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Abstract
Arbutus andrachne L. is a medicinal plant that grows in Jordan and has many valuable effects. In the present study, the 
anti-nociceptive effect of A. andrachne methanolic leaf extract was determined in mice using thermal and chemical tests. 
Our findings show that different doses of A. andrachne extract reduced the number of writhings significantly compared to 
control group. The leaf extract also reduced the time of paw licking in the early and late phases of formalin test. In all the 
conducted tests, 300 mg/kg body wt. was the best effective dose. A peroxisome proliferator-activated receptor alpha (PPARα) 
antagonist reversed the action of the plant extract in the early phase of formalin test while antagonists of the PPARα, PPAR 
gamma (PPARγ) and cannabinoid 1 (CB1) receptors were responsible for abolishing its effect in the late phase of this test. 
Also, the extract administration increased the latency time in hot plate and tail flick, an effect that was reversed by the 
antagonists of PPARγ, CB1 and transient receptor potential vanilloid 1 (TRPV1). No effect was noticed for α2-adrenergic 
receptor antagonist in the action of A. andrachne in any of the conducted tests in this study. Furthermore, analysis of the 
constituents in the methanolic leaf extract using liquid chromatography mass spectrometry (LCMS) showed that the extract 
is rich in compounds that have anti-nociceptive and/or anti-inflammatory effects such as arbutin, rutin, linalool, linoleic acid, 
gallic acid, lauric acid, myristic acid, hydroquinone, β-sitosterol, ursolic acid, isoquercetin, quercetin, (+)-gallocatechin, 
kaempferol, α-tocopherol, myricetin 3-O-rhamnoside and catechin gallate. In conclusion, A. andrachne showed promising 
anti-nociceptive effects in thermal and chemical models of pain. These findings can open an avenue for natural pain relief.
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Introduction

Pain is one of the major health problems that cause serious 
economic and social burdens (Cazacu et al. 2015). Unfor-
tunately, many of the available analgesics have side effects, 
(Cazacu et al. 2015). This fact impels the need to find safer 
therapeutics and explore their mechanism of action. Several 
medicinal plants have effective analgesic properties and are 
considered promising drug candidates (de Cássia da Sil-
veira et al. 2017). According to Oran (2014), there are 363 
medicinal plants in Jordan. Exploring the pharmacological 
effects of many of these plants and their constituents can 

open a gate towards finding powerful analgesics. Arbutus 
andrachne L. is a flowering tree that belongs to the family 
Ericaceae (Oran 2015) and to the sub-family Arbutoideae 
(Tenuta et al. 2018). The plant has other common names 
including Eastern or Greek strawberry tree and is known 
as “Qaiqab or Qatlab” in Arabic (Oran 2015). In Jordan, it 
grows in Jarash, Ajloun and Irbid areas, particularly in the 
mountains that have 900–1700 m altitude (Oran 2015). It is 
an edible plant that has many uses in traditional medicine 
(Oran 2015). Nutritionally, the fruits are rich in many acids 
and sugars including malic acid, fumaric acid, fructose, 
glucose and sucrose (Seker and Toplu 2010). Experimen-
tally, it was found that the plant has anti-proliferative (Abu-
Dahab and Afifi 2007), anti-inflammatory, antimicrobial 
(Amro et al. 2013), anti-malarial (Kaisera et al. 2007), anti-
oxidant, antibiotic, anti-cancer and anti-hypertensive effects 
(Okmen 2015; Baskan et al. 2019). Also, the plant showed 
hypolipidaemic, hypoglycaemic protective effects in diabetic 
rats (Abu-zaiton et al. 2019) and immunological defensive 
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effects related to changes in the number of white blood cells 
(WBCs) in rats (Atrooz et al. 2007). Despite the numerous 
studies that investigated the effects of A. andrachne, the ther-
apeutic effects of this plant are not fully determined. None of 
the previous studies, to the best of our knowledge, explored 
the anti-nociceptive effect of A. andrachne. Therefore, the 
aim of this study was to assess the anti-nociceptive effect 
of A. andrachne and the receptors involved in its action in 
different pain models. The studied receptors included per-
oxisome proliferator-activated receptors alpha and gamma 
(PPARα and γ) (Alsalem et al. 2019b), cannabinoid recep-
tor 1 (CB1) (Alsalem et al. 2019a) and transient receptor 
potential vanilloid 1 (TRPV1) (Julius and Basbaum 2001). 
The choice of these receptors was based on their involvement 
in pain relief in different pain models. PPARs are nuclear 
hormone receptors that have α, β and γ isoforms with dif-
ferent tissue distribution in vertebrates (O’Sullivan 2016). 
PPARs are involved in adipogenesis, cardiovascular, gastro-
intestinal, anti-inflammatory, anti-diabetic, analgesic, anti-
cancer, metabolic and neuroprotective effects (O’Sullivan 
2016; Costa et al. 2008). These receptors exert their effects 
via the transcription of certain genes (genomic) or through 
quick non-genomic pathways (Berger and Moller 2002). On 
the other hand, CB receptors are G protein coupled receptors 
(GPCRs) and are considered targets for endocannabinoids as 
well as many analgesic drugs (Donvito et al. 2018). Russo 
et al. (2007) reported a synergistic effect between endocan-
nabinoids and PPARα receptor in the formalin paw licking 
test, an effect mediated by the large conductance potas-
sium channel that is activated by PPARα receptor signal-
ing pathway cascade and is important in neuronal excitation 
(Scholz et al. 1998). Moreover, the activation of PPARs (in 
particular PPARα and PPARγ) by cannabinoids was reported 
to be responsible for the analgesic and anti-inflammatory 
activities of PPARs (O’Sullivan 2016). Another important 
receptor in pain is TRPV1 which is a non-selective cation 
channel activated by capsaicin, heat and other mediators that 
play a key role in the processing of pain (Julius and Bas-
baum 2001). It has been reported that there is a crosstalk 
between this channel and many receptors that are involved 
in pain such as PPARα (Ambrosino et al. 2014), PPARγ and 
CB1 receptors (Costa et al. 2008) in an indication that these 
receptors are vital targets for alleviating pain.

