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Abstract: Vincristine is a frequently used antineoplastic drug for treating a variety of malignancies, although its usage 
has been restricted by the painful neuropathy it induces. A more profound comprehension of the pathogenesis of 
vincristine-induced painful neuropathy (VIPN) is crucial for developing efficient preventive and therapeutic approaches. 
With its well-established anti-inflammatory and immunomodulatory actions, curcumin (nanoemulsion form) was utilized 
in our work as a protective and therapeutic tool for VIPN. This study aims to clarify the mechanisms behind curcumin's 
neuroprotective effects against vincristine-induced neurotoxicity. For painful neuropathy induction, rats were injected 
with vincristine sulfate (150µg/kg/i.p.: once every two days) for five injections. For treatment, pregabalin (30 
mg/kg/p.o.), curcumin (30mg/kg/p.o.) and curcumin nanoemulsion (30mg/kg/p.o.) were administered daily for 14 
consecutive days. Our results showed that curcumin nanoemulsion significantly reduced cold allodynia and thermal 
hyperalgesia. It also increased the sciatic nerve levels of [CAT, SOD, and IL-10] and the spinal cord PPAR-γ. 
Additionally, immunostaining of the sciatic nerve revealed a reduction in NF-κB expression and an increase in HSP70 
expression. These findings suggest that curcumin has neuroprotective effects against VIPN, which might be attributed to 
its interference with the PPAR-γ, HSP70 and IL-10 signaling pathways. 
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INTRODUCTION 
 
Up to 30-40 % of patients receiving chemotherapeutic 
agents like vinca alkaloids, platinum drugs and taxanes 
suffer from neuropathic pain termed chemotherapy-
induced painful neuropathy (CIPN) (Kaley and Deangelis, 
2009). Vincristine is one of the frequently used 
antineoplastic agents for treating various types of 
lymphomas, leukemias, and sarcomas; unfortunately, its 
induction of painful neuropathy termed vincristine-
induced painful neuropathy (VIPN) limited its use in a 
duration dose-dependent manner (Sisignano et al., 2014). 
A better understanding of the etiology and 
pathophysiology of VIPN is mandatory to provide 
efficient preventive and treatment approaches (GZ Li et 
al., 2020). Opioids and nonsteroidal anti-inflammatory 
medications (NSAIDs), typical analgesics, are ineffective 
in treating severe neuropathy in cancer patients. 
Anticonvulsants and tricyclic antidepressants may also aid 
in managing neuropathic pain, although their usage is 
limited due to their side effects (Dworkin et al., 2010). 
 
Curcumin, one of the natural medicines being investigated 
recently, has piqued the specialists' interests due to its 
powerful therapeutic effects. Curcumin's specific 
properties are [antioxidant, anti-inflammatory, 
immunomodulatory and anti-apoptotic(Guo et al., 2020)], 
denoting that its neuroprotective activity may be due to a 
combination of these actions (Guo et al., 2020). It exerts 

its immunomodulatory effect by either down-regulation of 
pro-inflammatory cytokines such as (Interleukins (IL 1, 2, 
6, 8), nitric oxide, and inducible nitric oxide synthetase 
iNOS) and upregulation of  IL-10 production that 
neutralizes the inflammatory circumstances (Abdollahi et 
al., 2017). This immunomodulation is mediated via the 
inhibition of the immune cells' activation and function, 
resulting in repression of tumor necrosis factor-alpha 
(TNF-α) production via down-regulation of 
cyclooxygenase 2 (COX-2) and (iNOS) expression 
(Kwilasz et al., 2015). These effects may contribute to its 
antinociceptive effects in neuropathic pain animal models 
(Wilkerson et al., 2012). 
 
Peroxisome proliferator-activated receptors (PPARs) are a 
group of proteins normally activated by their ligands 
inside the cell nuclei to regulate metabolism and 
homeostasis (Korbecki et al., 2019). Peroxisome 
proliferator-activated receptor-gamma (PPAR-γ) has been 
established as a significant player in the immune response 
due to its ability to inhibit inflammatory mediators 
production (Korbecki et al., 2019). 
 

