
UNIT 4.24

Viral vector-mediated gene delivery is an attractive procedure for introducing genes into
the brain, both for purposes of neurobiological research and for gene therapy of neuro-
logical diseases. Replication-defective adenoviruses possess many features which make
them ideal vectors for this purpose. Adenoviruses are easily purified to the high titers
required for in vivo administration, and they are efficient in transducing terminally
differentiated cells such as neurons and glial cells, resulting in high levels of transgene
expression. At low doses, adenoviral vectors delivered to the brain parenchyma cause
minimal inflammation or toxicity, and vector-mediated transgene expression is relatively
stable and generally, spatially restricted to the region of virus administration.

This unit focuses on methods that have been tailored to the injection of viral vectors into
the brain, and the subsequent detection of trans gene expression and local inflammation.
Basic Protocol 1 here complements Basic Protocoll in UNIT 3.10, and describes a procedure
for the direct injection of adenovirus into the CNS using stereotaxic guidance, while
Support Protocol 1 in this unit is similar to Basic Protocol 2 in VNrr 1.1, and describes
preparation of brain sections for immunohistochemical analysis. ljIowever, adenovirus-
specific modifications are emphasized for these two procedures. Several methods for
evaluating gene transfer to the brain following in vivo administration of the adenoviral
vectors are also presented in this unit. A method for detecting vector-mediated trans gene
expression by horseradish peroxidase (HRP)-based immunohistochemical staining is
described (see Basic Protocol 2). Fluorescence-based immunohistochemical staining to
detect more than one marker antigen within a single brain section is described in Alternate
Protocoll.

Adenoviruses are immunogenic and have been used to vaccinate against infection in
humans. Adenovirus-derived vectors are also immunogenic and can elicit inflammatory
and cytotoxic effects in the brain, the severity of which depends on viral vector dose. In
addition to their potentially harmful side effects, inflammatory, immune, and cytopatho-
genic responses also have a profound impact upon the efficacy of gene transfer to the
brain. It is therefore necessary to evaluate vector-mediated inflammatory responses and
toxicity concomitantly with the evaluation of vector-mediated gen~ transfer. HRP-based
immunohistochemistry (see Basic Protocol 2) can be used with the appropriate antibodies
to visualize the acute and/or chronic infiltration of immune and inflammatory cells, the
activation of brain microglia and astrocytes, the loss of glial cell or neuronal markers
(indicating cell loss through acute or chronic cytotoxicity), and/or the integrity of brain
myelin after in vivo administration of adenovirus vectors to the brain. More global
visualizations of brain structure and infiltrating cells can be obtained by staining cell
nuclei with cresyl violet, which is described for vibratome brain sections (see Basic
Protocol 3), together with an alternative method for staining brain myelin with Luxol fast
blue. Staining semi-thin plastic-embedded sections with toluidine blue (see Basic Proto-
col4) allows even better resolution of the cellular structure of the brain. The preparation
of APES-coated slides required for these applications is described in Support Protocol 2.

If vector-mediated trans gene expression is observed to decrease or disappear over time,
it may be desirable to determine whether the vector genome has been eliminated from the
brain. PCR-based detection of vector genomes within DNA extracted from brain sections
or dissected regions of brain is described for this purpose (see Basic Protocol 5).
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Adenovirus vectors injected into the brain parenchyma (particularly vectors encoding
proinflammatory molecules) can cause disruption of the blood-brain barrier (BBB),
facilitating the infiltration of inflammatory cells from the circulation. A method for
determining the extent of breakage of the blood-brain barrier following administration of
adenovirus vectors to the brain is described (see Basic Protocol 6).

Adenovirus vectors administered to the brain parenchyma are able to persist for rel,atively
long periods of time (at least up to 12 months, compared with 2 to 3 weeks after delivery
of identical vectors to peripheral tissues such as the liver). The persistence of virus in the
brains of naive animals compared to peripheral tissues is thought to be due to the failure
to elicit an effective anti-adenoviral T cell response through intraparenchymal vector
injection. However, an effective immune response capable of eliminating vector or
transgene expression from the brain can be elicited by priming the immune response
through injection of adenoviral vectors into the skin (see Basic Protocol 7).

