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Background: Clerodendrum petasites, an herbal plant in Thailand, has been used for many years in folk
medicine. However, scientific evidence regarding CNS safety pharmacology and antinociceptive activity
of C. petasites (CP) has not yet been well characterized.
Purpose: The present study aimed to assess the CNS safety pharmacology and antinociceptive and
antiinflammatory effects of CP extract.
Methods: The effect of CP extract on CNS safety pharmacology was assessed using LABORAS automated
home cage monitoring and rotarod test. Its pharmacological activity was evaluated both in-vitro, and in-
vivo using hot-plate, acetic acid-induced writhing, formalin, and carrageenan-induced paw edema
models.
Results and conclusion: CP extract significantly improved thermal and chemical nociceptive behaviors
and acute inflammatory pain at all doses: 300, 600, and 1200 mg/kg, p.o. The antiinflammatory effect of
CP extract in inflammatory pain models was comparable to the effect of positive control: indomethacin
10 mg/kg at all dose levels tested. Further, the CP extract at 600 mg/kg dose significantly inhibited 82.3%
of carrageenan-induced total edema. In-vitro, CP extract at 12.5, 25, and 50 mg/mL concentrations
significantly reduced the expression of LPS-induced nitric oxide, IL-6, and TNF-a expression in both RAW
264.7 macrophage and BV-2 microglial cell lines. In addition, CP extract did not show any potential ef-
fects on the CNS, indicated by no significant effects on motor coordination, spontaneous locomotor ac-
tivity, general behaviors, and well-being compared to vehicle-treated mice (p > 0.05). Overall, the
present study evidences the potential antinociceptive, antiinflammatory efficacies of CP extract with a
favorable CNS safety profile.
© 2022 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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1. Introduction

Pain is a leading cause of disability worldwide, and its incidence
is steadily increasing due to increasing pain-related diseases.1

Nociceptive pain is an unpleasant symptom characterized by the
progressive activation of the nociceptors by noxious and non-
noxious stimuli.2 In addition, the activation of nociceptors can
also be mediated by inflammatory mediators known as inflam-
matory pain. Physiologically, inflammation is a defensive response
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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from the human body. However, excessive inflammation causes
severe symptoms such as heat, swelling, redness, and pain.3 Ste-
roidal, nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids
have been widely prescribed for pain relief. These available drugs
have a wide range of side effects, such as the increased risk of
osteoporosis, renal damage, thrombosis, gastrointestinal bleeding,
and increased blood pressure.4 Certain side effects of analgesics
have also been linked to their effects on the central nervous system
(CNS).5e7 It is, therefore, necessary to develop new drugs that have
fewer side effects but are more effective in the treatment of pain. In
this case, the study of herbal extracts with better properties will be
an alternative approach to address the issues mentioned above.

Evidence indicates that undesirable CNS side effects contribute
to the withdrawal of drugs from the market.8 Furthermore, several
analgesic drug candidates that have been proven to be pharmaco-
logically effective in preclinical studies have failed in clinical trials.
One of the reasons for this failure is safety concerns due to un-
wanted side effects.9 Only 11% of analgesic drug candidates tested
in clinical trials passed to the market.10 Hence, the assessment of
CNS safety pharmacology of herbal extracts has attracted recent
attention, in which it has been evaluated in Alstonia scholaris (L.) R.
Br leaves extract,11 Cassia occidentalis Linn. stem extract,12 and Pli-
nia cauliflora fruit extract13 Further, the abundance of pharmaco-
logically active compounds in herbal extracts is linked topotential
adverse effects.14 Therefore, it is crucial to determine the safety
pharmacology of herb extracts, including their CNS safety
pharmacology.

