
Abstract The purpose of the present report was to in-
vestigate to what extent the new peroxidase substrate
Vector VIP (V-VIP) can be used in combination with
DAB chromogen for the unequivocal and permanent de-
tection of colocalising antigens within a single neurone,
according to a two-colour paradigm. With this aim, re-
trograde tract-tracing with cholera toxin B subunit
(CTB) or fluoro-gold (FG) was performed to disclose in-
dividual, identified subpopulations of neurones in the
primate substantia nigra projecting to the caudate nucle-
us or to the putamen, respectively. Each tracer was de-
tected by means of a PAP procedure and finally stained
brown using DAB as a chromogen. Subsequently, both
series of sections were processed for the immunocyto-
chemical detection of tyrosine hydroxylase (TH). TH-
immunoreactive neurones were stained purple with the
peroxidase substrate V-VIP. As a result of the present
procedure, several cell bodies of projection neurones,
stained brown, can easily be identified within the pri-
mate substantia nigra. Some of these neurones addition-
ally displayed purple TH immunoreaction product locat-
ed in the neuronal dendrites. By contrast, CTB- or FG-
unlabelled neurones only show the typical purple precip-
itate that belongs to V-VIP substrate, both in the cell
body as well as in the dendrites.

Introduction

Studies focused on the simultaneous detection of more
than one marker within a single cell body have occupied
neuroscientists for the past few decades. Dual-, triple-
or even quadruple-labelling tract-tracing experiments
with different fluorescent dyes were performed in order
to disclose axonal collateralisations (Van den Pol et al.
1978; Björklund and Skagerberg 1979; Kuypers et al.

1980; Alheid et al. 1984; Bentivoglio and Molinari 1984;
Akintunde and Buxton 1992). Dual immunofluorescence
is currently the most conventionally used method to-
wards studying the colocalisation of various markers in
a single cell body or cellular processes. The relatively
new introduction of confocal laser scanning microscopy
(CLSM) must be seen as an important tool, probably de-
finitive, for the study of colocalising antigens (Mossberg
et al. 1990; Wilson 1990; Brelje et al. 1993; Ulfhake et
al. 1994; Belichenko and Dahlström 1995; Brismar et al.
1995; Maxwell et al. 1996; Brismar and Ulfhake 1997;
Wouterlood et al. 1998).

Despite the wide acceptance of fluorescence micros-
copy, a different strategy was often conducted for the
study of colocalising antigens by using permanent and
stable peroxidase substrates. Each antigen was detected
with a different chromogen, therefore, obtaining two dif-
ferent coloured precipitates. Although there are many
chromogens currently available (Trojanowski et al.
1983), only a few of them render different colours and
textures at both the light and electron microscopic levels,
respectively. Especially noticeable among these we
found tetramethylbenzidine (TMB), 3,3′ diaminobenzidi-
ne (DAB), benzidine dihydrochloride (BDHC) and Vec-
tor VIP (V-VIP). A number of combinations between
these chromogens have already been addressed (Hsu and
Soban 1982; Liposits et al. 1983; Van den Pol 1985;
Görcs et al. 1986; Lakos and Basbaum 1986; Levey et al.
1986; Norgren and Lehman 1989; Smith and Bolam
1992; Zhou and Grofova 1995).

Although the reliability of V-VIP substrate for dou-
ble- (Zhou and Grofova 1995) or even triple-labelling
experiments (Lanciego et al. 1997, 1998a,b) has been
demonstrated, it remains to be verified whether or not
this substrate is compatible with DAB in methodologies
aimed at detecting two colocalising antigens within the
same structure. The primate nigrostriatal pathway has
been chosen for testing purposes (Fig. 1). Nigrostriatal
projection neurones are found to be dopaminergic (Fal-
lon and Loughlin 1985, 1995; Fallon et al. 1985). Indi-
vidual projection neurones of the substantia nigra were
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Fig. 1A–C Schematic represen-
tation of the experimental de-
sign carried out in the present
report and the expected results.
A Illustration of the organisa-
tion of the nigrostriatal path-
way: two neurones project to
different areas of the caudate
nucleus, while another two neu-
rones send their axons to sepa-
rate territories of the putamen.
B Illustration of one injection
of cholera toxin B subunit
(CTB) in the caudate nucleus
and the subsequent labelling
obtained in the substantia nigra.
Only the neurone sending its
axon to the area of the caudate
nucleus in which the tracer was
deposited was retrogradely la-
belled with CTB, resulting in
the deposit of a brown 3,3′-
diaminobenzidine (DAB) pre-
cipitate in the neuronal soma.
C Next and final step, consist-
ed of a PAP procedure aimed at
disclosing the tyrosine hydro-
lase (TH)-containing neurones.
The substantia nigra finally
stained contains two different
neuronal populations: single
TH-labelled neurones [purple
stained with Vector VIP (V-VIP)
substrate] and double-labelled
neurones (CTB and TH), the
latter showing brown DAB re-
action product restricted to the
soma and initial dendritic seg-
ments (CTB labelling) as well
as purple V-VIP reaction prod-
uct located in the dendrites 
(TH labelling)



