
Zahedan J Res Med Sci. 2024 July; 26(3): e148029 https://doi.org/10.5812/zjrms-148029

Published Online: 2024 September 16 Research Article

Copyright © 2024, Fazelian et al. This open-access article is available under the Creative Commons Attribution 4.0 (CC BY 4.0) International License

(https://creativecommons.org/licenses/by/4.0/), which allows for unrestricted use, distribution, and reproduction in any medium, provided that the original

work is properly cited.

The Biochemical Effects of Hydroalcoholic Extract of Quercus brantii

Fruit on Morphine-Induced Amnesia in the Presence and Absence of

Cholinergic Muscarinic Receptors in Adult Male Mice

Seyed Ali Fazelian 1 , Mahnaz Kesmati 1 , * , Mozhgan Torabi 1

1 Department of Biology, Faculty of Sciences, Shahid Chamran University of Ahvaz, Ahvaz, Iran

*Corresponding Author: Department of Biology, Faculty of Sciences, Shahid Chamran University of Ahvaz, Ahvaz, Iran. Email: m.kesmati@scu.ac.ir

Received: 20 April, 2024; Revised: 4 August, 2024; Accepted: 12 August, 2024

Abstract

Background: In our previous study, we demonstrated that oak hydroalcoholic extract improves memory impairment in a

postpartum depression model due to its antioxidant properties. The purpose of this study is to further investigate the effect of

oak on another amnesia model and explore the mediating role of cholinergic muscarinic receptors.

Objectives: This study investigated the effect of hydroalcoholic extract of oak fruit on amnesia induced by morphine in the

presence and absence of cholinergic muscarinic receptors, as well as changes in serum biochemical factors.

Methods: In this experimental study, adult male mice were divided into groups: Control and morphine-receiving (5 and 7.5

mg/kg) groups to induce amnesia after training. In the groups receiving 7.5 mg/kg morphine, oak extract (1 and 10 mg/kg) was

administered one day after training and continued for one week. Atropine (0.1 and 1 mg/kg) was injected only on the first day

after training and before the oak extract injection. Passive avoidance memory was evaluated 1, 3, and 7 days after training using a

step-down device. Motor activity was assessed using the open field test. Blood biochemical factors, including triglycerides,

cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and total antioxidant capacity (TAC), were measured

after one week of injections.

Results: Morphine (7.5 mg/kg) impaired memory on days 1 and 7 (P < 0.05), while oak extract (1 and 10 mg/kg) improved

memory (P < 0.001). Additionally, the oak extract maintained its enhancing effect even in the presence of atropine, a cholinergic

muscarinic system antagonist. Oak extract significantly increased HDL and TAC levels but did not affect LDL, cholesterol, and

triglyceride levels.

Conclusions: These findings suggest that oak extract can improve morphine-induced amnesia due to its antioxidant effect,

without involving the cholinergic system. Additionally, oak extract can increase beneficial lipids without affecting harmful

lipids.
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1. Background

Learning and memory are key brain functions, with

the brain’s primary task being to process and store

different types of information (1). Memory disorders can

affect cognitive abilities and, consequently, quality of

life at all stages of life. Despite the increasing prevalence

of memory disorders, researchers are continually

seeking ways to prevent these disorders and develop

strategies to strengthen memory (2). In this context, due

to the side effects associated with chemical drugs, the

effects of many medicinal plants on learning and

memory have been investigated because of their

effective compounds and fewer side effects (2, 3).

Quercus brantii (Oak) is a member of the Rashian

family of trees. This oak is a native plant of Iran, found

from the northwest to the southeast of the Zagros

Mountain range. It has various medicinal effects in both

traditional and modern treatments (4). Quercus brantii

fruit contains several antioxidant compounds,

including gallic acid, ellagic acid, malic acid, galloyl

derivatives, hexahydroxydiphenyl, tannic acid,
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quercetin, mucilage, and pectin (5). There are very few

studies related to the effect of oak plants on cognitive

functions. Although there is limited evidence about the

effect of oak on memory, the mechanism of its action

remains unknown. However, due to its antioxidant

properties, this plant could be a promising candidate

for the treatment of cognitive dysfunctions (6, 7). In our

previous study, we showed that oak hydroalcoholic

extract improves memory impairment in a postpartum

depression model due to its antioxidant properties (6).

More research is needed to clarify the cognitive and

memory-enhancing effects of oak.

