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Abstract: Ellagic acid is a healthy food and drug developed by foreign countries. It has been proven that it is not
only anti-cancerous and anti-mutational, but also anti-microbial and antiviral. In this study, we examined the effect of ellagic acid alleviates inflammatory pain and paclitaxel-induced neuropathic pain in murine models. It was
shown that the effect of ellagic acid could alleviate acetic acid-induced nociception, formalin-induced nociception
and paclitaxel-induced neuropathy pain in mice. Meanwhile, we found that treatment with ellagic acid effectively
suppressed the interleukin-6 (IL-6) and nuclear factor-kappa b (NF-κB) activities in acetic acid-induced inflammatory visceral nociception, formalin-induced nociception or paclitaxel-induced neuropathy pain of mice. Next, we
researched the mechanism of ellagic acid down-regulated the P38 mitogen-activated protein kinase (p38 MAPK) in
acetic acid, formalin or paclitaxel-induced mice. These investigations suggested that ellagic acid alleviates inflammatory pain and paclitaxel-induced neuropathic pain in murine models through suppression of inflammatory and
down-regulated the p38 MAPK signal path.
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Introduction
Pain, an unhappy feeling and emotional experience, is a complicated physiological and
psychological activity [1]. As a common feature
of most clinical diseases, pain is also one of
the most common symptoms. From the point
view of physiology, the physiological function
of pain is protective and adaptive, which can
improve the repair of body tissues and prevent further damage [2]. However, the feeling
of pain is a special somatic sensation including feeling and emotion. The feeling of pain cannot or is difficult to produce adaptivity. If pain
exists for long period, it could lead to the sensitization changes of pain perception center and
result in chronic pain characterized by hyperpathia and douleur anormale [3]. Regarding
chronic pain, inflammatory pain which can be
considered as a chronic disease, is a common
clinical symptom [4]. Patients suffering from
inflammatory diseases also are accompanied
by inflammatory pain characterized by hyperpathia and douleur anormale [5]. Recent
research shows that during pathophysiological
procedure of chronic inflammatory pain, after
the activation of nociceptive neurons of spinal

cord central system and spongiocyte (microglial cells and astrocytes) would release numerous inflammatory mediators which will
combine with corresponding receptors, resulting in inflammation cascade amplification
and “Waterfall Effect” [6].
Ellagic acidis provided with biological functions
such as antioxidant function, anticancer and
anti-mutation properties as well as the inhibition functions for HIV [7, 8]. Furthermore,
ellagic acid is also a effective coagulant, which
has inhibiting effects for a variety of bacteria and viruses, preventing the invasion of bacteria into wound surface to guard against infection and anabrosis [9]. Meanwhile, Ellagic
acid has the functions of depressurization and
sedation. The present study was designed to
characterize the effect of ellagic acidis alleviates inflammatory pain and paclitaxelinduced neuropathic pain in murine models.
Materials and methods
Animals
Male ICR mice (20 to 25 g) were housed constant room temperature (maintained between
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days respectively. Then, model and treated
group of every mouse were injected subcutaneously with 20 ml of formalin (0.5%) from the
right hind paw of the mice. Nociceptive
response was quantified using the time spent
of licking with 0-5 min (early phase, neurogenic)
and 20-25 min (late phase, inflammatory).

Figure 1. The chemical structure of ellagic acid.

