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The study of the mechanism of neuronal cell death has been an important aspect of cell biology in the
last decade. Considering the somewhat non-specific nature of the methods and the complexity of the
neuronal cell cycle, a multi-technique approach has been suggested. This study is aimed at describing
a method for demonstration of neuronal degeneration in the visual cortex (molecular layer) of adult
wistar rats. It involves the use of colloidal gold (40 nm), conjugated with an antibody against protein G
(transmembrane protein) to generate fluorescence; in essence to label the regions of cells with
functional membrane, while the region of necrotic cells are empty. This method is complemented by
histology to generate overlap images and to detect loss of membrane integrity in neurons at the early
stages of progressive neuronal degeneration. An in vivo approach was used; 50 mg/Kg BW of
potassium cyanide-Sigma (KCN) was administered orally to adult Wistar rats to induce neurotoxicity.
The animals were sacrificed, and sections were labeled with anti Protein G-colloidal gold conjugate. The
40 nm gold particles generated fluorescence in the region of the cells with functional membrane
properties, while empty spaces were found in regions of necrotic cells at a magnification of 400x (low

magnification).
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INTRODUCTION

To describe neuronal degeneration, we must cast our
mind first to the concepts governing the ideals of
neuronal cell death. In descriptive terms, cell death can
be categorized as either apoptotic or necrotic (Katherine
et al.,, 2001). Apoptosis, also called physiological cell
death has been characterized first by nuclear changes
such that membrane changes occurs later, while necrosis
has been characterized more by membrane changes,
and nuclear changes, if it occurs, is a late event (Isom et
al., 1999; Denison et al., 2009). In cyanogenic
neurotoxicity, the mechanism of cell death in the neurons
of the V1 (primary Visual cortex) has been described
more as apoptosis as evident in studies where 20 mg/kg
BW and 2 mg/kg BW generated apoptosis (data not
shown); while in the entorhinal cortex or dentate gyrus,
the mechanism of cell death has been described as
necrotic. In both apoptosis and necrosis, membrane
changes are paramount, as a similar event is believed to

occur at the onset of both modes of cell death.

The ability of cyanide to inhibit Cytochrome C oxidase
binuclear centre thus inhibiting the complex V of the
electron transport chain is a major event. This leads to
accumulation of e and subsequent activation of oxygen
to generate oxygen radicals or superoxide anions
(reactive oxygen species). ROS also reacts with nitrogen
to give RNS. The increase levels of ROS results in an
increased level of lipid peroxidation. Furthermore,
peroxidation of lipid will imply certain level of loss of
membrane proteins and lipids, as the lipid bilayer looses
it integrity to peroxidation by ROS, the membrane
proteins will gradually disengage. A major component of
the membranes are the transmembrane proteins G which
has 3 subunits, and are usually receptors for coordination
of neuronal potentials and depolarization of neuronal
membrane (o-external sub unit-transmembrane domain,
y-intramembrane domain). This study seeks to use the
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fluorescent property of a fluorochrome (colloidal gold),
otherwise gold nanoparticles (GNP), in determining the
presence of degenerating neurons in sections of the V1
molecular layer. The particle size employed is 40 nm
which can be resolved at a lower magnification
fluorescent microscopy or bright field microscopy to
reveal the extent of neuronal damage. This technique can
also be applied to other specific proteins in degenerating
neurons, thus allowing for the localization of a specific
neuron and most of its projection.

MATERIALS AND METHODS

All chemical reagents were purchased from Sigma-Aldrich and the
IgG from Seradyn Inc. Neurodegeneration was induced by treating
the animals with potassium hexacyanoferrate Il which was orally
administered rather through other means that will bypass the liver,
since 90% of cyanide exposure is oral to obtain a sub-lethal dose,
capable of generating neurological symptoms in the animal (50
mg/kg BW) based on the LDso for KCN. The treatment duration was
45 days (medium term treatment). The animals were sacrificed at
the 45th day by cervical dislocation and the brain tissue was gently
excised and fixed in cold 4% paraformaldehyde in PBS (at 4°C).
The tissue sections were embedded in 15% gelatin (300
Bloom)/PBS in cryomolds and set at 4°C for one hour. Sectioning
was done using a Leica vibrotome, using the method of Andrew P.
McMahon Laboratory. 10 um sections were used, followed by
mounting on slides before the labeling with the anti protein-G-
colloidal gold conjugate.

