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Introduction

Concerning the bodily distribution of pseudo-cholinesterase (pseudo-ChE) in the domestic
animals, reportings have, hitherto, been confined only to those dealing with some parts of viscera
and tissues in some species: dog”-!® (pancreas, liver, and cerebrum), horse” (pancreas), cat?
(liver, salivary glands, stomach, small intestine, pancreas and hearrt), cattle? (liver, kidney, spleen,
and cornea), with seeming non-presentation of any report about the active distributions of
pseudo-ChE in viscera and tissues examined in comparison, among the domestic animals.

The authors carried out the measurement of tissue cholinesterase (T-ChE) activity by their own
method!? in each domestic animal for the purpose of investigating the comparative relationships
between serum cholinesterase (S-ChE) and T-ChE in the domestic animals. But it was proved that
the authors’ method could not be used directly for the measurement of T-ChE not only due to the
fact that there is a conspicuous difference in the activity among each animal but to the fact that
there is a remarkable difference in it in the tissues of the same animals. Then, in accordance with
the above investigations of the measurement method!? for S-ChE activity, examinations were
carried out about the substrate specificity of T-ChE in each animal on viscus and tissue. According
to the result obtained, determination was made on the measurement method of T-ChE activity,
with the investigation executed on the S-ChE activity in comparison with the T-ChE activity ob-
tained by the method.

Materials and Methods

1. Experimental animals and required tissue
Experiments were made in healthy dogs (three), a horse, cats (three), pigs (five) and cattle
(five) and upon liver, kidney, heart, spleen, pancreas and lung, in each animal.

2. Separation of tissue cholinesterase

According to Saito’s method!®, separation was carried out to the following effect: (in ac-
cordance with Saito’s method!®) fresh viscera and tissues of each animal slaughtered by blood-
letting were stored in a freezer, after one or two days, they were dissolved and homogenized.

(1) Preparation of homogenate

A fragment of tissue was cut off strictly by surgical knife in size of about 2 mm, wrapped in
gauze and rinsed till blood in it was removed fully in physiological saline, The gauze was wrung
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and thereafter moisture of the materials was excluded with filter paper as much as possible, and
they were weighed. To the material was added 2 ml/g of physiological saline and they were mixed.
After that, the liquid was homogenized with homogenizer. At that occasion, the vessel containing
materials should be cooled beforehand. Moreover, it must be homogenized fully until fragments
of tissue became invisible to the naked eye.

3. Procedure and preparation of reagent

(1) Buffer

According to Dietzs’ method®, phosphate buffer keeping pH=7.6, 1=0.1 was used.

(2) Substrate and its concentration

Bytyrylthiocholine iodide (BTC), Propionylthiocholine iodide (PTC), Acetylthiocholine iodide
(ATC)

The above mentioned three substrates were divided into seven classes with such concentrations
as 20X1074,3.0x 1074, 5.0 1074, 1.0X 1073, 2.5 1073, 5.0x 1073, 1.0 10-2 m/I.

(3) Solutions for giving color development and for stopping reaction

According to Tuchi’s method?, 1.0x 103 M/l S, 5'-dithiobis (DTNB) as the solution for
giving color development and 0.6 % sodium lauryl sulfate as the solution for stopping reaction, were
used, respectively.

4. Instruments for the measurement

ULTRA-TURRAX, TP18-10 as a homogenizer, KUBOTA, Model KR-200B as a centrifuge,
Water-bath incubator made at Yamato Science as a incubator, and 101-spectrophotometer made
at Hitachi for the measurement of absorbance, were used, respectively.

S. Procedure for the preparation of enzyme activity curve

The dilution multiple for homogenate was decided with the intention of holding transmittance,
spectroscopically, within the range of 15-70%,. In a case when the transmittance was not kept
within the range, owing to the difference of enzyme activity in each substrate the percentage limits
in transmittance were extended from 10% to 80%. In each homogenate the amount of 0.04 ml
was used, and the dilution multiple for those are listed in Table 1.

