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Background. Hong-Hui-Xiang (HHX) is a sterilized aqueous solution extracted from Illicium lanceolatum A.C. Smith widely used for
pain relief in China. Despite its history, it is not well understood. In the present study, we used a mouse model of arthritic knee pain to
investigate the antinociceptive effects of HHX and its potential side effects on weight and respiratory function, as well as on the liver,
kidney, and heart. Methods. Mice were randomly assigned to four groups: saline and HHX at three doses (1 1, 10 g1, and 50 pl). Each
group was randomly divided to two subgroups: saline and CFA. After the first injection of HHX or saline on day 7, mechanical
hyperalgesia was tested via the hind paw. Only after the tests had established that the analgesic effect had subsided was the next injection
administered. A total of five injections were administered. Blood, knee joints, and other organs were collected for histopathological
observation and biochemical detection. Objectives. We found that mechanical threshold of hind paw increased 2 h after of the initial
injection HHX (10 yl and 50 ul), which lasted for at least 3 h. The analgesic effect lasted for three days after the second injection on day 8
and was approximately maintained for five days each time after the third injection. We also found a reduction in the diameter of the knee
joint and suppression of synovial inflammation in response to treatment of HHX (10 ul and 50 pl). Meanwhile, HHX had no toxic effects
on the liver, kidneys, and heart via histological and biochemical assays in all groups. Conclusion. HHX exerts antinociceptive and anti-

inflammatory effects in a mouse model of arthritic knee pain. There were no obvious side effects on the liver, kidneys, or heart.

1. Introduction

Chronic pain, especially severe pain, can lead to a decline in
one’s quality of life and can have a detrimental impact on
mental health [1]. Unfortunately, the currently available
drugs to treat chronic pain and any comorbidity have
incomplete efficacies. Opioids are widely used and are one
of the most effective drugs for treating moderate to severe
pain. However, long-term treatment with opioids can in-
duce a variety of side effects, such as drug dependence and
abuse, as well as overdose-related deaths [2]. Additionally,
opioids exhibit poor analgesic effects in multiple neuro-
pathic pain [3]. These adverse effects hamper the optimal
clinical use of opioids in the treatment of chronic pain
conditions.

Medicinal plants have been used for health and disease
management in humans and other animals worldwide. In some
developing countries, about 80% of the population depends on
traditional medicine for the primary form of healthcare [4].
Similarly, there is an increasing interest in traditional medicine
in developed countries. Hong-Hui-Xiang (HHX) is made from
the root or branch of Illicium lanceolatum A.C. Smith, which is
one kind of traditional Chinese medicinal plant of the genus
Hlicium (Wlliciaceae family). In the past, research on this plant
has mainly focused on its botanical and phytochemical
properties [5, 6]. More than 104 compounds have been isolated
from Illicium lanceolatum A. C. Smith. including volatiles,
seco-prezizaane-type  sesquiterpenes,  phenylpropanoids,
lignans, flavonoids, and other constituents, among which
flavonoids have been found to exhibit antimicrobial,
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antioxidant, insecticidal, analgesic, sedative, and convulsive
activities, and seco-prezizaane-type sesquiterpenes have been
shown to exhibit diverse biological activities including neu-
rotoxic and neurotrophic effects [7, 8]. Of note, HHX from
Illicium lanceolatum has been used for conditions with chronic,
severe pain, such as arthritis, for hundreds of years in China.
Specifically, the relief of joint pain is an important goal in the
treatment of arthritis. However, the mechanism for HHX
underlying pain relief remains unknown.

Research regarding the mechanisms of HHX-mediated
analgesia has been limited because there has not been an
appropriate model of inflammatory and persistent pain for
elucidating the molecular, cellular, and behavioral features
of HHX treatment. Understanding these features is im-
portant because the toxicity, safety, side effects, and mo-
lecular targets of HHX need to be characterized if HHX is to
be widely used in clinical applications. Some features of
arthritis, such as inflammation, become detectable before
patients experience pain symptoms. They likely prime and
cause pain symptoms.

In the present study, we used a mouse model of arthritic
inflammatory pain to investigate the effect of HHX on local
inflammatory cell infiltration and swelling of the joints in
arthritis, which may be associated with pain symptoms and
with the side effects of HHX. Of note, the safety, quality, and
effectiveness of traditional medicines still remain a concern
[9]. In this study, changes in bodyweight gain were used as
an indicator of general health status of experimental animals.
Histopathological findings and serum biochemical mea-
surement were used as sensitive indicators of toxicity and
target organ injury.

