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Background: Postoperative pain remains a major clinical problem as there are limited
analgesic strategies that have been proven to be effective in preventing and relieving this
type of pain. Natural products, including flavonoids, have distinct pharmacological properties
and play an important role in the discovery of analgesic drugs.

Materials and Methods: In this
7-O-rutinoside), which is the main flavonoid in lemon fruit (Citrus limon), was

study, the flavonoid eriocitrin (eriodictyol
mechanistically investigated for its prospective antinociceptive effect in a mouse
model of postoperative pain. The antinociceptive property was evaluated by utilizing
both tonic (acetic acid-induced writhing behavior) and phasic (hot-plate) nociception
modalities. The hindpaw incisional surgery was performed and hyperalgesia was
assessed using von Frey filaments.

Results: The tested doses of eriocitrin significantly attenuated (P<0.01, P<0.001) the
chemically-induced tonic visceral nociception (5, 10, 15, and 30 mg/kg) and acute phasic
thermal nociception (10, 15, and 30 mg/kg). A significant dose-dependent reduction in the
incisional nociceptive hyperalgesia was exhibited by eriocitrin, with a marked antinocicep-
tion observed at doses of 15 mg/kg (P<0.05 during 30-60 minutes) and 30 mg/kg (P<0.05,
P<0.01 during 30-120 minutes).

Conclusion: The antinociceptive effect of eriocitrin (30 mg/kg) was strongly blocked by the
antagonists of the opioid receptor, naltrexone, and GABA, receptor, bicuculline, thereby
suggesting the involvement of opioidergic and GABAergic mechanisms in the nociception,
reducing proclivity of eriocitrin during transmission of incisional nociception. These results
concluded that eriocitrin has a potent antinociceptive effect in postoperative pain conditions,
probably mediated through opioid and GABA 5 receptors.

Keywords: flavanones, surgical pain, analgesia, incisional pain, natural products

Introduction

Postoperative pain occurs following burn excision and/or grafting procedures and is
most commonly the result of increased pain from newly-created wounds at the skin
graft harvesting site.! Postoperative pain may occur all over the body, including joints
and muscles, head, and limbs, and is accompanied by restlessness, insomnia, sweating
or lack of sweating, fatigue, poor appetite, or even dysfunction of the limbs.? Various
mechanisms have been identified for mediation of postoperative pain, which include
the role of certain receptors, mediators, and neurotransmitters involved in the periph-
eral and central sensitization after incision.® Poorly managed postoperative pain can
lead to complications and prolonged rehabilitation. Uncontrolled acute pain is asso-

ciated with the development of chronic pain, with a reduction in quality-of-life.*

submit your manuscript

Dove n

http:

in O

Journal of Pain Research 2020:13 805-815 805
© 2020 Alghamdi. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY_NC

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-4532-9128
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Alghamdi

Dove

Postoperative pain remains a major clinical problem and
limited preventive strategies or analgesic agents have been
proven effective in preventing and relieving this type of
pain.*> The goal for postoperative pain management is to
reduce or eliminate pain and discomfort with minimal side-
effects.® This is often best accomplished with a multimodal
pain management approach.® Various agents (opioid vs
non-opioid), routes (oral, intravenous, neuraxial, regional)
and modes (patient controlled vs as-needed) have been
tested for the treatment of postoperative pain.>*’
However, the clinical utility of these approaches and
analgesics is greatly limited by decreased clinical effective-
ness and the occurrence of drug-specific side-effects among
other factors.™’

Natural products have been shown to play an important
role in the discovery of analgesic drugs.'®'* Different che-
mical moieties having potent antinociceptive effects have
been obtained from natural sources, resulting in novel lead
compound classes for designing of analgesic drugs.'>'®
Among natural compounds, flavonoids are considered
important phytochemical classes that displayed distinct
pharmacological properties.'’ ' The current necessity for
additional safe analgesic drugs having lessened side-effects
can be efficiently covered by investigating both natural and
synthetic flavonoids for their pain reducing properties.®*'
The activity of flavonoids does not depend on abolishing
a single mechanism, but rather reducing varied mechanisms
and therefore impacting multiple targets in the neurological
processes underlying the expression of pain.** Flavonoids
are multi-target molecules, and increasing attention has
been given to these molecules due to their anti-
inflammatory and analgesic properties.”'** Flavonoids
have shown potent antinociceptive properties in different
animals models of nociception.?*2°

