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Abstract
Background Memory deficit is a common cognitive comorbid in patients with neuropathic pain that need better
treatment. Recent research revealed that nanocurcumin has an antinociceptive action and a protective effect against
memory disorders, suggesting its possible effectiveness for the treatment of neuropathic pain and its comorbidity.
Methods Adult male albino Wistar rats (n = 32) were randomly divided into four experimental groups: CCI+
nanocurcumin, CCI + vehicle, sham + nanocurcumin, and sham + vehicle. Neuropathic pain induced by a chronic
constriction injury of the sciatic nerve. Nanocurcumin or vehicle was injected intraperitoneally for 10 days.
Behavioral assessment achieved to evaluate pain threshold in the von Frey test and radiant heat test, also spatial
learning and memory examined by the Morris water maze (MWM) test. To explore the possible relation, IL-1β, and
TNF-α levels of the hippocampus measured by enzyme-linked immunosorbent assay (ELISA).
Results Our data showed that CCI caused neuropathic pain-related behaviors and spatial learning and memory
disorders in rats. Chronic treatment with nanocurcumin significantly increased pain threshold (P < 0.001; F = 27.63,
F = 20.58), improved spatial memory (P < 0.01; F = 47.37), and decreased the hippocampal levels of IL-1β
(P < 0.001; F = 33.57) and TNF-α (P < 0.01; F = 7.25) in CCI rats.
Conclusion Chronic nanocurcumin can ameliorate pain-related behavior, improve spatial learning and memory deficits, and is
associated with the reduction of IL-1β and TNF-α levels in the hippocampus in CCI rats. Nanocurcumin may be potentially
providing a therapeutic alternative for the treatment of neuropathic pain and its memory impairment comorbidity.
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Abbreviations
ABC Avidin-biotin-peroxidase complex
CCI Chronic constriction injury
ELISA Enzyme-linked immunosorbent assay
IL-1β Interleukin 1 beta
MWM Morris water maze
TBS Tris-buffered saline
TMB 3,3,5,5-tetramethylbenzidine
TNF-α Tumor necrosis factor alpha

Introduction

Neuropathic pain is a frequent complication that results in
from damage or disease disturbing the nervous system and

Highlights The goal of this studywas to investigate the effects of chronic
nanocurcumin treatment on neuropathic pain-related behaviors and spa-
tial learning and memory performance in the CCI model of rats and
illuminate the relative IL-1β and TNF-α level alteration in the
hippocampus.
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commonly signifies as allodynia and hyperalgesia. Cognitive
disorders such as memory abnormality are the common co-
morbidities in patients suffering from chronic neuropathic
pain that affects their daily activities and declines the patient’s
quality of life (Colloca et al. 2017; Sumitani et al. 2018;
Rosenberger et al. 2020; Scholz et al. 2019).

Memory deficit is a common cognitive comorbid in neuro-
pathic pain patients that need better treatment. Many kinds of
literature studied the mechanisms of neuropathic pain and the
relation between neuropathic pain and memory abnormality
and determined similarity underlying between them
(Saffarpour et al. 2017; Jayarajan et al. 2015; Wang et al.
2019). Previous data suggested that chronic neuropathic pain
affected working memory, short-term memory; inhibits long-
term potentiation; and decreases excitatory synapses in ro-
dent’s hippocampus (Gui et al. 2016a; Rahn et al. 2013;
Qian et al. 2019; Bilbao et al. 2018). Also, clinical studying
revealed that the volume of the hippocampus and
hippocampus-prefrontal cortex connection reduced in patients
suffered from chronic neuropathic pain (Boadas-Vaello et al.
2017; Yalcin et al. 2014). It suggested enhanced expression of
the proinflammatory cytokines like TNF-α and IL-1β in the
hippocampus involved in memory disorder related to chronic
pain in rats (Gui et al. 2016a; Mai et al. 2019; Ren et al. 2011).

