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Abstract: Painful peripheral neuropathy is the main dose-limiting and long lasting side-effect of paclitaxel therapy. Despite
enormous research, there is no effective treatment for paclitaxel-induced peripheral neuropathic pain owing to poor
understanding of pathophysiological mechanisms. Growing evidence indicates oxidative-nitrosative stress is one of the leading
factors causing chemotherapy induced peripheral neuropathy. Recently, involvement of neuroinflammation has been suggested
in the development of paclitaxel-induced neuropathic pain. It is postulated that abrogating cytokine release and improving
antioxidant defenses might be suitable targets in controlling neuroinflammation and oxidative-nitrosative stress mediated
nociceptive hypersensitivities. Therefore, the study evaluated the effect of curcumin on paclitaxel-induced neuropathic pain in
rats. Peripheral neuropathy was induced by administration of paclitaxel (2 mg/kg per injection) intraperitoneally on four
alternate days (days O, 2, 4, 6). Thermal hyperalgesia and mechanical allodynia were assessed and the markers of inflammation
and oxidative-nitrosative stress were estimated. Administration of curcumin (50 and 100 mg/kg, p.o.) for 2 weeks started 14
days after paclitaxel injection significantly alleviated paclitaxel-induced nociceptive behavioural hypersensitivity observed as
reduced thermal hyperalgesia and mechanical allodynia. These observed ameliorative effects of curcumin on paclitaxel-induced
neuropathic pain are accompanied by reduction of tumour necrosis factor-a, a pro-inflammatory cytokine, in both spinal cord
and dorsal root ganglia and oxidative-nitrosative stress in spinal cord. The results of the present study demonstrated
antihyperalgesic and antiallodynic effects of curcumin. Additional clinical studies are warranted to evaluate therapeutic potential
of curcumin as antinociceptive agent in the treatment of paclitaxel-induced neuropathic pain.
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1. INTRODUCTION

Paclitaxel is a taxane-derived chemotherapeutic agent
indicated in treatment for lung, ovarian, breast, non-small
cell lung and Kaposi’s carcinomas. Its primary anticancer
action occurs via disruption of the mitotic spindle and
microtubule dynamics causing apoptosis.' Unfortunately,
painful peripheral neuropathy is its major dose-limiting side
effect. Affected patients typically report bilateral numbness,
tingling, spontaneous pain and evoked pain to mechanical
and cold stimuli in the hands and/or feet in a stocking and
glove manner."? Neuropathic pain symptoms can persist for
months or years following cessation of paclitaxel leading to
the discontinuation of this highly efficacious antitumour
drug? The exact mechanisms underlying this dose-limiting
side effect are unclear and there is no available preventive
strategy or effective treatment for chemotherapy induced
neurotoxicity. Understanding the underlying causative
mechanisms is of paramount significance for identifying novel
ways to minimize this side effect and maximize antitumor
effects. Experimental evidences support the contributory
role of mitochondrial dysfunction and reactive oxygen and
nitrogen species in the development of paclitaxel
neuropathy.® Arguably, oxidative stress has been considered
a significant factor responsible for chemotherapy-induced
peripheral neuropathy (CIPN).** Owing to this, few
antioxidants, such as MitoVitE and tempol, have been
studied for the prevention and treatment of CIPN.%7 It has
been reported that cellular and neurochemical changes of
peripheral nerves as well as increased activation of non-
neuronal cells (microglia and astrocytes) play an important
role in development and maintenance of peripheral
neuropathic  pain  including  paclitaxel-induced  pain
hypersensitivity.®'® Recent studies implicate inflammatory
cascade, particularly pro-inflammatory cytokines such as
interleukin-1 B (IL-1 B ) and tumour necrosis factor-a
(TNF- a) which through their respective receptors and
signaling pathways cause neuronal hypersensitization.®'®"
Current drug therapy of paclitaxel-induced neuropathy is
often limited and unsatisfactory due to partial effectiveness
and associated side effects of possible analgesics. Thus, there
is a clinical need to identify novel therapeutic agents for the
treatment of paclitaxel-induced neuropathic pain to enhance
quality of life in cancer survivors. Curcumin is a major
bioactive component of turmeric, which has been
demonstrated to have a variety of biological activities,
including antitumour and antioxidant actions.'> Emerging
experimental evidence indicates that curcumin has analgesic
effect plausibly by diminishing the harmful effects of
oxidative stress in neuropathic pain induced by oxaliplatin
and diabetes.'*'* Further, it is also a potent inhibitor of the
mitogen-activated protein kinases (MAPKs) and NF- kB,
which are critical in the transcriptional regulation of pro-
inflammatory cytokine gene expression.'*'"® In addition, the
anti-inflammatory and neuroprotective roles of curcumin
have been studied in models of peripheral and central pain
hypersensitivity.'"*'* A recent study showed that systemic
curcumin inhibited the activation of microglia and astrocytes
in the spinal cord of neuropathic rats and attenuated pain
hypersensitivity."'® Therefore, agents that reduce both
oxidative stress and inflammation may be an important
approach in alleviating oxidative neural damage after
peripheral neuropathy. Thus, the present study was
designed to investigate whether curcumin decreases the
development of pain hypersensitivity in experimental
paclitaxel-induced neuropathy and whether the possible
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effects of curcumin are associated with decreased oxidative
stress and inflammation.

