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Abstract. Lumbar disc herniation (LDH) is a term used 
for a group of conditions, including back pain, femoral 
nerve pain and sciatica. Currently available treatments and 
surgical options are insufficient for patients with LDH. 
Fructus Ligustri Lucidi (FLL) is a herb that is used for 
treating age-associated diseases. The results of the present 
study suggested that FLL may be used for treatment of 
patients with LDH. In the present study, matrix metal-
loproteinase-1, -3, -8 and -9 (MMP-1, -3, -8 and -9) protein 
and mRNA expression downregulation was observed in 
patients with LDH according to western blotting and reverse 
transcription-quantitative polymerase chain reaction. By 
contrast, upregulation of interleukin-2 (IL-2), IL-6, IL-8 and 
tumor necrosis factor‑α (TNF‑α) expression was observed in 
patients with LDH, according to an enzyme-linked immuno-
sorbent assay. Mechanical allodynia was observed in rats with 
LDH not treated with FLL; however, not in FLL-treated rats. 
IL-2, IL-6, IL-8 and TNF‑α expression levels in the serum 
from untreated rats were significantly higher than that of the 
FLL-treated rat models. Protein expression levels of MMPs 
in FLL-treated rats were lower than those in untreated rats. 
However, the mechanisms underlying the association between 
FLL and protein expression levels require further investiga-
tion.

Introduction

Fructus Ligustri Lucidi (FLL), the vernacular name for 
the fruit of Ligustrum lucidum, is a herb used for treating 
age-associated diseases (1). FLL ethanol extract modulates 
the turnover of bone and the calcium balance in ovariec-
tomized rats (2). FLL may improve the uptake of calcium 

from the diet, predominantly via its actions on increasing the 
levels of 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) serum and 
vitamin D-dependent calcium binding proteins (CaBP) (3).

Lower back pain is one of the most prevalent and costly 
health problems in developed countries. For example, 
lower back pain was found to be one of the most expensive 
diseases in Australia, with an estimated cost in 2001 of 
$9.17 billion (4). The predominant cause of lower back pain 
is lumbar disc herniation (LDH). LDH is a term referring to 
a group of conditions, including back pain, femoral nerve 
pain and sciatica. LDH may be caused by the compression of 
dural or spinal nerve roots, associated with rupturing of the 
annulus fibrosus or by a herniated nucleus forcing pressure 
on the spinal canal (5). Current treatments and surgeries for 
patients with LDH include conventional open discectomy, 
microdiscectomy, percutaneous laser discectomy, percu-
taneous discectomy and microendoscopic discectomy (6). 
Although there are numerous cases with successful outcomes 
for patients with LDH following disc surgery, there remain a 
significant number of patients who do not benefit from this 
procedure (7,8).

To the best of our knowledge, little is known as to whether 
FLL may improve the prognosis for patients with LDH 
following disc surgery. In the present study, the efficacy of 
FLL to reduce pain was evaluated using a lumbar disc hernia-
tion rat model.

Materials and methods

Tissue samples. Intervertebral disc tissue samples were 
collected from 51 patients who had undergone posterior 
open discectomy for LDH in the Department of Orthopedics 
(The First Affiliated Hospital of China Medical University, 
Shenyang, China) between May 2010 and May 2013. Five 
cadaveric tissue samples were also obtained from cancer 
patients within 36 h of mortality with no previously known 
spinal pathology. Blood samples from the patients with LDH 
and 20 healthy volunteers were collected in ethylenediamine 
tetraacetic acid on ice. Samples were immediately centri-
fuged at 3,000 x g for 20 min. Plasma samples were frozen at 
-70˚C. Patients or relatives signed an informed consent form 
approved by the China Medical University ethics committee 
prior to participation in the study. The study design was in 
accordance with the Declaration of Helsinki. Patient and 
control group data are provided in Table I.
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Cytokine assay. Enzyme-linked immunosorbent assay 
(ELISA) kits for inflammatory cytokines: Interleukin-2 
(IL-2), IL-6, IL-8 and tumor necrosis factor‑α (TNF‑α) were 
purchased from R&D Systems, Inc. (Minneapolis, MN, 
USA). ELISA was conducted according to the manufacturer's 
instructions. Cytokine levels were expressed as pg/ml of 
sample homogenate.