Moreover, several papers have concluded that curcumin's 
anti-inflammatory effect is due to PPAR-γ activation with 
unclear mechanisms (Sanjay et al., 2021). Nonetheless, it 
is fair to speculate that curcumin induced anti-
inflammatory impact via the upregulation of PPAR-γ, 
which is linked to the nuclear factor kappa-B (NF-κB) 
pathway (Mazidi et al., 2016). 
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Heat shock proteins (HSPS) are an abundant protein 
family specifically induced upon cells' exposure to 
various stress sources, including heat and oxidative stress 
(Shevtsov et al., 2020). HSP chaperones regulate cell 
division, apoptosis, NF-B signaling, and other stress-
associated pathways, leading to cytoprotection against 
diverse heat shock and infection-induced inflammatory 
pathways (Giffard et al., 2008).Numerous studies have 
found that curcumin has a cytoprotective impact on 
multiple cell types and tissues via upregulation of HSP70 
(Seo et al., 2018). 
 
The current study attempted to explore curcumin's 
cytoprotective mechanisms in vincristine-induced 
neuropathic pain; consequently, these mechanisms may 
serve as valuable therapeutic targets for managing VIPN. 
However, the main limiting factor of using curcumin as a 
therapeutic agent is its exceedingly low oral 
bioavailability (Aller, 2019); therefore, we developed a 
new nanoemulsion formulation to enhance its 
bioavailability. 
 
MATERIALS AND METHODS 
 
Chemicals and drug solutions preparation 
Vincristine sulfate was obtained from (EMIC® 
Pharmaceutical, Egypt); pregabalin was obtained from 
(Pfizer® Pharma, Egypt); Curcumin powder was 
purchased from (TITAN Biotech), Spectrophotometric 
assay kits for Superoxide Dismutase (SOD, Catalog No. 
EC1.15.1.1), Catalase (CAT, Catalog No. EC 1.11.1.6) 
were purchased from (Bioassay Systems, USA), Enzyme-
linked immunosorbent assay (ELISA) kits for PPAR-γ 
(Catalog No. CSB E08624r), Interleukin-10 (IL-10, 
Catalog No. CSBE04595r) was purchased from 
(CUSABIO Houston, USA). Anti NF-κB antibody 
(Catalog No. ABIN668961), Anti-HSP70 antibody 
(Catalog No. ABIN361707) were purchased from 
(antibodies-online). All the other used reagents were of 
analytical degree. 
 
Curcumin and pregabalin were suspended in 0.3%W/V 
carboxymethylcellulose (CMC) solution and vincristine 
was diluted with sterile phosphate-buffered saline (PBS) 
just before administration.  
 

Nanoemulsion preparation 
Curcumin nanoemulsion was prepared by the phase 
inversion method (Ren et al., 2019). In this method, 
Tween 80 and PEG 400 were mixed with the following 
concentrations [PEG 400 (25% V/V), Oleic acid (8.3% 
V/V), Distilled water (16.7% V/V), Curcumin powder 
(23.3% W/V), and Tween 80 (50% V/V)] at temperature 
60ºC using hot plate magnetic stirrer. The prepared 
nanoemulsion's particle size and zeta potential were 
measured after 4X dilution and prob sonication by 
Malvern Mastersizer laser diffraction particle analyzer 
(Zetasizer Ver. 7.13). 

Experimental animals  
A total of 36 adult male Sprague Dawley albino rats 
weighing (130-150g) were used for this study (purchased 
from a private Egyptian animal house). The animals were 
housed under a steady 12h/12h light/dark cycle at 
(23±1°C). With unrestricted access to food and water, 
they were acclimated to the researcher's handling during 
the week before the experiment. The ethics committee of 
the Faculty of Pharmacy, South Valley University, Egypt, 
authorized the study's design and execution under 
accepted ethical standards (Approval P.1025). 
 

Induction of the peripheral neuropathy 
For induction of painful peripheral neuropathy, rats were 
injected with vincristine sulfate (150µg/kg; once every 
two days) intraperitoneally for five injections, as 
described by (Authier et al., 2003).  
 