Materials and methods

Drugs

GW6471, GW9662, SR141716A, capsazepine, naloxone 
and yohimbine were purchased from Tocris Bioscience, UK. 
Diclofenac sodium was from Novartis, Switzerland. Tab-
lets of morphine sulfate were from Napp Pharmaceuticals 

(Cambridge). The stocks of drugs (except naloxone, yohim-
bine and morphine) were initially dissolved in absolute 
ethanol (10  mM capsazepine, 1  mM capsaicin, 1  mM 
SR141716A, 24 mM GW9662, 20 mM GW6471).

Yohimbine, naloxone and morphine were directly dis-
solved in saline. All drugs were freshly prepared (from the 
stock) before use and were diluted in sterile saline.

Collection and identification of plant specimens

The leaves of A. andrachne were collected from Jarash, Jor-
dan in March 2019. The plant was authenticated by Prof. 
Sawsan Oran, a plant taxonomist, Department of Biological 
Sciences, University of Jordan, Amman, Jordan. A voucher 
specimen was deposited at the herbarium, Department of 
Biological Sciences at the University of Jordan.

Preparation of methanolic extract of A. andrachne 
leaves

The leaves of A. andrachne were washed, dried and ground 
with a blender. A 100-g sample of the dried leaves was 
soaked in 1000 ml methanol (10:1 v/w ratio) for 3 days with 
continuous shaking at room temperature (Pandey and Trip-
athi 2014). After filtration, a rotary evaporator was used to 
evaporate the solution at 45 °C under reduced pressure. The 
methanolic extract was prepared using successive extrac-
tions. The extract was weighed to calculate the percentage 
yield using the following equation: Yield% = (wt. of dry 
extract/wt. of dry leaves before extraction) × 100%. The 
extract was kept at − 20 °C in an airtight container.

Liquid chromatography–mass spectrometry (LCMS)

LCMS analysis was done using a gradient of solvents A and 
B as a mobile phase; solvent A is 0.1% (v/v) formic acid 
dissolved in water and solvent B is 0.1% (v/v) formic acid 
dissolved in acetonitrile. The analysis was conducted using 
the following experimental parameters: Agilent Zorbax 
Eclipse XDB-C18 column (2.1 × 150 mm × 3.5 μm), 25 °C, 
1 μl injection volume and 18 mg sample/ml methanol. SIL-
30AC autosampler with cooler, Shimadzu CBM-20A sys-
tem controller, LC-30AD pump and CTO-30 column oven 
were used to inject the plant extract into the mass detec-
tor. The eluent was monitored under positive ion mode by 
Shimadzu LC–MS 8030, electrospray ion mass spectrom-
eter (ESI–MS), skimmer 65 V and a fragmentor voltage of 
125 V. Nitrogen gas with 99.99% purity and 10 L/min flow 
rate was used as a drying gas. In addition, 45 lb per square 
inch (psi) nebulizer and 350 °C capillary temperature were 
used in this part of the experiments. After that, the eluent 
was scanned from 100 to 1000 m/z. The results were vali-
dated by authentic standard compounds.
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Animals

