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Curcumin dose-dependently improves myelination and upregulates S100 expression in mice with sciatic nerve
amputation injury
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Abstract

The repair of peripheral nerve injury after complete amputation is difficult, and even with anastomosis, the rapid recovery of nerve function
remains challenging. Curcumin, extracted from plants of the genus Curcuma, has been shown to have anti-oxidant and anti-inflammatory
properties and to improve sciatic nerve crush injury in rats. Here, we determined whether curcumin had neuroprotective effects following com-
plete peripheral nerve amputation injury. BALB/c mice underwent complete sciatic nerve amputation, followed by an immediate epineurium
anastomosis. Mice were intragastrically administered curcumin at doses of 40 (high), 20 (moderate), and 10 mg/kg/d (low) for 1 week. We
found that myelin in the mice of the high- and moderate-dose curcumin groups appeared with regular shape, uniform thickness, clear
boundary, and little hyperplasia surrounding the myelin. High and moderate doses of curcumin markedly improved both action potential
amplitude of the sciatic nerves and the conduction velocity of the corresponding motor neurons, and upregulated mRNA and protein ex-
pression of S100, a marker for Schwann cell proliferation, in L, ¢ spinal cord segments. These results suggest that curcumin is effective in
promoting the repair of complete sciatic nerve amputation injury and that the underlying mechanism may be associated with upregulation
of S100 expression.

Key Words: nerve regeneration; electrophysiology; complete nerve amputation; spinal cord; myelin sheath; myelinated fiber; epineurium
anatomosis; neural regeneration

Introduction safe in patients with cancer when consumed at a daily dose
Curcumin, a yellow polyphenol extract derived from plants ~ of up to 8-12 g for 3 months, although mild nausea or di-
of the genus Curcuma, has anti-oxidant and anti-inflam-  arrhea has been reported (Hsu and Cheng, 2007; Goel et al,,
matory properties (Menon and Sudheer, 2007; Sandur et al., ~ 2008).

2007). Curcumin is most commonly used in Asian countries Curcumin has a wide range of targets in the central ner-
as a dietary supplement. Curcumin has been shown to be  vous system, and its neuroprotective effect involves a variety
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of mechanisms, including impacting neurotransmitters
in the brain, regulating the hypothalamic-pituitary-ad-
renal axis, improving neural factors and nerve regenera-
tion, and inhibiting neuronal apoptosis through multiple
pathways (Liu et al., 2010; Wang et al., 2010, Zhang et al.,
2010; Ahmed et al., 2011; Jaisin et al., 2011; Stankowska
et al., 2015). Curcumin improves cognition and mood in
healthy adults aged 60-85 years (Cox et al., 2015). Studies
have shown that curcumin has neuroprotective effects in
Alzheimer and Parkinson diseases through multiple path-
ways (Wang et al., 2010, 2014; Yang et al., 2014; Kuo and
Lin, 2015; He, et al., 2016; Huang et al., 2016; Goozee et
al., 2016; Song et al., 2016). Curcumin also improves neu-
ropathic pain in rats and chemotherapeutic drug-induced
neuropathy (Jeon et al., 2013; Moini Zanjani et al., 2014;
Agthong et al., 2015; Babu et al., 2015).

In the periphery, nerve injury may result in neuronal
death of the corresponding spinal cord region and dorsal
root ganglion, and apoptosis is an important form of neu-
ronal death (Yan et al., 1992). Curcumin has been shown to
promote nerve regeneration after sciatic nerve crush injury
in either normal or diabetic rats (Ma et al., 2013, 2016).
However, the effects of curcumin on the functional recov-
ery of peripheral nerves following complete amputation
and the mechanism involved have not been fully elucidated.