20-25°C), 40-60% humidity and in a standard
environment consisting of a 12 h light/dark
cycle with Food and water ad libitum. All animal
experimentation adheres to the policy of the
Gansu Provincial Hospital Lanzhou regarding
the use and care of animals.
All experimental mice were divided into the
following seven groups: control group (n = 6),
acetic acid-induced model group (n = 6), formalin-induced model group (n = 6), paclitaxelinduced model group (n = 6), formalin-induced
+ ellagic acid group (n = 6), formalin-induced +
ellagic acid group (n = 6) and formalin-induced
+ ellagic acid group (n = 6).
Experimental design
Acetic acid-induced inflammatory visceral nociception in mice: Model and treated group
of every mouse were injected subcutaneously with 2 ml saline (Model) or 50 mg/kg/2 ml
ellagic acid for 5 days respectively. Model
and treated group of every mouse were injected intraperitoneally with 0.2 ml/20 g body
weight of 0.7% acetic acid solution in saline.
The number of abdominal constrictions was
recorded for 15 starting 10 min after acetic
acid injection. Control group of every mice were
injected saline.
Formalin-induced behavioral nociception in
mice: All experimental mice were acclimated
to the cylindrical acryl cages for 30 min. Model and treated group of every mouse were
injected subcutaneously with 2 ml saline
(Model) or 50 mg/kg/2 ml ellagic acid for 5
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Paclitaxel-induced neuropathic nociception in
rat: Model and treated group of every mice
were injected with 10 mg/kg of paclitaxel, and
then with 2 ml saline (Model) or 50 mg/kg/2
ml ellagic acid for 5 days respectively. All experimental mice were placed on a plastic mesh floor covered with transparent cages.
Measuring of IL-6 and NF-κB level using
Enzyme-linked immunosorbent assay (ELISA)
Bloods of very mice were extracted from eye
socket and centrifuged at 2000 g for 10 min
at room temperature. Blood serum IL-6 and
NF-κB level were analyzed using commercial
ELISA kits (Beyotime Institute of Biotechnology, Jiangsu, China) according to the manufacturer’s instruction and used a Microplate
Reader (Bio-Rad, Hercules, CA).
Western blotting analysis
All experimental mice were anesthetized with
50 mg/kg sodium pentobarbital. Saphenous
nerves were dissected with slight modifications and homogenized on ice in Tris buffer
containing proteinase inhibitors and phosphatase inhibitors (Beyotime Institute of Biotechnology, Jiangsu, China). The protein concentration of very group was determined using Bicinchoninic Acid kit (BCA, Beyotime
Institute of Biotechnology, Jiangsu, China).
Equivalent samples protein was separated
using sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto
a polyvinylidene fluoride membrane (PVDF,
BioRad). The blots were placed in block buffer
for 1 h at room temperature and incubated
with primary antibody against P38 mitogenactivated protein kinase (MAPK, 1:2000, Cell
Signaling Technology, Danvers, MA, USA) and
β-actin (Beyotime Institute of Biotechnology,
Jiangsu, China) overnight at 4°C. The membrane was incubated with horseradish peroxidase-conjugated anti-rabbit antibody (1:
2000, Calbiochem, Darmstadt, Germany) for 1
h at room temperature. Proteins were dete-
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Figure 2. Effects of ellagic acid on acetic acid-induced writhing response.
Control, control group; Model, induced model; Ellagic acid, ellagic acid treated group. ***P < 0.01 compared with model group.

cted using a chemiluminescence assay kit
(Pharmacia Amersham, Freiburg, Germany).

de group was higher than that
of control, in which showed
that licking time of formalininduced mode group at starting was higher than that of
finishing (Figure 4). Meanwhile, treatment with ellagic
acid inhibited the formalininduced licking time in mice,
in which indicated licking time
of formalin-induced mode
group at starting was higher
than that of finishing (Figure
4).

Effects of ellagic acid on
IL-6 and NF-κB in formalininduced nociception of mice

Results

To explore the effects of ellagic acid on IL-6
and NF-κB in bloods of formalin-induced nociception of mice, IL-6 and NF-κB levels were
detected using ELISA kit. As shown in Figure
5, formalin observably accelerated the bloods
IL-6 and NF-κB level in mice. There were shown
in Figure 5 on the effects of ellagic acid reduced the IL-6 and NF-κB levels in bloods of
formalin-induced nociception of mice.

Effects of ellagic acid on acetic acid-induced
writhing response

Effects of ellagic acid on paclitaxel-induced
neuropathy pain in mice

The chemical structure of ellagic acid (Figure 1,
≥ 95%, HPLC, Sigma, USA). On the pretreatment day, we detected whether effects of ellagic acid on acetic acid-induced writhing
response. Ellagic acid could weaken acetic
acid-induced writhing response (Figure 2).

