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INTRODUCTION

Microinjection is the mechanical administration of
chemicals to specific brain regions to localize the site of
drug action. The technique was refined during the 1960's
and has since been used to determinethe site of drug action
in studies of pain, sleep, neuroendocrine function and
epilepsy tonameafew.

Component Construction

The microinjection technique as used in my laboratory
is intended to administer small volumes of drug solution
directly into specific brain regions. Although commercial
products are available, it is more cost effective to construct
our own components. In addition, because our system uses
smaller diameter fluid lineswithout liquid swivelswe have
found that our technique produces the most reliable and
consi stent microinj ection volumes.

Thereare 4 componentsinvolved in our microinjection
system: the guide cannula; the injection cannula; the stylet
(also known as the obu-trator or dummy cannula); and the
reamer or guide cannula cleaning device. The guide
cannulaisstereotaxically placed 1 mmabovethe

microinjection site a number of days prior to the actua
experiment. The injection cannula is inserted into the guide
cannula at the time of the experiment. The fully inserted
injection cannulaprotrudes 1 mm beyond the end of theguide
cannula. This means that the guide and injection cannulas
must be constructed meticulously so that all components are
of aconsistent, predetermined length. Thethird component is
the stylet, which is placed into the guide cannula when the
animal isnot in use to reduce the incidence of occlusion. The
fourth component is the reamer, which we use after the stylet
is removed to insure that the guide cannula is completely
clean.

The guide cannulas are constructed from 26-gauge
stainless steel tubing (Small Parts, Inc.). Stainless steel will
not leach contaminants into the tissue and does not interact
with the injected chemicals[1]. The length of the tubing will
be discussed below but it is suggested that the sections be cut
slightly longer than required as the refinement of the ends of
the guide cannulas usually consumes the extra length. The
ends of the guide cannula should be finished so that they are
smooth, rounded, and open (fig 1a). The rounded edgesinsure
a smooth insertion and placement of the injection cannulas.
The smooth edges also reduce the tissue damage induced
when the guide cannulas are inserted into the brain. The
outside edges of the cannulu can berefined using afine grade
fileor emery cloth. Thelumen edge can bereamed with thetip
of a new 28 gauge (or smaller) syringe needle. A dissecting
scopegreatly facilitatesthisprocess.

The injection cannulas are constructed from 32 or 33
gauge stainless steel tubing (Small Parts, Inc.). Thetubing for
the injection cannulas is cut 3-4 times longer than the guide
cannulas. The extra length provides sufficient tubing for
attachment of the PE-10 tubing that isused asthefluid lineas
described below. The ends of theinjection cannula should be
smoothed and rounded as described for the guide cannulas.
This allows for easier insertion into the guide cannula,
reduces tissue damage at the site of injection and facilitates
theattachment of the PE-10tubing.

Aninjection cannulais prepared by insertion into aguide
cannulauntil the end of theinjection cannulaprotrudes 1 mm
beyond theend of theguidecannula(figb).

Continued on page 2, Col. 2
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Editor's
Column

It is a beautiful day in
Kansas City as | write this
column. | think that Labor
Day completely delineated
summer from fal here
sweltering one day, crisp
and cool the next. It looks
likeagreat fall coming up.

The Carrier is coming to you again in anticipation of
the Society for Neuroscience Meetings. Please stop by the
David Kopf Instruments booth to see the new instruments
that will betherethisyear and say helloto us. Take alook at
the great new Neuro-Hyperdrive - a device for using
multiple electrodes simultaneously, and the new MRI
Stereotaxic Instrument for those of you doing MRI
imaging. It will be a great show. See the back page of this
issuefor thebooth numbers.

This issue of the Carrier was written by Ste-ven
Peterson. In it he discusses various issues pertaining to
cannula construction and use. Thisinformation is valuable
to those thinking about using these devices who wish to
construct their own cannulas or purchase ready made ones
such as those sold by David Kopf Instruments. The use of
cannulas has produced much information, and iscertainly a
very useful technique.

Those of you who regularly receive the Carrier
remember that the past two i ssueswerewritten by Jan Galik
and his colleagues. Jan is now back in Kospice, Slovak
Republic. | hear from him from time to time by e-mail. He
seems to be doing well. The use of email certainly is a
wonderful convenience, and even morethan that at times. |
am sure | would not be able to communi cate with Jan nearly
as much were it not for the computer and net. | have heard
from scientists in Russia via email and look forward to
hearing from more colleagues around the world with their
commentsontheCarrier.

