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Introduction

Neurite outgrowth is an important morphological phenotype of neuronal cells that 
correlates with their function and cell health. The dual-color Neurite Outgrowth 
Stain has been developed using a select combination of fluorescent and background 
suppression dyes that allow for simple, rapid visualization and relative quantification 
of neurite outgrowth along with neuronal cell viability in the same sample. Neurite 
outgrowth is monitored via bright orange-red staining of outer cell membrane surfaces. 
Neuronal cell health is assessed simultaneously by means of a cell-permeable viability 
indicator dye that is converted by live cells to emit green fluorescence (see Figure 1, 
page 2).

The Neurite Outgrowth Staining Kit can be used: 

•	 to visualize and quantify relative neurite outgrowth.

•	 to visualize and quantify cell viability from the same sample. Note that the cell 
membrane dye stains both live and dead cells, whereas the cell viability indicator 
only stains live cells.

•	 with live or fixed (but not permeabilized) cells; live cells can be re-stained as early as 
24 hours later.

The Neurite Outgrowth Staining Kit is not recommended for: 

•	 discriminating between neuronal and non-neuronal cell types (i.e., the dyes used in 
this kit are not specific for neuronal cells, but will stain all cell types).

•	 use with cell permeabilization protocols.

Table 1 Contents and storage

Kit Component Amount Storage* Shelf Life

Cell Membrane Stain (1000X) in DMSO 100 μL

≤–20˚C
When stored as directed, the 
product is stable for at least 
6 months.

Cell Viability Indicator (1000X) in DMSO 100 μL

Background Suppression Dye (100X) 2.5 mL

Shipping: The product is shipped at room temperature.

* Background Suppression Dye may be stored at room temperature.
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Figure 1 Example results using the Neurite Outgrowth Staining Kit. 
[A] Cryopreserved primary rat cortex neurons (Cat. no. A10840-02) were thawed and plated in 
96‑well format and grown in Neurobasal® medium (Cat. no. 21103-049) supplemented with B-27® 
Serum-Free Supplement (Cat. no. 17504-044) and 0.5 mM GlutaMAX™ (Cat. no. 35050) for 7 days 
prior to live-cell staining with the Neurite Outgrowth Staining Kit. Left, representative image of the 
green fluorescent Cell Viability Indicator, which primarily stains the cell bodies of live cells. Right, 
image of the orange fluorescent Cell Membrane Stain in the same field of view, which stains the 
membranes of neurite extensions in addition to cell bodies. 
[B] Neuroscreen™-1 cells, a PC12 subclone, were plated in 96-well format and treated with a 
dilution series of nerve growth factor (NGF) for 4 days prior to assaying with the fix and stain 
protocol. Left, relative fluorescence for cell viability (green) and neurite outgrowth (orange) was 
measured using a fluorescence plate reader (n = 4 replicates ± S.E.). Right, representative images 
of the cells with or without NGF treatment.
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Before Starting

Materials Required but Not 
Provided •	 A physiologically relevant buffer, e.g., Dulbecco’s Phosphate Buffered Saline 

containing calcium andmagnesium (DPBS, Cat. no. 14287-080) or Hank’s Balanced 
Salt Solution containing calcium and magnesium (HBSS, Cat. no. 14025-076)

•	 Optional: 4% formaldehyde in buffer for fixation

Caution DMSO is hazardous; avoid contact with skin and eyes and do not swallow. Handle 
reagents containing DMSO using equipment and practices appropriate for the hazards 
posed by such materials.
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Preparing 1X Working  
Stain Solution

	1.1 	Thaw the reagents at room temperature and ensure that they are completely in solution 
before proceeding. Note that the Background Suppression Dye can also be stored at 
room temperature.

	1.2	 To prepare a 1X working Stain Solution (see Table 2, below), combine the Cell Viability 
Indicator and the Cell Membrane Stain in Dulbecco’s Phosphate-Buffered Saline 
containing calcium and magnesium (Cat. no. 14287-080) or a similar buffered solution. 
Mix well. Prepare enough 1X stain to completely cover each well or dish to be assayed.