The immunity dysregulation and neuroinflammation are
the frequent reasons for causing neurological disorders such
as neuropathic pain and cognitive comorbidities. Neuropathic
pain can develop secondary to the chronic compression and
epineurial ischemia of the peripheral nerves that result in neu-
roinflammation. Neuroinflammation associated with the acti-
vation of glial cells and releasing various proinflammatory
cytokines, as well as IL-1β and TNF-α, which have been
involved directly in the processing of neuropathic pain.
Recent assays reported that the overproduction of IL-1 β
and TNF-α in supraspinal regions like the hippocampus asso-
ciated with behavioral symptoms of neuropathic pain and
memory deficits following peripheral nerve injury, whereas
the blockade of IL-1β signaling and inhibition of TNF-α al-
leviated nerve injury-induced neuropathic pain and its comor-
bidity. Thus, it considers that immune modulation can be a
therapeutic target for neuropathic pain and its memory com-
plications (Gui et al. 2016a; Sommer et al. 2018; Liu et al.
2017; Vo et al. 2009; Nasirinezhad and Saffarpour 2009).

Curcumin is a dietary polyphenolic pigment, extracted
from Curcuma longa has a wide range of beneficial effects.
Previous studies have shown anti-inflammatory, antioxidant,
and neuroprotective properties of curcumin, which all in-
volved in the process of neuropathic pain (Yavarpour-Bali
et al. 2019; Wright and Rizzolo 2017; Zhao et al. 2014).
Recent assays suggest that curcumin has an analgesic effect
in different pain animal models (Gerard et al. 2015; Zhang
et al. 2018; Zhu et al. 2014a; Liu et al. 2016; Zhu et al.
2014b).Also, it has reported the protective effect of curcumin

on memory loss. Some curcumin derivative improved cogni-
tive impairment and enhanced memory in clinical situation
and rodent models of Alzheimer’s disease (Agrawal et al.
2018; Reddy et al. 2016, 2018).

However, curcumin is a dietary spice with the pharmaco-
logical properties, poor bioavailability, and in vivo metabolic
stability restricts its utilization in the clinic. Therefore, the
strategy has been dedicated to improving the bioavailability
of curcumin is by forming curcumin nanoparticles. Nanoscale
drug delivery systems can enhance the drug bioavailability
and targeting, control drug release, and decrease drug toxic
side effects. New approaches include assessing the efficacy
and action mechanisms of nanocurcumin in various diseases;
for this purpose, nanoparticle-encapsulated curcumin has de-
veloped, and its effect on the treatment of some diseases such
as cancer, cognition disorders, Alzheimer’s disease, pain, and
diabetic neuropathy have studied (Mirzaie et al. 2019; Flora
et al. 2013).

Although the specific mechanism of nanocurcumin action
is not fully known, it seems that its possible usefulness in
treating pain symptoms and memory deficit associated with
neuropathic pain. Therefore, this assay planned to find out
whether chronic administration of nanocurcumin could ame-
liorate neuropathic pain symptoms and improve memory im-
pairments in the sciatic nerve injury model of rats and illumi-
nate the relative IL-1β and TNF-α level alteration in the
hippocampus.

Experimental procedures

Animals

Male albino Wistar rats weighing 250–300 g purchased from
the laboratory animal breeding center of the Iran University of
Medical Sciences. The rats kept in a temperature and humidity
standard room (22 ± 2 °C) on a 12-h light/dark cycle with food
and water available ad libitum. Female animals have hormon-
al fluctuations, and behavioral complexity results in the estrus
cycle, as well as the progesterone and estrogen levels, are
varying during the estrus cycle. As stated in the variation of
the female sex hormones from cycle to cycle, and their impact
on pain sensation, in this study, male rats were used.