Michael M. Patter son, Ph.D.
ScienceEditor

Collegeof Osteopathic Medicine
The University of Health Sciences
2105 Independence Blvd.

Kansas City, MO 64124-2395
816-283-2308

FAX 816-283-2303

Then, without disturbing the position of the injection
cannula, use afinger to apply pressure to the long portion of
the injection cannula where it exits from the guide cannula.
The injection cannula should be bent to an angle of
approximately 45° (fig Ib). The bend in theinjection cannula
will serveasan automatic stop to position the cannulaexactly
1 mm beyond the end of the guide cannula. In this way the
guide cannulanever actually reachesthetarget tissuethereby
reducing gliosis and chronic tissue damage in the site of
interest. At thetime of injection the smaller injection cannula
induces less damage in the previously undisturbed target

tissuethanthelarger guide cannulawould have caused.
Reamers are aso constructed from 32 or 33 gauge

stainless steel tubing. They are made by inserting the tubing
into a guide cannula until it reaches the end of the cannula
(stand thecannulaon aflat surfaceand put thereamerin). The
reamer isthen bent to a45° angleand cut about 4 cm from the
bend to serve asahandle. The difference between reamer and
theinjection cannulashown in Ib isthat the reamer does not

project beyond theguidecannula.
The fluid lines are PE-10 polyethylene tubing (Harvard

Apparatus, Inc.) that connect the injection cannulato the 10
uL syringe which controls the volume administered. We use
30-40 cm fluid lines which are long enough for convenient
use but not so long asto create alarge dead space that affects
theaccuracy of theinfusionvolume. Thefluidlineisattached
to the injection cannula with Super Glue®. The 32 or 33
gauge stainless steel tubing used for the injection cannulas
slides easily into the PE-10 tubing. With the tubing inserted
into the PE-10 tubing about 4-5 mm, the conjunction of the
tubing is placed into a suspended drop of Super Glue® (fig
Ic). Keeping the end of the PE-10 tubing in the drop of glue,
the stainlesssteel tubingisquickly slid into the PE-10tubing.
The PE-10 should be stopped about 1 cm fromthe 45° bend in
the injection cannula. This procedure forms a tight bond

between the stainlesssteel tubing and the PE-10fluidline.
We perform bilateral microinjections which requires

bilateral injection guide cannulas. To fabricate the bilateral
guide cannulas, two independent guide cannulas must be
positioned exactly in parallel, separated by the required
distance. Our experiments require bilateral micro-injections
into brainstem nuclei that are 1 mm from the midline. Thus
our cannulas are positioned 2 mm apart. We have found that

the standard el ectrode hol der with the corner clamp
Continued on page 3, col.1
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Figurel.A) Crosssectionview of theend of aninjection guide cannulaafter theinsideand outsi de edges have been rounded
and refined. B) Injection cannulafully inserted into the guide cannula. Note that the injection cannula protrudes 1 mm from
the end of the guide can cannula. The end of the injection cannulathat will be attached to thefluid lineisbent to a45° angle.
Thebend will serve asthe stop mechanism for positioning theinjection cannulal mm beyond the end of theguide cannula. C)
The conjunction of the 32 ga. stainless steel tubing and the PE-10 polyethylene tubing is introduced into a drop of Super
Glue®. Theend of the PE-10tubing isheldin the drop whilethe stainlesssteel tubingis pushed into the PE-10. D) Positioning
of independent guide cannulasin aKopf electrode carrier to form abilateral injection cannula. A solder bead may be formed

acrossdistancesbetween cannulasof at least 4 mm.

(Kopf model 1770) works very well for positioning our
guide cannulas as the grooves of the acrylic block on the
electrode holder are exactly 1 mm apart. Positioning guide
cannulas that are not exactly 1,2, 3, 4, or 5 mm apart
requires extra preparation. Typically a machine shop is
needed to create parallel grooves of the required separation
in either ablock of stainless steel or aceramic material (Ed.
note: Contact David Kopf Instruments for custom spacing
on acorner clamp). Once fastened in the grooves, the two
independent guide cannulas are soldered together using
stainless steel solder. We have found that a solder joint or
bead will form easily across distances up to 4 mm between

theguidecannulas.
Several issues must be considered when determining

thelength of the guide cannulas. Thelength of theventral or
bottom end of the guide cannula (fig 2a) must allow for the
depth of the nucleusin the brain with the consideration that
the end of the guide cannulawill be 1 mm above the actual
site of microinjection. The ventral portion also must allow
for thethicknessof the skull, which variesdepending onthe
ageof therat. Thesolder joint typically requires2-3mm.

