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Abstract

Bortezomib is a first generation proteasome inhibitor that is the frontline chemotherapy for

multiple myeloma with the chief dose-limiting side effect of painful peripheral neuropathy. The

goal of this study was to define the behavioral phenotype in a preclinical model of bortezomib

chemotherapy-induced peripheral neuropathy (CIPN) and to test whether this is matched by

changes in the physiological responses of spinal wide dynamic range neurons. Sprague-Dawley

rats were treated with four injections of bortezomib at four doses, 0.05mg/kg, 0.10 mg/kg, 0.15

mg/kg, 0.20 mg/kg, or equal volume of saline. All doses of bortezomib above 0.05mg/kg produced

showed significant dose-dependent mechanical hyperalgesia that was fully established at 30 days

after treatment and that recovered to baseline levels by day 69 after treatment. Thermal, cold, and

motor testing were all unaffected by treatment with bortezomib. Spinal wide dynamic range

(WDR) neurons in rats with confirmed bortzomib-related CIPN showed an increase in number of

evoked discharges to mechanical stimuli and exaggerated after-discharges in rats with bortezomib

CIPN.
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1. Introduction

Bortezomib is a first generation proteasome inhibitor drug used in the treatment of multiple

myeloma and other non-solid malignancies. It may be administered on its own, but is used

primarily in conjunction with other drugs such as thalidomide, dexamethasone, melphalan,

and prednisone (San Miguel et al., 2008; Kaufman et al., 2010). As with many other

© 2014 Elsevier B.V. All rights reserved.
*Correspondence to: Patrick M. Dougherty, Department of Anesthesia and Pain Medicine, The University of Texas M.D. Anderson
Cancer Center, Houston, Texas 77030. Tel: 713-745-0438, Fax: 713-792-7591, pdougherty@mdanderson.org.

Disclosures: The authors have no conflicts of interest or other disclosures concerning this work.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Brain Res. Author manuscript; available in PMC 2015 July 29.

Published in final edited form as:
Brain Res. 2014 July 29; 1574: 6–13. doi:10.1016/j.brainres.2014.06.013.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



chemotherapeutic drugs, bortezomib exhibits a side effect of painful chemotherapy-induced

peripheral neuropathy (CIPN) (Aghajanian et al., 2002; Kane et al., 2006). This appears in a

stocking and glove distribution with patients reporting the most severe neuropathic

symptoms in the glabrous skin of their toes and fingers (Cata et al., 2007). CIPN frequently

becomes so severe that patients are given a lower dose than maximally effective or forced

off of chemotherapy entirely (Cata et al., 2007; Broyl, Jongen, Sonneveld., 2012).

Understanding the mechanisms of chemotherapy-induced peripheral neuropathy so that it

may be alleviated or prevented is therefore critical if patients are to have a higher quality of

life and benefit fully from chemotherapy treatment.

Bortezomib was granted a fast-track approval by the FDA for use in treatment of multiple

myeloma due to its effectiveness. It is distinct from other chemotherapy drugs in that it

targets proteasomes within cells, which consist of a 19S subunit that detects ubiquitination

and a 20S subunit that degrades ubiquitinated proteins. Bortezomib competitively binds to

the 20S subunit, preventing the normal degradation of misfolded or obsolete proteins by

targeting the chymotrypsin-like activity of the proteasome (Adams et al., 1999; Adams,

2002; Adams and Kauffman, 2004). Due to high levels of protein turnover and synthesis, the

accumulation of these proteins has a greater consequence in cancer cells than in healthy

cells. However, it is unclear how this accumulation of proteins results in apoptosis, as

multiple mechanisms have been proposed that could explain this effect. Cell cycle arrest

may occur when proteins regulating the cell cycle at critical stages remain at concentrations

that do not permit proliferating cells to continue through the cell cycle, such as what may

occur with stabilization of IκB, the inhibitory form of the transcription factor NFκB

(Hideshima et al., 2001; Voorhees et al., 2003). This would not necessarily account for

apoptosis, but could explain a slower progression in treated patients. It is also possible that

blocking the cell's ability to digest misfolded or otherwise faulty proteins via bortezomib

treatment causes excessive stress on the endoplasmic reticulum, which then leads to caspase-

mediated apoptosis (Landowski et al., 2005). Alternatively, bortezomib may trigger

apoptosis through the activity of p53, which prompts mitochondrial cytochrome c-triggered

apoptosis (Hideshima et al., 2003; Voorhees et al., 2003). Malignant cells must continually

work against apoptotic signals, and it has been suggested that inhibiting the proteasome

shifts this balance in a manner unfavorable to the survival of malignant cells. Many other

reasonable mechanisms have been proposed for how proteasome inhibition leads to

apoptosis in addition to those listed here. In light of this, it seems likely that there are

multiple pathways contributing to apoptosis and inhibited growth of cancer cells treated with

bortezomib, as opposed to any single mechanism.