2. MATERIALS AND METHODS
2.1. Animals

Male Wistar rats (180-200 g) were used in the present
study. The animals were housed in groups of three, in
polypropylene cages with husk bedding under standard
conditions of light and dark cycle with standard laboratory
rodent chow and water ad libitum. Animals were
acclimatized to laboratory conditions before the test. All the
behavioral assessments were carried between 9:00 AM and
11:00 AM. The experimental protocols were approved by
the Institutional Animal Ethics Committee
(OQNP/PCS/0813/FW/12) and study was performed in
accordance with the guidelines for the Committee for the
Purpose of Control and Supervision of Experiments on
Animals, Government of India. Each animal was used for a
single treatment and each group consisted of six animals. All
experiments for a given treatment were performed using
age-matched animals in an attempt to avoid variability
between experimental groups.'

2.2, Drugs and chemicals

Paclitaxel (Intaxel 100 mg Injection; Fresenius Kabi India Pvt.
Ltd.) was freshly prepared by diluting in 0.9% saline to a
concentration of 2 mg/ml prior to injection. Curcumin
(Sigma, St. Louis, MO, USA) suspended in 0.5% carboxy
methyl cellulose was orally administered through gastric
lavage. Rat TNF-a ELISA kit (R&D systems, MN, USA) was
used to quantify cytokine. Unless stated, all other chemicals
and biochemical reagents of highest analytical grade quality
were used. Treatment with either vehicle or curcumin 50
mg/kg and 100 mg/kg, per orally (p.o.) was initiated on day
14 after paclitaxel administration and was continued once
daily for next 14 days.

2.3. Induction and assessment of paclitaxel-induced
peripheral neuropathy in rats

Rats were intraperitoneally (i.p.) injected with paclitaxel (2
mg/kg i.p. for 4 consecutive days i.e. on day 0, 2, 4, 6) to
induce neuropathic pain.® Age-matched control rats
received, in parallel, an equal volume of normal saline. The
induction of neuropathic pain was confirmed by
measurement of thermal hyperalgesia and mechanical
allodynia. Body weight was measured using a calibrated scale
on day O (initial) and day 28 (final) and motor activity was
systematically measured using an actophotometer on days 0,
7, 14, 21 and 28 of the experiment.

2.4. Study Design

All animals were acclimatized to the laboratory environment
for at least 30 min on two or three separate days before
testing. The experimental protocol comprised five groups.
Following habituation and baseline testing, three groups of
rats received 2 mg/kg paclitaxel intraperitoneally. Two
weeks after paclitaxel administration, curcumin was
administered orally at doses of 50 and 100 mg/kg and
continued for further two weeks. One group of rats
received a vehicle (age-matched control group) and another
group of rats were administered curcumin (per se; 100
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mg/kg, p.o.). The response to behavioral nociceptive tests
was assessed on days 0 (before administration of paclitaxel),
7, 14 (on the day before initiation of the treatment), 21, and
28. All the animals were sacrificed after behavioural testing
to measure markers of pro-inflammatory cytokine and
oxidative stress on day 28.°