Table 1. Dilution of tissue extracts for assay
animals T
e Dog Horse Cat Pig  Cattle
_tissues o
Liver 41 26 26 9 2
Kidney 8 5 3 3 un-
diluted
Heart 3  un- un- un- un-
diluted diluted diluted diluted
Spleen 3 2 5 2 un-
diluted
Pancreas 402 5 2 2 un-
diluted
Lung 3 8 5 un- un-

diluted diluted
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6. Experimental procedure
Some explanation as to the procedure for the preparation of enzyme activity curve is as follows.
(Cf. Table 2)

Table 2. Procedure for assay

Blank Test
Diluted extract — 0.04 ml
H,0 0.04 ml —
Substrate 2 ml 2 ml
Incubation 15 min at 30°C
DTNB+Inhibitor 2 ml 2 ml
Read the absorbance
at 412 nm

(1) Preparation of diluted homogenate.

(2) As to the three substrates (BTC, PTC and ATC) they were separated into those with
7 kinds of concentrations, and 2 ml of which was prepared in the test tube, respectively.

(3) 0.04 ml of diluted homogenate and distilled water for blank, were added to the above test
tubes, and mixed.

(4) The mixed homogenate was incubated for 30 minutes at 30°C.

(5) Immediately after the incubation, 2 ml of 0.6 sodium lauryl sulfate which was mixed
with the equal amount of 1.0x 10-3 M/l DTNB to make the soluticn to give color-development
as well as to stop enzyme-reaction, was added to the respective test tube and blank, and the mixed
solution was made to be colored in yellow.

(6) Transmittance was calibrated by a spectrophotometer at 412 nm against blank, and the
absorbance was fixed by the absorbance table.

(7) Preparation of standard curve (calculation of K factor)

1.0x 104 M/l of DTNB containing 1.5, 1.0 and 0.5 ml in each of the test tube A, B and C was
mixed with the same amount of 1.0X 10-3 M/l of G.S.H, respectively. The absorbance; «, 8 and y
of A, B and C respectively was read against phosphate buffer, each tube containing 0.3 uM, 0.2 uM
and 0.1 M of SH groups, respectively.

3
K factor (uM/absorbance unit)=_«

(8) Expression of activity value
According to the method in serum, activity was to be expressed by using 1 g in the viscus in
place of 1 g in serum. Then, activity value was calculated as follows.

absorbance change < K factor X extract dilution X2
incubation time (30) ml of diluted extract

Activity (pM/g/min/30°C)=

Results

1. Substrate specificity to the three substrates
(1) Substrate specificity and enzyme activity curve



204 M. Morizono and Y. AKINAGA

(a) Figs. 1, 2 and 3 show enzyme activity curve in dogs. In the tissues excepting spleen the
resolution ratio was high in BTC, PTC and ATC, in this order, while in spleen ATC, PTC and BTC,
in this order. The reaction curve in other tissues, excepting lung, reached plateau in the concentra-
tion of 5 mM, drawing straight in lung; showing typical bell shaped curve in ATC and PTC in
spleen.
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Fig. 1. Hydrolysis of ATC, PTC and BTC by dog tissue ChE.
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Fig. 4 shows the comparison made, in the resolution ratios on the three substrates, by each
T-ChE, and S-ChE in 5 mMm of substrate, liver activity in BTC being defined as 100. BTC is most
specific in the tissue, excepting spleen and serum, being most specific in kidney. As to the re-
spective tissue activity, that of pancreas in almost 35 times as high as that in liver.

(b) Figs. 5, 6 and 7 show enzyme activity curve in horses. Likewise in case of dogs, the

3536
100r n ) : butyryithiocholine iodide ( BTC ) 3152
XY : propionythiocholine iodide ( PTC ) N

: acetylthiocholine iodide (ATC)

Activity (%)
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Fig. 4. Substrate specificity patterns of Dog tissue ChE.
Activity as % of liver activity using BTC (5 x 10-2 M)
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Fig. 5. Hydrolysis of ATC, BTC and PTC by horse tissue ChE.
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resolution ratio was high in BTC and ATC in this order in the tissue excepting spleen: while in
spleen it was high in ATC, PTC and BTC in this order. And that, the resolution ratio of ATC in
spleen is remarkably higher than in the other two substrates. Only in ATC it showed typical bell
shaped curve. The resolution ratios of both BTC and PTC were noted to be nearly approximate.
The reaction velocity in BTC began to get faster once it was beyond 3 mM in pancreas. The differ-
ence between the reaction velocities in BTC and PTC tended to become separated. Fig. 8 shows

100 M
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ESN : propionythiocholine iodide ( PTC )
: acetylthiocholine iodide (ATC)
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Fig. 8. Substrate specificity patterns of horse tissue ChE.
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the comparison of activities in 5 mm of each substrate. Activity was high in liver and serum in
this order. In serum, PTC was fixed to be the most specific substrate.