Lastly, since collaborative efforts between different laboratories often involve the trans-
port of valuable vector stocks from one lab to another, a protocol is provided for the
optimal transport of viral vector without loss of vector titer (see Support Protocol 3).

The majority of current gene therapy protocols utilizing adenoviral vectors have involved
"first-generation" vectors. These are recombinant vectors which are rendered nonrepli-
cative by deletion of the El region from the viral genome. Detailed protocols for the
generation and purification of first-generation adenoviral vectors are presented in UNIT
4.23. Before any virus preparation is used in vivo, it must be accurately titered and subjected
to the stringent quality control tests described in UNIT 4.23. The Critical Parameters section
within UNIT 4.23 discusses the potential impact of viral dose and purity on the longevity of
adenovirus-mediated transgene expression and the side effects of vector administration
to the rat CNS.

NOTE: All protocols using live animals must first be reviewed and approved by an
Institutional Animal Care and Use Committee (IACUC) and must follow officially
approved procedures for the care and use of laboratory animals.

BASIC
PROTOCOL I

IN VIVO ADENOVmUS-MEDIATED GENE TRANSFER INTO THE CNS OF
ADULT RATS

UNrr 3.10 describes administration of inoculum to a precise location within the adult rat
CNS using stereotaxic guidance. In the protocol below, the technique is adapted to gaseous
anesthesia and viral vector injection. The stereotaxic frame, the overall setup, and the
sequence of events in this protocol are modified from the procedure described in UNrr3.10.
Use of inhalational anesthetic allows more control over the depth and duration of the
anesthesia during the injection of viral vectors. Briefly, the rat is anesthetized with a
mixture of halothane and NzO and its head is firmly positioned within the stereotaxic
frame, which is modified for gas anesthesia by the addition of a specialized mouthpiece
and semi-open breathing circuit (see Fig. 4.24.1). Anesthesia is maintained throughout
surgery by a constant flow of anesthetic mixture to the mouthpiece. Waste gas is scavenged
by a fluosorber.

Materials , '

Adenoviral vector (UNlT4.23)
Sterile phosphate-buffered saline (PBS; APPENDIX2A), pH 7.4
Adult rat (250 g body weight; rats 200 to 350 g may be fitted into the frame;

however the stereotaxic coordinates may not be accurate with larger or smaller
animals, since standard atlases illustrate the brain of 250-g rats)

70% (v/v) ethanol/isopropyl alcohol
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Figure 4.24.1 Stereotaxic frame
modified for inhalational anesthesia. (A)
View of the entire stereotaxic frame

(model 51603 Stoelting) modified for
inhalational anesthesia. (B) The modified
mouthpiece. A stereotaxic anesthetic
mask (model Mkl, International Market
Supplies) is attached to the incisor bar.
The authors modified the Mkl mask by
cutting out a section of plastic at the back
of the mask, allowing the nose bar to be
moved up and down. (C) The back of the
mask incorporates connections to one
inlet tube bringing gas from the anesthetic
machine to the animal (yellow arrow) and
2 outlet tubes, which should be attached
to a vacuum source or fluosorber for
removing exhaled gas (red arrow). (0)
Frontal view of the modified mouthpiece
showing the positions of the holes for the
inlet tubing (yellow arrow) and the outlet
tubes (red arrows). (E) A rubber balloon
with a hole cut into the tip is stretched over
the plastic frame to complete the mask.
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Stereomicroscope (e.g., Zeiss Stemi 1000 zoom) equipped with 16x eyepieces and
0.4x auxiliary objective lens, and mounted on hinged coupling arm on a heavy
foot stand (or equivalent)

Rubber balloon
Stereotaxic frame with rat adapter and blunt ear bars (Stoelting), modified for gas

anesthesia (Fig. 4.24.1)
Gas anesthetic trolley with the following components:

