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Background: Stingless bee propolis is a popular traditional folk medicine and has been employed since ancient 
times. This study aimed to evaluate the antinociceptive activities of the chemical constituents of aqueous propolis 
extract (APE) collected by Trigona thoracica in a nociceptive model in mice.
Methods: The identification of chemical constituents of APE was performed using high-performance liquid 
chromatography (HPLC). Ninety-six male Swiss mice were administered APE (400 mg/kg, 1,000 mg/kg, and 
2,000 mg/kg) before developing nociceptive pain models. Then, the antinociceptive properties of each APE dose 
were evaluated in acetic acid-induced abdominal constriction, hot plate test, and formalin-induced paw licking 
test. Administration of normal saline, acetylsalicylic acid (ASA, 100 mg/kg, orally), and morphine (5 mg/kg, 
intraperitoneally) were used for the experiments.
Results: HPLC revealed that the APE from Trigona thoracica contained p-coumaric acid (R2 = 0.999) and caffeic acid 
(R2 = 0.998). Although all APE dosages showed inhibition of acetic acid-induced abdominal constriction, only 2,000 
mg/kg was comparable to the result of ASA (68.7% vs. 73.3%, respectively). In the hot plate test, only 2,000 mg/
kg of APE increased the latency time significantly compared to the control. In the formalin test, the durations of paw 
licking were significantly reduced at early and late phases in all APE groups with a decrease from 45.1% to 53.3%.
Conclusions: APE from Trigona thoracica, containing p-coumaric acid and caffeic acid, exhibited antinociceptive 
effects, which supports its potential use in targeting the prevention or reversal of central and peripheral sensitization 
that may produce clinical pain conditions.

Keywords: Analgesics; Bees; Caffeic Acid; Chromatography, High Pressure Liquid; Coumaric Acids; Nociceptive Pain; 
Pain Measurement; Polyphenols; Propolis.
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INTRODUCTION

Stingless bees are a monophyletic group of bees hibernat-
ing and pollinating in the tropical and subtropical regions 
[1,2]. They constitute about 500 species, known taxo-
nomically as the family Apidae, and their most common 
genera are Trigona, including Trigona (Geniotrigona) 
thoracica [3]. Among products derived from stingless 
bees, propolis has been broadly used since ancient times 
as dietary supplementation, oral care products, creams, 
and ointments to enhance anti-inflammatory, anti-
microbial, antioxidant, and immunomodulatory activi-
ties [4–8]. In particular, previous studies have focused on 
pharmacological properties of the phenolic compounds 
predominantly present in propolis from the stingless 
bees [8–11]. Although non-steroidal anti-inflammatory 
drugs (NSAIDs) and opioids have been the mainstream 
for anti-nociceptive analgesics in clinical practice [12,13], 
their use links to mild to severe adverse events from gas-
trointestinal disorder to psychologic addiction. Given 
that the naturally derived compounds from stingless 
bee’s propolis could be useful in various pharmacological 
activities, they have potential as new modern medicines, 
which could overcome adverse events from conventional 
analgesics. To date, the antinociceptive effects of propolis 
extracts from different species of bees have been studied 
in matters pertaining to accessible plants and cumula-
tive evidence has reported analgesic effects of propolis 
from various regions [14–16]. Chinese propolis extracts 
from Poplar sp. (populus sp.) enriched with polyphenolic 
constituents presented antinociceptive activities, which 
could be attributed to their antioxidant effects [16]. Bra-
zilian organic propolis from Apis mellifera suppressed the 
p38mitogen-activated protein kinase (MAPK) and p-JNK 
phosphorylation, as well as nuclear factor NF-κB activa-
tion in the murine macrophages cell line RAW264.7, sug-
gesting its anti-inflammatory potential [17]. Furthermore, 
the antinociceptive activity of such propolis has been 
reported in animal models in the acetic acid-induced 
abdominal constriction test, infrared hyperalgesia, and 
formalin-induced paw licking test [14,15,18].

Stingless bees are geographically specified, becoming 
essential factors in explaining the variety of chemical 
compositions of propolis. However, to the best of the au-
thors’ knowledge, no study has been carried out on the 
possible antinociceptive effects of propolis collected by 
Geniotrigona thoracica, since this species is an endemic 
species of stingless bee in Malaysia. Recent studies have 
revealed the pancreatoprotective and antimicrobial prop-
erties of propolis from Geniotrigona thoracica [19,20]. 