Preparation of colloidal gold and gold conjugate for immuno
gold labelling

1% sodium citrate solution was made by dissolving 1 g of sodium
citrate (Sigma) in 100 ml of deionised water (Millipore, France). The
water was tested for salts and has a pH of 6.0. Two litres (2000 ml)
of the water was placed in a conical flask and 50 ml of 1% gold
chloride (99% pure from Sigma,; Life Science grade) was added. A
stirrer magnet, covered with a tephlon, was inserted into the
solution, the hot plate was switched on such that the temperature
was set at 70°C, a conical flask 250 ml capacity was inverted to
cover opening of the larger conical flask in other to prevent loss of
steam by vaporization. The solution was allowed to boil and the
stop watch was started, until the colour changes from red to purple
(approximately 1 min). 9.6 ml of 1% gold chloride was added and
the colour will again change from red to purple, 2 ml 0.7% gold
chloride (AuCl; ) was then added as the colour was observed to
have changed from purple to pink (Wang et al., 2007, 2010; Oliver,
2010; Korosoglou et al., 2006). The solution was allowed to cool by
constantly running water on the cone region of the conical flask.
The colloidal gold was analyzed using the spectrophotometer in the
spectrum region, the peak absorbance recorded (Amax) was 528 nm
in a Jenway 5500 spectrophotometer calibrated with distilled water
in (650 to 450 nm for colour red solutions). The wavelength of the
gold colloid used was measured in a spectrophotometer Jenway
5500 for 40 nm gold (standard Amax between 524 to 528 nm). The
particle size as analyzed under the fluorescent microscope was
approximately 40 nm + 1, using the methods of (Liaw et al., 2010;
Loesch and Burnstock, 1998).

Preparation of 1gG anti protein G ()

The antibody was purchased from Seradyn Inc. On arrival, it was
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gradually thawed, and the salt content was analyzed by adding in
an eppendorf tube 90 ul of 0.1 M AgNO3 with 10 ul of the I9gG. The
salt concentration was high on visual quantification and the
antibody was dialyzed in 1 L flask containing 900 ml of 10mM Tris-
HCI, pH 8.0 (Ren et al., 2006), the dialysis was done by placing the
antibody in a silicon tubing and allowed it to spin overnight. The
concentration was determined by using the photometric menu of
the spectrophotometer and quartz cuvettes to measure the
concentration of the protein at 280 nm. The IgG was then diluted to
a final concentration of 0.5 mg/ml (Le6n et al., 2005; Valdivieso et
al., 2003). Final desalting was done in a G-25™ Sulphadex column
connected to Biorad (Econo UV monitor). The final concentration
was then determined by measuring the absorbance in Photometric
menu at 280 nm, using a quartz couvette, the final value was
determined by dividing the actual value by a protein coefficient of
1.4 (Hsien-Chang et al., 2004; John et al., 2008).

Conjugation of anti protein-G to 40 nm gold colloid

The Tris-HCI (pH 8.0) was poured into a beaker and the antibody
was added at a concentration of 5 mg/L, the colloidal gold twice the
volume of the buffer was the added, and the solution was blocked
with 1.5% BSA (Bovine serum albumin, Sigma) added as 10%
solution, this is to blick non-specific interactions. 0.05% Sodium
azide (Sigma) was added to prevent microbial infection, 1% glycerol
was then added to preserve the conjugate. The Solution was
centrifuged at 10000 rpm and 4°C, the supernatant was collected
and discarded, while the final conjugate was obtained as the
sediment from the centrifugation.