labelled after the deposit in the caudate nucleus or in the
putamen of the somatopetally transported tracers, cholera
toxin B subunit (CTB; Stoeckel et al. 1977; Trojanowski
et al. 1981, 1982; Wan et al. 1982; Ericson and Blomqvist
1988) or Fluoro-Gold (FG; Schmued and Fallon 1986),
respectively, while the dopaminergic neurones of the
substantia nigra were indirectly detected via the applica-
tion of a monoclonal antibody against tyrosine hydroxy-
lase (TH).

Materials and methods

Male Macaca fascicularis primates (n=5) with a body weight
ranging from 2500 to 3800 g were used in this study. Animals
were handled at all times according to the European Council Di-
rective 86/609/EEC as well as to the Society for Neuroscience
Policy on the Use of Animals in Neuroscience Research.

Surgery, perfusion, fixation and sectioning

Anaesthesia was induced by an intramuscular injection of a mix-
ture (1:1) containing Ketolar (ketamine, 10 mg/ml) and Dormicum
(midazolam, 5 mg/ml). Local anaesthesia was obtained with Xi-
lonibsa (lidocaine, 10%). Immediately before recovery, analgesia
was achieved with an intramuscular injection of Finadyne (fluni-
xin meglumine, 5 mg/kg). This injection was repeated 24 and 48 h
postsurgery. In order to prevent infections, one daily intramuscular
injection of Ampicilina (ampicillin, 1 mg) was administered through
an entire week.

The primates were placed in a stereotaxic frame and tracers
were pressure injected with a Hamilton syringe (0.2 µl each) in a
single surgical session. FG (Fluorochrome, Englewood, Colo.,
USA) was injected in the putamen (n=4) or in the caudate nucleus
(n=1) as a 2% solution in 0.1 M cacodylate buffer, pH 7.3. CTB
(List Biological Laboratories, Campbell, Calif., USA) was deli-
vered in the ipsilateral caudate nucleus (n=4) or in the putamen
(n=1) as a 2% solution in 0.1 M phosphate buffer (PB), pH 6. Fi-
nally, biotinylated dextran amine (BDA; Molecular Probes Eu-
rope, Leiden, The Netherlands) was injected in the medial part of
the ipsilateral globus pallidus as a 10% solution in 0.01 M PB, pH
7.25. Neuroanatomical tracing with BDA in primates belongs to
our standard surgical protocols in primates, although this tracer is
not related with the present report. Two initial ventriculographies
with Rx contrast (Omnigraph 300; Juste SAQF, Madrid, Spain)
were performed as controls, trying to find the real brain size as
well as the most appropriate, horizontal position of the head. Fur-
thermore, one additional ventriculography was done once each sy-
ringe was kept in the corresponding target area, for better accura-
cy. Stereotaxic coordinates were taken from the atlas of Szabo and
Cowan (1984).

Two weeks postsurgery, the animals were deeply anaesthetised
with an overdose of 10% chloral hydrate in distilled water and
perfused transcardially. The perfusates consisted of a Ringer’s sa-
line rinsing solution, followed by 3000 ml fixative containing 4%
paraformaldehyde, 0.1% glutaraldehyde and 0.2% saturated picric
acid in 0.125 M PB, pH 7.4. Next, perfusion was completed with
1000 ml of a cryoprotective solution containing 1% DMSO and
10% glycerine in 0.125 M PB, pH 7.4. Immediately afterwards,
the skull was opened and the brain removed. Brain blocks (1.5 cm
thick) were stored for 48 h in a second cryoprotective solution
containing 2% DMSO and 20% glycerine in 0.125 M PB, pH 7.4.
Cryoprotective solutions were prepared according to Rosene et al.
(1986). Frozen coronal sections (40 µm thick) were collected in
0.125 M PB, pH 7.4. A total number of ten series were obtained.
One series was processed for a triple-staining procedure combin-
ing BDA + CTB + FG (Lanciego et al. 1988a) while two series of
adjacent sections were processed for BDA + CTB + TH and BDA
+ FG + TH, respectively. The remaining series were kept in the

