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A B S T R A C T

Neuropathic pain is a widespread and debilitating chronic pain and the treatment remains a clinical challenge.
Isoorientin (3′,4′,5,7-tetrahydroxy-6-C-glucopyranosyl flavone) is a natural flavonoid-like compound that ex-
hibits antioxidant and anti-inflammatory activities; however, its effect on neuropathic pain remains unclear. Our
study aimed to evaluate the antinociceptive effect of isoorientin in neuropathic pain mouse models induced by
chronic constriction injury (CCI). In our study, the mice with CCI were administered with 7.5, 15, and, 30mg/kg
isoorientin for 8 consecutive days. Behavioral parameters were assayed on days 0, 7, 8, 10, 12, and 14 post-CCI
surgery. Electrophysiological, histopathological, and biochemical indices were analyzed on day 14.
Immunofluorescence was utilized to examine matrix metalloproteinase-9 (MMP-9) and glial cell activation, and
proinflammatory cytokine expression levels were detected via Western blot. It is obvious that the treatment of
Isoorientin remarkably ameliorated hyperalgesia and allodynia, increased sensory nerve conduction velocities,
and restored CCI-induced sciatic nerve damage in mice. Isoorientin treatment significantly increased the total
antioxidant capacity (T-AOC), total superoxide dismutase (T-SOD) and catalase (CAT) levels, and decreased the
malondialdehyde (MDA) concentrations. Isoorientin also suppressed MMP-9 and glial cell activation, and
downregulated tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) and interleukin-1β (IL-1β) expression le-
vels. Therefore, this study provided a novel approach for neuropathic pain treatment and new insights into the
pharmacological action of isoorientin.

1. Introduction

Neuropathic pain is due to somatosensory nervous system lesion or
dysfunction and commonly accompanied with allodynia and hyper-
algesia [1,2]. Epidemiological surveys revealed that the prevalence of
neuropathic pain is as high as 8% in the general population, which
causes a heavy economic burden to individuals and society [3,4]. Drug
treatment remains a common route for pain relief. Unfortunately,
available drugs, including antidepressants, anticonvulsants, and
opioids, have insufficient efficacy in pain relief and exhibit various side
effects [5,6]. Therefore, novel medicines against neuropathic pain
should be discovered.

The barely satisfactory effect of conventionally analgesics is

associated with the complex and poorly understood pathogenesis of
neuropathic pain. Multiple mechanisms, including oxidative stress and
inflammation, involved in neuropathic pain have been found [7,8].
Elevated reactive oxygen species (ROS) levels have been observed in
the spinal cord of neuropathic pain animal models [9,10]. Chronic
constriction-induced sciatic nerve injury can considerably decrease
antioxidant enzyme activities and increase the malondialdehyde (MDA)
concentration in the spinal cord under pain conditions [11–13]. Matrix
metalloproteinases (MMPs) are responsible for neuropathic pain. In
particular, MMP-9 is correlated with oxidative stress and glial cell ac-
tivation [14–16]. Spinal glial cells, including microglia and astrocytes,
are overactivated in neuropathic pain [17]. Nociceptive mediators
which play vital roles in neuropathic pain pathogenesis, such as
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proinflammatory cytokines, are released by activated microglia and
astrocytes [18,19]. ROS produced by peripheral nerve injury activates
MMP-9, which in turn activates cytokines such as interleukin-1β, which
act on adjacent microglia and astrocytes [20]. Activated glial cells also
produce numerous pain-causing substances, such as inflammatory fac-
tors, to facilitate central sensitization and maintain neuropathic pain
via distinct mechanisms [21,22]. A variety of plant extracts and
monomers have been found to exert anti-neuropathic pain through anti-
inflammatory and anti-oxidation activities [23]. This information in-
dicates that anti-oxidant and anti-inflammatory agents can inhibit
MMP-9 activation, further inhibit glial cell activation, reduce the re-
lease of inflammatory factors, and thereby alleviate neuropathic pain.
Thus, efficacious and safe natural compounds that treats neuropathic
pain by inhibiting oxidative stress, MMP-9 and neuroinflammation
should be explored.

Natural herbs have been widely used as sources of medicine. The
good therapeutic properties, multitargeted efficacy, low toxicity, and
side effects of these plants are recognized well by the masses [24].
Isoorientin (3′,4′,5,7-tetrahydroxy-6-C-glucopyranosyl flavone) is a
common ubiquitous natural product [25], and its chemical structure is
shown in Fig. 1. Isoorientin can be separated from several plant species
and cereals, such as Pueraria lobata (Willd.) Ohwi [26], Phyllostachys
heterocycla (Carr.) Mitford cv. pubescens [27], Gentiana scabra Bunge
[28], and maize [29]. Isoorientin has shown multiple biological func-
tions, including clearance of ROS [30], inhibition of BV2 microglial
inflammatory response [31], and exhibits antitumor [32] and hepato-
protective activities [33]. Isoorientin has shown potentials in docking
and binding to MMP-9 and has reduced the MMP-9 expression involved
in tumor invasion and metastasis on pancreatic cancer cells [34,35].
Esra et al. [36] reported the anti-inflammatory and analgesic activities
of isoorientin against carrageenan-induced hind paw edema and p-
benzoquinone-induced abdominal constriction test in mouse models.
However, no scientific reports have been published on the analgesic
activity of isoorientin in neuropathic pain.