Table 2 Volumes for preparing a 1X working Stain Solution

Culture Format 
(plate/dish)

Cell Viability Indicator 
(1000X)*

Cell Membrane Stain 
(1000X)*† Buffer Application Volume 

(per well/dish)

96-well plate 10 μL 10 μL 10 mL 100 μL

48-well plate 10 μL 10 μL 10 mL 200 μL

24-well plate 10 μL 10 μL 10 mL 400 μL

12-well plate 10 μL 10 μL 10 mL 800 μL

6-well plate 10 μL 10 μL 10 mL 1.5 mL

35-mm dish (10 cm2) 1.5 μL 1.5 μL 1.5 mL 1.5 mL

60-mm dish (20 cm2) 3 μL 3 μL 3 mL 3 mL

100-mm dish (60 cm2) 9 μL 9 μL 9 mL 9 mL

* Approximate stock concentration. Depending upon the sensitivity of your imaging and/or plate reader instrumentation, it may be 
necessary to adjust the concentration of either one or both dyes for more optimal performance (e.g., test 2-fold more or less dye in the 
same volume of buffer).
† Once it is diluted, the Cell Membrane Stain is a relatively sticky dye that, in addition to cells, can also readily absorb to and adhere to 
a variety of surfaces, including tubes and pipette tips. Accordingly, for consistent staining it is important to use only freshly prepared 
stain, to mix well, and to minimize the amount of time the 1X working stain is allowed to stand before it is applied to cells.

Experimental Protocols

The following two protocols are provided as guidance, and further optimization may 
be required depending on your specific circumstances. For comparing relative neurite 
outgrowth, it is recommended that appropriate controls are included in the experiment 
(e.g., control cells with little or no neurite outgrowth). For plate reader quantification, it 
is advisable to also have a cell-free control for subtracting the fluorescence background.

Live-Cell Staining Protocol

	 2.1	 Prepare 1X working Stain Solution as described above. Make sure that you have enough 
1X stain to completely cover each well or dish to be assayed.

	 2.2	 Remove the medium from the cultures to be stained. 

Optional: Rinse the cultures to be stained with PBS and aspirate. 
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	 2.3	 Apply an appropriate volume (see Table 2, above, for guidance on application volume) 
of the 1X working Stain Solution to each well or dish to be assayed. 

	 2.4	 Incubate the cultures for 10–20 minutes at room temperature or 37°C. 

	 2.5	 While incubating, prepare a 1X working solution of the Background Suppression 
Dye by diluting it 100-fold (e.g., 10 μL per 1 mL of buffer) into Dulbecco’s Phosphate-
Buffered Saline containing calcium and magnesium (Cat. no. 14287-080) or a similar 
buffered solution. Mix well. Prepare enough 1X Background Suppression Dye to 
completely cover each well or dish to be assayed.

	 2.6	 Following the staining incubation, remove the stain and discard it. 

Optional: Rinse the cultures with PBS and aspirate.

	 2.7	 Apply an appropriate volume (see Table 2, page 3, for guidance on application volume) 
of the 1X working Background Suppression Dye to each well or dish to be assayed.

	 2.8	 Visualize the cells (see Fluorescence Imaging Guidance, page 5) and/or perform 
fluorescence plate reader quantification (see Fluorescence Plate Reader Guidance, 
page 5).

	 2.9	 Optional: Following visualization and/or quantification, replace the Background 
Suppression Dye with fresh cell culture medium and continue to maintain the culture. 
Stained cells may be re-stained as early as 24 hours after the initial staining.

Fix and Stain Protocol

	 3.1	 Prepare a fresh 1X working Fix/Stain Solution (see Table 2, page 3) by combining the 
Cell Viability Indicator and Cell Membrane Stain in buffer containing 4% formaldehyde. 
Mix well. Prepare enough 1X stain to completely cover each well or dish to be assayed.

	 3.2	 Remove the medium from the cultures to be stained. 

Optional: Rinse the cultures to be stained with PBS and aspirate.

	 3.3	 Apply an appropriate volume (see Table 2, page 3, for guidance on application volume) 
of the 1X working Fix/Stain Solution to each well or dish to be assayed.

	 3.4	 Incubate the cultures for 10–20 minutes at room temperature or 37°C.

	 3.5	 While incubating, prepare a 1X working solution of the Background Suppression 
Dye by diluting it 100-fold (e.g., 10 μL per 1 mL of buffer) into Dulbecco’s Phosphate-
Buffered Saline containing calcium and magnesium (Cat. no. 14287-080) or a similar 
buffered solution. Mix well. Prepare enough 1X Background Suppression Dye to 
completely cover each well or dish to be assayed.

	 3.6	 Following the staining incubation, remove the stain and discard it. 

Optional: Rinse the cultures with PBS and aspirate.

	 3.7	 Apply an appropriate volume (see Table 2, page 3, for guidance on application volume) 
of the 1X working Background Suppression Dye to each well or dish to be assayed.

	 3.8	 Visualize the cells (see Fluorescence Imaging Guidance, page 5) and/or perform 
fluorescence plate reader quantification (see Fluorescence Plate Reader Guidance, 
page 5).
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Appendix

Fluorescence Imaging 
Guidance Image the samples immediately using appropriate fluorescence filter settings (see 

Table 3, below). Standard FITC or fluorescein filter settings work well for the green Cell 
Viability Indicator, and standard TRITC or Cy3 filter settings are suitable for the Cell 
Membrane Stain.