(¢) Figs. 9, 10 and 11 show enzyme activity curve in cats. The resolution ratio was high in
BTC, PTC and ATC in this order in liver, heart, pancreas and lung; and kidney, in BTC, ATC and
PTC in this order; and in spleen, in ATC, PTC and BTC in this order. Likewise in case of dogs
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Fig. 9. Hydrolysis of ATC, BTC and PTC by cat tissue ChE.
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it showed bell shaped curve in ATC and PTC. Fig. 12 shows the comparison of activities in 5 mm
of each substrate. In liver and kidney, BTC activity was higher than that in others, while in spleen,

ATC activity was much higher than that in others; and in serum PTC was the most specific
substrate.

100k -~ 3 : butyrytthiocholine icdide (BTC)
X3 : propionythiocholine iodide ( PTC )
: acetylthiocholine iodide (ATC)
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Fig. 12. Substrate specificity patterns of cat tissue ChE.

(d) Figs. 13, 14 and 15 show enzyme activity curve in pigs. In liver, kidney and lung the
resolution ratio was high in BTC, ATC and PTC in this order, and in pancreas, heart and spleen in
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Fig. 13.  Hydrolysis of ATC, BTC and PTC by pig tissue ChE.
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ATC, PTC and BTC in this order.
was higher than that of PTC.

by pig tissue ChE.

by pig tissue ChE.

In the concentration beyond 7 mm pancreas activity of BTC
In heart, spleen and lung, it was about at 3 mm that the reaction

curve in BTC reached plateau, and in other viscera, it rose straight before approaching the con-

centrati

on counting less than 10 mm.

resembling those in dogs, horses and cats mentioned above.

Fig. 16 shows the comparison of activities in S mM of each substrate.

was remarkably higher than that in other viscera. Likewise in the cases of spleen, lung and heart,

serum activity was high in ATC, PTC and BTC in this order.
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Fig. 16. Substrate specificity patterns of pig tissue ChE.

In spleen, it showed no bell shaped curve in ATC and PTC

Lung activity in BTC
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Figs. 17, 18 and 19 show enzyme activity curve in cattle.

In kidney, the resolution ratio

was high in BTC, PTC and ATC in this order, and in liver and pancreas in BTC, ATC and PTC

in this order.

The resolution ratio in spleen was different from the cases of above four domestic
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animals. That is, in spleen, it was high in PTC, ATC and BTC in this order; and in heart, in PTC,
BTC and ATC in this order; and in lung, in ATC, PTC and BTC :n this order. In heart, spleen
and lung, it was about at 5 mm that the reaction curve in BTC reached plateau. In other viscera,
it rose almost straight. When it was beyond 5 mwm in liver, kidney and pancreas the reaction curve
of ATC and PTC reached plateau, but in BTC the reaction velocity tended to become faster ac-
cording to the increase of substrate concentration. The reaction curve of ATC in viscera, excepting
that in lung, almost reached plateau within the range of 1-5 mM. In lung, the reaction curve of
ATC was nearly straight, being specific in comparison with those in the other domestic animals.
Fig. 20 shows the comparison of activities at 5 mm of each substrate. Serum activity was lower
than that in case of each viscus. Liver and kidney activities in BTC were higher than those of
other viscera. When the difference in activities noted between liver and other viscera in cattle was
compared with those of other domestic animals, the former was remarkably smaller than the latter.
This was assumed to be due to the fact that liver activity of cattle is lowest among these domestic
animals as may be noted when it is compared with the liver activities of other domestic animals.
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Fig. 20. Substrate specificity patterns of cattle tissue ChE.