S100 proteins, encoded by a family of S100 genes (Mar-
enholz et al., 2004), contain two calcium-binding sites and
have highly conserved amino acid sequences in vertebrates
(Marenholz et al., 2004). S100 proteins have been implicated
in a variety of intracellular and extracellular functions (Do-
nato, 2003), and have been considered markers for traumatic
brain injury (Uher and Bob, 2012; Shakeri et al., 2013; Fang
et al., 2014; Lesko et al., 2014; Heidari et al., 2015; Krohn et
al., 2015; Mazzone et al., 2015; Wolf et al., 2015). In neural
regeneration research, S100 proteins indicate the prolifer-
ation of Schwann cells (Wang et al., 2015; Wu et al, 2015;
Jiang et al., 2016). However, the relationship between cur-
cumin and S100 proteins in the repair of peripheral nerve
amputation has been under studied.

The current study explores the effects of curcumin on
peripheral nerve regeneration in a BALB/c mouse model of
complete sciatic nerve amputation injury and the mecha-
nism involved.

Materials and Methods
Modeling and drug administration
Healthy male BALB/c mice (n = 200) weighing 25 £ 2 g
were reproduced and housed in the Basic Medical College
Laboratory Animal Center of Jilin University in China un-
der routine conditions (Changchun, Jilin Province, China;
Laboratory Animal Production License No. SCXK [Ji] 2007-
0003). All experimental animal procedures were conducted
in accordance with the ethical standards of the Animal Eth-
ics Committee of Jilin University in China.

The mice were divided into five equal groups (n = 40
each): normal control; untreated model; high-dose curcum-
in, 40 mg/kg/d; moderate-dose curcumin, 20 mg/kg/d; low-

dose curcumin, 10 mg/kg/d. Each group included four time
periods (1, 2, 4, and 8 weeks), with 10 mice in each time
period.

Generation of the mouse model was performed as de-
scribed previously (Du et al., 2013; Jia et al., 2014). Briefly,
mice were anesthetized and fixed in the prone position. A
2-cm longitudinal incision was made in the unilateral piri-
formis muscle. Sciatic nerves were separated and amputated
completely 0.5 cm below the ischial tuberosity. The epineuri-
um was immediately microsurgically anastomosed. The ob-
servation of a continuous epineurium under a stereoscopic
microscope indicated the successful generation of the model.
The muscle and skin were sutured.

Curcumin (molecular weight, 368.39 Da) was purchased
from Sigma-Aldrich (St. Louis, MO, USA). Its structure is
shown in Figure 1. The curcumin doses used in the pres-
ent study were based on that used in previous studies of
10 mg/kg/d in rats (Da Silva Morrone et al., 2016; Huang et
al., 2016), which converts to 20 mg/kg/d in mice. Thus, the
high dose of curcumin was set at 40 mg/kg/d, the moderate
dose at 20 mg/kg/d, and the low dose at 10 mg/kg/d. The
drug administration procedures were as follows. Curcumin
powder was dissolved in dimethyl sulfoxide (DMSO) and
subsequently mixed with 0.9% NaCl, forming a concentra-
tion series of 1, 0.5, 0.25 mg/mL for the high-dose, moder-
ate-dose, low-dose curcumin groups, respectively. The final
concentration of DMSO in 0.9% NacCl saline was 0.05%.
Curcumin was intragastrically administered in a volume of
1 mL daily for 1 week. The model group received the oper-
ation and DMSO-saline, but no curcumin. Naive mice, that
underwent no operation and received no drug, served as the
normal control.

Figure 1 Structure of the curcumin molecule.

Electroneurophysiological testing

At 1, 2, 4, and 8 weeks following curcumin administration,
affected sciatic nerves were examined using electromyog-
raphy with a unit that measures evoked potential response
(Keypoint, Medtronic A/C Inc., Skovlunde, Denmark)
as described previously (Cao et al., 2012; Jia et al., 2013).
Briefly, sciatic nerves were exposed at 23°C. Detection
electrodes were placed for recording the action potential
amplitude following a single 10 mA current stimulus. The
corresponding motor nerve conductive velocity (MNCV)
was calculated with the formula MNCV = distance between
two stimuli electrodes/action potential incubation period
difference.
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Sampling of lumber spinal cord segments L, ¢

Ten mice in each group were intraperitoneally anesthetized
with 3% ketamine 100 mg/kg/d 1, 2, 4, and 8 weeks after
curcumin administration. After the electrophysiological tests
were completed, the central canal was opened via a midline
incision of the posterior vertebral column. The lumbar seg-
ments of the spinal cord (L, ;) connecting the injured sciatic
nerves were removed and immediately stored in liquid nitro-
gen for subsequent processing.