CCI is a commonly used model in preclinical animal studies to si-
mulate the behavioral characteristics and pathological mechanisms of
neuropathic pain [37]. Pregabalin is a Food and Drug Administration-
approved substance used as the first-line of treatment for neuropathic
pain [38]. Pregabalin exhibits nerve protective properties related to
myelin sheath degeneration prevention and increase in nerve conduc-
tion velocity in neuropathic pain [39]. Therefore, this study was per-
formed to evaluate the antinociceptive efficacy of isoorientin in CCI-
induced neuropathic pain in mice and explore the underlying me-
chanisms of the antinociceptive efficacy of isoorientin. Pregabalin
served as a positive control drug.

2. Materials and methods

2.1. Experimental animals

Adult male specific pathogen-free Institute of Cancer Research (ICR)

mice weighing 20 ± 2 g were provided by the Experimental Animal
Center of Ningxia Medical University (Certificate number: SCXK
Ningxia 2015-0001). Five mice were kept in a plastic cage with soft
bedding and provided food and water ad libitum at 22 °C ± 2 °C and
photoperiods of 12 h/12 h light–dark cycles. The mice were housed
properly and acclimated for 3 days before the experiments were per-
formed.

2.2. Drugs and chemicals

Isoorientin (purity ≥99.7%; lot no. P2909F73674; Shanghai
Yuanye Corporation) suspended in 0.5% sodium carboxymethyl cellu-
lose was injected intragastrically (i.g.). Sodium pentobarbital was
purchased from Sigma-Aldrich (Steinheim, Germany). Pregabalin was
obtained from Pfizer Manufacturing Deutschland GmbH (New York,
USA). Sodium pentobarbital and pregabalin were dissolved in saline
solution. The volume was administered at 10mL/kg body weight.

2.3. CCI model preparation

Surgeries were performed under sterile conditions. The mice re-
ceived deep anesthesia by the i.p. injection of 0.8% sodium pento-
barbital. The CCI operation was performed in accordance with a pre-
vious study [40] with slight modifications. In brief, after the skin was
shaved and sterilized, the right sciatic nerve was exposed. Three sterile
loose ligatures by using 4–0 chromic gut spaced approximately 1mm
were made around the sciatic nerve, and the incision was sutured with
3–0 nonabsorbable silk suture. Sham surgeries were carried out with an
identical procedure but without a nerve ligature.

2.4. Experimental design

The mice were randomly assigned to the following groups (n=10):
sham+vehicle, sham+ isoorientin (30mg/kg/day, i.g.),
CCI+ vehicle, CCI+ pregabalin (40mg/kg/day, i.g.), and
CCI+ isoorientin (7.5, 15, and 30mg/kg/day, i.g.) groups. The doses
of isoorientin treatment in this research were determined in accordance
with literature reports and our preliminary experiments [27,36]. The
protocol of animal study is shown in Fig. 2.

2.5. Behavioral examination

Behavioral tests were performed in a randomized and blinded
manner and at 9:00 a.m. to 4:00 p.m. after 1 h of administration. In
brief, the mice were selected randomly for behavioral experimentation,
and observations were conducted by another researcher that was
blinded to the status of the mice.

2.5.1. Von Frey filament test
The mechanical withdrawal threshold (MWT) was measured via

calibrated nylon von Frey filaments to assess mechanical allodynia
[41]. In brief, the mice were acclimatized for 30min, and the plantar
part of the ipsilateral hind paw was stimulated with von Frey fibers by
using the up–down method. Stimuli started at 0.4 g and continued until
a nociceptive-like response occurred, or the force reached 4.0 g (cut-off
value). Paw withdrawal, licking, and shaking were considered as no-
ciceptive-like responses.

2.5.2. Cold plate test
The number of the ipsilateral side hind paw lifted by using the cold

plate was assessed [42] to characterize cold allodynia. In brief, the mice
were placed in a precooled metal plate at 4.0 °C ± 0.5 °C and was al-
lowed to acclimatize for 5min before counting. Cold allodynia was
analyzed by recording the total number of hind paw withdrawal,
licking, and shaking for 5min.

Fig. 1. Chemical structure of isoorientin (ISO). The molecular formula and
molecular weight of ISO are C21H20O11 and 448.38, respectively.
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2.5.3. Radiant heat test
A radiant heat test was performed to assess thermal hyperalgesia by

using a plantar analgesia tester in accordance with a previously de-
scribed method [43]. In brief, the mice were placed on the glass pane,
and the plantar surface was vertically heated by a 5mm-diameter laser
radiant heat source. When the mice withdrew their paw, this movement
was detected by using an instrument, and the timer was automatically
stopped. Thermal withdrawal latency (TWL) was measured with three
consecutive thermal tests performed at least 5min apart. A cut-off value
of 14 s was applied to avoid possible tissue damage.

