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Abstract

This study investigated the mechanism of the analgesic effect of oak fruit extract in interference with an opioidergic system
in female mice under acute stress induction. Adult female mice were divided into groups of control, oak extract 1, 10, and 100
mg/kg, morphine and naloxone 1 mg/kg, morphine or naloxone/oak 1 and 100 mg/kg, restraint stress (60 minutes), stress/
naloxone 1 mg/kg and stress/ naloxone/oak 1 or 100 mg/kg. All mice were co-cycled before the beginning of the study; the
formalin test induced inflammatory pain. Components were injected after stress induction, and formalin tests were done 30
minutes after injections. Oak fruit hydroalcoholic extract was obtained using the maceration method. Serum total oxidant
status (TOS) and total antioxidant capacity (TAC) were measured. Oak extract 100 mg/kg induced analgesia in the acute phase
of pain, and all doses induced analgesia in the chronic phase. Morphine improved the analgesic effect of oak extract 100
mg/kg in the acute phase. Naloxone in the stressed mice induced analgesia in the acute phase and improved the analgesic
effect of Oak 100 mg/kg in the chronic phase. In the stressed mice, the TOS level was increased by the oak 1 mg/kg and
decreased by the oak 100 mg/kg. Probably part of the analgesic effect of oak is due to the activity of the opioid system in
acute stress situations. In addition, the change in the ratio of oxidant/antioxidant compounds in this process indicates that the
mechanism of action of oak fruit in modulating pain and inflammation is multifactorial.
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1. Introduction

Pain is an unpleasant experience and is commonly
categorized as acute (short-term) or chronic (long-term)
[1, 2]. Non-opioid analgesic agents such as steroid drugs,
non-steroidal  anti-inflammatory  drugs (NSAIDs),
antidepressants, antiepileptic medications, local and
general anesthetics, and opioid drugs such as morphine
are among the most commonly used drugs for pain
management [3, 4].

Opioid drugs have traditionally been used for the
treatment of acute and chronic pain [5]. The opioid
receptor family includes three receptors: mu, delta, and
kappa, which are widely expressed throughout the
peripheral and central nervous systems [5]. One of the
problems with currently available opioid analgesics is
their unintended and nonselective activation of opiate
receptors located throughout the central and peripheral
regions [6]. Opioid use is often associated with side
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effects or clinical problems such as respiratory
depression, constipation, dependence, and euphoria.
Additionally, the development of tolerance is a
significant problem, as it requires increasing doses to
achieve the same therapeutic effect [7]. Gradually
increasing doses of the drug can induce or exacerbate
opioid-induced hyperalgesia, which, in turn, increases
the tolerance of behavioral analgesic responses [8].

Combining addictive opioids with non-narcotic
analgesics may reduce their side effects, such as
addiction and tolerance [9].

Herbal medicine for pain management has been used
from ancient times to today, and herbal products or their
extracts are common worldwide, especially in Asia [10-
12]. Quercus brantii (Q. brantii, Oak) belongs to the
Fagaceae family, and it is a large tree with a height of 20
meters and a large spherical crown. The leaves of this
plant are generally egg-shaped with a serrated margin.
This tree was found in the Zagros Mountain range of Iran
[13, 14].

Oak fruit extract has numerous medicinal properties
due to its tannic acid, gallic acid, ellagic acid, and
flavonoids such as catechin, quercetin, and naringin. Oak
fruit with antioxidant properties prevents and treats
gastric ulcers, and can inhibit the growth of pathogens
[15-18]. Flavonoids can inhibit pain perception by
targeting the transient receptor potential cation channel
receptor subfamily 1 (TRPV 1) and inhibiting cytokine
release as well as inhibiting the nuclear factor kappa
(NF-kB) pathway, which is a pathway responsible for the
inflammation [19].

Anti-inflammatory effects of Q. brantii extract have
been confirmed in rats [17]. In addition, it has been
shown that the extract of Quercus infectoria fruit hulls
(Jaft-E-Baloot) alleviated inflammatory pain in mice [20,
21].