2.5, Behavioral Test Paradigm
2.5.1. Assessment of thermal hyperalgesia

The response to noxious thermal stimulus was determined
using a plantar test apparatus (Ugo Basile, Italy) as described
by Bijjem et al. (2013).2' In brief, rats were placed
individually in Plexiglas cubicles mounted on a glass surface
maintained at 25 * 0°C. After acclimatization, a thermal
stimulus in the form of radiant heat emitted from a focused
projection bulb, which was located under the glass floor,
was focused onto the plantar surface of the left hind paw
and the latency to the first sign of paw licking or withdrawal
response to avoid heat pain was taken as an index of pain
threshold. Paw withdrawal latencies (PWLs) were recorded
at an interval of 10 min and the mean of the three values
was used for analysis. The intensity of radiant heat was
adjusted to give 18 — 19 sec withdrawal latency in rats. A
cut-off latency of 20 sec was set to avoid tissue damage.

2.5.2. Assessment of mechanical allodynia

The mechanical threshold for nociceptive flexion was
determined by measuring the paw withdrawal threshold
(PWT) elicited by stimulation of the left hind paw using
Dynamic Plantar Aesthesiometer (Ugo Basile, Italy) as
described by Bijjem et al. (2013).2' This device generates a
mechanical force that increases linearly with time. The
maximum force applied by a von Frey type-filament was set
at 50 g. The nociceptive threshold was defined as the force
at which the animal withdrew its paw. In brief, each animal
was placed in a test cage with a wire mesh floor, and the tip
of a von Frey-type filament was applied to the middle of the
plantar surface of the hind paw. Brisk foot withdrawals in
response to tactile stimulation were recorded. PWT was
expressed as the threshold level in grams. Each time the test
was repeated three times, and the mean values represented
the threshold of the individuals. The decrease in PWT in
paclitaxel treated rats indicates mechanical allodynia.

2.6. Collection of tissues samples

In this study, at the end of treatment schedule on day 28,
the animals were euthanized by overdose of thiopental
sodium (200 mg/kg, i.p.) immediately after behavioral assays,
followed by collection of lumbar dorsal root ganglia (DRG)
and spinal cord for estimation of markers of inflammation
and oxidative stress. The L4-L6 DRGs were detected within
their intervertebral foramina after total laminectomy and
foraminotomy, carefully removed, and stored at -20°C in
phosphate buffer pH 7.0. Spinal cord was collected by the
excising lumbosacral region of the spinal cord with L4-L6
segments as the epicenter and immediately kept at 4°C. It
was washed in normal saline and weighed. DRGs and one
portion of the spinal cord were separately homogenized in a
homogenization buffer containing protease inhibitors. These
samples were cold centrifuged and the supernatant was used
for estimation of pro-inflammatory cytokine as per
manufacturer’s specifications. The remaining part of spinal
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cord was washed with ice cold sterile normal saline,
weighed separately, homogenized in ice cold phosphate
buffer pH 7.0 and centrifuged for |5 min at 2000g to obtain
the clear supernatant for the estimation of oxidative stress
markers.

2.7. Pro-inflammatory cytokine

Pro-inflammatory cytokine, TNF-a, concentration was
estimated using the quantitative sandwich enzyme
immunoassay according to manufacturer’s instructions (R&D
systems, MN, USA). The cytokine level was determined by
comparing samples to the standard curve generated from
the kit at 450 nm and are expressed as pg per mg tissue.

2.8. Markers of oxidative stress
2.8.1. Lipid peroxidation

Lipid peroxidation in spinal cord was estimated
colourimetrically by measuring thiobarbituric acid reactive
substances (TBARS) by the method of Niehaus and
Samuelson (1968).2 A 0.1 ml of supernatant of spinal cord
homogenate was treated with 2 ml of (l:I:I ratio)
thiobarbituric acid (0.37%)-trichloroacetic acid (15%)-
hydrochloric acid (0.25 N) reagent and placed in hot water
bath for |5 min, cooled and centrifuged and then clear
supernatant was measured at 532 nm (UV-1700
Spectrophotometer, Shimadzu, Japan) against blank. Finally,
the values are expressed as nmol per g tissue.

