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Background: Management of neuropathic pain is still a clinical challenge. Evidence has 

accumulated indicating that propolis is effective in attenuating neuropathic pain; however, the 

mechanism is not fully understood. Our present study investigated the effects and the possible 

mechanism of caffeic acid phenethyl ester (CAPE), the main ingredient of propolis, in improving 

neuropathic pain via its inhibition on p38/NF-κB signal pathway in microglia.

Materials and methods: Chronic constriction injury (CCI) mice model and the microglial 

cell line BV-2 were used to investigate the effects and the mechanism of CAPE. Cell signaling 

was measured by real-time PCR, Western blotting and immunofluorescence assay.

Results: CAPE relieved neuropathic pain behaviors induced by CCI in mice. CAPE also inhibited 

CCI-induced activation of microglia. Furthermore, CAPE suppressed the phosphorylation of 

p38 mitogen-activated protein kinase, inhibited the translocation of NF-κB and decreased the 

expression of proinflammatory cytokines tumor necrosis factor-α, IL-1β and IL-6.

Conclusion: CAPE was found to be an effective and safe drug candidate for alleviating neu-

ropathic pain by its powerful inhibition on the P38/NF-κB signal pathway.
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Introduction
Neuropathic pain is caused by damage or disease affecting the somatosensory nervous 

system and its treatment has remained a clinical challenge.1 Studies have shown that 

microglia play a key role in the development and maintenance of neuropathic pain.2 

Activation of microglia synthesizes and releases inflammatory factors, including tumor 

necrosis factor-alpha (TNF-α), IL-1β and IL-6, which further activates microglia. 

This positive feedback loop causes central sensitization and aggravates neuropathic 

pain.3 Moreover, studies show that minocycline, the inhibitor of microglia, reduced 

neuropathic pain,4,5 but its clinical use is limited by severe side effects. Therefore, 

a safer and more effective inhibitor of microglia for neuropathic pain treatment is 

urgently needed.

Mitogen-activated kinase (MAPK) pathways are important for inflammatory 

responses in neuropathic pain, especially the p38 MAPK. Studies show that spinal 

microglia p38 MAPK is activated after nerve injury, and it has been shown to activate 

the transcription factor NF-κB, leading to the upregulation of TNF-α, IL-1β and 

IL-6 expression.6 Accumulating evidence has proven that inhibiting p38 can suppress 

microglial activation and alleviate pain-related behaviors in animal models,7,8 thereby 

acting as an important analgesic target.
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Caffeic acid phenethyl ester (CAPE) is the main ingredient 

of propolis, which has been widely used in traditional Chinese 

medicine to treat various diseases.9 It has antioxidative, antitumor, 

anti-inflammatory and many other pharmacological effects.10 

For instance, Tolba et al reported that CAPE exerted therapeu-

tic effects on atherosclerosis and Alzheimer’s disease.11 CAPE 

also ameliorated lipopolysaccharide (LPS)-induced microglial 

activation and motor incoordination.12 However, the mechanism 

by which CAPE treats neuropathic pain is still largely unknown.

Hereby, we hypothesize that CAPE may attenuate chronic 

constrictive injury (CCI)-induced neuropathic pain via inhibi-

tion of microglial activity by suppressing the p38/NF-κB signal 

pathway. This study may provide new insights into the mecha-

nism of CAPE and the application of its clinical analgesic effect.

Materials and methods
Ethics statement
All procedures were strictly performed in accordance with 

the regulations of the ethics committee of the International 

Association for the Study of Pain and the Guide for the Care 

and Use of Laboratory Animals (The Ministry of Science 

and Technology of China, 2006). All animal experiments 

were approved by the Nanjing Medical University Animal 

Care and Use Committee, and were designed to minimize 

suffering and the number of animals used.

Animals
Adult male CD-1 mice weighing 18–22 g were provided by the 

Experimental Animal Center at Nanjing Medical University, 

Nanjing, China. All animals were housed under controlled 

temperature (22°C±2°C) and a 12-hour light/dark cycle 

(lights on at 8:00 a.m.). The animals had free access to food 

and water. All animals were allowed to acclimatize to these 

conditions for at least 2 days before starting the experiments.

