




























































































Crowder MJ and Hand DJ. Analysis of repeated measures. London: CRC

Press/Chapman & Hall, 1990.

Davidian M and Giltian DM. Nonlinear models for repeated measurement data. New

York: Chapman & Hall/CRC, 1995.

Decosterd |, Allichorne A, Woolf CJ. Differential analgesic sensitivity of two distinct

neuropathic pain models. Anesth Analg 2004;99:457-463.

Decosterd |, Ji RR, Abdi S, Tate S, Woolf CJ. The pattern of expression of the
voltage-gated sodium channels Na(v)1.8 and Na(v)1.9 does not change in uninjured
primary sensory neurons in experimental neuropathic pain models. Pain

2002;96:269-277.

Decosterd | and Woolf CJ. Spared nerve injury: an animal model of persistent

peripheral neuropathic pain. Pain 2000;87:149-158.

Diggle PJ, Heagerty P, Liang KY, Zeger SL. Analysis of longitudinal data. New York:

Oxford University Press, 2002.

Dworkin RH, Backonja M, Rowbotham MC, Allen RR, Argoff CR, Bennett GJ,
Bushnell MC, Farrar JT, Galer BS, Haythornthwaite JA, Hewitt DJ, Loeser JD, Max
MB, Saltarelli M, Schmader KE, Stein C, Thompson D, Turk DC, Wallace MS,
Watkins LR, Weinstein SM. Advances in neuropathic pain: diagnosis, mechanisms,

and treatment recommendations. Arch Neurol 2003;60:1524-1534.

El Khoury C, Hawwa N, Baliki M, Atweh SF, Jabbur SJ, Saade NE. Attenuation of
neuropathic pain by segmental and supraspinal activation of the dorsal column

system in awake rafs. Neuroscience 2002:112:541-553.

30



Eliav E, Herzberg U, Ruda MA, Bennett GJ. Neuropathic pain from an experimental

neuritis of the rat sciatic nerve. Pain 1999:83:169-182.

Francis DD, Szegda K, Campbell G, Martin WD, Insel TR. Epigenetic sources of

behavioral differences in mice. Nat Neurosci 2003;6:445-446.

Fukuoka T, Kondo E, Dai Y, Hashimoto N, Noguchi K. Brain-derived neurotrophic
factor increases in the uninjured dorsal root ganglion neurons in selective spinal

nerve ligation model. Journal of Neuroscience 2001;21:4891-4900.

Gold MS, Weinreich D, Kim CS, Wang R, Treanor J, Porreca F, Lai J. Redistribution
of NaV1.8 in Uninjured Axons Enables Neuropathic Pain. J Neurosci 2003;23:158-

166.

Hao JX, Blakeman KH, Yu W, Hultenby K, Xu XJ, Wiesenfeld-Hallin Z. Development
of a mouse model of neuropathic pain following photochemically induced ischemia in

the sciatic nerve. Exp Neurol 2000;163:231-238.

Hao JX, Xu XJ, Aldskogius H, Seiger A, Wiesenfeld-Hallin Z. Photochemically
induced transient spinal ischemia induces behavioral hypersensitivity to mechanical
and cold stimuli, but not to noxious-heat stimuli, in the rat. Exp Neurol 1992;118:187-

194.

Hawkins P. Recognizing and assessing pain, suffering and distress in laboratory
animals: a survey of current practice in the UK with recommendations. Lab Anim

2002;36:378-395.

31



Howard RF, Walker SM, Mota PM, Fitzgerald M. The ontogeny of neuropathic pain:
postnatal onset of mechanical allodynia in rat spared nerve injury (SNI) and chronic

constriction injury (CCIl) models. Pain 2005;115:382-389.

Hu P and McLachlan EM. Selective reactions of cutaneous and muscle afferent

neurons to peripheral nerve transection in rats. J Neurosci 2003;23:10559-10567.