Experimental design 
The animals were distributed into six groups, each group 
with six rats. Group I served as the normal control, with 
rats receiving orally (0.3% w/v carboxymethylcellulose 
(CMC)) once daily for 14 days. Group II represented the 
induction group, in which rats were given a dose of 
vincristine intraperitoneally (150µg g/kg) every two days 
for five injections; for treatment, rats in groups III, IV, V 
and VI were given orally (the dose volume were specified 
for each rat according to its body weight) daily: A dose of 
pregabalin (30mg/kg), curcumin (30mg/kg), curcumin 
nanoemulsion (30mg/kg), and nanoemulsion vehicle 
[PEG, oleic acid, tween 80, DW], respectively for 14 
consecutive days in addition to a dose of vincristine 
intraperitoneally (150µg g/kg) every two days for five 
injections. 
 

Behavioral tests, such as tail immersion and hot plate, 
were accomplished on specific days, namely days 0, 7, 10 
and 14. At the end of the experiment (day 14), all animals 
were sacrificed under deep ether anesthesia, and tissue 
samples (sciatic nerve and spinal cord) were collected and 
used for biochemical analysis. According to the Bradford 
method (1976), protein concentration was assessed using 
bovine serum albumin as a standard (Pedrol and Tamayo, 
2001). 
 

Behavioral assessment of vincristine-induced 
neuropathy 
Hot plate test (thermal hyperalgesia) 
The animals were placed in a glass cylinder on a heated 
metal plate at a stable temperature of (55±1°C). The 
latency of nociceptive responses, such as jumping, 
shaking one of the paws, or licking, was recorded. The 
maximum duration allowed for standing on the plate was 
40 seconds to prevent injury to animals' paws (Bannon 
and Malmberg, 2007).  
 

Tail immersion Test (cold allodynia) 
In this test, the rat's tail was immersed nearly 1 cm below 
the surface of cold water at a noxious temperature (4°C) 
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up to the tail was withdrawn; the immersion duration was 
recorded in seconds (Necker and Hellon, 1978). 
 

Biochemical parameters 
The isolated parts of the sciatic nerve and spinal cord 
were immediately processed to measure (SOD, catalase, 
IL-10), and PPAR-γ, respectively. The tissue 
homogenates were prepared using cold, sterile PBS (10% 
w/v). 
 
PPAR-γ level measurement 
Rat PPAR-γ ELISA kit was applied to determine the 
PPAR-γ levels in spinal cord tissue homogenate.  
 

Interleukin-10 level measurement 
Rat IL-10 ELISA kit was applied to assess the IL-10 
levels in sciatic nerve tissue homogenate.  
 

Antioxidant markers (Super oxide dismutase (SOD), 
catalase (CAT)) 
Manufacturer's instructions (Bio Assay Systems Co, CA, 
USA) were applied to determine the super oxide 
dismutase and catalase activity in the sciatic nerve 
homogenate. 
 

Histological examination  
Sciatic nerve samples were kept in 10% buffered formalin 
(fixative solution). For routine hematoxylin and eosin 
staining, cut paraffin-embedded sections at 3-5 mm 
thickness on glass and charged slides (Sudoh et al., 1988). 
The light microscope was used to examine the processed 
sections to detect axonal degeneration. 
 

Immunohistochemistry 
Immunohistochemical identification of NF-κB and 
HSP70 was performed using the peroxidase-anti 
peroxidase (PAP) method on formalin-fixed, paraffin-
embedded sciatic nerve tissue sections (Hsu et al., 1981). 
 

STATISTICAL ANALYSIS 
 
The results in this work have been stated as mean ± SEM. 
For the biochemical estimations, the results were 
statistically analyzed by one-way analysis of variance 
(ANOVA) followed by post hoc Tukey's multiple 
comparison test. Two-way ANOVA (treatment versus 
duration) followed by Bonferroni's post hoc test was used 
for data analyses of the behavioral tests. Significance was 
considered when probability values (P<0.05). GraphPad 
Prism® was used for statistical calculations (Version 
8.0.2, GraphPad Software, USA, www.graphpad.com ). 
 