With the current lack of understanding of the activity of bortezomib on cancer cells, it is not

surprising that the cause of bortezomib -induced peripheral neuropathy is also not well

understood. This poses major difficulties in identifying treatments to prevent or reverse this

neuropathy. Understanding the cause of bortezomib CIPN is more complicated than simply

treating generalized pain, since CIPN in other drug models does not necessarily affect every

modality of somatosensation. Instead, a given drug has a profile of select types of stimuli

that produce abnormal numbness, tingling, pain, or other sensations that are similar across

drugs, but not identical (Cata et al., 2007; Dougherty et al., 2007; Boyette-Davis et al.,
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2012). It is therefore necessary in characterizing bortezomib-induced peripheral neuropathy

to survey multiple modalities so as to provide insight as to a common mechanism that may

underlie affected modalities.

Electrophysiological data are also important to determine whether central sensitization,

glutamate transporter dysfunction, or other similar mechanisms are involved, since

bortezomib cannot cross the blood brain barrier (Adams, 2002). Studies with other

chemotherapy drug models have revealed increased responses and persistent afterdischarges

in wide dynamic range (WDR) neurons in the spinal dorsal horn in CIPN (Cata et al., 2006;

Cata, Weng, and Dougherty, 2008a). A similar finding in bortezomib would indicate a

maladaptive response in these cells that might explain both exaggerated sensitivity and

persistent after sensations to cutaneous stimuli such as those seen in patients (Cata et al.,

2007; Boyette-Davis et al., 2011). Taken together with behavioral data, the present study

was conducted to identify changes in sensory behavioral phenotype and accompanying

spinal cellular responses to understand bortezomib CIPN for the sake of its treatment or

prevention.

2. Results

2.1 Mechanical Sensitivity

2.1.1 0.05mg/kg bortezomib—Rats treated at the 0.05mg/kg dose of bortezomib had a

gradual and slight onset of mechanical hyperalgesia versus baseline behavior that was

determined in ANOVA to not differ significantly versus controls (Fig. 1A). Nevertheless,

this group was significantly lower versus control at day 19 (naïve: 17.2±2.49g, bortezomib:

10.4±1.10g), as well as at days 23, 26, and 34. After this point, rats began to recover from

changes in mechanical sensitivity. Although the average withdrawal threshold was higher

for this group at later time points than in saline-treated rats, this difference was not

statistically significant, and these rats started with a higher baseline threshold than the

saline-treated group.

2.1.2 0.10mg/kg bortezomib—Rats treated at the 0.10mg/kg dose of bortezomib showed

a significantly reduced mechanical withdrawal threshold than the saline-treated and

0.05mg/kg treated groups (P<0.01), but not different from the 0.15mg/kg or 0.20mg/kg

groups. This group first showed statistically significant mechanical hyperalgesia versus

controls at day 6 (naïve: 19.3±2.56g, bortezomib: 13.9±1.54g), after the third injection of

bortezomib (Fig. 1B). Significant differences were also observed at every following time

point until day 54. Peak severity was observed from day 16 to day 34 (approx. 7.5g).

Recovery from changes in mechanical sensitivity was gradual after this point, with

statistically equivalent behavior versus saline-treated rats at days 63 and 69.

2.1.3 0.15mg/kg bortezomib—Rats treated at the 0.15mg/kg dose of bortezomib showed

significantly lowered withdrawal threshold from the saline-treated and 0.05mg/kg group

(P<0.01), but not from the 0.10mg/kg or 0.20mg/kg groups. This group first showed

statistically significant mechanical hyperalgesia versus controls at day 8 (naïve: 17.3±2.48g,

bortezomib: 11.1±2.41g), after the final injection of bortezomib (Fig. 1C). Significant

differences were also observed at days 12, 19 through 41, and 54. Peak severity was
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observed from day 19 to day 34 (approx. 7.5g). Animals began to recover from mechanical

hypersensitivity following this point, with statistically equivalent behavior versus saline-

treated rats at days 47, 63, and 69.