Hudson LJ, Bevan S, Wotherspoon G, Gentry C, Fox A, Winter J. VR1 protein
expression increases in undamaged DRG neurons after partial nerve injury. Eur J

Neurosci 2001;13:2105-2114.

Jensen TS, Gottrup H, Sindrup SH, Bach FW. The clinical picture of neuropathic

pain. Eur J Pharmacol 2001;429:1-11.

Kim SH and Chung JM. An experimental model for peripheral neuropathy produced

by segmental spinal nerve ligation in the rat. Pain 1992;50:355-63.

Lee BH, Won R, Baik EJ, Lee SH, Moon CH. An animal model of neuropathic pain

employing injury to the sciatic nerve branches. Neuroreport 2000;11:657-661.

Malmberg AB and Basbaum Al. Partial sciatic nerve injury in the mouse as a model
of neuropathic pain: behavioral and neuroanatomical correlates. Pain 1998;76:215-

222.

Mansikka H, Sheth RN, DeVries C, Lee H, Winchurch R, Raja SN. Nerve injury-
induced mechanical but not thermal hyperalgesia is attenuated in neurokinin-1

receptor knockout mice. Exp Neurol 2000;162:343-349.

32



Mansikka H, Zhao C, Sheth RN, Sora I, Uhl G, Raja SN. Nerve injury induces a tonic
bilateral mu-opioid receptor-mediated inhibitory effect on mechanical allodynia in

mice. Anesthesiology 2004;100:912-921.

Mitchell SW. Injuries of nerves and their consequences. Philadelphia: JB Lippincott,

1872.

Mogil JS, Chesler EJ, Wilson SG, Juraska JM, Sternberg WF. Sex differences in
thermal nociception and morphine antinociception in rodents depend on genotype.

Neurosci Biobehav Rev 2000;24:375-389.

Murinson BB, Archer DR, Li Y, Griffin JW. Degeneration of myelinated efferent fibers
prompts mitosis in remak Schwann cells of uninjured C-fiber afferents. J Neurosci

2005;25:1179-1187.

Obata K, Yamanaka H, quayashi K, Dai Y, Mizushima T, Katsura H, Fukuoka T,
Tokunaga A, Noguchi K. Role of mitogen-activated protein kinase activation in injured
and intact primary afferent neurons for mechanical and heat hypersensitivity after

spinal nerve ligation. J Neurosci 2004;24:10211-10222.

Ochoa JL and Yarnitsky D. Mechanical hyperalgesias in neuropathic pain patients:

dynamic and static subtypes. Ann Neurol 1993;33:465-472.

Pinheiro JC and Bates DM. Mixed-effects models in § and S-Plus. New York:

Springer Verlag, 2002.

Polomano RC, Mannes AJ, Clark US, Bennett GJ. A painful peripheral neuropathy in

the rat produced by the chemotherapeutic drug, paclitaxel. Pain 2001;94:293-304.

33



Robinson CM, Kriedt CL, Mosley LD, Taylor BK. Comparison of hyperalgesia and
allodynia in spared sural, spared tibial and tibial transection models of neuropathic
pain. Abstract Viewer/Itinerary Planner Washington, DC: Society for Neuroscience,

2003. Program No. 178.5. 2003.

Schmalbruch H. Fiber composition of the rat sciatic nerve. Anatomical Record

1986;215:71-81.

Seltzer Z, Dubner R, Shir Y. A novel behavioral model of neuropathic pain disorders

produced in rats by partial sciatic nerve injury. Pain 1990;43:205-18.

Shields SE, Eckert WA, Ill, Basbaum Al. Spared nerve injury model of neuropathic

pain in the mouse: a behavioral and anatomic analysis. J Pain 2003;4:465-470.

Song XJ, Hu SJ, Greenquist KW, Zhang JM, LaMotte RH. Mechanical and thermal
hyperalgesia and ectopic neuronal discharge after chronic compression of dorsal root

ganglia. J Neurophysiol 1999;82:3347-3358.