The animals were randomly assigned to one of the four
experimental groups: CCI + nanocurcumin, CCI + vehicle,
sham + nanocurcumin, and sham + vehicle (n = 8 per group,
32 rats totally). Caregivers were blended to the grouping. All
behavioral tests blindly achieved between 10:00 AM and
02:00 PM for each experimental group. The experiments ad-
hered to the guidelines of the Committee for Research and
Ethical Issues of the International Association for the Study
of Pain (IASP) and were approved by the Ethical Committee
of the University (97-4-32-13617).
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CCI surgery of sciatic nerve

The CCI model proposed by Bennett and Xie (Bennett and
Xie 1988) achieved to cause neuropathic pain signs. In brief,
the adult male rats anesthetized by using ketamine
(100 mg/kg) and xylazine (15 mg/kg) intraperitoneally, and
an incision shaped in the left thigh. After the sciatic nerve
appeared, four loose sutures around the nerve struck by using
a 4-0 chromic tread. The sutures placed at an interval of 1 mm
and only constricted the nerve while circulation through the
epidural vasculature was not interrupted. In the sham surgery,
the sciatic nerve appeared, and no further manipulation
performed.

Drugs and treatment

Nanocurcumin (nanomicellar form of curcumin, the av-
e r ag e s i z e o f 10 nm) so f t g e l a t i n c ap su l e s
(SinaCurcumin, 40 mg) were used in this study and
purchased from Minoo Pharmaceuticals Company.
Nanocurcumin excreted from the capsule using an insu-
lin syringe and immediately injected intraperitoneally
(40 mg/kg) in sham and CCI treatment groups.
Vehicle groups received olive oil (40 mg/kg) intraperi-
toneally. The doses of the drugs have been selected
based on previous studies (Zhao et al. 2014; Flora
et al. 2013; Zhao et al. 2017).

Experimental design

The day of surgical procedure (CCI or a sham operation) was
considered the zero day of the experiment. Behavioral pain
assessment carried out 7, 14, 21, and 28 days after surgery for
the ipsilateral hind paws in all experimental groups. The pain
behavior assessed for contralateral hind paw using these tests,
but the results were not significant between groups, and we
did not show them in the “Results” sections. The treatment
with nanocurcumin or vehicle started on day 7 until day 16
(totally 10 days) after the surgical procedure (CCI or a sham
operation).The rats in the treatment groups received 40 mg/kg
of nanocurcumin or olive oil (vehicle) daily for 10 consecutive
days intraperitoneally. At the end of the medication, the
Morris water maze (MWM) test performed to evaluate the
spatial learning and memory from day 18 to day 21 after
surgery. On the day 28 experiment, the probe test again
achieved to assess the long-term memory. Lastly, the rats
(sham-operated or CCI) scarified, and the brains were rapidly
removed and dissected on an ice-chilled glass plate, the right
hippocampus contralateral to the peripheral injury, based on
previous studies obtained (Tyrtyshnaia et al. 2019), and stored
at − 80 °C for ELISA assessment.

Behavioral tests

von Frey test

Rats separately put in a Plexiglas box with a wire mesh bottom
and let to habituate for 30 min. Tactile allodynia was evaluat-
ed by the von Frey filaments (4.56, 4.74, 4.93, 5.07, 5.18, 5.46
and 5.88 g) according to previous protocol (Chaplan et al.
1994). Filaments were arranged in ascending order and ap-
plied upright to the surface of the mid-plantar hind paw using
the up and down method. The withdrawal responses were
measured by sequentially increasing and decreasing the stim-
ulus strength and the mean withdrawal threshold assessed by
the Dixon nonparametric test.

Radiant heat test

Reactions to noxious heat were examined using paw with-
drawal test (Hargreaves apparatus, 7370, Ugo Basile,
Comerio, Italy) (Hargreaves et al. 1988). Considering, rats
were put in a Plexiglas box with a glass floor and let to habit-
uate for 20 min. A radiant heat source underneath the glass
floor radiated at the plantar hind paw, and simultaneously a
chronometer was turned on. The interval between heat radia-
tion and the reaction of the rats, such as hind paw lifting,
computed as the withdrawal latencies. To prevent tissue dam-
age, the duration of the heat radiation was set at 25 s. The trial
was performed three times for each rat at least 1 min apart and
the average values calculated for statistical analysis.