2.1.4 0.20mg/kg bortezomib—Rats treated at the 0.20mg/kg dose of bortezomib showed

significantly lowered withdrawal threshold from the saline-treated and 0.05mg/kg group

(P<0.01), but not from the 0.10mg/kg or 0.15mg/kg groups. This group first showed

statistically significant mechanical hyperalgesia versus controls at day 19 (naïve:

17.2±2.49g, bortezomib: 9.75±1.36g), after the 0.10mg/kg and 0.15mg/kg doses showed

similar differences (Fig. 1D). However, because of a larger error at the day 12 and 16 time

points, the 0.20mg/kg group could not be determined to be significantly different from either

saline-treated rats or rats treated with other doses of bortezomib. Significant differences

versus saline-treated rats were also observed at days 23, 26, 34, 47, and 54. Peak severity

was observed at days 23 and 26 (7.25 and 7.36g). Animals showed highly variable

mechanical sensitivity in the time points that followed, but did not show consistent recovery

with statistically equivalent behavior versus saline-treated rats until days 63 and 69.

2.2 Thermal, Cold, and Motor Behavior

In thermal testing, both saline and bortezomib -treated groups remained at baseline levels

throughout testing until they were sacrificed at day 30, long after significant differences

appeared in rats tested for mechanical hyperalgesia (Fig. 2). Similarly, bortezomib-treated

animals remained in line with saline-treated counterparts when tested for cold sensitivity

throughout the period of testing (Fig. 3). There was one time point in which bortezomib-

treated rats scored significantly higher than saline-treated rats, but this score was less than

0.5, indicating on average less than one withdrawal event per test. Peak scores never rose far

beyond a score of 1.0. Rotarod testing showed a lack of motor impairment in animals treated

with bortezomib, as well (Fig. 4). Although some time points showed average walking times

less than the 120 second cutoff time, none of these data points were significant.

2.3 Electrophysiology

WDR neurons in bortezomib-treated rats showed higher acute responses and afterdischarges

to mechanical stimuli compared against neurons in control rats (Fig. 5). Spontaneous firing

of neurons was negligible in both groups (naïve: 0.036±0.016 spikes/s, bortezomib:

0.13±0.053 spikes/s). Both acute responses to Brush (naïve: 3.6±0.30 spikes/s, bortezomib:

9.1±0.93 spikes/s) and afterdischarges (naïve: 0.090±0.052 spikes/s, bortezomib: 1.6±0.32

spikes/s) were significantly elevated in bortezomib rats. The acute responses to the 0.07g

von Frey stimulus were not significantly different in bortezomib rats (naïve: 1.3±0.16

spikes/s, bortezomib: 9.2±0.93 spikes/s), but the afterdischarges to this stimulus were

significantly higher (naïve: 0.036±0.036 spikes/s, bortezomib: 0.43±0.16 spikes/s). Neither

the acute response to the 1.4g von Frey filament (naïve: 2.7±0.32 spikes/s, bortezomib:

3.5±0.42 spikes/s) nor the afterdischarges (naïve: 0.13±0.056 spikes/s, bortezomib:

0.57±0.15 spikes/s) were significantly different from control rats. The responses to the 60g

von Frey filament were significantly higher in bortezomib (naïve: 4.7±0.40 spikes/s,

bortezomib: 7.5±0.73 spikes/s), as were the afterdischarges (naïve: 0.20±0.13 spikes/s,

bortezomib: 1.2±0.29 spikes/s). Venous clip (light skin compression) responses were
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significantly higher in bortezomib (naïve: 5.3±0.77 spikes/s, bortezomib: 9.6±0.67 spikes/s),

as were the afterdischarges (naïve: 0.65±0.26 spikes/s, bortezomib: 3.5±0.62 spikes/s).

Arterial clip (painful skin compression) responses were significantly higher in bortezomib

(naïve: 7.5±0.98 spikes/s, bortezomib: 14±1.2 spikes/s), as were the afterdischarges (naïve:

1.0±0.31 spikes/s, bortezomib: 5.9±0.80 spikes/s).

