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Cholinesterase Activity in Plasma, Erythrocytes, and
Cerebrospinal Fluid of Patients with Dementia of the

Alzheimer Type

J. K. Marquis, L. Volicer, K. A. Mark, L. K. Direnfeld, and
M. Freedman

Cholinesterases, including pseudocholinesterase (BChE) of human plasma and acetyl-
cholinesterase (AChE) of erythrocytes and cerebrospinal fluid (CSF), have been consid-
ered as possible markers in dementia of the Alzheimer type (DAT). Reported data,
however, are widely varied, and no significant pattern emerges when total enzyme activity
is assayed. In the present studies, we have reexamined the relationship of ChE activities
in DAT and control patients. ChE activity was measured in plasma, erythrocytes, and
CSF from DAT patients and compared with normal controls as well as with samples from
patients with a diagnosis other than DAT. Early age onset (presenile) and late age onset
(senile) DAT were also compared. No significant differences in total enzyme activity were
found in any of the comparisons. Calculations of ACRE/BChE ratios in CSF also provided
no significant indication of any changes in ChE activities in DAT. It is suggested that
measurements of total AChE or BCRE activity in these biological materials do not provide
a useful index of alterations in central cholinergic function in patients with DAT.

Introduction

Cholinesterases, including both the true acetylcholinesterase (AChE) and pseudocholin-
esterase or butyrylcholinesterase (BChE), have been considered as possible markers in
dementia of the Alzheimer type (DAT), i.e., as indicators of altered cholinergic function
in the Alzheimer brain. Clinical data reported to date, however, are widely varied, with
no significant pattern emerging from a review of recent studies. It has been suggested,
for example, that total cerebrospinal fluid (CSF) AChE is decreased in DAT (Soininen
et al. 1981), but this finding was not confirmed in later studies (Wood et al. 1982; Deutsch
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et al. 1983). Smith et al. (1982) reported a marked increase in plasma BChE and a slight
decrease in erythrocyte AChE in DAT compared with age-matched controls. Perry et al.

- (1982) found no change in plasma AChE compared with age-matched controls. It has
also been suggested that the ratio of AChE to BChE is decreased in the CSF of DAT
patients (Arendt et al. 1984), and it has been reported that total AChE activity is decreased
in post mortem samples of intraventricular fluid from DAT patients (Appleyard et al.
1983).

In the present studies, we measured true AChE and total BChE in CSF, serum, and
erythrocytes from DAT patients and compared the results with data from normal controls
and from patients with a diagnosis other than DAT. Early age onset (presenile) and late
age onset (senile) DAT were also compared. CSF samples were also examined for a
possible AChE gradient, and the ratios of AChE to BChE in CSF samples from DAT
patients were compared with the ratios in normal controls.

The results of this study were presented in January 1984 at the third meeting of the
International Study Group on Aging and Alzheimer’s Disease, Zurich, Switzerland.

Methods

Thirty patients were included in the cerebrospinal fluid study and 43 in the blood study.
Patients who were able to comprehend the experimental procedure gave informed consent
to participate in the study after the experimental procedure was fully explained to them.
In the case of demented patients, the procedure was explained to their guardians, who
gave informed consent, and the subjects themselves were asked for an assent. No subjects
had a history of psychiatric illness. All subjects had normal complete blood count,
urinalysis, and SMA12 (initial screening laboratory tests). The control group consisted
of patients with normal mental status who underwent lumbar puncture for spinal anesthesia
during a urological procedure or for a myelographic procedure. The patients were fasting
from midnight the night before the procedure and almost all were premedicated with
meperidine HCl approximately 1 hr prior to the procedure. The DAT group included
patients who fulfilled DSM-III criteria for dementia, with a mild or moderate dementia,
who had no history of stroke or alcoholism, and no focal neurological signs. The average
Mini-mental Score (Folstein et al. 1975) of DAT patients ranged from O to 25. The
Parkinson’s disease (PD) group included patients with mild to moderate severity of the
disease.

Dopaminergic medications in PD patients were discontinued 48 hr before lumbar
puncture, but the anticholinergic medications were not discontinued. The average Mini-
mental Score (Folstein et al. 1975) of PD patients was 24.0 = 5.0. Ten DAT patients
with mild dementia (Mini-mental Score of 23.3 = 3.6), 10 PD patients, and 12 controls
were tested by a neuropsychological test battery designed to examine four cognitive
domains: memory, visuospatial function, language, and mental control. There were no
significant quantitative differences in performance between DAT and PD groups in any
domain. Compared with controls, the DAT patients performed more pootly in memory,
visuospatial functions, and mental control (Direnfeld et al. 1984). The patients with stroke
or multiple sclerosis were hospitalized on the same ward as the DAT patients. The
alcoholic group consisted of patients with a history of alcohol abuse who underwent
lumbar puncture for spinal anesthesia during a urological procedure.

