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Amplex ® Red Monoamine Oxidase Assay Kit (A12214)

Introduction
The Amplex® Red Monoamine Oxidase Assay Kit provides 

a one-step fluorometric method for the continuous measure-
ment of amine oxidase activity using a fluorescence microplate 
reader or fluoremeter. We have found that the as say is able to 
sen si tive ly detect both monoam ine ox i dase (MAO) ac tiv i ty and 
semi carbazide-sen si tive amine ox i dase (SSAO) activity. The as-
 say is based on the de tec tion of H

2
O

2
 in a horse rad ish per ox i dase-

cou pled reaction using 10-acetyl-3,7-dihydroxyphenoxazine 
(Amplex Red re agent), a high ly sensitive and stable probe 
for H

2
O

2
.1 Ad van tag es of the Amplex Red reagent over oth er 

H
2
O

2
-sensitive probes include the Amplex Red reagentʼs sta bil i ty, 

the sta bil i ty of the reaction product, resorufin, and the long wave-
 length spec tra of resorufin. Because resorufin has ab sorp tion and 
flu o res cence emis sion maxima of approximately 571 nm and 
585 nm, respectively (Figure 1), there is lit tle interference from 
autofluorescence in most biological sam ples. 

The Amplex Red monoamine oxidase assay is useful for per-
 form ing both end-point and continuous measurements of amine 
ox i dase activity. The Amplex Red assay has been found to detect 
monoam ine oxidase activity from cow brain tissue using as lit tle 
as 20 μg of total protein per sample (Figure 2) and has also been 
used to measure plasma amine oxidase (SSAO) activity levels  as 
low as 1.2 × 10-5 U/mL using a commercially available enzyme 2 
(Fig ure 3). To facilitate discrimination of MAO-A and MAO-B 
activity, two MAO substrates and two MAO inhibitors are in-
 clud ed in the kit. p-Tyramine is a substrate for both MAO-A and 
MAO-B, whereas benzylamine is a substrate for MAO-B.3 Both 
p-tyramine and benzylamine are also substrates for SSAO en-
 zymes. Clorgyline is a specific inhibitor of MAO-A ac tiv i ty and 
pargyline is a specific inhibitor of MAO-B activity.3-5 The po ten -
tial applications of this kit include the measurement of amine ox-
 i dase activity in normal and diseased tissues, blood sam ples and 
other biological fluids, the screen ing of drugs as pos si ble MAO 
inhibitors or substrates and the determination of kinetic con stants 
for different amine oxidase substrates.

Materials

Kit Contents

• Amplex Red reagent (MW = 257, Component A), five vials, 
each containing 1 mg

• Dimethylsulfoxide (DMSO), anhydrous (Component B), 1.3 mLFigure 1. Normalized absorption and fluorescence emission spectra of resorufin, the 
product of the Amplex Red reagent.

Figure 2. Detection of MAO activity in cow brain tissue using the Amplex Red reagent–
based assay.  Each reaction contained 1 mM benzylamine, 1 U/mL HRP, 200 µM 
Amplex Red reagent and the in di cat ed amount of brain homogenate in 50 mM potas-
sium phos phate, pH 7.4.  Reactions were incubated at room temperature for 60 min utes.  
Flu o res cence was mea sured with a fluorescence microplate reader using ex ci ta tion at 
560 ± 10 nm and fluorescence detection at 590 ± 10 nm.
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• Horseradish peroxidase (Component C), 200 U, where 1 unit 
is defined as the amount of enzyme that will form 1.0 mg pur-
purogallin from pyrogallol in 20 seconds at pH 6.0 at 20°C 

• Hydrogen peroxide (H2O2) (Component D), 500 μL of a 
stabilized ~3% solution; the actual concentration is indicated 
on the component label

• 5X Reaction Buffer (Component E), 28 mL of 0.25 M sodium 
phosphate, pH 7.4

• Benzylamine hydrochloride (MW = 144, Component F), 
17.2 mg

• p-Tyramine hydrochloride (MW = 174, Component G), 
20.8 mg

• Clorgyline hydrochloride (MW = 309, Component H), 
MAO-A inhibitor, 154 μg

• Pargyline hydrochloride (MW = 196, Component I), MAO-B 
inhibitor, 98 μg

• Resorufin, sodium salt (MW = 235, Component J), 470 μg

Each kit provides sufficient reagents for approximately 
500 as says using a fluorescence microplate reader and reaction 
vol umes of 200 μL per assay.