2.8.2. Superoxide dismutase

Superoxide dismutase (SOD) activity in spinal cord was
measured according to a method described by Misra and
Fridovich (1972), by following spectrophotometrically (at
480 nm) the autoxidation of epinephrine at pH 10.4.2 In this
method, supernatant of the tissue was mixed with 0.8 ml of
50 mM glycine buffer, pH 10.4 and the reaction was started
by the addition of 0.02 ml (-)-epinephrine. After 5 min, the
absorbance was measured at 480 nm (UV-1700
Spectrophotometer, Shimadzu, Japan). The activity of SOD
was expressed as U/g tissue.

2.9. Nitrite levels

The spinal cord nitrite levels were measured by the Griess
reaction.”* A 0.1 ml of supernatant was mixed with 250 ul |
of 1% sulfanilamide (prepared in 3N HCI) and 250 pl | of
0.1% N-naphthylenediamine with shaking. After 10 min, 1.4
ml of water was added and absorbance was measured at 545
nm (UV-1700 Spectrophotometer, Shimadzu, Japan). The
results are expressed as nmol per g tissue.

3. STATISTICAL ANALYSIS

The results are presented as mean + S.E.M. for at least six
animals per group. The data were analyzed by one-way
ANOVA (Sigma Stat Version 2.0, SPSS Inc., Chicago, IL,
USA) and the significance of the differences between groups
was analyzed by Tukey’s test. P < 0.05 was considered as
statistically significant.

4. RESULTS

4.1 Paclitaxel injection and induction of neuropathy

The baseline paw withdrawal responses (PWLs and PWTs)
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in each test obtained on day O for each rat was relatively
stable and showed no significant difference. The PWLs and
PWTs to thermal and mechanical stimulation in age-matched
vehicle control animals remained unchanged from baseline
values, throughout the observation period. The PWLs and
PWTs in paclitaxel administered rats were significantly less
than that of vehicle treated age-matched control rats from
day 7 onwards and reached steady-state between days 14
and 28 post-paclitaxel administration indicating the
development and maintenance of stable hyperalgesia and
allodynia (Fig. | and 2).

3.1 Effect of paclitaxel on body weight

All the groups of rats had similar body weight at the
beginning of the study. Rats showed normal gain in weight
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and no significant difference in body weight was observed in
the saline, paclitaxel treated, and curcumin per se groups at
the end of experimentation. Chronic administration of
curcumin (50 or 100 mg/kg, p.o., for two weeks) also had no
effect on body weight of rats on day 28 (Table ).

3.2  Effect of paclitaxel on locomotor activity

The motor activity scores were normal in saline, paclitaxel,
and curcumin per se treated rats during the entire study
period (on days 7, 14, 21 and 28) as compared to their
respective scores observed on day 0 (basal). Also, repeated
oral administration of curcumin (50 and 100 mg/kg, for 2
weeks), did not produce any significant effect on locomotor

activity as compared to the paclitaxel treated group (Table
2).

Table |: Effect of chronic oral administration of curcumin on bodyweight in paclitaxel treated rats

Body weight (g)
Treatment (mg/kg) IniGial Final
Control (age-matched) 224.15 £ 12.35 260.29 * 18.45
Paclitaxel (PAC) treated 218.19 + 10.30 250.10 £ 19.31
CUR per se (100) 220.16 + 12.72 248.11 = 16.19
PAC + CUR 50 215.20 + 13.39 256.16 = 14.17
PAC + CUR 100 221.16 £ 9.34 249.14 £ 17.10

Body weights were measured on day 0 (initial) and day 28 (final). CUR: Curcumin; PAC: Paclitaxel. All values are mean £ SEM.

Table 2: Effect of chronic oral administration of curcumin on locomotor activity
in paclitaxel treated rats

T;f:;;:(‘ge)"t Day 0 Day 7 Day 14 Day 21 Day 28
Control 199.67 £ 970 20983 £ 1091 21483 £ 11.6] 19583 £ 639 20850 £ 9.94
PAC 20533 £9.33 20367 £ 6.18 2123321203 20217 £890 199.67 £ 7.88
CUR perse 100 20433791 21183 £7.10 71483 £ 1092 19100759 189.00 £ 4.32
PAC +CUR50  195.17 £ 867 205.67 £ 3.90 202.33 £ 5.86 719.50 £8 85 193.67 £ 8.16
PAC +CUR 100 210.83 £ 9.66  204.00 £ 3.97 208.50 £ 9.64 192.50 £ 7.14  197.50 £ 9.57