Our previous study has shown that the hydroalcoholic
extract of Q. brantii fruit improved amnesia induced by
morphine in mice and increased serum total antioxidant
capacity (TAC) [14]. Ellagic acid can enhance morphine
analgesia and prevent dependence in mice. It is while
naloxone, as an opioid receptor antagonist, causes
tolerance to the combination of morphine/ ellagic acid in
both central and peripheral systems [21].

On the other hand, stress causes behavioral changes
and disrupts physiological homeostasis in the human and

animal body [22-24]. Stress disrupts the coordination
between mind and body by altering biochemical
reactions, including enzymes [25]. Restraint stress
significantly increases oxidative status and lipid
peroxidation, which are indicators of oxidative stress
[26]. It has been shown that acute stress can activate mu-
opioid receptors on GABAergic neurons in the
hippocampus of mice [27].

Acute and chronic stress have different effects on the
pain perception, such that acute immobility stress causes
analgesia, but chronic immobility stress causes
hyperalgesia in mice [28, 29]. Also, acute restraint stress
can induce analgesia by activation of mu-opioid
receptors in the medial prefrontal cortex of mice [30].

As mentioned above, stress and Q. brantii extract can
affect opioid system activity [14, 20, 30]. So that in this
study, their interfering effects with the opioid system, as
a main system involved in pain perception, were
evaluated in a model of inflammatory pain induced by
the formalin test.

2. Materials and Methods
2.1. Animals and Treatments

Adult female NMRI mice (22-28 g) were obtained from
the laboratory animal reproduction center of Jundishapur
University of Medical Sciences, Ahvaz, Iran. Animals
were kept in standard laboratory conditions at a
temperature of 24+2 C° and in a light-dark cycle (12/12
hours) without limited access to water and food.
Behavioral tests were done between 8 AM and 12 PM.
To minimize hormonal influence in all groups,
animals of each group were kept in a cage for 2 weeks
before the beginning of the experiments. Mice were
randomly divided into groups of control (recived saline
0.9%), hydroalcoholic extract of Oak fruit (Oak) (1, 10
and 100 mg/kg), naloxone (1 mg/kg), morphine (1
mg/kg), naloxone or morphine 1 mg/kg with Oak (1 and
100 mg/kg), stress of 60 min + saline, stress 60 min+
naloxone (1 mg/kg), stress 60 min+ Naloxone (1 mg/ kg)
+ Oak (1 and 100 mg/kg). All components were
dissolved in saline 0.9% and injected intraperitoneally
(i.p.) (5 mL/kg). The number of animals in each group
was 6. A formalin test was done 30 minutes after the Oak
injection or stress induction. Morphine or naloxone was
injected 15 min before the Oak injection. In stressed
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groups, components were injected immediately after
stress induction. The interval between injections and the
formalin test was selected based on previous studies on
the effects of Oak fruit on pain perception [20]. Figure 1
shows the study protocol.

All experiments complied with the animal care
guidelines approved by the Ethical Committee of the
Shahid Chamran University of Ahvaz, Iran (Permission
number: IR.SCU.REC.1402.044).

2.2. Oak fruit hydroalcoholic extraction

Oak fruit was collected from Khorramabad in Lorestan
province, where the only Oak species in these areas is Q.
brantii. Extraction was done by the maceration method.
Oak powder was stirred frequently in ethanol at room
temperature for three days. The mixture was filtered, and
the solution was poured at room temperature. After
evaporation, a dried powder was used for further
experiments.

2.3. Formalin test and stress induction

Formalin (2.5%, 40 pL/mouse) was injected in the right
plantar site of the mouse, and the licking time of the foot
was calculated in acute (0- 5 min) and chronic phases
(15-25 minutes) after formalin injection. This test used a
10-minute interval between acute and chronic phases
[31].

Stress(60 minutes)

W

Components Injection

Centrifuged
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The Plexiglas restrainer induced acute restraint stress.
The mouse was immobilized in the restrainer for 60
minutes [30].