deep freezer (-85°C) in the second cryoprotective solution for fur-
ther processing. According to our experience, no apparent loss of
staining quality was noticed in sections stored for at least 2 years
under these conditions.

Staining procedure

For illustrative purposes, we will focus on the staining method con-
ducted for the combination of BDA + FG + TH. Only minor dif-
ferences might be observed when trying to combine BDA + CTB
+ TH. An extensive, stepwise procedure for a similar triple-stain-
ing procedure (BDA + CTB + FG) can be found elsewhere (Lan-
ciego et al. 1988a). Briefly, the BDA protocol (Veenman et al.
1992) was conducted using an ABC solution (ABC kit standard;
Vector, Burlingame, Calif., USA) for 90 min. Next, the sections
were reacted for 5–10 min in nickel-enhanced DAB (DAB from
Sigma, St. Louis, Mo., USA). Subsequently, sections were incu-
bated in a cocktail solution of primary antisera, comprising 1:2000
rabbit anti-FG (Chemicon, Temecula, Calif., USA) and 1:500
mouse anti-TH (Boehringer, Mannheim, Germany), for 60 h at
4°C. Sections were then incubated for 2 h at room temperature
(RT) in another cocktail solution containing 1:50 swine anti-rabbit
(Dako, Copenhagen, Denmark) and 1:50 goat anti-mouse (Dako).
The next step consisted of an incubation in a PAP complex raised
in rabbit (1:600 rabbit-PAP; Dako) for 90 min at RT. The FG proto-
col was completed by using a regular solution of DAB as a chro-
mogen (20–40 min, RT). The final step of the TH protocol consist-
ed of an incubation with a PAP complex developed in mouse
(1:100 mouse-PAP; Dako; 90 min, RT), followed by 5–10 min
staining in a V-VIP solution (Vector). V-VIP solution was prepared
by adding one drop of each vial (V-VIP substrate is presented as a
kit containing four vials) to 3.5 ml 0.05 M TRIS/HCl, pH 7.6. Fi-
nally, sections were mounted with a 2% solution of gelatine made
in 0.05 M TRIS/HCl pH 7.6, dried, dehydrated in toluene (V-VIP is
very sensitive to ethanol) and coverslipped with Entellan (Merck,
Darmstadt, Germany). Extensive washing with 0.05 M TBS-Tx,
pH 8, was carried out throughout the procedure. Several rinsing
steps with 0.05 M TRIS/HCl, pH 7.6, were performed prior and af-
ter the reactions in the different peroxidase substrates. Throughout
these reactions, the progress of each reaction was inspected in a
microscope at 5-min intervals. All antisera were diluted in 0.05 M
TBS-Tx, pH 8. The cocktail solution of primary antisera also con-
tained 2% BSA (Merck) to minimise background staining.

Results

The distribution of the different labelled neuronal popu-
lations within the primate substantia nigra was in agree-
ment with previous studies (Fallon et al. 1978; Fallon
and Loughlin 1985, 1995) and will not be discussed here
in full detail. Briefly, the neurones of the substantia nigra
pars compacta (SNC) projecting to the caudate nucleus
or to the putamen were found to be mainly distributed in
clusters of cells. Although the labelled neurones located
within a single cluster showed a marked preference for
one of the two types of retrograde tracers, there are other
areas of the SNC in which both populations of neurones
can be identified. No noticeable differences in the distri-
bution and extent of the neuronal labelling were found
when comparing the series in which both tracers were si-
multaneously stained (multiple tracing with BDA, CTB
and FG) with the adjacent series in which each tracer is
separately detected (dual tracing with BDA and CTB or
FG plus the immunocytochemical detection of TH). The
application of the excellent antibody against TH always
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resulted in massive, Golgi-like neuronal labelling through-
out the primate substantia nigra, and mostly it was possi-
ble to follow their dendritic arborisations over long dis-
tances (Fig. 2). The V-VIP reaction product is characte-
rised by a diffuse purple precipitate.