Halothane gas anesthetic
Halothane vaporizer (e.g., Fluotec)
Medical oxygen cylinder
Medical nitrous oxide cylinder
Induction chamber
Halothane scavenger (e.g., Fluovac)

Electric drill with 1.75-mm drill bit (Stoelting)
Heat pad
Surgical shavers (Stoelting)
Scalpel and blades
Skin retractors
Cotton swabs
10-~ Hamilton syringe with needle (model 701RN, Fisher)
Fiber optic illuminator with twin goose-neck pipes (Leica)
Sterile 23-G or 25-G hypodermic needles
l-ml syringes
Curved and straight forceps
Holding scissors
Sharp scissors
Sterile gauze
Chromic catgut absorbable sutures

Position the stereotaxic frame relative to the light microscope and light box such that
the microscope is focused on the ear bars of the frame. Stretch a rubber balloon over
the mouthpiece of the stereotaxic unit and cut a small hole in the end to allow insertion
of the animal's nose (Fig. 4.24.1). Position the anesthetic trolley such that the
anesthetic tubing can be connected to the stereotaxic frame, and layout the drill, heat
pad, and sterilized surgical tools next to the frame.

Before commencing surgery, it is important to ensure that the position of the microscope
relative to the stereotaxic unit is such that the experimenter can operate comfortably. Only
minimal adjustments should be necessary once the animal is fitted into the frame.

2. Dilute the adenovirus preparation with sterile saline solution (pH 7.4) or PBS (pH
7.4) such that the required number of infectious units can be administered in the
appropriate volume (see Critical Parameters). Store on ice in a microcentrifuge tube
until required.

Careful consideration should be given to the dose of virus administered. As discussed in
the Commentary (see Critical Parameters), high doses of virus (i.e., above loB infectious
units) are generally associated with transient transgene expression and severe inflamma-
tion, while low doses (below 1 (f>ili1ectious units) result in minimal transduction (depending
on promoter strength). Generally, administration of 107 infectious units of virus is optimal
(when using vectors expressing transgenes from the major intermediate early human CMV
promoter) in terms of providing relatively stable transgene expression with minimal
inflammation. Both the total amount of infectious units and the total amount of physical
viral particles (see UNll' 4.23) need to be considered when assessing viral vector toxicity.
Use of stronger promoters will allow doses to be reduced (see Critical Parameters).
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The virus can be kept for several hours on ice. It is not advisable to refreeze the diluted
virus, as this can result in a significant drop in infectious unit tite!:

3. Place the animal in the induction chamber and anesthetize with 4% halothane gas,
vaporized with an oxygen/nitrous oxide mix (66% oxygen:33% nitrous oxide, i.e.,
O2 set at a flow rate of 1500 ml/min and nitrous oxide at a flow rate of 750 ml/min).

The depth and duration of anesthesia is more controllable with inhalational anesthetics
than with injectable anesthetics. Halothane reduces blood pressure. Nitrous oxide used in
combination with oxygen as the carrier gas acts synergistically with the halothane,
reducing the quantity of halothane required.

4. When the animal is fully anesthetized, route the flow of halothane to the stereotaxic
unit, remove the rat from the induction chamber, and quickly shave the fur on top of
the head. Open the mouth of the rat and fit the mouthpiece of the stereotaxic frame
such that the animal's nose is entirely enclosed within the rubber balloon mask.
Reduce the halothane level to 1.5% of the carrier gas.

Stereotaxic surgery is generally performed on adult rats of250 g body weight. Difficulties
may be experienced in fitting the nose of larger animals into the space available, and the
stereotaxic coordinates will not be accurate, since standard stereotaxic atlases illustrate
the brain of250-g rats.

5. Slide the ear bars into each ear canal and tighten in place so that the head of the animal
is firmly positioned and does not wobble. Check that the top of the head is lying
horizontally. Place the heat pad underneath the animal to prevent hypothermia during
surgical anesthesia.

As with all surgical procedures, the breathing rate of the animal should be carefully
monitored throughout the operation.