It is well known thatmedicinal plants are commonly used by the
population without access to essential medicines and by ethnic
groups and villagers in rural areas of Thailand.15 At present, the use
of traditional Thai plants is well preserved. Clerodendrum petasites
S. Moore, a Thai medicinal plant belonging to the Lamiaceae family,
has been used for many years as a folk medicine in many regions of
Thailand for its anti-inflammatory and antipyretic effects.16

C. petasites S. Moore is widespread in several other countries,
including China, India, Malaysia, Sri Lanka, and Vietnam.17 In
Thailand, the plant is commonly prepared as a multi-herbal recipe
known as ‘Ha-Rak’ and has been approved as herbal medicine by
the Thai FDA. Scientific evidence has shown that C. petasites S.
Moore has awide range of biological and pharmacological activities
in inflammation, rheumatism, fever, cough, and vomiting.18,19 The
phytochemical components of C. petasites S. Moore have been
extensively studied. Vanillic acid, verbascoside, 4-coumaric acid,
cirsimaritin, ferulic acid, nepetin, luteolin, apigenin, naringenin,
hispidulin, hesperetin, and chrysin were found in the aerial parts,
leaves, or roots of the plant,18 in which some studies have shown
that these active compounds act effectively as potential
analgesics.20e26

Although C. petasites S. Moore has been effective in traditional
use and scientifically reported to have pharmacological activities,
little is known about its safety pharmacology in the CNS to the best
of our knowledge. The potential analgesic efficacy of medicinal
plants should be in line with theirsafety pharmacology in the CNS.
Thus, considering the medicinal use of this plant, this study aimed
to investigate the CNS safety pharmacology and antinociceptive
and antiinflammatory properties of ethanolic extract of C. petasites
S. Moore in mice.

2. Materials and methods

2.1. Drugs and chemicals

Hispidulin (ChemFaces, Wuhan, China), tween 80 (Srichansa-
hasoth Co., Thailand), acetic acid (Merck, Darmstadt, Germany),
formaldehyde (Merck), indomethacin (IND; Sigma), morphine
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sulfate (MRP; Thai FDA), and sterile water (SW; General Hospital
Products Public Co.) were used in this study. HPLC grade acetoni-
trile and methanol (MeOH) were purchased from RCI Labscan
(Bangkok, Thailand). Ultrapure water was obtained from Barn-
stead™ MicroPure™ Water Purification System (Thermo Fisher
Scientific, Massachusetts, USA). Glacial acetic acid was purchased
from Merck KGaA (Darmstadt, Germany).

2.2. Plant material

Whole plants of C. petasites S. Moore (CP, 500 g) were harvested
from Rayong Province, Thailand, and authenticated by Associate
Professor Surattana Amnuoypol at the Department of Pharmacog-
nosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sci-
ences, Chulalongkorn University. Herbarium specimens with
assigned vouchers as SS-SA-2015-191015 were deposited in the
Museum of Natural Medicines, Chulalongkorn University.

2.3. Plant extraction

The plants were macerated with 2 L of 95% ethanol for 5 days at
room temperature and then filtered. The filtrate was evaporated to
dry under vacuum conditions. The yield of the extract was 6.85%.
The crude extract was kept at �20�C until used.

2.4. Standardization of C. petasites S. Moore extract

Hispidulin is one of the most common bioactive compounds in
CP extract27 and is commonly used for standardization purposes.28

Hence, in this study, hispidulin was used to standardize CP extract
before its subsequent use in therapeutic efficacy evaluations.
Quantitative analysis of hispidulin in C. petasites extract was per-
formed using Agilent 1290 Infinity II UHPLC system combined with
Purospher® STAR RP-18 endcapped reversed-phase column (250 x
4.6; 5 mm, Merck, Darmstadt, Germany) and C-18 guard column.
The mobile phase was acetonitrile (A) and 20% acetonitrile in 0.1%
aqueous acetic acid (B). A sample solution of C. petasites was pre-
pared by dissolving 1 mg of C. petasites extract in 1 mL of MeOH,
followed by filtration through a 0.22 mm PTFE membrane syringe
filter. Hispidulin stock solution was prepared by dissolving 2 mg of
standard hispidulin in 2 mL of MeOH. The solution was filtered
through a 0.22 mm PTFE membrane syringe filter. Working solu-
tions were obtained by serial dilution of stock solution with MeOH
to 100, 80, 60, 40, 20, and 10 mg/mL, respectively. All solutions were
kept at 5�C before analysis. The gradient system was 0e25% A for
15 min, 25% A for 5 min, 25e94% A for 2.5 min, 94% A for 2.5 min,
and 0% A for 10min. The flow ratewas 1.0mL/min, and the injection
volume was 10 mL. The experiments were carried out at 35�C and
monitored by a diode array detector at 337 nm. A calibration curve
was constructed by plotting the concentration versus peak area of
hispidulin.

