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[Abstract] The formalin test was originally developed by Dubuisson and Dennis (1977), and has
since been extensively used to assess pain-related responses. Rats and mice are the most
frequently used animal models, though other species including cats, rabbits, guinea pigs,
Octodon degus, domestic fowls, crocodiles, tortoises, toads and primates have also been
employed. The injection of formalin into the skin of rodent hindpaws to cause spontaneous pain-
related flinch behaviors is the most commonly used procedure. The resulting nociceptive
response can be divided into two phases differing in timing, duration and underlying mechanisms,
and is responsive to many classes of analgesic drugs (Coderre et al., 1990; Hunskaar and Hole,
1987; Rosland et al., 1990; Taylor et al.,, 1995). The behavioral and electrophysiological
responses to formalin consist of an acute phase (Phase I) of a short-lasting response, which is
believed to reflect the activity of C-fiber afferent nociceptors. After a short quiescent period, the
acute phase is followed by a continuous prolonged response (Phase Il), which is believed to be
due to central sensitization of the spinal dorsal horn neurons as a result of the initial barrage of
input from C-fiber nociceptive afferents during the early phase (Coderre et al., 1993; Dickenson
and Sullivan, 1987; Raboisson et al., 1995; Shibata et al., 1989). In this respect, the formalin test
has been regarded as a more satisfactory model of pain than tests producing phasic pain like the
hot-plate and tail-flick tests (Abbott et al., 1981). Here, we describe the procedures for generating

an efficient and reproducible formalin test in rats and mice.

Materials and Reagents

1. Eight-week-old Wistar (or other strain) rats (body weight 200-250 g)

2. Eight-week-old Swiss mice or a variety of transgenic/knockout mice (body weight 20-25 g)
Sterile normal saline (0.9% NaCl solution) (Thermo Fisher Scientific, catalog number:
BRO053G) or other vehicles for the test articles
Formaldehyde solution (37 wt. % in H20) (Sigma-Aldrich, catalog number: 252549)

5% formalin in saline (see Recipes)
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Equipment

1. Body weight scales for rats (range 0.01-2,000 g) (Shenzhen Amput Electronic
Technology Co., catalog number: APTP452) and mice (range 0.01-300 g) (Shenzhen
Amput Electronic Technology Co., catalog number: APTP457B)

2. Permanent black marker (Thermo Fisher Scientific, catalog number: S02727)

Individual transparent polycarbonate observation chambers with hinged lids (the formalin
test chamber: 30 x 20 x 15 cm for rats and 15 x 15 x 15 cm for mice)

Mirrors (two or more mirrors are recommended to cover the experimental area)

Thick cotton bag with an open end

0.5-ml syringes with 28-G needles (Thermo Fisher Scientific, catalog number: 22-004-
271) or 50-yl Hamilton syringes with 30-G needles (Hamilton Company, catalog number:
80508)

Hand-held counters

8. Timers (two timers are recommended)

Figure 1. Example preparation for the rat formalin test

Software

1. Prism software (version 5.01, GraphPad Software Inc.)

Procedure

1. Remove the animal from the home cage and record its body weight. Mark the hindpaw
that will be injected with formalin with a permanent black marker.

2. Place the marked animal into the formalin test chamber that will be used during testing.
Place the mirrors behind and beside the container to ensure that the hindpaws can be

seen from all angles. It is recommended to have two mirrors used, one is behind the
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animals and the other one is beside or below the animals. Allow animals to acclimate for
15 to 30 min.

3. Prepare the 5% formalin solution in saline. For rats, load 50 pl of 5% formalin in a 0.5-ml
syringes equipped with a 28-G needle; for mice, load 10 pl of 5% formalin in a 50-pl
Hamilton syringes equipped with a 30-G needle. Load one formalin syringe for each
animal to be tested.

4. Remove the animal from its container and place it in the thick cotton bag with the marked
hindpaw outside in the open end (the thick cotton bag is used to restrain the animal
movement when doing the formalin injection). Inject the 5% formalin solution into the

dorsal surface of the paw by placing the needle above the toes and below the ankle and

inserting it beneath the surface of the skin.