2.6. Electrophysiological examination

2.6.1. Sensory nerve conduction velocity (SNCV)
SNCV was measured and recorded in accordance with previous

studies [44,45]. In a temperature-controlled environment, the mice
were anesthetized by 0.8% sodium pentobarbital i.p. injection. Sural
SNCV was measured through the stimulation of the sciatic and sural
nerve by using bipolar needle electrodes at a frequency of 0.10 Hz, a
duration of 0.2ms, and a stimulus of 1 V. The distance between sti-
mulating and recording electrodes was determined using a sliding ca-
liper. SNCV (m/s) was calculated as the ratio of the distance between
two bipolar recording electrodes (S) to the time difference between two
latencies (Δt, V= S/Δt). The mice were subjected to electrophysiology
tests for< 30min to avoid possible tissue damage [46,47].

2.6.2. Sensory nerve action potential (SNAP) amplitudes
SNAP amplitude was calculated from peak to peak via a previously

described method.

2.7. Histopathological assessment

2.7.1. Hematoxylin and eosin staining
The mice were perfused transcardially with 0.9% saline and with

4% paraformaldehyde after they were anesthetized through the i.p.
injection of 80mg/kg sodium pentobarbital. The sciatic nerves were
fixed with 10% formalin at 4 °C overnight. Tissue specimens were then
embedded in paraffin, and the paraffin-embedded samples were then
mounted in vibratome (Leica, Solms, Germany) and cut into 4 μm. The
samples from each group (6 mice per group) were stained with hma-
toxylin and eosin [48]. The sections were observed under ×100 ob-
jective lens using a light microscope (Olympus, Tokyo, Japan) and then
images were acquired.

2.7.2. Transmission electron microscope
The sciatic nerves were collected using the same method as HE

staining and processed for morphological analysis using a transmission

electron microscope. In brief, the sciatic nerves were fixed with 2%
glutaraldehyde, dehydrated with graded ethanol solutions, and in-
filtrated with Epon812. The samples were subsequently embedded with
epoxy resin, and the resin-embedded epoxy was then cut at 75 nm. After
the samples were stained with 0.4% uranyl acetate and 2% lead citrate,
the ultrathin cross-sections were observed under a transmission elec-
tron microscope (×5000 and ×30,000, Hitachi, Tokyo, Japan). Images
were randomly obtained in a blinded manner [49,50].

2.8. Biochemical estimations

On day 14, the mice were sacrificed after behavioral measurements.
The L4–L5 lumbar enlargement spinal cord segments were then im-
mediately removed and homogenized with normal saline by using a
glass homogenate and centrifuged at 3000 r/min for 8min. The su-
pernatant of the homogenate (10%, w/v) was used to detect total an-
tioxidant capacity (T-AOC), total superoxide dismutase (T-SOD), cata-
lase (CAT), and malondialdehyde (MDA) activities in accordance with
the instructions from the assay kits (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).

2.9. Immunofluorescence analysis

The spinal cord sections were collected using the same method as H
&E staining. The sections from each group (6 mice per group) were
sequentially transferred to graded alcohols and xylene dehydration and
blocked with 10% goat serum for 1 h at room temperature. The sections
were then incubated for 2.5 h at 37 °C in phosphate buffered saline
(PBS) and primary antibodies in the following dilution ratios: MMP-9
(1:50, Proteintech Group, USA), glial fiber acidic protein (GFAP)
(1:100, Proteintech Group, USA), and ionized calcium-binding adaptor
molecule-1 (IBA-1) (1:100, Proteintech Group, USA). The sections were
then washed with PBS five times, incubated with the fluorescent sec-
ondary antibody at 1:100 [FITC-conjugated Affinipure Goat Anti-Rabbit
IgG (H+L), Proteintech Group, USA] for 1 h, and washed again with
PBS. The cover slips were stained with 40, 6-diamidino-2-phenylindole
(DAPI) for 10min. Images were randomly acquired in a blinded manner
using a laser scanning confocal microscope (Olympus FV1000 confocal
system) (×400).

2.10. Western blot

On day 14, the mice were decapitated after the behavioral experi-
ments were conducted. L4–L6 spinal cords were rapidly removed and
stored at −80 °C until the assay was performed. L4–L6 spinal cord
tissues were homogenized using a glass homogenate and a lysis buffer.
The lysates were centrifuged at 12,000g and 4 °C for 15min. The