Citrus limon (family: Rutaceae) has been widely studied
as an important source of natural flavonoids. The fruit, peel,
essential oil, and isolated compounds from Citrus limon
possess strong antioxidant and antinociceptive,”’ anti-
inﬂammatory,28 antibacterial,zg’30 antifungal,zg antiviral,31
and hypolipidemic,*

anticancer,” antidiabetic

hepatoprotective,>® antiproliferative,® nephroprotective,®

and neuroprotective®®

properties. Eriocitrin (eriodictyol
7-O-rutinoside) is the major flavonoid found in lemon fruit.
Experimental studies have shown that eriocitrin possesses
strong antioxidant properties,*® ameliorates diet-induced
hepatic steatosis and activates mitochondrial biogenesis,*’
suppresses oxidative damage in the liver caused by acute

exercise-induced oxidative stress,*' reduces the level of

lipids by causing a decrease in low density lipoproteins
and very low density lipoproteins,** inhibits the activities
of lipoxygenases,* suppresses the proliferation of human
hepatocellular carcinoma cells by inducing apoptosis and
arresting cell cycle,** and decreases the levels of pro-
inflammatory cytokines TNF-a and IL-1B.* In the present
study, eriocitrin was investigated for antinociceptive pro-
pensity in a mouse model of postoperative pain, and the
mediation of its antinociception was evaluated by using
specific opioid and GABA 4 receptor antagonists.

Materials and Methods

Chemicals

Eriocitrin (Sigma-Aldrich, St. Louis, MO), naltrexone hydro-
chloride (Sigma-Aldrich), bicuculline methiodide (Sigma-
Aldrich), acetic acid (PanReac AppliChem GmbH,
Darmstadt, Germany), diclofenac (Voren® injection 75 mg/
3.0 mL, Asian Continental (Pvt) Ltd., Karachi, Pakistan),
morphine (Morfscot” injection, 10 mg/mL), ketamine
(Ketarol®, 50 mg/mL, Global Pharmaceutical, Islamabad,
Pakistan), and xylazine (Xylaz®, 20 mg/mL, Bladel,
Netherlands). Diclofenac, morphine, naltrexone and bicucul-
line were dissolved in 0.9% normal saline. Eriocitrin was
dissolved in a vehicle comprising of 1% Tween 80 (Scharlau,
Barcelona, Spain), 5% dimethyl sulfoxide (Unichem,
Greenville, USA), and 94% normal saline. All the drugs
were administered intraperitoneally in a volume of
10 mL/kg.

Animals

Adult male BALB/c mice weighing 25-30 g were used.
They were kept in a 12 h/12 h light/dark cycle (lights on at
08:00, lights off at 20:00) and were acclimatized 1 week
before the start of experiments. The animals were ran-
domly assigned to the various treatment groups and were
used only once. The experiments were conducted in accor-
dance with the UK Animals (Scientific Procedures) Act
1986, and the protocols were approved by the Institutional
(13/EC-15/Pharm, dated:
April 10, 2015) and the institutional approval reference
number AMSEC19-15/4/2019 of Laboratory Medicine
Department, Umm Al-Qura University, KSA. The experi-

Animals Care Committee

mental procedures were also in compliance with the guide-
lines of the International Association for the Study of Pain.
All efforts were taken in order to minimize suffering to
animals. The number of animals used was the minimum
number consistent with obtaining significant data.
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Acetic Acid-Induced Abdominal

Constrictions Test
For the
acetic acid-induced abdominal constrictions test was

assessment of tonic nociception, the
utilized."'*® The animals were randomly divided into
various groups, with each group consisting of six mice.
Group 1 was administered with the vehicle and served
as the negative control. Group 2 was administered the
standard diclofenac at a dose of 50 mg/kg (i.p.)."”
Groups 3-6 were injected with the tested doses of
eriocitrin (5, 10, 15, and 30 mg/kg), respectively.
After an interval of 20 minutes, all the animals were
intraperitoneally injected with a 1% acetic acid solu-
tion and the number of abdominal constrictions were
counted after 10 minutes of acetic acid injection and
continued for an additional 20 minutes. The number of
writhes in all the groups were noted and was converted
into the percentage antinociception using the following
equation:

% Antinociception

< 1 — number of writhes in tested group / > 100
X

number of writhes in control group

Hot-Plate Test

The hot-plate test was used to assess the antinociceptive
effect of eriocitrin against acute phasic thermal nocicep-
tion, as reported previously.*’ The animals were ran-
domly divided into various groups with each group
consisting of six mice. The hot-plate was maintained at
a temperature of 50°C+1°C. The latency time was deter-
mined until escape behavior in the form of jumping,
licking, and shaking of hindpaws was observed. A cut-
off time of 90 seconds was imposed in order to avoid
tissue injury to the paws. Group 1 was administered with
the vehicle. Group 2 was injected with the standard drug,
morphine at a dose of 6 mg/kg.*® Groups 3—6 were given
with eriocitrin at the tested doses of 5, 10, 15, and
30 mg/kg, respectively. The hot-plate latency time was
determined 30 minutes after the various drugs treatments.
The latency times were converted into percentage anti-

nociception using the following equation:

