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INTRODUCTION 

The primary concern of the physician in his eval

uation of the usefulness of any specific liver function 

test depends on a great many factors. The main con

siderations are the accuracy of the test, ease with 

which it may be pertoraed, expense, and its speeificity 

for certain pathological conditions. 

Liver function tests offer valuable aid in the ev

aluation of hepatic cell function. However, these tests 

should be regarded only as an aid to clinical and other 

laboratory findings in the diagnosis of the exact path

ologic conditions. Liver function tests indicate the 

existing functional state of the hepatic cells, but 

they do not reveal the cause·of the impaired function. 

They do not indicate whether impaired function is due 

to a toxin circulating in the blood stream, an acute 

or chronic infection, faulty diet, eompre·ssion of 

liver cells by scar tissue or metastatic carcinoma 

within the liver, or to any one of several-other causes. 

Hor do these tests indicate whether the underlying 

cause is an acute condition or a more serious, chronic, 

progressive type of hepatic disease. However, if one 

knows from clinical and other -laboratory of x-ray 

studies the general nature of the pathologic condition, 
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then th e results of the liver function tests are of 

unusual value. They assume real importance in pre

operative and postoperative treatment and in evaluating 

the degree or impairment, the effectiveness or medical 

treatment, and the prognosis. 

In employing different liver function tests in 

identical cases, one is impressed by the fact that there 

is no constant correlation of the results obtained with 

different tests. For example, in one ease tests A and 

B may both show impairment of liver function, in a 

second case test A may show impairment and test B no 

evidence of it, and in a third case only test B may show 

impairment. This common observation can b est be ex

plained by the hypothesis that the various functions of

the liver are not injured equally under diff erent con

ditions. There is a dissociation of impairment of 

different liver functions and a corresponding dis

sociation of the results of liv er function tests. 

Therefore, the wiadom of conducting several dif

f erent types of hepatic function tests is obvious, if 

one expects to demonstrate evidence of impaired liver 

function in the greatest percentage of patients with 

liv er damage. 

It is very doubtful if it will ever be possible to 
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select any one test that will give absolute accuracy 

in the differentiation of toxic and obstructive jaundice. 

Cases of toxic jaundice have frequently an intrahepatie 

obstructive element and cases of obstructive jaundice 

persisting f or an7 length of time develop some degree 

of liver damage. To be of value in jaundice, therefore, 

a test dependent on the measurement of liver function 

must be sensitive to the diffuse liver damage usually 

found in toxic jaundice and relatively insensitive to 

the more local type of injury found in biliary ob

struction. 

When patients are ill with a cute hepatitis, the 

physician is faced with the problem of deciding when 

the pathologic lesions have subsided, when the illness 

has cleared, and when the patient is ready to return to 

an active life. The problem is far from academic, for 

it has been clearly demonstrated that the chances of 

developing complications, be they relapse, delayed re

solution, or cirrhosis, are considerably increased by 

allowing a patient to return to a full and active life 

too soon in convalescence. 

The physician's decisi on cannot be based purely 

on clinical considerations because, following the sub

sidence of clinical symptoms and signs of liver disease, 

there remains a period of smouldering activity which 
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can be detected only by finding disturbed tests of 

liver function. In the majority of patients ill with 

acute hepatitis, liver functi on tests return to nonna.l 

slowly, and usually all tests do not become normal sim

ultaneously. Moreover, it has been shown that the 

course of recovery is usually not smooth, but is pun

ctuated by mild remissions, which often are s ub

clinical in nature and which are only detectable by 

one or more liver £uncti on tests. 

The questi on arises as to which of the multitude 

of liv er function tests is most reliable and of the 

greatest help to the physician in deciding when his 

patient is fit to return to work. The a nswer has 

economic as well as clinical significance. 

In this paper an attempt is made to evaluate a 

new liver function test, serum cholinesterase activity, 

from the viewpoint of accuracy in differentiati on of 

jaundice and 11 ver disease, practicality of usage, and 

comparison with other standard liver function tests. 



DISCOVERY OF CHOLINESTERASE 

The presence in the serum of an enzyme capable of 

destroying aeetyl choline was first suggested by Dale, 

1914, (1) but it was not until 1932 that its specificity 

was demonstrated by Stedman, Stedman and Esson (2) and 

its present name of cholinesterase suggested. The site 

of formation and distribution was not determined by 

these workers. 

As the chemical transmitter of a nervous impulse, 

acetylcholine as such has received considerable attention 

from clinicians, but comparatively little interest has been 

shown in cholinesterase. Stedman, Stedman and White, 

1933, (3) reported a cholinesterase constant of human 

serum which was r elatively high as compared with other 

species, but which varied considerably with different 

individuals. However, the level of serum cholinesterase 

activity was found to be constant in each individual. 

Again these authors fail to make mention of the site 

of formation or distribution in the body. 