2. Materials and Methods

2.1. Animals. C57BL/6] male mice were purchased from
Jackson Laboratories at 8-12 weeks of age (20-30g). All
mice were housed at five mice per cage in a colony with
access to food and water ad libitum and were maintained
under a 12-h light/dark cycle (lights on from 7:00 a.m. to 7:
00 p.m.) at a stable temperature (23°C-25°C). All animal
protocols were approved by the Animal Care and Use
Committee of the University of Science and Technology of
China. Mice were acclimated to the housing conditions for
one week prior to the experiments. A total of six mice were
assigned to each experimental group.

2.2. Animal Model of Joint Pain. Complete Freund’s adju-
vant (CFA) with 1mg/ml heat-killed Mpycobacterium
butyricum was commercially available from Sigma and was
used in the present study. The protocol of the experiment is
shown in Figure 1. As described previously [10], a mouse
model of arthritic joint pain was generated via a single
intraarticular injection of 10 ug/10 ul of CFA into the right
hindlimb knee joint using an insulin syringe (BD Microfine
insulin syringe, 0.3 ml; BD Medical, Oxford, UK), while the
mice were briefly anesthetized with isoflurane. Saline (0.9%
NaCl) was injected as a control. The day of CFA injection
was designated as day 0, and the unilateral monarthritic
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reaction persisted until approximately day 28 [11]. Behav-
ioral measurements of hyperalgesia were obtained at base-
line and at indicated time points. All experiments were
conducted in a blinded manner, and CFA/saline injections
were randomly assigned.

2.3. Drugs. Hong-Hui-Xiang (HHX) was provided by
Zhejiang Taikang Pharmaceutical Group Co., Ltd. The State
Food and Drug Administration of China’s approval number
is 233020931. It is included in the Drug Standard of Ministry
of Public Health of the People’s Republic of China—
Traditional Chinese Medicine Prescription Preparation
Volume No. 20. HHX is a sterile injectable solution con-
taining ingredients from Illicium lanceolatum A.C. Smith
prepared by soaking, filtration, concentration, filtration,
ultrafiltration, dilution, sealing, sterilization, and other
processes. This new ultrafiltration process is effective in
removing large molecules that may be harmful to human
health. The content and quality control data are as follows:
total flavonoid (rutin, C,;H5,0;¢) is not less than
4.0 mgml . The content of rutin from HHX in this study is
7.2mgml ",

2.4. Groups and Treatments. The mice were randomly
assigned to the following four groups: saline (50 ul of 0.9%
NaCl, im.), 1 ul of HHX (dissolved in 50 ul of saline, i.m.),
10 ul of HHX (dissolved in 50 ul saline, i.m.), and 50 ul of
HHX (i.m.). Mice within each group were then randomly
assigned into two subgroups, saline or CFA, forming a total
of eight groups: (1) saline-saline, (2) saline-HHX-1 ul, (3)
saline-HHX-10 pl, (4) saline-HHX-50 ul, (5) CFA-saline, (6)
CFA-HHX-1yl, (7) CFA-HHX-10yl, and (8) CFA-HHX-
50 pl.

2.5. Mechanical Sensitivity. Before testing, mice were ha-
bituated to both the experimenter and to a plexiglass re-
strainer on an elevated platform with a mesh wire top for at
least two days, for 30 min each day. After 30 min of accli-
mation on the elevated platform, mechanical hyperalgesia at
the hind paw was tested using an electronic von Frey
anesthesiometer (IITC Life Science Inc., Woodland Hills,
CA, USA), as previously described [12]. Prior studies in
murine models of unilateral arthritis induced by single
intraarticular injections have indicated that secondary
hyperalgesia develops in response to both mechanical and
heat stimuli at the hind paw [13-15]. Measurements were
stopped when the paw was withdrawn, and results are
expressed as the mean mechanical allodynia (g) over three
experiments. The baseline and indicated time points of
mechanical allodynia at the ipsilateral hind paw were
measured, as shown in Figure 1. At day 7, mechanical
allodynia was measured, and a mouse was excluded from
turther analysis if its mechanical allodynia was greater than a
mean of 5g. The mean mechanical allodynia was measured
at 10, 20, and 30 min, as well as at 1, 1.5, 2, 3, 4, 5, and 6 h
after the first injection of HHX/saline. The mean value of
mechanical allodynia was tested every 24 h and at 2, 4, and
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F1GUrk 1: Flow chart of the study evaluating the antinociceptive effects of HHX in a mouse model of monoarthritis pain.