Luxol fast blue staining

Sciatic nerves obtained 1, 2, 4, and 8 weeks following cur-
cumin administration were fixed for 3 days in 10% neutral
formaldehyde for staining with Luxol fast blue. Briefly,
sciatic nerve slices were stained for 12 hours in Luxol fast
blue solution at 60°C. The slices were then incubated for 5
minutes in 95% ethanol and for 15 seconds in 0.05% lithi-
um carbonate, and then washed with 70% ethanol and dis-
tilled water. After the slices were dehydrated and cleared,
they were mounted and coverslipped for microscopic
observation. In each slice, five fields at a magnification of
400x were randomly selected for image acquisition. The
diameter and number of myelinated fibers were calculat-
ed using Image-Pro Plus 6.0 software (Media Cybernetics
Inc., Silver Spring, MD, USA).

Immunohistochemical staining

Spinal cord segments L, ; obtained 1, 2, 4, and 8 weeks af-
ter curcumin administration were fixed for 3 days in 10%
neutral formaldehyde before being used for immunobhis-
tochemical staining of S100. Briefly, L, ; spinal cord slices
were placed in 3% H,O, for 10 minutes to block endoge-
nous peroxidase, and then boiled for 10 minutes in 0.01 M
sodium citrate buffer (pH 6.0). Slices were then blocked
for 15 minutes with anti-species serum and washed with
0.01 M phosphate-buffered saline with Tween 20 (pH
7.4). Rabbit anti-mouse S100 polyclonal antibody (1:500;
Beyotime Institute of Biotechnology, Najing, Jiangsu Prov-
ince, China) was added and incubated at 4°C overnight.
Biotinylated goat anti-rabbit IgG (1:1,000; Boster, Wuhan,
Hubei Province, China) was added for 20 minutes at 37°C.
Streptavidin and biotinylated horseradish peroxidase were
added for 20 minutes at 37°C. The labeled antigens were
visualized using 3,3'-diaminobenzidine (Jiancheng Bio-
engineering Institute, Nanjing, Jiangsu Province, China).
Brown staining indicated positive protein labeling. Micro-
scopic examination (PM-10A0, Olympus, Beijing, China)
was conducted by two pathologists who were blinded to
treatments and used Image-Pro Plus 6.0 software (Media
Cybernetics Inc.) to analyze the integrated optical density
by scanning the stained area.

Quantitative real-time polymerase chain reaction (PCR)

Total RNA was extracted from the L, ¢ spinal cord samples
obtained 1, 2, 4, and 8 weeks following curcumin admin-
istration using the TRIzol reagent method. The cDNA was
synthesized using reverse transcriptase with total RNA tem-
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Table 1 Primers of S100 and GAPDH designed by Beacon Designer 7
software

Product size

Primer Sequence (5'-3") (bp)
S100 205
Upper primer ACT GAA GGA GCT
TATCAACAACGA
Lower primer AGT GTG ACT TCC AGG AGT
TCA TG
Probe GTG ATG GAG ACG CTG GAC
GAA GAT GG
GAPDH 293
Upper primer CCA TTT GCA GTG GCA AAG
Lower primer CAC CCCATT TGA TGT TAG T
Probe CAA GGC CGA GAA TGG GAA
GCTTGTC

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

plates. S100 mRNA was quantified by quantitative real-time
PCR using cDNA templates. Primers of S100 and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) were designed
by Beacon Designer 7 software (Premier Biosoft Inc., Palo
Alto, CA, USA) and synthesized by Sangon Bioengineer-
ing (Shanghai, China; Table 1). A pair of GAPDH primers
served as an internal reference in each reaction system. The
reaction conditions were as follows: 95°C for 30 seconds;
58°C for 60 seconds; 72°C for 60 seconds, 40 cycles. The cy-
cle threshold (Ct) values were obtained. The relative mRNA
of interest/ GAPDH mRNA expression was calculated using
27%“ method.