3. Discussion

Interpretation of dose-response data indicates that a bortezomib-induced peripheral

neuropathy will occur even at dose levels lower than therapeutic dose but is maximal for the

doses in the therapeutic range. Supramaximal doses of bortezomib did not seem to produce

an exacerbation of neuropathy signs above that at the therapeutic range. This parallels the

symptoms seen in patients. Treatment-emergent CIPN occurs in 37% of patients within the

first five cycles of bortezomib treatment, but frequency plateaus at this point with regard to

further treatment cycles (Kane et al., 2006; Richardson et al., 2006; Cavaletti and

Jakubowiak, 2010; Broyl, Jongen, Sonneveld, 2012). Dose reduction of bortezomib at the

first sign of neuropathy was reported to reduce the severity and risk of further CIPN

(Richardson et al., 2006), so it is possible that chemotherapy cycles spread out over a longer

period would allow identification of low levels of neuropathy before the threshold is fully

reached.

The time course of bortezomib CIPN observed in the present model was similar to the time

course seen in the paclitaxel model, which was shown to resolve by day 60 (Cata, Weng,

and Dougherty, 2008b) and the oxaliplatin model, which did not resolve until after day 73

(Xiao, Zheng, and Bennett, 2012). This lengthy recovery period is also paralleled by what is

seen in patients treated with bortezomib, who may take months to recover from neuropathy

by at least one grade (Cavaletti and Jakubowiak, 2010; Broyl, Jongen, Sonneveld, 2012).

There must be a persistent signal cascade following bortezomib's activity on its primary

targets to produce an effect on this scale, as normal proteasomal activity is restored 48 to 72

hours following treatment (Adams, 2002). Whether this cascade occurs via its activity as a

proteasome inhibitor or through a secondary means of action is presently unknown.

In the present study, treatment with bortezomib resulted in the development of mechanical

hyperalgesia with an absence of thermal sensitivity, cold sensitivity, or motor impairment.

This distinguishes bortezomib from other chemotherapeutic drugs such as paclitaxel, which

shows a thermal component in rat models of CIPN (Dina et al., 2001; Cata, Weng, and

Dougherty, 2008b), or oxaliplatin, which has components of both thermal and cold

hyperalgesia (Joseph and Levine, 2009; Xiao, Zheng, and Bennett, 2012). The observations

of the present study do not fully parallel what is seen in patients, who report loss of thermal

sensibility and cold hyperalgesia in bortezomib CIPN, as well as increased time to complete

a fine motor task (Cata et al., 2007). This mismatch may be a result of physiological

differences between humans and rats, or the preclinical tests employed may lack the

sensitivity to detect changes in cold sensitivity in this particular model. However, the

successful uses of these tests in other rat models of CIPN would argue against the latter. In

either case, what causes the apparent behavioral selectivity of this hyperalgesia is unknown

and warrants further study, but it does suggest that the possibility that the driving
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mechanism behind bortezomib-induced peripheral neuropathy may be distinct from that of

other forms of peripheral neuropathy.

Since bortezomib does not cross the blood-brain barrier, it is extremely unlikely that the

CNS would be the primary site where bortezomib-induced peripheral neuropathy is initiated

but rather includes an effect on primary afferents nerve ending and/or dorsal root ganglion

cell bodies. The exact nature of how changes in peripheral nerves or DRG affect the activity

of spinal neurons remains to be defined, but the results here show that once engaged altered

signaling within the spinal cord likely further contributes to the overall state of neuropathic

pain. One possibility is that persistent sensation or signaling from primary afferents could

drive central sensitization as seen in other nerve injury models (Rygh et al., 1999; Ji et al.,

2003). This would explain the increased spiking frequency during stimulation observed in

the present study's electrophysiology data, as well as the persistent afterdischarges observed.

Alternatively, spinal glial cells are a target for future study that could contribute to the

present study's observed phenotype. These cells are currently thought to have a major role in

chronic pain through the release of pro-inflammatory cytokines and chemokines such as

IL-1β, TNF-α, and CCL2 (Clark, Old, and Malcangio, 2013; Ji, Berta, and Nedergaard,

2013). However, an additional maladaptive response that may be seen in spinal glial cells is

the dysfunction of astrocytic glutamate transporters, which would account for persistent

afterdischarges observed in the present study and be in line with aforementioned plasticity-

related theories of chronic pain. Indeed, this involvement of glutamate transporters in the

presence of enhanced WDR responses has been observed previously in paclitaxel and

cisplatin-treated rats (Cata et al., 2006; Cata, Weng, and Dougherty, 2008a; Zhang et al.,

2012).