2.5. Animals

Male ICR mice obtained from Nomura Siam International Co.
Ltd. and Mahidol University, Bangkok, Thailand, were used in these
experiments. Mice weighing 28e35 g (5e7 weeks old) were
maintained in a controlled roomwith a temperature of 22±2�C and
humidity of 50%e60% on a 12/12 h light/dark period. Mice were
allowed to have access to food and water ad libitum. All procedures
performed in this study were compliant with the guidelines of the
Institutional Animal Care and Use Committee (IACUC) of the Faculty
of Pharmaceutical Sciences (Protocol Number 2133007), Chula-
longkorn University.
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2.6. Drug administration

A high dose of CP extract exhibiting pharmacological activity
(1200 mg/kg body weight) was selected to examine the safety
pharmacology as previously reported in a study.29 The CP extract
was dissolved in 2% (w/v) Tween 80, and the positive control,
chlorpromazine (5 mg/kg), was dissolved in normal saline and
orally administered to mice with a constant volume of 10 ml/kg.
Furthermore, the CP extract at doses of 300, 600, and 1200 mg/kg
was used to assess its antinociceptive activity along with morphine
(10 mg/kg) and indomethacin (10 mg/kg) as positive controls.

2.7. Determination of antinociceptive and antiinflammatory effects
of CP extract

2.7.1. Hot-plate test
Acute thermal nociceptionwas evaluated with the hot-plate test

(Harvard Apparatus). Mice were individually placed in a trans-
parent plastic cage cylinder and recorded until pain-like behaviors
such as licking and jumping were achieved. The temperature was
set at 55 ± 0.5�C, and measurements were taken at different time
points at 15, 30, 45, 60-, 90-, 120-, and 240-min post-treatment.
Morphine 10 mg/kg was given orally as a positive control. A 45-s
cut-off was imposed to avoid tissue damage.

The antinociceptive activity was expressed as the mean %
maximum possible effect (%MPE):

%MPE¼ðPost � drug latencyÞ � ðPre� drug latencyÞ
ðCut � off timeÞ � ðPre� drug latencyÞ � 100

After obtaining %MPE, the area of analgesia was assessed by
measuring the area under the curve (%MPE x minutes-post drug
administration).

2.7.2. Acetic acid-induced writhing test
Visceral nociception was induced by intraperitoneal adminis-

tration of acetic acid (0.6% in sterile water, 10 mL/kg) to the
abdomen of mice, and the number of abdominal writhes was
counted. To test the activity of the extracts, micewere administered
orally with the extract 1 h before acetic acid injection. Animal
behavior was recorded, and the number of writhes was counted for
30 min. Indomethacin at the dose of 10 mg/kg was given orally as a
positive control.

2.7.3. Formalin test
Nociceptive and inflammatory pain-like behaviors were evalu-

ated with the formalin test. Briefly, mice were treated with the
extract 1 h before the intraplantar injection of formalin (20 mL, 2.5%
in sterile water) and placed in a plexiglass cylinder and observed.
Immediately after formalin administration, pain responses such as
licking or biting the hind pawwere observed, and the time spent on
those behaviors was recorded and analyzed. Pain-like behaviors
were recorded after formalin injection at 0e5 min (first or neuro-
genic phase) and at 15e30 min (second or inflammatory phase).
Indomethacin10 mg/kg was given orally as a positive control.

2.7.4. Carrageenan-induced paw edema test
The mouse model of carrageenan-induced paw edema was

employed to determine the anti-inflammatory effects of CP extract.
One hour after treatment, mice were administered 1% carrageenan
in normal saline intraplantar to the left hind paw (50 mL/paw). The
volumes of hind paws were determined at 0 h (baseline before
carrageenan administration, V0) and every hour for 6 h after
carrageenan administration (Vt) using a plethysmometer (UGO
Basile, VA, Italy). Then the percentage change in hind paw volume
83
was calculated using the equation below and presented in a time
course curve.

%change in paw volume¼Vt � V0

V0
� 100

The area under the time course curvewas calculated and used to
determine the % inhibition of paw edema by each intervention.