Several attempts were made in testing the most appro-
priate sequence for the application of the chromogens in
order to reduce non-specific background staining as well
as colour mixing phenomena. The best results were
achieved when DAB peroxidase substrate was used first,
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followed by V-VIP chromogen as the last one to be used.
This sequence allowed us to use the strongest chromogen
(DAB) to disclose an small subpopulation of neurones
(neurones showing the transported marker), while the
weakest chromogen (V-VIP) is devoted to the detection
of TH-immunoreactive cells, a much larger population
than the former one. When V-VIP chromogen is used
first for the detection of the transported marker, the sub-
sequent TH stain with DAB peroxidase substrate often
masked the previously obtained results.

Distinct differences in the texture of the final DAB re-
action product were found when this chromogen was
used for the detection of CTB- or FG-labelled neurones,
the latter showing a typical granular precipitate while the
CTB-labelled neurones were characterised by a more
diffuse brown reaction product. More importantly, some
marked differences in the distribution of the DAB pre-
cipitate within the neuronal soma and processes were
also observed. As previously reported elsewhere
(Schmued and Fallon 1986), somatopetally transported
FG often resulted in Golgi-like neuronal labelling, while
transported CTB is more restricted to the neuronal soma
as well as to the initial segments of the principal den-
drites (Fig. 2A,B).

The reliability of the combined use of DAB and V-
VIP peroxidase substrates for the staining of colocalising
antigens varies as a function of the antigens themselves.
In our experience, the best results were obtained when
trying to detect the transported CTB colocalising with
TH-immunoreactive cells (Fig. 2C,D). As pointed out
before, the transported CTB, stained brown with DAB, is
often restricted to the neuronal soma and the initial por-
tions of the main dendrites, without passing onto the dis-
tal dendrites. These distal processes were then occupied
by the purple reaction product obtained from the TH pro-
tocol. By contrast, the Golgi-like appearance of the FG-

labelled neurones often hampers the subsequent staining
for TH, because the neuronal soma and their entire pro-
cesses were labelled brown with DAB.

Discussion

Dual labelling with DAB and V-VIP

The final related precipitates (brown vs purple) were col-
ours distinct enough to provide an unequivocal detection
of the labelled antigens. Overall, this procedure can be
applied for the detection of any pair of antigens, al-
though there are several limitations requiring further dis-
cussion. Firstly, the order in which the chromogens have
to be applied played an important role in the final stain-
ing quality. The weakest chromogen, V-VIP, should be
the last one to be used, in order to maintain its brilliant
purple colour, while the strong DAB substrate was al-
ways employed for the first reaction. Secondly, special
attention should be given to the subcellular localisation
of each of the antigens within the neurone. In other
words, the best results will be accomplished when both
antigens were localised, for example, in the neuronal nu-
cleus and in the cytoplasm, respectively. It has been
demonstrated that V-VIP substrate has a granular texture
under the electron microscope and its successful combi-
nation with DAB in double pre-embedding procedures
has already been described (Zhou and Grofova 1995).
Nevertheless, further research is needed to investigate
the final texture resulting from the addition of the granu-
lar V-VIP reaction product to the flocculent DAB precip-
itate when staining two antigens within the same neuro-
nal profile.

Alternative procedures for permanent dual labelling

There are currently available few chromogens that may
be used for paired antigen localisation at the light and
electron microscopy levels. Especially noticeable among
these is the combination of TMB and DAB (Norgren and
Lehman 1989), as well as methods combining DAB and
BDHC (Lakos and Basbaum 1986; Levey et al. 1986).
These methodologies have proven to be effective, al-
though some differences in sensitivity among TMB and
BDHC chromogens has been reported (Levey et al.
1985). Furthermore, problems related to BDHC back-
ground staining and stability of the final precipitate have
also been described (Levey et al. 1985). A different point
of view was provided by Tramu et al. (1978). These au-
thors reported an efficient method for antibody elution
by removing the antisera retained by tissue antigen after
immunohistochemical staining. Antisera removal was
achieved by using KMnO4–H2SO4 as an oxidising agent,
followed by reduction with Na2S2O5. Despite the good
colour segregation in light microscopy obtained with
combinations of DAB and TMB or BDHC, at the elec-
tron microscopic level these chromogens are character-
ised by a crystalline deposit, sometimes obscuring fine