Ginsburg, Kahn and Nicholes, 1937, { 4) conducted 

a series of experiments in which they extirpated the 

spleen, pancreas, gut and liver and blocked the reticulo

endothelial system in dogs with no resulting decrease 

in esterase levels of the serum. These authors con-
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elude that the cholinesterase level in serum shows 

only small variations in most normal and pathological 

conditions, and that the cholinesterase level of the 

serum is rather a n immobile bulwark against too much 

acetylcholine. 

In 1943 Mendel and Rudney (5) reported a series 

of experiments which showed that the cholinesterase 

found in blood serum is a non-specific enzyme catalyzing 

the hydrolysis of not only choline esters, but of non

choline esters as well. This is the only mention in 

the literature of this esterase being non-specific for 

choline esters, all other articles either specifying 

or assuming the fact that the esterase being tested is 

a specific cholinesterase. 

There is general a greement in the literature that 

cholinesterase may be isolated from blood serum and 

from red blood c ells, i n varying amounts, but it is 

also agreed that these esterases are identical. 

McArdle, 1940, (6 ) reporting on a study of 269 

subjects, was the first to show an association between 

low cholinesterase readings and liver disease. At the 

same time, no cl i nical signs or symptoms that could be 

attributed to a f all in the activity of the enzyme were 

noted and the associati on remained unexplained. 
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SI 'IE OF FORMA TION OF SERUM CHOLINESTERASE 

Stedman and Stedman, 1935, (7} were the first in

vestigators to r eport t he distribution of serum cholin

esterase in the body. These workers found that there 

was considerable variat ion occurring in cholinesterase 

values amoung ind ividuals of a given species, and 

considerable vari ation aioong species. There were found 

to be different a mount s of cholinesterase in human red 

blood cells and i n human serum. There was also found 

to be great amounts of cholinesterase in brain tissue, 

but it was found to be absent from cerebrospinal fluid. 

No attempt at det ermini ng a site of formation of the 

esterase was reported a t this time. 

It had been noted by several investigators that 

there · was an apparent correlation between low serum 

cholinesterase activity levels and liver disease. How

ever, no effort was made to establish the liver as the 

site of formation of cholinesterase until 1943, when 

Faber (8) and (9 ) noted that the serum cholinesterase 

activity levels were f ound to be low in a number of dis

eases which had i n common the low values of the serum 

albumin, and post ulated that albumin and cholinesterase 

were both secreted into the serum from the same cells and 

presumably in a fairly constant ratio. Since existing 
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evidence indicated trat the serum albumin was formed 

in the liver, it was Faber's conclusion that the liver 

must also be the organ for the origin of the serum 

cholinesterase. 

The first conclusive work which was done toward 

establishing the site of formation of cholinesterase 

was in 1947 by Br auer and Root (10). These investigators 

carried out a ser ies of experiments on dogs and found 

the plasma cholinesterase activity to be independent 

of sex and of tot al plasma protein concentration. A 

significant degree of correlation between liver fun

ction and plasma cholinesterase activity of male dogs 

was found. Calculations show that the liver contained 

five to seven times the aioount of cholinesterase as 

the circulating blood plasma. 

These authors also carried out a series of ex

periments with carbon tetrachloride in dogs. The 

poisoning of dogs with carbon tetrachloride resulted 

in an increase in the pl asma cholinesterase activity. 

They concluded that this effect was due to the liver 

injury produced, t hat i t was due to an actual increase 

of circulating pla sma cholinesterase amounting to about 

fifty percent above normal, and that it did not reflect 

a failure of dest r uction of excesses of the enzyme. 
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It was their concl usion that there was a considerable 

store of preformed plasma cholinesterase in the liver 

of the dog and t hat an equilibrium seemed to govern 

the relation between l i ver and plasma cholinesterase 

activity,, at leas t twenty-five percent of the circulating 

cholinesterase a ctivity can be rapidly replaced from 

the hepatic store . Thi s was interpreted as being 

evidence that cholinest erase was formed in the liver, 

sto red there and released into the blood stream as 

needed. 

Another point in support of the fact that serum 

cholinesterase i s formed in the liver is the experiments 

which have been carried out using Di-Iso-Propyl Fluro

phosphate (DFP) in man . This agent has the unique 

property of inact ivating irreversibly the cholinesterase 

in the serum. 

Wescoe, Hunt , Riker and Litt, 1947, (11) were the 

first to use this technique. Regeneration rates of 

serum cholinesterase were followed in 13 normals and 

15 pathologic individuals•, including 13 cirrhotics, 

1 carcinoma of t he head of the pancreas and l chronic 

hepatitis, following injection of 2 milligrams of DFP. 

Regeneration rates were followed in these individuals 

for two weeks following t he injection of the DFP. The 
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patients with liver disease showed significantly lower 

cholinesterase activity levels than did the normal pat

ients. The regeneration rates in those with liver dis

ease was also significantly lower than were those in 

the normal individuals. 