%inhibition of paw edema¼AUCControl � AUCTreatment

AUCControl
� 100

2.8. In-vitro assessments of CP extract

2.8.1. Cell culture
RAW 264.7 (ATCC, Manassas, VA, USA) and BV-2 cells (AcceGen

Biotechnology, New Jersey, USA) were cultured in DMEM medium
supplemented with 10% fetal bovine serum and 1% penicillin/
streptomycin. The cells were kept in an incubator at 37�C under 5%
CO2.

2.8.2. MTT assay
MTT assay was performed to assess the cell viability after being

treated with the extracts. Briefly, cells were seeded in 96 wells at
the concentration of 2� 104 cells/well. After 24 h, cells were treated
with various concentrations of the extract (6.25, 12.5.25, 50, 100 mg/
mL) for another 24 h. The media was removed, followed by the
addition of MTT solution (0.5 mg/mL), and incubated for 3 h. The
formazan crystals were dissolved with DMSO, and the absorbance
was measured under a microplate reader at 570 nm (CLARIOstar®,
BMG Labtech, Ortenberg, Germany).

2.8.3. Cell culture treatment and LPS stimulation
The cells were seeded in 24-well plates with a concentration of

2 � 104 cells/well for 24 h. The cells were then pretreated with the
vehicle, positive control, and the CP extract for 1 h followed by
coincubation with LPS 1 mg/mL. The duration of LPS incubation for
RAW 264.7 and BV-2 cells was 12 h and 24 h, respectively. After
incubation, the media was collected to measure the inflammatory
mediator levels. The nitrite level of media was measured using
nitrite assay (Griess), and cytokine levels (TNF-a and IL-6) were
measured using ELISA kits.

2.8.4. Nitrite assay (Griess) and ELISA assay
Nitrite Assay (Griess) and ELISA kits were purchased from

Sigma-Aldrich, St. Louis, MO, USA, and BioLegend, San Diego, CA,
USA, respectively. The assays were performed in accordance with
the manufacturer's instructions.

2.9. Behavioral tests to determine the CNS side effects of the CP
extract

2.9.1. Effects on spontaneous locomotor activity, general behavior,
and well-being

The effects of CP extract on spontaneous locomotor activity
were assessed using the automated behavioral analysis LABORAS
(Metris, Hoofddorp, Netherlands). The behaviors included were
climbing, locomotion (walking, running, jumping), rearing, and
immobility, and undefined behaviors were excluded from the
analysis. In brief, mice were orally administered with CP extract
1200 mg/kg, chlorpromazine 5 mg/kg (positive control), or vehicle
(2% Tween 80). After 1 h, each mouse was placed in the LABORAS
cage (22 � 16 � 14 cm), and behaviors were recorded for 30 min.

General behaviors and well-being of mice were determined
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using the LABORAS. The behavioral changes were assessed day and
night (24 h), such as mobile behaviors (climbing, locomotion, and
rearing), immobility, food and water intake, and body weight
changes. On the experimental day, mice were orally administered
with CP extract, chlorpromazine, or vehicle, and subsequently, each
mouse was placed in the LABORAS cage for 24 h.

2.9.2. Rotarod test
Motor coordination was evaluated in mice receiving a high

therapeutic dose of CP extract (1200 mg/kg, p.o.) using the rotarod
apparatus (Ugo Basile, Italy). The speed of the rotating rod was
adjusted to 17 rpm (constant speed). Mice were placed on the
rotating rod, and the duration of mice remained on the rod until
they fell was considered as rotarod latency. The cut-off was set to be
180 s. Before the testing day, mice were first trained for two
consecutive days to remain on the rotating rod for 180 s. Mice were
administered with CP extract followed by assessments of rotarod
latency at 0, 30, 60-, 90-, 120-, and 240-min post-administrations.

2.10. Statistical analysis

All data are shown as mean ± SEM. 6e10 mice per group were
used in each experiment. The number of mice/groups used for each
experiment was stated in the figure legends. Statistical significance
was determined using GraphPad Prism 9.1, analyzed by one-way or
two-way ANOVA followed by post hoc Bonferonni. P < 0.05 was
considered significant. The levels of significance are indicated by:
*p < 0.05; **p < 0.01; ***p < 0.001.