Neuropathic pain model
CCI model: Mice were injected intraperitoneally (i.p.) with 

chloral hydrate (300 mg/kg) and fixed in a prone position. 

The left common sciatic nerve of each mouse was exposed 

at the mid-thigh level. In the sciatic nerve close to the bifur-

cation, four ligatures (5-0 chronic gut) were tied loosely 

around the sciatic nerve. The distance between the ligatures 

was 1 mm.

Drugs and reagents
CAPE was purchased from Sigma (St Louis, MO, USA). 

Antibodies for ionized calcium-binding adapter molecule 

1 (IBA-1) were purchased from Abcam (Cambridge, MA, 

USA). Antibodies for phospho-p38 MAPK (Thr180/Tyr182), 

p38 MAPK, phospho-NF-κB p65 (Ser536), NF-κB p65 and 

secondary antibodies were purchased from Cell Signaling 

Technology (Beverly, MA, USA). MTT was purchased from 

Sunshine Biotechnology (Nanjing, China). FBS was pur-

chased from Gibco. Antibody for glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH), LPS, dimethyl sulfoxide and other 

reagents were purchased from Sigma.

Assessment of pain behaviors
Rats were housed in a clear plexiglass box whose bottom 

was made of barbed wire. Von Frey Hairs test was used to 

(Woodland Hills, LA, USA) vertically stimulate the plantar 

surface of the hind paw of each mouse for three times. The 

average of the threshold was measured.

Western blotting
The spinal cord segments at L1–L6 were rapidly removed and 

homogenized in RIPA lysis buffer after deep anesthesia with 

chloral hydrate. The protein concentrations were determined 

by Bradford method and 30–50 µg of proteins was loaded 

and separated by SDS-PAGE electrophoresis. The protein 

was transferred to a polyvinylidene fluoride membrane. The 

membranes were blocked with 5% BSA for 1 hour at room 

temperature and incubated overnight at 4°C with the primary 

antibodies, including p-p65 (1:1,000), p65 (1:1,000), p-p38 

(1:1,000), p38 (1:1,000) and IBA-1 (1:1,000). GAPDH 

(1:8,000) was used as a loading control. The polyvinylidene 

fluoride membrane was washed three times for 10 minutes 

each with TBST and then incubated with the corresponding 

secondary antibody. Data were analyzed by Quantity One-

4.6.5 (Bio-Rad Laboratories, Berkeley, CA, USA).

Immunofluorescence assay
Mice were injected i.p. with chloral hydrate (300 mg/kg) and 

perfused with saline and then perfused with 4% araformalde-

hyde. The L4 and/or L5 lumbar segments were then dissected 

and fixed in 4% paraformaldehyde. Tissues were cut into 25 

µm thickness using a cryostat. Each group of sections was 

incubated with IBA-1 (1:100) overnight and then washed and 

incubated with the secondary antibody for 2 hours. Samples 

was observed by immunofluorescence microscope and ana-

lyzed by Image Pro Plus 6.0 software (Media Cybernetics Inc., 

Rockville, MD, USA).

Real time-polymerase chain reaction
According to the manufacturer’s protocol, the spinal cord tissue and 

the total cellular RNA were extracted by TRIzol method and their 
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purity was measured. Reverse transcription of RNA into cDNA, 

cDNA were used as a template for PCR amplification. The sense 

and antisense primers (TNF-α, IL-1β, IL-6 and GAPDH) were 

as follows: TNF-alpha: 5′-TACTGAACTTCGGGGTGATTG-

GTCC-3′ and 5′-CAGCCTTGTCCCTTGAAGAGAAC-3′; 
IL-1β: 5′-GCACTACAGGCTCCGAGATGAAC-3′ and 

5′-TTGTCGTTGCTTGGTTCTCCTTGT-3′; IL-6: 5′-CCG-

GAGAGGAGACTTCACAG-3′ and 5′-GGAAATTGGGGTAG-

GAAGGA-3′; GAPDH: 5′-ACCACAGTCCATGCCATCAC-3′ 
and 5′-CACCACCCTGTTGCTGTAGCC-3′.