All experiments were conducted in accordance with the 
guidelines of the International Association for the Study 
of Pain (IASP) for use of animals in research and were 
approved by the animal ethics committee at the University 
of Jordan (approval number 235/2020/19). Male BALB/c 
mice (25–30 g) were used in all experiments including tail 
flick, hot plate, formalin-induced paw licking and acetic acid 
induced-writhing tests. The animals were kept in the animal 
house at the University of Jordan in an air-controlled room 
with a cycle of 12 h light and 12 h dark. Food pellets and 
water were provided ad libitum. The animals were allowed 
to adapt to the conditions of the experimental room before 
conducting the experiments.

Acetic acid‑induced writhing test

The mice were divided into control and treated groups. Each 
group had eight animals. Different doses of the plant extract 
(150, 300 or 600 mg/kg body wt.) were used in the writhing 
test. The positive control group received 30 mg/kg body wt. 
diclofenac sodium whereas the control group received nor-
mal saline. All injections were intraperitoneal (i.p.). The ani-
mals received i.p. injection of 1% acetic acid (10 ml/kg body 
wt.) 30 min after the injection of vehicle, plant extract or 
diclofenac sodium. Ten minutes later, the number of writhes 
was counted and was compared to control group. Abdominal 
muscle contraction with elongation of the body and the hind 
limbs was considered a writhe (Jaffal and Abbas 2018).

Tail immersion (tail flick) test

The animals were divided into different groups. The effect of 
150, 300 or 600 mg/kg body wt. A. andrachne (i.p.) on tail 
flick was examined. In the positive control group, the ani-
mals received 10 mg/kg body wt. morphine while the control 
group received normal saline. Another group received 5 mg/
kg body wt. naloxone then morphine (30 min after nalox-
one injection). Tail flick was conducted 1 h after the admin-
istration of A. andrachne extract. The test was performed 
by immersing 5 cm of the tail of every mouse in hot water 
(55 ± 0.5 °C). The time between immersing the tail and the 
reflex of withdrawing it was recorded with a stopwatch. A 
cut-off time of 15 s was used to prevent tissue damage (Jaffal 
and Abbas 2018). The dose of 300 mg/kg body wt. was cho-
sen to determine the mechanism of action of the plant extract 
by using different antagonists, namely 0.1 mg/kg body wt. 
SR141716A (a selective CB1 antagonist), 1 mg/kg body wt. 
yohimbine (a selective α2-adrenoceptor antagonist), 0.1 mg/
kg body wt. capsazepine (a selective TRPV1 antagonist), 
1 mg/kg body wt. GW6471 (a selective PPARα antago-
nist) and 1 mg/kg body wt. GW9662 (a selective PPARγ 

antagonist). The antagonists were administered (i.p.) 30 min 
before the treatment with A. andrachne extract.

Hot plate test

The hot plate test was performed in mice divided into dif-
ferent groups. Three doses of A. andrachne (150, 300 or 
600 mg/kg body wt., i.p.) were used in the experiment. The 
control group received normal saline. The positive con-
trol group received 10 mg/kg body wt. morphine. Another 
group received i.p. injection of 5 mg/kg body wt. nalox-
one then morphine. The effective dose of the leaf extract 
(300 mg/kg body wt.) was chosen to assess the receptors 
that are involved in the action of the leaf extract. The ani-
mals received i.p. injection of different antagonists. The 
antagonists, doses and method of treatments were similar 
to what was used in the previous experimental section. Half 
an hour later, A. andrachne extract was administered (i.p.). 
The hot plate test was conducted 60 min after the injection 
of vehicle or A. andrachne extract. To perform the experi-
ment, the animals were placed individually on electronic hot 
plate maintained at 55 ± 2.0 °C. The reaction time starting 
from placing the animal on the hot plate till its jump was 
recorded. A cut-off time of 60 s was used to prevent tissue 
damage (Jaffal and Abbas 2018).