Storage and Handling
Upon receipt, the kit should be stored frozen at ≤–20°C, 

pro tect ed from light. Stored properly, the kit components should 
remain  sta ble for at least six months. Allow reagents to warm 
to room tem per a ture before opening vials. The Amplex Red 
reagent  is some what air sensitive. Once a vial of Amplex Red re-
 agent is opened, the reagent should be used promptly. PRO TECT 
THE AMPLEX RED RE AGENT FROM LIGHT. 

Experimental Protocol
The following procedure is designed for use with a flu o -

res cence multi-well plate scanner. For use with a standard fluoro-
meter, vol umes must be increased accordingly. Please note that 
the product of the Amplex Red reaction is unstable in the pres ence 

of thiols such as dithiothreitol (DTT) or 2-mercaptoethanol. For 
this reason, the final DTT or 2-mercaptoethanol con cen tra tion in 
the reaction should be no higher than 10 μM. 

The absorption and fluorescence of resorufin are pH-de pen dent. 
Below the pK

a
 (~6.0), the absorption maximum shifts to ~480 nm 

and the fluorescence quantum yield is markedly lower. In addi-
tion, the Amplex Red reagent is unstable at high pH (>8.5). For 
these rea sons, the reaction should be performed at pH 7–8. We 
rec om mend using the included Reaction Buffer (pH 7.4) for opti-
mal per for mance of the Amplex Red reagent.

Stock Solution Preparation
1.1 Prepare an ~20 mM stock solution of the Amplex Red re agent 
by allowing one vial of the Amplex Red reagent (Com po nent A) 
and the DMSO (Component B) to warm to room temp  erature. 
Just prior to use, dissolve the contents of one vial of Amplex 
Red reagen t (1 mg) in 200 μL DMSO. Each vial of Amplex Red 
reagen t pro vides sufficient material for ap prox i mate ly 100 assays 
of 200 μL each. This stock solution should be stored frozen at 
≤–20°C, pro tect ed from light.

1.2 Prepare a 1X working solution of Reaction Buffer by add ing 
5 mL of 5X Reaction Buffer stock solution (Component E) to 
20mL of deionized water (dH

2
O). This 25 mL volume of 1X 

Reactio n Buff er is sufficient for approximately 100 assays of 
200 μL each, with a 5 mL excess for making stock solutions and 
di lu tions.

1.3 Prepare a 200 U/mL stock solution of horseradish per ox i dase 
(HRP) by dissolving the entire vial of HRP (Component C) in 
1.0 mL of 1X Reaction Buffer. After use, the remaining solu-
tion should be divided into small aliquots and stored frozen at 
≤–20°C.

1.4 Prepare a 20 mM H
2
O

2
 working solution by diluting the 

~3% H
2
O

2
 stock solution (Component D) into the appropriate 

volume of 1X Reaction Buffer. The actual H
2
O

2
 concentration is 

indicated on the componentʼs label. For instance, a 20 mM H
2
O

2
 

working solution can be prepared from a 3.0% H
2
O

2
 stock so lu -

tion by diluting 23 μL of 3.0% H
2
O

2
 into 977 μL of 1X Reaction 

Buff er. Please note that although the ~3% H
2
O

2
 stock solution has 

been sta bi lized to slow degradation, the 20 mM H
2
O

2
 work ing 

so lu tion will be less stable and should be used promptly.