On the other hand, the cholinergic system plays an

essential role in cognitive functions such as attention,

thinking, learning, and memory (8). Cholinergic

neurons are widely distributed in brain areas involved

in cognitive functions, and cholinergic signaling, which

depends on acetylcholine, is related to memory and

learning (8). Muscarinic acetylcholine receptors

(mAChRs), which are expressed in the central nervous

system, mediate functions such as cognition, memory,

and reward (9). It has been shown that mAChR agonists

and acetylcholinesterase inhibitors improve learning

and memory, whereas cholinergic receptor antagonists

impair these functions (10). It has also been reported

that the use of anticholinergic drugs is associated with

cognitive impairment and an increased risk of dementia

(11).

Some studies have shown that opioid compounds

and their receptors, which are widely distributed in the

central nervous system and peripheral tissues, are

involved in multiple functions, including reward, pain,

emotions, and cognition (12, 13). Opioid receptors affect

the regulation of neurotransmitters involved in the

pathogenesis of Alzheimer's disease, including cognitive

impairment and neuroinflammation (14).

Moreover, the cholinergic system plays a role in

several functions of morphine, including memory

modulation and analgesia (15). Morphine disrupts the

release of acetylcholine and is known as one of the

modulators of cholinergic signaling for the treatment

of Alzheimer's disease (15).

2. Objectives

According to the information above, this study aims

to investigate the mechanism of the biochemical effects

of oak hydroalcoholic extract on amnesia induced by

morphine in the presence and absence of cholinergic

muscarinic receptors.

3. Methods

3.1. Animals and Treatments

In this experimental research, a total of 66 adult male

NMRI mice (25 - 30 g) were obtained from the laboratory

animal reproduction and maintenance center of

Jundishapur University of Medical Sciences, Ahvaz. The

mice were 8 weeks old and were kept for one week

before the experiments in the animal house of the

Biology Department of Shahid Chamran University of

Ahvaz under controlled conditions, including a

temperature of 25 ± 1°C and a suitable lighting cycle (12

hours light/12 hours dark). Experiments were conducted

at specific hours of the day (8:00 - 14:00).

The mice were randomly assigned into eleven

groups, with each group consisting of 6 animals. The

groups included: A control group (receiving 0.9% saline),

groups receiving different doses of morphine (5 and 7.5

mg/kg subcutaneously) to induce amnesia (16), groups

receiving the hydroalcoholic extract of oak fruit (1 and

10 mg/kg intraperitoneally) with morphine 7.5 mg/kg,

groups receiving atropine (0.1 and 1 mg/kg

intraperitoneally) with morphine 7.5 mg/kg (17, 18),

groups receiving the hydroalcoholic extract of oak fruit

(1 and 10 mg/kg) with atropine (0.1 mg/kg) and

morphine (7.5 mg/kg), and groups receiving the

hydroalcoholic extract of oak fruit (1 and 10 mg/kg) with

atropine (1 mg/kg) and morphine (7.5 mg/kg).

Morphine was injected on the day of training for

memory impairment immediately after training. To

observe the effect of oak extract or atropine on memory,

they were injected 30 minutes before the test, with an

interval of 15 minutes between the two injections. All

compounds were injected in a volume of 5 mL/kg. Figure

1 shows the study protocol.

3.2. Quercus brantii Hydroalcoholic Extract Preparation

The required oak fruit was collected from the Shurab

and Qala Gol areas around Khorramabad, where the

only oak species present is Oak The extraction was

performed using the maceration method. Quercus

brantii powder (100 g) was mixed with 70% ethanol

(1000 mL) and kept for three days at room temperature,

with frequent stirring. The mixture was then filtered

using Whatman filter paper, and the obtained solution

https://brieflands.com/articles/zjrms-148029
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Figure 1. The study protocol. A, preparation of hydroalcoholic extract of Quercus brantii fruit; B, step-down training and subcutaneous injection of morphine; C, components
injection, step-down and open field tests. Animals were tested 1, 3 and 7 days after the training. The components were injected 30 minutes before the test and for one week and
interval time between two injections was 15 minutes; D, serum biochemical parameters were measured in the saline and oak treated groups after the last test.

was poured into the bottom of plastic Petri dishes and

left at room temperature for two days. After the alcohol

evaporated, a thin solid layer remained at the bottom of

the Petri dishes, which was stored in the refrigerator at

4°C for further experiments (Figure 1A).