Fig. 2. Protocol of animal study. ICR male
mice underwent a CCI operation to induce
neuropathic pain. Baseline data were re-
corded 1 day before the CCI operation
through behavioral tests. The mice then un-
derwent the CCI operation. After 7 days, they
were intragastrically administered with ve-
hicle (10mL/kg), isoorientin (7.5, 15, or
30mg/kg), or pregabalin (40mg/kg) once
daily for 8 consecutive days. Behavioral ex-
aminations were performed 1 h after drug
administration on days 7, 8, 10, 12, and 14
following CCI surgery. After each behavioral
examination was conducted, on day 14,
electrophysiological analysis, histopatholo-
gical evaluations, biochemical changes, im-
munofluorescence analysis, and Western blot
assay were performed, and the results were
evaluated.
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supernatant was obtained, and the total protein content was measured
with a total protein extraction kit. Protein concentrations was analyzed
using a BCA protein assay kit (Thermo, USA). The separated proteins
(40 μg/lane) were electrophoresed with 12% and 8% SDS/PAGE and
transferred to polyvinylidene fluoride membranes. After the mem-
branes blocked with 5% skimmed milk in PBST for 2 h at room tem-
perature and incubated in PBST with primary antibodies (rabbit, IL-1β,
1:2000, Abcam Group, UK; rabbit, tumor necrosis factor-α [TNF-α],
1:400; rabbit, IL-6, 1:2000) at 4 °C overnight. β-actin (rabbit, 1:2000,
Proteintech Group, USA) and tublin (mouse, 1:1000, Proteintech
Group, USA) antibodies were used for the control of the total protein.
The membrane was then washed with PBST and incubated with sec-
ondary antibodies (goat anti-rabbit IgG, goat anti-mouse IgG, 1:5000;
Proteintech Group, USA). Protein signals were visualized using an ECL
kit (Applygen technology, Beijing, China). Each protein band was
subjected to densitometry analysis via Quantity One software (Bio-Rad
Laboratories, Hercules, CA, USA) by an investigator who was blinded to
the groups of animals.

2.11. Statistical analysis

Data were analyzed with SPSS 24.0 (Chicago, IL). Results were ex-
pressed as mean ± standard deviation (SD) of at least three in-
dependent determinations, where n indicates the number of experi-
mental animals. In behavioral and electrophysiological studies, the
parametrics were statistically analyzed via two-way repeated measure
ANOVA and Bonferroni method for post-hoc comparisons. The effects of
drug treatment on protein levels were performed through one-way
ANOVA with a pairwise comparison via a Tukey–Kramer test.
Differences were considered statistically significant at P < 0.05.

3. Results

3.1. Effects of isoorientin on CCI-induced neuropathic pain symptoms

First, the CCI-induced neuropathic pain hallmark symptoms were
assessed to examine the antinociceptive effects of isoorientin. The re-
sults were as follows.

3.1.1. Isoorientin attenuated CCI-induced mechanical allodynia
The influence of isoorientin on MWT is shown in Fig. 3a. The

baselines of MWT showed insignificant difference among the groups
(P > 0.05). The MWT of the CCI group mice significantly decreased
compared with that of the sham group on days 7–14 post-surgery
(P < 0.01). The drugs were administered for 8 consecutive days from
day 7 post-CCI surgery in each group. The MWT was attenuated after
isoorientin administration in a dose-dependent manner. Pregabalin

treatment (40mg/kg) also produced similar effects (P < 0.01). Ad-
ditionally, sham+ isoorientin (30mg/kg) group did not significantly
differ from the sham group in terms of MWT (P > 0.05).

3.1.2. Isoorientin attenuated CCI-induced cold allodynia
The influence of isoorientin on paw lifts is shown in Fig. 3b. The

baselines of the counts of paw withdrawal were not significantly dif-
ferent among the groups (P > 0.05). In comparison with the sham
group, the CCI-induced cold allodynia was significantly increased on
7th day post-surgery and sustained throughout the duration of the study
(P < 0.01). The number of paw withdrawal markedly decreased in a
dose-dependent manner in the isoorientin-treated group compared with
those in the CCI group. Pregabalin (40mg/kg) treatment also produced
similar effects (P < 0.01). Additionally, the counts of paw withdrawal
were observed in the sham+ isoorientin (30mg/kg) group and did not
have significant differences compared with those in the sham group
(P > 0.05).

3.1.3. Isoorientin attenuated CCI-induced thermal hyperalgesia
The influence of isoorientin on TWL is shown in Fig. 3c. Our data

indicated that the baseline values of the TWL insignificant group dif-
ferences before surgery (P > 0.05). As expected, the CCI mice ex-
hibited thermal hyperalgesia 7 days after the surgery (P < 0.01). They
were intragastrically administered with isoorientin significantly de-
creased CCI-induced TWL in a dose-dependent manner (P < 0.01), and
pregabalin (40mg/kg) treatment produced similar effects (P < 0.01).
In the sham+ isoorientin (30mg/kg) group, the withdrawal latency of
the mice from the thermal stimulus did not change compared with that
in the sham group (P > 0.05).

3.2. Effects of isoorientin on SNCV and SNAP amplitudes

The results of the electrophysiological experiments on SNCV and
SNAP amplitudes are shown in Fig. 4. In comparison with the sham
group, CCI significantly decreased the SNCV and SNAP amplitudes
(P < 0.01). Nevertheless, the sham+ isoorientin (30mg/kg) group
did not significantly differ from the sham group in terms of SNCV and
SNAP amplitudes (P > 0.05). The repeated administration of prega-
balin (40mg/kg) and isoorientin (7.5, 15, and 30mg/kg) led to an
improvement in CCI-induced SNCV and SNAP amplitudes compared
with that of the CCI group on day 14 (Figs. 4a–g). These observations
revealed that isoorientin could restore the CCI-induced nerve conduc-
tion function disorder but did not influence the nerve conduction
function of the sham mice.

