Biointerface Research in Applied Chemistry
Platinum Open Access Journal (ISSN: 2069-5837)
Article
Volume 12, Issue 1, 2022, 1076 - 1084
https://doi.org/10.33263/BRIAC121.10761084

Effects of Ganoderma Lucidum Extract on Morphine-
Induced Addiction and Memory Impairment in Mice

Yen Hoang Tran 1®  Tram Thi Thu Nguyen 2@ Phuong Thi Nguyen 1® Kien Trung Nguyen 3® chu
Xuan Duong 19, Hung Manh Tran o )

1 Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, Can Tho University of Medicine and
Pharmacy, 179 Nguyen Van Cu, Can Tho 94000, Vietnam; thyen@ctump.edu.vn (Y.H.T.);
phuongnguyen5658@gmail.com (P.T.N.); dxchu@ctump.edu.vn (C.X.D.);

2 Department of Chemistry, Faculty of Sciences, Can Tho University of Medicine and Pharmacy, 179 Nguyen Van Cu, Can
Tho 94000, Vietnam; ntttram@ctump.edu.vn (T.T.T.N.);

3 Department of Physiology, Faculty of Medicine, Can Tho University of Medicine and Pharmacy, 179 Nguyen Van Cu,
Can Tho 94000, Vietnam; ntkien@ctump.edu.vn (K.T.N.);

4 Department of Pharmacology, Faculty of Pharmacy, University of Medicine and Pharmacy at Ho Chi Minh City, 41 Dinh
Tien Hoang, Ho Chi Minh City 71006, Vietnam; manhhung@ump.edu.vn (H.M.T.);

*  Correspondence: ntttram@ctump.edu.vn (T.T.T.N.); manhhung@ump.edu.vn (H.M.T.);

Scopus Authors ID 57209166194 (T.T.T.N.)
57209885477 (H.M.T.)
Received: 15.03.2021; Revised: 15.04.2021; Accepted: 18.04.2021; Published: 26.04.2021

Abstract: Ganoderma lucidum extract (Lingzhi) has been used so far with various pharmacological
effects. However, the reports on its effects on drug addiction, especially morphine, and morphine-
induced memory impairment in vivo, remain limited. In the present study, the effect of G. lucidum
extracts on preventing morphine addiction was evaluated by the conditioned place preference model.
The extract's learning and memory improvement activities on morphine-induced memory loss were
examined using Y maze, novel recognition, and Morris water maze tests. The results found that G.
lucidum extracts at doses of 200-400 mg/kg decreased conditioned place preference score and increased
the percentage of alteration, novel object exploration, and prolongation of locating hidden platform.
With these doses, G. lucidum extracts prevented morphine addiction and improved short-term memory,
visual memory, and long-term memory impairment caused by morphine. Our results first demonstrated
that G. lucidum extracts promised as an effective natural source in treating drug addiction and
morphine-induced memory loss.

Keywords: conditioned place preference; Ganoderma lucidum; morphine; object recognition
memory; spatial memory.
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1. Introduction

Drug addiction has become a vital problem in many countries in the world [1]. In 2018,
approximately 269 million people used drugs worldwide, and opioids were well-documented
to be the most detrimental agents resulting in drug-related disorders and deaths over the past
2010s [2]. Morphine, one of the most effective opioid analgesics, which is clinically used to
treat acute and chronic pain, will lead to addiction as repeated use. For the maintenance of
analgesia, a higher dose of morphine is often required, increasing certain adverse effects such
as withdrawal symptoms, respiratory depression, and rewarding effects with a high risk of
relapse [3, 4]. The long-term use of morphine may cause memory loss, depression, and
concentration loss [4-8]. Recently, natural extracts have received wide attention in finding new
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agents for the treatment of drug addiction [9-11]. Many traditional medicinal plants have been
used, such as Portulaca oleraceae to reduce morphine dependence, Sophora alopecuroides
alleviated morphine withdrawal syndrome, and Pimpinella anisum decreased morphine
tolerance and physical dependence [12-14]. In Vietnam, Ganoderma lucidum (Leyss ex. Fr.)
Karst. has been considered a precious herbal medicine due to its various pharmacological
properties such as neurasthenia treatment, hepatoprotection, antioxidant and anticancer
activities, and immune system boost [15-18]. Moreover, previous studies also showed that G.
lucidum extract (GL) can prevent g-amyloid-induced memory impairment in mice or
streptozocin-induced memory damage in rats by conditioned place preference paradigm [19,
20]. Since prolonged use of morphine has side effects on the central nervous system and a little
information on the effects of GL on morphine addiction has been published, this research
investigates the effects of GL on morphine-induced addiction and memory impairment in
animal models.