RESULTS  
 
Particle size and zeta potential of the curcumin 
nanoemulsion 
As shown in fig. 1 A, B, the nanoemulsion’s particle size 
and size distribution (uniformity) were evaluated by 
Mastersizer Malvern. Curcumin nanoemulsion showed a 

particle size of 273.7±8.1 nm, a surface charge of -2.77± 
0.91 mv and a polydispersity index (PdI) of 0.439±0.01, 
indicating its uniform particle size distribution. 

 

Fig. 1: A: Particle size of the curcumin nanoemulsion. B: 
Zeta potential of the curcumin nanoemulsion. 
 
Effect of curcumin on thermal hyperalgesia  
As shown in fig. 2, the normal control group did not show 
any change in withdrawal latency at any time point of the 
study compared to day zero (P˃0.999). Thermal 
hyperalgesia was significantly increased (P<0.0001) after 
vincristine administration, as demonstrated by increased 
jumping off the hot plate surface and hind paw licking on 
days 7, 10 and 14 compared to the normal control. 
Pregabalin and curcumin nanoemulsion treatments 
significantly increased the pain threshold compared to the 
induction group on days 7 and 10 (P<0.05) and 
(P<0.0001) on day 14. However, the administration of 
native curcumin demonstrated a significant (P=0.0001) 
increase in the pain threshold on day 14 only. Vehicle 
administration did not show any significant (P>0.999) 
change in vincristine-induced thermal hyperalgesia at any 
time during the experiment. 
 
Effect of curcumin on cold allodynia  
As demonstrated in fig. 3, the normal control group did 
not exhibit any change in withdrawal latency at any time 
point of the study compared to day zero (P>0.999).  
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Cold allodynia developed significantly (P<0.0001) in 
vincristine-receiving rats, as indicated by a decrease in the 
tail withdrawal latency on days 7, 10 and 14 compared to 
the normal control. Pregabalin and curcumin 
nanoemulsion administration significantly decreased the 
vincristine-induced cold allodynia compared to the 
induction group on day 7 (P<0.05) and on days 10 and 
14(P<0.0001). At the same time, the administration of the 
native curcumin or vehicle did not show any significant 
(P=0.689) and (P˃0.999) change in the pain threshold at 
any time of the study compared to the induction group, 
respectively. 

 

Fig. 2: Effect of curcumin on thermal hyperalgesia in 
vincristine-induced neuropathy. Two-way ANOVA 

followed post-hoc Bonferroni’s comparison test. The data 
are represented as mean ± SEM (n=6). (*) indicates 
significance at P<0.05 compared to the normal control 
group and (#) indicates significance at P<0.05 compared 
to the induction group. VCR: Vincristine, PREG: 
Pregabalin, CUR: Curcumin. 

 
Fig. 3: Effect of curcumin on cold allodynia in 
vincristine-induced neuropathy. Two-way ANOVA 
followed post-hoc Bonferroni’s comparison test. The data 
are represented as mean ± SEM (n=6). (*) indicates 
significance at P<0.05 compared to the normal control 
group and (#) indicates significance at P<0.05 compared 
to the induction group. VCR: Vincristine, PREG: 
Pregabalin, CUR: Curcumin. 
 
Effect of curcumin on spinal cord PPAR-γ 
As shown in fig. 4, vincristine administration significantly 
(P<0.05) depleted the spinal cord PPAR-γ levels 
compared to the normal control. Pregabalin and curcumin 

Table 1: Effect of curcumin on sciatic nerve homogenate SOD, Catalase, and IL-10 
 

Treatment SOD (U/mg protein) Catalase (U/mg protein) IL-10 (Pg./mg protein) 
Normal control 1.25 ± 0.14 1.63 ± 0.15 10.27 ± 0.77 
VCR 0.09 ± 0.01* 0.13 ± 0.0* 0.72 ± 0.07* 
VCR+ PREG 0.55 ± 0.08*# 0.72 ± 0.12*# 3.46± 0.53*# 
VCR +CUR 1.01 ± 0.06# 1.23 ±0.07# 6.75 ± 0.44*# 
VCR+ NANO CUR 2.17± 0.10*# 2.52 ±0.11*# 14.51± 0.67*# 
VCR +Vehicle 0.27 ± 0.09* 0.40±0.10* 1.99± 0.26* 