Therefore, in this study, the authors aimed to investigate 
the antinociceptive effects of aqueous propolis extracts 
(APE) from Geniotrigona thoracica in chemical and ther-
mal nociceptive animal models.

MATERIALS AND METHODS

1. Propolis samples collection

The fresh propolis samples produced by Trigona thorac-
ica were collected in November 2021 from Kuala Besut, 
Terengganu Darul Iman, Malaysia (N 05°45’16” E 102°37’ 
38”). The authentication of propolis from Geniotrigona 
thoracica stingless bee species was obtained from Fore-
cast Research and Institute Malaysia (FRIM), Kepong, 
Malaysia, with the reference number ENTO/2022/03. The 
propolis was stored at –20°C after being washed with tap 
water to remove dust and foreign particles.

2. Preparation of APE

The frozen propolis was ground into powder in a com-
mercial blender (Waring Commercial). Distilled water 
was used to extract the water compounds in propolis. It 
was prepared using distilled water from a Milli-Q Plus 
system (Millipore). Samples were repetitively changed for 
three days and filtered through Whatmann® No. 41 filter 
paper before lyophilization using a freeze dryer (Christ, 
GmbH). The dried brown APE was kept cool at –4°C. 
High-performance liquid chromatography UV spec-
trophotometer detector (HPLC-UV) (Shimadzu Corp.) 
analysis was carried out on a sample of this batch of APE 
and their retention time was considered with both caffeic 
acid (Lot no [#]: BCCF4731) and p-coumaric acid (Lot no 
[#]: SLCJ9012) reference standards. One percent dimethyl 
sulfoxide (DMSO) in distilled water was used to dissolve 
the APE and served as the vehicle used in the control 
group. The concentration of DMSO used is relatively low 
and has minimal impact on nociceptive or anti-nocicep-
tive responses [21].

3. Identification of phenolic acids

The identification of phenolic acids in the APE was per-
formed using the HPLC-UV, which was described in a 
previous study [22]. A chromatographic system compris-
es an LC unit with a UV-Vis spectrophotometer detector 
(SPD-10A), a degassing unit (DGU-20A5R), and a solvent 
delivery pump (LC-20AT). The reversed-phase separation 
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was performed on an Infinity Poroshell 120 EC-C18 4.6 
mm × 150 mm column, particle size 4 µm (Agilent Tech-
nologies). The UV detector was set at a wavelength of 300 
nm for detection of targeted standards. The column tem-
perature was operated at 40°C at 0.4 mL/min. The injec-
tion volume was 10 µL. A combination of mobile phase 
was composed of a mixture of solvents A (methanol:ace
tonitrile:deionized water) (Fisher Scientific) (40:5:55, v/
v) containing 0.1% formic acid (v/v) and solvents B (me
thanol:acetonitrile:deionized water) (Fisher Scientific) 
(80:5:15, v/v) containing 0.1% formic acid (v/v). A gradi-
ent method of the solvent B was used as follows: 0 to 2 
minutes, 8%; 2 to 4 minutes, 9%; 4 to 12 minutes, 10%; 12 
to 18 minutes, 19%; and 18 to 20 minutes, 100%. The mo-
bile phase was filtered using a filtration system followed 
by 15 minutes of sonication to degas the solvents in an 
ultrasonic bath before analysis. LC Solutions Software 
(Shimadzu Corp.) was used for peak integration, data 
acquisition, and calibrations. The calibration curves were 
performed in the range of 10–50 parts per million (ppm).

4. Drugs and chemicals

DMSO, all standards with purity > 98% of p-coumaric 
acid and caffeic acid, and acetylsalicylic acid (ASA, purity 
> 99.0%) were purchased from Sigma-Aldrich, Germany. 
Glacial acetic acid was procured from GmbH, Germany. 
Morphine sulphate was manufactured by Hameln, 
GmbH, Germany.

5. Experimental animals

The Animal and Plant Research Ethics Committee (UA-
PREC) Universiti Sultan Zainal Abidin evaluated and 
approved all animal experiments with permit number 
UAPREC/07/005. After obtaining the ethical approval, six 
male Albino Swiss mice (n = 6) aged four to seven weeks 
old (25–30 g) were randomly housed per cage for each 
treatment group at room temperature (24°C ± 2°C). The 
animals were maintained under standard environmental 
conditions (12-hr light/dark cycle) for seven days before 
the experiments began, and they were provided with free 
access to food and water supplied ad libitum. During ad 
libitum feeding, the mice were given drugs added to the 
water for a longer period whenever possible for ease of 
oral administration.