% Antinociception
=(latency of tested group— latency of control group)/

(cut — off time latency of control group) x 100

Induction of Surgical Nociception and Its

Assessment

The antinociceptive propensity of eriocitrin in postopera-
tive pain conditions was evaluated using the mouse model
of hindpaw incisional surgery, as previously reported.*’
The randomly allocated mice in the various groups were
anesthetized with an intraperitoneal injection of a mixture
of ketamine (100 mg/kg) and xylazine (8 mg/kg). On the
plantar surface of hindpaw, a 5 mm longitudinal incision
was made with a surgical blade, starting 2 mm from the
proximal edge of the heel and extending towards the toes.
The plantaris muscle was elevated and incised longitudin-
ally. At the end, a single 6/0 nylon suture was placed
through the midpoint of the incision. The animals were
allowed to recover in their respective home-cages. The
nociception induced by the incisional surgical procedure
was assessed using a set of calibrated von Frey monofila-
ments. The mice were placed on an elevated wire mesh
table and the mechanical hyperalgesia was assessed using
the up—down method with bending forces of 0.008, 0.04,
0.02, 0.07, 0.4, 0.6, 1, 1.4, 2, 4 g°° The collected data
were interpreted and converted into the 50% withdrawal
threshold.”!

Experimental Protocol

The antinociceptive doses of eriocitrin for assessment in
the postoperative nociception experiment were determined
from the results obtained in the preliminary antinocicep-
tive activities as mentioned above. The animals were
tested postoperatively for nociception expression and
only those animals that displayed marked hyperalgesia
were selected. The expression of nociception was deter-
mined after 2 hours of incisional surgery and again on day
1 and day 2, to ascertain the maintenance of hyperalgesia
induced after the incision. On day 2 of the experiment, the
selected animals were randomly assigned to various
experimental groups. Group 1 was non-operated and was
only administered with the vehicle and served as the
negative control. The animals in group 2 were subjected
to incisional surgery and were administered the vehicle.
The incisional surgical procedure was also performed on
animals in groups 3—5 and were then administered with the
tested doses of eriocitrin at 10, 15, and 30 mg/kg, respec-
tively, through the intraperitoneal route. The possible
effect of eriocitrin on the nociception expression was
assessed on post-treatment time-periods of 30, 60, and
120 minutes. On these time-periods, the animals were

Journal of Pain Research 2020:13

submit your manuscript

807

Dove


http://www.dovepress.com
http://www.dovepress.com

Alghamdi

Dove

assessed for nociception on the wire mesh table using
calibrated von Frey mono filaments, as mentioned above.
The antagonism study was conducted in another cohort in
which the incision induced animals were administered
with the opioid receptor antagonist, naltrexone (3 mg/
kg), and GABA, receptor antagonist, bicuculline (3 mg/
kg), 10 minutes prior to eriocitrin administration. The
different groups were then tested for mechanical hyperal-
gesia using von Frey mono filaments at a predetermined
time-period of 30-120 minutes. The data collected from
the drug-treated cohorts were then compared with the
vehicle-treated incisional animals group. The anti-
hyperalgesia was quantified as the percentage maximum
possible effect (MPE) from the paw withdrawal threshold

data by using the following equation:

MPE = [(PWTpost — drug — PWTpre — drug)/
(PWTpre — surgery base line — PWTpre — drug)] x 100

Statistical Analysis

The data were represented as mean+tstandard error of the
mean (SEM). When two groups were compared, the
Wilcoxon matched-pairs signed ranked test was used. For
multiple comparison the data were analyzed using either
one-way or two-way analysis of variance (ANOVA) fol-
lowed by appropriate post-hoc tests. The statistical ana-
lyses were performed using GraphPad Prism Version 8.0.2
(GraphPad Software, Inc., USA). A value of P less than
0.05 was considered as statistically significant.

Results
Effect of Eriocitrin in Acetic Acid-Induced

Nociception

A marked increase in the number of abdominal constrictions
were observed in the group of animals administered only
with the vehicle (38.67+2.82). This increase in the number of
writhes was significantly attenuated [F(5, 30)=12.89,
P<0.001] by the tested doses of eriocitrin and the standard,
diclofenac. The post hoc analysis revealed a significant
decrease in the acetic acid-induced abdominal constrictions
at a dose of 5 mg/kg (26.17£3.70, P<0.05), as compared to
the vehicle administered group. Similarly, the higher doses of
eriocitrin also significantly lessened the acetic acid-induced
nociception as revealed from the significant decrease in the
number of writhes at doses of 10 mg/kg (22.83+3.67,
P<0.01), 15 mg/kg (16.33+£3.57, P<0.001), and 30 mg/kg

(11.33£2.36, P<0.001), as compared to the vehicle

administered control group (Figure 1A). The percentage
antinociception further confirmed the potent antinociceptive
property of eriocitrin [F(5, 30)=31.91, P<0.001]. It was
observed that a significant increase in the percentage protec-
tion was afforded by eriocitrin at the tested doses of 5 mg/kg
(33.79%, P<0.01), 10 mg/kg (42.84%, P<0.001), 15 mg/kg
(59.85%, P<0.001), and 30 mg/kg (72.13%, P<0.001), as
compared to the vehicle treated animals group (7.75%). The
administration of the standard diclofenac at a dose of
50 mg/kg also produced a robust nociception decreasing
property as revealed from the significant decrease in the
(8.334+2.82,
P<0.001) and a significant increase in the percentage of
antinociception (79.36%, P<0.001), when compared to the
vehicle administered control group (Figure 1B). The EDs,

number of acetic acid-induced writhes

(50% effective dose) for eriocitrin in the acetic acid test was
calculated as 11.7 mg/kg.