Suter MR, Papaloizos M, Berde CB, Woolf CJ, Gilliard N, Spahn DR, Decosterd |.
Development of neuropathic pain in the rat spared nerve injury model is not

prevented by a peripheral nerve block. Anesthesiology 2003;99:1402-1408.

Tal M and Bennett GJ. Extra-territorial pain in rats with a peripheral mononeuropathy:
mechano-hyperalgesia and mechano-allodynia in the territory of an uninjured nerve.

Pain 1994,57:375-82.

Venables WN and Ripley BD. Modern applied statistics with S. New York: Springer-

Verlag, 2002.

34



Wall PD, Devor M, Inbal R, Scadding JW, Schonfeld D, Seltzer Z, Tomkiewicz MM.
Autotomy following peripheral nerve lesions: experimental anaesthesia dolorosa.

Pain 1979;7:103-11.

Wilson SG, Chesler EJ, Hain H, Rankin AJ, Schwarz JZ, Call SB, Murray MR, West
EE, Teuscher C, Rodriguez-Zas S, Belknap JK, Mogil JS. Identification of quantitative

trait loci for chemical/inflammatory nociception in mice. Pain 2002;96:385-391.

Wilson SG and Mogil JS. Measuring pain in the (knockout) mouse: big challenges in

a small mammal. Behav Brain Res 2001:125:65-73.

Woolf CJ and Decosterd I. Implications of recent advances in the understanding of
pain pathophysiology for the assessment of pain in patients. Pain 1999;Suppl

6:5141-S147.

Woolf CJ, Mannion RJ, Neumann S. Null mutations lacking substance: elucidating |

pain mechanisms by genetic pharmacology. Neuron 1998;20:1063-1066.

Wu G, Ringkamp M, Hartke TV, Murinson BB, Campbell JN, Griffin JW, Meyer RA.
Early onset of spontaneous activity in uninjured c-fiber nociceptors after injury to

neighboring nerve fibers. J Neurosci 2001;21:RC140.

Zhao C, Tall JM, Meyer RA, Raja SN. Antiallodynic effects of systemic and
intrathecal morphine in the spared nerve injury model of neuropathic pain in rats.

Anesthesiology 2004;100:905-911.

Zimmermann M. Ethical guidelines for investigations of experimental pain in

conscious animals. Pain 1983;16:109-110.

35



36



Mechanical withdrawal threshold (SNI/sham)

10 3
3 *
B SNI T
]
2 1y
[7]
2
£
k)
5 0.1
o
s
2
0,01 3
0.001 +— T T T T T T T T T T ¥ T T 1
4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days post surgery
—a— SNl ipsilateral paw —o— Sham ipsilateral paw
—— SNI contralateral paw —o— Sham contralateral paw

Figure 2
38



M Tibial
I Sural




Mechanical withdrawal threshold (male/female)
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Table | - Comments for movie1

—

Description of events

Setting

The restrainer consists of three serial individual transparent
Plexiglas boxes (10x10x13cm each) placed on an elevated
platform with soft wire mesh floor (0.2x0.2cm). Mice are gently
placed in the box before testing and can move freely in the box
during testing.

Von Frey
monofilaments

A series of eleven von Frey monofilaments (0.008g, 0.02g,
0.049, 0.07g, 0.16g, 0.40g, 0.60g, 1.0g, 1.4g, 2.0g, 4.0g) will be
used to evoke paw withdrawal response. Testing starts with the
lowest filament of the series and the glabrous skin territory of
the sural nerve (Figure 1G) is stimulated 10 times at a low
frequency (> 0.2-0.3 Hz). The filament is applied perpendicularly
to the skin surface until it bends. The number of withdrawals is
recorded and then the next filament (in ascending order) is
used. Number of withdrawal response is recorded for each
filament of the series.