The data are represented as mean ± SEM (n = 6). One-way ANOVA followed by post-hoc Tukey’s multiple comparison test. (*) 
indicates significance at (P<0.05) in comparison with the normal control, and (#) indicates significance at (P<0.05) compared to the 
induction group. VCR: Vincristine, PREG: Pregabalin, CUR: Curcumin. 
 
Table 2: Effect of curcumin on sciatic nerve histopathological changes 
 

Histopathological changes Normal VCR 
VCR+ 
PREG 

VCR + CUR 
VCR+ NANO 

CUR 
VCR + 
Vehicle 

Endoneurium vacuolar degeneration  - +++ ++ ++ + +++ 
Perineurium inflammation  - ++ - - - ++ 
Endoneurium inflammation - ++ - - - ++ 
Vascular dilatation  - ++ - - - ++ 

Effect of curcumin on sciatic nerve histopathological changes, +++ indicates severe, ++ indicates moderate, + indicates mild, - 
indicates nil. VCR: Vincristine, PREG: Pregabalin, CUR: Curcumin. 
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nanoemulsion-treated rats showed a significant (P<0.05) 
increase in the PPAR-γ levels compared to induction 
group animals. On the other hand, native curcumin and 
vehicle-treated groups exhibited a non-significant 
(P˃0.05) elevation of the spinal cord PPAR-γ content. 

 

Fig. 4:  Effect of curcumin on spinal cord PPAR-γ levels. 
Vincristine-induced neuropathic pain rat model. The data 
are represented as mean ± SEM (n=6). One-way ANOVA 
followed by post-hoc Tukey’s multiple comparison test. 
(*) indicates significance at P<0.05 compared to the 
normal control, (#) indicates significance at P<0.05 
compared to the induction group. VCR: Vincristine, 
PREG: Pregabalin, CUR: Curcumin. 
 
Effect of curcumin on sciatic nerve IL-10 
Vincristine administration significantly (P<0.05) 
diminished the sciatic nerve IL-10 levels compared to the 
normal control. Pregabalin, native curcumin, and 
curcumin nanoemulsion-treated rats showed a significant 
(P<0.05) increase in IL-10 levels compared to induction 
group rats. At the same time, vehicle-treated animals 
exhibited a non-significant elevation (P˃0.05) in the IL-
10 levels compared with those treated with vincristine, as 
shown in table 1. 
 
Effect of curcumin on antioxidant markers (SOD, 
Catalase) 
Vincristine administration significantly (P<0.05) depleted 
the SOD and catalase levels compared to normal control 
animals. Pregabalin, native curcumin, and curcumin 
nanoemulsion-treated rats demonstrated a significant 
increase (P<0.05) in their levels in the sciatic nerve 
compared to induction group rats. In contrast, vehicle-
treated animals showed a non-significant increase 
(P˃0.05) in antioxidant indicators levels compared to 
those treated with vincristine, as shown in table 1. 
 
Effect of curcumin on sciatic nerve NF-κB 
Immunostaining of the sciatic nerve samples with NF-κB 
antibodies revealed a significant increase in the nerve NF-

κB expression after vincristine induction of the 
neuropathy compared to the normal control animals. 
Different drug treatments decreased the factor expression 
to various degrees, as shown in fig. 5 A, B. At the same 
time, vehicle-treated rats did not show any change 
compared with those in the induction group.  
 

Effect of curcumin on sciatic nerve HSP70  
The immunostaining of the sciatic nerve samples with 
HSP70 antibodies revealed a significant reduction in the 
nerve HSP70 expression after vincristine induction of the 
neuropathy compared to the normal control animals. 
Different drug treatments increased the factor expression 
to various degrees, as shown in fig. 6 A, B. At the same 
time, vehicle-treated rats did not show any change 
compared with those in the induction group.  
 