3. Results

3.1. Standardization of C. petasite extract by hispidulin content

In this study, The UHPLC method was developed to obtain a
chemical fingerprint of C. petasites and quantify the amount of
hispidulin in C. petasites extract. The method was modified from a
previous report for optimal separation.28 The UHPLC chromato-
gram of C. petasites ethanolic extract demonstrated sharp, sym-
metric, and well-separated peaks with two major peaks. One of the
major peaks at a respective retention time of 19.6 min represents
hispidulin (Fig. 1A). This peak was further confirmed by comparing
it with the chromatogram of the hispidulin standard, which also
revealed a peak of hispidulin at the same retention time of 19.6 min
(Fig. 1B and C). The calibration curve of hispidulin was established
by plotting the respective peak area of different concentrations of
standard hispidulin ranging from 10 to 100 mg/mLwith a coefficient
of determination (R2) of 0.9967 (Fig. 1D). The limit of detection
(LoD) and limit of quantitation (LoQ) were calculated to be 5.81 and
17.6 mg/mL, respectively. From the calibration curve, the amount of
hispidulin in C. petasites extract was quantified to be 2.02% w/w of
extract.

3.2. Effect of C. petasite extract on acute thermal nociception

The effect of CP extract on thermal nociception was determined
using the hot-plate test. The results demonstrated that CP extract at
all doses could improve thermal nociception, as indicated by a
significantly higher area of analgesia compared to that of the con-
trol group (2% tween 80). All doses showed comparable results
compared to that of positive control, morphine 10 mg/kg (Fig. 2A).

3.3. Effect of C. petasite extract on acute visceral nociception

The effect of CP extract on visceral nociception was assessed
using the acetic acid-induced writhing test. All doses of the extract
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significantly inhibited the writhing response. Furthermore, the ef-
fect of the extract was comparable with the positive control
(indomethacin 10 mg/kg) at all the doses tested (Fig. 2B).

3.4. Effect of CP extract on acute inflammatory pain

The effect of CP extract on acute inflammatory painwas assessed
using the formalin test. The results demonstrated that the extract at
all doses exhibited significant effects inphase I (Fig. 2C) and phase II
(Fig. 2D) of the formalin test. All doses of CP extract showed com-
parable antiinflammatory activity to 10 mg/kg indomethacin in
phase II. These results indicate the ability of the extract to improve
nociceptive and inflammatory pain in the formalin test.

3.5. Effect of CP extract on carrageenan-induced inflammation

The time course curve indicates the change in paw edema vol-
ume at each hour for 6 h after carrageenan administration and
treatment interventions (Fig. 3A). As shown in the figure, carrageen
administration progressively increased the volume of the injected
paw. The paw volume of vehicle-treated mice peaked at 2 h and
then gradually reduced. Treatment with indomethacin and CP
extract substantially reduced the paw volume, where the peak ef-
fect was observed at 2 h and lasted for 6 h. Further, to compare the
efficacy of each intervention, the area under the time course curve
was determined and expressed as total edema (Fig. 3B). CP extract
significantly reduced paw edema at all doses, and the effect is
comparable to indomethacin 10 mg/kg. As shown in Fig. 3C, CP
extract at 600 mg/kg dose exhibited the highest efficacy, inhibiting
82.3% of carrageenan-induced paw edema.

3.6. Effect of CP extract on inflammatory releases in LPS-stimulated
RAW 264.7 and BV-2 microglial cells

To assess the effects of CP extracts on inflammatory mediator
release at the cellular level, RAW 264.7 and BV-2 microglial cells
stimulated with LPS were used. Firstly, the cytotoxicity profile of
the CP extract was determined to obtain a non-toxic concentration
of the extract, which was further used for subsequent tests. As
shown in Fig. 4, concentrations of less than 50 mg/ml demonstrated
no toxicity to the cells, whereas 100 mg/ml of the extracts elicited
toxicity to RAW 264.7 and BV-2 microglial cells, indicated by a
significantly reduced cell viability compared to that of untreated
cells. Hence, the concentration of 50 mg/ml and below were used in
NO and cytokine assays. The results showed that CP extract con-
centration dependently suppresses inflammatory mediator re-
leases (NO, TNF-a and IL-6) in LPS-stimulated RAW 264.7 and BV-
2 cells (Fig. 5). A high concentration of the extracts (50 mg/ml)
demonstrated comparable effects with the positive control, either
dexamethasone 50 mg/ml or minocycline 50 mg/ml.