Preparation of FLL extract. Ligustrum lucidum plants were 
obtained from Liaoning, China. Dried and powered crude 
plant material was extracted twice using 70% ethanol. The 
crude plant was boiled with distilled water twice, each lasting 
2 h. The mixture was filtered to collect the filtrate, which 
was evaporated using a rotary evaporator (rotary evaporator; 
Shyarong Biochemical Instruments Inc., Shanghai, China) 
under reduced pressure, yielding 23.5% of the weight of the 
starting materials.

Operation procedure. The study protocol was approved by 
the Animal Ethics Committee of China Medical University. 
Male Sprague-Dawley rats (n=90; weight, 200-250 g; Harlan 
Sprague Dawley Inc.; Indianapolis, IN, USA) were used in 
the present study. According to methods described previously 
by Obata et al, rats were anesthetized using intraperitoneal 
injection of sodium pentobarbital (40 mg/kg; Beijing Propbs 
Biotechnology Co., Ltd., Beijing, China) (9). Laminectomies 
were performed in the left L5 nerve roots and dorsal root 
ganglions (DRG) were exposed. Nucleus pulposuses, harvested 
from the second and third coccygeal intervertebral discs, were 
implanted next to the left L5 nerve roots, near to the DRG.

Treatment groups. Rats were separated into three 
groups: Control group, normal diet; mock group, normal diet 
mixed with ethanol (200 mg/kg) and FLL group, normal diet 
mixed with FLL extract (200 mg/kg). Rats were provided with 
sterile deionized water, ad libitum.

Evaluation of mechanical allodynia and thermal hyperal‑
gesia. Evaluations were performed prior to surgery (day 0) and 
on days 5, 10, 15, 20, 25 and 30 after surgery.

Mechanical allodynia was evaluated by measuring the with-
drawal response of the hind paw to a mechanical stimulation, 
using a Von Frey assay (North Coast Medical, Inc., Gilroy, CA, 
USA) that had been calibrated to the force required to elicit a 
withdrawal response (g) (10). Rats were placed in a clear plastic 
cage with a metal mesh floor and allowed to acclimatize to the 
testing environment for 15 min. The plantar surface of each 
hind paw was stimulated five times using Von Frey filaments, 
beginning with a 0.1 g filament, the thickness was increased or 
decreased, until a withdrawal response was observed in three 
of the five stimuli. Filaments were increased every 6‑8 mins 
with logarithmically incremental rigidity of 0.41, 0.70, 1.20, 
2.00, 3.63, 5.50, 8.50 and 15.1 g, to calculate the mechanical 
threshold. Fifty percent probability thresholds of mechanical 
paw withdrawal were calculated. If no withdrawal response 
of the hind paw was observed prior to stimulation with a 26-g 
filament, 26 g was assigned as the mechanical threshold.

Thermal hyperalgesia was determined by measuring 
paw withdrawal latency in a thermal stimulation system 
(XR1102; Shanghai Xin Ruan Information Technology Co., 

Ltd., Shanghai, China) consisting of a clear plastic chamber 
(10 x 20 x 24 cm) on a clear smooth glass floor, at 30˚C. Rats 
were placed individually in the chamber for ~15 min, in order 
to acclimatize to the chamber conditions. A heat stimulus 
(150 mcal/sec/cm2) was delivered using a 0.5-cm diameter 
radiant heat source positioned under the plantar surface of 
the paw. Once a rat withdrew its paw from the heat stimulus, 
a photocell detected the interruption of a light beam, which 
automatically switched off the infrared generator and stopped 
the timer, providing the value for paw withdrawal latency. This 
method exhibits a 0.1 sec precision level for the measurement 
of paw withdrawal latency. If a rat failed to withdraw its paw 
the heat stimulus was automatically discontinued after 25 sec.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total tissue RNA was isolated using TRIzol® 
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) 
and was reverse transcribed using SuperScript II reverse 
transcriptase (Invitrogen Life Technologies) according to the 
manufacturer's instructions. RT-qPCR analysis was performed 
using an ABI prism 7500 sequence detection system (Applied 
Biosystems Life Technologies, Foster, CA, USA) and an SYBR 
Green PCR Master mixture (Takara Biotechnology Co., Ltd., 
Dalian, China). Primer sequences are shown in Table II. PCR 
conditions were as follows: One cycle at 95˚C for 10 min 
followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. 