CUR: Curcumin; PAC: Paclitaxel. All values are mean * SEM

3.4. Effect of curcumin on thermal hyperalgesia

Chronic administration of curcumin (per se; 100 mg/kg, p.o.,
for 2 weeks) was without any effect on PWLs in rats,
whereas similar administration of curcumin (50 or 100
mg/kg, p.o., for 2 weeks) markedly reduced the developed

hyperalgesia in paclitaxel injected rats as compared to
vehicle-treated paclitaxel rats. At the end of study period,
curcumin 100 mg/kg for two weeks showed significant
improvement in paclitaxel induced-hyperalgesia as compared
to that of curcumin 50 mg/kg in rats (Fig. I).
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Fig. |: Effect of repeated oral administration of curcumin (CUR; 50 and 100 mg/kg) on thermal paw
withdrawal latencies in paclitaxel (PAC) treated rats.

3.5 Effect of curcumin on mechanical allodynia

A two-week administration of curcumin (per se; 100 mg/kg,
p.o.) did not alter paw withdrawal responses to mechanical
stimulation as compared to basal PWTs at the specified time
points during the entire observation period in rats.
However, administration of curcumin (50 or 100 mg/kg, p.o.,
for 2 weeks) had shown significant increase in PWTs in
paclitaxel treated rats indicates reversal of established
mechanical allodynia. Furthermore, on day 28, repeated
administration of high dose curcumin (100 mg/kg, p.o., for
two weeks) showed marked reversal of paclitaxel-induced
allodynia as compared to that of low dose (50 mg/kg, p.o.,
for two weeks) in rats (Fig. 2).

3.6 Effect of curcumin on pro-inflammatory cytokine
in DRG and spinal cord

The concentration of lumbar DRG and spinal TNF-a were
significantly elevated in paclitaxel rats when compared to
that of vehicle-treated age-matched control rats on day 28.
Repeated oral administration of curcumin (per se; 100 mg/kg,
p.o., for 2 weeks) did not affect DRG and spinal TNF-a
levels in rats. Nonetheless, the levels of this cytokine in both
DRG and spinal cord were significantly lower in paclitaxel
administered rats that had been treated with curcumin (50
or 100 mg/kg, p.o., for 2 weeks) with more prominent effect
was noticed with the high dose (Fig. 3).
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Fig. 2: Effect of repeated oral administration of curcumin (CUR; 50 and 100 mg/kg) on mechanical paw
withdrawal threshold in paclitaxel (PAC) treated rats.
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Fig. 3: Effect of repeated oral administration of curcumin (CUR; 50 and 100 mg/kg) on tumour necrosis factor-
alpha (TNF-a) in lumbar dorsal root ganglia (DRG) and spinal cord.

3.7 Effect of curcumin on the markers of oxidative
and nitrosative stress

Free radicals generated by mitochondrial dysfunction and
activated microglia in response to administration of
paclitaxel lead to oxidative and nitrosative stress that play an

important role in central sensitization. Thus, we also
evaluated the effect of curcumin on the markers of oxidative
and nitrosative stress. Administration of paclitaxel induced a
marked increase in TBARS and nitrite levels, and decrease in
the activity of SOD in the spinal cord. A two-week
administration of curcumin at both the doses significantly
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attenuated paclitaxel-induced oxidative and nitrosative
stress. On the contrary, treatment with curcumin (per se;
100 mg/kg, p.o., for 2 weeks) had no effects on the markers
of oxidative and nitrosative stress as compared to age-
matched control groups. Notably, high dose curcumin (100
mg/kg) had shown significant reduction in oxidative stress as
compared to low dose (50 mg/kg) (Table 3). Furthermore,
the activity of SOD in the spinal cord was significantly
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decreased by paclitaxel suggesting that paclitaxel could
disrupt the antioxidant defense systems in the spinal cord.
However, activity of SOD in spinal cord tissue markedly
restored by curcumin (50 and 100 mg/kg) administration
without significant differences in the activity at both the
doses (Table 3).