DFP is rapidly destroyed in vitro and in vivo; 

therefore the recovery of serum cholinesterase activity 

is not representative of a reversal of enzyme inhibition 

but is indicative of synthesis of new enzyme protein. 

Since the regener ation rate of serum cholinesterase 

in patients with liver damage is significantly depressed 

as contrasted to the normal, it follows that the ability 

of such patients to synthesize this particular enzyme 

protein is decreased. This constitutes good evidence 

for the view that the liver is the primary focus for 

the formation of serum cholinesterase. 

The above experiments have been duplicated by 

Grob, Lilienthal , Harvey and Jones, 1947 (12) and 

Comroe, Todd and Koell, 1947, (13) with the same re

sults. 

Further work has been done to correlate the serum 

albumin with the serum cholinesterase by Kunkel and Ward, 

1947, (14); Vorhaus, Scudamore and Kark, 1950, (15); 

Levine and Hoyt, 1950, (16}; and Fremont-Smith, Vol'Wiler 

and Wood, 1952, (17). 
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It has been well es tablished that serum albumin is 

synthesized in the liver and all the above authors have 

been able to directly correlate levels o~ serum alwmin 

with serum cholinesterase. All have noted the depression 

of serum albumin and ser um cholinesterase in liver dis

ease, and the correlation between the rise of the albumin 

and cholinesterase as t he disease improves and therapy 

is instituted. 

Serial determinations have been done on normal in

dividuals and individuals with liver disease and a close 

parallel has been found between albumin and cholinesterase 

in both cases. I n patients undergoing rapid changes in 

clinical conditi on, a direct correlation can be demon

strated between. the two levels. 
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METHODS OF CHOLINESTERASE DETERMINATION 

There has been considerable variation in the 

method of determination of serum cholinesterase activity, 

causing great difficul t y in interpreting the value of 

cholinesterase a ctivity levels as liver function tests. 

The majority of methods have required the usage 

of specialized equipment and have required considerable 

time and personnel, making them impractical for clinical 

application. In this section, the more common methods 

of determination will be given, and an attempt made to 

select the shortest, most economical and most practical 

methods for use i n the ordinary clinical laboratory. 

The first method was described by Antopol, Schifrin 

and Tuchman, 1938, (18 ) , in which cholinesterase activity 

was expressed in cubic millimeters of carbon dioxide 

liberated in a t otal volume of 2 cc, from 7.5 milligrams 

aeetylcholine chloride by 0.5 cc of diluted serum 

{diluted 50 times), the reaction continuing over a 

two hour period at 30 degrees centigrade. This method 

has the disadvant age of being long, the materials being 

costly, and the t est requiring constant observation. 

The method which had originally been described by 

Jones and Tod, 1937, (19) was in 1940 improved by 

McArdle (6) and was used quite extensively for exper
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imental work. This depends on the measurement in a 

Barcroft manometer of t he amount of carbon dioxide lib

erated when acetylcholine is added to a mixture of serum 

and Ringers solution. The esterases break down the acetyl

choline to choline and acetic acid, which reacts with the 

bicarbonate of the Ringers solution to form carbon di

oxide. The concentration of the enzyme is expressed by 

the volume of car bon dioxide in cubic millimeters lib

erated by l cc of serum in 1 minute at 37 degrees cent

igrade. Readings were taken every two and one-half min

utes for fifteen minutes. Normally the serum was dil

uted one in five. The mean values were 83 units by 

Tod and Jones and 78 units by McArdle. The equipment 

was not suited t o use in a clinical laboratory, and 

if the concentrat ion of the enzyme were high the hydrogen

ion concentration would be changed sufficiently to the 

acid side to caus e part ial inhibition of the enzyme, 

making this test impractical for general usage. 

Butt, Comfor t, Cry and Osterberg, 1942, (20) de

veloped a method utilizing the Cameron glass electrode. 

In this method 20 cc of acetylcholine bromide was brought 

to pH valu~ of 8.5 with 1 drop of 0.1 normal sodium 

hydroxide. 0.2 cc of serum was added and the mixture 

was stirred manually. At 5 minute intervals for 30 

minutes enough 0.1 nonnal sodium hydroxide was added 
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to keep the pH a t 8.5. At the same time a control was 

run without serum. Bot h samples were kept at a constant 

temperature of 30 degrees centigrade. The value with 

the control was subtracted from the value with serum 

and expressed as cc of 0.1 normal sodium hydroxide 

necessary to maintain substrate at pH of 8.5 over 30 

minute period. By this method a mean of 1.90, plus or 

minus 1.06, or 0.85 to 3.0, was used as acceptable 

limits of normal variability. This method was found 

to be impractical because of the great range of normal 

values, the time i nvolved and the equipment. 