Table I. Patient characteristics.

  Control LDH 
Feature group group

Male/Female (n) 4/1 38/13
Mean age (years) 40 42
Body mass index 
  Mean 27.7 26.8
  Range 21.5-33.2 20.22-31.25
Position of herniated disc
  L3-L4 NA 15
  L4-L5 NA 18
  L5-S1 NA 18
Type of herniation 
  Protrusion NA 22
  Extrusion NA 18
  Sequestration NA 11
Duration of symptoms 
  <3 months NA 7
  3-12 months NA 19
  >12 months NA 25
Pain intensity (visual analog scale)
  0-5 NA 15
  5-7 NA 16
  8-10 NA 20

LDH, lumber disc herniation.
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Relative quantification was calculated by the ∆∆Ct method 
using High Resolution Melt v.2.0 software from Applied 
Biosystems Life Technologies.

Western blotting. Specimens from the patients and the mouse 
model were lysed using a lysis buffer (50 mM Tris-HCl, 
pH 7.4; 150 mM NaCl, 1% Triton X-100, 0.1% sodium dodecyl 
sulfate, 1 mM ethylenediaminetetraacetic acid, 1 mM Na3VO4 
and 1 mM NaF, protease inhibitor cocktail). The extracts were 
incubated on ice for 20 min and centrifuged at 12,000 x g for 
20 min at 4˚C, and the supernatants were collected. Protein 
concentrations were determined using a Bradford assay 
(Bio-Rad Laboratories, Hercules, CA, USA) and proteins were 
separated using 10% Bis-Tris gel (Bio-Rad Laboratories) elec-
trophoresis, transferred to a nitrocellulose membrane (Bio-Rad 
Laboratories), and western blot analysis was performed. 
The primary antibodies are summarized in Table III. The 
secondary mouse monoclonal antibodies antibodies included 
anti-mouse IgG (A0216), anti-rabbit IgG (A0239) or anti-goat 
IgG (A0182; determined by primary antibodies) at a dilution of 
1:1,000-2,000 (Amersham Biosciences, Needham, MA, USA). 
Subsequently, the results were detected by enhanced chemi-
luminescence (Amersham Pharmacia, Piscataway, NJ, USA).

GeneChip technology. Total RNA was extracted from cells as 
described above. Total RNA samples were then analyzed using 
a GeneChip assay (Affymetrix, Inc., Santa Clara, CA, USA). 
Three replicates were performed for each experimental group. 
Gene expression analysis was performed using GeneChip 
(Affymetrix), according to the manufacturer's instructions. 
Gene expression analysis was performed using three arrays 
and three independent mRNA samples for each treatment. 
Microarray data were analyzed using Bio MAS 3.0 software 
(CapitalBio Corporation, Beijing, China). A fold change of ≥2 
or ≤0.5 and a Q-value of ≤5% were used as cutoff criteria The 
value of the control group was set as a standard of 1.0 and the 
value of the other two groups was plotted with respect to the 
control group. Differentially expressed genes were screened 
and clustered among the control group, mock group and FLL 
group using an Affymetrix Rat230.2 array.