Blood was collected via a 21-gauge needle into sterile Vacu-tainer tubes containing
heparin. The heparinized blood samples were then centrifuged at 3000 rpm for 10 min,
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and the separated cells were washed three times with isotonic buffered saline (Scientific
Products, Inc.). The cells and plasma were placed on dry ice and stored at — 70°C until
assayed.

CSF was collected via lumbar puncture in the lateral decubitus position. The lumbar
punctures were performed between 8 AM and 11 AM. CSF from DAT and PD patients
was collected in 1-ml aliquots from the 6th to the 20th ml, placed on dry ice at the
bedside, and frozen immediately at —70°C until assayed. The 12th ml was analyzed for
AChE. CSF from controls and alcoholics was refrigerated for up to 3 hr prior to being
placed in the freezer, and an aliquot of the first 3—5 ml was analyzed for AChE. Controls
demonstrated the stability of AChE in refrigerated samples for up to 8 hr.

AChE and BChE activity were assayed by the procedure of Ellman et al. (1961),
which is a spectrophotometric method in which enzyme hydrolysis of acetylthiocholine
(for AChE) or butyrylthiocholine (for BChE) is measured by following the increase of
yellow color (A = 412 nm) produced from thiocholine when it reacts with dithiobisni-
trobenzoate (DTNB) ion. Aliquots of 150-200 ! of CSF, 10 ul of plasma, and 10 pl
of hemolyzed erythrocytes (diluted 1 : 10 in water) were used for each assay. Thirty
micromolar Iso-OMPA (Sigma, St. Louis, MO), a selective BChE inhibitor, was included
in each assay for AChE. The measurements were done in triplicate on an LKB 4050
spectrophotometer interfaced to an Apple II computer. In order to calculate a ratio of
AChE to BChE activities in CSF, AChE activity was measured as above with 0.5 mM
acetylthiocholine as substrate in the presence and absence of 0.1 mM BW284C51 (a gift
of Burroughs Wellcome Laboratories, England) as a selective inhibitor of AChE, and
BChE activity was measured as above with 0.5 mM butyrylthiocholine as substrate in
the presence and absence of 0.1 mM Iso-OMPA as a selective inhibitor of BChE. A ratio
of AChE to BChE was then determined, using activity values for the two types of enzymes
based on both their substrate and inhibitor specificities, rather than on substrate specificity
alone. Protein assays were done on all samples by the method of Lowry et al. (1951),
using 30 pl CSF, 10 pl plasma (diluted 1 : 20 in water), and 10 ! of packed erythrocytes
(diluted 1 : 100 in water) for each assay.

Results and Discussion

Table 1 shows the results of AChE and protein assays in CSF samples. No significant
differences were found by an analysis of variance (F = 0.63). It was also shown that
there are no significant differences in specific activity of AChE in erythrocytes or plasma
of cerebrovascular accident patients, multiple sclerosis, or Alzheimer patients when com-
pared with neurologically normal controls (F = 2.20 and 0.70, respectively, Table 2).
Clearly, a noninvasive, standardized test, or series of tests, that is sensitive to early
neurochemical changes in DAT would be a valuable diagnostic tool. Although blood and
CSF are relatively easily obtained, there is, as yet, no good measure of a cholinergic
component in these tissues that serves as a reliable indicator of DAT.

The investigation of biochemical changes in CSF of DAT patients is hindered by
difficulties in obtaining CSF from completely normal subjects. Our neurologically normal
controls underwent lumbar puncture for spinal anesthesia, which is required for a uro-
logical procedure or for a myelographic procedure. Thus, some of them might have
experienced some pain or discomfort. Most of them were also premedicated shortly before
the lumbar puncture. The premedication was, however, unlikely to change the biochem-
istry of CSF in the lumbar sac, as it has been reported that the passage of CSF from the
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Table 1. Levels of AChE Activity in Cerebrospinal Fluid of DAT Patients
Compared with Controls®

AChE Protein

Diagnosis n Age (years)® (wmol/hr/ml CSF) (mg/ml)
Controls 12 68.3 + 2.0 1.21 = 0.10 0.65 = 0.06
Parkinsonism 10 67.8 = 2.2 1.22 = 0.13 0.73 = 0.12
Alcoholism 7 67.1 = 2.2 1.09 = 0.23 0.94 + 0.24
DAT 14 669 = 1.9 1.13 = 0.10 0.68 = 0.12
Presenile 7 62.0 = 0.7 .11 = 0.10 0.62 = 0.12
Senile 7 76.1 = 0.2 1.15 + 0.19 0.73 = 0.21

“Determined in the 12th ml of CSF from PD and DAT patients and from an aliquot of the first 3-5 ml in controls and
alcoholics. The values are given as the mean * standard error of triplicate assays from n patients. The data were compared
statistically using the s-test for nonpaired data.

*Age at testing.

ventricles to the lumbar sac takes 60—90 min (Di Chiro et al. 1976). Our negative results
are also strengthened by a lack of difference in CSF AChE activity between DAT patients
with a mild form (average Mini-mental Score 23.3 = 3.6, n = 10) and with a moderate
form (Mini-mental Score 0, n = 7) of the disease. Similarly, there was no difference in
the AChE activities in patients with a presenile form (onset before the age of 65) and a
senile form of DAT. There was also no significant correlation between the AChE activity
and age (r = —0.03).