6. Acetic acid-induced abdominal constriction test

The acetic acid-induced abdominal constriction test was 

used to assess the antinociceptive potential of APE from 
Trigona thoracica, as described in detail in previous stud-
ies [23,24]. Briefly, mice (n = 6) were treated orally (p.o) 
with 1% DMSO in normal saline (10 mL/kg) as a control, 
ASA (100 mg/kg) as a positive control, or APE (400 mg/kg, 
1,000 mg/kg, and 2,000 mg/kg) in the test groups for 60 
minutes before the administration of the phlogistic agent 
(0.6%, acetic acid; intraperitoneal, i.p). The doses range 
for nociceptive study was determined from the reduction 
of the doses used in an acute toxicity study by Muhamad 
Suhaini et al. [25]. The cumulative number of abdominal 
constrictions observed was counted over 25 minutes, 
starting 5 minutes after the phlogistic agent injection. 
The percentage of inhibition of abdominal constrictions 
indicated the antinociceptive activity using the follow-
ing formula as the mean of [(control group – test group) / 
control group × 100%].

7. Hot plate test

The central antinociceptive potential of APE extract from 
Trigona thoracica was assessed using the hot plate test 
as previously described [23,24]. The untreated mice were 
placed on the metal hot plate (Bio-CHP; Bioseb) heated 
to 52.5°C ± 0.5°C to select animals with suitable latency of 
response (5–7 seconds) to the thermal-induced nocicep-
tive stimuli. The cut-off time of 20 seconds was chosen to 
avoid tissue injury. The selected mice (n = 6) were pre-
treated p.o with 1% DMSO in normal saline (10 mL/kg), 
APE (400, 1,000, and 2,000 mg/kg) as test groups, or mor-
phine sulfate (5 mg/kg, i.p) as a positive control for 60 
minutes prior to being subjected to the test. The latency 
to a discomfort reaction (licking hind paws and jumping) 
for all treated and control groups was recorded before 
and at 0, 60, 90, 120, 150, 180, and 210 minutes after the 
oral administration of the respective test solutions.

8. Formalin test

The peripheral and central antinociceptive potential of 
APE from Trigona thoracica was assessed using the for-
malin test following the previous description [23,24]. The 
mice were treated p.o with 1% DMSO in normal saline (10 
mL/kg) as a control, ASA (100 mg/kg) as a positive con-
trol, APE (400, 1,000, and 2,000 mg/kg) as test groups, or 
morphine (5 mg/kg, i.p) as a positive control for a periph-
erally- and centrally acting-analgesic for 60 minutes prior 
to the intraplantar injection of 5.0% (v/v) formalin (25 µL) 
into the region of the right hind paw. Immediately after 
the formalin injection, mice were individually placed in 
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a Perspex cage for observation. The time the mice spent 
licking the injected paw was recorded in two distinct 
phases: the early (0–5 minutes) and late (15–30 minutes) 
phases. The percentage of reduction in paw licking and 
biting time using the following formula as the mean of 
[(control group–test group) / control group × 100%].

9. Statistical analysis

Results were expressed as mean ± standard error as de-
scriptive statistics. For the acetic acid-induced abdomi-
nal constriction test and formalin-induced paw licking 
test, the mean differences between the APE (400, 1,000, 
and 2,000 mg/kg) and normal saline control group were 
compared and analyzed by 1-way ANOVA with Dunnett’s 
multiple comparisons tests. In contrast, the hot plate test 
used 2-way ANOVA with Dunnett’s multiple compari-
sons tests. Meanwhile, P values less than 0.05, 0.0001, 
and 0.00001 (P < 0.05, P < 0.0001, and P < 0.00001) were 
considered significant. GraphPad Prism 9.0 for Windows 
(GraphPad Software) was employed for data analysis.

RESULTS

1. HPLC analysis

A comparison between the chromatograms of the 
standard compounds and APE from Trigona thoracica 
revealed that samples contain p-coumaric acid and caf-
feic acid with concentrations of 0.385-1.713/100 mg and 

0.394-1.723/100 mg, respectively (Fig. 1). The regression 
equations used to determine p-coumaric acid and caffeic 
acid concentrations were y = 0.137 × (R2 = 0.999) and y = 
0.0315 × (R2 = 0.998), respectively.