6h after each injection. Once the measurements indicated
that the analgesic effect of HHX had subsided, a subsequent
injection was performed, and mechanical allodynia was
tested at 2, 4, and 6 h after this injection, until there were a
total of five injections.

2.6. General Assessments. The knee diameter and body-
weight were measured every week, from day 0 until the end
of the experiment, by two independent observers who were
blinded to the treatment protocol. Additionally, the res-
piration rate of each mouse was measured after each
injection.

2.7. Histological Examinations. Mice were anesthetized with
sodium pentobarbital (50 mg/kg, i.p.) and were then in-
tracardially perfused with saline and 4% (w/v) parafor-
maldehyde. The knee joints, including the muscle and bone,
were collected and fixed in 4% (w/v) paraformaldehyde,
decalcified for four weeks with 5% ethylenediaminetetra-
acetic acid (EDTA), were paraffin-embedded, and were then
sectioned and stained with hematoxylin and eosin (H&E).
Then, H&E sections were scored for synovial hypertrophy,
mononuclear cell infiltration, cartilage destruction, and
bone erosion by an experimenter who was blind to the
experimental groups. A 0-3-point scale was used for each
parameter (0 = normal, 1 = mild inflammation, 2 = moderate
inflammation, and 3 = severe inflammation); the maximum
possible score was 12.

Livers, kidneys, and hearts were collected and fixed in
4% (w/v) paraformaldehyde, preserved for 24h, dehy-
drated through a series of graded ethanol, hyalinized with
xylene, embedded in paraffin, and sectioned into 5pm-
thick sections. Microsections were stained with H&E.
Histological changes were observed on an Olympus CKX53
microscope.

2.8. Biochemical Examinations. Blood was collected for
biochemical assays at the end of the experiment. The serum
levels of aminotransferase (ALT), aspartate aminotransfer-
ase (AST), creatinine (Cr), urea (urea), and creatine kinase
isoenzyme MB (CK-MB) were measured using a Rayto
Chemray 240 Chemistry Analyzer (Rayto Life and Analytical
Sciences Co., Ltd.). The values are expressed as U/L, mmol/L,
or ymol/L in serum.

2.9. Statistical Analysis. All data are presented as the
mean + standard error of the mean (SEM). Repeated mea-
sures were used for statistical analyses of behavioral noci-
ception and knee joint diameter. One-way analyses of
variance (ANOVAs) with post hoc Tukey’s tests were ap-
plied for statistical analyses of weights, respiratory rates,
knee joint scores, and biochemical parameters. P < 0.05 was
considered statistically significant.

3. Results

3.1. Dose-Dependent and Time-Dependent Antinociceptive
Effects of HHX. According to the instructions provided with
HXX by the manufacturer, intramuscular drug with a dose
of 1-2ml at pain spots, rather than systemic route, is rec-
ommended. Thus, in this study, C57BL/6 mice received
intraarticular injections of CFA (10 pg/10 ul) or saline (10 ul)
into the right hindlimb knee joint. The drug dose of 10 ul
HHX was calculated for mice based on the conversion of
human drug dosage according to the book Laboratory
Animal Science (ISBN: 9787565506734). A low-dose group
(HHX 1ul) and a high-dose group (HHX 50ul) was
established to assess any dose-dependent antinociceptive or
side effects of HHX. Intraarticular injection of CFA caused
significant hyperalgesia in the ipsilateral hind paw. HHX at
doses of 10 yl and 50 yl had significant antinociceptive effects
(P <0.001) on CFA-induced secondary hyperalgesia; how-
ever, HHX at a dose of 1ul had no antinociceptive effects.
The time course of antinociceptive effects is shown in
Figure 2. At the acute phase, the antinociceptive effects of
HHX were brief. The initial injection of HHX (10 or 50 ul) at
day 7 provided rapid antinociception at the hind paw at 2h
after the injection and lasted for approximately 4h, after
which the effect subsided by 24 h. The second injection was
administrated at day 8, the effects of which lasted until day
11. Subsequent injections were administrated at days 11, 16,
and 21. Generally, the analgesic effects of each of the latter
three injections lasted for five days.

