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Abstraet--A simple assay system for the measurement of human platelet monoamine oxidase is described. 
The assay is based on the fluorometric measurement of 4-hydroxyquinoline produced by enzymatic oxidative 
deamination of kynuramine. The results obtained on 21 individuals correlate (r 2 - 0.97) with data obtained 
in parallel with a [~4C]benzylamine/pargyline assay. This assay system appears to be technically and 
economically favorable as a method for screening large numbers of individuals in order to establish 
distributions of monoamine oxidase activities for normal and affected populations. 

Platelet monoamine oxidase (MAO) has been shown 
recently to be of potential importance as a marker 
enzyme in schizophrenia [1-3] and as a means of 
predicting lithium responsiveness in bipolar affective 
disorders [4, 5]. These differences in MAO levels are 
only observed when assayed with certain substrates. 
Radiolabeled substrates, such as [JaC]benzylamine, 
have been traditionally used in order to obtain the 
sensitivity necessary to perform replicate assays from 
small sample volumes. Since these assay systems in- 
volve organic extraction and the handling of radioactive 
material, they are not readily adaptable for use in large 
scale screening. 

In this report we describe a simple, fast, and accurate 
fluorescent assay which can be used to determine MAO 
activity of platelet-rich plasma (PRP) samples. The 
assay is based on the appearance of 4-hydroxyquinoline 
(4-HOQ), a fluorescent product of the oxidative deami- 
nation of kynuramine [6]. The results correlate highly 
with those obtained from parallel assays using 
[z4C]benzylamine as substrate. 

MATERIALS A N D  METHODS 

Collection of  blood 

Fresh venous blood was collected in glass tubes 
containing 14% (v/v) anticoagulant (citrate phosphate 
dextrose). PRP was obtained by pooling the plasma 
from sequential centrifugations of the sample at 175 g 
for 10 min and 300 g for 10 min. The platelet concen- 
tration of the PRP was determined using a TOA platelet 
counter (Scimetrics, Inc., Houston, TX.). Duplicate 
dilutions (1:5000) of the platelet suspensions were 
counted at least 5 times each. PRP samples having less 
than 1 x 108 platelets/ml were not used. Visual inspec- 
tion of the PRP samples indicated less than 0.1 per cent 
contamination by other cellular components. Platelet 
counting and distribution of aliquots for assay were 
performed immediately after PRP preparation. Assays 
were carried out within 4 hr of blood collection. 

Enzyme assay 

Assay of MAO activity was performed using both 
[I4C]benzylamine and kynuramine as substrates. 

[ J4C ]benzylamine. The [ ~4C ]benzylamine assay was 
performed as described by Murphy et al. [7]. [Methyl- 
ene-14C]benzylamine HC1, 12.5 mCi/nmole (ICN 
Pharmaceuticals, Irvine, CA) was combined with unla- 
beled benzylamine (Sigma Chemical Co., St. Louis, 
MO) in 0.01 N HC1 to obtain a solution of 2 mCi/m- 
mole. The substrate was washed with 15-20-ml ali- 
quots of toluene until counts in the organic phase 
stabilized. Six aliquots of 0.25 ml PRP were prepared; 
to three of these samples 10/A of 10 -4 M,pargyline in 
0.01 N HCI was added and they were incubated for 
15 min at 37 °. After incubation, 0.25 ml of a buffer- 
substrate mixture containing 0.2 M Tris, pH 9.1, and 
4 × 10 -4 M benzylamine (solution prepared above) 
was added to each of the six tubes. After incubation for 
30 rain at 37 °, the reaction was terminated by the 
addition of 50#1 of 3NHC1. After 15min, 3.0ml 
heptane (Sigma Chemical Co.) was added; the tubes 
were shaken for 10rain, centrifuged at 200g for 
10 min, and frozen in an alcohol~lry ice bath. The 
unfrozen heptane layer of each tube was decanted into a 
scintillation vial containing 10.0 ml of aqueous count 
ing scintillant (Amersham-Searle, Arlington Heights, 
IL) and counted. Platelet MAO activity was determined 
by calculating the difference in pargyline-treated and 
non-treated samples and is expressed as nmoles benzy 
lamine hydrolyzed/108 platelets/hr. 

