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Abstract

The spared nerve injury (SNI) model of neuropathic pain was first developed by Decosterd and
Woolf in 2000 in Sprague Dawley rats to enhance reproducibility of injury and behavioral res-
ponses resulting from a partial nerve injury. Given the differences in methodology and inconsis-
tent behavioral data published in the SNI model of neuropathic pain in mice, and given that in-
terspecies behavioral comparisons using the same peripheral nerve injury are presently lacking,
in this study we assessed the development of mechanical and cold allodynia for five weeks in
C57BL/6 mice and Sprague Dawley rats that underwent SNI. In rats and mice, the tibial and pero-
neal branches were ligated then severed, leaving the sural branch intact. By controlling several
factors in the surgical procedure and behavioral tests, we found that rats developed and main-
tained strong mechanical and robust cold allodynia immediately following the injury that was
maintained for the duration of the experiment (five weeks). In comparison, mice developed me-
chanical allodynia to a lesser magnitude which peaked at 2 weeks, but did not develop cold allo-
dynia. We found both temporal and qualitative differences in the development of allodynic beha-
viors between SNI-mice and SNI-rats. Parallel analysis of interspecies differences can be exploited
to reveal novel molecular players leading to divergent pain behaviors.
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1. Introduction
Background

Persistent post-operative pain (PPP) can be a consequence of nerve injury [1]. Genetic and psychosocial factors,
pre-existing diseases, extent of iatrogenic nerve damage following surgery, and perioperative pain management
contribute to the heterogeneity of patient outcomes with regards to the type, magnitude and duration of expe-
rienced pain [2]. Animal models allow for a systematic and well-controlled environment whereby each of these
variables can be independently or concomitantly examined and are useful for identifying potential therapeutic
targets for neuropathic pain. Even though both mice and rats are routinely used in pre-clinical pain models, in-
terspecies comparisons using the same, established nerve injury model are scarce. SNI is advantageous over
other partial nerve injury models (partial sciatic nerve ligation, chronic constriction injury, and spinal nerve liga-
tion) because the level of injury is reproducible. It produces robust behavioral changes in rats, and affords the
potential to study both injured and non-injured nerves and associated skin territories [3]. In rats, cold allodynia,
heat hyperalgesia, mechanical allodynia and hyperalgesia develop immediately after SNI and are maintained for
the observation period (ranging from 64 to 220 days) [3]. While in rats SNI consistently produces cold and me-
chanical allodynia in the ipsilateral paws [4]-[6], SNI in mice is not so consistent. Some studies show the devel-
opment of mechanical hypersensitivity and others do not [7]-[9]. Given the importance and prevalence of trans-
genic approaches in pain research for which mice are readily used, the SNI model was extended to C57BL/6 mice
[7][8]. The choices of injury and rodent species/strain are important considerations in the study of allodynia in the
pre-clinical setting as they both confer distinct advantages. However, reported inconsistencies within strain and
within injury models become problematic.

The goals of this study were to induce the SNI in Sprague Dawley rats and C57BL/6 mice and systematically
study the development of mechanical and cold allodynia. This was done in order to understand the extent to which
species-specific differences affect the quality and chronicity of the pain-like behaviors that develop.

2. Materials & Methods

All experiments were approved by and conducted in accordance with the guidelines set forth by the Institutional
Animal Care and Usage Committee of NYU Langone Medical Center.