3.3. Behavioral Tests

3.3.1. Step-Down Test

The step-down device was used to investigate passive

avoidance memory. This device consists of a plexiglass

box (40 × 30 × 30 cm) with a floor covered by steel bars

and a wooden platform in the center. An electrical

stimulator delivers electric shocks (1 Hz, 50 volts, 15

seconds), transmitting the shock to the animal's paws

through the bars on the floor (19). On the training day,

the animal is placed on the wooden platform, and when

it descends from the platform, an electric shock is

delivered to its legs. The animal is placed back on the

platform after 90 minutes; if it stays on the platform for

60 seconds, learning is considered to have occurred. If

the animal descends from the platform, it will be

shocked again (Figure 1B). Tests were conducted on the

animals 1, 3, and 7 days after training, with components

injected 30 minutes before each test. The delay in

stepping down from the platform over a 5-minute

period was recorded as the step-down latency (Figure

1C).

3.3.2. Open Field Test

The open field device was a Plexiglas box (30 × 30 × 30

cm) placed on a screen divided into sixteen sections by

lines. Each animal was placed in the box for 5 minutes,

and the number of times the animal's front and hind

limbs crossed the lines was recorded as the motor

activity index (Figure 1C) (18).

3.4. Biochemical Analysis

Mice were anesthetized with chloroform, and blood

was collected from the heart after the last behavioral

experiment. The whole blood was centrifuged at 3000

rpm for 15 minutes, and the serum was stored in a -20°C

freezer for biochemical analysis (Figure 1D).

Triglycerides assay: A total of 1000 µL of the solution

was mixed with 10 µL of the sample or calibrator, and

the complex absorbance was read at 505 nm using a

photometer instrument. The results were expressed as

mmol/L of serum (Man Company kit).

Cholesterol assay: A total of 1000 µL of the solution

was mixed with 10 µL of the sample or calibrator, and

the complex absorbance was read at 505 nm using a

https://brieflands.com/articles/zjrms-148029
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Figure 2. The effects of morphine on memory. * Is P < 0.05 in comparison to the control group.

photometer instrument. The results were expressed as

mmol/L of serum (Man Company kit).

low-density lipoprotein (LDL) assay: A total of 900 µL

of solution number 1 was mixed with 10 µL of the sample

or calibrator, then 300 µL of solution number 2 was

added to the previous mixture. The complex absorbance

was read at 578 nm using a photometer instrument, and

the results were expressed as mmol/L of serum (Man

Company kit).

high-density lipoprotein (HDL) assay: A total of 1000

µL of solution number 1 was mixed with 10 µL of the

sample or calibrator, then 250 µL of solution number 2

was added to the previous mixture. The complex

absorbance was read at 600 nm using a photometer

instrument, and the results were expressed as mmol/L of

serum (Pars Azmoon kit, Karaj, Iran).

Total antioxidant capacity (TAC) assay: TAC was

evaluated in the serum using ferric reducing

antioxidant power (FRAP). In this method, 10 µL of the

serum was mixed with 250 µL of the FRAP reagent,

which contained 2.5 mL of 2,4,6-tris(2pyridyl)-s-triazine

(TPTZ) 10 mM in 40 mM HCl and 2.5 mL of 20 mM FeCl3

in 25 mL of 0.1 M acetate buffer (pH = 3.6). The mixture

was brought up to 1 mL with distilled water. After ten

minutes of incubation at 37°C, the mixture was

centrifuged at 10,000 × g. The absorbance of the colored

TPTZ complex was read at 593 nm, and the results were

expressed as µMol/L of serum.

3.5. Data Analysis

Data were analyzed using Instat3 statistical software,

employing one-way analysis of variance (ANOVA) and

Tukey's post hoc test to compare groups. In all statistical

analyses, a P-value of < 0.05 was considered to indicate a

significant difference. All data are presented as mean ±

standard error of the mean (SEM).

4. Results

4.1. Behavioral Tests

4.1.1. Step-Down Test

Figure 2 shows that the injection of morphine at 7.5

mg/kg significantly decreased step-down latency on

both the 1st and 7th days after training (P < 0.05).