6. When the animal is positioned firmly and correctly within the frame, place a drop of
sterile saline solution into each of the eyes and swab the surgical site with a cotton
swab dipped in 70% ethanol/isopropyl alcohol.

7. Ensure that the animal is fully anesthetized by checking the lack of responses to
footpad and tail pinching. Using a scalpel, make a midline incision into the skin, from
above the eyes to the level of the ears.

8. Use skin retractors to hold back the skin on either side of the incision.

Bregma (the junction of the sagittal and transverse sutures) should be clearly visible within
the region of exposed skull (see Fig. 3.10.1)

9. Remove the connective tissue covering the top of the skull by cleaning the cranium
with a cotton swab.

10.Load the Hamilton syringe with the adenovirus solution and expel a small amount of
the virus onto a cotton swab to verify the needle is not blocked. Clamp the needle
into position on the frame.

It is important to ensure that the needle and syringe are clean and in good condition prior
to beginning surgery.

The volume of virus solution injected into the CNS will depend on the anatomical site. No
more than 2 ,lL1 of virus solution should be injeLted into the brain parenchyma; howeve1;
up to 30,lL1 of virus can be administered to the ventricles.

Direct the light beams from the fiberoptic light pipes onto the exposed skull and focus
the microscope onto bregma.

It is only necessary to use the light box when using the microscope. At all other times the
light beams should be switched off or directed away from the animal, as they generate
considerable heat.
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12. Position the syringe over the skull and tighten into place. While viewing the brain
through the microscope, position the needle using the 3 slide rules so that the needle
bevel is directly over bregma.

13. Read the coordinates of bregma from the frame. Calculate the new coordinates of the
site of injection by adding or subtracting the appropriate lateral and anterior/posterior
values from bregma. Move the needle to these new coordinates.

The coordinates of the injection site relative to bregma are found by reference to an atlas
of the rat brain (e.g., Paxinos and Watson, 1982).

14. Lower the needle at the new coordinates, so that it is just touching the surface of the
skull (be careful not to damage the needle point), and mark this position with a small
dot using a very fme marker pen. Raise the needle to allow drilling.

15. Viewing the surface of the skull through the microscope, drill a small hole approxi-
mately 2 mm in diameter most of the way through the skull at the position marked
by the small dot.

Drilling into bone generates considerable heat. It is therefore advisable to drill in short
bursts. intermittently bathing the hole with cold sterile saline solution, which can then be
removed with a cotton swab before recommencing drilling. The hole may bleed during
drilling if blood vessels coursing through the bone are ruptured. This should cause only
very limited bleeding, which can be staunched with a cotton swab if necessary. It is
sometimes necessary to refocus the microscope on the bottom of the deepening hole during

drilling.

16. Stop drilling when the base of the hole becomes translucent. Perforate the remaining
thin layer of skull with a sterile needle and using a pair of sharp, curved forceps,
carefully remove this remaining layer of bone to expose the dura matter.

Clear CSF often leaks into the hole when the skull is perforated. Soak this up with a cotton
swab.

7. Using a sterile, bent needle, carefully perforate the dura and remove as much of the
membrane as needed to expose the surface of the brain.

It is extremely important to distinguish between the dura (which is whitish, opalescent, and
elastic) and the brain itself(which is darker and more yellow in color) to avoid lesioning
the brain surface with the needle.

18. Lower the Hamilton needle into the hole until it just touches the surface of the brain
and read the vertical coordinate of this position. Calculate the new vertical coordinate
of the site of injection.

It may be necessary to adjust the coordinates slightly to avoid rupturing large blood vessels
running across the surface of the brain.

19. Lower the needle into the brain to the site of injection and wait 2 to 3 min before
slowly depressing the syringe plunger by 0.5 ~l, over a further minute. Wait 1 min
for the virus solution to infuse into the brain. Inject a further 0.5 ~l of virus and wait
a further minute. Repeat until the entire 2 ~l of virus has been administered. Wait for
5 min after the final administration.