(2) Comparative activity in each viscus of domestic animals

Figs. 21, 22, 23 and 24 showed the comparison of ChE activity at 5 mm of BTC in each
domestic animal with the separation of serum from viscera. As may be noted on Fig. 21 in
comparison of S-ChE activity was high in horses, dogs, cats, pigs and cattle in this order. In
kidneys of horses, it was higher than in those of dogs, and there was no difference among other
domestic animals. In heart, activity was high in dogs, cats, horses, pigs and cattle in this order.
In spleen, it was comparatively low in horses and in dogs, cats, pigs, cattle and horses in this order.
In pancreas, it was overwhelmingly higher in dogs than that in other domestic animals, being more
than a hundred times as high as that in the cats fixed in the second order. There was no difference
among other domestic animals. In lung, likewise in case of serum activity was high in horses, dogs,
cats, pigs and cattle in this order. Therefore, unlike in serum activity in viscera, excepting the one
in lung, is highest in dogs among other domestic animals, surpassing that of horse viscera.



212 M. MorizoNo and Y. AKINAGA

100 - Activity by author method
100F -
Serum Liver
50
H 50
\‘; L ” 0
N Dog Horse  Cat Pig Cattle
Lo 3 L -
Q - Log  Horse  Cat Pig Cattle
< Activity using BTC as {?
substrate i = -
g
100 - ©oor i Kidney
Serum - r
\
50r 50} i ‘
H 1.
Doy  Horse  Cat Pig  Cattle Dog(PTC) Dog Horse  Cat Pig  Cattle
Fig. 21. Relative S-ChE activity of different Fig. 22.  Relative T-ChE activity of different
animals against it of dog. animals using BTC. (T-ChE activity
of dog being defined as 100)
100F _ Heart 100k _
1 Pancreas
o~ ii’-
501 Vb
05¢
S
‘: [ 1 8| 0o
= Dog  Horse Cat Pig  Cattle X Dog Horse Cat Pig  Cattle
> ».
:rf Spleen =
ol S Lung
50 so}
Dog Hérse Cat Pig Cattie Dog Horse Cat Pig Cattle
Fig. 23. Relative T-ChE activity of different Fig. 24. Relative T-ChE activity of different
animals using BTC. (T-ChE activity animals using BTC. (T-ChE activity
of dog being defined as 100) of dog being defined as 100)

2. Michaelis constant (Km)

The Km value in the respective T-ChE was determined by the method of Lineweaver Burk
using 4 kinds of substrate concentrations (2.0x 10~4, 3.0x 10~*, 5.0x 1074, 1.0x 10-3Mm/l) in the
enzyme activity curve. Fig. 25 showed as an example the Lineweaver Burk plot of BTC to the
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Fig. 25. Lineweaver-Burk plot of BTC for dog liver cholinesterase.

liver ChE in dogs. Km values in BTC, PTC and ATC were showed in Table 3, Table 4 and Table
5, respectively. Within the range of 6.5X1075-5.0x 10~% M/l Km value in BTC was noted to be
closely resembled with that in serum reported by authors'?), Das and Liddell® and Ecobichon and
Comeau®. In PTC, Km value exists within the range of 2.4 1075-9.0x 10~4 M/l and in ATC it
exists within 2.0X 105 m/l. Moreover, PTC and ATC showed the tendency to extend further the
range of Km value. Km value of T-ChE in dogs with BTC was nearly similar to that of serum.

Table 3. Km values of tissue ChE of Table 4. Km values of tissue ChE of do-
domestic animals in BTC % 10-3 mestic animals in PTC %1078
animals animals
o Dog Horse Cat Pig Cattle . ‘ Dog Horse Cat Pig Cattle
tissues . o tissues L

Liver 14 20 22 7.7 83 Liver 14 25 14 1.3 24
Kidney 13 15 17 13 50 Kidney 11 15 20 14 28
Heart 13 8.5 87 17 22 Heart 10 69 8.7 13 2.5
Spleen 74 13 6.5 17 17 Spleen 59 20 90 11 7.6
Pancreas 13 30 9.5 15 I Pancreas 33 33 27 22 5.1
Lung 13 17 10 13 8.0 Lung 8.3 22 11 11 6.9
Serum 13 29 — 31 19 Serum 13 33 8.8 21 9.9