3.7. CNS side effects of the CP extract

3.7.1. The effect of C. Petasite extract on spontaneous locomotor
activity

The effect of CP extract on spontaneous locomotor activity was
assessed in the LABORAS automated behavioral analysis. Fig. 6A
shows the position distribution of mice in the LABORAS cage during
30 min observation period. As shown in the figure vehicle-treated
mouse explored the entire cage so did the CP-treated mouse. The
position distribution of mice treated with chlorpromazine was
exaggerated at one spot, indicating immobility. These results were
further confirmed by quantitative analysis of different locomotive
behaviors indicating no significant changes in the locomotor ac-
tivity between the control and CP extract groups, except in rearing



Fig. 1. UHPLC standardization of C. petasite extract. (A) Chromatogram of C. petasites EtOH extract and (B) Chromatogram of hispidulin standard. (C) Chemical structure of hispidulin,
and (D) Calibration curve of standard hispidulin. All chromatograms were recorded at 337 nm.
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behavior. Moreover, there was no statistically significant difference
in mobile behaviors (climbing, locomotion, immobility, average
speed, and distance traveled). Conversely, the CNS depressant
chlorpromazine significantly reduced mobile behaviors and
increased immobility compared to the vehicle-treated mice (Fig. 6).
Overall, these results demonstrated no substantial effects of
C. petasite extract in spontaneous locomotor activity.
3.7.2. The effect of C. Petasite extract on general behaviors and well-
being of mice

Automated home cage monitoring LABORAS was also used to
assess the general behaviors and well-being of mice. The assess-
ments include long-term locomotor activity in the diurnal time of
mice together with bodyweight changes, and food and water
intake. As expected, mice exhibited more home cage behaviors in
the nighttime than daytime since mice are nocturnal animals. Mice
treated with chlorpromazine showed a significant reduction in
mobile behaviors and increased immobility at nighttime compared
to vehicle-treated mice, yet the difference is less evident in the
85
daytime. Furthermore, there were no significant differences in
long-term locomotor activity between the CP extract and the
vehicle-treated groups, indicated by no significant difference in all
behaviors tested, such as climbing, locomotion, rearing, immobility,
average speed, and distance traveled (Fig. 7). The same results were
observed in the weight changes, food, and water intakes, where the
result demonstrated no substantial difference between control-
and CP extract-treated groups (Fig. 8).

3.7.3. The effect of C. Petasite extract on motor coordination
The results demonstrated no significant differences in the

rotarod latency between the control and CP extract groups, indi-
cating no effect of CP extract on motor coordination at the highest
dose of CP extract tested (Fig. 9).

4. Discussion

Although several lines of evidence demonstrate the ability of
C. petasite extract to elicit multiple pharmacological activities, the



Fig. 2. Effect of CP extract on thermal nociception (A), visceral nociception (B), and acute nociceptive and inflammatory pain in mice (C and D), assessed by the hot-plate test, acetic
acid-induced writhing test, and formalin test, respectively. Data are expressed as mean ± SEM (n ¼ 10 for the hot-plate test, n ¼ 6 for the acetic acid test, and n ¼ 8 for the formalin
test). The differences between groups were analyzed by One-way ANOVA followed by the Bonferonni post hoc test. ***p < 0.001. VHC, 2% tween 80; CP extract, C. petasite extract
(300, 600, 1200 mg/kg, p.o.); MRP 10, morphine 10 mg/kg, p.o.; IND 10, indomethacin 10 mg/kg.
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CNS safety profiles and its antinociceptive activity have not been
thoroughly investigated. This study found that CP extract elicited
antinociceptive and anti-inflammatory activities without showing
any potential side effects on the CNS. In the CNS safety pharma-
cology testing, we found no potential effects of CP extract on motor
coordination, spontaneous locomotor activity, and general behav-
iors of mice. Furthermore, in the nociceptive pain tests, the results
demonstrated that CP extract decreased pain-like behaviors, such
as thermal nociceptive pain, abdominal constriction, neurogenic
and inflammatory pain.