BV2 cells culture
BV2 cell lines were purchased from American Type Culture 

Collection. They were inoculated into culture flasks in appro-

priate concentrations, with DMEM containing 10% FBS, 

100 U/mL penicillin and 100 µg/mL streptomycin. Then, 

they were kept at 37°C in humidified 5% CO
2
 overnight, 

and the next morning, the medium was changed to serum-

free medium and then the cells were treated with LPS (1 µg/

mL) with or without CAPE (100 µM) for 12 hours. We used 

dimethyl sulfoxide (0.1%) as a control.

NF-κB activation assay
BV-2 cells were plated in cell culture dishes and treated with 

LPS (1 µg/mL) for 12 hours with or without CAPE (100 µM). 

Then 4% paraformaldehyde was added to the cells and they 

were fixed at room temperature for 30 minutes. After blocking 

with 1% BSA for 1 hour at room temperature and incubating 

overnight at 4°C with the primary antibodies, the cells were 

incubated with the corresponding secondary antibody for 1 

hour. Finally, anti-fluorescence annihilation mount solution 

was added. Coverslips were stained with 1 µg/mL DAPI for 1 

minute. Confocal microscopy was performed with Olympus 

FV1000 confocal system.

Statistical analyses
Statistical analysis was carried out using Student’s two-tailed 

t-test for comparison between two groups and with two-way 

ANOVA followed by Dunnett’s test when the data involved 

three or more groups. Results are expressed as mean ± stan-

dard error of the mean. P<0.05 was considered statistically 

significant. All analyses were performed with GraphPad Prism 

Version 5.01 (GraphPad Software Inc., San Diego, CA, USA).

Results
CAPE attenuated CCI-induced 
neuropathic pain
To investigate the effects of CAPE on CCI mice, Von Frey 

Hairs test was performed. After 14 days of CCI surgery, the 

mechanical threshold was marked decreased in CCI-treated 

mice (Figure 1A). Pain-related behaviors were greatly 

ameliorated by a single dose of CAPE (5 and 25 mg/kg, 

Figure 1 CAPE attenuated CCI-induced neuropathic pain.
Notes: (A) Mechanical allodynia was significantly induced after CCI surgery. (B) Single administration of CAPE (1, 5, 25 mg/kg, i.p.) significantly attenuated CCI-induced 
mechanical allodynia (n=6). (C) Consecutive administration of CAPE (25 mg/kg, i.p.) significantly attenuated CCI-induced mechanical allodynia (n=6). (D) No significant 
difference was seen on CAPE (25 mg/kg, i.p.) treatment in naïve rats. Mechanical pain threshold was tested by Von Frey Hairs. n=6 in each group. Two-way ANOVA revealed 
a significant difference at **P<0.01 vs CCI. Drug administration is indicated by arrows.
Abbreviations: CAPE, caffeic acid phenethyl ester; CCI, chronic constrictive injury; i.p., intraperitoneal.
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i.p.), as shown in Figure 1B. Hence, a dose of 25 mg/kg of 

CAPE was selected for subsequent experiments, consider-

ing its best effect. Furthermore, continuous administration 

of CAPE (25 mg/kg, i.p., for 7 days) greatly ameliorated the 

mechanical threshold induced by CCI (Figure 1C). There was 

no significant difference in pain-related behaviors between 

the control group and the CAPE-treated groups in naïve 

mice (Figure 1D).

CAPE inhibited CCI-induced microglia 
activation
Numerous studies have demonstrated the critical role of 

microglia in the development of neuropathic pain.13 There-

fore, we evaluated the effect of CAPE in activation of 

microglia induced by CCI. Our results showed that CAPE 

(25 mg/kg, i.p.) significantly inhibited the upregulation of 

microglia marker IBA-1 in spinal cord after CCI (Figure 2A). 

Furthermore, immunofluorescence of IBA-1 in the dorsal 

horn showed CAPE inhibited the activation of microglia 

(Figure 2B–E).