Table 5. Km values for tissue ChE of do-

mestic animals in ATC x 10-3

animals
) Dog Horse Cat Pig Cattle

tissues o

Liver 20 25 8.7 11 11

Kidney 11 40 7.7 13 9.5
Heart 6.9 3.8 29 11 4.9
Spleen 2.0 100 13 11 6.2
Pancreas 20 18 8.1 33 6.7
Lung 91 50 6.1 14 2.0

Serum 18 55 16 27 5.0
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3. Measuring method for T-ChE and activity value in the respective tissue in domestic animals

From the above experimental results, using BTC as substrate was assumed to be most con-
venient and finally best for the execution of comparisons of activities among tissues and of those
among domestic animals. Accordingly, the dilution multiples for the homogenate were so decided
as to hold transmittance within the range of 30-60%,. And then the T-ChE activities of the
domestic animals were measured after having unified the substrate concentration within the normal
state of 50X 1073 m/l. Reagents and measurement procedure are nearly similar to those in the
preparation of enzyme activity curve. The points differing from the latter are as follows; First,
unifying the substrate concentration in a normal state of 5.0 103 m/l of BTC; second, using 0.05
ml of the diluted homogenate, third, adding 3 ml of substrate and the same amount of solution to
give color development as well as to stop reaction, respectively. Table 6 shows dilution multiples
of the homogenate. Table 7 shows measurement procedure. Table 8 shows the mean value of
T-ChE activities in the respective domestic animal, measured by the above method. Activity in
liver was higher than that in any other tissue of each domestic animal and it was secondarily high
in kidney. Each activity in the other tissues was nearly similar. But pancreas activities of dogs
were exceptionally high and was quite specific.

Table 6. Dilution of tissue extracts for assay Table 7. Procedure for assay
'\ animals
o Dog Horse Cat Pig Cattle Blank Test
tissues . B 7
Liver 51 26 26 7 un- Diluted extract — 0.05 ml
diluted
Kidney 5 5 3 3 un- H,0 0.05 ml —
diluted
Substrate 3ml 3 ml
Heart 3 un- un- un- un- -
diluted diluted diluted diluted (BTC, 5x107*M)
Spleen 3 di'flLrllt_ctd 3 2 diﬁ?t-ed Incubation 15 min at 30°C
Pancreas 808 3 un- 2 un- ‘ G
diluted diluted DTNB - Inhibitor Iml 3ml
Lung 5 5 3 un- un- Read the absorbance

diluted diluted at 412 nm

Table 8. Mean activities of tissue ChE in
domestic animals
Unit: pM/g/min/30°C
Substrate: Butyrylthiocholine iodide (5 < 10-3 M)

animals
g Dog Horse Cat Pig Cattle
tissues . (3) (D @ G B

Liver 16.42 10.02 8.65 279 1.09
Kidney 1.50 1.79 1.0 1.06 0.9

Heart 0.81 0.50 0.73 0.37 0.32
Spleen 1.02 0.37 0.92 0.68 0.54
Pancreas 580.6 0.91 045 0.69 0.31
Lung 1.30 1.85 1.01 0.65 0.35