2. Acetic acid-induced abdominal writhing test

In the acetic acid-induced abdominal constriction test, 
the oral administration of APE from Trigona thoracica 
at all doses (400 mg/kg, 1,000 mg/kg, and 2,000 mg/kg) 
presented significant inhibition of constrictions in acetic 
acid-induced mice. Their reductions (%) were 15.0%, 
17.0%, and 68.7%, respectively, compared to the normal 
saline injection (Fig. 2). Although the reduction in the 
number of writhes was detected in all APE dose groups, 
only 2,000 mg/kg of APE (68.7%) was comparable to the 
positive control with 100 mg/kg ASA (73.3%).

3. Hot plate test

Regarding the thermally-induced nociception in a hot 
plate test, APE at a high dose (2,000 mg/kg) caused a sig-
nificant effect in response latency time at the interval of 
60 minutes and 120 minutes (both P < 0.001) when com-
pared to the normal saline (Table 1). On the other hand, 
400 mg/kg and 1,000 mg/kg of APE did not prolong the 
response latency to the thermal stimulus throughout the 
timescale. Intraperitoneal morphine injection markedly 
decreased antinociceptive activity (P < 0.0001), which 
started at the interval of 60 minutes and was prolonged to 
the end of the experiment at 210 minutes.
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4. Formalin-induced paw licking test

All APE doses significantly reduced the paw licking and 
biting time (sec) when compared to the normal saline 
injection during the early and late phases (all P values 
were < 0.0001). However, the antinociceptive activities of 
all APE doses were not comparable to ASA and morphine 
injections at both early and late phases in the formalin-
induced paw licking test, which were 76.6% and 79.6% 
reductions during the early phase and 82.2% and 96.0% 
reductions during the late phase, respectively (Fig. 3).

DISCUSSION

Most of the compounds identified in propolis belong to 
flavonoids, quercetin, chrysin (5,7 dihydroxyflavone), and 
phenolic and caffeic acid derivatives, with various bio-
logical activities as free radical scavengers, antimicrobial, 
or antioxidant effects [4,26–30]. Meanwhile, in a previous 
study, ethanolic extracts of stingless bee propolis from 
India were reported to contain gallic acid, naringin, p-
coumaric acid, and kaempferol [28]. Among the phenolic 
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acids, caffeic acid and p-coumaric acid were the most 
common compounds identified in propolis [29], which 
were mainly detected in propolis from Trigona thoracica 
in the present study. Park et al. [31] noted that caffeic acid 
(3,4-dihydrocinnamic acid) exerted antinociceptive ac-
tivity when orally given to mice. The study revealed that 
the action of caffeic acid was potentially mediated via 
opioidergic receptors in a dose-dependent manner [31]. 
Therefore, although further in-vitro and in-vivo studies 
are necessary, the authors assumed that the antinocicep-
tive activity of APE from Trigona thoracica might involve 
an opioid analgesic pathway to some degree.

An intraperitoneal injection of irritants in mice illus-
trates the peripherally mediated nociceptive responses, 
which have been employed to screen analgesic activity 
[32,33]. Intraperitoneal injection of acetic acid provokes 
‘writhing’ characterized by abdominal contractions and 
ventral arching of the back and extension of the hind 
limbs in mice [32]. This behavior involves stimulation of 
the local peritoneal receptors on the surface of the cells 
lining the peritoneal cavity, in that acetic acid indirectly 
induces the release of endogenous substances, such as 
bradykinin, prostaglandins E2 (PGE2), histamine, and 
serotonin, into peritoneal fluids, which, in turn, are sensi-
tive to the analgesic effects of NSAIDs [34,35]. Previously, 
the antinociceptive effect of the aqueous fractions from 
ethanolic extract of propolis from Melipona scutellaria 
has been displayed in the same pain model [36]. In the 

present study, APE from Trigona thoracica successfully 
reduced the number of writhing motions in the acetic 
acid-induced abdominal constriction test. In particular, 
2,000 mg/kg of APE was comparable (68.7% reduction) 
to the result of ASA (73.3% reduction). Given that ASA 
promotes anti-inflammatory activity by inhibiting PG 
biosynthesis, a high-dose of APE may attenuate inflam-
matory-mediated peripheral nociceptive response as a 
peripherally acting analgesic [15]. However, other drugs 
such as antihistamines, neuroleptics, and adrenergic 
blockers could also inhibit the abdominal constriction 
responses in animal models, producing false positive re-
sults [33]. Therefore, additional investigation is necessary 
to verify the antinociceptive activity of APE extracts.