3.2. Histological and General Examinations. Mice were fol-
lowed up for 12 or 26 days. The extent of articular in-
flammation over the course of the disease was assessed via
measurement of joint diameter using calipers and assess-
ment of histological changes. Mice treated with CFA
exhibited a significant increase in knee joint thickness and
the total pathological score (based on synovial hypertrophy,
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FIGURE 2: The time course of the effects of HHX (1, 10, and 50 ul i.m.) on pain thresholds after saline (A and C) or CFA articular injection (B
and D). (a) HHX at doses of 1, 10, and 50 4l did not change the mechanical hypersensitivity after saline articular injection (time x group
interaction, F(29, 200) = 1.264, P = 0.2072; F(29, 200y = 0.8155, P = 0.6932; F(29, 200) = 0.8660, P = 0.6303). (c) Rectangular box denoted postdrug
administration behavioral assessment at different points in time after the first injection. Mechanical allogynia decreased moderately 10 min
after the first injection of HHX (50 ul). (b) HHX at doses of 10 yl and 50 ul changed the mechanical hypersensitivity after CFA articular
injection (time x group interaction, Fzq, 200) = 7.859, P <0.0001; F(39, 200y = 11.84, P <0.0001). However, HHX at a dose of 14l had no
antinociceptive effects (time x group interaction, Fyg, 200y = 1.336, P = 0.1596). (d) The rectangular box denotes postdrug administration
behavioral assessment at different points in time after the first injection. The first injection of HHX provided rapid antinociception at the
hind paw at 2 h after the injection and lasted for approximately 4 h. The time of the injection of HHX (1 1) is shown as gray arrows and HHX
(10 and 50 ul) shown as black arrows. *P < 0.05 versus CFA + saline. #P < 0.05 versus baseline.

mononuclear cell infiltration, cartilage destruction, and
bone erosion scores) throughout the measurement period, as
compared to these parameters in the sham joint (P < 0.0001)
(Figure 3). HHX at doses of 10yl and 50 ul decreased the
knee joint diameter on days 14, 21, and 26 and relieved
synovial inflammation (i.e., synovial hyperplasia and in-
flammatory cell infiltration were reduced) on day 26. HHX
at a dose of 104l and 50 ul induced significant inhibitory
effects on CFA-induced unilateral arthritis in mice, which
was not observed at a dose of 1 ul.

3.3. Adverse Effects and Safety. There were no significant
differences in the histological structural features of the livers,
kidneys, or hearts between the different groups (Figure 4).
The morphology of liver cells was regular, the liver cords
were arranged neatly, the liver lobule structure was inte-
grated, and no steatosis or inflammatory cell infiltration was
observed in any of the groups. There were no obvious ab-
normalities in the morphologies or structures of glomeruli,
renal tubules, or the renal interstittum. Myocardial cells
exhibited an orderly arrangement and integrated structure,

and hypertrophy was not observed in the atria or ventricular
muscles. Furthermore, inflammatory cell infiltration was not
observed. HHX had no significant effect on bodyweight or
respiratory rate (Figure 5). Additionally, serum levels of
ALT, AST, Cr, urea, and CK-MB did not change between the
different groups (Figure 6).