Effect of Eriocitrin in Hot-Plate Test

In the hot-plate test, the tested doses of eriocitrin and the
standard, morphine, has a significant effect on the thermal-
induced phasic nociception [F(5, 30)=7.643, P<0.001].
The post hoc analysis revealed that the tested dose of
eriocitrin at 10 mg/kg produced a significant increase
(39.17£3.79 seconds, P<0.05) in the withdrawal latency
as compared to the vehicle administered control group
(21.93£1.53 seconds). Similarly, the 15 mg/kg dose of
eriocitrin also exhibited an attenuating effect on acute
phasic thermal nociception, as the latency time was sig-
nificantly increased (40.33+5.32 seconds, P<0.05) as com-
pared to the vehicle treated group. The 30 mg/kg dose of
eriocitrin produced a potent antinociceptive effect against
the heat-induced phasic nociception, which was observed
from the significant increase (45.50+4.72 seconds, P<0.01)
in the thermal latency time as compared to the vehicle
control group (Figure 2A). The phasic nociception attenu-
ating effect of eriocitrin was further corroborated from the
significant percentage antinociception [F(5, 30)=12.45,
P<0.001]. A significant increase in the percentage protec-
tion against thermal-induced nociception was produced by
eriocitrin at the tested doses of 10 mg/kg (23.81%,
P<0.01), 15 mg/kg (25.89%, P<0.01), with a strong pro-
tection affinity exemplified by the 30 mg/kg dose (33.61%,
P<0.001), as compared to the vehicle treated control
group. The antinociceptive effect of eriocitrin was compar-
able to that produced by the standard, morphine, which at
a dose of 6 mg/kg significantly increased (54+4.86

seconds, P<0.001) the Ilatency time and bestowed

submit your manuscript

808

Dove

Journal of Pain Research 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Alghamdi
A 5o, A o

g 40_ _ *kk

£ W VEH 2 601 W VEH

E 30- " [ DICL (50 mg/kg) = O MORP (6 mg/kg)
S ECTN (5 mg/kg) % 40- B3 ECTN (5 mg/kg)
2 201 ECTN (10 mg/kg) 2 ECTN (10 mg/kg)
E ECTN (15 mg/kg) £ ECTN (15 mg/kg)
Z 10l Iil ECTN (30 mg/kg) — 204 i B ECTN (30 mg/kg)

0. i 0.

1004

*kk

80' — K%k

M VEH

[ DICL (50 mg/kg)

EA ECTN (5 mg/kg)

ECTN (10 mg/kg)
ECTN (15 mg/kg)
ECTN (30 mg/kg)

Ny

ARAATTAATAAAATAATANTAANNNNNY

WHS

MR

3
%
NN

60

IS
RN
NN

401 =

TR

20+

o) il

Treatment groups

Percentage antinociception (%) U3

Figure | Antinociceptive effect of ERCN and DICL in the acetic acid-induced
abdominal constriction test. Effect of eriocitrin on number of abdominal constric-
tions (A), and percentage nociception inhibition (B). Each column represents
the mean number of writhes or percentage antinociception+SEM. *P<0.05,
*#P<0.01, **P<0.00| as compared to the VEH administered group, one-way
ANOVA followed by Dunnett’s post hoc test, n=6 mice per group.

Abbreviations: DICL, diclofenac; ERCN, eriocitrin; VEH, vehicle.

a significant percentage of antinociception (46.30%,
P<0.001) (Figure 2B). The EDs, for eriocitrin in the hot-
plate test was calculated as 28.3 mg/kg.

Effect of Eriocitrin in Post-Operative
Nociception
The incisional surgical procedure induced a considerable
nociception in the paw that was observed from the
decrease in the threshold to withdrawal the paw after
application of a static stimulus and was assessed from
the significant decrease in the paw withdrawal threshold.
The expression of this was noted after 2 hours of incision
(P<0.05) and remained significant with similar intensity
when evaluated after day 1 (P<0.05) and day 2 (P<0.05) of
incision, as compared to the paw withdrawal thresholds of
the vehicle-administered non-surgical control animals
group (Figure 3A).