MWM test

The hippocampus-dependent spatial learning and memo-
ry was checked out by the standard MWM tests, as
described previously (Bian et al. 2012). In this test,
learning considered to the shorter latencies to escape
and decrease the length of the path to find the target
platform. The rats trained to reach the submerged plat-
form for three consecutive days with four trials per 18–
20 days after the sciatic nerve injury. The platform was
hidden in the southeast quadrant of the tank. In all
trials, the rats swam until they come to rest on the
platform for the 30 s or until 60 s had passed. The
distance moved, latency to reach the platform (escape
latency), and the velocity was recorded by a tracking
system. Reference memory tracked as time elapsed in
the target region by a probe trial 24 h after the last
acquisition trial (day 21) and 1 week later (28 days
after the surgery). The platform was removed at the
time of the probe trial to evaluate the reference memory
for the previous platform location.
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ELISA procedure

IL-1β assay by ELISA

The levels of IL-1 beta were evaluated based on the protocol
of the purchased kit (Biorbyt, Cat. No: orb219820, Sensitivity
15 pg/ml). In summary, at the end of the experiment (day 21
and or 28), three animals of each group randomly selected,
sacrificed, and their hippocampus from brain isolated freshly
and lysed by the lysis buffer prepared in the kit. All the steps
have done according to the protocol provided by the company.
Briefly, the required number of well for blank, standard, and
sample were selected and prepared in the plate, and 0.1 ml of
samples and standards were added to the wells and incubated
in 37 °C for 90 min. Afterward, added 0.1 ml biotinylated
antibodies, and incubated the plate at 37 °C for 60 min.
Then, washed plate three times with 0.01 M TBS. A total of
0.1 ml of prepared ABC working solution was added to the
wells and incubated at 37 °C for 30 min. The plate washed
with 0.01MTBS for 5 times, and then 90μl of prepared TMB
color developing agent was added into each well and the plate
incubated at 37C for 15–20 min; then, 0.1 ml TMB stop so-
lution was added into each well and after 30 min read at
450 nm. After adding the stop solution, the color of the solu-
tion was changed into yellow immediately.

TNF-α assay by ELISA

At the end of the experiment period (day 21 and or 28),
TNF-α was determined by using ELISA Kit (Diaclon, Cat.
No 865.000.096, sensitivity 15 pg/ml) according to the stan-
dard manual. Briefly, three animals of each group randomly
selected, decapitated and their hippocampus from brain isolat-
ed freshly and lysed by the lysis buffer, the supernatant sepa-
rated, then added 100 μl of each sample and standard diluent
in duplicate to wells and then 50 μl of diluted biotinylated
anti-rat TNF-α added to all wells. The wells covered with a
plastic plate cover incubated at room temperature (18 to
25 °C). Three hours later, the plate was washed 3 times by
0.3 ml of 1 × washing solution into each well. Then, 100 μl of
the streptavidin-HRP solution was added into all wells and
incubated at room temperature for 30min. After 3 times wash-
ing, 100 μl of TMB substrate solution added into all wells for
10–15 min at room temperature also avoid direct exposure to
light by wrapping the plate in aluminum foil. The absorbance
value of each well read at 610 nm immediately after adding
100 μl of H2SO4 stop reagent into all wells.

Data and statistical analysis

Differences between the groups were calculated using repeat-
ed measures 2-way ANOVA with a post hoc test
(Bonferroni’s test) to analyze pain-related behavior and the

difference among time effect and groups in training test of
the water maze. The mean comparisons for the time spent in
the target quadrant and ELISA data were calculated by one-
way ANOVA with post hoc test (Tukey’s test) with SPSS 21
in experimental groups. Data presented as mean ± SEM.
P < 0.05 considered as significant.

Results

Effect of CCI and chronic nanocurcumin treatment on
pain-related behavior

CCI induced mechanical allodynia and thermal hyperalgesia
in rats which took long for at least 28 days, as compared with
sham-operated rats (Fig. 1a and b, respectively).