Formalin‑induced paw licking test

The animals received different doses of A. andrachne extract 
(150, 300 or 600 mg/kg body wt., i.p.). The control group 
received normal saline. Positive control groups received 
10 mg/kg body wt. morphine or naloxone (5 mg/kg body 
wt.)/morphine. Mice were treated with different antago-
nists (as mentioned in the previous experimental sections) 
30 min before the administration of 300 mg/kg body wt. 
A. andrachne extract (Jaffal and Abbas 2018). The formalin 
test was conducted according to Janssen (1963). In brief, the 
animals received intraplantar (ipl) injection of 2.5% formalin 
(20 µl per paw) after different treatments. The time of lick-
ing the injected paw (in seconds) was recorded at 0–5 min 
(early phase) and at 25–30 min (late phase) after formalin 
injection.

Statistical analysis

Data was presented as mean ± SEM. The normality test was 
conducted for all groups using Shapiro–Wilk test. The statis-
tical significance of difference between groups was assessed 
by one-way analysis of variance (ANOVA) followed by a 
suitable post hoc test (Dunnett’s test or Fisher’s least sig-
nificant difference, LSD) using GraphPad Prism version 7. 
p < 0.05 was considered significant.
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Results

In this study, the anti-nociceptive effect of A. andrachne 
was characterized in thermal (hot plate test, tail flick test) 
and chemical (formalin paw licking-induced test, acetic 
acid induced-writhing test) pain models. Different doses 
of A. andrachne extract were i.p. injected into the animals. 

Figure 1 shows the number of writhings in the groups that 
received the three doses of methanolic leaf extract. All three 
doses reduced the number of writhes significantly compared 
to control group. A remarkable decrease in the number 
of writhes occurred in the animals that received 150 and 
300 mg/kg body wt. doses of A. andrachne extract. This 
effect was better than the anti-nociceptive effect exerted by 
the positive control group treated with 30 mg/kg body wt. 
diclofenac sodium.

The effect of methanolic leaf extract (at 3 doses) on the 
early and late phases of formalin test was determined. All 
doses reduced paw licking in the early phase of the formalin 
test compared to the vehicle-treated group (Fig. 2). Interest-
ingly, only the dose of 300 mg/kg body wt. A. andrachne 
extract reduced paw licking significantly compared to con-
trol group in the late phase of formalin-induced paw lick-
ing test (Fig. 3). The lowest and the highest used doses of 
A. andrachne extract did not exert significant anti-nocicep-
tive effect in the late phase of this test. Accordingly, 300 mg/
kg body wt. A. andrachne extract was chosen to assess its 
mechanism of action using different antagonists.

The reduction in the time of paw licking exerted by 
300 mg/kg body wt. A. andrachne in the early phase of the 
formalin test was reversed by the use of selective PPARα 
antagonist (1 mg/kg body wt. GW6471). In the late phase of 
formalin test, the antagonists of PPARα, PPARγ receptors 
(1 mg/kg body wt. GW9662) and CB1 receptors (0.1 mg/kg 
body wt. SR141716A) reduced the effect of 300 mg/kg body 
wt. A. andrachne. No effect was found for capsazepine (a 
TRPV1 antagonist) or yohimbine (an α2-adrenergic receptor 

Fig. 1   Effect of A. andrachne extract on acetic acid induced-writhing 
test. Data are presented as mean ± SEM, n = 8. *Significant compared 
to control group, p < 0.05. One-way ANOVA followed by Dunnett’s 
post hoc test

Fig. 2   Effect of A. andrachne 
extract on the early phase of 
formalin test. Data presented as 
mean ± SEM, n = 8. *Sig-
nificant compared to control 
group, #significant compared to 
A. andrachne (300 mg/kg body 
wt.), &significant compared 
to morphine-treated group, 
p < 0.05. One-way ANOVA fol-
lowed by LSD post hoc test
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antagonist) in the action of A. andrachne in either phase of 
the formalin test.