CAPE inhibited CCI-induced p38 MAPK 
and NF-κB p65 phosphorylation
Western blotting revealed that CAPE dramatically decreased 

CCI-induced phosphorylation of p38 MAPK after continuous 

administration of CAPE (25 mg/kg, i.p.), as shown in Figure 

3A. We next analyzed the effects of CAPE on NF-κB. CAPE 

decreased the phosphorylation of p65 induced by CCI (Figure 

3B). Immunofluorescence assay showed that the phosphory-

lated p38 was localized primarily with microglia (Figure 4A). 

Moreover, CCI caused a significantly increased phosphoryla-

tion of p38 and p65 in microglia, whereas CAPE could sup-

press these effects (Figure 4A and B), in line with the Western 

blot data.

Figure 2 CAPE significantly inhibited CCI-induced activation of microglia.
Notes: (A, B) Effects of CAPE (25 mg/kg, i.p.) on the expression of IBA-1 in the spinal cord. (C-E) Confocal images and immunofluorescence analysis data showing IBA-
1 in the dorsal horns. Quantification of immunofluorescence was represented as the mean fluorescence pixels in the superficial dorsal horns. CAPE was consecutively 
administered daily from day 15 to day 21 after CCI operation. The lumbar spines (L1–L6) were collected and analyzed 60 minutes after the last drug administration. n=4. 
Two-way ANOVA revealed a significant difference at **P<0.01 vs sham; and ##P<0.01 vs CCI. Scale bar 50μm, original magnification ×200.
Abbreviations: CAPE, caffeic acid phenethyl ester; CCI, chronic constrictive injury; IBA-1, ionized calcium-binding adapter molecule 1; i.p., intraperitoneal.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2713

CAPE in improving neuropathic pain via its inhibition on p38/NF-κB

CAPE suppressed CCI-induced 
upregulated expression of 
proinflammatory cytokines in the spinal 
cord
We further examined the impact of CAPE on proinflammatory 

cytokines after CCI. Our quantitative real-time PCR analysis 

data demonstrated that, pro-inflammatory cytokines (TNF-

α, IL-1β and IL-6) mRNA levels were notably increased in 

CCI mice, whereas administration of CAPE suppressed them 

effectively (Figure 5A–D).

CAPE suppressed LPS-induced microglial 
activation by inhibiting p38 MAPK and 
NF-κB signaling
To investigate the effects of CAPE on LPS-induced microg-

lial activation in vitro, microglial BV-2 cells were used to 

confirm the role of CAPE on p38 and NF-κB. As shown in 

Figure 6, LPS increased the phosphorylation of p38 MAPK 

and promoted the translocation of NF-κB from the cytosol 

to the nucleus. Compared with the LPS-treated group, CAPE 

significantly reduced p38 MAPK phosphorylation and p65 

translocation (Figure 6A–C). MTT assay indicated that the 

different doses of CAPE did not affect cell proliferation 

(Figure 6D).

CAPE suppressed LPS-induced 
upregulated expression of 
proinflammatory cytokines in BV-2 cells
We further examined the effects of CAPE on proinflamma-

tory cytokines after LPS treatment. LPS treatment induced 

robust activation in BV-2 cells, characterized by increased 

mRNA expression of the proinflammatory cytokines TNF-α, 

IL-1β and IL-6 (Figure 7A–D). Compared with the LPS-

treated group, co-incubation with CAPE significantly reduced 

these effects (Figure 7A–D).

