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Berberine Hydrochloride Improves Cognitive Function and
Hippocampal Antioxidant Status in Subchronic and
Chronic Lead Poisoning*

Fatemeh Zare Mehrjerdi, Azadeh Shahrokhi Raeini, Fatemeh Sadate Zebhi,
Zeynab Hafizi, Reyhaneh Mirjalili, and Faezeh Afkhami Aghda

ABSTRACT Objective: To determine the neuroprotective effects of berberine hydrochloride (BBR) against
lead-induced injuries on the hippocampus of rats. Methods: Wistar rats were exposed orally to doses of 100 and
500 ppm lead acetate for 1 and 2 months to develop subchronic and chronic lead poisening models, respectively.
For treatment, BBR (50 mg/kg daily) was injected intraperitoneally to rats poisoned with lead. At the end of the
experiment, the spatial learning and memory of rats were assessed using the Morris water maze test. Hippocampal
tissue changes were examined by hematoxylin and eosin staining. The activity of antioxidant enzymes catalase,
superoxide dismutase, glutathione peroxidase, and malondialdehyde levels as parameters of oxidative stress and
antioxidant status of the hippocampus were evaluated. Results: BBR reduced cognitive impairment in rats exposed
to lead (P<0.05 or P<0.01). The resulting biochemical changes included a decrease in the activity of antioxidants
and an increase in lipid peroxidation of the hippocampus of lead-exposed rats (P<0.05 or P<0.01), which were
significantly modified by BBR (P<0.05). BBR also increased the density of healthy cells in the hippocampus of lead-
exposed rats (P<0.05). Significant changes in tissue morphology and biochemical factors of the hippocampus were
observed in rats that received lead for 2 months (P<0.05). Most of these changes were insignificant in rats that
received lead for 1 month. Conclusion: BBR can improve oxidative tissue changes and hippocampal dysfunction in

lead-exposed rats, which may be due to the strong antioxidant potential of BBR.
KEYWORDS lead acetate, berberine, hippocampus, oxidative stress, Morris water maze

Lead is a heavy metal that is abundant in the
environment. This metal remains in the body and
accumulates and exerts its toxic effects by binding
to ligands necessary for physiological functions.
Lead has a long biological half-life due to its very
low excretion rate. Aimost all organs of the body are
affected by lead. Disorders of the nervous system
are common occurrences during lead poisoning."?
Prolonged exposure to low doses of lead in humans,
especially children, impairs cognitive function, learning
and intelligence in children. High doses of lead can
even cause severe nerve damage that can lead to
death.® Lead, directly or specifically by activating
inflammatory factors and oxidants, can cause
irreversible damage to all cell components, including
proteins, fats, and nucleic acids.®* Activation of
oxidative stress is one of the main harmful pathways
during lead posioning.”) Therefore, the use of
substances that have the ability to remove oxidants
or activate intracellular antioxidants can be useful in
reducing lead damage.

Berberine hydrochloride (BBR) is a natural
isoquinoline alkaloid isolated from plants such
as Coptis chinensis (Huanglian) and Hydrastis
canadensis (Baimaogen).®” A broad spectrum of
effective pharmacological activities of BBR in clinical
and experimental studies have been investigated,
including anti-inflammatory, antioxidant, anti-diabetic,
analgesic, and anti-arrhythmic influences.®” The
neuroprotective effects of BBR in various disorders
of the nervous system, especially cerebral ischemia,
Alzheimer's disease, Parkinson's disease, and
multiple sclerosis have been studied.”® According to
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the above, in the present study, the effect of BBR on
hippocampal structure and function in rats exposed to
lead was investigated.

METHODS

Animals and Grouping

In this study, 72 male Wistar rats (200-220 g,
10 weeks old, specific-pathogen-free grade) which were
purchased from the Department of Laboratory Animals
of Pasteur Institute and were randomly divided into 9
groups using simple randomization: Group A received
normal saline daily by oral gavage; Groups B and C
were exposed to 100 and 500 ppm of lead acetate (CAS
No. 215902, Sigma Aldrich, Germany) through drinking
water, and Groups D and E were lead groups which were
injected intraperitoneally (i.p.) with 50 mg/kg BBR (Cat.
No. 141433-60-5, Merck, Germany) daily for 30 days.
The remaining 4 groups were lead and BBR-treated
groups that received lead and BBR for 2 months. At all
stages of the experiment, the animals were maintained
under standard light and dark conditions of 12 h/12 h,
with suitable humidity (60% + 10%) and temperature
(22+2 °«C) and free access to water and food. All
ethical principles were observed in accordance with the
principles of working with laboratory animals approved at
Shahid Sadoughi University of Medical Sciences in Yazd
(ethical code: IR.SSU.MEDICINE.REC.1396.317).