Figure 2. Example pictures showing the formalin injection on the rat A and mouse
B. a and b showing the syringes used for rat and mouse; ¢ and d showing the injection
sites on the rat and mouse, respectively.

5. Immediately return the injected animal to its container, and start the timer to mark the
beginning of Phase I. Flinching of the paw is the most consistent behavioral response in
rats after formalin injection. In contrast, mice primarily show paw-licking behaviors.

6. Repeat formalin injections for the remaining animals. Make every effort to complete
injections as quickly as possible. Generally, one investigator can monitor six rats or two
mice during a single experiment lot.

a. For rats, observe the first rat for 1 min and count the number of flinches of the
injected hindpaw. Repeat for the remaining five rats. When the sixth rat has been
observed, repeat the sequence starting with the first rat in 1-min epochs at 10-min
intervals beginning immediately after formalin injection and ending 90 min later. The
Phase | response occurs during the first 1 min, and the Phase Il response occurs

from 20-90 min after formalin injection.
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i.  When quantifying flinches, a brisk elevation of the foot is scored as a single
flinch. At times, the animal may exhibit several fast flinches that are impossible to
quantify. These episodes are typically scored as one count.

b. For mice, observe for 5 min and record the time spent licking during this period. Inject
the next mouse 5 min after the first one and record the licking time. Then observe
from 20-40 min after formalin injection.

i Like in rats, Phase | and Il occur 0-5 min and 20-40 min after the formalin
injection, respectively.

il. It is recommended that prior to running tests with treatments of interest,
investigators inject a few control animals to familiarize themselves with the
different flinching behaviors that occur during Phase | and II.

c. Refer to Video 1 for the formalin injection procedures and formalin-induced flinch
behaviors in the rat and mouse.

8. Record the total number of flinches in rats or the total time licking in mice for each animal
during Phase | and Il. Repeat steps 1 to 8 until the desired number of animals (e.g., n =
6-8) in each treatment group have been studied. With each run, it is recommended to
have as many treatments as possible presented in parallel.

9. Perform data analysis to determine statistical significance. For rats, data may be presented
as total flinches per minute for Phase | and Il (Figure 3A). The area under curve (AUC)
over 10-90 minutes may be calculated for Phase Il using the Prism software (Gong et al.,
2014a; Gong et al., 2011; Gong et al., 2014b; Gong et al., 2014c; Zhang et al., 2013). For
mice, data may be presented as the total licking time during 0-5 min for Phase | (the
acute phase) and 20-40 min for Phase Il (the tonic phase) (Figure 3B) (Gong et al., 2012;
Lu et al., 2012; Zhu et al., 2014).

Video 1. The formalin injection procedures and formalin-induced flinch behaviors

in the rat and mouse
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Figure 3. Typical data of the formalin tests from rats A and mice B. In the rat
formalin test, the nociceptive behavior was quantified by counting the number of the
formalin-injected paw flinches in 1-min epochs on rats. Subcutaneous injection of
formalin in rats produced a characteristic bi-phasic flinching response consisting of an
initial, rapidly decaying acute phase (Phase I, within 10 minutes after formalin injection)
followed by a slowly rising and long-lived (10-90 min) tonic phase (Phase ll). In the
mouse, the nociceptive behavior was quantified by counting the total licking time.
Subcutaneous injection of formalin in mice produced a characteristic bi-phasic licking
response consisting of an initial, rapidly decaying acute phase (Phase I, within 5 minutes
after formalin injection) followed by a slowly rising and long-lived (20-40 min) tonic phase
(Phase l1l). Data are presented as means + SEM (n = 6 in each group). More
representative figures have been published elsewhere (Gong et al., 2014a; Gong et al.,
2011; Gong et al., 2014b; Gong et al., 2012; Gong et al., 2014c; Lu et al., 2012; Zhang et
al., 2013; Zhu et al., 2014).
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Recipes

1.

5% formalin in saline
50 pl formaldehyde solution (37 wt. % in H20)

950 i sterile normal saline (0.9% NaCl solution)
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