Figure 3 CAPE significantly attenuated CCI-induced microglia activation by inhibiting p38 MAPK/NF-κB in spinal cord.
Notes: (A) CAPE significantly inhibited CCI-induced phosphorylation of p38. (B) CAPE significantly inhibited CCI-induced phosphorylation of p65. CAPE (25 mg/kg, i.p.) was 
administered daily from day 15 to day 21 after CCI operation. The lumbar spines (L1–L6) were collected and analyzed 60 minutes after the last administration. n=4.Two-way 
ANOVA revealed a significant difference at *P<0.05 and **P<0.01 vs sham; #P<0.05 and ##P<0.01 vs CCI.
Abbreviations: CAPE, caffeic acid phenethyl ester; CCI, chronic constrictive injury; i.p., intraperitoneal.
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Figure 4 CAPE suppressed CCI-induced phosphorylation of p38 and p65 in the spinal cords.
Notes: (A, B) Confocal images show the cellular distribution of phosphorylated p38 and p65 in the superficial dorsal horns. CAPE was given once a day for 7 days from 
postoperative day 14. One hour after the final administration, spinal samples were collected (n=4).
Abbreviations: CAPE, caffeic acid phenethyl ester; CCI, chronic constrictive injury; TNF, tumor necrosis factor.
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Figure 5 CAPE inhibited CCI-induced upregulated expression of proinflammatory cytokines in the spinal cord.
Notes: (A) CAPE inhibited the CCI-induced upregulation of TNF-α, IL-1β and IL-6 in the spinal cord. (B) CAPE inhibited the CCI-induced upregulation of TNF-α in the 
spinal cord. (C) CAPE suppressed the CCI-induced upregulation of IL-1β in the spinal cord. (D) CAPE inhibited the CCI-induced upregulation of IL-6 in the spinal cord. 
The mRNA levels of TNF-α, IL-1β and IL-6 were determined using real-time quantitative PCR. GAPDH was used as an invariant control. n=4. Two-way ANOVA revealed a 
significant difference at **P<0.01 vs sham; ##P<0.01 vs CCI.
Abbreviations: CAPE, caffeic acid phenethyl ester; CCI, chronic constrictive injury; DMSO, dimethyl sulfoxide; LPS, lipopolysaccharide; TNF, tumor necrosis factor.

Discussion
In this study, our major findings were as follows: 1) CAPE 

significantly attenuated the development of CCI-induced 

mechanical allodynia in mice; 2) CAPE obviously inhibited 

CCI-induced microglial activation; 3) CAPE markedly 

inhibited CCI-induced upregulated expression of p-p38, 

p-p65 and proinflammatory cytokine in the spinal cord; 

and 4) CAPE also inhibited LPS-induced upregulated p38 

MAPK phosphorylation, NF-κB nuclear translocation and 

proinflammatory cytokine expression in BV2 cells.

Numerous evidence indicates that microglia play a crucial 

role in the development and maintenance of neuropathic pain.14 

Activation of microglia synthesizes and releases inflammatory 

factors (such as TNF-α, IL-1β and IL-6), which enhances cen-

tral sensitization and nerve injury–induced persistent pain.13 

Our results showed that CAPE could significantly inhibit 

CCI-induced activation of spinal microglia (Figure 2), being 

consistent with the findings of Tsai et al. They found that CAPE 

inhibited microglial activation after LPS injection i.p. in mice.12 

In accordance with the results above, behavior tests showed that 

CAPE attenuated CCI-induced neuropathic pain (Figure 1B and 

C) effectively. These results suggest that microglial inhibition 

by CAPE is efficient in attenuation of neuropathic pain.

A study showed that p38 MAPK plays an important role 

in the process of neuropathic pain15 and activates spinal 

microglia after nerve injury.16 Further studies confirmed 

that intrathecal injection of the p38 inhibitor SB203580 

significantly alleviated behaviors associated with neuropathic 

pain in animal models.17 Similarly, we herein found that inhib-

iting p-p38 by CAPE significantly inhibited the activation of 

microglia and reduced pain in CCI mice (Figures 1, 3 and 4). 