In vehicle-treated groups, 7,14, 21, and 28 days after the
surgery, the CCI rats, presented lower mechanical withdrawal
threshold (5.6 ± 0.14 g,3.5 ± 0.37 g, 7.3 ± 0.31 g, 9 ± 0.25 g,
respectively) compared with the sham group (14.8 ± 0.11 g,
13.5 ± 0.32 g, 14.9 ± 0.01 g, 14.8 ± 0.13 g, respectively). At
the same times, also in vehicle-treated groups, the mean ther-
mal withdrawal latency (10.64 ± 0.14 s,8.46 ± 0.1 8 s,11.49 ±
0.14 s, 13.34 ± 0.12 s) in CCI rats were less than the sham
group (20 ± 0.25 s, 19.5 ± 0.13 s, 18 ± 0.32 s, 20 ± 0.26 s, re-
spectively). These results indicated the meaningful reduction
in the mechanical force(P < 0.001, F = 27.63) and duration of
radiation (P < 0.001, F = 20.58) required to elicit paw with-
drawal to the von Frey filament and noxious heat, respective-
ly, in the hind paw ipsilateral to the chronic constriction injury
of sciatic nerve.

Chronic nanocurcumin treatment alleviated pain-related
behavior in CCI rats. After 10 days treatment, nanocurcumin
treatment increased the mechanical allodynia (P < 0.001) and
thermal hyperalgesia (P < 0.001) thresholds in CCI rats com-
pared to CCI vehicle group. Mean mechanical withdrawal
threshold at days 7, 14, 21, and 28 after surgery for the CCI
group that received the nanocurcumin were 6 ± 0.6 g, 8.96 ±
0.5 g, 10 ± 0.58 g, and 11.5 ± 0.62 g, respectively. The means
of thermal withdrawal latency in nanocurcumin-treated rats, in
7, 14, 21, and 28 days after CCI surgery were 11.21 ± 0.65 s,
15.25 ± 0.5 s, 16 ± 0.6 s, and 16.78 ± 0.6 s, respectively. There
was no significant difference in the mechanical and thermal
thresholds between the sham-treated vehicle and sham-treated
nanocurcumin groups.

Effect of CCI and chronic nanocurcumin treatment on
spatial learning and memory performance in MWM
test

As shown in Fig.2, spatial learning ability decreased in CCI
rats treated with vehicle. ANOVA analysis showed that CCI-
treated vehicle rats have the more latencies to escape(48.65 ±
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1.67 s, 44.5 ± 1.5 s, 22.5 ± 1.58 s) and the increase in the
length of the path to find the platform (550.6 ± 18.16 cm,
467.3 ± 18.58 cm, 300.6 ± 17.76 cm) in 3 consecutive days
of learning-training phase compared to the sham-treated vehi-
cle group. Means of escape latency, in the training phase for
the sham group treated by vehicle, were 28.15 ± 3.1 s, 20.5 ±
2.45 s, and 9.8 ± 2.7 s, respectively. Also, the sham animals
treated by vehicle moved 362.16 ± 45.16 cm, 208.1 ± 23 cm,
and 100.5 ± 20 cm, respectively, to find the hidden platform.

However, post hoc analysis determined that the
nanocurcumin-treated rats presented a significant de-
crease in the latency (P < 0.01, F = 16.27) and path
length (P < 0.01, F = 15.32) to reach the platform in 3
consecutive days of the learning-training phase com-
pared to CCI rats treated with vehicle (Fig. 2b and
Fig. 2d). The means of latency time were 28 ± 2.3 s,
22.5 ± 2 s, and 11.2 ± 2 s; and the means of distance
moved were 280.25 ± 17 cm, 189.5 ± 17 cm,98 ±
16.8 cm for nanocurcumin-treated rats in the learning-
training phase, respectively. Swimming speeds were
similar among all groups (Fig. 2E).