We explore the effects of ellagic acid paclitaxel-induced neuropathy pain in mice. From 3
days to 5 day of treatment with ellagic acid,
percentage of the mean pre-paclitaxel in paclitaxel-induced model was remarkable lower
than that of control group (Figure 6). But, pretreatment with ellagic acid remarkably increased the percentage of the mean pre-paclitaxel in paclitaxel-induced neuropathy pain
in mice after 4 days or 5 days (Figure 6).

Statistical analysis
All data were expressed as means ± SEM using SPSS 17.0 (SPSS, Chicago, IL) and one-way
ANOVA followed by Tukey’s post hoc test
for inter group comparisons. The criterion for
statistical significance was P < 0.05.

Effects of ellagic acid on IL-6 and NF-κB in acetic acid-induced inflammatory visceral nociception of mice
As shown in Figure 3, there was a consequential increase of IL-6 and NF-κB in bloods of acetic acid-induced mice, compared with control
group. Acetic acid-induced IL-6 and NF-κB level
weakened was observed in treated with ellagic
acid (Figure 3).
Effects of ellagic acid on formalin-induced nociception
At starting or finishing treatment with ellagic acid, licking time of formalin-induced mo-
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Effects of ellagic acid on IL-6 and NF-κB in
paclitaxel-induced neuropathy pain of mice
In order to confirm effects of ellagic acid on IL-6
and NF-κB in paclitaxel-induced neuropathy
pain of mice. As shown in Figure 7, there was a
remarkable increase in paclitaxel-induced IL-6
and NF-κB, compared with control group.
However, treatment with ellagic acid remarkably inhibited paclitaxel-induced IL-6 and NF-κB
levels in mice (Figure 7).
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Figure 3. Effects of ellagic acid on IL-6 and NF-κB in acetic acid-induced inflammatory visceral nociception of mice.
Effects of ellagic acid on IL-6 (A) and NF-κB (B) in acetic acid-induced inflammatory visceral nociception of mice.
Control, control group; Model, induced model; Ellagic acid, ellagic acid treated group. **P < 0.01 compared with
control group; ***P < 0.01 compared with model group.

from unhappy and emotional
experience [10]. The International Association for the
Study of Pain’s widely used
definition states: “Pain is an
unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in
terms of such damage”. Algesia is a highly integrated
synaesthesia interwoven with
motion response, autonomic
Figure 4. Effects of ellagic acid on formalin-induced nociception. Control,
nervous system activity, psycontrol group; Model, induced model; Ellagic acid, ellagic acid treated group.
chological and emotional re**P < 0.01 compared with control group; ***P < 0.01 compared with model
sponse [11]. Pain threshold is
group.
the minimum perception of
pain, which has high repeatEffects of ellagic acid on P38 MAPK in pacliability and relatively stability [12]. Pain tolertaxel-induced neuropathy pain of mice
ance is the maximum tolerance of pain endured
or the threshold value individuals’ avoidance
To examine the mechanism of ellagic acid
of the stimulus of pain [13]. As closely related
on paclitaxel-induced neuropathy pain of mice,
with individuals’ growth en-vironment and their
we measured P38 MAPK protein expression
characteristics, pain tolerance has great variusing western blot. As shown in Figure 8,
ability [14]. In the present study, the effect
P38 MAPK protein expression of paclitaxelof ellagic acid inhibited acetic acid-induced
induced group was still higher than that of conwrithing response, reduced formalin-induced
trol group. Treatment with ellagic acid supnociception and suppressed paclitaxel-induced
pressed the activation of P38 MAPK in paclitaxneuropathy pain in mice.
el-induced mice (Figure 8).
From the point view of physiology, the physiological function of pain is protective and adapDiscussion
tive, which can improve the repair of body tisPain is the most primitive and general feeling.
sues and prevent further damage [15]. However,
It is a complicated physiological and psychothe feeling of pain is a special somatic sensalogical activity. As a common feature of most
tion including feeling and emotion. The feeling
clinical diseases, pain is also one of the most
of pain cannot or is difficult to produce adaptivcommon symptoms and a feeling resulting
ity. If pain exists for long period, it could lead to
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Figure 5. Effects of ellagic acid on IL-6 and NF-κB in formalin-induced nociception of mice. Effects of ellagic acid on
IL-6 (A) and NF-κB (B) in formalin-induced nociception of mice. Control, control group; Model, induced model; Ellagic
acid, ellagic acid treated group. **P < 0.01 compared with control group; ***P < 0.01 compared with model group.