During the hot plate test, direct thermal stimulus elicits 
two behavioral parts in mice, paw licking and jumping, 
due to the reflex latency reaction towards the thermal 
stimulation of non-inflamed paws. In the present study, 
pre-treatment of a high dose APE from Trigona thoracica 
(2,000 mg/kg) prolonged the latency of discomfort toward 
the thermal stimuli. C- and Aδ nerve fibers are involved 
in the peripheral nociceptive response to thermal cutane-
ous stimuli. Besides, the hot plate test marks a centrally 
integrated response, which would be typically affected 
by opioids in the central pain pathway [32,34,35,37]. 
Therefore, these results suggest that the APE from Tri-
gona thoracica might affect the opioid receptors and sup-
press the C-fiber activity in both central and peripheral 
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pain pathways, at least during the 60- and 120-minutes 
observation period. In a previous study, any compound 
with a potential analgesic effect during the hot plate test 
tended to be classified as a strong analgesic [38]. Similar 
to the results in the authors’ study, Moroccan propolis 
successfully attenuated the hot plate test, suggesting that 
the antinociceptive-bearing bioactive compounds are 
presented in the water extract of Moroccan propolis [39]. 
Therefore, the APE extracts from Trigona thoracica acted 
with the same characteristics of the standard analgesic 
(i.e., morphine) with antinociceptive activity.

The formalin injection test assesses how the mice 
respond to pain generated by inflammatory mediators 
such as bradykinin, serotonin, and histamine [40,41]. It 
may provide more valid information related to clinical 
pain than the thermal stimuli test by direct tissue inflam-
mation [41]. The formalin injection test is comprised of 
two phases: 1) the early phase, resulting from the direct 
chemical nociceptive stimulation [40] and 2) the second 
phase, resulting from the amplification of inflammatory 
mediators [40]. These two distinct phases are utilized not 
only for elucidating the underlying pain mechanism but 
also for providing information on the effect of drugs on 
inflammatory- and non-inflammatory-mediated pain 
[41]. As proof, opioid analgesics as centrally acting drugs 
inhibited both phases equally, whereas NSAIDs as pe-
ripherally acting analgesics, by reducing prostaglandin 
production, attenuated the second phase alone [42]. 
Previously, Lima Cavendish et al. [18] verified the antino-
ciceptive effect of the hydroalcoholic extract from Brazil-
ian red propolis measured by the incidence of flinching 
in the formalin test. In the present study, all doses of APE 
from Trigona thoracica reduced the duration of biting or 
licking activities during the early and second phases of 
the formalin-induced nociception test. Nonetheless, their 
effects did not reach those of ASA and morphine. There-
fore, further studies are necessary regarding the potency 
of APE compared to conventional analgesics used in 
clinical practice.

There are several limitations in this study that remain 
to be explored. Given that both opioid and N-methyl-D-
aspartate (NMDA) receptors have been localized in both 
the dorsal horn of the spinal cord and brain stem in the 
modulation of acute pain responses. Additional experi-
ments are required to determine involvement of opioid 
receptors to further delineate the action mechanisms 
that lie behind these current findings. Although APE, as 
a crude extract, contains various types of bioactive com-
pounds, flavonoid-based compounds in part have been 
reported to demonstrate antinociceptive properties. It is 

in accordance with propolis extracts, which also showed 
that some minor compounds were suggested to be in-
volved in synergism effects when they are combined. The 
authors observed the appearance of paw edema between 
four and five hours after injection of formalin. However, 
the measurement of the neurochemistry of pain trans-
mission, such as prostaglandin, histamine and brady-
kinin levels in tissues, were not evaluated. In addition, 
natural propolis harvested from a specific geographical 
area does not reflect the actual propolis with specified 
characteristics features harvested in other places. Further 
studies are required to overcome the limitations of this 
study.

In conclusions, the present study provides evidence 
to establish an antinociceptive profile in APE from the 
Malaysian stingless bee Trigona thoracica, along with the 
identification of the chemical constituents of the samples. 
These results possess significant peripheral and central 
antinociceptive effects in mice models at specific doses 
of APE. Further research on the precise mechanism of 
action for APE extracts will be worthwhile. Compared to 
conventional medications, this study supports the poten-
tial use of propolis extract that targets the prevention or 
reversal of central and peripheral sensitization that may 
result from clinical pain conditions. In addition, the long-
term outcomes of the use of such natural extracts are 
encouraged for pragmatic adaptation of APE extracts in 
clinical practice.
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