Fig. 3. Effects of isoorientin on behavioral alterations in CCI-induced neuropathic pain. (a) Effect of isoorientin on mechanical allodynia in von Frey filaments test.
(b) Effect of isoorientin on cold allodynia in a cold plate test. (c) Effect of isoorientin on thermal hyperalgesia in a radiant heat test. Data were expressed as
mean ± SD (n= 6); ## P < 0.01 versus sham group; *P < 0.05, **P < 0.01 versus the CCI group.
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3.3. Effect of isoorientin on CCI-induced histopathological changes

3.3.1. H&E staining
The cross-section of the sciatic nerve was stained with H&E to ex-

amine whether isoorientin attenuated the histological change in the

sciatic nerve (Fig. 5 and Table 1). In comparison with the sham group,
the myelinated nerve fibers were disordered, the axons were swollen,
and the neuron gaps were created in the CCI group (Figs. 5a and c).
However, dose-dependent isoorientin (15 and 30mg/kg) treatment
ameliorated the CCI-induced histopathological changes (Figs. 5f–g).

Fig. 4. Effects of isoorientin on electrophysiological alterations of the sciatic nerve in CCI-induced neuropathic pain. Representative traces of SNAP of the sciatic-
sural nerve on day 14 are shown in (a–g). (a) SNAP trace of the sham group. (b) SNAP trace of the sham+ isoorientin 30mg/kg group. (c) SNAP trace of the CCI
group. (d) SNAP trace of the pregabalin (40mg/kg) group. (e) SNAP trace of the 7.5mg/kg isoorientin group. (f) SNAP trace of the 15mg/kg isoorientin group. (g)
SNAP trace of the 30mg/kg isoorientin group. (h) Effects of isoorientin on SNCV. (i) Effects of isoorientin on SNAP amplitudes. Data were expressed as mean ± SD
(n=6). ##P < 0.01 versus the sham group, *P < 0.05, **P < 0.01versus the CCI group.

Fig. 5. Effects of isoorientin on the histopathological
alterations of the sciatic nerve in CCI-induced neuro-
pathic pain as shown by H&E staining. (a)–(g) show the
sciatic nerve cross-sections from the sham,
sham+ isoorientin (30mg/kg), CCI, CCI+pregabalin
(40mg/kg), and CCI+ isoorientin (7.5, 15, and 30mg/
kg) treatment groups, respectively. In the images, the
thin and thick black arrows show fiber arrangement
and neuron gaps, respectively. Microscopic analysis
was performed under a light microscope at a magnifi-
cation of ×1000 and a scale bar of 10 μm.
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The pregabalin (40mg/kg) treatment elicited similar effects (Fig. 5d).
The sham+ isoorientin (30mg/kg) group did not significantly differ
from the sham group (Figs. 5a–b).

3.3.2. Transmission electron microscopy
Variations in the sciatic nerve ultrastructure were observed through

transmission electron microscopy to determine whether the alteration
of electrophysiological reaction was due to the neuroprotective effect of
isoorientin. Fig. 6 shows the sciatic nerve ultrastructure under
30,000×magnification. Figs. 7a–g illustrate this ultrastructure under
5000×magnification. Fig. 7h shows the percentage of the abnormal

myelin sheath (%). The myelin sheaths had an intact structure and were
densely arranged in the sham group. However, the abnormal ultra-
structure of the sciatic nerve indicated that the myelin sheath exhibited
segmental demyelination and lamellar separation, axonal swelling, and
numerous vacuoles of organelles occurred in the CCI group. By contrast,
isoorientin treatment could ameliorate the abnormal ultrastructure of
the sciatic nerve and reduce the abnormal myelin sheath percentage
(%) (P < 0.01 for the mice treated with 30mg/kg isoorientin and
P < 0.05 for the mice administered with 15mg/kg isoorientin;
Fig. 7h). The treatment with 40mg/kg pregabalin also showed a similar
effect. The sham+ isoorientin (30mg/kg) group did not significantly

Table 1
Effect of isoorientin on tissue architecture of sciatic nerve in CCI-induced neuropathic pain.

Groups Nerve fiber derangement Axonal abnormal swelling Neuron gaps extent

Sham − − −
Sham+ isoorientin (30mg/kg) − − −
CCI ++ ++ ++
CCI+ pregabalin (40mg/kg) − − +
CCI+ isoorientin (7.5mg/kg) ++ ++ ++
CCI+ isoorientin (15mg/kg) + + +
CCI+ isoorientin (30mg/kg) − + +

(−) Nil, (++) Severe, (+) Mild.

Fig. 6. Ultrastructure of the sciatic nerve in mice examined
under TEM (×30,000 magnification; bar= 1 μm). (a)–(g) re-
present the sciatic nerve cross-sections from sham,
sham+ isoorientin (30mg/kg), CCI, CCI+ pregabalin
(40mg/kg), and CCI+ isoorientin (7.5, 15, and 30mg/kg)
treated groups, respectively. A-axon, M-myelin lamina, and N-
Schwann cell nucleus. In the images, the thin and thick red
arrows show myelin sheath and organelle vacuoles, respec-
tively. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this
article.)