Figure 6. Effects of ellagic acid on paclitaxel-induced neuropathy pain in
mice. Control, control group; Model, induced model; Ellagic acid, ellagic acid
treated group. **P < 0.01 compared with control group; ***P < 0.01 compared with model group.

the sensitization changes of pain perception
center and result in chronic pain characterized
by hyperpathia and douleur anormale [16].
The increase of inflammatory factors of animal models of pain suggests that inflammatory factors play an important role in strengthening and maintenance of pain, however, it is
not proven yet [17]. If it is confirmed, implementation of inflammatory factors around spinal
cord would enhance pain and sealing of activation of these factors could reverse the intensified responses of pain [18]. Actually, administration of exogenous IL-6 or IL-1 around
spinal cord may cause hypersensitivity of
mechanical pain and irritability of thermalgesia [18]. Moreover, the application of IL-1
around spinal cord would increase the nerve
excitability for destructive stimulus. Intrathecal
injection of TNF antagonist would inhibit or
12518

reverse enhancement effects
of pain, trisection of spinal
nerves and ischiatitis [19]. In
the present study, the effects
of ellagic acid could inhibited acetic acid or formalin
or paclitaxel-induced IL-6
and NF-κB levels in mice.
Umesalma et al. demonstrated ellagic acid suppressed
NF-κB and IL-6 in 1,2-dimethylhydrazine-induced rat colon
carcinogenesis [20]. Favarin
et al. reported that ellagic
acid restrained acute lung
injury through suppression of
inflammatory in mice [21].

Another solution aims at specific intra-cellular pathway
involving in generation and transmission of
inflammatory factors. As the key part
of the pathway, P38 MAPK is activated (phosphorylation) when gets immunostimulation
[22]. In addition, the phosphorylation in pathological models increases, including spinal
nerve liagation, subcutaneous injection of formalin and CCI [23]. Furthermore, p38 MAPK is
activated by glutamic acid which is a classical pain neurotransmitter. Consequently, inhibition of p38 MAPK could hold back inflammatory factors to stop the enhancement of pain
[24]. Indeed, p38 MAPK inhibitor can prevent
pain enhancement in various animal models,
including myelitis and peripheral neuritis [25].
We found that the effect of ellagic acid reduced the paclitaxel-induced P38 MAPK in mice.
Lee et al. suggest that ellagic acid protects
against T-cell-mediated hepatitis through TLR
Int J Clin Exp Med 2016;9(7):12514-12520
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Figure 7. Effects of ellagic acid on IL-6 and NF-κB in paclitaxel-induced neuropathy pain of mice. Effects of ellagic
acid on IL-6 (A) and NF-κB (B) in paclitaxel-induced neuropathy pain of mice. Control, control group; Model, induced
model; Ellagic acid, ellagic acid treated group. **P < 0.01 compared with control group; ***P < 0.01 compared
with model group.

Figure 8. Effects of ellagic acid on P38 MAPK in paclitaxel-induced neuropathy pain of mice. Effects of ellagic acid
on P38 MAPK protein expression using western blot (A) and statistics analyzed P38 MAPK protein expression (B).
Control, control group; Model, induced model; Ellagic acid, ellagic acid treated group. **P < 0.01 compared with
control group; ***P < 0.01 compared with model group.

and p38/NF-κB signaling pathways [26]. In conclusion, ellagic acid alleviates acetic acid
or formalin or paclitaxel-induced neuropathy
pain in mice. Meanwhile, ellagic acid alleviates
acetic acid or formalin or paclitaxel-induced
inflammation reaction and p38 MAPK in mice.