For large areas of the brain parenchyma, e.g., the caudate putamen, the needle can be
raised by 0.1 mm after each 0.5 J1.1 injection to prevent build up of pressure by injecting the
entire volume of solution in one site only. For other areas within the CNS, such as the
substantia nigra (which is comparatively small) or the ventricles, this is either not expedient
or not necessary.Gene Transfer

into Rat Brain
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A pump-e.g., ultramicropump (UMP; World-Precision Instruments)-which can be at-
tached to the Hamilton syringe for automated injection, makes vector administration less
laborious.

Supeljine glass needles can be fitted with wax over the Hamilton needle to reduce physical
damage to the brain during injection.

20. Remove the needle from the brain very slowly and close the skin incision with sutures.

21. Swab the sutured area with sterile saline, turn off the anesthetic and nitrous oxide
while maintaining oxygen flow to the unit, and allow the animal to recover.

In most cases the animals recoverfrom the surgery quickly (within 10 to 15 min) and show
no behavioral signs of neurological dysfunction.

The surgical procedure is relatively quick. and optimally the animal should be under
anesthetic for no longer than 40 min. If several animals are to be operated on in succession,
it is often not practicable to sterilize the surgical tools after each operation. In such cases,
it is imperative to thoroughly clean the Hamilton needle and other tools between animals,
firstly by soaking in an enzymatic cleaning solution (specially formulated for surgical tools,
e.g., Endozyme) and then by rinsing several times with 70% ethanol, and, finally, sterile
saline. The drill head can also be cleaned in this manner between operations.

BASIC
PROTOCOL 2

EVALUATION OF GENE TRANSFER, INFLAMMATORY RESPONSES, AND
VECTOR-MEDIATED TOXICITY FOLLOWING IN VIVO
ADMINISTRATION OF RECOMBINANT ADENOVIRUS VECTORS

There are many different methods for evaluating adenovirus-mediated gene transfer in an
in vivo paradigm. Immunohistochemical detection of the transgene product within brain
sections is a widely used procedure. UNIT 1.2 describes a method in which serial brain
sections are processed using "free-floating" horseradish peroxidase-based immunohis-
tochemistry to detect the transgene product. In the protocol below, a modification of the
ABC method described in UNIT 1.2 is presented, in which nickel chloride is added to the
substrate solution to generate a blue/black precipitate (which is easier to photograph than
the reddish/brown precipitate obtained with DAB alone). Further, an additional initial
blocking step in incorporated whereby the sections are incubated with H2O2 to inactivate
endogenous peroxidase activity. Triton X -1 ()() is also included throughout the incubations
to improve the staining of various epitopes. Also, glucose oxidase is incorporated into the
staining solution to generate H2O2 from the oxidation of glucose, thus allowing staining
to proceed more slowly (see Figure 4.24.2).

Adenovirus vectors are inflammatory and immunogenic, and can be cytotoxic at high
multiplicities of infection. It is therefore expedient (particularly when adenovirus vectors
are used for neurological gene therapy applications) to evaluate the inflammatory,
immune, and cytotoxic responses to vector delivery, simultaneously with any evaluation
of vector-mediated gene transfer. The HRP-based immunohistochemistry protocol de-
scribed here can be used with appropriate antibodies to visualize the acute and/or chronic
infiltration of immune and inflammatory cells, the activation of brain microglia and
astrocytes, the loss of glial cell or neuronal markers (indicating cell loss through acute or
chronic cytotoxicity), and/or the integrity of brain myelination after in vivo administration
of adenovirus vectors to the brain (see Fig. 4.24.7':ai1d Fig. 4.24.9 for some examples).
Table 4.24.1 shows some of the antibodies that have been used to investigate host
responses to adenoviral vector administration in the rat striatum. All antibodies listed
work well at the given dilutions, using vibratome sections from brains which have been
post-fixed in 4% paraformaldehyde solution for 5 hr.
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GOD
~-D-glucose + 02 + H2O -+- D-gluconic acid + H2O2

..HAP
H202 -..02 + 2H20

..
colored02 + DAB -..precipitate

Figure 4.24.2 Staining reaction for immunohistochemistry, using glucose oxidase (GOD), horseradish peroxi-

dase (HAP), and 3'3'-diaminobenzidine (DAB).