A method util izing the Beckman pH meter was used 

by Alcalde, 1950, (21) and Bauer, 1945, (22). This 

method used l mill iliter of substrate plus 0.2 milli

liters of serum i n 10 mi lliliters of buffer, incubated 

1 hour at 37 degrees centigrade, measured in a Beckman 

pH meter at 25 degrees centigrade and expressed in pH 

units. The average found was 0.60 units, normal range 

0.3s to 1.09. 

Snyder, Snyder and Bunch, 1951, (23) used a contin

uous titration method, which they desc r ibed as simple 

and highly reproducible. They found a mean value of 

2.32 units, one un i t being the milliliters of 0.01 normal 

sodium hydroxide ne eded t o neutralize the acetic acid 

liberated by 0.5 mi lliliters_ of serum from 25 milligrams 
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of acetylcholine chloride in 10 milliliters of carbon 

dioxide free water in ten minutes at pH 7.8 and a 

temperature of 37 degrees centigrade. 

Sleissenger, Almy, Glider and Perle, 1953, (24) 

make mention of colorimetric determination, with 

mean value of 29.6 units, but fail to describe the 

technique ~sed. Heilbronn, 1953, (25) uses finger tip 

blood instead of venipuncture, as do the other inves

tigators, and keeps a sample of blood-soaked filter 

paper. He claims good results where blood must be 

transported or where serial determinations are necessary, 

but does not make mention either of the method used for 

determination or of normal values. 

The method which has been the most widely used and 

which seems to be the most easily adapted to clinical 

usage is that developed by Michel, 1949, (26). This 

mathod measures the acid produced by action of cholin

esterase on acetylcholine by the rate of PH change in 

a standard buffer solution over a de.finite period of 

time, the pH change mea~ured with a glass electrode. 

The reagents are prepared as follows: 

I. Plasma Buffer : 

0.006 M sodium barbital (l.2371 gm); 0.001 M 

KH2Po4 (0.1361 gm); 0.30 M NaCl (17.535 gm). For 1 

liter of buffer dissolve the reagents in about 900 milli
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liters of distilled wate r and add 11.6 milliliters of 

O.l M HCl before di luti ng to volume. The pH of the 

buffer should be 8.00 at 25 degrees centigrade. 

II. Acetylcholine substrate. 

0.165 M acetylcholine chloride (3.000 gm) in 100 

milliliters of distilled water. 

The plasma i s diluted with water so that each milli

liter of solution conta i ns 0.02 milliliters of plasma. 

One milliliter of diluted plasma is mixed with l milli

liter of buffer. The solution is allowed to equilibrate 

in a water bath a t ~5 degrees centigrade for 10 minutes 

and then 0.2 milli liters of 0.165 M acetylcholine is 

added with mixing . 
~ 

The initial pH (pH1 ) is determined with a pH meter 

reading to nearest 0.01 pH unit. Then 0.2 milliliters 

of acetylcholine solution is added with rapid mixing 

and the time recorded. Enzymatic reaction goes 1-1/2 

hours and then final pH (pH2 ) is determined. The 

cholinesterase i s figured in units of .6.PH per hour as 

follows: 

APH/hour = 

pHl: initial pH 

pH2: final pH 

(pH1 - pH 2 - b) f 
( t2 - t1 ) 

' 

ti = time of mixing wi th acetylcholine 

t2 = time of reading pH2 
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b = nonenzymatic hydrolysis correction corresponding to 

pH2 

f = correction for variations in ~ pH per hour with pH1 

corresponding to pH2 
The values for band f have been worked out in tables 

which may be found in Michel's original article. 

The method of Mic hel employs simplicity, minimum of 

equipment and rel ative ease of operation. It has been 

compared to othe r methods and found to be very accurate. 

It is the opinion of this author that this method is 

the most desirabl e. 
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SERUM CHOLINESTERASE AS A LIVER FUNCTION TEST 

Because of t he observation that serum cholinesterase 

levels are consistently low in diseases of the liver, a 

great many attempts have been made to evaluate the serum 

cholinesterase a ctivity as a measure of liver function. 

To date the great est di sadvantage encountered in this 

evaluation bas been the fact that there has been a lack 

of standardizati on of t he method of determination of 

cholinesterase a ctivity and of the units of activity, 

making it extremely dif ficult to interpret the results 

of various invest igator s. 

In this sect ion the author presents t ·he work of 

various investigators i n chronological order, giving 

the methods used and r esults obtained, and attempts to 

correlate the results obtained with the liver function 

tests in standara use. 

The first i nvestigator to run levels of cholin

esterase activity on pathological cases was McGeorge, 

1937, (27). This author had a series of 132 cases of 

various pathological conditions and came to the con

clusion that although great variations occurred in the 

cholinesterase levels in this series no correlation with 

type of disease or other factors could be determined. 