[2]

[3]

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Wen-Jun Yan, Department of Anesthesiology, Gansu Provincial
Hospital, 204 Donggang West Road, Lanzhou
730000, China; Tel: +86-931-8281114; E-mail: yanwjwj168@yeah.net

References
[1]

Pereira M, Schaefer M and J BM. Remote expert system of support the prostate cancer diagnosis. Conf Proc IEEE Eng Med Biol Soc
2004; 5: 3412-3415.

12519

[4]

[5]

Gibbs NM, Price JL, Ainsworth RW and Korpal
K. A radiological and histological study of prostatic calcification associated with primary carcinoma; a comparison with mammary microcalcification. Clin Oncol 1975; 1: 30513.
Yu HN, Zhang LC, Yang JG, Das UN and Shen
SR. Effect of laminin tyrosine-isoleucine-glycine-serine-arginine peptide on the growth of
human prostate cancer (PC-3) cells in vitro. Eur
J Pharmacol 2009; 616: 251-255.
Borren A, Groenendaal G, van der Groep P,
Moman MR, Boeken Kruger AE, van der Heide
UA, Jonges TN, van Diest PJ, van Vulpen M and
Philippens ME. Expression of hypoxia-inducible
factor-1alpha and -2alpha in whole-mount
prostate histology: relation with dynamic contrast-enhanced MRI and Gleason score. Oncol
Rep 2013; 29: 2249-2254.
Borre M, Nerstrom B and Overgaard J.
Association between immunohistochemical
expression of vascular endothelial growth factor (VEGF), VEGF-expressing neuroendocrinedifferentiated tumor cells, and outcome in

Int J Clin Exp Med 2016;9(7):12514-12520

Ellagic acid and paclitaxel-induced neuropathic pain

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

prostate cancer patients subjected to watchful
waiting. Clin Cancer Res 2000; 6: 1882-1890.
Bernardi D, Talamini R, Zanetti M, Simonelli C,
Vaccher E, Spina M and Tirelli U. Mitoxantrone,
vinorelbine and prednisone (MVD) in the treatment of metastatic hormonoresistant prostate
cancer--a phase II trial. Prostate Cancer
Prostatic Dis 2004; 7: 45-49.
Garcia-Nino WR and Zazueta C. Ellagic acid:
Pharmacological activities and molecular mechanisms involved in liver protection. Pharmacol Res 2015; 97: 84-103.
Gonzalez-Sarrias A, Tome-Carneiro J, Bellesia
A, Tomas-Barberan FA and Espin JC. The ellagic acid-derived gut microbiota metabolite, urolithin A, potentiates the anticancer effects of
5-fluorouracil chemotherapy on human colon
cancer cells. Food Funct 2015; 6: 1460-1469.
Garcia-Villalba R, Beltran D, Espin JC, Selma
MV and Tomas-Barberan FA. Time course production of urolithins from ellagic acid by human gut microbiota. J Agric Food Chem 2013;
61: 8797-8806.
Morse MD and McNeel DG. Prostate cancer
patients on androgen deprivation therapy develop persistent changes in adaptive immune
responses. Hum Immunol 2010; 71: 496-504.
Marin OR, Ruiz D, Soriano A and Delgado FJ.
Automatic decision using dirty databases: application to prostate cancer diagnosis. Conf
Proc IEEE Eng Med Biol Soc 2010; 2010:
1162-1165.
Luczynska E, Blecharz P, Dyczek S, Stelmach
A, Petralia G, Bellomi M, Jereczek-Fossa BA
and Jakubowicz J. Perfusion CT is a valuable
diagnostic method for prostate cancer: a prospective study of 94 patients. Ecancermedicalscience 2014; 8: 476.
Zhang H, Ma X, Peng S, Nan X and Zhao H.
Differential expression of MST4, STK25 and
PDCD10 between benign prostatic hyperplasia
and prostate cancer. Int J Clin Exp Pathol 2014;
7: 8105-8111.
Ren G, Liu X, Mao X, Zhang Y, Stankiewicz E,
Hylands L, Song R, Berney DM, Clark J, Cooper C and Lu YJ. Identification of frequent
BRAF copy number gain and alterations of
RAF genes in Chinese prostate cancer. Genes
Chromosomes Cancer 2012; 51: 1014-1023.
Cirillo S, Petracchini M, D’Urso L, Dellamonica
P, Illing R, Regge D and Muto G. Endorectal
magnetic resonance imaging and magnetic
resonance spectroscopy to monitor the prostate for residual disease or local cancer recurrence after transrectal high-intensity focused
ultrasound. BJU Int 2008; 102: 452-458.
Etzioni RD, Ankerst DP and Thompson IM. Re:
Detection of life-threatening prostate cancer
with prostate-specific antigen velocity during a
window of curability. J Natl Cancer Inst 2007;
99: 489-490; author reply 490.