2.4. Oxidant/antioxidant analysis

The whole blood of animals was taken after a formalin
test, centrifuged, and TAC and total oxidant status (TOS)
were measured in the serum (Figure 1C).

TAC was evaluated by mixing serum (10 pL) with
FRAP (ferric reducing antioxidant power) reagent (250
uL), which contained 2,4,6-tris(2-pyridyl)-striazine
(TPTZ)10 mM in HCI 40 mM and FeCl320 mM in
acetate buffer 0.1 M (pH=3.6). Then, the mixture was
added with distilled water up to 1 mL, and after
incubation, it was centrifuged, and the absorbance of the
TPTZ complex was read at 593 nm.

TOS was measured using the Erel (2005) method. In
this way, 225 ul of reagent 1, composed of 150 uM
xylenol orange, 140 mM NacCl, and 1.35 M glycerol (PH
1.75), was mixed with 35 uL of sample and read at 560
and 800 nm after 3 min. Then, mixed with reagent two,
5 mM ferrous ammonium sulfate and 10 mM O-
dianisidine dihydrochloride, and read at 560 and 800 nm
after 3 min. The assay is calibrated with hydrogen
peroxide (H202) 200 Um [32].

Oxidant status index (OSI) was calculated using the
following formula: OSI (arbitrary units) = [(TOS,
mmolH.0; Eq./mL)/ (TAS, mmol Vit C Eq./ mL) x 100].

\
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Figure 1. Schematic the study diagram. A: hydroalcoholic extraction of Oak fruit. B: stress induction (60 minutes),
components (Oak extract, morphine, and naloxone) injection, and formalin test. C: TAC and TOS measurement in the serum

of the selected group.
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2.5. Data Analysis

Instat 3 software was used for statistical analysis. The
one-way analysis of variance (ANOVA) was used to
analyze, followed by Tukey's post hoc test. In all
statistical investigations, p<0.05 was considered a
significant difference. Data were presented as
meanzstandard error of means (SEM).

3. Results and Discussion
3.1. Effects of Oak fruit extract on inflammatory pain

Injection of Oak 100 mg/kg significantly improved pain
in the acute phase of the formalin test (p<0.001). Also,
Oak 1, 10, and 100 mg/kg injections significantly
induced analgesia in the chronic test phase (p<0.001).
These results indicate that 100 mg/kg of Oak extract
could induce an analgesic effect in the formalin test
(Figure 2).
O Saline

140 4 ) BQak I mgkg

B0ak 10 mg/kp

m0ak 100 mgke

of paw licking (sec)

80 1

Chronic Phase

Acute Phase

Figure 2. Effects of Oak fruit extract on inflammatory
pain. ***p<0.001 is compared to the saline group at the same
pain phase. +++p<0.001 is compared to the Oak 1 mg/kg at the
same pain phase. ###p<0.001 is in comparison to the Oak 10
mg/kg at the same phase of pain.

Mokhtari and Khabbaz (2010) have shown that the
extract of leaves of Q. brantii induced analgesia in the
formalin test in rats [33]. Also, Ismail et al. (2017) have
demonstrated that Oak leaf extract plays a role in anti-
inflammatory activity by inhibiting histamine release
[34]. Taib et al. (2020) showed that polyphenolic
compounds in different Oak species can reduce pain by
inhibiting inflammatory pathways [35]. Yang et al.
(2023) have shown that gallic acid can induce analgesic
effects in rats by regulating the P2X purinoceptor 7 -
Reactive oxygen species (ROS) signaling pathway [36].
It has been confirmed that ellagic acid has anti-
inflammatory and analgesic properties [21, 37].

Therefore, the possible mechanism of the analgesic
effects of Oak fruit extract could be due to the presence
of phenolic compounds such as gallic acid, tannins, and
flavonoids, which components can reduce inflammation
and chronic pain by inhibiting the ROS production [15,
33, 38-40].