Little is presently known about how the inhibition of the proteasome by bortezomib results

in neuropathic pain, but it is clear from the present study that this drug has mechanistically

distinct activity separating it from other chemotherapeutic agents. Namely, bortezomib

resulted in mechanical hypersensitivity, increased firing of WDR neurons, and persistent

afterdischarges in these cells in the absence of changes to thermal sensitivity, cold

sensitivity, or motor ability. Further studies are required to isolate candidate targets in the

induction of bortezomib-induced peripheral neuropathy, but the overall downstream

mechanism or signal cascade may be similar to that of another pain model if spinal neurons

and contributing glial cells display a similar profile of activation between bortezomib-

induced peripheral neuropathy and other types of neuropathy.

4. Experimental Procedure

4.1 Animals

A total of 61 male Sprague Dawley rats (Harlan) were used. Animals were housed on a

12hr/12hr light cycle and provided food and water ad libitum throughout the testing period.

All efforts were taken to minimize pain and discomfort in animals, and all handling and

procedures were approved by the institutional review board and in accordance with

institutional ethical standards.
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4.2 Drugs

All agents were administered by intraperitoneal (i.p.) injection at in equivalent volumes

(0.7mL per injection). Pharmaceutical grade bortezomib (Velcade®, Millennium

Pharmaceuticals) was diluted in saline to the desired concentration. Dosages of 0.05mg/kg,

0.10mg/kg, 0.15mg/kg, and 0.20mg/kg per injection were used in the initial behavioral

characterization studies. A total of four injections of each dose were administered on days 1,

3, 5, and 7 of each study resulting in cumulative doses of 0.20mg/kg, 0.40mg/kg,

0.60mg/kg, and 0.80mg/kg per treatment. The 0.15mg/kg dose was subsequently defined as

the optimal dose in producing the behavioral phenotype that was used in the follow-up

neurophysiology studies. Control groups of rats were treated with saline vehicle alone at the

same time intervals.

4.3 Mechanical hyperalgesia testing

Sensitivity to mechanical stimuli was assessed using Von Frey filaments as previously

described (Boyette-Davis and Dougherty, 2011; Yoon et al., 2013). A range of filaments

calibrated to 1g, 4g, 10g, 15g, and 26g of bending force were used for testing. Filaments

were applied to the mid-plantar surface of the hindpaw until a bend was observed in the

filament and held for approximately 1 second. After a half-hour habituation period, each

animal had its mechanical withdrawal threshold for each foot assessed as the lowest filament

in the series at which the animal responded to at least 50% of six applications. Animals were

tested for baseline response just prior to their first injection of drug (day 1) and the days

after each injection (days 2, 4, 6, and 8). Following this, rats were tested for mechanical

threshold twice weekly for one month, then once weekly until recovery from the

hyperalgesia phenotype, assessed as a return to baseline withdrawal threshold.

4.4 Thermal hyperalgesia testing

Thermal sensitivity in rats was tested using a Hargreaves testing apparatus (Ugo Basile). An

infrared beam was directed to the mid-plantar surface of each hindpaw, and the latency to

withdrawal was measured. This was repeated for three trials per paw with a 20 second cutoff

to prevent tissue damage. Baseline beam intensity was set to evoke a baseline response

between 10-12 seconds. Rats were tested at time points corresponding to those of dose

response testing until day 30.

4.5 Cold sensitivity testing

Rats were tested for cold sensitivity via scored responses to application of acetone. For each

trial, 50μL of acetone was applied to the mid-plantar surface of each hindpaw using a

calibrated pipette. The behavior of the rat was observed and scored for 20 seconds following

this application. A score of 1 was assigned for each rapid withdrawal or flicking of the foot.

A score of 2 indicated prolonged withdrawal, and a score of 3 indicated licking of the

hindpaw. Trials were conducted three times per hindpaw, for a total of six trials per testing

period. Cold sensitivity testing was conducted at the same time points as thermal testing.
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4.6 Motor impairment testing

The potential for motor impairment due to chemotherapy treatment was assessed by rotarod

assay as previously described (Cata, Weng, and Dougherty, 2008b). A rotating wheel was

set to increase over time from a speed of 4rpm to 40rpm. Each animal was placed on this

accelerating wheel and allowed to walk for 120 seconds or until it fell off of the wheel, at

which point the rotating wheel would shut off automatically. Three trials were recorded per

animal per time point with a 5 minute resting period between trials. Time points

corresponded to those of thermal testing.