Previous studies found that p38 regulated the transcriptional 

activity of NF-κB.18 Activation of p38 leads to the nuclear 

translocation of NF-κB p65 and activation of downstream 

signaling pathways, leading to the development of pain.19,20 

Consistent with the above studies, our research found that 

NF-κB p65 phosphorylation was increased in CCI mice, 

which was effectively reversed by CAPE treatment (Figures 

3 and 4). These results suggest that CAPE can attenuate CCI-

mediated activation of NF-κB, which has been implicated 

as the first signal to trigger the synthesis of inflammatory 

cytokines in microglia.
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Figure 6 CAPE suppressed LPS-induced microglia activation by inhibiting p38 MAPK/NF-κB.
Notes: (A, B) Pre-administration of CAPE (25, 50, 100 µM) significantly inhibited the LPS-induced phosphorylation of p38 MAPK. (C) CAPE (100 µM) inhibited the 
translocation of NF-κB from the cytosol to the nucleus after LPS treatment for 6 hours in BV-2 cells. (D) MTT experiments showed that different doses of CAPE did not 
affect cell proliferation. n=4. Two-way ANOVA revealed a significant difference at *P<0.05 and **P<0.01 vs control; #P<0.05 and ##P<0.01 vs LPS-treated group. Scale bar 
20μm, original magnification ×800.
Abbreviations: CAPE, caffeic acid phenethyl ester; LPS, lipopolysaccharide; TNF, tumor necrosis factor.
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Figure 7 CAPE inhibited LPS-induced upregulated expression of pro-inflammatory cytokines in BV-2 cells.
Notes: (A) CAPE inhibited the LPS-induced upregulation of TNF-α, IL-1β and IL-6 in BV-2 cells. (B) CAPE inhibited the LPS-induced upregulation of TNF-α in BV-2 cells. 
(C) CAPE suppressed the LPS-induced upregulation of IL-1β in BV-2 cells. (D) CAPE inhibited the LPS-induced upregulation of IL-6 in BV-2 cells. The mRNA levels of TNF-α, 
IL-1β and IL-6 were determined using RT-PCR. GAPDH was used as an invariant control. n=4. Two-way ANOVA revealed a significant difference at *P<0.05 and **P<0.01 
vs control; #P<0.05 and ##P<0.01 vs LPS-treated group.
Abbreviations: CAPE, caffeic acid phenethyl ester; LPS, lipopolysaccharide; RT-PCR, real-time quantitative PCR; TNF, tumor necrosis factor.

However, it must be mentioned that we could not exclude 

that the analgesic effect of CAPE may be partly due to inhibi-

tion of reactive oxygen species (ROS) production. Dozens 

of studies suggest that ROS are critically involved in the 

generation of pain in various painful conditions, including 

neuropathic and inflammatory pain.21,22 Studies have reported 

that vitamin E and vitamin C, which are known as powerful 

antioxidants, have antinociceptive effects.23 A recent study 

demonstrates that vitamin C+E treatment reduces p38, but not 

ERK (p42/p44) phosphorylation in tissue extracts from the 

spinal cord and dorsal root ganglion of spared nerve injury-

treated animals.24 CAPE is a potent scavenger of ROS.25 

Therefore, CAPE attenuates CCI-induced neuropathic pain 

partly via inhibition of ROS production.

In other species, CAPE also showed excellent therapeutic 

effects. Altuğ et al found that CAPE could provide neuropro-

tective effects on cerebral ischemic injury in a rabbit model 

of focal permanent middle cerebral artery occlusion.26 Kart 

et al reported that CAPE improved cisplatin-induced hepa-

totoxicity in rabbits.27 They believed that the role of CAPE 

was mainly through its antioxidant function. In addition, 

Tan et al’s study found a strong myocardial protective effect 

on acute myocardial ischemia–reperfusion injury in rabbits 

due to its anti-inflammatory effects.28 Our study found that 

CAPE could significantly alleviate neuropathic pain in CCI 

mice, but whether it has the same effect in humans remains 

to be studied. Moreover, our study only initially explored the 

inhibitory effect of CAPE on P38, and its specific binding site 

needs further study.

In addition, CAPE, a promising component of propolis, 

is a small lipid-soluble compound with multiple beneficial 

biological activities. It has been used safely since ancient 

times as a dietary supplement and for the treatment of various 

ailments.29 Studies have shown that CAPE exhibits significant 

beneficial biological efficacy in various target organs, such as 

heart,30 brain,31 skeletal muscles,32 and breast,33 with almost 
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no reported adverse effects. Therefore, CAPE may be safe 

and effective for inhibiting neuropathic pain.

Conclusion
In summary, our results demonstrated that CAPE attenuates 

CCI-induced neuropathic pain via inhibiting p38 MAPK/

NF-κB signaling and proinflammatory cytokine expression 

in the microglia. Our study suggests that CAPE may be a 

potential drug candidate for neuropathic pain treatment.
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