A considerable nociception attenuating effect was
observed after intraperitoneal administration of the tested

Treatment groups

B

£ 60

e | T

]

8 404 W VEH

S " ] MORP (6 mg/kg)
£ . B3 ECTN (5 mg/kg)
s ECTN (10 mg/kg)
g 20- ECTN (15 mg/kg)
i) B ECTN (30 mg/kg)
c

B

S_’ of wimml |

T T T T T T

Treatment groups

Figure 2 Antinociceptive effect of ERCN and MORPH in the hot-plate test. Effect
of eriocitrin on latency time (A), and percentage nociception inhibition (B). Each
column represents mean latency time in seconds or percentage antinociception
+SEM. *P<0.05, *¥P<0.01, ***P<0.00| as compared to the VEH administered group,
one-way ANOVA followed by Dunnett’s post hoc test, n=6 mice per group.
Abbreviations: ERCN, eriocitrin; MORPH, morphine; VEH, vehicle.

doses of eriocitrin [time=(F(3, 75)=11.14, P<0.0001),
treatment=(F(4, 25)=96.67, P<0.0001), interaction=(F(12,
75)=2.63, P=0.006)]. The 10 mg/kg dose of eriocitrin was
able to significantly modify the surgery-induced reduction
in the nociceptive threshold and was observed as
a significant increase (P<0.05) in the paw withdrawal
threshold after 30 minutes of post-treatment as compared
to the vehicle-treated incisional control group. However,
the increase in PWT was non-significant when the noci-
ception was assessed after 60 and 120 minutes of dose
administration. The 15 mg/kg dose of eriocitrin also pro-
duced a significant increase in the static pressure induced
reduced withdrawal threshold in the paw incision animals
after 30 minutes of injection and the effect remained sig-
nificant for the subsequent study duration of 60 minutes
(P<0.05) and 120 minutes (P<0.05). The surgery inflicted
reduction in the nociceptive threshold was potently mod-
ified by the higher dose of eriocitrin (30 mg/kg), which
significantly elevated the reduced von Frey filaments
applied static nociceptive threshold. The nociception
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A study duration, when compared to the vehicle-treated inci-
1.57
~ sional control animals. A long lasting increment in the
% percentage maximum possible effect was yielded by erio-
g 1.04 citrin at 30 mg/kg, the antinociceptive effect of which
= & VEH remained significant throughout the paradigm testing dura-
g & INCIS + VEH ) i ]
g tion of 30 minutes (17.2%, P<0.01), 60 minutes (14.6%,
©
% 0.59 P<0.05) and 120 minutes (13.5%, P<0.01), as compared to
z il that yielded by vehicle treatment on the respective time-
o . .
00 period (Figure 4).
P're 2Ih Daly 1 Daly 2
Antinociceptive Mechanism of Eriocitrin
B in Postoperative Nociception
_;9 The mechanisms underlying the antinociceptive property in
g  VEH postoperative nociception were investigated by administra-
E e ® INCIS + VEH tion of specific antagonists including naltrexone for the
= 4 INCIS + ERCN (10 mgkg) o ) ] ’ }
g + INCIS + ERCN (15mglkg)  involvement of opioidergic mechanism and bicuculline for
] - INCIS + ERCN (30 mg/kg) - . o
2 o5 probable mediation of GABAergic transmission. The
§ administration of antagonists significantly altered the anti-
@ nociceptive effect of eriocitrin [time=(F(3, 75)=4.40,
00% , : , P=0.008), treatment=(F(4, 25)=118.41, P<0.0001), interac-
o % = tion=(F(12, 75)=3.35, P<0.001)]. As previously evaluated,
Time (min)

Figure 3 Antinociceptive effect of eriocitrin in the postoperative nociception. (A)
Expression of nociception after INCIS surgery. Each symbol represents mean paw with-
drawal threshold in g+SEM. *P<0.05 as compared to the VEH administered group,
Wilcoxon matched-pairs signed ranked test, n=6 mice per group. (B) Effect of ERCN
on postoperative nociception expression. Each symbol represents mean paw withdrawal
threshold in g+SEM. *P<0.05 as compared to the VEH administered group. *P<0.05,
**P<0.01 as compared to the VEH administered incisional control group, two-way
repeated measures ANOVA followed by Tukey’s post hoc test, n=6 mice per group.
Abbreviations: ERCN, eriocitrin; INCIS, incisional; Pre, pre-incisional surgery paw
withdrawal threshold; BL, baseline paw withdrawal threshold before eriocitrin
administration; VEH, vehicle.