SNl ipsilateral
paw: withdrawal
response

SNI induces in the ipsilateral paw a high frequency of
withdrawal response by an intermediate force filament. The
stimulus evokes a very brisk withdrawal response that is shown
at normal (@ 32”7, 35”) and slow motion (@ 40”). The stimulus
may also evoke abnormal exaggerated response (@43s, 47s)
that follows the withdrawal by brief licking of the paw. Notice the
area stimulated (the lateral plantar area of the paw) and the
bending of the filament. The investigator observes the animal
from underneath the grid. For clarity, a lateral view is presented
with stimuli @ 59', 1°02" and 1’05”, the later evoking again an
exaggerated response with paw shaking and licking

SNI
contralateral
paw: withdrawal
response

The frequency of response in the contralateral paw is much
lower than in the ipsilateral paw, here the mouse does not
respond to the stimulus (@1°19”, 1'25”, 1°36")

Incorrect stimuli

The territory of the sural nerve is tiny and it is sometimes difficult
to coordinate the stimulation in the correct territory with animal’s
movements. Here we show typically a stimulus in the wrong
territory, the saphenous nerve territory (@1'47”). In this case
the stimulus is not considered for recordings and an additional
stimulus is performed in the sural territory. Another bias is the
use of filaments that are too stiff. Above 4.0g, the force
produces by the filament is beyond the force that the animal can
counter exerted (motor impairment due to SNI). The paw is just
passively lifted by the filament (@1'51”, 1°53"), without any
filament’ binding.

SNI: spared nerve injury, @: at that time on the video in ‘ for minutes and ” for seconds
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Table Il = comments for movie 2 : general mouse behavior after SNI

Description of events

Curiosity
Standing up

Mouse curiosity is conserved, it is not frightened
by the cameraman. Although its movements are
slightly modified, it can stand up on its hind limbs
despite the SNI lesion (left paw).

Exploration of the
environment

The mouse explores its environment normally
when the cage is cleaned and although careful
observation can detect abnormalities in paw
position and gait, overall walking is hot impaired.

Climbing

Despite a neuromuscular defect due to SNI, the
mouse can easily climb the cage grid. In slow
motion, notice that the SNl-injured left paw is
used for holding and balance, even though the
digits are not gripping the bar.
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Table Il ; Significant estimated coefficient values, standard errors and p-values of the

fitted mixed-effects model in the spared nerve injury model (SNI).

Coefficient Value Standard error | Significance
a, -0.93 0.13 <.0001
a, 0.38 0.14 0.01
Oy -0.08 0.34 0.82
Ay, 2.58 0.29 <.0001
Xy 3.05 0.30 <.0001
Ay 3.26 0.30 <.0001
X gy 3.78 0.30 <.0001
Xy 4.40 0.32 <.0001
B, 1.19 0.08 <.0001
Bovs -0.17 0.11 0.11
B -0.67 0.10 <.0001
B -0.50 0.10 <.0001
B -0.45 0.10 <.0001
B -0.52 0.10 <.0001
B -0.45 0.10 <.0001
s, sex; d, day; BL, baseline
dodalapi..
dedddyls - 0
CHEHL v - L ity

CHCHIG1011 LAUSANNE

46



Table IV. Estimated coefficient values, standard errors and p-values of the fitted
mixed-effects model for comparison of sham, SNI and SNI-variant procedures. No
other coefficient of the model was found significant.

Coefficient Value Standard error Significance

a, -0.87 0.39 0.03

— a,, 1.24 0.53 0.02
- & 7,51 Sural 1.55 0.44 < 0.001
I & q14,581, Suwral 3.01 0.46 < 0.0001
N X 421,5M1, Swral 3.01 0.47 < 0.0001
r @ 47, 5N (5,¢p),Sural 1.50 0.44 < 0.001
@ 14, 5N (5,0p), Sural 2.30 0.46 < 0.0001
& 421 SNIv (5,0p), Sural 2.77 0.47 < 0.0001

O 47 SNIV ), Sural -1.09 0.46 0.02
By 0.64 0.02 < 0.0001

d, day; 7, 14, and 21 after the surgical procedure
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