Thedorsal or top part of the guide cannula(fig 2a) must be of
sufficient length to allow accurate positioning of the cannula
in the electrode or cannula holder. In our experience, this
requires 7-8 mm of cannula. A final consideration isthat the
overall length of the guide cannulashould be kept as short as
possible to prevent bending once positioned in the awake,
freely movinganimal.

A stylet should be placed in the guide can cannulawhen
the animal is not in use to avoid occlusion. The 33-gauge
tubing isinserted into the full length of the guide cannulabut
not beyond. The tubing protruding from the insertion end of
the guide cannulaisthen bent to approximately a 150° angle
and cut leaving a2-3mm section (fig 2b). Thestyletiskeptin
place by dliding a section of 22-gauge polyethylene tubing
(Small Parts, Inc.) over the stylet and guide cannula(fig 2b).
Thisisbest doneat least 1 hour after application of the dental

acrylicthat anchorstheguide cannulato the skull.
Guide cannulas can be used multiple times. After the

implant isremoved from the skull, it is soaked in chloroform
for several days. This solubilizes the dental acrylic and

allowsseparation fromtheguidecannulas. Theinsideof the
Continued on page 4, col 1
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Figure 2. A) A depiction of the bilateral microinjection cannulas used in our laboratory. Indicated are the ventral and dorsal
portions as well as the relative position of the solder joint. B) Placement of the stylet (orbutrator or dummy cannula) in the
guide cannula. A section of 22-gauge polyethylenetubing ispositioned over the stylet to prevent stylet |oss. The style and 22-
gauge tubing are positioned after the implantation of the guide cannulawhen the dental acryliciswell dried. C) Schematic of
thefinal microinjection procedure. Notethe positioning of an air pocket between thedistilled water inthe syringeand thedrug

solutionintheinjection cannula. (Componentsnottoscale.)

guide cannulas should be cleaned carefully to remove any
residua acrylic. The styletstend to break easily at the point
wherethey arebent, so they should be used only once.

Microinjection Procedure

A 10 pL syringe driven by a syringe pump is used for
the microin-jections. The syringe is filled with distilled
water and should never retain any drug solution. The PE-10
fluid line and injection cannula are initialy filled with
distilled water and then fitted over the permanent needl e of
the 10 pL syringe. Once attached, the contents of the
syringe should be expelled through the injection cannulato
insure that there are no leaks in the system. The plunger of
the syringe is then withdrawn such that a 2-3 cm pocket of
air is pulled into the fluid line (fig 2c). The tip of the
injection cannulaistheninserted into thedrug solutionto be
microinjected and the solution drawn into the PE-10 fluid
line (fig 2c). Thus, the drug solution is separated from the
distilled water by the air pocket, which also allows visua
determination of how much drug solution remains in the
fluidlineand whether or not thedrug solutionismoving.
The syringe pump drives the 10 PL syringe at the
previoudly determined injection speed. The pump should
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be allowed to run at the infusion speed until a drop of drug

solution is observed at the tip of each infusion cannula. The
injection cannulas are placed into the guide cannulas without
stopping the syringe pump. The injection cannulas are again
observed for drops of drug solution once they are removed
from the animal to confirm that the cannulas did not become
occluded during the injection. In short, we do everything
possible to assure ourselves that the micro-injection system
is delivering the drug solution before, during and after the
injection.

The rats are restrained by swathing during the
microinjection. That is, therat iswrapped in atowel or sheet
such that only the head protrudes from the wrapping. The
animals tolerate this very well, especialy if they are
conditioned to such restraint for a 5 minute period the
previous day. The stylets and the 22-gauge polyethylene
tubing that hold the styletsin place are removed using thumb
forceps. The guide cannulas are cleared using the reamers.
This may require several passes of the reamer if the guide
cannulas have accumulated some organic matter. The
injection cannulas that have been verified to be freely
flowing are then inserted. We administer 0.5 puL of drug

solution over 5minutesat arateof 0.1 uL/min. Attheend of
Continued on page 5, col 1



tthe injection period, the syringe pump isturned off and the
injection cannula left in place for one minute to alow
diffusion of the solution into the tissue. Once the injection
cannu-las are removed the stylets are replaced, either with
or without the 22-gauge polyethylene tubing, depending on
the needs of the experiment. The syringe pump is restarted
toinsuretheinjection cannulasarestill flowing freely.