expression was significantly altered at the tested time-
period of 30 minutes (P<0.01), 60 minutes (P<0.01), and
120 minutes (P<0.01), as compared to the vehicle admi-
nistered incisional control animals’ group (Figure 3B).
The intrinsic antinociceptive property against post-
operative nociception was further affirmed from the max-
imum possible effect, which was considerably increased
for the tested dose of eriocitrin [time=(F(2, 40)=3.03,
P=0.07), treatment=(F(3, 20)=8.29, P<0.001), interac-
tion=(F(6, 40)=0.13, P=0.99)]. The vehicle administered
animals showed a marked reduction in the percentage
protection from the surgery induced nociception proclivity.
A non-significant increase in the percentage of antinocicep-
tion was apparent for the 10 mg/kg dose of eriocitrin.
However, the increase in the maximum protection afforded
was significant (P<0.01) for the 15 mg/kg dose of erioci-
trin after 30 minutes (12.7%) and 60 minutes (10.9%) of

the 30 mg/kg dose of eriocitrin produced a marked antino-
ciceptive effect, as observed from the significant increase in
the monofilament applied paw pressure associated reduction
in the nociceptive threshold in the surgical incision animals
(P<0.001 after 30 minutes, P<0.01 during 60—120 minutes).
The marked antinociceptive effect of eriocitrin was strongly
blocked when the naltrexone administered animal’s paws
were stimulated by the static pressure application. The

W VEH
E3 ERCN (10 mg/kg)
ERCN (15 mg/kg)
ERCN (30 mg/kg)

MPE (%)

120 min

T T
30 min 60 min
Figure 4 Percentage antinociceptive effect of ERCN in postoperative nociception.
Each column represents the mean maximum possible effect+SEM. *P<0.05, **P<0.01
as compared to the VEH administered incisional control group, two-way repeated
measures ANOVA followed by Dunnett’s post hoc test, n=6 mice per group.
Abbreviations: ERCN, eriocitrin; VEH, vehicle.
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antagonism produced by the opioid antagonist, naltrexone
remained in place throughout the study duration (30-120
minutes) as the paw withdrawal threshold observed was not
significantly different from the vehicle administered inci-
sion animals group. Similarly, administration of GABA,
receptor antagonist, bicuculline, also completely antago-
nized the antinociceptive effect produced by eriocitrin
(30 mg/kg) as the paw withdrawal threshold was non-
significant for all the testing duration in comparison to the
vehicle treated incision control animals’ group. However, in
comparison to the eriocitrin alone treated group, the nal-
trexone injected animals group showed a significant
decrease in the paw withdrawal thresholds at 30 minutes
(P<0.05), 60 minutes (P<0.01), and 120 minutes (P<0.05),
while for the bicuculline injected group, the decrease was
noted at 30 minutes (P<0.05) and 60 minutes (P<0.01) of
study duration (Figure 5). These effects implied the media-
tion of opioidergic and GABAergic neurotransmission in
the antinociceptive effect associated with eriocitrin in post-
operative pain conditions.

The maximum possible effect in the presence of
antagonists (naltrexone and bicuculline) confirmed the
involvement of opioid and GABA4 receptors in the anti-
nociceptive effect of eriocitrin [time=(F(2, 40)=0.56,
P=0.56), treatment=(F (3, 20)=11.05, P<0.001), interac-
tion=(F(6, 40)=0.36, P=0.90)]. A significant increase
(P<0.01) in the percentage protective effect was produced
by the 30 mg/kg dose of eriocitrin at the testing time-
period of 30—120 minutes (17.6—13.1%). Administration

1.5
— o &
$5$
1.04 2 55 & VEH
5 & INCIS + VEH
= 4 INCIS + ERCN (30 mg/kg)
s -+ INCIS + NALT (3 mgrkg)
a ; - INCIS + BICUC (3 mg/kg)
0.5 - X
i #it# #i
0.0
BL 30 60 120
Time (min)

Figure 5 Effect of NALT and BICUC on ERCN antinociceptive effect in post-
operative nociception. Each symbol represents the mean PWT in g+SEM.
###p<0,05 as compared to the vehicle administered control group. $3p<0.01, **
$P<0.001 as compared to the VEH administered incisional control group, *P<0.05,
*#P<0.01 as compared to the ERCN alone administered incisional group, two-way
repeated measures ANOVA followed by Tukey’s post hoc test, n=6 mice per group.
Abbreviation: BICUC, bicuculline; BL, baseline paw withdrawal threshold before
administration of eriocitrin and antagonists; ERCN, eriocitrin; NALT, naltrexone;
PWT, paw withdrawal threshold; VEH, vehivle.