Antopol, Tuchman and Schifrin, 1937, (2$) related low 
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cholinesterase l evels t o hyperthyroidism and malnutrition, 

but made no correlation with liver disease. In 1938, 

Milhorat, (29) us ing t he method of Butt and coworkers, 

found that the es terase values varied greatly with in

dividuals but wer e cons tant for the given individual, 

and that in patients wi th liver disease or debilitation 

the esterase values wer e low and changed concomitantly 

with the clinical status of the patient. This is the first 

direct correlati on with liver disease. 

In the ten years between 1939 and 1949, a great 

deal of work was done on serum cholinesterase levels. 

Most of the work was parallel, and only the more sig

nificant work will be mentioned in detail. A gr-eat 

many men did serial cholinesterase determinations, 

concluding only t hat ser um cholinesterase activity was 

depressed in liver disease and diseases of the biliary 

tract as well as i n vari ous other pathological conditions. 

Among these were Jones and Stadie, 19.39, (30); Glick 

and Antopol, 19.39 , (.31) ; Alles and Hawes, 1940, (32); 

Richter and Croft , 1942 , (.33); Strelitz, 1944, (34); 

Augustinsson, 1945, (35 ) ; Maizels, 1946, (36); and 

Mccance, Widdowson and Hutchinson, 1948, (37). 

Antopol, Schi frin and Tuchman, 1938, (18), were the 

first to make cholinesterase determinations with the 

intention of correlating values with jaundice. These 
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in vestigators reported determinations on 21 cases of 

jaundice and 7 other instances of liver and biliary di s

ease, as well as· 60 oontrols. Since fever and anemia 

also influence the cholinesterase activity, they tab

ulated the temperature at the time of drawing the b lood 

and recorded the hemoglobin. Their results are shown in 

Table I. It is obvious from these figures that there 

is a tendency to depresaed values in cases of hepatic 

and biliary tract disease. However, there was no 

attempt by these authors to disting uish between ob

structive and non-obstructive jaundice. 

The next investigator to indicate clearly the 

cholinesterase level in li ver disease was McArdle, 1940, 

(6). This investigator ran a series of 270 determinations, 

including 40 normal adults and 71 patients with either 

cirrhosis, hepatitis, metastases in the liver, or 

jaundice as the result of cardiac failure or uremia. 

Using the method of Jones and Tod, 1937, (19) the 

range was from 50 to 121 units, with a mean of 7g unitsi 

A value belo w 50 units was arbitrarily set to indicate 

liv er damage. In 79% of 71 patients with liv er disease 

the value was below 50 units, the range being 10 to

70 units and the mean 36 units. The initial figure 

for cholinesterase was 50 units or above in 21 (87.5 

percent) of the 24 instances of obstructive jaundice, 
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wpile in jaundice of hepatic origin it was below 50 

units in 33 (87 percent) of the 38 cases. Improvement 

or impairment of liver function was accompanied by a 

rise or fall respectively in cholinesterase. A com

parison with other standard liver function tests is 

shown in Table II . These figures suggest that the 

determination of the cholinesterase in the serum might 

be employed usefully both as a measure of liver function 

and as a test in differentiation of jaundice of hepatic 

and obstructive or igin. 

In 1948 Vorhaus et. al.(38) ran controls on 42 

patients and serial determinations on 26 wi'th liver 

disease; 7 patient s with cirrhosis had serial deter

minations from 70 to .240 days, 3 times per week. He 

noted a distinct r ise i n cholinesterase levels in 

those patients undergoing treatment with albumin. His 

results also suggested t hat serial determinations of 

cholinesterase act ivity afforded a more sensitive test 

to slight changes in hepatic function than any of the 

other tests used on thes e patients, namely cephalin

cholesterol flocculation , thymol turbidity, bromsulfalein 

retention, direct and i ndirect serum bilirubin, uro

bilinogen, prothrombin t ime, and total serum protein 

and albumin-globul in rat io. 

Vorhaus, Scudamore and Kark, 1950, (39) using 

Michel's method of deter mination, ran another series 
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with 68 normals and 69 with hepatocellular disease. 

This study indicated that in approximately 80 percent 

of patients 111 with hepatocellular disorders one may 

expect to find serum cholinesterase activity below 

normal values. Conversely, the serum cholinesterase 

activity in patients suffering with uncomplicated extra

hepatic obstructive jaundice is normal. Because serum 

cholinesterase is a sensitive index of hepatocellular 

function, a low level in a patient ill with obstructive 

jaundice probably indicates that the liver has been 

damaged by some complicating factor. These authors 

believe that this is the case even if other liver function 

tests are normal. 

In additi o� to these·determinations, serial det

erminations of serum cholinesterase and other standard 

liver functi on tests were carried out in six :i;:atients

111 w1 th chronic liver disease for a period of 70 to 

240 days. An excellent correlation was obtained between 

changes in the clinical status of the patients and 

changes in the serum cholinesterase activity. Such 

changes were not reflected in a uniform manner by the 

other tests. 