2.1. Spared Nerve Injury Model

Adult male Sprague Dawley rats (250 - 300 g) and 4-month-old male C57BL/6 mice (25 - 30 g) were subjected to
SNI according to previously published studies, with slight modifications [3] [7] [8]. Using aseptic surgical tech-
niques and isoflurane anesthesia, an incision (~0.8 cm) was made in the skin of the right hindlimb to expose the
muscle. The skin was detached from the muscle, and the sciatic nerve was identified by exposing the intermus-
cular space between the gluteus maximus and the anterior head of the bicep femoris. Muscles were not cut or
excessively stretched. The connective tissues were carefully removed with fine forceps to loosen the branches
from one another. In the mouse SNI, in an effort to minimize the stretching and agitation of the sural branch, we
combined the approaches of the two seminal mouse studies: we used a very small (9-0) suture to ligate the tibial
and peroneal branches together [ 7] [8] and removed a 2 mm nerve stump distal to the ligation. The muscle and skin
were sutured separately, using 6-0 and 5-0 sutures, respectively. In the rat SNI, the peroneal and tibial branches
were ligated separately using a 5-0 suture, the branches severed, and 2mm stumps were removed distal to the li-
gations. The muscle and skin were sutured separately, using 4-0 and 3-0 sutures, respectively. In addition to
avoiding agitation of the sural branch, care was taken to avoid tearing the blood vessels over the tibial and pero-
neal branches. Immediate post-operative recovery included a subcutaneous injection of saline, rest on a heating
pad for 45 minutes, and access to food and water. For the duration of the experiments, animals were housed in
separate cages. Because of the aseptic surgical technique, prophylactic or empirical antibiotic therapy was not
necessary. Following the surgery, the incidence of autotomy was low (<5%); those animals were not used.

2.2. Behavioral Testing for Mechanical and Cold Allodynia

Several days prior to collecting baseline thresholds, animals were handled and introduced to the behavior room to
minimize anxiety. Pre- and post-injury, rats and mice were never tested in the same room, or using the same
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equipment, as these stressors can confound the behavioral data. On each test day, the von Frey test was conducted
first, animals given approximately 30 minutes to rest, and then challenged with acetone. Each animal was sti-
mulated 2 - 5 times in each hindpaw, with a rest period of approximately 5 minutes between each stimulation.

2.3. Electronic von Frey

Prior to SNI, baseline mechanical thresholds were assessed in both hindpaws using the Electronic von Frey ap-
paratus (IITC Life Sciences, Inc.): for rats, a size 15 filament was fitted on the 800 gram arm, and for mice, a size
8 filament fitted on a 90 gram arm. Changes in the weight supported by each paw were measured for 5 weeks
following injury. Significant decreases in threshold, relative to baseline, indicated the development of mechanical
allodynia.

2.4. Acetone Test

Cold allodynia was assessed by using a modified acetone test [10]. The duration of paw withdrawal in the 30
seconds immediately following acetone application to the plantar surface of the hindpaws was measured to assess
cold allodynia at baseline a following SNI. Absolute acetone (100%) in a volume of 20 pls was placed on the base
of the paw for rats, while 2 pls for mice. During acetone application the pipette tips did not touch the paw. One-
way ANOVAs were used to determine significance within species, and unpaired student’s t-test used to determine
significance between species per time point.

3. Results
3.1. After SNI the Magnitude and Onset of Mechanical Allodynia Differs in Mice and Rats

Rats developed statistically significant mechanical allodynia (70% decrease in threshold relative to baseline) in
the ipsilateral paw 1 day post-SNI (p < 0.001), which was maintained for the 5 week observation period. Mice also
developed mechanical allodynia immediately after the injury. However, mice displayed only a 30% decrease in
threshold relative to baseline at POD 1 (Figure 1). Though mechanical allodynia peaked at POD 1 and was
maintained until POD 35 in rats, it took approximately 2 weeks for mechanical allodynia to peak in mice (POD
14). In mice, the peak was a 50% decrease in threshold relative to baseline (versus a 70% decrease in rats) that was
maintained for the remaining 3 weeks (Figure 1).

3.2. Cold Allodynia Develops in Rats but Not Mice after SNI

Interestingly, though both species developed mechanical allodynia following SNI, only rats developed robust cold
allodynia in the ipsilateral paw, which peaked at 3 weeks (POD 21) and was maintained until the S5th week (Figure
2). The contralateral paws did not develop cold allodynia.