Figure 3 shows that the injection of oak at 1 mg/kg

increased step-down latency compared to the saline

group, with the increase being significant only on the

https://brieflands.com/articles/zjrms-148029
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Figure 3. The effects of Quercus brantii on memory impairment induced by morphine. + is P < 0.05 and +++ is P < 0.001 in comparison to the saline group, # is P < 0.05 and ### is
P < 0.001 in comparison to the oak 1 mg/kg group.

first day after training (P < 0.05). The injection of oak at

10 mg/kg significantly increased step-down latency on

the 1st, 3rd, and 7th days after training (P < 0.001).

Additionally, a significant difference was observed

between the oak 1 mg/kg and 10 mg/kg groups (P < 0.05

and P < 0.001, respectively).

Figure 4 shows the effect of the hydroalcoholic

extract of oak fruit (1 and 10 mg/kg) on morphine-

induced amnesia in the presence of atropine (0.1 and 1

mg/kg) during the first and third days after training.

Atropine (0.1 and 1 mg/kg) did not affect step-down

latency (P > 0.05) (Figure 4A, B).

Oak at 1 mg/kg and 10 mg/kg improved memory in

the presence of atropine (0.1 and 1 mg/kg), with the

improvement being significant in the oak 10 mg/kg

treated group (P < 0.01 & P < 0.001) (Figure 4A, B).

However, the results show that atropine at 1 mg/kg

significantly decreased the effect of oak at 10 mg/kg on

memory compared to atropine at 0.1 mg/kg (P < 0.05)

(Figure 4C, D).

4.1.2. Open Field Test

Table 1 presents the effects of oak fruit extract,

morphine, and atropine on the motor activity of mice.

No significant differences were observed in the motor

activities across all groups.

4.2. Biochemical Analysis

Table 2 shows the effect of hydroalcoholic extract of

oak fruit (1 and 10 mg/kg) on serum biochemical

parameters. Injection of oak at 10 mg/kg for one week

significantly increased HDL and TAC levels (P < 0.05) but

did not affect LDL, cholesterol, or triglyceride levels.

5. Discussion

https://brieflands.com/articles/zjrms-148029
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Figure 4. The effect of oak injection on memory impairment induced by morphine in the presence of atropine. $$ is P < 0.01 and $$$ is P < 0.001 in comparison to oak 10 mg/kg
group, ++ is P < 0.01 in comparison to oak 1 mg/kg group, # is P < 0.05 in comparison to oak 10 mg/kg group + Atropine 0.1 mg/kg.

Table 1. Motor Activity Index in All Groups

Groups
Days After Training (Number of Crossing)

1 7

Control 67.75 ± 9.215 72.375 ± 11.268

Morphine 5 mg/kg 59.125 ± 10.711 57.65 ± 10.852

Morphine 7.5 mg/kg 53.8 ± 3.876 63.6 ± 10.923

Morphine 7.5 mg/kg + Oak 1 mg/kg 32 ± 9.641 38.28 ± 7.668

Morphine 7.5 mg/kg + Oak 10 mg/kg 44.2 ± 4.895 43.2 ± 4.743

Morphine 7.5 mg/kg + Atropine 0.1 mg/kg 49.16 ± 7.855 Did not measure

Morphine 7.5 mg/kg + Atropine 1 mg/kg 32.5 ± 5.282 Did not measure

Morphine 7.5 mg/kg + Atropine 0. 1 mg/kg + Oak 1 mg/kg 29 ± 6.288 Did not measure

Morphine 7.5 mg/kg + Atropine 0. 1 mg/kg + Oak 10 mg/kg 42.83 ± 6.395 Did not measure

Morphine 7.5 mg/kg + Atropine 0. 1 mg/kg + Oak 1 mg/kg 39.6 ± 7.319 Did not measure

Morphine 7.5 mg/kg + Atropine 0. 1 mg/kg + Oak 10 mg/kg 29.4 ± 4.477 Did not measure

The results of this experiment showed that morphine

induced amnesia without affecting motor activity

(Figure 2). Previous studies have demonstrated that

morphine causes memory impairment (20, 21). Opioids

https://brieflands.com/articles/zjrms-148029
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may affect learning and memory by decreasing the

release of acetylcholine in the brain via mu receptors

(22, 23). Morphine triggers neuroinflammatory

responses in the central nervous system (24). It is

possible that neuroinflammation induced by morphine

may be mediated by toll-like receptor 4 (TLR4), an innate

immune receptor in the body, which is associated with

the activation of the signaling pathway (NF/KB) involved

in the release of neurotransmitters (24, 25). Morphine

disrupts the opening of the calcium ion voltage-

dependent channel in presynaptic neurons (15), thereby

reducing the release of excitatory neurotransmitters,

such as glutamate and acetylcholine, which are crucial

for memory formation (15).