Fig. 7. Ultrastructure of the sciatic nerve in mice were examined under
transmission electron microscopy (×5000 magnification; bar= 5 μm);
each group consists of six mice (n= 6). (a–g) Data of the cross-sections
of the sciatic nerve from sham, sham+ isoorientin (30mg/kg), CCI,
CCI+ pregabalin (40mg/kg), and CCI+ isoorientin (7.5, 15, and
30mg/kg) treated groups, respectively. (h) Data of the abnormal
myelin sheath and axons (%). In the images, the thin red arrows show
abnormal myelin sheath and axons. Results expressed as mean ± SD
(n=6); ##P < 0.01 versus the sham group; * P < 0.05, ** P < 0.01
versus the CCI group. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this ar-
ticle.)
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differ from the sham group (Figs. 6a–b and 7a–b).

3.4. Effect of isoorientin on oxidative stress markers

The influences of isoorientin on T-AOC, CAT, T-SOD, and MDA in
the spinal cord are shown in Table 2. In the CCI group, the levels of T-
AOC (P < 0.01), CAT (P < 0.01), and T-SOD (P < 0.01) decreased,
and the MDA concentrations markedly increased (P < 0.01) compared
with that in the sham group. Isoorientin (30 and 15mg/kg) adminis-
tration significantly increased T-AOC (P < 0.01; P < 0.05), CAT
(P < 0.05), and T-SOD levels (P < 0.01) and decreased the MDA
concentrations (P < 0.01). However, isoorientin (7.5 mg/kg) admin-
istration did not significantly differ (P > 0.05). The data suggested
that chronic treatment with isoorientin could inhibit CCI-induced oxi-
dative stress in the spinal cord.

3.5. Effects of isoorientin on the MMP-9 expression

The most effective dose of isoorientin was determined to be 30mg/
kg after assessing all the results of the experiments above; thus, the
mice receiving this dose were chosen for immunofluorescence and
Western blot analysis. The spinal cord sections were stained with an
antibody for MMP-9 to explore the effects of isoorientin on the MMP-9

expression. The green signal indexed the MMP9-positive cells stained
with FITC, and the cell nucleus stained with DAPI were indexed red.
Fig. 8 shows that the ratio of the MMP9-positive cells to the nucleus in
the CCI group was significantly higher than that in the sham group
(P < 0.01). However, the MMP-9 expression in the CCI+ isoorientin
(30mg/kg) group was dramatically lower than that in the CCI mice
(P < 0.01). The data revealed that the repeated administration of
30mg/kg isoorientin could inhibit the MMP-9 expression in the spinal
cord of the CCI mice.

3.6. Effects of isoorientin on glial cell expression

IBA-1 and GFAP are markers for microglia and astrocytes, whose
upregulation indicated microglial and astrocyte activation. IBA-1 and
GFAP expression levels in the spinal cord were examined through im-
munofluorescence with anit-IBA-1 and anti-GFAP antibodies to de-
termine the effects of isoorientin on glial cell activation (Fig. 9). The
green and red signals represent FITC-tagged IBA-1 and GFAP and the
DAPI-tagged nucleus, respectively. Immunofluorescence analysis
showed that the expression levels of IBA-1 and GFAP in the CCI group
were markedly higher than those in the sham group (P < 0.01). By
contrast, the expression levels of IBA-1 and GFAP in the CCI+ iso-
orientin (30mg/kg) group were significantly lower than those in the

Table 2
The levels of T-AOC, CAT, T-SOD and MDA in the spinal cord of neuropathic pain mice.

Groups Dose
(mg/kg)

T-AOC
U/mgprot

CAT
U/mgprot

T-SOD
U/mgprot

MDA
U/mgprot

Sham – 1.41 ± 0.12 20.38 ± 3.06 226.27 ± 21.19 3.03 ± 0.55
CCI – 0.68 ± 0.19## 16.16 ± 1.90## 145.51 ± 35.95## 4.42 ± 0.56##

CCI+ Isoorientin 30 1.20 ± 0.18⁎⁎ 18.19 ± 1.92⁎ 201.95 ± 13.46⁎⁎ 3.37 ± 0.28⁎⁎

15 0.98 ± 0.23⁎ 18.00 ± 2.71⁎ 195.63 ± 27.04⁎⁎ 3.33 ± 0.36⁎⁎

7.5 0.89 ± 0.25 17.54 ± 2.35 174.27 ± 28.89 4.09 ± 0.95

Data are expressed as mean ± SD (n= 6).
## P < 0.01 compared with the sham group.
⁎ P < 0.05.
⁎⁎ P < 0.01 compared with the CCI group.

Fig. 8. Isoorientin (30mg/kg) inhibited the MMP-9 expression in CCI mice. (a) Photomicrographs of MMP-9 immunofluorescence staining in the spinal cord (×400).
(b) Quantitative analysis of the ratio of MMP-9-positive cells to the nucleus. Data expressed as mean ± SD (n= 6). ##P < 0.01 versus the sham group, **P < 0.01
versus the CCI group.