4. Discussion

There are immense strengths in the use of rodents for studying neuropathic pain, and SNI has many advantages.
There is little variation in the magnitude of the injury because the same two branches are ligated and severed.
The reproducibility of injury affords the potential to study both injured and non-injured nerves in a consistent
manner. Table 1 details specific methodologies used in the three seminal SNI studies. Our data show that when
the level of injury and anesthesia are systematically controlled in the SNI model, both mice and rats develop
mechanical allodynia. This behavior varies in magnitude and the onset displays a different time course. In addi-
tion, rats developed robust cold allodynia, while mice did not.

The previously reported inconsistencies in behavioral responses in the mouse SNI model, even when using
the same strain, become problematic because mice are readily used for transgenic approaches [11]. It is not clear
why SNI in C57Bl/6 mice does not induce mechanical allodynia in some studies, yet it does in others [7] [8]. It
may be due to differences in the anesthesia used during surgery, the size of suture used for ligation, or other de-
tails of the surgical procedure and post-op recovery period. Anesthesia type may not be the strongest factor for
the observed differences because even though the first mouse SNI study indicates that the use of Ketamine and
Xylazine precludes the development of mechanical hypersensitivity [7], several studies have used this exact
cocktail and showed that mechanical hyperalgesia and allodynia develop immediately after the injury in

(=)



A. Sideris et al.

Mouse contralateral paw
-+ Mouse ipsilateral paw

#- Rat contralateral paw
-~ Rat ipsilateral paw

Acclimatization 45 minutes 45 minutes 20 1
Stimulating arm 90 gram arm 800 gram arm 0
- 4.
Filament Size 8 Size 15 :C:> _
=82 20
Sural area of Sural area of o &5
: g hindpaws hindpaws 22 40l
At aftsitmgion (lateral/plantar (lateral/plantar 23 £
surface) surface) © g g 60
= -
Readout Maximum weight Maximum weight fl; &
cacou! supported by paw supported by paw s -80 1
Time between . - -100 T T T T J
stimulations ) Iz 5 minutes -10 0 10 20 30 40
Time (in Days after Surgery)
(@) (b)

Figure 1. Development of mechanical allodynia in C57BL/6 mice and Sprague Dawley rats following SNI: (a) Com-
parison of methods used for Electronic von Frey; (b) Changes in mechanical threshold following SNI in the contrala-
teral (light green) and ipsilateral hindpaws (dark green) of mice, N = 11, and in the contralateral (light blue) and ipsi-
lateral (dark blue) hindpaws of rats, N = 10, are expressed as a percentage relative to baseline. Mechanical allody-
nia-ipsilateral paw-in mice (bold green) peaks later, and to a lesser degree compared to rats (bold blue). p < 0.001
versus baseline, p < 0.05 rat versus mouse, p < 0.05 versus mouse post-op Day 1. At all post-surgery time points, the
responses in the ipsilateral paws were significantly different from their corresponding contralateral paws, in both mice
and rats (p < 0.001) (not indicated in graph).
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Figure 2. Development of cold allodynia using the acetone drop test in C57BL/6 mice and Sprague Dawley rats fol-
lowing SNI: (a) Comparison of methods used for the Acetone drop test; (b) Baseline and post-SNI acetone responses
in the contralateral (light green) and ipsilateral hindpaws (dark green) of mice, N = 9, and in the contralateral (light
blue) and ipsilateral (dark blue) hindpaws of rats, N = 3, expressed in seconds of hindpaw withdrawal. The day that
SNI surgery was performed is indicated as Day 0. Cold allodynia never develops in mice (dark green) but develops in

rats (blue). p <0.05, p <0.01, p <0.001 versus baseline.

