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Abstract Immunocytochemistry has emerged as a powerful
research tool in neurobiology. One of the widely used meth-
ods is an indirect fluorescence technique that uses FITC-
conjugated IgG to visualise protein expression within tis-
sues, but a major drawback of this technique is the high
background fluorescence due to non-specific antibody bind-
ing. Gut innervation is complex and best visualized in three-
dimensions in whole mount preparations. We describe a sim-
ple and easy to use counterstaining procedure in conjunction
with an indirect immunofluorescence technique in gut whole
mount preparations that largely eliminates background flu-
orescence and creates a contrasting background against the
bright antigen-antibody complexes. Furthermore, this tech-
nique allows the detailed qualitative and quantitative study
of myenteric plexuses in whole-mount preparations.
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Introduction

The myenteric plexuses (MP) of the mammalian enteric ner-
vous system have a complex arrangement of ganglionated
neural plexus that may be difficult to appreciate on thin sec-
tions. The whole mount preparation (WMP) is an elegant
technique for visualizing these plexuses as it gives a three-
dimensional morphological view of the meshwork of fibers
[1–3]. Furthermore, the neurons of the MP can be identified
by staining for the presence of neurochemicals that include
neuropeptides and neurotransmitters [4–7], thus permitting
quantitative and qualitative estimates of cells in tissue. One
of the more widely used methods for visualization of MP is
indirect fluorescence, in which a secondary antibody tagged
with a fluorescent marker is used to visualize the antigen-
antibody complex [7, 8]. However, this technique often pro-
duces non-specific background fluorescence that interferes
with clear visualization of antigen-antibody reactions and
makes interpretation difficult. Counterstaining is one way to
overcome this, as the bright fluorochromes are viewed better
in relation to the dark background. Here we describe a simple
and easy to use counterstaining technique that can be used
in WMP to better visualize MP in conjunction with indirect
fluorescence.

Methodology

Tissue preparation

The research project was approved by the local committee of
the ethics on animal experiment and the animals were cared
for in accordance with institutional guidelines. The fetuses
of timed-pregnant Sprague-Dawley rats were collected by
cesarean section on gestational day 21, immediately before
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term and were killed by decapitation. The anorectum of each
fetus was dissected free of surrounding tissues under mag-
nification, opened longitudinally, stretched flat and pinned
on a Silgard Petri Dish. The tissues were fixed overnight at
4◦C in Zamboni Solution {4% formalin, 0.2% picric acid in
0.1 mol/l phosphate buffer (pH 7.3)} and then stored dry at
−80◦C.

The fixed specimens were cleared through three changes
of Dimethyl Sulfoxide (DMSO) {Sigma-Aldrich, USA}
(10 min each), followed by three 10 min washes in
phosphate buffered saline (PBS) {10-PBS tablets (Oxoid
Australia Pty Ltd) dissolved in 1-L distilled water} before
dissection under magnification on a contrasting background.
The proximal and distal ends were marked with oblique and
transverse cuts respectively and the mucosa was separated in
one layer from the muscularis mucosa. The circular muscle
fibers were gently peeled off using high power magnification,
leaving behind the MP attached to the longitudinal muscle
layer.

Immunocytochemistry

Neurochemicals Neuron Specific Enolase (NSE) and Va-
soactive Intestinal Peptide (VIP) were detected in the fixed
tissues by immunocytochemistry using commercially avail-
able primary antibodies. Simultaneous negative controls
were generated for each antibody by omitting primary an-
tibodies. All steps were conducted at ambient temperature
with incubation carried out in a humid chamber. After block-
ing non-specific binding sites with 10% normal goat serum in
PBS −0.1% Triton X-100 for 1-hour, the tissues were given
three 15 min PBS washes with constant rotation before being
incubated with a primary antibody, NSE (Chemicon Inter-
national, CA, USA) diluted 1:100 in 1% normal goat serum
or VIP (Accurate Chemical & Scientific Corporation, NY,
USA) pre diluted (1:4) for 18–24 h. Following another three
15 min washes with PBS, the tissues were incubated in the
dark with goat anti-rabbit fluorescein isothiocynate (FITC)
conjugated IgG (Chemicon International, CA, USA), diluted
1:100 in 1% goat serum in PBS for 90 min. To remove un-
bound antibody, the tissues were given three 20 min washes
(with constant rotation) and then mounted on glass slides
in Dabco anti-fading mounting media. This was prepared in
our laboratory by dissolving 1 g of Dabco (1,4-Diazabicyclo
{2.2.2} octane (Sigma-Aldrich, USA) in 36 ml of Glycerol
+ adding 4 ml of PBS after heating. The mounted tissues
were then examined under a fluorescence microscope (Epi-
Fluorescence Microscope, Olympus BX-40, Japan) 100 W
Burner, 488 nm excitation filter and 520 ( ± 10) nm bp Bar-
rier filter, and the photographs were taken with an attached
digital camera (Olympus Camedia C-40, Japan).