It is critical that the location of the drug infusion be
determined. To do this we anesthetize the rat and
microinject asaturated solution of Fast Green dyeusing the
same 0.5 pL volume and injection rate. The animal isthen
sacrificed and the location of the tip of the cannula
determined by standard histological procedures. Technical
Considerations The spread of the microinjected drug
solution in the brain is dependent both on the volume and
the rate of administration. The larger the injection volume,
the larger the spread of the drug solution. A 0.5 pL volume
spreads to approximately a 1.0 mm diameter sphere
whereas 2.0 uL spreadsto 2.4 mm [2]. The volume of the
spread isconsistent for up to an hour after infusion[2, 3. It
has been recommended that no more than a 0.5 pL volume
beadministeredtoratsif thedrugisto beretained withinthe
desired structure[4]. However, inlarger structures, a1.0 uL
volume that spreads approximately 2.0 mm [2, 5] might
prove useful. No tissue damage occurs with volumes of
2.0 L [6] unlessrapidly administered in a1 minute period
[7]. Volumes of 10 uL induce significant tissue damage [ 6]

and arenot recommended [1].
The rate of microinjection also affectsthe spread of the

drug solution. The faster the injection, the greater the
spread. A 0.1 pL volume administered over 5 minutes gave
an estimated volume of 0.04 mm3 while the same volume
administered over 1 minute gave a 0.12 mm3 volume and
resulted in the drug solution leaking back up the cannula
tract [7]. Rapid injections tend to distend and disrupt the
target tissue and injection rates over 1 pyL/min. are not
recommended [1]. Spread of injection a so has been shown
to affect the physiological response[7]. Weusearate of 0.1
pL/min. although others have successfully used speeds as
fast as 0.2 uL/min. [8] or as dow as 45 pL/min. [9].
Injection of 0.1 pL over 5 min. has been recommended for
the discrete placement of adrug solution within a specific
subnucleus(7].

We use 32-33 gauge (0.23-0.20 mm outside diameter)
injection cannulas with 26-gauge (0.45 mm) guide
cannulasto produce aslittle disruption of thebraintissue as
possible. Others successfully use 28 gauge (0.36 mm)
injection cannulas [9]. The larger injection cannulas
require larger 22-gauge guide cannulas (0.71 mm) which

asoinduceagreater degreeof tissuedamage.

The osmolarity, ionic concentration, and pH of the drug
solution may affect microinjection results [1,2]. Saline or
artificial cerebrospinal fluid (CSF) are typically used as the
drug vehicle but distilled water may be used if a particular
concentration of test compound would otherwise cause a
hypertonic solution. Most investigators attempt to
microinject solutions as close to pH 7.4 as possible [1]
athough pH vaues ranging from 5.0 to 8.0 have been
reported. It is critical to test microinjections of vehicle
control solutions that are identical to the drug solution in all
possible ways except for the drug presence. Interpretation
When performing microinjection experiments it is possible
to concludethat adrugisacting within aspecific brain region
if the following conditions apply: 1) The microinjected drug
induces a dose-response effect; 2) The effect of the drug is
inhibited by a specific antagonist. The antagonist may be
administered by microinjection or systemically; 3) The drug
effect issite specific. Thismeansthat drug microinjections 1
mm beside, above or below the hypothesized site of action
have no effect [10, 11]; 4) Microinjected drugs that are
chemically unrelated do not have the same effect.
Implementation This technique has been used in my
laboratory to demonstrate a potential role of the brainstemin
the mechanism of action of anti-convulsant drugs. We have
shown that bilateral microinjection of N-methyl-D-aspartic
acid receptor antagonists in the n. reticularis pontis oral-is
inhibits the tonic hindlimb component of maximal
electroshock seizures in rats [11, 12]. Inhibition of tonic
hindlimb extension isthe end-point taken for anticonvul sant
efficacy in generalized tonic-clonic (Grand Mal) seizuresin
epileptics. Microinjection has played a critical role in the
determination of neuronal networks involved in severa
experimental models of epilepsy [8, 9, 10, 11, 12]. Others
have microinjected inhibitors of muscarinic receptor linked
G-proteins to characterize further the intracellular
mechanisms associated with rapid eye movement sleep [13].
The use of microinjection to administer selective signal
transduction inhibitors to specific brain sites in conscious,
behaving animalshassignificant scientific potential.

Continued on page 6
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