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Abstract

Imaging studies that use rodents sometimes involve intraperitoneal administration of
pharmacological compounds. To facilitate such studies, the authors developed a simple and easily
mastered technique for placing an intraperitoneal catheter in a conscious mouse. This technique
eliminates the need to remove the animal from the scanner to administer a drug through the
intraperitoneal route.

When studying how rodents respond to pharmacological compounds, researchers commonly
inject drugs through the intraperitoneal (i.p.) space. Like intravenous (i.v.) injection, i.p.
injection results in rapid absorption of administered compounds?, but i.p. injection is easier
and quicker than i.v. injection in a small rodent!. However, i.p. injection can result in
delivery of drugs to different locations in the peritoneal cavity, even when done by
experienced researchers. As a result, the absorption rate and the amount of a drug that
reaches the blood stream from an i.p. injection can be variable?~4. Additionally, in one strain
of mice, i.p. injection resulted in increased activity of c-Fos in the brain®, suggesting that i.p.
injections might induce increased stress in animals. Despite these disadvantages, i.p.
injection remains a widely used technique in small animal studies®-8.

For rodent imaging studies, researchers most commonly administer drugs and contrast
agents i.v.%-12 but have also used the i.p. route to administer contrast agents to conscious
mice before placing them in scanners!® and to sedated rats secured in scanners1®. To our
knowledge, however, administration of i.p. injections to conscious rodents that are secured in
scanners has not been previously reported.
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In an imaging study, it is advantageous to administer a drug to an animal without having to
remove the animal from the scanner between baseline and post-injection scans, because
moving the animal introduces confounding factors. As small animal imaging systems and
methods to scan conscious, unanesthetized animals become increasingly available?,
researchers will benefit from improved techniques for administering pharmacological agents
to conscious animals. This is especially important when researchers have behavioral data on
the effects of i.p. injection of a drug and want to design imaging studies to assess the
corresponding /n vivo effects. To address these issues, we have developed a technique for
placing and securing an i.p. catheter in mice. We designed this technique for
pharmacological magnetic resonance imaging (MRI) studies on mice, but the technique
could be modified for use with other imaging modalities, such as fluorescence imaging®.

Conditioning of mice

Materials

The Portland Veterans Affairs Medical Center IACUC approved all aspects of this study, in
accordance with the United States Department of Agriculture and United States Public
Health Service Guidelines. To prepare our animals for conscious scanning, we use a
procedure based on a published acclimation protocol in ratsl4. First, we surgically attach a
U-shaped plastic plate to the skull of each mouse. This plate helps to immobilize the
animal's head during the animal's acclimation to MRI scanning and during actual MRI
scanning. After a week of recovery, each animal undergoes four acclimation sessions (2 h
per session) in a mock MRI set-up to prepare for actual scanning. These sessions are spaced
throughout a 2-week period. We use no sedation and do not insert the catheter during
acclimation.

Before beginning the catheterization procedure, we assemble the following equipment: non-
sterile gloves, an intravenous catheter (24 gauge, 0.5 in, SURFLO I.V. Catheter, Terumo
Medical, Somerset, NJ) with stylette, masking tape (0.25 in), tissue adhesive and small
surgical scissors. We prepare the catheter by folding a 2-in strip of the masking tape around
the catheter's Luer taper with the sticky side facing inward, to create 0.5-in ‘wings’ (Fig. 1).
Because the sticky side of the tape is not exposed, the tape does not stick to the animal's fur.

Catheter insertion and positioning

We transport the animal to the MRI suite. Before starting the scanning, we place the i.p.
catheter using the procedure described below. We do not carry out any special site
preparation before placing the catheter.

The animal is held securely with its abdomen exposed. The catheter, with the stylus in place,
is inserted at a 45° angle into the lower right quadrant of the animal's abdomen. The catheter
is advanced until approximately half of the needle is inserted into the abdominal cavity,
which should be sufficient to puncture the peritoneal wall. We remove the stylus, before
fully inserting the catheter, to minimize injury to the mouse's internal abdominal structures,
and then fully advance the flexible catheter tubing into the abdominal cavity.
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We apply one or two drops of tissue adhesive to each of the catheter tape wings and secure
them (in the midline position) to the animal's fur. Next, we gently compress the tape wings
to the mouse's body for a few seconds, allowing the adhesive to stick (Fig. 2).

Next, we use flexible tubing to attach the catheter tip to a drug delivery pump system. The
pump should already be backfilled with the drug to be injected. For our MRI protocol, we
then place the mouse into the clear, padded MRI cylinder restrainer, in a prone position (Fig.
3). The i.p. catheter and line exit the holder along the mouse's tail. We further secure the line
to the MRI holder by taping the line a few inches from the exit of the restrainer. We have
found that mice tolerate this procedure well. When we secure the line along the mouse's
midline, the animal cannot dislodge it with its hind limbs.

When the scanning is complete, we detach the catheter from the line, use small surgical
scissors to gently clip the tape wings on either side of the catheter Luer taper and remove the
line. Only a small amount of medical tape remains attached to the animal's fur on each side.
The animal easily removes this residual tape during routine grooming. If we attempt to
remove the secured tape pieces, we might damage the mouse's skin and increase the mouse's
risk of infections.

Discussion

We have used this technique to place catheters in more than 12 animals and have found that
the animals tolerate it well. Our staff veterinarian has carried out necropsies on four of these
animals and found that the catheter was correctly placed in the peritoneum. The veterinarian
saw no damage to internal structures, indicating that neither catheter placement nor fluid
injection caused any injuries.

We recommend that researchers use this technique in conscious animals only if the animals
have been acclimated to prolonged restraint as described above; animals that have not been
acclimated may become agitated. Potential complications of this technique include infection
at the catheter placement site and irritation from the adhesive. We use the minimum amount
of adhesive required to secure the tape wings. To prevent blockage of the urinary and
gastrointestinal tracts, we ensure that the adhesive does not touch the anus or the prepubital
or clitoral extension. We do not carry out any special skin preparation, because we are
concerned that skin irritation from the tissue adhesive touching newly shaved skin may
outweigh any benefit from inserting the catheter into a shaved and disinfected site. To date,
we have not seen any of the complications listed above.

Using this technique, we can complete baseline and post-injection scans without removing
the animal from the scanner. With slight modifications, researchers could use similar
techniques for other types of imaging studies®.
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Figure 1.
We fold tape over the catheter Luer taper, with the sticky side facing inward, to create wings

on the side of the catheter that can be secure to the animal's abdomen using tissue adhesive.
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Figure 2.
We securely hold the animal in one hand to expose the animal's ventral surface. We then

insert the catheter at a 45° angle into the lower right abdominal quadrant and adhere the
catheter tape wings to the fur of the abdomen with tissue adhesive.
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Figure 3.
We secure the mouse in the MRI restraining device in the prone position. The catheter and

line exit the apparatus posteriorly and in the midline, along the length of the animal's tail.
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