4. Discussion

HHX is widely prescribed for analgesia in China. Although
the mechanism of HHX on pain is unknown, HHX is known
to exhibit sufficient and effective analgesic action in clinical
practice, and adverse events are rarely reported. In the
present study, we found that HHX relieved joint pain at
doses of 10 ul and 50 ul, with a short duration of action in the
acute phase. Following the third administration of HHX, the
analgesic effects lasted for approximately five days. HHX has
similar analgesic effects as those of opioids, but do not
exhibit any opioid-related adverse effects. Although opioids
represent the main analgesics for many types of acute pain,
the benefits of opioids in chronic pain have been contested
since the long-term use of opioids can lead to serious adverse
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F1GURE 3: The anti-inflammatory effect of HHX in a mouse model of monoarthritis. (a) Histological changes of synovitis were observed in
H&E-stained sections. Each knee joint shown was a representative for a group of mice; scale bars represents 200 ym. (b) The synovitis scores
for each group from the H&E-stained sections. Synovitis scores in CFA increased significantly (fg =9.391, P < 0.0001) and decreased in HHX
at doses of 10 yl and 50 ul (3 =5.715, P = 0.0004; t5 = 4.914, P = 0.0012), but not at the dose of 1 ul (ts =1.134, P = 0.2897) at day 26. ((c)-(e))
The effect of HHX (1, 10, and 50 ul) on knee joint thickness. CFA exhibited a significant increase in knee joint thickness (time x group
interaction, F4 40)=98.74, P <0.0001). Time course of HHX at doses of 10 ul and 50 ul decreased the knee joint diameter (time x group
interaction, F(4, 49)=20.52, P < 0.0001; F(4, 49y = 14.45, P < 0.0001). However, HHX at doses of 1 ul did not decrease the knee joint diameter
(time x group interaction, F4, 409)=1.597, P = 0.1992). #P <0.05 versus CFA + saline.
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FIGURE 5: Bodyweight over time between groups ((a), (b), and (c)). There were no significant differences in the bodyweight after the
treatment of HHX at doses of 1 ul, 10 ul, or 50 ul (column factor, Fs, 16)=0.4253, P = 0.7375; F(3, 16)=1.077, P = 0.3870; F3, 16)=1.690,
P =0.2091). The effect of HHX on the respiratory rate ((d) and (e)). There were no significant differences in respiratory rate across the
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effects such as drug dependence, addiction, and desensiti-
zation [16, 17]. Furthermore, some previous studies have
shown that opioids do not exert significant pain relief or pain-
related functional improvements in the treatment of mod-
erate to severe chronic back pain, hip pain, or knee pain
compared to that of nonopioid medications given over the
course of 12 months. Additionally, opioids cause more
treatment-related side effects compared to those of nonopioid
medications [18]. We found that efficacious doses of HHX did
not need to be increased during the treatment period, and that
HHX achieved a consistent analgesic effect over a long
treatment course. Furthermore, physical dependence and
tolerance were not found after the use of HHX.

In the present study, no heart, liver, or kidney toxicity
was observed, even at high doses of HHX. The liver and
kidneys are important organs, which are responsible for the
metabolism, detoxification, and excretion of xenobiotics.
These organs are susceptible to damage by external sub-
stances [19]. Their functionality can be measured by serum
biochemical analysis. Some traditional medicines can induce
cardiotoxicity. The serum concentration of CK-MB, which
are diagnostic markers of myocardial damage, can indicate
the degree of cell membrane integrity. Our data showed that
the histological structural features and biochemical pa-
rameters of the livers, kidneys, and heart did not change after
administration of HHX. HHX also did not affect bodyweight
gain or the respiratory rate, both of which indicate the
general health status of mice. These findings are consistent
with the manufacturer’s instruction of HHX. Thus, the
current animal models are probably suitable for investiga-
tion of more different functions of HHX.

According to findings from previous studies [20-22], we
propose that four potential ingredients from HHX—shiki-
mic acid, pseudoshikimic acid, quercetin, and taxifolin—are
likely involved and may underlie the analgesic or anti-in-
flammatory effects of HHX. Shikimic acid has been reported
to have anti-inflammatory and analgesic actions through
inhibition of ERK 1/2 and p38 MAPKs [21], and quercetin
has analgesic effects that are probably related to the regu-
lation of GABA,, GABAg, tachykinin, and 5-HT receptors
and to the endogenous release of glucocorticoids [22]. In
addition, quercetin alleviates diabetic neuropathic pain by
inhibiting mTOR/p70S6K pathway-mediated changes of
synaptic morphology and synaptic protein levels in spinal
dorsal horn neurons. It also inhibits the peripheral and
central sensitization of bone cancer pain by inhibiting the
PAR2/TRPV1 signaling pathway [23, 24]. Taxifolin inhibits
the leukocyte infiltration and the expressions of COX-2 and
iNOS in the brain with cerebral ischemic reperfusion injury,
also prevents the expression of Mac-1 and ICAM-1, and
inhibits the activity of NF-«B [25]. Based on these reports,
we speculate that HHX might alleviate pain in multiple ways,
e.g., by reducing the local inflammatory response and by
changing synaptic morphology. Given HHX can affect
multiple pain-related signaling pathways like a cocktail, it
can produce more desirable antinociceptive effects in
complicated pain conditions than those agents that target
one pathway. In the present study, HHX alleviated synovial
inflammation, including synovial hyperplasia and
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inflammatory cell infiltration, and also inhibited joint
swelling as indicated pathological examination. This may be
why HHX exerts analgesic effects.