In a series of 211 determinations compiled by 

Alcalde, 1950, (21) the values in liver disease were 

found to be consistently low, especially in cirrhotic 
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patients. Normal value s were obtained, however, in 

cases of obstruc t ive jaundice. Serial determinations 

in a small number of patients with hepatitis revealed 

that the cholines terase level was a very good index of 

hepatic function. Values were always low at the peak 

of the disease and appeared to be correlated closely 

with the patient ' s clinical condition. These results 

indicate that these det erminations may be quite helpful 

in indicating prognosis and beginning recovery in cases 

of hepatitis. 

In 1951 Vorhaus, Scudamore and Kark {39) conducted 

another investigation, with serial observations of 

serum cholinester ase activity on 7 patients ill with 

acute liver disease for 22 to 76 days. Serial tests 

were performed i n conjunction with albumin-globulin 

ratio, total serum protein, serum bilirubin, direct 

and indirect, cephalin-cholesterol flocculation, thymol 

turbidity, bromsulfalein retention, prothrombin .time, 

urine urobilinogen and serum alkaline phosphatase. In 

all but one of the pitients studied the serum cholin

esterase activity was well below the lower limit of the 

normal range at t he onset of the illness, and in every 

instance there was a sharp rise in serum cholinesterase 

activity during recovery. When compared with the 10 

other tests which were done, the serum cholinesterase 
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activity reflected the patient's changing oondition 

sensitively and with gr eater uniformity and regularity 

than any other t est. Four patients showed evidence of 

mild remissions during the course of their recovery, 

and in every case the serum cholinesterase activity 

dropped temporari ly dur ing the relapse. In each in

stance the relapse was reflected by some, but never by 

all, of the other 10 l i ver function tests. On the 

basis of this work, the serum cholinesterase activity 

appears to refle ct the status and progress of the dis

ease more sensiti vely t han any of the other tests per

formed. 

Studies by Snyder, Snyder and Bunch, 1951, (23) 

on 53 patients undergoing biliary tract surgery in

dicated tba t the cholinesterase and albumin seemed to 

parallel the clinical estimate of the µ1tient's course 

more closely than did any of the other standard liver 

function tests. However , these authors were unable to 

correlate the value of cholinesterase levels with any 

specific liver disease. 

Mann, et. al . , 195 2, (40) reported determinations 

on 115 cases of hepa.tobi liary disease and 168 controls, 

using Michel's me t hod. They also performed serum bili

rubin, thymol turbidity , cephalin-cholesterol floc

culation, zinc sul fate t urbidity, gamma globulin turbidity 

- 24 -



and bromsulfalein retention tests. Their results are 

shown in Table I I I. 

It is apparent that the cholinesterase values are 

usually decreased early in acute hepatitis, and increase 

as the patient convales ces. However, it do es not always 

reflect a relapse and i s usually normal in chronic 

viral hepatitis. Values in patients with cirrhosis 

tend to parallel the severity of the disease. It was 

the conclusion of these authors that the wide range of 

values in normal subjects and patients with liver dis

ease, the occurrence of low values in obstructive 

jaundice and its lack of discrimination of chronic viral 

hepatitis all limited t he usefulness of the test as a 

practical test of liver function. 

Fremont-Smit h, Vol wiler and Wood, 1952, (17) ran 

a series on 40 normal and 157 other patients with var

ious diseases, us ing Mi chel's method. They found the 

lowest values in cirrhotics, and no essential difference 

between values i n acute viral hepatitis, obstructive 

jaundice, or int r a-abdominal carcinoma. Their data in

dicates that this test is of value only in differentiating 

cirrhosis from t he remainder of the group of hepato

biliary diseases. It was felt, however, that serial 

determinations of serum cholinesterase activity were of 

more value in ass essing the prognosis of patients with 
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portal cirrhosis t han t he determination of serum albumin 

concentration 1 whi ch has been the most valuable test 

for this determination. It was felt that the change 

in cholinesterase levels is apparent at an earlier date 

than is the change in albumin concentration. 

Investigation by Wilson, Calvert and Geohegan, 

1952, (41) on 43 patients with liver disease (15 from 

acute, 4 from sub-acute, 14 from chronic liver disease, 

10 from extra hepatic biliary obstruction) and 144 

normals, were made in conjunction with the flocculation 

tests and serum albumin and globulin. 

In acute and sub-acute liver disease, low cholin

esterase values were always found, and, as a measurement 

of prognosis, the serum cholinesterase activity levels 

returned to normal in advance of the other tests. In 

chronic liver disease results were less accurate, normal 

values sometimes being found in all tests. Normal values 

for serum cholinesterase activity are usually observed 

in patients with extra-hepatic biliary obstruction of 

short duration. 