Morris Water Maze Test

In the last week of the experiment, the Morris
water maze (MWM) test was performed to assess
spatial learning and memory in animals. The steps
of this test were in accordance with the protocol
implemented in previous studies."®"" In short, the water
maze consists of 4 hypothetical quarters in which the
animals were released into the water from 4 directions
each day. In this way, 4 trials were performed every day.
The time and distance traveled to reach the platform
was observed by a video tracking camera and recorded
in the Neuro-vision video tracking software (Tejhiz
Gostar Omid Iranian Company, 2023 version, Iran).
After 48 h of rest, to examine the spatial memory of the
animals, the platform was removed from the maze and
the time and distance traveled in the target quarter were
recorded and compared in different groups.

Activity of Antioxidant Enzymes in Hippocampus

At the end of the trial period, 5 rats from each
group were deeply anesthetized with chloral hydrate
(350 mg/kg, i.p.). After decapitation, the animal's brains
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were immediately immersed in ice-cold phosphate-
buffered saline (PBS) and the hippocampus was
carefully and rapidly isolated from surrounding
tissues. After homogenization, the tissue sample
was centrifuged with 10% (w/v) ice-cold PBS and its
supernatant was isolated for biochemical factors. All
antioxidant enzymes [catalase (CAT), superoxide
dismutase (SOD), glutathione peroxidase (GPX)]
were assessed using Zellbio Company kits (Cat. No.
ZB-CAT-96A, ZB-SOD-96A, ZB-GPX-96A; Germany).
To measure CAT activity, homogenized tissue samples
were added to microplate wells. The assay buffer and
H,O, reagent were then added and incubated for 1 min
at 37 °C. Finally, after adding chromogen and diluent
solution, the optical density (OD) of the samples was
read at 405 nm. To measure SOD, which is one of
the most effective intracellular antioxidant enzymes
and catalyzes the reaction of radical conversion of
superoxide anion to oxygen and hydrogen peroxide,
the homogenized tissue was used as the CAT method.
Samples were added to wells and the test steps were
performed according to the kit protocol that was also
done in previous researches.®'” At the end, the light
absorption of the samples was read at 0 and 2 min at
420 nm. GPX activity was also evaluated according
to the kit protocol. For this purpose, after adding the
samples to the wells, Reagent 2 solution was added
to the samples and the samples were centrifuged at
4,000 r/min for 10 min. Then, Reagent 3 solution was
added to the samples and incubated for 5 min at room
temperature. Finally, the microplates were placed in
enzyme-linked immunosorbent assay reader (Box998,
Biotech Instrument Model, USA) and the OD was read
at 412 nm.©"

Malondialdehyde Level in Hippocampus
Malondialdehyde (MDA) is a substance
resulting from lipid peroxidation. The basis of MDA
measurement is the binding of thiobarbituric acid (TBA)
to it and the formation of a chromogenic pigment. The
Zellbio kit (Cat. No. ZB-MDA-96A) was also used to
measure MDA. First, 8 standard solutions with a certain
concentration were prepared. Then, 50 wL of the
standard and separated samples were added to the
vials and 50 p L of TBA solution was added to them.
After that, 1 mL of chromogen solution was added.
All vials were placed at boiling temperature for 1 h,
then incubated for 30 min at 0 °C and centrifuged at
4,000 r/min for 10 min at O °C. Then the light absorption
of the samples was read at 535 nm. Finally, the
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concentration of MDA was calculated based on the
standard diagram.®'®

Histological Assessment of Hippocampus

After deep anesthesia, 3 animals from each group
were perfused intracardically with 10% formalin. The
animal's brain was completely removed and immersed
in fixative solution for 48 h. For paraffinization, the
samples were placed in a tissue processor for 24 h
and finally the samples were molded. Consecutive
coronal sections (4 sections 30 . m apart) were taken
at the level of 2.7 mm of bregma. According to the
previous protocol, the sections were stained using
hematoxylin and eosin (HE) staining and pyramidal
neurons in the CA1 subregion of the hippocampus
with distinct nucleus and nucleoli were counted as
healthy neurons under a 400 x magpnification light
microscope (Olympus, USA)."?