Fluorescence Plate Reader 
Guidance Quantification of relative fluorescence can be performed using a monochromator (see 

Table 4, below) or filter-based (see Table 5, below) fluorescence plate reader. The settings 
guidance provided here may need to be adjusted for your particular instrument keeping 
in mind the approximate excitation and emission maxima of each dye (see Table 3, 
above). Note that it is advisable to include a cell-free control for assessing fluorescence 
background, which can be subtracted from the values obtained for the  
cell-containing wells.

IMPORTANT! Only bottom-read mode should be used with cells stained in a clear-
bottom microplate. Take care to keep the plate bottom free from fingerprints, dust, and 
lint (e.g., wipe clean or use compressed air to remove dust).

Table 4 Plate reader setup guidance for monochromator-based instruments

Dye Excitation (nm) Emission (nm) Bandwidth (nm)

Cell Viability Indicator 483 525 12

Cell Membrane Stain 554 567 5

Table 3 Approximate excitation and emission maxima

Dye Excitation (nm) Emission (nm)

Cell Viability Indicator 495 515

Cell Membrane Stain 555 565

Table 5 Plate reader setup guidance for filter-based instruments

Dye Excitation (nm) Emission (nm) Bandwidth (nm) Dichroic mirror (nm)

Cell Viability Indicator 480 520 or 535 25 or 30 510 or 50:50 band splitter

Cell Membrane Stain 531 or 535 579 or 590 25 or 20 555 or 560
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These high-quality reagents and materials must be used by, or directly under the supervision of, a technically qualified individual 
experienced in handling potentially hazardous chemicals. Read the Safety Data Sheet provided for each product; other regulatory 
considerations may apply.

Obtaining Support
For the latest services and support information for all locations, go to www.lifetechnologies.com.

At the website, you can:

•	 Access worldwide telephone and fax numbers to contact Technical Support and Sales facilities

•	 Search through frequently asked questions (FAQs)

•	 Submit a question directly to Technical Support (techsupport@lifetech.com)

•	 Search for user documents, SDSs, vector maps and sequences, application notes, formulations, handbooks, certificates of analysis, 

citations, and other product support documents

•	 Obtain information about customer training

•	 Download software updates and patches 

SDS
Safety Data Sheets (SDSs) are available at www.lifetechnologies.com/sds.

Certificate of Analysis
The Certificate of Analysis provides detailed quality control and product qualification information for each product. Certificates of 
Analysis are available on our website. Go to www.lifetechnologies.com/support and search for the Certificate of Analysis by product lot 
number, which is printed on the product packaging (tube, pouch, or box).
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Disclaimer
LIFE TECHNOLOGIES CORPORATION AND/OR ITS AFFILIATE(S) DISCLAIM ALL WARRANTIES WITH RESPECT TO THIS DOCUMENT, 
EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO THOSE OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR 
NON-INFRINGEMENT.  TO THE EXTENT ALLOWED BY LAW, IN NO EVENT SHALL LIFE TECHNOLOGIES AND/OR ITS AFFILIATE(S) BE LIABLE, 
WHETHER IN CONTRACT, TORT, WARRANTY, OR UNDER ANY STATUTE OR ON ANY OTHER BASIS FOR SPECIAL, INCIDENTAL, INDIRECT, 
PUNITIVE, MULTIPLE OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR ARISING FROM THIS DOCUMENT, INCLUDING BUT NOT 
LIMITED TO THE USE THEREOF.

Limited Warranty
Life Technologies Corporation and/or its affiliate(s) warrant their products as set forth in the Life Technologies’ General Terms and 
Conditions of Sale found on Life Technologies’ website at www.lifetechnologies.com/termsandconditions.  If you have any questions, 
please contact Life Technologies at www.lifetechnologies.com/support.

Limited Use Label License: Research Use Only
The purchase of this product conveys to the purchaser the limited, non-transferable right to use the purchased amount of the product 
only to perform internal research for the sole benefit of the purchaser.  No right to resell this product or any of its components is 
conveyed expressly, by implication, or by estoppel. This product is for internal research purposes only and is not for use in commercial 
services of any kind, including, without limitation, reporting the results of purchaser’s activities for a fee or other form of consideration.  
For information on obtaining additional rights, please contact outlicensing@lifetech.com or Out Licensing, Life Technologies 
Corporation, 5791 Van Allen Way, Carlsbad, California 92008.

The trademarks mentioned herein are the property of Life Technologies Corporation or their respective owners.

Neuroscreen™-1 cells are a trademark of Thermo Fisher Scientific.

B-27® is a registered trademark of Southern Illinois University.
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