In thermal tests, the three doses of A. andrachne extract 
increased the time during which the animal spent on the 
hot plate (Fig. 4) while only the dose of 300 mg/kg body 
wt. A. andrachne demonstrated significant effect in the 
tail flick immersion test (Fig. 5). Our results prove that the 

i.p. injection of 300 mg/kg body wt. A. andrachne extract 
showed the best anti-nociceptive effect in thermal tests com-
pared to other doses (150 and 600 mg/kg body wt.). As a 
result, this dose was used to assess the receptors involved 
in its action. The action of the leaf extract in hot plate and 
tail flick tests was reversed by the antagonists of PPARγ, 
CB1 and TRPV1 receptors, indicating the involvement of 

Fig. 3   Effect of A. andrachne 
extract on the late phase 
of formalin test. Data pre-
sented as mean ± SEM, 
n = 8 except the groups of 
capsazepine/A. andrachne and 
naloxone/morphine in which 
n = 7. *Significant compared to 
control group, #significant com-
pared to A. andrachne (300 mg/
kg body wt.), &significant 
compared to morphine-treated 
group, p < 0.05. One-way 
ANOVA followed by LSD post 
hoc test

Fig. 4   Effect of A. andrachne 
extract on hot plate test. Data 
presented as mean ± SEM, 
n = 8 except the groups of 
yohimbine/A. andrachne and 
SR141716A/A. andrachne 
in which n = 7. *Significant 
compared to control group, 
#significant compared to 
A. andrachne (300 mg/kg body 
wt.), &significant compared 
to morphine-treated group, 
p < 0.05. One-way ANOVA fol-
lowed by LSD post hoc test
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these receptors in the mechanism of action of A. andrachne 
leaf extract in thermal tests. No inhibition was detected for 
α2-adrenergic receptor or PPARα antagonists in the effect 
of the plant extract in this part of the experiment. The active 
constituents in A. andrachne methanolic leaf extract were 
identified using LCMS. As shown in Table 1, arbutin is the 
main constituent and represents 27.8%. α-Tocopherol (a 

form of vitamin E) is the second most abundant ingredi-
ent in A. andrachne leaf extract (representing 9.5%). Other 
constituents were also detected at different percentages as 
presented in the table.

Discussion

Medicinal plants are promising sources for finding anal-
gesics with fewer side effects (de Cássia da Silveira et al. 
2017). However, the complete value of several plants has 
not yet been explored. A. andrachne is one of the medic-
inal plants growing in Jordan. The effect of this plant in 
pain relief was not studied previously. This study showed a 
strong anti-nociceptive effect of A. andrachne leaf extract in 
murine models of pain including hot plate, tail flick, acetic 
acid induced-writhing and formalin-induced paw licking 
tests. The plant extract in different tests did not show a dose-
related response. The lack of the dose-dependent response 
can be attributed to the fast clearance of the low dose or its 
weak affinity to activate the key receptors that are involved 
in this response (Andersen 1981). On the other hand, the 
lack of response in the groups treated with the higher dose 
can be due to a pharmacokinetic mechanism of excretion to 
avoid toxicity in the body of the animal (Andersen 1981) or 
to off-target effects.

In formalin test, the plant extract showed strong inhibi-
tion of paw licking in the early phase and this effect was 
reversed by GW6471 (a PPARα antagonist). The early phase 
represents nociceptive pain resulting from the stimulation 
of peripheral nerve fibres (Julius and Basbaum 2001). In 

Fig. 5   Effect of A. andrachne 
extract on tail flick test. Data 
presented as mean ± SEM, n = 8 
except the group of 150 mg/
kg A. andrachne in which 
n = 7. *Significant compared to 
control group, #significant com-
pared to A. andrachne (300 mg/
kg body wt.), &significant 
compared to morphine-treated 
group, p < 0.05. One-way 
ANOVA followed by LSD post 
hoc test

Table 1   Chemical constituents of A. andrachne identified by LCMS

No. Compound Chemical struc-
ture

Molecular weight %

1 Linalool C10H18O 154.253 4.8
2 Lauric acid C12H24O2 200.317 4.7
3 Myristic acid C14H28O2 228.370 3.8
4 Linoleic acid C18H32O2 280.447 3.9
5 Rutin C27H30O16 610.521 5.4
6 Arbutin C12H16O7 272.250 27.8
7 Hydroquinone C6H6O2 110.110 6.7
8 β-Sitosterol C29H50O 414.710 3.5
9 Ursolic acid C30H48O3 456.700 2.8
10 Isoquercetin C21H20O12 464.095 2.2
11 Myricetin-3-O-α-