Our results showed that, the CCI rats treated with vehicle
spent less time navigating in the target quadrant of the MWM.
When pain threshold spontaneously increased, CCI rats spent
more time in the target zone so the rate of the probe trial time
was significantly (P < 0.05, F = 47) different between the 21st
and (10.8 ± 0.7 s) and 28th days (13.5 ± 0.8 s) after the injury
(Fig. 3a). Chronic nanocurcumin treatment reversed this effect
(Fig. 3b). CCI rats treated by nanocurcumin significantly
spent more time navigating in the target quadrant in days
21(14.62 ± 0.84 s) and 28 (17.80 ± 0.8 s) compared with
CCI vehicle-treated rats (P < 0.01, F = 47.37). There was no
significant difference in the learning and memory results be-
tween the sham-treated vehicle and sham-treated
nanocurcumin groups.

Effect of CCI and chronic nanocurcumin treatment on
IL-1β and TNF-α levels in the hippocampus

ELISA’s result analysis is shown in Fig. 4 and Fig. 5. In
vehicle-treated rats, CCI surgery caused an increase in IL-1β
(P < 0.001,F = 33.57) and TNF-α (P < 0.001,F = 7.25) levels

Fig. 1 The effect of chronic
nanocurcumin administration
after induction of pain by CCI
model on mechanical allodynia
(a) and thermal hyperalgesia (b).
Nanocurcumin or vehicle
treatment started 1 day after
surgery and continued for
10 days. •••P < 0.001 indicated
the difference between CCI +
vehicle vs sham + vehicle.
***P < 0.001 indicated the
difference between CCI +
nanocurcumin vs CCI + vehicle.
Data analyzed by two-way
ANOVA with a post hoc
(Bonferroni’s test) and expressed
as mean ± SEM of 8 animals per
group
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Fig. 2 Performance of animals
measured by the latency (a, b),
distance (c, d), and velocity (e) to
reach the hidden platform in the
training days of the Morris water
maze test from day 18 to day
21(days 1, 2, and 3) in the
experimental groups. **P < 0.01
and ***P < 0.001 indicate the
difference between groups. Data
analyzed by repeated measures 2-
way ANOVA with a post hoc test
(Bonferroni’s test) and expressed
as mean ± SEM of 8 animals per
group
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in the hippocampus, 21 and 28 days following surgery in
comparing the sham group. The mean level of IL-1β in the
hippocampus of CCI rats treated by the vehicle was 2.6 ±
0.25 pg/ml and 2 ± 0.2 pg/ml in days 21 and 28 after surgery
and in the sham vehicle-treated rats were 0.57 ± 0.13 pg/ml
and 0.5 ± 0.13 pg/ml, respectively. Also, The mean level of
TNF-α in the hippocampus of CCI rats treated by the vehicle
was 158 ± 5.02 pg/ml and 120 ± 5.1 pg/ml in days 21 and 28
after surgery and in the sham vehicle-treated rats were 99.5 ±
4.15 pg/ml and 103 ± 3.18 pg/ml, respectively.

ANOVA and post hoc analyses revealed that, after 10 days
nanocurcumin treatment, IL-1β level (P < 0.001, F = 33.57) and
TNF-α level (P < 0.01,F = 7.25) in the hippocampus of CCI rats
significantly decreased compared toCCI vehicle-treated rats. The
mean level of IL-1β in the hippocampus of CCI rats treated by
nanocurcumin was 0.85 ± 0.15 pg/ml and 0.9 ± 0.1 pg/ml, and
TNF-α levels were 107.37 ± 3.1 pg/ml and 90 ± 4.75 pg/ml in
days 21 and 28 after surgery, respectively.

Discussion

The present data demonstrated that chronic nanocurcumin
treatment is associated with reduced neuropathic pain-related

behavior, improved memory deficits, and altered the level of
IL-1β and TNF-α in the hippocampus, in the sciatic nerve
injury model of rats.