For antinociceptive purposes, although few reports of
target-organ toxicity or side effects have been documented in
academic and clinical reports, the adverse effects cannot be
disregarded and should been investigated in the future. HHX
is made from Illicium lanceolatum A.C. Smith. The roots and
fruits of Illicium lanceolatum have visible central excitatory
and peripheral muscarinic effects. An overdose of Illicium
lanceolatum first stimulates and then inhibits the human
brain and spinal cord, eventually leading to respiratory and
circulatory failure, even death [26, 27]. This indicates that
Hllicium lanceolatum could have adverse effects in some
conditions. In addition, numerus compounds, which may
cause adverse effects, are involved in the extract of Illicium
lanceolatum, which is not absolutely excluded in HHX
extraction. For example, administration of high dose
(500 mg/kg, p.o.) of Illicium lanceolatum ethyl extract
veranisatins produces convulsions and lethal toxicity in mice
[28, 29]. Reports have shown that the Illicium lanceolatum
extracts, anisatin and neoanisatin, are the toxic components
[30-32]. The mechanism underlying the toxic effect may
involve anisatin acting as a potent noncompetitive antag-
onist in GABA-dependent neurons [33, 34]. Although HHX
is a water extract from Illicium lanceolatum A.C. Smith,
which mainly contains flavonoids but not harmful seco-
prezizaane-type sesquiterpene compounds, we cannot rule
out other toxic compounds in the HHX injection. These
potential issues may remind researchers to investigate HHX
turther. Their findings may promote wider clinical appli-
cation of HHX for pain relief in arthritis and other
conditions.

Taken together, we found that HHX exhibited a safe and
effective analgesic effect in murine unilateral arthritis in-
duced by CFA and that the long time course of this efficacy
holds promise for clinical applications. However, further
studies are needed to elucidate the mechanisms of HHX in
exerting anti-inflammatory and analgesic actions in CFA-
mediated arthritic mice.

5. Conclusions

Mouse monoarthritis induced by CFA is an appropriate
model for examining the pharmic effects of the extract of
Hlicium lanceolatum A.C. Smith. The parenteral solution
exerts an anti-inflammatory effect and alleviates knee joint
pain in a non-dose-dependent manner. It showed no opioid
side effects or any cardiac, hepatic, or renal toxicity when
administered at the therapeutic dose.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.



Pain Research and Management

Authors’ Contributions

Wei Gao, Di Wang, and Xinlu Yang contributed equally to
this work.

Acknowledgments

The authors gratefully thank Yan Jin for technical support
and writing assistance. This work was supported by the
National Natural Science Foundation of China (grant no.
81703524).

References

[1] GBD 2016, “Disease and injury incidence and prevalence
collaborators. global, regional, and national incidence,
prevalence, and years lived with disability for 328 diseases and
injuries for 195 countries, 1990-2016: a system- atic analysis
for the global burden of disease study 2016,” Lancet, vol. 390,
no. 10100, pp. 1211-1259, 2017.

[2] J. W. Busse, L. Wang, M. Kamaleldin et al., “Opioids for
chronic noncancer pain,” JAMA, vol. 320, no. 23,
pp. 2448-2460, 2018.

[3] S. Tesfaye and D. Selvarajah, “Morphine, gabapentin, or their
combination for neuropathic pain,” The New England Journal
of Medicine, vol. 352, no. 25, pp. 2650-2651, 2005.

[4] WHO Organization, Traditional Medicine. Fact Sheet No. 134,
WHO, Geneva, Switzerland, 2008.

[5] G.-W.Wang, W.-T. Hu, B.-K. Huang, and L.-P. Qin, “Illicium
verum: a review on its botany, traditional use, chemistry and
pharmacology,” Journal of Ethnopharmacology, vol. 136, no. 1,
pp. 10-20, 2011.