( ): No. tested
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Discussion

Substrate specificity of T-ChE in the respective domestic animal, differing from that of S-ChE,
was noted to be optimal in almost all the tissues excepting spleens in dogs, horses and cats. In
pigs, BTC was optimal in liver, kidney, pancreas and lung, while ATC was optimal in heart and
spleen. But in pancreas the optimality was quite similar through rhe three substrates. That is,
in pigs, substrate specificity showed remarkable differences among the respective tissues. In cattle,
BTC was clearly optimal in liver, kidney and pancreas. In both BTC and PTC in spleen and heart
a close resemblance was noted in the optimality. ATC was optimal in lung of cattle, and it was
proved that as in the case of pigs the substrate optimality showed difference among the tissues.
By this it was proved that the substrate specificity of T-ChE was not only differed from that of
serum but also was more or less different in each tissue in accordance with the variety in the kind
of animal. The optimality in spleen was great in ATC, PTC and BTC in this order in dogs, horses
and cats; especially it was remarkable in ATC. In cattle and pigs the optimality of ATC was
somewhat greater than that of PTC. By this it was indicated that the optimality was strongly under
the influence of true-ChE in blood, especially of erythrocyte. However, it was reported that Km
values of S-ChE in cattle and pigs with ATC are 1.8 10 (by authors) and 1.86X 107417 re-
spectively. Km value of erythrocyte-ChE in dogs with ATC was 9.5 107517, On the other hand,
the Km value of visceral ChE in dogs obtained by this experiment was 2.0X 107 in liver and
pancreas. This value is close to that of serum. In spleen, it is 2.0X 107% and about of 1/5 Km
value of erythrocyte-ChE noted by Ward and Hess!”). The Km value of S-ChE in dogs with BTC
is 1.7x 107512 and those of tissues excepting spleen are within the range of 1.3X1074-1.4X 1074,
which is close to that of serum, while the value in spleen is of such a low value of 7.4X 1075, This
shows that spleen ChE is not solely under the influence of blood. T-ChE activity is uniformly
high in the liver of each domestic animal, being from two to eight times as high as S-ChE activity.
This result agrees with the reports of many scholars¥:1®).  ChE activity in other tissues is equal to,
or less than, that of serum; and in cattle, there was no great difference in the activity in each tissue.
Moreover, the activity was noted to be higher than that in serum. In dogs pancreas ChE activity
was remarkably high, being about 280 times as S-ChE activity; while in other domestic animals it
was rather low, agreeing with the report of Hebb and Hill”. Augustinsson? reported that S-ChE
of pigs was originally derived from pancreas and pancreas ChE belonged to the specific pattern,
but in our experiments in pigs no remarkable difference between pancreas ChE and other tissue
ChE was ascertained. Marx and Carter!? reported that through the histological examination of
kidney ChE they ascertained the existence of pseudo-ChE in all sorts of animals, though in dogs
and rats its existence was indistinct. However, in this experiment, kidney ChE existed in each
domestic animal, its activity being nerve generally low but was high in horses, dogs, pigs, cats and
cattle in this order. Tt turned out that dogs are one of the animals having high ChE activity. And
this differs from Marx and Carter’s!V histological research result in these animals. In heart the
activity was low in each domestic animal. But Vlk and Tu&ek!® indicated that in atrium the activity
was higher than that in ventricle activity, in dogs and cats. Hegab and Ferrans® reported that the
activity was high in fasciculus atrioventricularis of rats. In view of those facts, it was assumed
that in heart the ChE activity was obviously differed in the respective inward parts of the heart,
concerning such difference no investigation was made by the authcrs. About the heart ChE ac-
tivity of each domestic animal, the activity in dogs and cats belonging to beasts of prey was much
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higher than that of others. In lung, Gerebtzoff® and Mann!® ascertained, by the histological
method, the existence of butyryl ChE in trachea muscle, muscus gland and in the secretion from
the gland. Adding to this, the measurement by authors proved that in dogs and horses, lung
ChE activity was 1/4 of S-ChE activity, and in cattle, it was a little higher than S-ChE activity, and
in other domestic animals it was almost to S-ChE activity. The above results supported®) the
theory that there was biochemical difference between S-ChE and T-ChE and there was not any
identity between the two. But with these it is impossible for us to solve the question whether T-ChE
was originated in blood, or whether S-ChE was originated in tissues and that at what location the
body ChE containing S-ChE was synthesized and by what route it was transported.

In the future, it will be quite necessary for us to make extensive investigations concerning
T-ChEs.

Summary

The authors carried out some measurements of ChE activity and substrate specificity in the
respective tissue, with the comparative investigations made concerning the relationships between
S-ChE and T-ChE. The obtained results are summarized as follows.

1. The optimal substrate fit for S-ChE was PTC in dogs, horses and cats, jwhile it was ATC
in pigs and cattle. The optimal substrate fit for T-ChE was in dogs, horses and cats excepting
ATC in spleen of each animal, BTC in pigs excepting ATC in spleen and heart, BTC in cattle
excepting PTC in spleen and heart and ATC in lung. BTC seemed to be the optimal substrate
through the 5 domestic animals.