We achieved the CCI model to induce chronic neuropathic
pain signs because it can replicate clinical symptoms in neu-
ropathic patients and often used as a typical animal model of
neuropathic pain (Bennett and Xie 1988; Austin et al. 2012).
In the current study, the nociceptive behavior raised 2 weeks
after surgery and reduced gradually up to week 4, which is in
agreement with previous results. Data determined chronic
constriction injury of the sciatic nerve resulting in marked
and prolonged pain-related symptoms that peaked 2 weeks
after surgery and hierarchically decreased up to week 7.
Therefore in the CCI model, nociceptive behaviors are partial-
ly reversible (Khangura et al. 2017; Keay et al. 2004).

Additionally, the current study suggests that concomitant
with the decrease in the pain threshold, the function of the
spatial learning and memory disrupted in CCI rats. We used
MWM test that is a validated behavioral test for the evaluation
of learning and memory in mice and rats (Tomas Pereira and
Burwell 2015). We showed a slower learning rate and the
spatial reference memory deficits during the probe trial of
the MWM test after sciatic nerve injury. These changes in
cognitive performance should not be related tomotor dysfunc-
tion, as there are no significant differences in swimming
speeds after peripheral nerve injury. Substantial studies

Fig. 3 Results of probe trials in the Morris water maze test in CCI rats (a)
and in the CCI + nanocurcumin vs CCI + vehicle groups (b) at day 21 and
day 28 after surgery. Probe trials (memory retrieval) as indicated by time
spent in the target zone after the training days. *P < 0.05 and **P < 0.01
indicate the difference between groups. Data analyzed by one-way
ANOVA with a post hoc test (Tukey’s test) and expressed as mean ±
SEM of 8 animals per group

Fig. 4 ELISA evaluation of interleukin 1-beta (Il-1β) in the hippocampus
21 and 28 days after chronic constriction injury (CCI) surgery (a) and
chronic treatment by nanocurcumin (b). ***P < 0.001 indicates the dif-
ference between groups. Data analyzed by one-way ANOVA with a post
hoc test (Tukey’s test) and expressed as mean ± SEM of 3 animals per
group
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observed the learning and memory disorders associated with
neuropathic pain symptoms (Wang et al. 2019; Jia et al. 2017;
Gui et al. 2016b; Galvez-Sánchez et al. 2019).

Furthermore, in the current study, the CCI rats displayed
the spatial reference memory deficits in the course of probe
trial on day 21 after surgery, but the result of day 28 showed
increased pain threshold accompanied by higher levels of
memory retention. This data is consistent with other reports
which addressed the CCI rats performed concurrent pain-
related and memory deficit behaviors with a significant time
effect (Saffarpour et al. 2017; Jayarajan et al. 2015; Wright
and Rizzolo 2017).

Some data determined that pain relief can alter cognitive def-
icits such as memory disorders, associated with chronic pain
(Rahn et al. 2013; Galvez-Sánchez et al. 2019). However, other
studies show that neuropathic pain and cognitive comorbidities
are poorly responsive to common analgesic drugs like opioids
and non-steroidal anti-inflammatory drugs. Also, themedications
that always prolonged used for the treatment of neuropathic pain
may lead to cognitive deficits (Vo et al. 2009; Wright and
Rizzolo 2017). Therefore, studies on new therapeutic agents
using botanical medicine or dietary has become one of the most
important strategies to alleviate neuropathic pain and improve
cognitive deficits comorbidity.

In the present assay, we evaluated the therapeutic effect of
nanocurcumin in the neuropathic pain condition.

We showed the antinociceptive property of nanocurcumin
associated with its memory improvement effect in peripheral
neuropathic pain situation. These results identified that chron-
ic nanocurcumin treatment increased withdrawal threshold
and latencies in behavioral pain-related exams and shortened
escape latencies and increased time in the target quadrant
crossings in the water maze task. These data suggested that
nanocurcumin treatment can ameliorate neuropathic pain
symptoms and improve spatial learning and memory deficit
comorbidities. Independent studies have previously reported
the antinociceptive effect of nanocurcumin in HIV-gp120 and
diabetes-induced neuropathic pain (Zhao et al. 2017), as well
as the efficacy of nanocurcumin on memory deficits in
Alzheimer’s disease (Yavarpour-Bali et al. 2019; Agrawal
et al. 2018; Reddy et al. 2018). Current data described that
nanocurcumin, when chronically administered in neuropathic
rats, could synchronically alleviate the pain-related behavior
and memory disorder induced by sciatic nerve injury, so the
antinociceptive effect of nanocurcumin appears to parallel
with its efficacy on memory improvement in CCI model of
neuropathic pain. However, the mechanisms underlying the
antinociceptive and memory improvement actions of
nanocurcumin are poorly cleared.