It was the conclusion of these authors that the 

serum cholinester ase l evel is a valuable aid in estim

ating the prognos is of cases of hepatitis, but is of 

no particular value in differentiating hepato-cellular 

disease from obst ructi ve jaundice. 
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The above conclus i ons were confirmed by the work 

of Sleissenger and associates, 1953, (24) who found 

that serial deter minati ons of ·cholinesterase levels 

faithfully reflect the co~rse of viral hepatitis and 

cirrhosis, but f ound that in no instance did these 

levels contradict the clinical impression or the other 

laboratory eviden ce. I t was found to be of no value in 

differentiation of hepatocellular and obstructive 

jaundice. 

The serum cholinesterase activity determination 

has never been a clinical test but rather a tool of 

research, largely due t o the fact that technical dif

ficulties and expense of performing the determinations 

have made them impractical for the general clinical 

laboratory. Michel's development of a relatively simple 

method of determi nation,, however, makes it a test which 

may prove practical for the linical laboratory. However, 

certain other disadvant ages must be considered. The 

test is empirical and as such demands closer scrutiny 

than would be accorded to a test having a known physiol

ogical basis. I t gives a fair approximation of the 

degree of liver damage , but is not sufficiently sensitive 

to show the presence of a pathological liver in the late 

stages of toxic j aundice or in mild hepatitis. It is 

very difficult t o evaluate this test because of the . wide 
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range of values ib normal subjects and in patients with 

liver disease. Values are found to be consistently low 

in cirrhotics and in pat ients with acute viral hepatitis, 

but may be low or normal in patients with obstructive 

jaundice • . It does not appear that the test is useful in 

differentiating hepatocellular disease from obstructive 

jaundice . From the work of the various investigators, 

it would appear that the main value of the cholinesterase 

determination is in predicting and following the re

covery of patients with viral hapatitis. 
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SUMMARY 

In this paper an attempt has been made to evaluate 

serum cholinesterase levels in the serum as a measure 

of liver function. Data has been presented concerning 

the discovery of cholinesterase and evidence given 

which proposes t he liver as the site of formation of 

the cholinesterase. 

One of the great disadvantages in the evaluation 

of cholinesterase level s has been the Jack of standard

ization of methods of determination. In this paper 

the more commonly used methods have been presented, 

the premise set f orth t hat Michel's method is the most 

practical, and t his met hod described in detail. 

The work of various investigators has been pre

sented in chronol ogical order, their results in various 

diseases of the l iver has been enumerated, and com

parison has been made with other liver function tests 

wherever possible . It has been established that serum 

cholinesterase l evels are generally low in diseases of 

the liver and bil iary t ract, and are especially low in 

cirrhosis and in viral hepatitis. 

It has been further established that while values 

are generally low in di seases of the liver, nonna.l 

values may be found in cases of chronic hepatitis and 

in most instances of obstructive jaundice. This re-
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duces the value of the determinations as a method of 

differentiation of hepatocellular and obstructive 

jaundice. The results of several series of serial det

erminations of cholinesterase levels in patients with 

acute hepatitis and cirrhosis have been presented, 

such results revealing that the values closely parallel 

the convalescence of these patients. 
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CCNU. USIONS 

1. Serum cholinesterase levels are generally de

pressed in diseases of the liver and biliary tract, but 

may also be depressed in cases of malnutrition and other 

pathologic conditions. 

2. The cholinesterase in the serum closely parallels 

the albumin levels, being depressed with DFP and rising 

in direct parallelism with the albumin upon recovery 

of the liver. This is evidence that the liver is the 

site of formation of cholinesterase. 

3. Cholinesterase levels show great variation 

between individuals in both the normal state and various 

pathologic conditions, but are constant for the in

dividual. 

4. Cholinesterase levels are always depressed in 

hepatocellular disease, but may be normal in obstructive 

jaundice and occasionally in chronic hepatitis. In view 

of this, it is fe l t that this test is of little value 

in the differentiation of jaundice. 

5. Cholinesterase levels, when performed serially 

in patients with acute hepatitis or cirrhosis, accurately 

reflect the convalescence of the patient. 

6. Due to the technical difficulty in determining 

the cholinesterase levels and the expense involved, it 

is not felt that this test is practical for the clinical 
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laboratory. 

7. Because of the fact that this test does not 

differentiate bet ween hepatocellular disease and ob

structive jaundice, and because of its impracticality 

for the clinical labora tory, it is felt that this test 

is of very little value as a test of liver function. 