Immuno gold labeling

The sections, 10 um thick, were rinsed in cold 0.1 M phosphate
buffer pH 8. This was to normalize the pH of the tissue with that of
the incubating solution. The sections were then pretreated with 1%
sodium borohydride (Sigma) for 30 min and rinsed in freshly
prepared phosphate buffer saline (PBS) three times, at 5 min each
to remove the bubbles. The solution was blocked with 1.5% BSA
(bovine serum albumin) for 30 min (serum blocking). The slides
were incubated with diluted IgG-gold conjugate (1:50) against
regular non-specific membrane proteins in the pyramidal cell layer
of the primary visual cortex; at room temperature for 3 h. The
sections were rinsed in PBS 3 times at 5 min each. Post-fixation
was done in 2% glutaraldehyde.

Photomicrography and image retrieval

The slides were examined under the fluorescent mode of Zeiss
Primostar with a JVC camera attachment to the third ocular of the
microscope, to examine the fluorescence of gold nanoparticles
tagged with anti-protein G and the locations of the gold conjugate
labeled neurons, while regions in the sections with degenerated
neurons did not give any fluorescence and were not labeled by the
conjugate. The image was retrieved and processed using Image J
(NIH recognized image processing software).

RESULTS

The colloidal gold and gold conjugate were gently
smeared on a plain glass slide and examined under
fluorescence to check for affinity and orientation of the
proteins in relation to the ionic properties of colloidal gold.
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Figure 1. 40 nm colloidal gold under fluorescent
microscope, yellowish green fluorescence gold particles
under fluorescent microscope (magnification x5000).

Figure 2. 40 nm colloidal gold under fluorescent
microscope. Amax 520 nm microscope model: Zeiss
primo star (magnification x5000).

Observing the light scattering potential of gold colloid as
seen in Figure 1, reveals that the outer surface of the
colloid gives a yellowish-green fluorescence, compared
with the extreme edges with a green fluorescence. Figure
2, which is at a lower magnification, reveals the red
fluorescent property of the gold colloid used in this study.
Figures 3 reveals the orientation and binding of the 1gG-
gold conjugate, thus, revealing the binding site between
the dark edges of the colloidal gold and the distal part of
the Y-shaped IgG molecule (arrow edges) and also
illustrated by the schematic diagram of Nagender et al.

(2009) (Figure 3).

Neurodegenration of the V1 cortical cells as revealed
in 40 nm gold-anti protein-G conjugate

The fluorescent view of labeled sections reveals the
presence of empty spaces in the section showing the site
of degenerated neurons in the molecular cell layer of the
visual cortex (Figures 4 and 5). Regions of differential
IgG conjugate affinity shows different light scattering and
emission property under light microscopy, as seen in
Figures 4 and 5. 40 nm particles were used as the
procedure was not carried out in cultured cells but rather
in vibrotome sections embedded in gelatin. Adjusting the
filter and the camera zoom increases the visibility, either
by altering the working distance or the contrast of the
camera, as described by Sripad et al. (2006) in
overcoming the resolution problem, by adopting a
stochastic framework and presents a resolution measure
that overcomes the limitations of Rayleigh's criterion. This
resolution measure predicts that the resolution of optical
microscopes is not limited, and that it can be improved by
increasing the number of detected photons.

DISCUSSION

Membrane characteristics define necrotic cell death,
while nuclei features could be used as structural indicator
for apoptosis (Katherine et al., 2001). Neurodegenerative
diseases are generally characterized by death of neurons
which could either be apoptotic, necrotic or may follow a
pattern seen as an apoptotic-necrotic continuum (Pan et
al., 2007). The mode of cell death in modeled and in vitro
experiments has been observed to be dose or intensity
dependent, as well as dependant on the cytotoxic
pathway adopted by the region of the brain. In in vivo
studies (Isom et al., 1999; Jerome et al., 2003) involving
normal cells, it is expected that anti Protein G-conjugate
will bid to the external subunit of the target protein which
is protein-G. This protein is taken as the target because
of its wide distribution on the surface of the neurons,
coupled with the loss of the protein in the event of lipid
peroxidation in membranes. To describe the loss of
Protein G-conjugate fluorescent microscopy, we have to
give account as to the various events leading to the
increase in the level of superoxide anions (ROS) and
perhaps lipid peroxidation in cyanide neurotoxicity.
Cyanide is potent neurotoxin because of its ability to
inhibit Cytochrome C oxidase (CcOX) and generate
OCN-.