Table 3: Effect of chronic oral administration of curcumin on the markers of oxidative and nitrosative stress in
spinal cord of paclitaxel treated rats

Treatment TBARS SOD Nitrite
(mglkg) (nmol/g tissue) (U/g tissue) (nmol/g tissue)
Control (age-matched) 59.12 + 6.71 30.8 £1.34 95.77 + 5.87
Paclitaxel treated 164.15 + 13.57° 732 +£091* 199.51 £ 12.16°
CUR per se (100) 53.29 + 8.97 29.8 + 1.09 98.06 + 6.91
PAC + CUR 50 [11.28 + 10.27° 19.91 £ 1.35° 141.42 + 13.46°
PAC + CUR 100 69.18 + 6.14>¢ 22.17 + 1.07° 121.72 £ 10.12°

CUR: Curcumin; PAC: Paclitaxel; TBARS: Thiobarbituric acid reactive substances. SOD: Superoxide dismutase. All values are mean
SEM; °P < 0.05 vs Control; °P < 0.05 vs PAC group; P < 0.05 vs PAC + CUR 50 group.

4. DISCUSSION

The present study revealed that four doses of paclitaxel (2
mg/kg, i.p.) on every alternate day during 6 days treatment
schedule induced neuropathic pain symptoms such as
thermal hyperalgesia and mechanical allodynia as previously
described in humans and experimental models.*? In
particular, we observed that paclitaxel-induced behavioral
changes are accompanied by inflammation and oxidative
stress. Indeed, the results of the present study demonstrate
that (1) administration of curcumin ameliorated paclitaxel-
induced neuropathic pain, (2) that is accompanied by
decreased level of pro-inflammatory cytokine in DRG and
spinal cord and oxidative stress in the spinal cord, and
supports that (3) inflammatory and oxidative stress
pathways become activated after paclitaxel administration
leading to elevation of pro-inflammatory cytokine and
oxidative stress markers. In the present study, paclitaxel
administered rats showed normal body weight gain and
spontaneous motor activity indicating that paclitaxel evoked
time-dependent  development and  maintenance  of
mechanical allodynia and thermal hyperalgesia. Although we
had not measured IENF degeneration, we found that
administration of curcumin (50 and 100 mg/kg, p.o.) had
antiallodynic and antihyperalgesic effects on maintenance of
behavioral hypersensitivity in paclitaxel administered rats.
Moreover, curcumin at the same doses attenuated
established paclitaxel-induced neuropathic pain. It is well
reported that curcumin cross blood-brain-barrier readily
and provides significant neuroprotection and anti-
inflammatory effects after systemic administration.'®?>%
Furthermore, the observed results are consistent with
previous reports, which showed antinociceptive effects of
curcumin in animal models of peripheral nerve injury,
diabetes, oxaliplatin and cisplatin-induced neuropathic
pain.*'¢*2 Indeed, curcumin had not affected basal
responses in vehicle-treated animals indicating that the
beneficial antinociceptive effects of curcumin in paclitaxel
administered rats are not due to hypoalgesic effects. These
results indicate that the improvement in paclitaxel-induced
neuropathic pain is the clearest evidence of an ameliorative
effect of curcumin when administered during existing
behavioral hypersensitivity. Recent studies have emphasized