Effect of curcumin on sciatic nerve histology  
The microscopic examination of sciatic nerve samples 
from vincristine-treated animals showed severe changes 
compared to those from normal control rats. Vincristine-
treated animals showed a severe dilatation of vascular 
spaces with (edema and inflammatory cells infiltration in 
perineurial tissues) and degenerated axons. The native 
curcumin-treated animals exhibited moderate vacuolar 
degeneration in nerve fibers. In contrast, sciatic nerve 
samples from pregabalin and curcumin nanoemulsion-
treated animals showed a normal histological structure of 
endoneurium with myelinated axon nerve fibers, as shown 
in fig. 7 and table 2. 
 

DISCUSSION 
 
Vincristine has been extensively used to treat several 
malignancies. Unfortunately, the prevalence of acute 
painful neuropathy severely restricts its therapeutic use. 
Multiple studies have demonstrated that VIPN 
pathophysiology is complex, implying that a single 
mechanism does not cause it (Triarico et al., 2021). 
  
In the current work, we endeavored to explore the 
potential role of cytoprotective mediators such as PPAR-
γ, IL-10 and HSP70 as promising drug targets for 
managing VIPN. Their protective effect is studied using 
curcumin in the nanoemulsion form for pain alleviation of 
VIPN in a rat model. Pregabalin: A selective calcium 
channel alpha 2-delta (2-) subunit antagonist, has been 
used as a standard treatment of vincristine-induced 
hyperalgesia in this work (Thiagarajan et al., 2014). As 
previously reported, vincristine-injected rats developed 
neuropathy, as evidenced by a substantially lower pain 
threshold in hyperalgesic and allodynic models (A. L. Li 
et al., 2021). In our study, vincristine-treated animals 
exhibited a significant rise in thermal hyperalgesia and 
cold allodynia. Additionally, a histopathologic 
examination of the sciatic nerve showed severe edema 
with inflammatory cells infiltration in perineurial tissues 
and degenerated axons indicating nerve injury and painful 
neuropathic pain development. 
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Fig. 5: Effect of curcumin on sciatic nerve NF-B 
expression. Estimated by immunohistochemical analysis (× 
400). Light Photomicrographs showing sciatic nerve A, B, C, 
D, E, and f sections of the sciatic nerve of normal control, 
vincristine control, pregabalin, curcumin, curcumin 
nanoemulsion and vehicle-treated groups, respectively. 
Arrowheads refer to immune positive cells. The data are 
represented as mean ± SEM (n=6). One-way ANOVA 
followed by post-hoc Tukey’s multiple comparison test. (*) 
indicates significance at P<0.05 compared to the normal 
control, and (#) indicates significance at P<0.05 compared to 
the induction group. VCR: Vincristine, PREG: Pregabalin, 
CUR: Curcumin. 
 

Moreover, our findings showed that curcumin in the 
nanoemulsion form was able to decrease the pain 
threshold resulting from VIPN in our model, as indicated 
by the reduced thermal hyperalgesia and cold allodynia in 
the behavioral tests, the increased antioxidant enzymes 
(SOD and catalase) levels and upregulation of 
neuroinflammation moderators PPAR-γ, IL-10 and 
HSP70 which in turn decrease NF-B expression. 
However, animal treatment with the native form of 
curcumin (30mg/kg) improved the mentioned parameters, 
but it is not the same as the drug in the nanoform. The 
statistical analysis of the results revealed a significant 
difference between the nanoform and the native form of 
curcumin. 
 
Similarly, Numerous studies described the beneficial 
therapeutic effects of curcumin in many neuropathic pain 
animal models, such as paclitaxel, via inhibiting the 
oxidative stress-mediated activation of NF-κB 
(Ashrafizadeh et al., 2020) and cisplatin by modulation of 

nuclear factor erythroid 2-related factor 2 (Nrf2) and NF-
κB transcription factors which are vital regulators of 
oxidative stress and inflammation (Rezaee et al., 2017). 
One previous study showed that a high dose of native 
curcumin (60 mg/kg) alleviated the VIPN in a mice model 
via decreasing the oxidative stress mediators and 
increasing the antioxidant enzymes like GSH, GPx, SOD 
and catalase (Babu, Prasanth and Balaji, 2015).  