Counterstaining procedure

Methyl Green (E-Merck Darmstadt, CI Nr. 42585, S. Nr.
788) and Eriochrome Black T (Sigma-Aldrich, USA, Cat #
E2377) were used to counterstain the WMP. A stock solution
of methyl green (0.8% w/v in distilled water) was diluted 1:9
(v/v in PBS) to give a working solution whereas the stock
solution of Eriochrome Black-T (1.65% w/v in distilled wa-
ter) was diluted at a ratio of 1:1 in PBS. The specimens
to be counterstained were treated with methyl green for a
3-minute period and then given two 5 min washes in PBS
with constant rotation. Each specimen was then dipped into
the Eriochrome Black-T for 10–15 s (depending on the thick-
ness of the tissue), followed by three more PBS washes. Each
sample was counterstained individually.

Results

A high background of non-specific green fluorescence in the
nerve cells and fibers of fixed tissues incubated with anti-
bodies to NSE and VIP was observed in the tissue samples
that were not counterstained and which significantly com-
promised visualization of the myenteric plexuses (Fig. 1A).
This background persisted, despite our attempts to optimize
the assay by conventional means. After counterstaining with
Methyl Green and Eriochrome Black T, the background cells
fluoresced red and provided marked contrast between the
brilliant green immunoreactive cells and nerve fibers against
a reddish-brown background, thus enhancing visualization
of myenteric plexuses in WMPs (Fig. 1B). The negative
controls for NSE and VIP are devoid of stains (Fig. 1C).

Discussion

One of the problems in immunocytochemistry is non-specific
binding of immunoglobulin or other proteins, which makes
it difficult to detect specifically stained cells in the context
of surrounding cells. Counterstaining in conjunction with
immunofluorescence is an effective measure to reduce back-
ground staining [9–11]. Various techniques of counterstain-
ing have been described in thin section studies. Nicholas and
McComb first reported that counterstaining with Evans blue
greatly reduced unwanted fluorescence [12]. Since then, this
method has been used extensively in a variety of immunoflu-
orescence techniques [13–15]. Toluidine blue and propidium
iodide counterstaining have also been reported to be effec-
tive in immunofluorescence studies [16, 17]. In our study, we
initially tried to reduce non-specific binding using conven-
tional techniques, including dilution of reagents, absorption
of conjugate with tissue powder and titration of antibodies.
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Fig. 1 Immunocytochemical staining of whole mount preparations
of the myenteric plexuses of rat anorectum following incubation with
rabbit antibodies specific to NSE and VIP. A fluorescent-labeled anti-
rabbit IgG antibody was used to detect primary antibody binding. (A)
Before counterstaining – this method gives high background staining

making the interpretation of neurons and nerve fibers difficult (Magnifi-
cation = X400). (B) After counterstaining – immunoreactive cells stain
brilliant green against a reddish-brown contrasting background (Mag-
nification = X400). (C) Negative Controls – No staining of neurons
and nerve fibers (Magnification = X400)

However these methods failed to completely overcome non-
specific binding. Likewise, counterstaining WMPs in 0.1%
Evan blue (as reported previously [18]), failed to improve
specificity of the assay. This motivated us to develop a
counterstaining method that would improve sensitivity and
specificity when immunofluorescence is used to visualise the
myenteric plexus in WMPs.

In developing this method, we took into account the need
for a water-soluble counterstain that would be effective at
neutral or basic pH and would not mask the green fluores-
cence of the FITC-conjugated secondary antibody. Methyl
green, a specific stain for deoxyribonucleic acid, has been

used as a counterstain in fluorescence microscopy since 1967
and results in red fluorescence [19], whereas Eriochrome
Black, originally used as an aluminium chelate, produces a
uniform reddish brown background with no apparent mask-
ing of specific FITC staining [20]. These two dyes, which
produce these effects by different mechanisms, offer better
color contrast (red fluorescence) against the FITC fluores-
cence (green). Moreover, the dyes reduce the non-specific
staining by competing for the same structures on the tissues
that are responsible for the binding of immunoglobulins by
their Fc-portion, which is composed only of heavy chains at
the carboxyl terminal (the base of the Y) of the Ig molecule.
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The neurons of the MP in the WMPs counterstained with
the combination of these two dyes can be observed with a
clarity that facilitates the qualitative and quantitative analysis
of the tissues. The plexuses, neurons and fibers are consis-
tently and uniformly visible in each specimen stained with
anti-NSE and anti-VIP antibodies. In some specimens, at
sites, a gap between the plexuses was observed; this was not
due to the concealment of nerve cells by counterstains, but
instead was because of loss of the MPs during microscopic
dissection. In general, the high neuronal density in MP can be
appreciated clearly with the counterstained specimens, mak-
ing this procedure valuable in the quantitative assessment of
these neurons. This counterstaining method also provides a
good three-dimensional panoramic view. The similar analy-
sis of preparations that do not use these counterstains is not
possible.