12520

[17] Muezzinoglu B and Gurbuz Y. Stromal microcalcification in prostate. Malays J Pathol 2001;
23: 31-33.
[18] Vegesna V, O’Kelly J, Said J, Uskokovic M,
Binderup L and Koeffle HP. Ability of potent vitamin D3 analogs to inhibit growth of prostate
cancer cells in vivo. Anticancer Res 2003; 23:
283-289.
[19] Kaur M and Agarwal R. Transcription factors:
molecular targets for prostate cancer intervention by phytochemicals. Curr Cancer Drug
Targets 2007; 7: 355-367.
[20] Umesalma S and Sudhandiran G. Differential
inhibitory effects of the polyphenol ellagic acid
on inflammatory mediators NF-kappaB, iNOS,
COX-2, TNF-alpha, and IL-6 in 1,2-dimethylhydrazine-induced rat colon carcinogenesis.
Basic Clin Pharmacol Toxicol 2010; 107: 650655.
[21] Cornelio Favarin D, Martins Teixeira M, Lemos
de Andrade E, de Freitas Alves C, Lazo Chica
JE, Arterio Sorgi C, Faccioli LH and Paula
Rogerio A. Anti-inflammatory effects of ellagic
acid on acute lung injury induced by acid in
mice. Mediators Inflamm 2013; 2013:
164202.
[22] Qian X, Kai X, Shaodong L, Gaohong C, Hong M
and Jingjing L. Radiological and clinicopathological features of pPNET. Eur J Radiol 2013;
82: e888-893.
[23] Wu L, Li X, Ye L, Shayiremu D, Deng X, Zhang X,
Jiang W, Yang Y, Gong K and Zhang N. Vascular
endothelial growth inhibitor 174 is a negative
regulator of aggressiveness and microvascular
density in human clear cell renal cell carcinoma. Anticancer Res 2014; 34: 715-722.
[24] Wei T, Zhang LN, Lv Y, Ma XY, Zhi L, Liu C, Ma F
and Zhang XF. Overexpression of platelet-derived growth factor receptor alpha promotes
tumor progression and indicates poor prognosis in hepatocellular carcinoma. Oncotarget
2014; 5: 10307-10317.
[25] Basu S, Majumder S, Bhowal A, Ghosh A,
Naskar S, Nandy S, Mukherjee S, Sinha RK,
Basu K, Karmakar D, Banerjee S and Sengupta
S. A study of molecular signals deregulating
mismatch repair genes in prostate cancer
compared to benign prostatic hyperplasia.
PLoS One 2015; 10: e0125560.
[26] Lee JH, Won JH, Choi JM, Cha HH, Jang YJ, Park
S, Kim HG, Kim HC and Kim DK. Protective effect of ellagic acid on concanavalin A-induced
hepatitis via toll-like receptor and mitogen-activated protein kinase/nuclear factor kappaB
signaling pathways. J Agric Food Chem 2014;
62: 10110-10117.

Int J Clin Exp Med 2016;9(7):12514-12520