Western blot assay

At 1, 2, 4, and 8 weeks following curcumin administration,
L, ; spinal cord samples were lysed in ice-cold radioimmu-
noprecipitation assay lysis buffer (Beyotime Institute of
Biotechnology). Proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis with 12% gels
and electroblotted onto polyvinylidene fluoride membranes.
The membranes were incubated in rabbit anti-mouse S100
polyclonal antibody (diluted 1:5,000 with PBS containing 1%
bovine serum albumin; Beyotime Institute of Biotechnolo-
gy) at 4°C overnight. They were then incubated with horse-
radish peroxidase-labeled goat anti-rabbit IgG for 1 hour
at 37°C and visualized with 3,3'-diaminobenzidine using a
western blotting 3,3'-diaminobenzidine kit (Beyotime In-
stitute of Biotechnology). X-ray film was exposed, scanned,
and analyzed. Protein levels were represented as the ratio of
the relative grayscale value for the protein of interest to that
of GAPDH, and analyzed using Image-Pro Plus 6.0 software
(Media Cybernetics Inc.).

Statistical analysis

Data, stated as the mean + SD, were analyzed with SPSS 17.0
statistical software (SPSS Inc., Chicago, IL, USA). One-way
analysis of variance and Dunnett’s test were used to compare
differences among groups. P < 0.05 was considered statisti-
cally significant.
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Results

Effects of curcumin on electrophysiological function of the
sciatic nerve

The action potential amplitude and MNCV were examined
to determine neural function (Figure 2). After curcumin ad-
ministration, the action potential amplitude and MNCV of
each dose group increased from 1 to 8 weeks. However, the
increase in the high- and moderate-dose curcumin groups
was greater than that in the low-dose curcumin and model
groups at all time points evaluated (1, 2, 4 and 8 weeks; all P
< 0.05). At 8 weeks, both the action potential amplitude and
the MNCV (1.65-fold and 1.22-fold greater than those of
the low-dose curcumin group, respectively) in the high-dose
curcumin group had increased to those observed in control
animals. These electrophysiological features were not signifi-
cantly different between the high-dose and moderate-dose
curcumin groups, or between the low-dose curcumin and
model groups (all P> 0.05). These results suggest that cur-
cumin administration to mice following sciatic nerve injury
promoted the functional recovery of sciatic nerves.

Effects of curcumin on sciatic nerve myelin sheath
examined with Luxol fast blue staining

Luxol fast blue staining was performed to detect nerve my-
elin. The myelin sheath structures examined with Luxol fast
blue staining showed no apparent differences among the
groups 1, 2, and 4 weeks following curcumin administra-
tion. The results at 8 weeks are shown in Figure 3. Myelin is
stained blue, while axons remain white with Luxol fast blue.
Myelin in the high- and moderate-dose curcumin groups
appeared as regular shapes, with a uniform thickness, clear
boundary and little hyperplasia surrounding the myelin. By
contrast, myelin in the low-dose curcumin group exhibited
irregular shapes and thickness, moderately clear borders,
and interfascicular hyperplasia of fibrous connective tissues.
The myelin in the model group exhibited the worst fiber sta-
tus. The number and diameter of myelinated fibers 8 weeks
following administration were measured using Image-Pro
Plus Version 6.0 software (Figure 3). The high- and moder-
ate-dose curcumin groups had myelinated fibers greater in
number and larger in diameter than the low-dose curcumin
and model groups. The number and diameter of myelinat-
ed fibers in the high-dose curcumin group were 1.49-fold
and 1.35-fold greater than those in the low-dose curcumin
group, indicating marked effects on recovering sciatic nerve
myelin.