M VEH
B8 ERCN (30 mg/kg)
NALT (3 mg/kg)
BICUC (3 mg/kg)

MPE (%)

30 min 60 min 120 min

Figure 6 Effect of NALT and BICUC on ERCN percentage antinociceptive effect in
postoperative nociception. Each column represents mean MPE+SEM. ##P<0.01 as
compared to the VEHadministered incisional control group. *P<0.05, **P<0.01 as
compared to the ERCN alone administered incisional group, two-way repeated
measures ANOVA followed by Tukey’s post hoc test, n=6 mice per group.
Abbreviations: BICUC, bicuculline; ERCN, eriocitrin; MPE, mean possible
effect; NALT, naltrexone; VEH, vehicle.

of naltrexone and bicuculline to groups of animals pre-
treated with eriocitrin at 30 mg/kg significantly antago-
nized the maximum protection afforded by eriocitrin, as no
significant difference was observed when compared to the
vehicle-administered control group. However, in compar-
ison to the eriocitrin (30 mg/kg) treated group, the naltrex-
one-administered group showed a significant decrease in
the percentage of antinociception after 30 minutes (3.43%,
P<0.05) and 60 minutes (1.19%, P<0.01). For the bicucul-
line-administered eriocitrin pretreated group, a significant
decrease in the maximum possible effect was only
observed at a time-period of 60 minutes (1.40%, P<0.01)
of study duration, as compared to the eriocitrin-alone
treated group (Figure 6).

Discussion

In this study, eriocitrin showed potential antinociceptive
properties against both acetic acid and thermal induced
nociception. The acetic acid-induced abdominal constric-
tion test is widely used for assessing the peripheral anti-
nociceptive activity.*>>® The nociception in this test is
caused by the release of endogenous substances including
prostaglandins through the activation of cyclooxygenases
that stimulates the sensory pathways in the peritoneum and
thus incites a viscero-somatic reflex (writhing).>® The sen-
sory afferents in the peritoneum contains al/2-adrenocep-
tors, P-adrenoceptors, and opioid receptors on their
terminals and, when activated by appropriate agonists,
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these receptors suppress the generation of pain
impulses.>*> The tested doses of eriocitrin significantly
attenuated the acetic acid-induced abdominal constrictions
and produced an increase in the percentage of antinocicep-
tion. The effect was equipotent to the standard, diclofenac,
implying the inhibition of local peritoneal receptors or
cyclooxygenases. The central antinociceptive effect of
eriocitrin was investigated in the hot-plate test, which
measures the response to acute nociceptive or non-
inflammatory inputs and is considered as a suitable
model for the determination of central antinociceptive

3658 The tested doses of eriocitrin significantly

mechanism.
increased the withdrawal latency time and the increase in
percentage antinociception was comparable to the stan-
dard, morphine. Studies have shown that both the acetic
acid and hot-plate tests can detect dose-dependent opioid
mediated effects and GABA agonist antinociception in
mice.””¢°

In the present study, the citrus flavonoid, eriocitrin,
produced a strong antinociceptive effect in the mouse
model of postoperative pain. Natural products have been
tested for their potential to reduce mechanical/heat hyper-
algesia and/or non-evoked pain after incision. It has been
observed that the flavonoid, vitexin, binds to GABA and
opioid receptors and produced a potent antinociceptive

1.4 Moreover, curcumin,

effect in incisional pain mode
a phenolic constituent of turmeric, reduces inflammation,
nociceptive hypersensitivity, spontaneous pain, and the
effect has been mediated by increasing the tissue level of
TGF-B.°" A randomized controlled study has shown that
micronized flavonoid fractions decreased the severity of
pain and reduced the requirement of intramuscular analge-
sic treatment after hemorrhoidectomy.”® The flavonoids,
hesperidin alone and in combination with diosmin, pro-
duced strong anti-hyperalgesia, and the effect has been
shown to be mediated by dopaminergic D,, GABA 4, and
opioidergic mechanisms.®> The flavonoid quercetin has
been shown to attenuate muscular pain by inhibiting per-
ipheral and spinal cord nociceptive mechanisms.®
Moreover, quercetin also inhibits Ehrlich tumor-induced
cancer pain by targeting peripheral and spinal cord
mechanisms and involve a reduction in the hyperalgesic
cytokines by inhibiting oxidative stress and reducing the
production of hyperalgesic cytokines, infiltration of neu-
trophils, and inhibition of oxidative stress as well as acti-

vation of opioid-dependent analgesic pathway and

potentiation of morphine analgesia.®*

Postoperative pain involves activation and sensitization of
peripheral nociceptors, and spinal dorsal horn neurons. These
include the role of voltage/ligand gated ion channels (calcium
channels, NMDA receptor, AMPA, serotonin, GABA,,
TRPVI1, TRPAI), neurotransmitter-transporter (glutamate
transporter), G-protein-coupled receptors (serotonin, hista-
mine H;, GABAg, somatostatin receptor type 2, p-opioid
receptor, cannabinoid receptor, a,g-adrenoceptor), and ion
channels modulated by G-protein-coupled receptors including
calcium and potassium channels, neurotrophic factors/pep-
tides/mediators (brain-derived neurotrophic factor, nerve
growth factor, calcitonin gene-related peptide, complement
component C5, endothelin-1, neuropeptide Y, nuclear factor
kappa-light-chain-enhancer of activated B cells), cytokines
(tumor necrosis factor a, interleukin-la, IL-6, IL-10, TLR4,
leukemia inhibitory factor), and cells including neutrophil
granulocytes, mast cells, microglia, and astrocytes.’