Kynuramine. MAO activity using kynuramine as 
substrate was assayed by a modification of the fluores- 
cent technique reported by Kraml [6]. Six replicate 
tubes were prepared, three of which served as controls. 
The enzyme reaction mixture contained 1.6 ml 0.1 M 
borate, pH 8.2, and 0.2 ml PRP. Control tubes were 
incubated in a 100 ° bath for 45 sec. After equilibration 
at 37 ° , the reaction was initiated by the addition of 
0.2 ml 1.0 mM kynuramine diHBr (Sigma Chemical 
Co.). After incubation at 37 ° for 1 hr, the reaction was 
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terminated by incubation at 100 ° for 45 see. One ml of 
the reaction mixture was mixed with 2.Oml of 
1 N NaOH, and the fluorescent intensity at 315 nm 
excitation and 380nm emission was read on an 
Aminco Bowman speetrophotofluorometer (American 
Instrument C o., Silver Springs, MD.). Activity is calcu- 
lated from a standard curve of 4-HOQ vs. fluorescence. 
Specific activity is expressed as nmoles 4-HOQ pro- 
duced/10 s platelets/hr. In preliminary studies plasma 
was clarified of platelets by centrifugation and assayed 
similarly. 

Data analysis 

D a t a  were  a n a l y z e d  u s i n g  a T e k t r o n i c s  4 0 5 1  G r a p h -  
ics m i n i c o m p u t e r  a n d  re la ted so f tware  (Tek t ron i c s .  
Inc. .  Beave r ton .  O R ) .  
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RESULTS 

[~4C ]Benzylamine assay. Results from the assay of 
21 samples (Table t) gave findings consistent with 
those reported by Murphy et al. [ 7]. The mean specific 

Table 1. Specific activities of platelet M A O  using 
[]4C ]benzylamine and kynuramine as substrates * 

Sample Specific Activity 
No. (mean + S.E.) 

(nmoles (nmoles 
Benzylamine/10 s 4 -HOQ/10  s 

platelets/hr ) platelets/hr ) 

1 6.68 ~- 0.10 6.87 _~ 0.03 
2 12.94 _+ 0.40 13.20 _~ 0.13 
3 6.80_~ 0.17 6.38 _+ 0.05 
4 21.99 ~_ 0.59 19.90 _+ 0.14 
5 5.91 +_ 0.11 5.67 _+ 0.03 
6 22.98 _+ 0.08 23.35 _+ 0.21 
7 11.38 _+ 0.11 12.25 _+ 0.07 
8 9.79 _+ 0.14 10.48 +_ 0.16 
9 10.36 _~ 0.15 10.62 _+ 0.16 

10 10.71 z 0.17 10.19 _~ 0.04 
11 12.20 ~_ 0.16 11.11 ~ 0.04 
12 9.59 ± 0.11 9.91 --_0.03 
13 6.18 _~ 0.21 6.60 _~ 0.05 
14 8.81 _+ 0.06 8.47 +_ 0.02 
15 11.19 ~- 0.25 9.99 _-L- 0.05 
16 13.98 ± 0.05 14.88 ~ 0.05 
17 11.09 +_ 0.10 10.30_+ 0.12 
18 11.39 ± 0.14 10,42 _+ 0.03 
19 8.51 _+ 0.02 8.78 z 0.04 
20 9.54 + 0.09 9~65 ~- 0.38 
21 7.71 + 0.32 7.84_+ 0.06 

* The numbers  shown in each column are the means of 
three replicates from each  sample. Variation in mca, sufement  
was analyzed by one-way analysis o f  variance (ANOVA) on a 
Tektronics 4051 Minicomlmter- The overall ccefi~cient of  
variation (CV) for the benzytamine assay was 4 per cent, and 
for the  fluorescent assay was 2.2 per cent, suggesting less 
variation among replicates for the fluorescent assay, al though 
both assays can be performed well withintolerance limits of  
< 5 per cent CV. 

Assay SS MS F P 
Benzylamine 1175.5 58.8 463.4 0.001 
Kynuramine  1097.3 54.9 1202.2 0.001 
Both assays are capable o f  distinguishing among different 
samples with F = 0.001. 

Relotive F units 

Fig. 1. Standard curve for 4-HOQ concentration. A standard 
solution o f  4 -HOQ was added at varying concentrations to a 
mixture of  1.6mI o f 0 . t  M borate, pH 8.2, and water for a 
final volume of 2.0 ml. The 2.0 ml volume contained from 
0.02 to 20 nmoles of  4-HOQ. One ml of this solution was 
removed and  mixed with 2.0 ml of  I N NaOH.  Fluorescence 
was determined using an Aminc0 Bowman spectrophotofluo 
rometer a t  315 nm excitation and 3 8 0 n m  emission. The 
standard curve was performed independently by three labora- 
tory personnel. Broken lines are 95pe r  cent confidence limits. 

activity of this group was 10.93 nmoles/10 * platelets/ 
hr and its range 5.91-22.98. One-way analysis of 
variance, utifizing values of three individual replicates 
per sample, gave a variance ratio o f F  = 463 (Table 1). 