CcOX is an important enzyme of the electron transport
chain which is responsible for the transfer of molecular
oxygen into water at complex V of the electron transport
chain, thus providing the proton gradient required to
generate ATP. Cyanide is capable of binding to this
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Figure 3. Anti Protein-G gold conjugates, showing the orientation of Y-shaped antibodies (arrows)
bounded to colloidal gold at direct angles. In most of the particles observed, about 4 antibody units are
bounded to a single gold particle (Amax 528 nm) (Magnification X5,000).
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Figure 4. Multifunctional plasmonic nanosensor for imaging intra-cellular biomarker
(Nagender et al., 2009). A schematic representation of gold nanoparticle based
nanosensor with both targeting and delivery components. Observe the comparison in
the 4 winged orientation of conjugates in Figure 3 related to the schematic illustration in

Figure 4.

enzyme at its binuclear centre; thus, molecular oxygen is
present but not converted into water. The accumulated
electrons in the mitochondrial matrix activate the oxygen
molecules into O which is a ROS. The ROS thus
generated leaks back into the cytoplasm, initiating series
of reactions including peroxidation of the lipid bilayer of

the neuronal membrane (Isom et al., 1999). Peroxidation
of lipid will involve loss of membrane proteins,
considering the model of a unit membrane as described
by Davson and Danielli (1935), the proteins are
suspended in the bi-lipid layer. Therefore, it can be
derived that a major marker for cell death in the visual
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Figure 5. Fluorescent micrograph of neurons labeled and enhanced fluorescence with colloidal gold (40
nm) conjugated with IgG. Arrow head shows neurons with intact membranes and projections; n
indicates intact neuronal membrane. Empty spaces (X) are sites of degenerated neurons with
corresponding loss of axonal connection (Magnification x400).

cortex is loss of transmembrane G-proteins. The
technique described in this study has both qualitative and
guantitative essence, aside from indicating the presence
of proteins; it can also be used to quantify the amount of
the protein present in the normal neuron. Distribution of
membrane proteins can be mapped out by the location of
the gold conjugates, while it can be quantified by the
chromo aggregation of the conjugates to show regional
difference in distribution of the proteins by difference in
intensity across the zones of the cortex in microscopy.
The interaction between the positively charged spherical
surface of the nano particle and the negatively charged
aminoacid chain in the tail of the Y-Shaped antibody are
pure forms of biological electrostatic reaction. BSA was
added to the medium to block non specific proteins from
interacting with the gold particle. An evidence of good
interaction can be observed in the colour of the gold
conjugate before microscopy. The red colour must be
retained. If this were not so, the colour will change to
purple showing that the gold colloid is now aggregated to
form irregularly sized and charged particles that are not
capable of binding to antibodies. In diagnostics, purple
gold (formulated to contain large particles of over 75 nm)
is also possible and can be formulated, but the difference
between a formulated purple gold and an aggregated red
gold giving purple coloration is the uniformity of the gold
colloid. The aggregated gold always have a lighter purple
colour and if left for few hours, the aggregated gold will
deposit at the bottom of the container leaving a clear top,
while a formulated purple gold will remain uniformly
suspended in solution. The charged tail was attached to
the surface of the gold particle, thus leaving the heavy
and light chain forming the limb of the Y shape to be free
to interact with the membrane proteins. It is also
noteworthy to mention that the limbs (heavy and light
chain contains the epitope of the antibodies).

This technique can be applied to study other proteins in
normal and degenerating cells and can also be used in
low magnification light microscopy. In conclusion,
immunogold labeling of protein serves as an important
tool for localizing early loss of membrane integrity in
degenerating neurons, and also localizing the presence
of degenerating and normal neurons in the visual cortex.

In future, immunogold demonstration of neurodegene-
ration in the substantia nigra, as it concerns Parkinson’s
disease may be considered.
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