Recently, Appleyard et al. (1983) reported markedly decreased AChE activity in post
mortem samples of intraventricular fluid from Alzheimer’s patients. Volicer et al. (1983)
measured levels of monoamine metabolites in CSF of the same patients studied in Table
1 and found significant changes in some metabolites in the 20th ml of the total CSF
collection that were not detected in the 6th or 13th ml fractions. It thus seemed advisable
to determine whether or not there may be an AChE activity gradient in CSF. Triplicate
enzyme assays on the 1st, 5th, 9th, 13th, and 16th ml of a single lumbar puncture from
a patient with pseudotumor cerebri (PTC) and assays on two different lumbar punctures
from a DAT patient detected no significant differences in AChE activity in any of the
aliquots. The results are shown in Table 3.

In a related study, Arendt et al. (1984) reported a decreased ratio of AChE to BChE
in the CSF of DAT patients. Following the same assay procedures described by these

Table 2. Levels of Cholinesterase in Plasma and Erythrocytes of DAT Patients Compared with
Controls and Non-DAT Patients®

Diagnosis n Age (years)® Plasma BChE® RBC AChE*
Controls 9 51.2 + 8.0 2.17 £ 0.2t 1.12 = 0.05
CVA 4 83.7 + 4.0 1.50 = 0.24 1.41 = 0.27
MS 3 543 + 03 2.03 + 0.26 1.43 = 0.57
DAT 14 66.8 + 2.0 1.56 = 0.16 1.24 + 0.15

Presenile 9 62.1 = 09 1.61 = 0.21 1.37 £ 0.23

Senile 5 75.2 £ 2.7 1.47 = 0.25 1.04 + 0.14

“The values are given as the mean * standard error of triplicate assays from n patients. CVA, cercbrovascular accident;
MS, multiple sclerosis; DAT, dementia of Alzheimer type.
*Age at testing.

‘wmol/hr/mg protein.
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Table 3. Levels of AChE Activity in Cerebrospinal Fluid: CSF Gradient Data®

Sample Protein AChE
(ml) (mg/ml) (wmol/hr/ml CSF)
DAT
12 0.550 0.512 = 0.025
13 0.510 0.647 = 0.027
22 0.592 0.631 = 0.031
DAT
8 0.380 0.426 = 0.040
9-13 0.347 0.390 + 0.025
17 0.413 0.451 = 0.015
PTC
1 0.350 0.395 = 0.013
5 0.310 0.430 = 0.022
9 0.340 0.475 = 0.069
13 0.265 0.410 = 0.110
16 0.280 0.475 = 0.037

“Values of AChE activity are expressed as the mean + standard error of triplicate assays on each aliquot.
PTC, pseudotumor cerebri.

investigators, we measured AChE and BChE activity in lumbar CSF from seven patients
with DAT and six nondemented controls. Our data (Table 4) do not confirm the reported
findings, exhibiting no significant change in AChE/BChE ratios in the CSF of DAT
patients relative to the controls, although it should be mentioned that our initial mea-
surements indicated a trend toward higher values in the DAT CSF samples that was not
confirmed by statistical evaluation of a larger sample pool. In fact, it may be suggested
that selective degeneration of cholinergic neurons may yield an overall increase in the
ratio of true AChE to pseudo-ChE or BChE in the CSF, but the decreased ratio reported
by Arendt et al. (1984) is difficult to explain in that context.

Atack et al. (1983) measured the different molecular forms of AChE in post mortem
cortical tissue from DAT and age-matched normal controls. The results were very con-
sistent in the five pairs of individuals studied, demonstrating a selective loss of the 10S,
detergent-solubilized form of the enzyme. Of the total 10S enzyme activity, 73% was
lost in DAT tissues, with no change in the total activity of the 4S and 16S forms. The
ratio of 10S/4S forms was thus markedly decreased in DAT cortex, attaining the low
levels described for cerebellum, a region poor in cholinergic synapses (Clark and Lenz
1983). We are continuing to explore the possible variations in central AChE activity in
DAT by studying the distribution and ratios of the different molecular forms of AChE
and BChE in different brain regions, including several cholinergic and noncholinergic
regions, using post mortem tissues from DAT subjects and age-matched controls.

Table 4. Ratios of AChE/ChE Activities in Cerebrospinal Fluid of DAT and Control Patients®

Group Age (n) AChE® BChE® AChE/BChE
Control 50.8 = 9.4 (6) 2.09 = 0.17 0.70 £ 0.11 3.54 = 0.60
DAT 69.3 £ 2.0 1.51 = 0.26 0.42 = 0.09 4.51 = 0.51

°All values are expressed as the mean * standard error of duplicate assays on (n) samples.
bwmol/hr/ml CSF.
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