2. Materials and Methods
2.1. Animal.

Healthy male Swiss albino mice, weighing about 20 - 25 g body weight, were purchased
from Pasteur Institute in Ho Chi Minh City, Vietnam. The mice were housed and maintained
under alternating light and dark cycles of 12 hours each (between 7:00 AM. to 7:00 PM) for 7
days before conducting experiments, water, and food ad libitum. All behavioral experiments
were conducted at a light level of 100 + 5 lux, the temperature of 27 £ 1°C, and limited noise.
Handling of the animals was performed according to the instruction of lab-used and cared
animals [21].

2.2. Extract and drugs.

The aqueous extract of G. lucidum was provided by OPC Pharmaceutical Joint Stock
Co., Vietnam (Batch N0.170007). Morphine HCI, naloxone HCI, and galantamine were
obtained from Vidipha Pharmaceutical Joint Stock Co., Rotexmedica, and Janssen Cilag.

2.3. Equipments.

Conditioned place preference paradigm simulated Bardo and fellows’ model (2000)
[22]. Y maze paradigm simulated Kitanaka and fellows’ model (2015) [23]. Novel recognition
paradigm simulated Bertaina-Anglade and fellows’ model (2006) [24]. Morris water maze
paradigm simulated Rudi and fellows’ model (2001) [25].

2.4. Effect of GL on morphine addiction.

Mice were randomly divided into five groups (8-10 mice/group), as follows group 1:
vehicle control group (distilled water - ED); group 2: morphine 10 mg/kg, IP; group 3: GL
200 mg/kg, PO and morphine 10 mg/kg, IP; group 4: GL 400 mg/kg, PO and morphine 10
mg/kg, IP; and group 5: naltrexone 10 mg/kg, PO and morphine 10 mg/kg, IP. The experiment
consisted of three phases. For the pre-conditioning phase, on day 1, mice were placed into the
apparatus and left to discover the experimental environment for 15 minutes; on day 2, a
conditioned place preference test (CPP) was conducted for 15 minutes, and the amount of time
the mice remained in each compartment was recorded. For the conditioning phase, mice were
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administered ED or GL or naltrexone in 14 consecutive days. On days 1, 3, 5, 7, 9, 11, and 13,
mice were orally taken ED or GL or naltrexone one hour before being injected NaCl 0.9% or
morphine and then confined in the white compartment within 30 minutes. On days 2, 4, 6, 8,
10, 12, and 14, mice were orally taken ED one hour before being injected NaCl 0.9%, then
confined in the black compartment within 30 minutes. On day 14, mice were received NaCl
0.9% one hour prior to conducting the CPP test within 15 minutes for the post-conditioning
phase. The time that the experimental mice remained in each compartment was recorded. CPP
value was established by differences in the amount of time mice remained in the white
compartment before and after being conditioned [7, 8, 22]. GL was considered effective as CPP
scores of GL group were significantly lower than those of the morphine group.

2.5. Effect of GL on morphine-induced memory impairment.

Mice were separated into five groups (8-10 mice/group) at random, as the experiment
2.4 above. Mice were injected NaCl 0.9% or morphine 10 mg/kg one hour after being orally
administered ED, GL 200 mg/kg, GL 400 mg/kg, or galantamine 10 mg/kg. Dosage regimens
were repeated every 2 days in 14 days. The following experiments were conducted 24 hours
after the last NaCl 0.9% and morphine injection.

2.5.1. Y maze test.

The mice were placed into the maze center and allowed to explore three arms within 8
minutes. Each arm of the maze was labeled as either arm A, B, or C. The entry was considered
when all four limbs were within the arm. The number of arm entries and several alternations
were scored to calculate the alternation percentage [23].

2.5.2. Novel object recognition test.

The task procedure consisted of three phases, including the habituation phase (the mice
were individually placed into the box and allowed to explore the experimental environment for
8 minutes freely), the training phase (the mice were individually placed back into the box
containing the presence of two different objects for 10 minutes. The amount of time the mice
spent in exploring each of the objects in the training phase was recorded in order to find the
preference object to be continued using in the test phase) and test phase (the mice were turned
back to the box containing two objects, one familiar object used in the training phase and one
novel object. The amount of time the mice spent exploring each of the objects was recorded.
The test phase was carried out 24 hours after the training phase). The Preference Index was
used to assess the mice's ability to memorize and distinguish either familiar or novel objects
[23, 24].