8. Liver f unction tests in standard usage, cor

related with clinical observation, give more accurate 

results than do serum cholinesterase levels and are 

simpler and more economical to determine. 
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TABLE I 

Case Age Diagnosis Cholinesterase Vaa den Icteric Hemoglobin Temp. 
ActiYitI Bera Index {1ercent! 

l Ji Cirrhosis 10 1/67, 000 14 63 99.4 
2 56 Cirrhosis with 

1/250
0

000 85 98.6 hepatitis 13 27 
3 62 Toxic hepatitis 1; i"/17, 00 35 70 101 
4 54 Toxic hepatitis 1e 20 98 100.2 

l
54 Cirrhosis 19 lJi00,000 56 96 99 
59 Cirrhosis, cholemia 20 1 100,000 2 86 99.6 

7 48 Cirrhosis, toxic 
hepatitis 22 1/100,000 12 II, 98.6 

8 13 Liver a bcess,
actinomycosis 24 1/.50 000 14 78 99.8 

9 51 Acute hemolytic icterus 29 1/106
6
000 30 J) 99

10 2 3  Tertian malaria 30 1/80, 00 12 75 99 
ll 6 3  Cancer of pancreas 31 1/60,000 15 70 103 

� 12 56 Cancer of pancreas 34 1/80 ,000 23  85 98 
� 13 42 Acute pancreatitis 38 l/14,000 50 100 

l4 46 Cholelithiasia 40 1/60,000 40 72 99 
15 56 Chronic cholecystitis 46 1/250,000 27 7g 98.6 
16 50 Cholecystitis with 

9holelithiasia 48 1/17 000 42 85 98.6 
17 71 Hepatosplenomegaly 55 1/106,000 12 72 102 
18 26 Catarrhal jaundice 57 -- 36 75 99 19 25 Qatarrhal jaundice 63 1/80

6000 13 80 98.6 
20 8 Catarrhal jaundice 61., 1/11 0000 18 90 100 
21 17 Hodgkins di sease 76 l/70, 00 20 

�
99 

!2 31 Actinomycosis 11 103 
2) 66 Cirrhosis 17 1/;00,000 4 11 98.6 
24 71 �cute cholecystitis 25 1/500,000 5 70 99.2 
25 65 Splenic vein thrombosis 29 1/500,000 6 36 98.6 
26 27 Bilharzia of liver '4.2 1/200,000 12 50 100.4-
27 45 Chronic colecystitis 48 l/500,000 8 85 99 
28 51 Chronic cholecystitis 65 l/'JJ0,000 5 83  98.6 

Cases 22 to 28 without jaundice 
Normal value of cholinesterase activity under 50



Test 

Levulose Tolerance Test 

Estimation of Total Blood 
Sugar 

Levuloa� Tolerance Test 

Estimation of Blood Levulose

Estimation of Blood Levulose 

Bromsulphalein Test 

Bromaulphalein Test

Bromsulphalein Test 

Bilirubin Tolerance Test

Hippuric Acid Synthesis Test 

Cholinesterase Test 

TABLE II 

Authors Number of 
Cases 

Kimball (1939) 149 

Steward, Scal'MrOIICR (1938) 43 

Stoffer. (193 5) 70 

Steward, Scarborough (1938) 

Herbert & Davison (1938) 

Stoffer (19.35) 

Cornell (1929) 51 

O'Leary, Greene & Rowntree (1929) 67 

Stoffer (1935) 

Quick (1936) 

McArdle (1940) 

72 

37 

71 

Number of 
Positive 
Results 

81 

24 

38 

4 5 

31 

32 

26 

54 

62 

33 

56  

Percen t 
Positi v 

. lteful)f 

57 

56 

54 

75 

82 

62  

50 

80 

86 

89 

79 



J..t
(I) 

::s 
:2: 

Q) 
(I) 

c'J 

1 
2 
3 
I+ 
5 
6 

�
9 

10 
11 
12 
13 
l.l+ 
15 
16 
17 
18 
19 
20 
21 

0.22 
0.27 
0.28 
0.33 
0.35 
0.37 
0.41 
0.43 
0.52 
0.56 
0.61 
0.64 
0.70 
0.79 
0.83 
0.90 
0.97 
1.13 
1.23 
1.28 
1.28 

1.9 
0.57 
0.16 
0.55 
0.33 
0.81 
2.4 
0.39 
0.24 
0.50 
0.93 
0.44 
0.81 

13.1 
0.32 
0.11 
0.06 
0.12 
0.15 
0.10 
0.09 

TABLE III 

s::
0
..... 
� 
C1S

,-f 

6 
C, 

0 
,-f 
rz. 

,4.8 3 
3.6 3 
3.4 1 
1.1 0 
1.0 3 
1.7� 3 
3.4 O 
1.2 � 
6.1 3 

11.9 I+ 
1.4 0 
6.5 2 
2.9 0 
1+.o 1+ 
2.3 1 
5.9 1 
2.5 0 
1.8 0 
1.19. 0 
3.2 0 
1.1 0 

Value s above 0. 7 normal • 
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8,1+ 
5.5 
6.6 
---
5.9 
1.0 
2.6 
2.9 
I+. 5 

11.3 
---

5.4 
2.5 
2.5 
2.1 

42 
51 
24 
23 

18 
17 
37, 
22 
23 
35 

14 
13 
30 

15 
2 
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