Also, the difference in pain reduction in different
phases of the formalin test could be due to differences in
pain mechanisms in the acute and chronic phases, the
accumulation of active metabolites of the extract in the
tissue over time, and differences in the immune and
inflammatory response to the extract in different phases
[41].

3.2. Effects of morphine/ naloxone on the analgesic effect
of Oak fruit extract

Morphine 1 mg/kg significantly induced analgesia in
both phases of the formalin test (p<0.05 (acute) and
p<0.001 (chronic)). Thus, morphine 1 mg/kg was co-
injected with Oak 1 and 100 mg/kg and could maintain
an analgesic effect of Oak 100 mg/kg (p<0.001) in the
acute and chronic phase of the formalin test (Figure 3A
and D).

Naloxone 1mg/kg could not change the formalin test's
cumulative paw licking time (Figure 3B). This dose of
naloxone, as an ineffective dose of opioidergic receptor
antagonist, was co-injected with Oak 1 and 100 mg/kg.

Even though co-injection of naloxone with Oak 1 and
100 mg/kg could maintain the analgesic effect of Oak
(p<0.05 and p<0.001), analgesia was specifically
decreased in the chronic phase of pain (Figure 3B and
Q).

From these results, it can be concluded that co-
injection of morphine with the high dose of Oak had
synergistic effects in inducing analgesia, and co-
injection of naloxone with Oak, especially in the chronic
phase, reduced the analgesic effect of Oak. Therefore,
one of the routes of the analgesic effect of the Oak extract
was probably through the opioid system.

Taghi Mansouri et al. (2013) have demonstrated that
Oak ellagic acid exerts its analgesic effect through the
opioid system [21]. Ismail et al. (2017) have shown that
oak leaves can produce an analgesic effect, but this effect
is less than morphine [15, 34]. Saeed et al. (2016)
observed that the analgesic effect of oak fruit is blocked
by naloxone, indicating that the analgesic effect of oak
extract is due to the stimulation of opioid receptors [15].
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Figure 3. Effects of morphine 1mg/kg and naloxone 1mg/kg on the analgesic effect of Oak fruit extract. *p<0.05 and
***n<(0.001 are in comparison to the saline group at the same phase of pain. +P <0.05 and +++p<0.001 are in comparison to the
morphine 1 mg/kg or naloxone 1 mg/kg at the same phase of pain. ###p<0.001 is in comparison to the morphine or naloxone
+0ak 100 mg/kg at the same phase of pain. $$p<0.01 is in comparison to the morphine+ Oak 1mg/kg at the same phase of pain.

3.3. Effects of stress and naloxone on the analgesic effect
of Oak fruit extract

Induction of acute stress for 60 minutes could not change
pain perception in both acute and chronic phases of pain
(Figure 4A). The analgesic effect of Oak 1 and 100
mg/kg was not changed following stress induction in the
acute phase of formalin tests, in comparison analgesic
effect of Oak 1 mg/kg increased compared to Oak 1
mg/kg alone in the chronic phase (p<0.001) (Figure 4A
and C).

These results indicated that stress induction could
improve the analgesic effect of a low dose of Oak
(Figure 4C).

In stressed mice, injection of naloxone 1mg/kg could
induce analgesia in the acute phase test (p<0.01). In these
mice, injection of Oak 1 and 100 mg/kg significantly

induces analgesia in the chronic pain phase (Figure 4B
and D).

In this study, induction of acute stress alone did not
affect the analgesic effect of Oak, and induction of acute
stress with injection of a low dose of Oak produced
significant analgesic effects in the chronic phase of pain.
Also, the analgesic effect of the Oak in the presence of
stress remains even after the opioid system activity was
removed by the naloxone (Figure 4).