In this assay, the relation between the hippocampal IL-1β
and TNF-α simultaneously with the alteration in the retrieval
memory process was investigated in the CCI rats. The hippo-
campus is a critical supraspinal region involved in learning,
memory, and pain perception. Chronic pain causes biochem-
ical, anatomical, and functional changes in the hippocampus
(Boadas-Vaello et al. 2017; Yalcin et al. 2014; Sepideh and
Farinaz 2020). Previous data revealed that CCI disrupted the
hippocampal learning and memory function with a significant
time effect (Qian et al. 2019; Bilbao et al. 2018; Gerard et al.
2015). Our results confirmed that accompanying the memory
deficits, CCI associated with the enhancement in IL-1β and
TNF-α in the hippocampus.

Pro- and anti-inflammatory cytokines, such as TNF-α and
IL-1β, has been shown to actively participate in the pathogen-
esis of neuropathic pain (Sommer et al. 2018). Recent work
reported the overproduction of IL-1β in the pain perception
and memory formation regions of the brain-induced behavior-
al signs of neuropathic pain and memory deficits following
peripheral nerve injury (Gui et al. 2016b). Other studies iden-
tified the correlation between neuropathic pain-induced mem-
ory deficit and the level of TNF-α in the hippocampus of the
rats. In accordance with other data, our results showed en-
hanced expression of the proinflammatory cytokines like
TNF-α and IL-1β in the hippocampus related to memory
disorder induced by sciatic nerve injury in rats.

The present study suggested that chronic administration of
nanocurcumin was accompanied by the alteration in the level

Fig. 5 ELISA evaluation of tumor necrosis alpha (TNF-α) in the hippo-
campus 21 and 28 days after chronic constriction injury (CCI) surgery (a)
and chronic treatment by nanocurcumin (b). **P < 0.01, ***P < 0.001
indicate the difference between groups. Data analyzed by one-way
ANOVA with a post hoc test (Tukey’s test) and expressed as mean ±
SEM of 3 animals per group
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of IL-1β and TNF-α in the hippocampus after peripheral
nerve injury. We found that the repetitive use of
nanocurcumin attended by the decrease in the hippocampal
levels of IL-1β and TNF-α in combination with increasing
pain threshold and improving spatial memory in CCI rats. The
antinociceptive effect of nanocurcumin may increase the pain
threshold in CCI rats and attenuated pain-induced memory
deficits. Additionally, the therapeutic efficacy of
nanocurcumin on neuropathic pain and its memory impair-
ment comorbidity may relate to the reduction of inflammatory
cytokines such as TNF-α and IL-1β in the hippocampus.
However, nanocurcumin and curcumin effects on cytokine
levels, and its pathways have not well investigated, some data
reported that systemic and repetitive administration of
curcumin could alleviate chronic neuropathic pain, possibly
via inhibiting the production of chemokines and proin-
flammatory cytokines in the nervous system. These data
supported the inhibitory role of curcumin on the produc-
tion of inflammatory mediators in the central nervous
system (Xie et al. 2019).

Conclusion

In conclusion, we showed that chronic nanocurcumin treat-
ment associated with the reduction of TNF-α, IL-1β in the
hippocampus, and relatively decreased pain hypersensitivity
and improves memory disorder in CCI rats. Since
nanocurcumin has antinociceptive and anti-inflammatory
properties, the improvement in pain-induced memory deficits
by itself in the CCI rats may be preferable to these equities. It
seems that nanocurcumin potentially providing a therapeutic
alternative for the treatment of chronic neuropathic pain and
its memory impairment comorbidity.
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