Effect of curcumin on S100 immunoreactivity in L, ;spinal
cord segments detected by immunohistochemical staining
At 1, 2, 4, and 8 weeks following curcumin administration,
the density of S-100-positive protein was semiquantita-
tively described. The integrated optical density values and
expression intensity were positively correlated (Figure 4).
S100 immunoreactivity was clearly seen under the light
microscope as fine brown particles in the cytoplasm. Nuclei
were not stained. Starting 1 week after curcumin adminis-
tration, S100 immunoreactivity in the ipsilateral spinal cord

increased. Two weeks after administration, staining density
peaked, with the integrated optical density for the high-dose
curcumin group 1.79-fold greater than that of low-dose cur-
cumin group. After 4 weeks, the staining intensity decreased.
However, for the time period of 1, 2, and 4 weeks examined,
the staining intensity in the high- and moderate-dose cur-
cumin groups was significantly stronger than that in the low-
dose curcumin and model groups. These results indicated
that curcumin at doses of 20 and 40 mg/kg/d increased S100
immunoreactivity.

Effect of curcumin on S100 mRNA levels in L, , spinal cord
segments detected by quantitative real-time PCR

S§100 mRNA was barely detectable in the sciatic nerves of
naive control mice. As shown in Figure 5, after curcumin ad-
ministration, S100 mRNA levels in L, ¢ spinal cord segments
increased in each dose group. S100 mRNA levels in the high-
and moderate-dose groups peaked at 1 week. The increase
in the high- and moderate-dose curcumin groups was sig-
nificantly greater than those in the low-dose curcumin and
model groups (P < 0.05), with S100 mRNA levels for the
high-dose curcumin group approximately 2.15-fold greater
than those of the low-dose curcumin group. S100 mRNA
levels in the low-dose curcumin and model groups increased
to peak at 2 weeks. After 8 weeks, S100 mRNA levels were
not statistically different among the groups. These results
demonstrate that the high- and moderate-dose curcumin
groups increased S100 expression.

Effect of curcumin on S100 protein levels in L, ( spinal
cord segments detected by western blot assay

$100 protein levels in each dose group were upregulated and
peaked 2 weeks after curcumin administration. The increases
in both high- and moderate-dose curcumin groups were sig-
nificantly greater than those in both low-dose curcumin and
model groups (all P < 0.05). At 2 weeks, S100 protein levels
in the high-dose curcumin group were 1.4-fold greater than
those of the low-dose curcumin group. These results indi-
cated that S100 expression in the high- and moderate-dose
curcumin groups was significantly increased compared with
that in the low-dose curcumin and model groups. After 8
weeks, S100 protein levels were not statistically different
among the groups (all P> 0.05; Figure 6).

Discussion

Curcumin has been reported to have a wide range of protective
effects in the central nervous system (Arora et al., 2011; Khu-
waja et al., 2011; Angius et al., 2012; Ozdemir et al., 2012; Kim
et al., 2013). However, curcumin effects on peripheral nerve
regeneration are not clearly understood. This study examined
the effect of curcumin on peripheral nerve regeneration and
the mechanism involved. Electrophysiological experiments
were performed to examine the functional recovery of the
sciatic nerve. Curcumin administration at a high dose of 40
mg/kg/d and a moderate dose of 20 mg/kg/d for 1 week pro-
moted functional recovery of the sciatic nerve following its
complete amputation. This outcome was supported by the
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Figure 2 Action potential amplitude (mV) and motor nerve conductive velocity (m/s) at 1, 2, 4, and 8 weeks following curcumin administration.
(A) Action potential amplitude; (B) motor nerve conductive velocity. Data are expressed as the mean + SD, n = 5. One-way analysis of variance
and Dunnett’s test were used to analyze the differences among groups. *P < 0.05, vs. model group; #P < 0.05, vs. low-dose curcumin group. High-,
moderate-, low-dose curcumin groups: curcumin 40, 20, and 10 mg/kg/d, respectively.
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Figure 3 Transverse sections of the sciatic nerve myelin sheath showing the number and diameter of myelinated fibers 8 weeks after curcumin
administration (Luxol fast blue staining).