309

Fig. 2A–D The combined use of DAB and V-VIP peroxidase sub-
strate for the detection of colocalising antigens. A Microphoto-
graph taken from one section of the substantia nigra processed for
dual labelling with fluoro-gold (FG) and TH. Retrogradely labelled
neurones with FG (brown arrows) were characterised by a diffuse
brown reaction product (DAB). The DAB precipitate was localised
in the neuronal soma as well as in the dendrites, to some distance.
By contrast, TH-immunoreactive neurones were labelled purple
with V-VIP. B Microphotograph taken from one section of the sub-
stantia nigra processed for dual labelling with CTB and TH. Brown
arrows indicate CTB-labelled neurones and purple arrows shows
TH-immunoreactive cells. By comparing this picture with the for-
mer one, please note that the DAB reaction product that belongs to
the retrogradely transported CTB is mainly restricted to the neuro-
nal soma, while the DAB precipitate corresponding to the soma-
topetally transported FG goes onto the dendrites to a much higher
extent. C Comparison between single TH-immunoreactive-labelled
cells (neurones numbered 4 and 5) and double CTB + TH-labelled
cells (neurones numbered 1, 2 and 3). D High magnification pic-
ture showing a pair of double-labelled cells with CTB and TH.
Transported CTB is labelled in brown with DAB and restricted to
the neuronal soma, while the purple V-VIP reaction product corre-
sponding to the TH immunoreaction is located in the dendrites,
which can be followed to some distance. ax Initial segments of the
axons, purple-labelled. Several pairs of arrows (purple and brown)
illustrate the border between both coloured reaction products. Scale
bar 50 µm for A, B; 25 µm for C; 12.5 µm for D



morphological detail. Although the colour segregation
obtained with the use of DAB and V-VIP substrates for
light microscopy is good enough, there currently is little
known on the simultaneous application of DAB and V-
VIP chromogens for the study of colocalising antigens at
the ultrastructural level. The granular electron-dense pre-
cipitate that belongs to V-VIP substrate (Zhou and Grof-
ova 1995) allows the unequivocal detection of the la-
belled structures and easy identification of their subcel-
lular compounds without compromising fine ultrastruc-
tural detail, and these characteristics seems to be very at-
tractive for further testing.

Methodologies based on fluorescence microscopy

These methods have been formerly used to disclose the
chemical nature of projection neurones, by combining
fluorescent histochemistry with retrograde fluorescent
tracers (Björklund and Skagerberg 1979), as well as to
study divergent axonal collateralisation (Kuypers et al.
1980). Multiple retrograde tracing with fluorescent dyes
faces several drawbacks, such as fading phenomena,
tracer diffusion, false positives and competition among
the involved tracers. Although a few of these drawbacks
can be avoided (Alheid et al. 1984; Bentivoglio and
Molinari 1984; Balercia et al. 1992), the arrival of new
technologies quickly took the lead in multiple fluores-
cence studies.

The most widely used method towards answering
the question whether or not colocalisation exists in neu-
rones of two different neuronal antigens is double-im-
munofluorescence microscopy. This method relies on
the use of dye-coupled antisera with different absorp-
tion/emission spectra (Chang and Kuo 1989; Wessen-
dorf 1990; Campbell et al. 1991; Lowy 1995; Gonzalo-
Ruiz et al. 1996; Liang et al. 1996; Scalettar et al. 1996;
Saffiedine et al. 1997; Hajos et al. 1998; Wouterlood et
al. 1998). Nevertheless, direct visualisation under epi-
fluorescence may resulted in important pitfalls, such as
false positives, spherical aberration, overlapping of ab-
sorption/emission spectra among fluoroprobes and diffi-
culties in controlling the depth of focus (Lowy 1995;
Scalettar et al. 1996; Wouterlood et al. 1998). In this re-
gard, the consequent use of the CLSM (Wilson 1990;
Brelje et al. 1993; Ulfhake et al. 1994) has been demon-
strated to be an excellent choice to circumvent these
problems. Although some specific precautions have to
be exerted during the examination of nervous tissue un-
der the CLSM (Ulfhake et al. 1994; Brismar et al. 1995;
Wouterlood et al. 1998) this equipment probably is the
most accurate strategy currently available for the study
of colocalising antigens.
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