1.5 Prepare 100 mM stock solutions of the two amine oxidase 
substrates (benzylamine and tyramine, Components F and G) by 
adding 1.2 mL dH

2
O directly to the individual substrate vials. 

Sub strate stock solutions should be stored at ≤–20°C.

1.6 Prepare 0.5 mM stock solutions of each of the MAO inhibit-
ors (clorgyline and pargyline, Components H and I) by add ing 
1.0 mL dH

2
O directly to the individual vials. Inhibitor stock so lu -

tions should be stored at ≤–20°C.

1.7 If desired, prepare a 2 mM stock solution of resorufin by 
adding 1 mL dH

2
O directly to the vial of resorufin solid (Com po -

nent J). This solution can be used to prepare a standard curve to 
determine the moles of product produced in the Amplex Red 
reactio n. This stock solution should be stored frozen at ≤–20°C, 
pro tect ed from light.

Figure 3. Detection of plasma amine oxidase (SSAO) activity using the Amplex Red 
reagent–based assay and benzylamine as the sub strate.  Each re ac tion con tained 1 mM 
benzylamine, 1 U/mL HRP, 200 µM Amplex Red reagent and the in di cat ed amount of 
SSAO (Sig ma, cat a log no. M4636) in 50 mM potassium phos phate, pH 7.4.  Reactions 
were incubated  at room temperature for 15 minutes.  Flu o res cence was mea sured as 
described in Figure 2.
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Amine Oxidase Assay
The following protocol can be used as a guide for adapting the 

Amplex Red MAO assay for your application. In actual prac tice, 
incubation times, substrate concentrations and inhibitor con cen -
tra tions will need to be optimized for the particular ex per i men tal 
con di tions. The two amine oxidase substrates included in the kit 
are in ter change able in the protocol, depending on the desir ed ap-
 pli ca tion. Benzylamine is a substrate of MAO-B, and p-tyramine 
is a sub strate of both MAO-A and MAO-B.3 Both of these 
compounds are substrates for plasma amine oxidase (SSAO). 
The MAO-A inhibitor, clorgyline, and the MAO-B inhibit or, 
pargyline, can also be included to help confirm the iden ti ty of the 
enzyme re spon si ble for amine oxidase activity.4 Al ter na tive ly, 
these in hib i tors can be used as controls in inhibitor screening ap-
plications. H

2
O

2
 can be used as a positive control in the reaction. 

In ad di tion, resorufin can be used to prepare a stan dard curve 
to de ter mine the moles of prod uct produced in the Amplex Red 
reaction.

2.1 Dilute the amine oxidase–containing samples in 1X Re ac tion 
Buffer. A volume of 100 μL will be used for each reaction. One 
of the MAO inhibitors (at a concentration of 1 μM) can be in clud-
ed, if desired, by adding the equivalent of 0.2 μL of the 0.5 mM 
inhibitor stock solution (prepared in step 1.6) to each 100 μL 
volume of diluted sample and preincubating the sam ple (e.g. 
30 minutes at room temperature). Please note that amine ox i dase 
and inhibitor concentrations will be twofold lower in the final 
reaction volume.

2.2 Prepare a positive control by diluting the 20 mM H
2
O

2
 work-

 ing solution to 10 μM in 1X Reaction Buffer. Use 1X Re ac tion 
Buff er without H

2
O

2
 as a negative control.

2.3 Pipet 100 μL of the diluted amine oxidase samples and con-
 trols into separate wells of a microplate. 
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Prod uct List  Current pric es may be ob tained from our Web site or from our Customer Service Department.