The results also showed that oak fruit could improve

memory impairment in a dose-dependent manner

(Figure 3). Quercus brantii fruit contains compounds

with antioxidant effects (5, 6). Flavonoids can prevent

neurodegeneration associated with neurological

disorders and cognitive impairment by protecting

neurons against damage caused by neurotoxins (26).

Flavonoids may reduce neuroinflammation and

memory disorders by modulating TLR4/NF-κB signaling

(24).

Additionally, the results showed that oak at 10 mg/kg

could improve amnesia caused by morphine even in the

presence of atropine (Figure 4A, B). However, atropine at

1 mg/kg, compared to the dose of 0.1 mg/kg, significantly

reduced the effect of oak at 10 mg/kg on memory

improvement (Figure 4C, D).

Atropine is a competitive antagonist for mAChRs and

is classified as an anticholinergic drug that can lead to

memory impairment (27, 28). Acetylcholine activates

muscarinic and nicotinic acetylcholine receptors,

resulting in long-term potentiation of the postsynaptic

membrane and subsequent activation of the

downstream cellular pathway (ERK), which creates

favorable conditions for neural plasticity (29). The

breakdown of some cholinergic nuclei is involved in the

development of cognitive disorders such as Alzheimer's

(30). It is likely that the oak fruit extract strengthens its

effect on memory impairment without interfering with

the cholinergic system.

On the other hand, biochemical results showed that

oak fruit extract has no significant effect on serum LDL,

cholesterol, and triglycerides, while it increases HDL and

TAC levels (Table 2). The beneficial effect of oak on the

blood lipid profile may be related to the composition of

its fatty acids (31). Phenolic compounds can reduce

plasma total cholesterol levels as well as LDL cholesterol

levels (31, 32). Quercus brantii is a source of neutral

cholesterol, oleic acid, alpha-linolenic acid, and

polyunsaturated fatty acids, which are important in

eicosanoid synthesis and have beneficial effects on

serum triglyceride and HDL levels (31). Martinez et al.

have shown that small HDL particles reduce the risk of

Alzheimer's disease due to their capacity to exchange

lipids and affect neural membrane composition and

synaptic functions (33). Additionally, Sanjana et al.

reported that increased serum triglycerides are

associated with decreased hippocampal integrity, while

HDL-C may help maintain hippocampal integrity (34).

Taghvimi et al. suggested that the antidepressant effect

of Q. brantii extract and oil is linked to the stimulation of

neurotrophic factors and the antioxidant activity of oak

extract, indicating its neuroprotective benefits (6).

5.1. Limitations

Due to the side effects of atropine, such as increased

heart rate and decreased gastrointestinal motility, we

were limited in increasing its dose.

5.2. Conclusions

Based on the findings, it appears that the

hydroalcoholic extract of oak fruit improves amnesia

caused by morphine, likely due to its antioxidant

properties, without the involvement of the cholinergic

system. Additionally, since oak fruit can increase

beneficial lipids without affecting harmful lipids, it may

be a suitable candidate for improving memory

disorders with positive effects and minimal side effects,

at least on serum biochemical factors.
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Table 2. The Serum Biochemical Parameters

Groups LDL (mg/dL) HDL (mg/dL) Triglyceride (mg/dL) Cholesterol (mg/dL) TAC (mmol Vit C Eq/L)

Morphine 7.5 mg/kg + saline 76.166 ± 4.468 32.833 ± 4.037 92.833 ± 12.219 126.166 ± 7.125 1.0475 ± 0.063

Morphine 7.5 mg/kg + Oak 1 mg/kg 74.8 ± 6.896 31.4 ± 3.21 125.8 ± 9.516 131.8 ± 9.847 1.1112 ± 0.117

Morphine 7.5 mg/kg + Oak 10 mg/kg 57 ± 4.099 48.25 ± 2.761 a, b 115.25 ± 8.372 128.75 ± 5.946 1.43475 ± 0.1119 a

Abbreviations: LDL, low-density lipoprotei; HDL, high-density lipoprotein; TAC, total antioxidant capacity.

a P < 0.05 in comparison to saline group.

b P < 0.01 in comparison to oak 1 mg/kg.
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