(A) Luxol fast blue staining of transverse sections of sciatic nerve myelin. Images were obtained at 40X magnification; scale bar is 200 pm. Arrows
indicate the sciatic nerve myelin sheath dyed blue. Myelin in the high- and moderate-dose curcumin groups appears regular and uniform. By con-
trast, myelin in the low-dose curcumin and model groups appears irregular and exhibits fibrous connective tissues. (B, C) The number (n/mm?)
and diameter (um) of myelinated fibers in the high- and moderate-dose curcumin groups are larger than those in the low-dose curcumin and
model groups. Data are expressed as the mean * SD, n = 5. One-way analysis of variance and Dunnett’s test were used to analyze the differences
among groups. *P < 0.05, vs. model group; #P < 0.05, vs. low-dose curcumin group. High-, moderate-, low-dose curcumin groups: curcumin 40,
20, 10 mg/kg/d, respectively.

number and diameter of myelinated nerve fibers observed  structural evidence for sciatic nerve recovery at the tissue
with Luxol fast blue staining. Both the number and diameter  level following curcumin administration.

of regenerated nerve myelin in the high- and moderate-dose The dose of curcumin used to treat neuronal disease
curcumin groups were larger than those in the low-dose  and injury varies depending on species, disease categories,
curcumin and model groups. This finding provides direct  or route of administration (Agthong et al., 2015; Da Silva
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Figure 4 S100 immunoreactivity in crosssections of L, ¢ spinal cord
segments 8 weeks after curcumin administration.

(A) Immunohistochemical staining of S100 protein 2 weeks following
curcumin administration at 40X magnification. Scale bar: 200 pm.
Arrows indicate positive immunoreactivity for S100, which is seen
as fine brown particles in the cytoplasm. (B) Staining intensity. The
staining intensity in the high- and moderate-dose curcumin groups is
stronger than that in the low-dose curcumin and model groups. Data
are expressed as the mean + SD (n = 5). One-way analysis of vari-
ance and Dunnett’s tests were used to analyze the difference among
groups. *P < 0.05, vs. model group; #P < 0.05, vs. low-dose curcumin
group. High-, moderate-, low-dose curcumin groups: curcumin 40,
20, 10 mg/kg/d, respectively.

Figure 5 The S100 mRNA expression in L, ; spinal cord segments 1, 2,
4, and 8 weeks after curcumin administration (quantitative real-time
polymerase chain reaction).

Data are expressed as the mean + SD (n = 5). One-way analysis of
variance and Dunnett’s test were used to analyze the difference among
groups. *P < 0.05, vs. model group; #P < 0.05, vs. low-dose curcumin
group. High-, moderate-, low-dose curcumin groups: curcumin 40,
20, 10 mg/kg/d, respectively. GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase.
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Figure 6 S100 protein expression in L, ¢ spinal cord segments 1, 2, 4, and 8 weeks after curcumin administration.

(A) Western blot assay results for the S100 protein; (B) grayscale ratio of S100/GAPDH protein. S100 protein levels peak 2 weeks after curcumin
administration in each curcumin group and are dose-dependent for each time period. Data are expressed as the mean £ SD (# = 5). One-way
analysis of variance and Dunnett’s test were used to analyze the difference among groups. *P < 0.05, vs. model group; #P < 0.05, vs. low-dose
curcumin group. High-, moderate-, low-dose curcumin groups: curcumin 40, 20, 10 mg/kg/d, respectively. GAPDH: Glyceraldehyde-3-phos-
phate dehydrogenase.
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Morrone et al., 2016; Huang et al., 2016; Jangra et al., 2016;
Ma et al., 2016; Song et al., 2016; Yu et al., 2016). In a rat
model, either intraperitoneal or oral administration of cur-
cumin at doses of 10, 50, or 100 mg/kg/d for approximately
7 weeks have been shown to be effective in attenuating
Alzheimer’s disease or oxidative stress (Da Silva Morrone et
al., 2016; Huang et al., 2016). Studies similar to the current
one have used intraperitoneal administration of curcumin
at doses of 50, 100, and 300 mg/kg/d for 4 weeks in both
diabetic and normal rats, including rats with sciatic nerve
crush injury, and found that the treatment improved nerve
regeneration in a dose-dependent manner (Ma et al., 2013,
2016).