For simultaneous analysis of the expression of two different epitopes (e.g., a cell
type-specific marker and a transgene marker), fluorescence-based immunohistochemistry
is often more appropriate (see Alternate Protocol!). Microscopic analysis offluorescently
labeled cells requires thin tissue sections (optimally <20 ~m), which are sometimes
difficult to generate by vibratome sectioning unless a very high-quality vibratome is used.
UNff 1.1 describes cryostat sectioning of frozen brain tissue, which can be used to generate
sections as thin as 5 ~m.

Materials
Brain sections (see Support Protocol 1)
TBSffriton: Tris-buffered saline (TBS; APPENDIX 2A) containing 0.5% (v/v) Triton

X-100
0.3% (v/v) H2O2 in PBS (see APPENDIX 2A for PBS)
TBSffriton (see above) containing 10% horse serum (TBS/Triton/10% HS)
TBSffriton (see above) containing 1 % horse serum (TBSffriton/1 % HS)
Primary antibody recognizing epitope of interest (e.g., trans gene or immune cell

marker)
Secondary biotinylated antibody
Vectastain ABC elite kit (Vector Laboratories)
Phospqate-buffered saline (PBS; APPENDIX 2A)
0.1 M sodium acetate, pH 6.0
DAB staining solution (see recipe)

Soft-bristled paintbrush
Glass scintillation vials with plastic caps
Platform shaker
10-ml pipets and pipet aid
Glass Coplin jars
Gelatin-coated glass slides (UNrr 1.1)

Additional reagents and equipment for dehydrating and coverslipping sections

(UNrr 1.2)
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1. Using a soft-bristled paintbrush~ transfer the brain sections into glass scintillation
vials containing approximately 5 ml ofTBSrrriton. Wash the sections by shaking the
vials at room temperature on a platform shaker for 5 min.

2. Remove the TBSrrriton with a pipet aid and 10-ml pipet and discard.

Be very careful not to damage the fragile sections with the pipet, or to accidentally suck
up the sections along with the buffet: The Triton X-lOO will permeabilize the tissue.
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Table 4.24.1 Antibodies Used to Detect Inflammation, Immune Responses and/or Adenovirus
Vector-mediated Cytotoxicty in the Rat Brain

--

Antibody Dilution Source

1:1000 Serotec

1:500

1:200

Serotec
Serotec

1:500 Serotec

1 :2000

1:2000

1:2000

1:200

1:200
1:20

1:100

Pharmingen
Serotec

Pharmingen
Serotec
Serotec
Serotec
Serotec

Specificity within the brain

Inflammatory and immune responses;
ED I Infiltrating monocytes and activated

macrophages/microglia
CD43 Infiltrating lymphocytes

CD4 Helper T cells (perivascular microglial
cells are also recognized)

CD8 Cytotoxic T lymphocytes and natural
killer cells.

CD8b Cytotoxic T lymphocytes

CDI6I Natural killer cells

CD45RA B cells

OX-6 MHC class n

OX-I 8 MHC class I

OX-62 Dendritic cells and yO T cells

ICAM I Perivascular microglia/activated
endothelial cells

200 Roche

Virus-mediated acute cytotoxicity:
GFAP Glial fibrillary acidic protein; activated

astrocytes
NeuN Neuronal nuclei :50 Autogen Bioclear

Myelin integrity
MBP Myelin basic protein 1 :2000

c
Dako
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3. Add 3 ml of 0.3% HzOz to each vial and incubate with shaking for 15 min to inactivate

endogenous peroxidase.

If the sections have been stored in PES without azide, the sections will appear to fizz as the
peroxidase metabolizes the H202 to oxygen and wate!: Azide inhibits peroxidase activity
and sections stored in the presence of azide will not fizz during this step.