Cat # Product Name Unit Size
A12214 Amplex® Red Monoamine Oxidase Assay Kit  *500 assays* .......................................................................................................................... 1 kit
A12222 Amplex® Red reagent  (10-acetyl-3,7-dihydroxyphenoxazine) ........................................................................................................................ 5 mg
A22177 Amplex® Red reagent  *packaged for high-throughput screening* ................................................................................................................  10 x 10 mg
A36006 Amplex® UltraRed reagent .............................................................................................................................................................................. 5 x 1 mg

2.4 Prepare a working solution of 400 μM Amplex Red reagent 
containing 2 U/mL HRP and 2 mM substrate by adding 200 μL of 
Amplex Red reagent stock solution (prepared in step 1.1), 100 μL 
of the HRP stock solution (prepared in step 1.3) and 200 μL of 
substrate stock solution (prepared in 1.5) to 9.5 mL 1X Reaction 
Buffer. This 10 mL volume is sufficient for ~100 assays. Note 
that final concentrations of each component will be twofold lower 
in the final reaction volume.

2.5 Begin the reactions by adding 100 μL of the Amplex Red 
reagent/HRP/substrate working solution to each microplate well 
containing the amine oxidase samples and controls. 

2.6 Incubate the reactions for 30 minutes or longer at room tem-
 per a ture, protected from light. Because the assay is con tin u ous 
(not terminated), fluorescence may be measured at multiple time 
points to follow the kinetics of the reactions.

2.7 If desired, prepare a resorufin standard curve: Dilute the 
appropriate amount of 2 mM resorufin stock solution in 1X Re-
 ac tion Buffer to yield resorufin solution ranging from 0 to 20 μM 
resorufin. Pipet 200 μL of each resorufin standard into in di vid u al 
(empty) wells of a microplate at any time prior to mea sur ing flu-
 o res cence.

2.8 Measure the fluorescence in a fluorescence microplate read er 
using excitation in the range of 530–560 nm and emission de-
 tec tion at ~590 nm (see Fig ure 1).

2.9 For each point, correct for background fluorescence by sub-
 tract ing the values derived from the no–amine oxidase control.
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Contact Information

Further information on Molecular Probes products, including product bibliographies, is available from your local distributor or directly from Molecular Probes. Customers in 
Europe, Africa and the Middle East should contact our office in Paisley, United Kingdom. All others should contact our Technical As sis tance Department in Eugene, Oregon.

Please visit our Web site — www.probes.com — for the most up-to-date information.

Molecular Probes, Inc.
29851 Willow Creek Road, Eugene, OR 97402
Phone: (541) 465-8300 • Fax: (541) 335-0504

Customer Service: 6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338 • Fax: (541) 335-0305 • order@probes.com

Toll-Free Ordering for USA and Canada:
Order Phone: (800) 438-2209 • Order Fax: (800) 438-0228

Technical Assistance: 8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353 • Toll-Free (800) 438-2209 
Fax:  (541) 335-0238 • tech@probes.com

Invitrogen European Headquarters
Invitrogen, Ltd.
3 Fountain Drive
Inchinnan Business Park
Paisley PA4 9RF, UK
Phone: +44 (0) 141 814 6100 • Fax: +44 (0) 141 814 6260
Email: euroinfo@invitrogen.com
Technical Services: eurotech@invitrogen.com

Molecular Probes products are high-quality reagents and materials intended for research pur pos es only. These products must be used by, or directl y under the 
super vision of, a tech nically qual i fied individual experienced in handling potentially hazardous chemicals. Please read the Material Safety Data Sheet pro vid ed for 
each prod uct; other regulatory considerations may apply.

Several Molecular Probes products and product applications are covered by U.S. and foreign patents and patents pending. Our prod ucts are not available for resale or 
oth er commercial uses without a specifi c agreement from Molecular Probes, Inc. We welcome inquiries about licensing the use of our dyes, trade marks or technolo-
gies. Please submit inquiries by e-mail to busdev@probes.com. All names con tain ing the des ig na tion ® are reg is tered with the U.S. Patent and Trade mark Offi ce.

Copyright 2004, Molecular Probes, Inc. All rights reserved. This information is subject to change without notice.