l-rhamnosides
C21H19O12 464.400 4.1

12 Quercetin C15H10O7 302.235 3.3
13 Gallic acid C7H6O5 170.119 4.4
14 (+)-Gallocatechin C15H14O7 306.270 3.5
15 Kaempferol C15H10O7 286.236 5.3
16 Catechin gallate C22H18O10 442.400 4.9
17 α-Tocopherol C29H50O2 430.710 9.5
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agreement with our results, LoVerme et al. (2006) reported 
the involvement of PPARα receptor in peripheral pain. 
Moreover, the i.p. injection of A. andrachne diminished the 
number of paw lickings in the late phase of the formalin 
test that represents inflammatory pain (Julius and Basbaum 
2001). This effect was abolished by pre-treating the animals 
with CB1, PPARα and PPARγ antagonists. Notably, PPARγ 
receptor is widely expressed in dorsal root ganglia (DRGs) 
and the dorsal horn of the spinal cord (Moreno et al. 2004) 
and is one of the receptors to which many non-steroidal 
anti-inflammatory drugs (NSAIDs) bind to (Lehmann et al. 
1997). This finding may explain the involvement of PPARγ 
receptor in the effect of A. andrachne in the late, but not 
the early phase of the formalin test. Additionally, the role 
of endocannabinoids in the interaction between inflamma-
tory mediators and cytokines can explain the involvement of 
CB1 in the mechanism of the plant extract in the late phase 
(Donvito et al. 2018). In addition to PPARγ receptor, PPARα 
receptor was involved in the anti-nociceptive effect of ibu-
profen (Alsalem et al. 2016). On the other hand, our findings 
indicate that the anti-nociceptive effect of A. andrachne in 
thermal tests (hot plate and tail flick tests) was inhibited 
by pre-injecting the animals with PPARγ, CB1 and TRPV1 
antagonists. The reversal of A. andrachne action by the 
CB1 antagonist (SR141716A) indicates the involvement of 
this receptor in the action of the plant extract, raising the 
possibility that the administration of the extract mediates 
entourage effects (Ben-Shabat et al. 1998). In more detail, 
the mixture of constituents in the leaf extract may stimulate 
the release of endocannabinoids such as 2-arachidonoylg-
lycerol (2-AG) or arachidonoylethanolamine (anandamide; 
AEA). These endocannabinoids are known to stimulate 
CB1, PPARs and TRPV1 receptors (Donvito et al. 2018). 
The activation can be direct or indirect through the inhibi-
tion or deactivation of certain enzymes responsible for the 
hydrolysis of endocannabinoids such as fatty acid amide 
hydrolase (FAAH) and monoacylglycerol lipase (MAGL) 
(Donvito et al. 2018), leading to increase in the levels of 
endocannabinoids and their analgesic effects. Accordingly, 
it is possible that the administration of A. andrachne extract 
reduces the levels of inflammatory mediators as well as ara-
chidonic acid accompanying the inhibition of MAGL (Don-
vito et al. 2018) or enhances the anti-inflammatory cytokines 
associated with cannabinoid production (Cabral and Griffin-
Thomas 2009). Starowicz et al. (2013) reported other evi-
dence for this possibility; they showed that the increase in 
spinal AEA (mediated by FAAH inhibition of its hydrolysis) 
decreased neuropathic pain in rats by acting at TRPV1 and 
CB1 receptors. Interestingly, the ingredients identified in 
A. andrachne can provide a line of evidence that supports 
this finding. For example, kaempferol is a flavonoid that 
demonstrated anti-nociceptive and anti-inflammatory effects 
in writhing and croton oil-induced oedema tests, respectively 