on the role of inflammatory and immune reactions in the
nervous system and emerging evidence reveals that pro-
inflammatory cytokines play an essential role in experimental
neuropathic pain. Therefore, in the present study, we have
estimated the levels of TNF- a in lumbar DRG and spinal
cord in order to gain an insight into antihyperalgesic and
antiallodynic effects of curcumin. In the present study, we
found paclitaxel treatment showed an increase in TNF- a in
lumbar DRG and spinal cord supporting role of involvement
of both peripheral and spinal inflammation. It has been
reported that paclitaxel treatment induces mRNA
expression of pro-inflammatory cytokines such as IL-1 B, IL-
20, TNF-a, immune cell markers and increased levels of
phosphorylated NF-KkB in sciatic nerve, and lumbar DRG
and spinal cord.""”% Further, monocyte chemoattractant
protein | (MCP-1) and circulating cytokines impairs the
blood spinal cord permeability and triggers the influx of
inflammatory mediators into spinal cord leading to activation
of spinal immune cells.'®**3* Moreover, repeated
administration of paclitaxel has been found to activate non-
neuronal immune cells, microglia and astrocytes, and CC-
chemokine ligand 3 (CCL3), IL-18, IL-20, and TNF-a release
in DRGs and spinal cord.®*”3' We observed that chronic
administration of curcumin in post-treatment paradigm
reduced elevated level of pro-inflammatory cytokine TNF-a
in DRG and spinal cord, which was parallel with the reduced
allodynia and hyperalgesia. Several lines of evidence proved
that curcumin attenuated the nerve injury and diabetes-
induced allodynia and hyperalgesia and reduced the spinal
expression of TNF-a, TNF- a receptor | and IL-1B.22°%% |n
addition, curcumin suppressed activation of ERK and JNK
and expressions of NF-kB p65 and CX3CRI in the DRG and
spinal cord as well as activation of non-neuronal cells,
microglia and astrocytes following nerve injury and
prevented the development of spinal neuroinflammation and
chronic neuropathic pain.'*'®* It seems curcumin relieved
neuropathic pain state, possibly through an inhibitory action
on TNF-a release in spinal cord. Since systemically
administered curcumin cross blood-brain-barrier and
provides beneficial protective effects and its effects on
peripheral nerves and DRG cannot be excluded. We also
observed that curcumin reduced the level of TNF-a in the
periphery in lumbar DRG. Accumulating data indicates that
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paclitaxel administration results in the activation of Toll-like
receptor 4 (TLR4), fractalkine and its receptors (CX3CRI)
and increased expression of MCP-1 in DRG leading to
infiltration of macrophages.®?'?* Further, upregulation of
chemokines leading to activation of p38 MAPK in
macrophages has been critical for development of
mechanical allodynia. Intriguingly, the time course of DRG
infiltration of macrophages matches the onset of IENF loss
and development of behavioral signs of neuropathic pain,
which is modulated by pharmacological intervention of
depleting macrophages.**” Compelling evidence exist that
anti-inflammatory and neuroprotective effects of curcumin
mediated by inhibiting degradation of IkBa and NF-kB
activity, which is useful to reduce macrophage infiltration
around DRG and prevent release of pro-inflammatory
cytokines (TNF-a and IL-1B).'"* Together, our findings
suggest that curcumin by its peripheral and central anti-
inflammatory effects decreased pro-inflammatory cytokine,
particularly TNF-a, thereby alleviating paclitaxel-induced
behavioral hypersensitivity. Growing body of evidence
implicates overproduction of free radicals and subsequent
oxidative and nitrosative stress as plausible mechanisms
underlying the sensitization of nociceptors and their fibers
and biochemical changes in spinal cord in neuropathic pain
states.**¥3 |t has been reported that paclitaxel induces
biochemical changes in mitochondria of sensory axons of
DRG and disrupt their functions leading to the increased
generation of reactive oxygen species (ROS), reactive
nitrogen  species, decreased antioxidant defenses,
mitochondrial energy failure and degeneration.®3%4-4
Indeed, paclitaxel induced increased free radical formation
and reduced antioxidant defenses in cancer cell lines.®
Consistent to in vitro studies, it is possible that imbalance
between free radicals and antioxidant defense enzymes
might cause neuropathological changes in spinal cord and
DRG in neuropathic pain. Pharmacological intervention by
using natural and synthetic antioxidants alleviated paclitaxel-
induced neuropathic pain behaviours.***®% In our study, we
found that paclitaxel treatment showed increased lipid
peroxidation, nitrite levels, and decreased SOD, an
endogenous antioxidant enzyme parallel to the maximum
pain hypersensitivity. In addition, curcumin reduces oxidative
stress, nitrosative stress, and has been shown to activate
antioxidant defenses like SOD in the spinal cord of paclitaxel
administered rats. Curcumin, a known antioxidant, has been
reported to inhibit lipid peroxidation and to scavenge
superoxide anions and hydroxyl radicals effectively.'>'8304
Taken together, it is possible that curcumin by its
antioxidant effect showed reduction in oxidative-nitrosative
stress and restored antioxidant defenses, and thereby
ameliorated paclitaxel-induced allodynia and hyperalgesia. In
addition to its capacity for direct scavenging of free radicals
it is plausible that pleiotropic effects of curcumin might also
be involved in reducing the development of CIPN. It has
been shown that curcumin upregulates endogenous cellular
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