2.5.3. Morris water maze test.

The mice underwent three consecutive tests within 8 days [23, 25]. Hidden platform
test (the first 4 days): a hidden platform was placed approximately 2 cm beneath the water
surface. The mice were individually given 5 trials per day for 4 consecutive days. On the first
trial of day 1, when the mice did not find the platform within 60 seconds, they were guided to
the platform and kept standing in there for 15 seconds. In the remaining trials, the mice were
placed in various positions and were not provided guides. They had to locate the hidden
platform within 60 seconds. The mice's amount of time to locate the hidden platform was
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recorded (the escape latency). Probe test (day 5): the hidden platform was placed approximately
10 cm beneath the water surface. Each trial took 60 seconds. The number of times that the mice
swam across the former hidden platform area was recorded. Action memory test (days 6, 7, 8):
five trials would be carried out per day, and it took 60 seconds for each trial. The hidden
platform position was changed every day. The amount of time the mice took to locate the
hidden platform was recorded.

2.6. Statistical analysis.

Data were presented as mean values =+ the standard error of the mean (S.E.M.). The data
was analyzed by Minitab 14.0 software. The data series were compared by the Kruskal-Wallis
test. In cases of differences, pairs of the number were analyzed by the Mann-Whitney test. A
p-value equal to or less than 0.05 represents the statistical significance of change (p<0.05). The
graphs were drawn by Microsoft Excel 2016.

3. Results and Discussion

3.1. Effect of GL on morphine addiction.

Figure 1 showed that the CPP scores of experimental groups were significantly higher
than those of the control group (p<0.05 vs morphine group, p<0.01 vs all the remaining
groups). A significant reduction in the amount of time was observed in the mice groups treated
with GL spent in the white compartment compared to the mice in the control group. It suggested
that GL reduced notably morphine addiction severity. In comparison, morphine addiction
severeness was nearly disappeared in the group of mice treated with naltrexone.

**p < 0.01; *p < 0.05 vs control group
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Figure 1. CPP scores of experimental groups.

The CPP paradigm is the standard preclinical experiment, which is commonly used to
measure a stimulus's preference associated with a rewarding effect as drugs or food. It plays an
important role in studying drug addiction-related dilemmas, mechanisms, and addictive
potential of some substances, including morphine [26-28]. Normally, mice tend to reduce
movements and spend almost time remaining in dark places when being familiar with the
environment, which was clearly proved by a decrease of time in moving to the white
compartment and an increase of time in remaining in the black one of the control group [8, 22].
However, when mice were treated with multiple repetitions of morphine in the white
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compartment, a significant change was recorded in mice's behavior that they were increasingly
keen on being in the white compartment than before. The naltrexone group’s results
demonstrated that a co-administration of naltrexone and morphine in the conditioning phase
considerably reduced the time remained in the white compartment of the mice and the
morphine-induced CPP score. As a morphine antagonist, naltrexone would compete for
morphine at opioid receptors when co-administered with morphine, thereby reversing the
psychological dependence on morphine. In this study, the experimental data presented that the
CPP scores in the groups administered GL was significantly lower than the morphine group. It
proved the effects of GL on reducing the time mice remaining in the white compartment,
compared with the mice treated with morphine. The results suggested the presence of bioactive
compounds in GL producing antagonistic effects on opioid receptors, leading to the reduction
of morphine addictive effects. It first showed a potential new treatment therapy for morphine
withdrawal by adding GL to the current traditional herbal medicine composition.

3.2. Effect of GL on morphine-induced memory impairment.

Based on the survey of doses [29], morphine 10 mg/kg, IP was used to investigate
memory improvement of GL.

3.2.1. Y maze test.

The results of Y maze test in all groups were presented in Table 1. In Y maze test, no
significant difference was observed in the number of arm entries among groups of morphine,
GL 200 mg/kg, GL 400 mg/kg, and galantamine compared to the control group (NaCl 0.9%).
However, the alternation percentage recorded a significant decrease (p<0.05) compared to the
control group, proving the morphine effect on short-term spatial memory impairment.
Galantamine had positive effects on almost entirely recovering morphine-induced spatial
memory impairment. GL at doses of 200 mg/kg and 400 mg/kg demonstrated a partial
improvement in morphine-induced spatial memory deterioration (p<0.05).

Table 1. Number of arm entries and the alternation percentage in groups.