[6] Y. Wang, M. Mei, Y. Ni, and S. Kokot, “Combined NIR/MIR
analysis: a novel method for the classification of complex
substances such as Illicium verum Hook. F. and its adulter-
ants,” Spectrochimica Acta Part A: Molecular and Biomolec-
ular Spectroscopy, vol. 130, pp. 539-545, 2014.

[7] Y.-L. Liu, W.-R. Li, X.-]. Wang et al., “Highly oxidized ses-
quiterpenes from the fruits of Illicium lanceolatum A. C.
Smith,” Phytochemistry, vol. 172, Article ID 112281, 2020.

[8] J. Liang, B. Huang, and G. Wang, “Chemical composition,
antinociceptive and anti-inflammatory properties of essential
oil from the roots of Illicium lanceolatum,” Natural Product
Research, vol. 26, no. 18, pp. 1712-1714, 2012.

[9] M. Ekor, “The growing use of herbal medicines: issues relating
to adverse reactions and challenges in monitoring safety,”
Frontiers in Pharmacology, vol. 4, p. 177, 2014.

[10] E.S. Fernandes, F. A. Russell, D. Spina et al., “A distinct role

for transient receptor potential ankyrin I, in addition to

transient receptor potential vanilloid 1, in tumor necrosis
factor a-induced inflammatory hyperalgesia and Freund’s
complete adjuvant-induced monarthritis,” Arthritis &

Rheumatism, vol. 63, no. 3, pp. 819-829, 2011.

J. Keeble, F. Russell, B. Curtis, A. Starr, E. Pinter, and

S. D. Brain, “Involvement of transient receptor potential

vanilloid 1 in the vascular and hyperalgesic components of

joint inflammation,” Arthritis ¢ Rheumatism, vol. 52, no. 10,

pp. 3248-3256, 2005.

[12] R. Ambalavanar, M. Moritani, A. Moutanni, P. Gangula,
C. Yallampalli, and D. Dessem, “Deep tissue inflammation
upregulates neuropeptides and evokes nociceptive behaviors
which are modulated by a neuropeptide antagonist,” Pain,
vol. 120, no. 1-2, pp. 53-68, 2006.

(11

[13] A. S. Ahmed, J. Li, H. Erlandsson-Harris, A. Stark,
G. Bakalkin, and M. Ahmed, “Suppression of pain and joint
destruction by inhibition of the proteasome system in ex-
perimental osteoarthritis,” Pain, vol. 153, no. 1, pp. 18-26,
2012.

[14] M. Carcolé, S. Kummer, L. Gongalves et al., “Sigma-1 receptor
modulates neuroinflammation associated with mechanical
hypersensitivity and opioid tolerance in a mouse model of
osteoarthritis pain,” British Journal of Pharmacology, vol. 176,
no. 20, pp. 3939-3955, 2019.

[15] T. Pitcher, J. Sousa-Valente, and M. Malcangio, “The mon-
oiodoacetate model of osteoarthritis pain in the mouse,”
Journal of Visualized Experiments, vol. 111, no. 111, p. 53746,
2016.

[16] W. A. Ray, C. P. Chung, K. T. Murray, K. Hall, and
C. M. Stein, “Prescription of long-acting opioids and mor-
tality in patients with chronic noncancer pain,” JAMA,
vol. 315, no. 22, pp. 2415-2423, 2016.

[17] N. D. Volkow and A. T. McLellan, “Opioid abuse in chronic
pain-misconceptions and mitigation strategies,” New England
Journal of Medicine, vol. 374, no. 13, pp. 1253-1263, 2016.

[18] E. E. Krebs, A. Gravely, S. Nugent et al., “Effect of opioid vs
nonopioid medications on pain-related function in patients
with chronic back pain or hip or knee osteoarthritis pain,”
JAMA, vol. 319, no. 9, pp. 872-882, 2018.

[19] L. Y. Xia, Modern Toxicology of Chinese Materia Medica,
Tianjin Scientific and Technical Translation, Tianjin, China,
Ist edition, 2005.

[20] V. Cechinel-Filho, Z. Vaz, L. Zunino, J. Calixto, and R. Yunes,
“Antinociceptive and anti-oedematogenic properties of
astilbin, taxifolin and some related compounds,” Arznei-
mittelforschung, vol. 50, no. 3, pp. 281-285, 2000.