In summary this is a simple and easy to use counterstain-
ing technique that enhances the ability to study nerve fibers
and neurons in whole mounts, and facilitates detailed quali-
tative and quantitative analysis of the MP.

Acknowledgments The authors gratefully wish to thank Dr.
Alexander McLellan and the technical staff in Dept. of Immunology,
Canterbury District Health Laboratory, for helpful advice, encourage-
ment and excellent technical assistance.

References

1. Costa M, Buffa R, Furness JB et al (1980) Immunohistochemical
localization of polypeptides in peripheral autonomic nerves using
whole mount preparations. Histochemistry 65(2):157–165

2. Krammer HJ, Karahan ST, Sigge W et al (1994) Immunohisto-
chemistry of markers of the enteric nervous system in whole- mount
preparations of the human colon. Eur J Pediatr Surg 4(5):274–278

3. Wester T, O’Briain S, Puri P (1998) Morphometric aspects of the
submucous plexus in whole-mount preparations of normal human
distal colon. J Pediatr Surg 33(4):619–622

4. Furness JB, Costa M, Franco R et al (1980) Neuronal peptides
in the intestine: distribution and possible functions. Adv Biochem
Psychopharmacol 22:601–617

5. Costa M, Furness JB, Gibbins IL (1986) Chemical coding of enteric
neurons. Prog Brain Res 68:217–239

6. Krammer HJ, Karahan ST, Rumpel E et al (1993) Immunohisto-
chemical visualization of the enteric nervous system using antibod-
ies against protein gene product (PGP) 9.5. Anat Anz 175(4):321–
325

7. Fekete E, Resch BA, Benedeczky I (1995) Histochemical and ultra-
structural features of the developing enteric nervous system of the
human foetal small intestine. Histol Histopathol 10(1):127–134

8. Pickel VM, Teitelman G (1987) Immunocytochemistry of single
and multiple antigens with special reference to the enzymes of
catecholamine neurons. In: Steinbusch HWM (ed) Monaminergic
neurons: light microscopy and ultrastructure. John Wiley & Sons,
New York, p 82

9. Schenk EA, Churukian CJ (1974) Immunofluorescence counter-
stains. J Histochem Cytochem 22(10):962–966

10. Hrapchak RJ (1980) Immunohistochemistry. In: Sheehan DC,
Hrapchak BB (eds) Theory and practice of histotechnology. The
CV Mosby Comapny, St. Louis, pp 310–326

11. Pearse EAG (1980) Histochemistry Theoritical and Applied. In:
Preparative and optical technology. Churchill Livingston, London,
pp 354–358

12. Nichols RL, Mc CD (1962) Immunofluorescent studies with tra-
choma and related antigens. J Immunol 89:545–554

13. Boonpucknavig S, Nairn RC (1967) Serological diagnosis of amoe-
biasis by immunofluorescence. J Clin Pathol 20(6):875–878

14. Fry CS, Wilkinson AE (1963) A Note on the Use of Evans Blue as
a Background Stain in the Fluorescent Treponemal Antibody Test.
Br J Vener Dis 39:190–191

15. Ourth DD (1971) An immunofluorescent test for Toxoplasma
gondii in tissues. Immunology 20(4):437–439

16. Brennan LA, Phelps PE, Barber RP (1986) An improved method of
toluidine blue counterstaining of neurons in immunocytochemical
preparations. Stain Technol 61(5):279–285

17. Jones KH, Kniss DA (1987) Propidium iodide as a nuclear coun-
terstain for immunofluorescence studies on cells in culture. J His-
tochem Cytochem 35(1):123–125

18. Closs O, Aarli JA (1973) Evans blue as counterstain in the demon-
stration of muscle antibodies by immunofluorescence in myasthe-
nia gravis. J Clin Path 27:162–167

19. El-Badawi A, Schenk EA (1967) Histochemical methods for
separate, consecutive and simultaneous demonstration of acetyl-
cholinesterase and norepinephrine in cryostat sections. J His-
tochem Cytochem 15(10):580–588

20. Fey H (1972) Eriochrome black, a means for reduction of nonspeci-
ficity in immunofluorescence. Pathol Microbiol 38(4):271–277

Springer



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