Group Number of arm entries Alternation percentage
NaCl 0.9% (n = 8) 30.00 +2.38 79.59 + 6.38
Morphine (n = 10) 3410+ 2.74 55.37 + 4.47"
GL200 + Morphine (n = 10) 30.14 £ 2.06 67.11 + 5.22%
GL400 + Morphine (n = 10) 31.33 + 1.66 61.23 + 6.76"
Galantamine + Morphine (n = 10) 31.00 £2.43 69.42 + 8.13#%

*p< 0.05 compared to NaCl 0.9% group; #p< 0.05; ##p< 0.01 compared to morphine group

3.2.2. Novel object recognition test.

The results illustrated the preference indexes of object A in all groups higher than those
of object B (p<0.05); hence object A was used as the familiar item for the next experiment
(Figure 2). At the stage of testing, the groups of mice received GL at doses of 200 mg/kg, and
400 mg/kg recorded notable increases in the preference indexes of object C compared to those
of object A (p<0.01), and no significant difference compared to galantamine (p>0.05) (Figure
3). In comparison, the morphine group recorded the reverse results. Those results proved the
effects of GL on improving morphine-induced visual memory impairment.
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3.2.3. Morris water maze test.

On the first day of the hidden platform test, no meaningful difference was found among
all experimental groups, demonstrating that experimental substances did not affect mice's
movement ability, and the initial memory ability among groups was equal. In the following
days, the time mice in the control group spent on locating the hidden platform gradually
decreased to roughly 12 seconds on the fourth day, while the mice who received morphine
remained higher figures (p<0.05). The groups of mice administered GL at doses of 200 mg/kg
and 400 mg/kg, and galantamine 10 mg/kg also recorded improvements in the time locating
the hidden platform in the fourth day, from 15 to 20 seconds. Meanwhile, GL proved its effects
on improving morphine-induced long-term memory impairment. No significant difference was
observed in the treatment effectiveness of GL compared to galantamine (Table 2). In the probe
test, the number of times the mice who received morphine swam across the hidden platform
was lower than that of the control group (p<0.05). Besides, the number of times the mice
administered GL at doses of 200 and 400 mg/kg crossing the hidden platform was significantly
greater than results in the morphine group (p<0.05). In addition, no significant difference was
recorded between GL groups and galantamine group (p>0.05) (Figure 4). In 3 days of action
memory test, the amount of time spent on locating the mice's hidden platform treated with
either morphine, GL, or galantamine was significantly higher than that of the control group
(p<0.05). Such value in the mice groups treated with either GL 400 mg/kg or galantamine is
greater, significant shortening compared to the mice treated with morphine (p<0.05). However,
no significant difference was observed between the mice treated with GL 200 mg/kg and the
mice treated with morphine (p>0.05) (Figure 5).

Table 2. The amount of time the mice spent on locating hidden platforms.

Group Escape latency (second) in hidden platform test — training phase
Day 1 Day 2 Day 3 Day 4
NaCl 0.9% (n=8) 31.52+3.91 18.20 + 3.54 13.45+ 0.6 11.60 + 2.03
Morphine (n = 10) 36.64 + 3.39 30.20 + 2.54" 29.20 +3.8" 26.50 + 2.49"
GL200 + Morphine (n = 10) 32.98 +4.94 24.86 + 4.45 21.00 + 4.05 19.23 + 2.94"#
GL400 + Morphine (n = 10) 32.53 +3.98 23.00+ 3.5 18.37 + 2.08"# 18.20 + 1.53"#
Galantamine + Morphine (n = 10) 32.14 +3.09 20.40 + 3.3* 17.37 + 1.21*# 15.48 + 2.84*

The Y maze test and the novel object recognition test aim to assess short-term spatial

memory and visual memory based on mice's exploring instinct, respectively. In comparison,
the Morris water maze test aims to assess the long-term memory of mice. Learning ability and
spatial reference memory are assessed by the amount of time locating the hidden platform [25,
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30]. The results illustrated that GL extract at doses of 200 mg/kg and 400 mg/kg improved
morphine-induced short-term spatial memory impairment and entirely recovered short-term
visual memory (object exploration). Our study's obtained results absolutely agreed with
previous studies on GL’s capability of improving learning memory, promising therapeutic
potentiality of GL against Alzheimer’s disease progression [21, 31-35].
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Figure 4. The number of times mice swam across Figure 5. Escape latency of experimental
hidden platform in probe test groups in action memory test.

4. Conclusions

GL at doses of 200 mg/kg and 400 mg/kg administered 7 times for 14 days presented
an improvement of morphine addiction, short-term spatial memory, visual memory, and long-
term memory impairment caused by morphine. Our results open a further study on bioactive
compounds involved in GL.
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