2. Km values of T-ChE in each domestic animal with three substrate were in the range of
6.5X107°-5.0 X 1074 M/l in BTC, 2.4 1075-9.0X 104 M/l in PTC, 2.0X 10-5-1.0X 10-3 M/l in ATC,
respectively.

3. As may be noted in the result of the measurement made on T-ChE activity in each do-
mestic animal by the method using 5.0 X 10~3 M/l of BTC, T-ChE activity in liver was ascertained
to be high in each domestic animal. Secondarily in kidney, it was comparatively high and in other
viscera it was low. Exceptionally, T-ChE activity in pancreas in dogs was 35 times as high as
that in liver.

4. The T-ChE activity in lung and kidney, and the S-ChE activity were high in horses, dogs,
cats, pigs, and cattle in this order. The T-ChE activities in liver and other tissues were highest in
dogs.

References

1) Augustinsson, K. B.: Electrophoresis studies on blood plasma esterase. 11I. Conclusions. Acta.
Chem. Scand., 13, 1097-1105 (1959)

2) Banister, J., Whittaker, V. P. and Wijesundera, S.: The occurrence of homologues of acetylcholine in
ox spleen. J. Physiol. London., 121, 55-71 (1953)

3) Das, P. K. and Liddell, J.: Value of butyrylthiocholine assay for identification of cholinesterase vari-
ants. J. Med. Genet., 7, 351-355 (1970)

4) Dietz, A. A., Rubinstein, H. and Lubrano, T.: Colorimetric determination of serum cholinesterase
and its genetic variants by the propionyithiocholine-dithiobis nitrobenzoic acid procedure. Clin. Chem.,
19, 1309-1313 (1973)

5) Ecobichon, D. J. and Comeau, A. M.: Pseudocholinesterase of mammalian plasma, Physicochemical



T-ChE Activity 217

properties and organophosphate inhibition in eleven species. Toxicol. Appl. Pharmacol., 24, 92-100
(1973)

6) Gerebtzoff, M. A.: Cholinesterase. A histochemical contribution to the solution of some functional
problems. Pergamon Press, London (1959)

7) Hebb, C. and Hill, K. J.: Distribution of cholinesterase in the mammalian pancreas. Quart. J.
Exptl. Physiol., 40, 168-175 (1955)

8) Hegab, EI-S. H. H. and Ferrans, V.J.: A histochemical study of esterase of the rat heart. Am. J.
Anat., 119, 235-262 (1966)

9) Iuchi, I. and Ameno, S.: Survey of atypical serum cholinesterase in Okayama district (preliminary
report) and a new method for its detection. Kawasaki Hospital Med. J., 2, 97-108 (1969)

10) Man, S. P.: The innervation of mammalian brochical smooth muscie. The locarization of catechol-
amines and cholinesterases. Histochem. J., 3, 319-331 (1971)

11) Marx, G. L. and Carter, M. K.: Histochemical and manometric studies of cholinesterase in mam-
malian kidney tissue. Am. J. Physiol., 204, 124-128 (1963)

12) Morizono, M. and Kaba, H.: 1. Measuring method of serum cholinesterase activity in domestic
animals. Bull. Fac. Agr. Kagoshima Univ., 27, 115-121 (1977)

13) Saito, M., Suzuki, E. and Yamahi, A.: Method for detection of viscera LDH isoenzyme by cellulose
acetate electrophoresis. Medicine and Biology, 69, 20-23 (1964)

14) Svensmark, O.: Enzymatic and molecular properties of cholinesterase in human liver. Acta Physiol.
Scand., 59, 378-389 (1963)

15) VIk, J. and Tucek, S.: The distribution of cholinesterase in the mamraalian heart. Physiol. Bohemo-
slov., 11, 46-52 (1962)

16) Wakabayashi, G. and Sato, M.: Distribution of cholinesterase in respective animals tissue. Biochem.,
21, 2, 81-85 (1949)

17) Ward, F. P. and Hess, T. H.: Automated cholinesterase measurements. Canine erythrocytes and
plasma. Am. J. Vet. Res., 32 (3), 499-503 (1971)