4.7 In vivo electrophysiology

All rats used for in vivo electrophysiology treated with bortezomib had confirmed behavioral

hypersensitivity to chemotherapy and were compared to saline-treated controls. Rats were

anesthetized using urethane (1.5g/kg i.p.) and anesthetic depth was verified by toe pinch for

loss of nociceptive reflexes with supplemental anesthetic given as needed. The L5-6 spinal

cord was exposed via laminectomy and the animal then mounted into a stereotactic frame.

The spinal cord was covered with agar with an opening to allow electrode access that was

kept filled with saline. A parylene-coated tungsten filament electrode (resistance 1.4-1.8MΩ,

Microprobes Inc.) was advanced into the spinal cord using a hydraulic Microdrive. Cells

were isolated using mechanical stimulation of the paw. Wide dynamic range (WDR)

neurons responding in graded fashion to innocuous and noxious stimuli achieving a signal to

noise ratio greater than 5 were selected for study.

Assessment of neuronal activity began with recording of 60 seconds spontaneous activity.

Mechanical stimuli were then applied for 10 seconds each with 30 second inter-stimulus

intervals. The stimuli included camel hair brush (1 application/second), 0.07g von Frey

filament (1 application/second), 1.4g von Frey filament (1 application/second), 60g von Frey

filament (1 application/second), venous clip (continual application), and arterial clip

(continual application). Spike2 software was used to capture spikes and for off-line analysis

of stimulus response frequencies and afterdischarge rates. The 5 seconds following each

stimulus were used for analysis of afterdischarges.

4.8 Statistics

For all measurements in both behavior testing and electrophysiology, each representative

data point was calculated as the mean value for a given group at the time point represented.

Error bars were then calculated as standard error of the mean, and significance was

determined using a Mann-Whitney test (α = 0.05, 0.025, 0.01). Additionally, a one-way

ANOVA with a post-hoc Tukey test was used in mechanical behavior testing across doses to

determine whether the observed behavior differed versus control and between other doses (P

= 0.05, 0.01).
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Highlights

• Bortezomib-treated rats develop threshold-dependent mechanical hyperalgesia

• No changes in thermal sensitivity, cold sensitivity, or motor function were

observed

• Spinal WDR neurons showed increased firing and persistent after-discharges
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Figure 1.
Bortezomib produces mechanical hyperalgesia in rats. Mechanical sensitivity was assessed

by responses to mid-plantar application of von Frey filaments over time. A) Saline treated

control group vs. rats treated with 0.05mg/kg bortezomib B) Saline treated control group vs.

rats treated with 0.10mg/kg bortezomib C) Saline treated control group vs. rats treated with

0.15mg/kg bortezomib D) Saline treated control group vs. rats treated with 0.20mg/kg

bortezomib
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Figure 2.
Bortezomib does not produce thermal hyperalgesia in rats. Thermal sensitivity was assessed

via Hargreaves test, using a focused infrared beam with an automatic cutoff when

interrupted by movement of the rat's foot. Infrared intensity was calibrated such that animals

would respond on average after 10-12 seconds of continuous exposure at baseline, and this

intensity was maintained throughout testing. Withdrawal latencies were obtained three times

per foot per rat per time point. Neither saline-treated nor bortezomib-treated rats consistently

showed an average withdrawal latency significantly below 10 seconds throughout testing,

which falls within baseline range.
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Figure 3.
Bortezomib-treated rats did not develop cold hypersensitivity. Cold stimuli were simulated

by applying acetone to the mid-plantar surface of each hindpaw. Responses were scored for

each of three trials per foot per rat per time point. Scores were based on behavior in the 20

seconds following application of acetone.
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Figure 4.
Bortezomib-treated rats did not develop motor impairment. Rats were allowed to walk on a

rotarod that slowly accelerated from 4-40rpm. Walking time was recorded either until the rat

fell from the wheel or until a 120 second cutoff was reached.
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Figure 5.
In vivo electrophysiology was used to find the spikes generated per second from wide

dynamic range neurons during and immediately following different types of stimuli.

Average spikes per second in bortezomib rat cells were compared against those for naïve

rats for each stimulus type, and afterdischarges in bortezomib rat cells were compared

against afterdischarges for naïve rats for each stimulus type. Representative analog

recordings data for naïve and bortezomib-treated rat neurons are pictured at the top of the

figure with the horizontal lines indicating the type and duration of stimuli during each

recording. The bar graphs at the bottom summarize the grouped data.
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