G. Zhang, et al. International Immunopharmacology 75 (2019) 105753

7



CCI group (P < 0.01). In summary, our results indicated that the
chronical treatment with 30mg/kg isoorientin could suppress CCI-in-
duced astrocyte and microglial overactivation.

3.7. Effects of isoorientin on pro-inflammatory factor expressions

The expression levels of TNF-α, IL-6, and IL-1β in the L4–L5 spe-
cimens spinal cord were measured via Western blot analysis to de-
termine the isoorientin expression on CCI-induced pro-inflammatory
cytokine (Figs. 10a–c). Our data revealed that TNF-α, IL-6, and IL-1β
levels in the CCI group were markedly higher than those in the sham
group (P < 0.01). The chronic administration of 30mg/kg isoorientin
significantly downregulated the protein expressions of TNF-α, IL-6, and
IL-1β in the CCI mice spinal cord (P < 0.01). These data indicated that
the 30mg/kg chronic treatment of isoorientin could inhibit CCI-in-
duced neuroinflammation.

4. Discussion

Neuropathic pain is a chronic pain syndrome caused by disease or
damage of the nervous system, usually accompanied by abnormal
sensation, abnormal electrophysiological response and neurologic im-
pairment [51–53]. Millions of people suffer from neuropathic pain, but
its treatment and diagnosis remain insufficient. Oxidative stress and
inflammation have been proposed in causative and deteriorative roles
in neuropathic pain [54]. Isoorientin is a well-known flavonoid-like

compound that exerts multiple pharmacological activities, such as an-
tioxidant and anti-inflammatory functions [33,55,56]. The anti-
nociceptive, anti-inflammatory, and antiulcerogenic activities of iso-
orientin have been confirmed in rat and mouse models [36]. In the
current study, the antinociceptive activities of isoorientin were shown
in the mice with CCI, and no remarkable toxicity reaction was observed
in normal mice.

The CCI model has been confirmed and frequently used to assess
neuropathic pain in vivo by mimicking the pathological effect of neu-
ropathic pain in humans [57,58]. CCI-induced damage exacerbates pain
symptoms (i.e., allodynia and hyperalgesia), electrophysiological re-
sponses (i.e., sensory nerve action potential amplitude and conduction
velocity), and biochemical changes (i.e., reduction in CAT and increase
in MDA) [49,59,60]. MMP-9 and glial cells are overactivated, and in-
flammatory cytokines are overexpressed in the spinal cord; this ob-
servation has been demonstrated in CCI-induced neuropathic pain
[61,62]. Our successfully established the CCI mouse model, and the
CCI-induced histopathological, electrophysiological, and biochemical
alternations are consistent with our earlier findings and reports from
previous studies [11,49,50].

The mice with CCI showed allodynia and hyperalgesia, which are
typical characteristics of neuropathic pain [63–65]. Peripheral and
central sensitizations are important mechanisms that lead to allodynia
and hyperalgesia behavioral changes under pain conditions [66]. After
injuries or dysfunctions in the somatosensory system, cytokines, sub-
stance P, and other algogenic substances invade an injured tissue area,

Fig. 9. Isoorientin (30mg/kg) inhibited the activation of astrocytes and microglia in CCI mice. (a) and (c) Photomicrographs of astrocytes and microglial im-
munofluorescence staining in the spinal cord (×400), respectively. (b) and (d) Quantitative analysis of the ratio of GFAP-positive and IBA-1-positive cells to the
nucleus, respectively. Data expressed as mean ± SD (n= 6). ##P < 0.01 versus the sham group, **P < 0.01 versus the CCI group.
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which contributes to peripheral and central sensitization by increasing
the sensitivity and excitability of primary sensory neurons and synaptic
plasticity in the central nervous system [67,68]. Central sensitization is
also driven by glial cell neuroinflammation, which plays a sufficient
role in hyperalgesia and allodynia [69,70]. In the present study, iso-
orientin (15 and 30mg/kg/day, i.g.) efficiently attenuated the thermal
hyperalgesia and mechanical and cold allodynia compared with that of
the CCI group. Our findings might suggest that the chronic consecutive
isoorientin treatment elicits antinociceptive effect on mice with neu-
ropathic pain induced by CCI.

Peripheral nerve constriction commonly causes the loss of sensory
function, which is mainly connected to nerve fiber structure damage.
Electrophysiological testing is a common method to study the func-
tional recovery after nerve injury [71]. SNCV and SNAP are often used
to determine the status of sensory nerves in all the parameters mea-
sured in nerve conduction studies. SNCV accurately reflects myelin
integrity and axon caliber, whereas SNAP amplitude indicates the de-
gree of axonotmesis [72]. The demyelination of the sensory fibers re-
sults in slowing SNCV and decreasing SNAP amplitude. Axonal degen-
eration also decreases SNAP amplitude by the loss of conductive
elements, although surviving axons function normally [47]. By con-
trast, in the present study, isoorientin effectively increased SNCV and
SNAP amplitude after CCI surgery. In summary, the findings might
show that the continuous intragastric administration of isoorientin
could ameliorate nerve damage against CCI.

