferred into a weighing bott le (1), and the homogenate  of the 
tissue from the lef t  ventr ic le  was divided into two equal  parts, and transferred into two weighing bottles ( 2 a n d  3). 
The  homogenate  in the weighing bottles 1 and 2 was made up with 0.01 N HC1 solution or 0.01 N NaOH solution to 
the pH values of the right and left  ventricle~ respect ively,  determined in vivo. The pH of the homogenate  in the 

weighing bott le  3 was adjusted to 8.5. 

The  contents of each weighing bot t le  were divided among four smal l  glass vessels, each containing 4.5 ml 
homogenate .  To this was added the ace ty lchol ine  solution, the finai concentrat ion of which was 0.5 m g / m l  of sam- 
ple. A few drops of 1% neost igmine solution were added to the two control samples to suppress enzymic  hydrolysis 
of the acetylchol ine .  The glass vessels were closed with the stopper and p l a c e d  in t he  hole in the water bath. The 
glass electrodes and the potassium chloride bridges were lowered into them and the pipet,  previously f i l led  with 
0.01 N NaOH solution p laced  above the level  of the fluid. The t ime  and pH at the beginning of incubation were 
noted. After 30 min the l ibera ted  ace t i c  ac id  was t i t ra ted  with a lka l i  to the in i t ia l  pH and the incubat ion was Con- 
t inued for a further 30 min. With a smal ler  number of samples, the subtitrations should be carried out every 10-15 

min. At the end of incubation,  t i t ra t ion to the in i t ia l  pH was again performed. 

The CE ac t iv i ty  was judged from the volume of a lka l i  used up in the t i t rat ion of the ace t ic  acid.  The CE ac-  

t iv i ty  was expressed in mil l igrams ace ty lchol ine  hydrol ized by 1 g tissue per hour of incubation,  and ca lcu la ted  per 
gram of tissue and per gram protein. The protein content of 1 ml homogenate  and I g tissue was determined by the 

method of Robinson and Hogden [14], based on the biuret reaction.  

CE Act iv i ty  in the Myocardium of the Cats. The method described above was used to study the CE ac t iv i ty  in 

the right and left  ventricles of cats. The  ac t iv i ty  of the  enzyme in the right ventr ic le  was higher than in the lef t ,  
and the corresponding values were 29 • 4.1 and 18 • 2.3 mg ace ty lcho l ine /g  protein (P < 0.05). This result is in 
agreement  with the findings of other authors [1, 6-8,12,13,15], who found that  the highest ac t iv i ty  of the enzyme is 
present in the auricles and atr ia ,  by comparison with the ventricles,  and that  the  CE ac t iv i ty  in the right heart  is 

higher than in the left. 

The  values obtained in the present investigations for the CE ac t iv i ty  were rather lower than those obtained by 
other authors [2,3,4,16-18].  The reason for this is that  they made their  de terminat ion  at the op t imal  pH, whereas in 
these experiments they were made at  the in i t ia l  pH of the tissue (mean 7.24-7.26). A direct  correlat ion is present 
between the CE ac t iv i ty  and the pH of the tissue. The coeff ic ient  of correla t ion is 0.80-0.82 for the  right and left  

ventr icles  (P < 0.02). 

The  determinat ion of CE at  the op t imal  pH 8.5 gave a higher value of enzyme act ivi ty .  The values of CE ac-  
t iv i ty  in opt imal  conditions were twice as high as at  the pH of the tissue (7.24), the ac tual  figures being 36 * 3.6 and 
18 • 2. 3 mg ace ty lchol ine  g protein. The  s ignif icance of the differences between the mean values of the CE ac t iv i ty  
at  tissue pH and opt imal  pH confirms the correlat ion relationship discovered above between the pH of the myoeardium 

and the enzyme act ivi ty .  

A high degree of correlat ion was found between the CE ac t iv i ty  and pH of the myocardium, and this justifies 
the  determinat ion of the enzyme ac t iv i ty  at the in i t ia l  values of the pH of the myocardium and not in a buffer solu- 

t ion at  op t imal  pH, as was done in the ear l ier  investigations. 
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i o n s  of the  a b b r e v i a t i o n s  a s  g i v e n  in  the  o r i g i n a l  R u s s i a n  j o u r n a l .  S o m e  or  al l  o f  th i s  pe r i -  
od i ca l  l i t e r a t u r e  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  of  the  c o v e r - t o -  
c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  the  f i r s t  i s s u e  o f  t h i s  year .  
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