(De Melo et al. 2009). This flavonoid led to PPARγ activa-
tion in a reporter assay and cyclooxygenase inhibition in 
macrophages (Liang et al. 2001). It also inhibits FAAH and 
therefore augments the levels of endocannabinoids (Thors 
et al. 2008). Furthermore, it is worthy to comment that the 
intracerebroventricular (icv) injection of kaempferol led to 
pain alleviation in rats in a mechanism that involves TRPV1 
receptors (Zarei et al. 2020). Additionally, there is emerg-
ing evidence that cannabinoids can activate PPAR receptors 
(O’Sullivan 2016). Kaczocha et al. (2009) showed that fatty 
acid binding proteins (FABPs) transport endocannabinoids 
to PPARα receptor in the nucleus and mediate their effects. 
The anti-inflammatory and neuroprotective effect of can-
nabinoids were also dependent on PPARγ receptor (Esposito 
et al. 2011) while the analgesic effect of palmitoylethanola-
mide (PEA) was inhibited by using PPARα (LoVerme et al. 
2006) and TRPV1 antagonists (Ambrosino et al. 2014). On 
the other hand, the use of PPARα agonists led to the activa-
tion and desensitization of TRPV1, demonstrated by patch 
clamp in Chinese hamster ovary (CHO) cells (Ambrosino 
et al. 2014). PPARα and PPARγ receptors were also involved 
in the anti-nociceptive effect of ibuprofen in hot plate and 
von Frey tests in rats (Alsalem et al. 2016). A crosstalk  
between PPARα and TRPV1 receptors was reported by 
Ambrosino et al. (2014). This interaction was also revealed 
in a model of complete Freund’s adjuvant (CFA)-induced 
inflammatory pain and calcium imaging studies (Aldossary 
et al. 2019).

In DRG neurons, other researches proved that PPARα 
receptor inhibits the acid-sensing ion channel (ASICs) 
which is a sensor for extracellular protons, a key activator for 
TRPV1 (Ambrosino et al. 2014). As an additional evidence 
for the relation between PPARs and TRPV1 receptors, it was 
shown that applying tesaglitazar (a dual PPAR agonist) to 
DRG neurons prior to capsaicin decreased capsaicin-induced 
cobalt influx (Alsalem et al. 2019b). Moreover, the chemical 
constituents in A. andrachne were determined using LCMS. 
Some ingredients were similar to the components that were 
analysed in A. andrachne leaves collected from Turkey, such 
as myricetin-3-O-α-l-rhamnosides, quercetin, kaempferol 
and (+)-gallocatechin (Nahrstedt 1992). Many of the con-
stituents identified in A. andrachne proved to be effective in 
reducing pain and exert their effects via one or more of the 
receptors that were assessed in our study: PPARs, CB1 and 
TRPV1 receptors. Although arbutin is the main constituent 
in this plant, there is no evidence in the literature to sup-
port interaction between arbutin and CB1, PPARs or TRPV1 
receptors. However, earlier reports showed several findings 
regarding the involvement of α-tocopherol in analgesia and 
inflammation and can justify the effect of A. andrachne in 
this study. In more detail, α-tocopherol is a naturally occur-
ring antioxidant that showed anti-inflammatory and anal-
gesic effects in neuropathic pain, formalin and writhing 
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tests (Juaira et al. 2018; Chen et al. 1998; Kim et al. 2006). 
Also, it was reported that it interacts with cannabinoids in 
rat hippocampus (Crouzin et al. 2011) and with TRPV1 
in neuroprotection (Crouzin et al. 2010). Furthermore, it 
was found that α-tocopherol upregulated the expression of 
PPARγ mRNA and protein in colon cancer cells (Campbell 
et al. 2003). In addition, the oral gavage of d-α-tocopherol 
improved insulin resistance, triglyceride levels and oxida-
tive stress via influencing the expression of PPARγ and α in 
male mice fed with high fat diet (Kim et al. 2013). Another 
constituent that was detected in A. andrachne is gallic acid 
which demonstrated anti-nociceptive activity (Trevisan 
et al. 2014). Administration of gallic acid extracted from 
Emblica officinalis showed anti-diabetic potential by increas-
ing the expression of PPARγ (Variya et al. 2019). Also, cat-
echin gallate was listed among the ingredients identified by 
LCMS. An isomer of catechin gallate (named epicatechin 
gallate) exhibited an anti-nociceptive effects in hot plate 
and writhing tests in mice and anti-inflammatory effects 
in carrageenan-induced paw oedema model (Al-Sayed and 
Abdel-Daim 2018). In addition, epicatechin gallate activated 
nitric oxide synthase in endothelial cells through TRPV1 
(Guo et al. 2015). Epicatechin gallate extracted from green 
tea binds to CB receptors (in particular CB1) in the cen-
tral nervous system (Korte et al. 2009) and PPARγ receptor 
(Wu et al. 2017). Rutin (also named quercetin-3-rutinoside, 
sophorin, vitamin P or rutoside) is also a component that 
was identified in the analysis of A. andrachne leaf extract. 
Rutin is a flavonoid glycoside that has antioxidative, neuro-
protective, analgesic and anti-depressant effects, particularly 
by the upregulation of CB1 cannabinoid receptor-interacting 
protein 1 (Ganeshpurkar and Saluja 2017; Su et al. 2014). 
Linalool is an aromatic monoterpene that exists in many 
plants, herbs and tea (Peana et al. 2003) and in A. andrachne 
as shown in Table 1. Linalool demonstrated anti-nociceptive 
activity in hot plate, formalin and writhing tests in mice as 
well as anti-inflammatory effect (Peana et al. 2003; Quin-
tans-Júnior et al. 2013). Also, linalool induced fatty acid 
oxidation in mice through silencing PPARα expression (Jun 
et al. 2014).