[21] T.K. Rabelo, A. G. Guimaries, M. A. Oliveira et al., “Shikimic
acid inhibits LPS-induced cellular pro-inflammatory cyto-
kines and attenuates mechanical hyperalgesia in mice,” In-
ternational Immunopharmacology, vol. 39, pp. 97-105, 2016.

[22] A. W. Filho, V. C. Filho, L. Olinger, and M. M. de Souza,
“Quercetin: further investigation of its antinociceptive
properties and mechanisms of action,” Archives of Pharmacal
Research, vol. 31, no. 6, pp. 713-721, 2008.

[23] R. Wang, Z. Qiu, G. Wang et al., “Quercetin attenuates di-
abetic neuropathic pain by inhibiting mTOR/p70S6K path-
way-mediated changes of synaptic morphology and synaptic
protein levels in spinal dorsal horn of db/db mice,” European
Journal of Pharmacology, vol. 882, Article ID 173266, 2020.

[24] Z.Li, ]. Zhang, X. Ren, Q. Liu, and X. Yang, “The mechanism
of quercetin in regulating osteoclast activation and the PAR2/
TRPV1 signaling pathway in the treatment of bone cancer
pain,” International Journal of Clinical and Experimental
Pathology, vol. 11, no. 11, pp. 5149-5156, 2018.

[25] Y.-H. Wang, W.-Y. Wang, C.-C. Chang et al., “Taxifolin
ameliorates cerebral ischemia-reperfusion injury in rats
through its anti-oxidative effect and modulation of NF-kappa
B activation,” Journal of Biomedical Science, vol. 13, no. 1,
pp. 127-141, 2006.

[26] J. C. Wang, Y. H. Tang, and G. L. Hong, “Hemoperfusion
successfully rescued 1 case of red fennel intoxication,” Chinese
Journal of Critical Care Medicine.vol. 4, pp. 319-320, 2015.

[27] C. Garzo Fernandez, P. Gomez Pintado, A. Barrasa Blanco,
R. Martinez Arrieta, R. Ramirez Ferndndez, and F. Ramén
Rosa, “Casos de enfermedad de sintomatologia neuroldgica
asociados al consumo de anis estrellado empleado como
carminativo,” Anales de Pediatria, vol. 57, no. 4, pp. 290-294,
2002.



10

(28]

(29]

(30]

(31]

(32]

(33]

(34]

E. Okuyama, T. Nakamura, and M. Yamazaki, “Convulsants
from star anise (Illicium verum HOOK.E.),” Chemical &
Pharmaceutical Bulletin, vol. 41, no. 9, pp. 1670-1671, 1993.
T. Nakamura, E. Okuyama, and M. Yamazaki, “Neurotropic
components from star anise (Illicium verum HooK. Fil.),”
Chemical ¢ Pharmaceutical Bulletin, vol. 44, no. 10,
pp. 1908-1914, 1996.

C.-S. Yang, M. Hashimoto, N. Baba et al, “A new toxic
neoanisatin derivative from the pericarps of ilicium majus,”
Chemical & Pharmaceutical Bulletin, vol. 38, mno. 1,
pp. 291-292, 1990.

T. Ikeda, Y. Ozoe, E. Okuyama et al., “Anisatin modulation of
the y-aminobutyric acid receptor-channel in rat dorsal root
ganglion neurons,” British Journal of Pharmacology, vol. 127,
no. 7, pp. 1567-1576, 1999.

E. Kakemoto, E. Okuyama, K. Nagata, and Y. Ozoe, “Inter-
action of anisatin with rat brain y-aminobutyric acida re-
ceptors: allosteric modulation by competitive antagonists,”
Biochemical Pharmacology, vol. 58, no. 4, pp. 617-621, 1999.
Y. Kudo, J.-I. Oka, and K. Yamada, “Anisatin, a potent GABA
antagonist, isolated from Illicium anisatum,” Neuroscience
Letters, vol. 25, no. 1, pp. 83-88, 1981.

Y.-N. Liu, X.-H. Su, C.-H. Huo, X.-P. Zhang, Q.-W. Shi, and
Y.-C. Gu, “Chemical constituents of plants from the genus
Mlicium,” Chemistry & Biodiversity, vol. 6, no. 7, pp. 963-989,
2009.

Pain Research and Management