Using an equivalent dosage conversion, we found that a
dose of 10 mg/kg in rats is similar to 20 mg/kg in mice. In
the current study, moderate- (20 mg/kg/d) and high-dose (40
mg/kg/d) intragastric administration of curcumin for 1 week
promoted nerve regeneration and functional recovery with-
in 8 weeks. These doses were lower than those administered
intraperitoneally in rats (50, 100, and 300 mg/kg/d; Ma et al.,
2013, 2016) and orally in mice (100, 200, and 400 mg/kg/d;
Jangra et al., 2016). These findings indicate that lower cur-
cumin doses of 20 mg/kg/d and 40 mg/kg/d in mice effec-
tively improve peripheral nerve regeneration, whereas a dose
of 10 mg/kg in mice might be too low to be effective. Thus, 20
mg/kg approximates the lowest effective dose in mice. Using
the equivalent dosage conversion, we found that 20 mg/kg/d
in mice is approximately 1.62 mg/kg/d in humans. Although
further investigation would be needed, this indicates that a
healthy adult weighing 60 kg may benefit from the neuropro-
tective effect of curcumin by consuming at least 97.2 mg daily.
Cox et al. (2015) have reported the beneficial effects of cur-
cumin on cognition and mood in healthy adults aged 60-85
years, and they suggest a daily oral intake of 400 mg.

To explore the molecular mechanism for the curcumin-in-
duced promotion of sciatic nerve regeneration, we deter-
mined S100 expression levels. Immunohistochemical stain-
ing, quantitative real-time PCR, and western blot assays were
performed to detect S100 expression at the tissue, mRNA,
and protein levels, respectively. S100 mRNA levels were up-
regulated, peaking 1 week following curcumin administra-
tion, and S100 protein levels peaked at 2 weeks. Thus, S100
mRNA levels peaked 1 week earlier than S100 protein levels.
This is likely because mRNA degrades quickly at the same
time that protein accumulates. The accumulated S100 pro-
tein indicates the proliferation of sciatic nerve Schwann cells.
Proliferating Schwann cells promote the sustained regener-
ation and functional recovery of sciatic nerves (Wang et al.,
2015; Wu et al., 2015; Jiang et al., 2016).

S100 expression levels serve as markers for the prolifera-
tion of Schwann cells in sciatic nerve regeneration research
(Wang et al., 2015; Wu et al., 2015; Jiang et al., 2016). Wu et
al. (2015) used S100 protein levels in Schwann cells to indi-
cate the degree and duration of a third-degree hindpaw burn
injury affecting the sciatic nerve. Wang et al. (2015) report-
ed that ginsenoside Re greatly increases S100 expression in
Schwann cells to promote rat sciatic nerve regeneration, and
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this is dependent on extracellular signal-regulated kinase 1/2
and c-Jun N-terminal kinase 1/2 signaling pathways. Jiang et
al. (2016) detected S100 protein in Schwann cells after frank-
incense extract administration to rats and demonstrated
sciatic nerve regeneration after a crush injury. In the current
study, intragastric administration of curcumin daily for 1
week induced S100 immunoreactivity in Schwann cells; the
Schwann cells improved myelin structure and functional re-
covery of the sciatic nerve in 8 weeks.

In conclusion, curcumin administration promoted sciatic
nerve regeneration in a dose-dependent manner, in particu-
lar at doses of 20 and 40 mg/kg/d, and this regeneration was
associated with the upregulation of S100 mRNA, protein,
and immunoreactivity. The findings of this study indicate
that developing the use of curcumin for improving periph-
eral nerve injury is warranted.
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