Of interest, Clerodendrum petasites S. Moore exerts multiple
pharmacological activities, including spasmolytic and antipyretic,
and anti-inflammatory activities in rodents.18,19 Here we found that
CP extract was also effective for nociceptive pain treatments. CP
extract improved nociceptive pain induced by thermal and chem-
ical stimuli, which was evaluated using the hot-plate and acetic
acid tests, respectively. The effects of CP extract were further
evaluated in an acute model of inflammatory pain using the
formalin test. CP extract inhibited both phases of responses in the
formalin test, indicating CP extract can inhibit nociceptive and in-
flammatory pain. Phase I (early phase) is considered as direct
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activation nociceptors by formalin, whereas phase II (late phase) is
an inflammatory response that leads to enhanced pain trans-
mission. Our present study demonstrated that CP extract showed
antinociceptive activity in several nociceptive painmodels. Notably,
the antinociceptive activity of that CP extract showed comparable
results with standard drugs like morphine and indomethacin. This
finding has a substantial value not only because it provides scien-
tific evidence for the traditional use of CP extract in pain manage-
ment but also because it lays a platform to discover potential
bioactive compounds with greater analgesic efficacy and lesser side
effects. Consequently, several studies have been done to assess the
preclinical analgesic and anti-inflammatory effects of medicinal
plants used in traditional medicine, including Nymphaea lotus
leaves,30 Beridelia retusa bark,31 Euadenia trifoliolata leaves,32

Chlorophytum alismifolium tubers,33, and Piper longum fruits,.34

The pharmacologically active ingredients in the herb extract
might be responsible for the effect of the CP extracts.18 Interest-
ingly, the bioactive compounds in C. petasites ethanolic extract have
previously been characterized in a study conducted in Thailand. The
researchers identified several flavonoids and phenolic acid de-
rivatives, including hispidulin > nepetin > verbascoside > vanillic



Fig. 3. Effect of CP extract on carrageen-induced inflammation. (A) Time course curve of %change in paw volume over 6 h. (B) Effect of CP extract on total edema, calculated using
the area under the time course curves. (C) % inhibition of paw edema by each intervention. Data are expressed as mean ± SEM (n ¼ 8 mice/group). The differences between groups
were analyzed by One-way ANOVA followed by the Bonferonni post hoc test. *p < 0.05, **p < 0.01 and ***p < 0.001, compared to vehicle-treated group. VHC, 2% tween 80; CP
extract, C. petasite extract (300, 600, 1200 mg/kg, p.o.); IND 10, indomethacin 10 mg/kg.

Fig. 4. Cytotoxicity profiles of CP extract in RAW 264.7 (A) and BV-2 microglial cells (B). Values are expressed as mean ± SD (n ¼ 4). ***p < 0.001, the groups treated with extracts
vs. vehicle (0.5% DMSO). The differences were analyzed using one-way ANOVA followed by Dunnett's post hoc test.
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acid > and apigenin, arranged in order of %yield.27 Apart from that,
several other compounds: ferulic acid, 4-coumaric acid, luteolin,
naringenin, hesperetin, and chrysin, have been identified in CP
extract with lower yield. Moreover, the analgesic potential of
several of these bioactive compounds in CP extract has previously
been reported, such as apigenin, ferulic acid, naringenin, luteolin,
hesperetin, vanillic acid, verbascoside demonstrated potential
analgesic activities.20e26 Specifically, hispidulin, a main active
compound of CP extract, was previously reported to exert anti-
nociceptive and anti-inflammatory efficacy in rodents.35 Hence,
these bioactive agents may have contributed to the potential
87
antinociceptive and anti-inflammatory effects observed in this
study.

Peripheral and central inflammation are the major hallmarks of
pain. The inflammation during pain was driven by the activation of
the immune cells, including T cells, macrophages, monocytes,
microglia, and astrocytes.36 The activation of the immune cells is
manifested by robust releases of inflammatory markers such as NO,
IL-6, TNF-a, bradykinin, prostaglandin, and many others.37 There-
fore, the reduction of the inflammatory markers contributes to the
improvement of the pain condition. In the present study, the effects
of CP extract on the activated macrophage and microglia cells were