In the present study, the antinociceptive effect of erioci-
trin produced against incisional nociception was strongly
antagonized by the opioid-receptor antagonist, naltrexone,
thus showing the involvement of opioidergic transmission.
It has been considered that opioids are the mainstay treatment
for the management of postoperative pain.* Opioids bind to
receptors in the central nervous system and peripheral tissues
and modulate the effect of the nociceptors. The p-opioid
receptors are widely distributed in different parts of the
body; while, 3-opioid receptor and k-opioid receptor are
distributed in different systems such as the immune system,
the neuroendocrine system, the peripheral nervous system,
and the central nervous system, where they are involved in
the modulation of pain and inflammation.®> Opioid agonists
produce analgesia either by indirectly increasing neuronal
traffic through the descending pathway at the nucleus raphe
magnus and periaqueductal grey, or by directly inhibiting
nociceptive afferents in the periphery. Opioid agonists act
at the nucleus reticularisparagigantocellularis to indirectly
inhibit spinal pain transmission and, in addition, reduce
spinal nociception. Binding of an opioid agonist to
a G-protein-coupled opioid receptor results in inhibition of
adenylyl cyclase with a reduction in intracellular cyclic ade-
nosine monophosphate (cCAMP) levels and produce activa-
tion of potassium conductance and an inhibition of calcium
conductance.®® Activation of peripheral k-opioid receptors
directly inhibits inflammatory hyperalgesia through trigger-
ing of the phosphoinositide 3-kinase gamma (PI3Kg)/AKT,
which stimulates the neuronal nitric oxide (nNOS/NO) sig-
naling pathway.®” Moreover, peripheral p-opioid receptors
activation ameliorates acute inflammation by activating
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antiapoptotic molecule Bcl-xL and suppressing nuclear fac-
tor kappa-light-chain-enhancer of activated B cells (NF-kB)
%8 Peripherally active opioids can reduce release of proin-
flammatory neuropeptides, cytokines, plasma extravasation,
vasodilation, immune mediators, expression of adhesion
molecules, and tissue destruction.®” Flavonoids are potential
opioid receptor ligands, and systemic administration of fla-
vonoid has been shown to elicits a dose-dependent inhibition
of the nociceptive behavioral response, and the action is
related to the activation of the p-opioid system.”®”"

In addition to opioidergic transmission, the antinocicep-
tive effect of eriocitrin was also antagonized by a GABA
receptor antagonist, bicuculline, suggesting the role of
GABAergic transmission in the nociception attenuating
effect of eriocitrin. GABAergic neurons and GABA 4 recep-
tors play an essential role in pain perception, and GABA
receptors can serve as targets for developing novel analgesics
in pathological pain.””> GABAergic neurons are widely dis-
tributed throughout the central nervous system, including
spinal cord dorsal horn, which is important for the transmis-
sion of pain signals into the higher centers of the brain.
GABA neurons and receptors are also found in the suprasp-
inal regions that coordinate the perception and response to
painful stimuli and thus are important in regulating and
controlling sensory information processing in the spinal
cord.” A loss of GABA4 receptor-mediated inhibitory neu-
rotransmission within central pain circuits is one of a number
of key mechanisms contributing to behavioral allodynia and
hyperalgesia in animal pain models.”*”” The antinociceptive
effects of both GABA, and GABAg receptor agonists are
known to involve activation or inhibition of other neurotrans-
mitter or neuromodulator pathways’® and it is evident that
central GABAergic systems are involved in opioid-mediated
analgesia.”” Thus, it is possible that administration of GABA
receptor agonists in combination with other agents may yield
GABA receptor-related therapies for the treatment of acute
and chronic pain.”® Specific modulators of GABA , receptor
function possess advantages that, in addition to possessing
analgesic properties, can mediate anxiolytic-like actions by
virtue of their ability to modulate a2 and possibly a3 GABAA
receptors.”® Flavonoids impact multiple targets in their
analgesic effects and involve the participation of a SHT
receptor, opioid receptor, and GABA 4/benzodiazepine or
adenosine receptors. Medicinal plants present a promising
source for the development of new analgesic drugs, and
flavonoids are promising candidates for the management of
painful conditions and deserve particular attention in further
research and development.?'

Conclusion

The citrus flavonoid, eriocitrin, has a strong antinocicep-
tive property against both tonic and phasic nociception
modalities. Eriocitrin effectively counteracted the inci-
sional surgical nociception, and this effect was potently
antagonized by naltrexone and bicuculline, suggesting the
possible involvement of opioid and GABA, receptors in
analgesia. Natural products including eriocitrin by virtue
of their multi-targeted actions can impact multiple areas
in the nociception transmission and processing systems
and may therefore possess clinical therapeutic utility in
various pain syndromes, including postoperative pain
conditions.
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