It has been shown that acute restraint stress can cause
analgesia in rats [19]. The endogenous opioidergic
system can mediate stress effects on nociception
pathways [42]. Thus, the analgesic effect of the oak fruit
extract in a stressful situation was probably not affected
by the opioid system.
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Figure 4. Effects of stress and naloxone 1 mg/kg on the analgesic effect of Oak fruit extract. ++p<0.01 and +++p<0.001 are
in comparison to the stress group at the same phase of pain. ###p<0.001 is in the comparison to the stress+ naloxone at the same
phase of pain. &p<0.05 and &&&p<0.001 are in the comparison to the stress or naloxone+ Oak 1mg/kg at the same phase of

pain.

3.4. Analysis of oxidant/antioxidant parameters

Data in Table 1 show that Oak 1 and 100 mg/kg as non-
analgesic and analgesic doses, respectively, and restraint
stress of 60 min could not change TAC and TOS serum
levels and TOS/TAC*100 ratio. In stressed mice, Oak 1
and 100 mg/kg did not change the TAC level. Injection
of Oak 1 mg/kg in the stressed group significantly
decreased the TAC level compared to the injection of
Oak 1 mg/kg alone (p<0.001) (Table 1). In the stressed
groups, TOS level increased in Oak 1 mg/kg treated mice
(p<0.05) and decreased in Oak 100 mg/kg treated mice
(p<0.01) (Table 1).

It has been shown that the hydroalcoholic extract of
acorns of Q. brantii, by increasing TAC level in the
serum of mice, induced antioxidant activity [43]. Our
previous study has shown that chronic injection of the
hydroalcoholic extract of Oak fruit increased serum TAC

in male mice [14]. However, the current study indicates
that acute injection of Oak extract does not affect these
evaluated oxidant/antioxidant factors.

However, under stress conditions, treatment with Oak
fruit extract 1 mg/kg significantly decreased TAC and
increased TOS level, while TOS level was decreased
with Oak fruit extract 100 mg/kg (Table 1). Also, the
decrease in the TOS/TAC ratio in the Oak fruit extract
100 mg/kg treated group could indicate the inhibition of
inflammatory pathways, which was increased in the low
dose. This effect is probably mediated by reducing the
production of proinflammatory cytokines and inhibiting
NF-«B [44]. Modulation of oxidative stress can lead to a
decrease in the sensitivity of pain receptors [45, 46].
These findings could be important in determining the
appropriate dose of the extract in different clinical
conditions.
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Table 1: TAC and TOS levels in the serum
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TAC

TOS

Groups (mmol Vit C Eg/mL) (mmol H202 Eg/mL) TOS/TAC*100
Control (saline %0.9) 1.5562+ 0.2005 4.3080+ 0.3954 339.0973+ 97.65
Oak 1 mg/kg 1.8854+ 0.0344%## 3.6588+ 0.06795%# 194.7227+ 7.31%
Oak 100 mg/kg 1.6063+ 0.1738 4.20927+ 0.3427** 291.9065 +56.52*
Saline 1.8789+ 0.2526 3.6717+0.4981 221.9939+ 49.67
% 2 'g Oak 1 mg/kg 0.9824+ 0.1543* 5.43951+ 0.3042" *** 618.937+ 107. 30" ***
s Q2
(%] *(7; o
"’ e Oak 100 mg/kg 2.1210+0.2891 1.7088+ 0.2708"* 94.0910+25.90

*p<0.05 and **p<0.01are in comparison to restrain stress group

##p<0.01 and ###p<0.001 is in comparison to restrain stress+ Oak 1 mg/kg group
+p<0.05 and +++p<0.001 are in comparison to restrain stress+ Oak 100 mg/kg group

Conclusion

According to the above results, it seems that part of the
analgesic effect of Oak fruit is due to the activation of
the opioid system. In contrast, its analgesic effect in
acute stress situations was not affected in the absence of
the opioid system. This interaction between stress and
the absence of the opioid system in maintaining the
analgesic effect of the extract can be considered as a new
therapeutic strategy. Also, acute application of Oak fruit
extract did not affect the TOS/TAC system. However,
under stress conditions, different effects on this
parameter depend on the dose, which indicates the
importance of the dose used in stressful conditions.
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