Gene ontology (GO) analysis. The associations between gene 
expression and biological processes, molecular functions, and 
cellular compartments, were annotated using the GOTree 
Machine (11). GOTree Machine uses a hypergeometric test to 
evaluate the significance of gene enrichment for each category 
by determining whether the observed number of gene counts 
exceed the expected counts. Results were visualized as a 
directed acyclic graph in order to demonstrate the relation-
ships among the enriched GO categories.

Statistical analysis. Using GraphPad 5.0 software (GraphPad 
Software, Inc., La Jolla, CA, USA), data were analyzed using 
Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

MMP and inflammatory cytokine levels in healthy and LDH 
tissues. MMP-1, -3, -8, -9 and -13 protein expression levels 

were downregulated in healthy tissues compared with those 
in LDH tissues (P<0.05, Fig. 1A). Transcript levels of MMPs 
were significantly higher in LDH tissues than in healthy tissues 
(P<0.05, Fig. 1B). Inflammatory cytokine expression levels 
were significantly lower in the healthy control group compared 
with those in the LDH group (Fig. 1C; P<0.05).

Effects of FLL on mechanical allodynia and thermal 
hyperalgesia. Paralysis was not observed in rats throughout 
the experiments. Significant attenuation of mechanical 
allodynia was observed in the FLL-treated group compared 
with the control and mock groups (P<0.05, Fig. 2A). Mean 
withdrawal latency in rats in the FLL-treated group was 
significantly higher than in rats in the control and mock 
groups (P<0.05, Fig. 2B). IL-2, IL-6, IL-8 and TNF‑α 
expression levels were significantly higher in the control 
and mock group compared with those in the FLL-treated 
group (P<0.05; Fig. 2C). Protein expression levels of MMPs 
in the FLL-treated group were lower than those in the mock 
and control groups (Fig. 2D).

Affymetrix GeneChip analysis. The expression of 645 rat 
transcripts was analyzed using the GeneChip Rat Genome 

Table II. Primers used in RT-qPCR analyses.

Gene Sequence (5'-3', forward and reverse)

MMP-1 GGCCCACAAACCCCAAAAG
 ATCTCTGTCGGCAAATTCGTAAGC
MMP-3 GATGCCCACTTTGATGATGATGAA
 AGTGTTGGCTGAGTGAAAGAGACC
MMP-8 TGGGGCTCGCTCACTCCTC
 ATCAAATGTCAAACTGGGGTCAC
MMP-9 TGCCCGGACCAAGGATACAGTTT
 AGGCCGTGGCTCAGGTTCAGG
MMP-13 CCCCAACCCTAAACATCCAAAAAC
 TTAAAAACAGCTCCGCATCAACCT
GAPDH TGGTATCGTGGAAGGACTCATGAC
 ATGCCAGTGAGCTTCCCGTTCAGC

RT-qPCR, reverse transcription-quantitative polymerase chain reac-
tion; MMP, metalloproteinase.

Table III. Antibodies used in western blot analysis.

Protein Catalogue number Dilution

MMP-1 ab52631 1:100
MMP-3 ab18898 1:100
MMP-8 ab81286 1:100
MMP-9 ab38898 1:100
MMP-1 ab39012 1:100
β‑actin ab8227 1:500

MMP, metalloproteinase.
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array (Affymetrix). The expression of 125 genes was 
upregulated and that of 345 genes was downregulated in 
the FLL-treated group compared with the control and mock 

groups (P<0.05, Fig. 3). A GO analysis was conducted using 
the GOTree Machine. The GO analysis produced clusters 
of enriched differentially expressed genes (P<0.01) in three 

  D

Figure 1. MMP expression in control and patient tissue samples. (A) Representative results of MMP protein expression in LDH tissues and healthy tissues 
according to western blot analysis. β-actin was used as an internal control. (B) MMP mRNA expression was measured in specimens by using reverse transcrip-
tion quantitative-polymerase chain reaction. GADPH was used as an internal control. (C) Results of an enzyme-linked immunosorbent assay demonstrated the 
levels of inflammatory cytokines in serum from the healthy control group and the patients with LDH. LDH, lumbar disc herniation; MMP, metalloproteinase.