 

Fig. 6: Effect of curcumin on sciatic nerve HSP70 
expression. Estimated by immunohistochemical analysis (× 
400). Light photomicrographs showing sciatic nerve A, B, C, 
D, E, and f sections of the sciatic nerve of normal control, 
vincristine control, pregabalin, curcumin, curcumin 
nanoemulsion, and vehicle-treated groups, respectively. 
Arrowheads refer to immune positive cells. The data are 
represented as mean ± SEM (n=6). One-way ANOVA 
followed by post-hoc Tukey’s multiple comparison test. (*) 
indicates significance at P<0.05 compared to the normal 
control, and (#) indicates significance at P<0.05 compared to 
the induction group. VCR: Vincristine, PREG: Pregabalin, 
CUR: Curcumin. 

 

Fig. 7: Effect of curcumin on the histopathological 
changes in vincristine-induced neuropathy. Light 
photomicrographs showing sciatic nerve A, B, C, D, E, 
and f sections of the sciatic nerve of normal control, 
vincristine control, pregabalin, curcumin, curcumin 
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nanoemulsion, and vehicle-treated groups, respectively. 
(Black arrow) shows focal areas of demyelination and 
degeneration of the nerve fibers. (Blue arrow) marking a 
decrease in demyelination (arrows) (x100). 
 
On the other hand, many research papers demonstrated 
that the protective effect of curcumin is mediated by the 
upregulation of PPAR-γ in many disorders such as hepatic 
fibrosis (Mazidi et al., 2016), cigarette smoke-induced 
inflammation (Q. Li et al., 2019). There are no previous 
studies on the protective role of PPAR-γ in VIPN. Here, 
in our model of VIPN, curcumin significantly up 
regulated the spinal cord PPAR-γ levels and decreased the 
sciatic nerve NF-κB expression levels giving evidence 
that PPAR-γ may have a role in managing VIPN via the 
NF-κB suppression pathway. 
 

Moreover, numerous studies reported that curcumin 
possesses a cytoprotective effect on various cell types and 
tissues via the upregulation of HSP70 (Seo et al., 2018). 
Curcumin inhibited cell death in rat hippocampus neurons 
by upregulating HSP70 expression (Qin et al., 2012). 
Also, curcumin inhibited ischemia/reperfusion-induced 
liver injury in rats via increasing HSP70 expression (Shen 
et al., 2007). Unfortunately, no previous studies 
investigated the protective role of HSP70 in VIPN 
models. Therefore, we attempted to explore this role using 
curcumin's effect on HSP70. We found that curcumin 
upregulated the sciatic nerve HSP70 expression 
significantly compared to the vincristine-treated animals, 
indicating that HSP70 may be a promising protective tool 
against VIPN. 
 

The neuroprotective impact of IL-10 has been widely 
investigated in various neuropathic pain models (Fonseca 
et al., 2020). These studies reported that IL-10 was down-
regulated in severe nerve injury (Zhang et al., 2020) and 
VIPN (Xie et al., 2020). Consistently, our results showed 
that curcumin could upregulate IL-10 after nerve injury 
induced by vincristine administration, confirming the 
protective role of IL-10 against the induced VIPN 
 
Along with these findings, the present study postulates 
that curcumin's cytoprotective effect alleviating the 
neuropathic pain induced by vincristine is due to 
combined immunomodulation and antioxidant effects. 
Also, these results suggest that PPAR-γ, HSP70 and IL-10 
may be critical regulators for managing neuropathic pain 
induced by chemotherapy.  
 
CONCLUSION 
 
The current results demonstrate that improving curcumin's 
bioavailability produced the required therapeutic and 
protective effects on the induced neuropathic pain by 
vincristine. The protective mechanism is probably 
mediated via the up regulation of the protective mediators 
(PPAR-γ, HSP70, and IL-10). These results pave the way 

for more studies on these mediators as future drug targets 
for Chemotherapy-induced neuropathic pain. 
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