Histopathological evaluations were performed to support the neu-
roprotective property of isoorientin by observing the changes in nerve
fibers, axons, and neurons. In our study, the H&E staining of sciatic
nerve sections clearly showed the disordered arrangement of myeli-
nated nerve fibers and numerous neuronal gaps after CCI operation.
TEM on the sciatic nerve ultrastructure also showed myelin disin-
tegration, axon separation, and swelling in Schwann organelles.
However, the CCI-induced histomorphological changes were markedly
improved after isoorientin was administered. Therefore, the damaged
axon and myelin were restored by isoorientin, which provided sig-
nificant evidence that isoorientin had neuroprotective effects.

Oxidation products were increased and caused damage to the ner-
vous tissue in the continuous peroxidative stress reaction of the nervous
system, which is an important cause of hyperalgesia and allodynia in
neuropathic pain [12]. Superoxide dismutase and CAT, which are

crucial to maintain the balance between oxidative and peroxidative
systems, are important antioxidant enzymes that scavenge free radicals
and prevent and relieve peroxidative stress reaction. Therefore, the
activity of these two enzymes can indirectly reflect the ability to sca-
venge free radicals. T-AOC is the embodiment of the overall antioxidant
level, and its level reflects the function of the antioxidant system. MDA
is a lipid peroxidation product generated when free radicals attack
tissue cells in vivo and cause oxidative damage [73,74]. In the present
study, T-AOC, T-SOD, and CAT levels decreased, and MDA levels in-
creased after CCI in the mice. However, the levels of oxidative stress
markers were restored in the mice with CCI by isoorientin treatment.
The results showed that isoorientin alleviated CCI-induced neuropathic
pain that could be involved its antioxidant activity.

MMP-9 is a key molecular protein that maintains neuropathic pain
development, which is associated with oxidative stress and neuroin-
flammation [75,76]. ROS produced at the injury site can activated
MMP-9. ROS inhibitor and N-acetyl-cysteine suppress the MMP-9 ex-
pression to attenuate neuropathic pain [31,77,78]. Activated MMP-9 is
sufficient and required in glial cell activation via proinflammatory cy-
tokines, such as IL-1β signaling [15,61,79]. In our investigation, the
immunofluorescence analysis showed that the MMP-9 expression was
remarkably reduced after the isoorientin administration significantly
increased after CCI operation. Isoorientin treatment significantly re-
duced the CCI-induced overactivation of astrocytes and microglia.

After glial cells are activated, signaling molecules, such as proin-
flammatory factors, including TNF-α, IL-1β, and IL-6, are released [21].
These cytokines can also activate the nearby glia or neurons to facilitate
neuroinflammation via a positive feedback mechanism and enhance
peripheral and/or central sensitization and nerve injury-induced per-
sistent pain [68,80]. The expression levels of proinflammatory cyto-
kines IL-6, IL-1β, and TNF-α increase in the spinal cord in neuropathic
pain animal models, and the corresponding use of antagonist sig-
nificantly reduces the proinflammatory cytokine levels and attenuate
neuropathic pain [81]. In our study, isoorientin treatment significantly
decreased the high CCI-induced IL-6, IL-1β, and TNF-α expression.
These findings indicated that isoorientin could notably suppress CCI-
induced neuroinflammation.

Pregabalin is developed as a gabapentin derivative and has shown
clinical and laboratory efficacies for neuropathic pain [82–84]. Similar
to gabapentin, pregabalin functions as an analgesic by binding to the

Fig. 10. (a–c) Effects of isoorientin on the expression of inflammatory
cytokines (TNF-α, IL-6, and IL-1β) in the spinal cord tissues of CCI-
induced neuropathic mice. Western blot analysis of sham+vehicle,
CCI+ vehicle, and CCI+ isoorientin (30mg/kg) groups. Data ex-
pressed as mean ± SD (n= 6). ##P < 0.01 versus the sham group,
**P < 0.01 versus the CCI group.

G. Zhang, et al. International Immunopharmacology 75 (2019) 105753

9



α2-δ subunit of calcium channels, and inhibit neurotransmitter release
[85,86]. Furthermore, pregabalin exhibits nerve-protecting properties
that are related to myelin sheath degeneration prevention and increase
in nerve conduction velocity in neuropathic pain [87,88]. Thus, preg-
abalin is the positive control drug in our study.

In summary, our results demonstrated that isoorientin exerted an-
tinociceptive and neuroprotective effects on CCI-induced neuropathic
pain in mice with CCI via behavioral, electrophysiological, histo-
pathological, biochemical, and molecular experiments. Isoorientin is a
potential candidate drug for neuropathic pain treatment. However,
several other mechanisms might be involved in isoorientin-mediated
antineuropathic effects. Therefore, preclinical and clinical studies
should be further conducted to confirm the antineuropathic effects of
isoorientin and elucidate the complete mechanisms of its effectiveness
under various painful conditions.
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