Figure 2. Rats in the mock and control groups exhibited (A) significant mechanical allodynia and (B) lower paw withdrawal latency compared with the FLL 
group. (C) The levels of inflammatory cytokines were measured using enzyme‑linked immunosorbent assay. (D) Expression of MMPs was measured using 
western blot analysis. MMP, metalloproteinase; IL, interleukin.

  A   B
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  A   B
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categories: Biological processes, cellular component and 
molecular function. In the GO terms tree (Figs. 4 and 5) the 
association and overlap of MMPs and inflammatory cytokines 
are demonstrated. In total, enriched GO terms were found in 71 
subcategories under biological process, 16 subcategories under 
cellular component and 51 subcategories under molecular func-
tion. In biological process ontology, the results indicated that 
cytokine production, cellar localization, protein secretion are 
predominantly associated with FLL treatment.

Discussion

In the present study, downregulation of the protein expression 
of MMPs and upregulation of IL-2, IL-6, IL-8 and TNF‑α 
expression was observed in the patients with LDH compared 
with that in control group. Weiler et al (12) demonstrated a 
significant correlation between MMP protein activity and 
histological signs of degeneration in patients with LDH. 
Similarly, Tsarouhas et al (13) found higher MMP mRNA 

Figure 3. Microarray analysis identified a number of subtle differences in RNA expression. Distribution of duplicate hybridizations showing average normal-
ized ratio signal intensities for microarray. Green indicates higher values and yellow indicates lower values.
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levels in invertebral disc herniation samples compared with 
samples from other disc disorders and control specimens. 
A previous study has demonstrated that inflammatory cyto-
kines are produced by infiltrating mononuclear cells after 
the onset of disc herniation (14). Consistent with previous 
studies, increased levels of inflammatory cytokines were 

observed in the serum of patients with LDH compared with 
the control group.

Furthermore, the present study demonstrated that FLL 
ethanol extract may be used for the treatment of LDH. 
An et al (15) found that FLL treatment reduced inflamma-
tion via inhibition of nuclear factor-κB in mouse peritoneal 

  C   D

Figure 4. Canonical signaling pathways of inflammatory cytokines were generated using Gene Ontology (GO) software. (A) Generalization of inflammatory 
cytokine GO, (B) IL-2, (C) IL-6 and (D) IL-8. GO, gene ontology.
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Figure 5. Canonical signaling pathways of MMPs were generated using GO software. (A) Generalization of MMPs, (B) MMP-1, (C) MMP-3, (D) MMP-8, 
(E) MMP-9 and (F) MMP-13. MMPs, metalloproteinase; GO, gene ontology; IL, interleukin.

  A   B   C
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macrophages. The results of the present study also demon-
strated that daily FLL ethanol extract treatment decreased 
the levels of inflammatory cytokines in serum in rats with 
LDH. Previous studies have also demonstrated that FLL 
promotes bone development with increased mineral density 
and improved bone mechanical properties (16,17). It is hypoth-
esized that bone development in response to FLL treatment 
may benefit LDH treatment. However, the mechanisms under-
lying these processes require further investigation.

Gene expression profiling and GO analysis were conducted 
in order to explore the changes of mRNA expression in the 
FLL-treated group. No changes among associated genes were 
observed. However, the results of the GO analyses suggested 
that FLL may be associated with a number of biological 
processes, including cytokine production and secretion, 
cellular components, including the proteasome, and molecular 
functions, including proteolysis. GO terms for cytokine secre-
tion and cytokine production were highly enriched in the 
FLL treated group. Therefore, we focused further on cytokine 
secretion, which were induced by FLL. The limitation of this 
method is conventional gene expression signatures are simpler 
as it requires less transformation of the data. Therefore, the 
mechanistic meaning of their co‑regulation remains difficult 
to interpret.

In conclusion, the present study was the first to demonstrate 
the potential of FLL treatment for LDH. The pharmacological 
effects and active ingredients of FLL should be investigated in 
future studies.
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