4. Wash the sections 3 times by incubating with 3 ml of TBSrrriton and shaking for 5

min for each wash.

5. Block nonspecific antibody binding sites and Fc receptors by incubating the sections
with 1 ml ofTBSrrriton/l0% HS for 45 min with shaking.

Ensure that all the sections are immersed in the blocking solution and are not stuck to the
sides of the vial.

Often, it is recommended that nonspecific binding be blocked using serum from the species
within which the secondary antibody was generated, e.g., if the secondary antibody is rabbit
anti-mouse, then the sections may be blocked with rabbit serum instead of horse serum.
The authors have found, howevel; that horse s~um provides the best blocking for a wide
range of antibody combinations, irrespective of the origin of the secondary antibody.

6. Wash the sections once for 5 min in TBSffriton/l % HS, with shaking.

7. Incubate the sections with the primary antibody, diluted to the required extent in

TBSffriton/l % HS, overnight with shaking.

This incubation should be performed at room temperature, so cap the tubes tightly before

leaving overnight.
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Since antibodies are expensive, it is desirable to peifonn this incubation in as small a
volume as possible. A volumeof500to 75011.1 is generally sufficient to coverall the sections.

Before using an antibody for the first time, it is advisable to detennine the optimal dilution
factor by peifonning a small titration experiment incorporating 3 or4 different dilutions.
The data sheets provided with commercially available antibodies will often recommend a
dilution factor and this can be used as a starting point. Primary antibodies can be reused
if stored with sodium azide.

8. Wash the sections 5 times in TBSffriton as in step 4.

9. Incubate with the biotinylated secondary antibody, diluted appropriately in TBSffri-
ton/l % HS, for 4 hr with shaking.

10. Toward the end of the incubation period, prepare the avidin/biotinylated HRP
complex (Solution AB) using the Vecta stain ABC Elite kit as follows.

a. for each vial, prepare 1 ml of Solution AB by adding 10 ~l of Solution A (avidin)
and 10 ~l of Solution B (biotinylated HRP) to 1 ml ofPBS.

b. Incubate with gentle mixing for at least 60 min before using.

Larger quantities of Solution AB can be prepared in a 15-ml or 50-ml Falcon tube, if
many vials are being processed simultaneously.

11. Wash 5 times in TBSffriton as in step 4.

12. Incubate the sections for 3 hr in ml of Solution AB, with shaking.

13. Wash 3 times with 3 ml of PBS, for 5 min each time.

14. Wash twice with 3 ml 0.1 M sodium acetate (pH 6.0) for 5 min each time.

15. Stain the sections by incubating in 1 ml of DAB staining solution with gentle shaking
for 1 to 7 min.

Carefully monitor the development of the stain; the sections will become faintly pur-
plelblack throughout. Specific staining of cells will sometimes be visible only under the
microscope after mounting, dehydration, and coverslipping. To avoid overdeveloping, stain
sections from only one or two vials at a time (the other sections can be left in sodium acetate
until required), but ensure that all sections stained at different times are developed for the
same length of time.

Prepare the required volume of DAB solution for all the vials immediately before use and
discard unused solution (DAB is photosensitive).

CAU110N: The staining solution is toxic and the DAB should be precipitated and
inactivated with bleach before discarding.

16. Wash the stained sections twice with 3 ml sodium acetate and twice with 3 ml of PBS

The sections can be stored in the glass vials at 4°C for several days before mounting on
glass slides.

17. Using a soft-bristled paintbrush, transfer the sections from the vial into a clear
container (e.g., glass Coplin jar) filled with PBS. Partially submerge a gelatin-coated
slide in the PBS and float the secJjons onto the slide using the paintbrush. Arrange
the sections on the slide in anatomical order if possible (approximately 6 rat brain
sections will fit on each slide).

Filter the PHS before use to eliminate fibers and any debris that may stick to the sections.18. 

Allow the sections to air dry for several hours so that they become fixed onto the
gelatin coated slides.
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