C57BL/6 mice [12] [13]. In the acetone test for cold allodynia, the majority of papers either do not define a par-
ticular volume that is applied to the paws, or report a range of volumes, making reproducibility difficult [14]-
[16]. Care must be taken in the acetone drop test because there may be a mechanical stimulation component if
syringe tips touch the paws, or if the “spray” of acetone is too forceful. Additionally, it has previously been do-
cumented that the acetone test produces an uncontrollable global behavior on the mouse that severely impairs an
accurate recording of behaviors [17]. The droplet volume chosen in the present study was based on our observa-
tion that acetone volumes greater than 5 pls produced prolonged paw withdrawals in non-injured animals before
surgery (data not shown). Reducing the volume to 2 pls, and carefully placing this droplet on the plantar surface
of the mouse’s hindpaws induced a baseline withdrawal duration of approximately 2 seconds in normal, wild-
type mice. A withdrawal duration of 2 seconds is also seen with 2 uls of room temperature water at baseline.
This acetone volume, however, is sufficient to induce a hypersensitivity response under other conditions—data

previously published in abstract form [18].
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Table 1. Comparison of sural Spared Nerve injury models in rats and mice including strain, gender of rodents, weight, age,
type of anesthesia used, side of injury, how the injury was induced, suture sizes, and behaviors measured after the injury.

Decosterd & Woolf 2000 Shields et al. 2003 Bourquin et al. 2006
Species/Strain Sprague Dawley Rats C57BL/6 mice C57BL/6 mice
Gender Male Male & Female Male
Weight/Age 200 - 250 g (age not specified) 20 - 25 g (age not specified) 25 - 30 g/2months old

Ketamine & Xylazine
Anesthesia Halothane (2%) (60 and 8 mg/kg) OR Halothane Isoflurane (1.5% - 2.5%)
(1.75% - 2.5%)

Side of Injury Not specified Not specified Left hindlimb

Tibial ligated/peroneal ligated;
both severed, 2-4mm stumps
removed distal to ligations

Tibial ligated/peroneal ligated,; Tibial + peroneal ligated together;
both severed 1 - 2 mm stumps removed
distal to ligation

Injury
Nerve Ligation 5-0 silk 9-0 silk 6-0 silk
Muscle Suture Not specitied 6-0 silk 6-0 silk
Skin Suture Not specified 6-0 silk 6-0 silk & surgical micro clips
. . Not with Ketamine/Xylazine;
Mechanical Allodynia Yes Not with Halothane Yes
Cold Allodynia Yes Not determined Not determined

5. Conclusions

A multi-model approach is necessary to study the mechanisms of neuropathic pain, but it is usually reserved for
examining differences in various peripheral nerve injury models within the same species [3] [7] [19], or for ex-
amining the same injury model in different strains of the same species [20] [21]. In the pain literature, results from
rats and mice are oftentimes grouped into “rodent” models, and subtle differences are not acknowledged. We
argue that interspecies comparisons between rodents also have a place in translational research.

Compared with mice, our results indicate that SNI in rats induces a more severe evoked-pain phenotype, cha-
racterized by immediate strong mechanical allodynia and robust, yet delayed, cold allodynia. We further propose
that SNI in mice may be a negative model for nerve-injury induced cold allodynia. Ultimately, the utility of
these pre-clinical models is best realized through “back-translation” in which patient phenotypes can inform and
refine the rodent paradigms. The appropriate animal models can be chosen on the basis of specific patient phe-
notypes in order to increase predictive validity of therapeutic interventions for a particular pain condition. For
example, cold allodynia is not present in all patients who have peripheral nerve injury-induced mechanical allo-
dynia [22], and it has been proposed that cold allodynia may be a hallmark of sympathetically maintained pain
[23]. The use of these two species would help discern what factors (e.g. peripherally or centrally derived) may
be contributing to differences in the development of cold allodynia following a peripheral nerve injury. Fur-
thermore, since there are numerous reports emphasizing the genetic component of pain [24], it will be important
to detail the precise nature and extent of behavioral similarities between rats and mice with SNI because genetic
targets for neuropathic pain remain elusive [25]. Hence, parallel analysis of interspecies differences can be ex-
ploited to reveal novel molecular players leading to divergent pain behaviors. These approaches may facilitate
the human translational process by refining target validation at the pre-clinical level.
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