Kynuramine assay. Assay of MAO with kynuramine 
as substrate gave activities shown in Table 1. Blank 
values ranged from 0.6 to 0.75 relative fluorescent 
units. Studies on pooled platelet-rich plasma samples 
indicated that this representative sample had a Km of 
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Kynuramine specific activity 

Fig. 2. Correlation of M A O  specific activities using 
[~C]bcnzylamine and kynuramine as substratcs. Specific 
activities were determined as described in Materials and 
Methods. The values obtained were plotted and linear regres- 
sion analyses performed. Broken lines indicate 95 per  cent 

confidence intervals. 
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3 x 10 5 M, pH optima at 8.2, and was linear for at 
least 2 hr. The substrate concentration (1.5 x 1 0  -4 M) 
for further studies was chosen so as to be 5 times the 
K s. Under the conditions employed, a fluorescent read- 
ing of 32 relative units represented 4.9 per cent sub- 
strate utilization and was arbitrarily defined as the 
maximum acceptable reading. Plasma samples which 
had been centrifuged to remove platelets did not hydro- 
lyze kynuramine under the assay conditions used; 
therefore, activity could be attributed entirely to plate- 
let MAO. Analysis of variance performed on replicate 
samples varied hardly at all, and different samples were 
easily distinguishable one from the other (F - 1202). 
The overall variation in replicates was less in the flu- 
orescent assay (legend to Table 1). The standard curves 
for 4-HOQ (Fig. 1), when performed independently by 
three laboratory personnel, were very similar 
( r  2 = 0.99) as were replicate assays of the same sample 
performed by two different personnel (r2= 0.97). 

Correlation o f  the two assay systems. Identical sam- 
ples assayed using both the benzylamine and kynura- 
mine techniques showed extremely high correlation. 
Figure 2 illustrates linear regression of benzylamine- 
specific activity on kynuramine (r 2= 0.97). Two-way 
analysis of variance indicated that the assays were of 
equal variability (sums of squares), and both substrates 
were capable of distinguishing differences in MAO- 
specific activity among platelet samples. 

the plasma MAO activity as may be done with the 
benzylamine/pargyline assay. However, it should be 
noted that plasma MAO has not been shown to vary 
between normal and chronic paranoid schizophrenics 
[21. 

The modifications which we have made to the kynur- 
amine assay system of Kraml [6] include termination in 
a boiling water bath, optimization of pH and substrate 
concentration, and use of PRP as a source of enzyme. 
Termination of the reaction with trichloroacetic acid, as 
reported by Kraml, results in quenching of fluorescence 
and instability during the fluorescent reading. Exposure 
to boiling water for 45 sec completely inactivates the 
MAO present while causing neither kynuramine nor 4 
HOQ to be broken down. The advantages of using PRP 
as a source of enzyme with specific activities based on 
platelet number instead of platelet protein are described 
by Murphy et al. [7]. Although our data on platelet 
MAO stability confirm those of Murphy et aL, we 
found that platelet counts became quite variable within 
3-4 hr after preparation of PRP due to platelet aggrega- 
tion. Therefore, all PRP samples were aliquoted and 
counted within 1 hr of preparation. 

We feel that the modified kynuramine assay, which 
we report here, will enable a large data base of normal 
and schizophrenic MAO activities to be obtained more 
efficiently and economically than with currently used 
assay techniques. 

D I S C U S S I O N  

The data presented indicate that a fluorescent assay 
for platelet MAO using kynuramine as substrate gives 
results which are statistically nearly identical to those 
obtained by the standard [~4C ]benzylamine assay. The 
use of the assay system we describe should enable 
MAO determinations to be carried out on large num- 
bers of individuals with the same reproducibility, accu- 
racy and sensitivity obtainable by the more compli- 
cated benzylamine assay. In addition to the advantage 
of technical simplicity which this system offers, there 
are also favorable comparisons as to assay time and 
cost. In our laboratory, the [14C]benzylamine assay 
could be carried out in about 3 hr at a cost of $2,50/ 
triplicate sample. Our fluorescent assay could be per- 
formed in only 70 min at a cost of $0.20/sample tripli- 
cate group. As mentioned previously, the kynuramine 
assay eliminates problems of handling and disposal of 
the hard beta emitter, 14C. 

The kynuramine assay does not allow one to estimate 
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