Additionally, other compounds were determined in 
A. andrachne such as kaempferol, lauric acid, myristic 
acid, ursolic acid, hydroquinone, β-sitosterol, quercetin, 
and myricetin. Lauric acid and myristic acid are fatty acids 
that mediate their activities through PPARα transactiva-
tion (Popeijus et al. 2014). Ursolic acid is a plant triterpe-
noid and a PPARα agonist that exhibited anti-nociceptive 
and anti-inflammatory activities (Tapondjou et al. 2003). It 
binds strongly to CB1 receptor and has a potent inhibitory 
activity against TRPV1 (Jia et al. 2011; Milad et al. 2017; 
Zhang et al. 2011). Moreover, hydroquinone is a sesquiter-
pene which has analgesic and anti-inflammatory activities 
(Fawad et al. 2018). Previous studies revealed the binding 

affinity of hydroquinone, quercetin and β-sitosterol to 
PPARγ receptor (Ahmed and Alkali 2018; Shashni et al. 
2013). In an in vivo study, quercetin alleviated algesia 
by blocking TRPV1 activity (Gao et al. 2016). Quercetin 
also upregulated CB1 in a model of induced colon cancer 
(Tutino et al. 2018). On the other hand, rutin and isoquer-
cetin were the ingredients responsible for the anti-nocice-
ptive action of mulberries (Chen et al. 2018). Isoquercetin 
was found to enhance the protein expression of PPARα in a 
rat model of induced nonalcoholic fatty liver disease (Qin 
et al. 2018). Furthermore, Nirmal et al. (2012) reported the 
analgesic and anti-inflammatory activities of β-sitosterol 
isolated from Nyctanthes arbortristis leaves. Additionally, 
Tong et al. (2009) have shown significant analgesic activ-
ity of myricetin isolated from Myrica rubra in writhing 
and formalin-induced paw licking tests. Patwardhan et al. 
(2010) found that the metabolites of oxidized linoleic acid 
(namely 9- and 13-hydroxyoctadecadienoic acid, 9- and 
13-HODE) resulting from exposure to noxious heat acti-
vate TRPV1 in the skin of mice and rats. Linoleic acid 
ameliorated colitis through activation of PPARγ receptor 
in a model of inflammatory bowel disease (Bassaganya-
Riera et al. 2004). The effect of linoleic acid on CB recep-
tors was indirect through increasing the levels of 2-AG 
and anandamide endocannabinoids (Alvheim et al. 2013).

Conclusions

The data obtained from this research prove the strong anti-
nociceptive effect of A. andrachne in thermal and chemi-
cal pain models. The mode of action of the leaf extract 
included important receptors in pain pathways such as 
PPARα, PPARγ, CB1 and TRPV1 receptors. The analysis 
of the constituents in the leaf extract strongly justified our 
findings, as the plant is rich in many ingredients that pro-
vide pain relief in different tests. Linalool, α-tocopherol, 
lauric acid, myristic acid, ursolic acid and isoquercetin 
are known to activate and/or upregulate PPARα recep-
tor while linalool, α-tocopherol, gallic acid, kaempferol, 
hydroquinone and linoleic acid stimulate and/or upregu-
late PPARγ receptor. CB1 can be activated/upregulated 
by α-tocopherol, rutin, ursolic acid, quercetin and lin-
oleic acid. Linalool, α-tocopherol, ursolic acid, quercetin 
and linoleic acid affect TRPV1. Accordingly, crosstalk 
between these receptors is expected. These findings are 
promising and can open a gate towards developing new 
analgesics.
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