Fig. 5. CP extract reduces inflammatory mediators (NO, TNF-a, and IL-6) in LPS-stimulated RAW 264.7 and BV-2 cells. Values are expressed as mean ± SD (n ¼ 3). ###p < 0.001,
vehicle vs. LPS group. *p < 0.05, **p < 0.01, ***p < 0.001, the groups treated with positive control or extract vs. LPS-treated groups. (0.5% DMSO). The differences were analyzed
using one-way ANOVA followed by Dunnett's post hoc test. CP, C. petasite extract; DEXA, dexamethasone; MNC, minocycline.
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Fig. 6. Spontaneous locomotor activity of mice after CP extract administration. Data are presented as the mean ± SEM (n ¼ 8), and differences between control and CP extracts were
analyzed by two-way ANOVA followed by the Bonferonni post hoc test. *p < 0.05; ***p < 0.001. VHC, 2% tween 80; CP extract, C. petasite extract 1200 mg/kg.
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investigated. The results demonstrated the significant effects of CP
extract in reducing NO, TNF-a, and IL-6 in both cells, which in-
dicates the potential role of CP extract in modulating immune cells.
The ability of the CP extract to suppress inflammatory responses in
the LPS -stimulated cells could be attributed due to the presence of
hispiludin in the extract, as previous studies reported that
89
hispiludin suppresses activated peripheral and central immune
cells.35,38 The ability of the CP extract to suppressproinflammatory
mediators could be the major contributing factor in reducing pain-
like behaviors in inflammatory pain models.

Several adverse events of analgesic drugs linked with their ef-
fects on the central nervous system have been reported.5e7 NSAIDs
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Fig. 8. Profiles of the well-being of mice after CP extract administration. The changes in body weight, food, and water intake were measured. Data are presented as the mean ± SEM
(n ¼ 8). VHC, 2% tween 80; CP extract, C. petasite extract 1200 mg/kg.

Fig. 9. Motor coordination of mice after CP extract administration. Data are presented
as the mean ± SEM (n ¼ 8). No significant differences were observed between 2% TW
80-treated and CP extract-treated mice. VHC, 2% tween 80; CP extract, C. petasite
extract.
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cause ataxia, disorientation, dizziness, dementia, recurrent falls,
seizures, and vertigo.7 Opioids promotemiosis, nausea, rigidity, and
vomiting.6 Gabapentinoids, including gabapentin and pregabalin,
cause sedation and dizziness.5 Therefore, it is important to inves-
tigate not only the analgesic potency but also the potential side
effects of candidate analgesic agents on the CNS. Several studies
evaluated the CNS safety pharmacology of herbal extracts,
including Alstonia scholaris (L.) R. Br leaves extract,11 Cassia occi-
dentalis Linn. Stem extract,12 and Plinia cauliflora fruit extract13,
using the highest therapeutic doses of the extract for the testing.
Here, we also evaluated the CNS safety pharmacology of CP extract
using the highest therapeutic dose in automated home cage
behavioral analysis LABORAS and rotarod test. Generally,
Fig. 7. Duration of home-cage behaviors of mice in automated home cage monitoring after
climbing, locomotion, immobility, and rearing throughout the day and night. Data are presen
CP extract, C. petasite extract 1200 mg/kg.
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assessments of safety pharmacology in the CNS were performed by
measuring general behavior, spontaneous locomotor activity, and
motor coordination.39 The use of the LABORAS for CNS safety
pharmacology has been validated and introduced previously.40 The
advantages of using LABORAS for the assessment of CNS safety
pharmacology are its ability to detect behaviors such as climbing,
rearing, walking, and immobility. Some of these behaviors are
useful to indicate CNS side effects in the clinical setting.41 In this
study, the spontaneous and general behaviors of mice were
assessed to characterize the sedative and CNS stimulative effects of
CP extract. Overall, the results demonstrated no significant effects
of the CP extract on spontaneous locomotor activity, general be-
haviors, well-being, and motor coordination of mice, indicating no
potential side effects of the CP extract on the CNS.

5. Conclusions

In conclusion, our findings demonstrate that CP extract exhibi-
ted antinociceptive and anti-inflammatory activities without any
potential CNS side effects. Although no potential CNS side effects of
the extract were observed with a single administration of the CP
extract, it is required to prove the CNS safety profile of CP extract
with chronic administration. In addition, future studies are
required to investigate the safety pharmacology of Clerodendrum
petasites S. Moore extract on cardiovascular and respiratory sys-
tems. The potential side effects at the cellular and mechanistic
levels are worthy of being investigated. Furthermore, assessing the
effects of the active ingredients in the CP extracts in numerous
animal models of pain, as well as its potential interactions (additive
or synergistic interactions), is warranted.
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