Statistical Analysis

All data were expressed as mean + standard
error (x £ SE) and were analyzed by GraphPad
Prism software version 6. Data analysis of spatial
learning was done with two-way analysis of variance
and Ben Feroni's post-test. Analysis of other data
was performed with one-way analysis of variance
and Tukey post hoc test. P<0.05 was considered
statistically significant.

RESULTS

Results of Spatial Learning and Memory by MWM
Test

In the first 4 days, for the rats that exposed to
lead for 1 month, only a dose of 500 ppm caused
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learning impairment in the form of an increase in
the time and distance to reach the platform (P<0.05,
Figures 1A and 1B). And learning impairment was
also observed in rats that received lead of 500 ppm
for 2 months (P<0.05 or P<0.01, Figures 1C and 1D).
BBR improved learning in lead-poisoned rats, which
was significant at a dose of 500 ppm lead (P<0.01,
Figures 1C and 1D).

As for the spatial memory, exposing with a dose of
500 ppm lead led to decrease in both time and distance
that the rats swam in the target quadrant (P<0.05 or
P<0.01), either in 1 or 2 months (Figures 1E—-1H).
Memory disturbance was also observed in animals
that had received lead 100 ppm for 2 months (P<0.01),
BBR effectively improved memory in lead-poisoned rats
(P<0.05 or P<0.01, Figures 1G and 1H).

Activity of Antioxidant Enzymes CAT, SOD and
GPX in Hippocampus

The activity of hippocampal CAT, SOD and GPX
did not change significantly in rats that exposed to lead
for 1 month (P>0.05, Figures 2A—2C). But the activity
of all enzymes decreased significantly in rats that
received 100 and 500 ppm lead for 2 months (P<0.05
or P<0.01) and BBR could significantly improve the
activity of enzymes (P<0.05 or P<0.01, Figures 2D—2F).

Hippocampal MDA Level

A high dose of lead (500 ppm) increased the
level of MDA even in rats that were exposed to this
dose for 1 month (P<0.05, Figures 3A and 3B). Low
dose of lead (100 ppm) increased MDA level after
2 months (P<0.05). The amount of MDA in lead-
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Spatial Learning and Memory by MWM Test (X + SE, n=10)

Notes: Time and distance to reach the platform (learning assessment) in rats exposed to lead for 1 (A, B) and 2 months (C, D).
Time spent and distance traveled in the target quadrant (memory assessment) in rats exposed to lead for 1 (E, F) and 2 months (G, H).
*P<0.05, **P<0.01 vs. sham group; “P<0.05, ““P<0.01 vs. same dose of lead group. L100: lead 100 ppm; L500: lead 500 ppm; BBR:
berberine hydrochloride; MWM: Morris Water Maze test; x + SE: mean * standard error; the same below
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Figure 2. Activity of Hippocampus CAT,
SOD, GPX (x + SE, n=6)

Notes: Activity of CAT, SOD and GPX enzymes in
hippocampus of rats exposed to lead for 1 (A—C) and 2 months
(D-F). *P<0.05, **P<0.01 vs. sham group; “P<0.05, ““P<0.01
vs. same dose of lead group. CAT: catalase; SOD: superoxide
dismutase; GPX: glutathione peroxidase

poisoned rats treated with BBR showed a significant
decrease at 2 months (P<0.05, Figure 3B).
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Figure 3. Hippocampal MDA Level (X + SE, n=6)
Notes: Rats exposed to lead for 1 (A) and 2 months (B).
*P<0.05 vs. sham group; “P<0.05 vs. same dose of lead group.
MDA: malondialdehyde

Histological Assessment of Hippocampus by HE
Staining

The number of necrotic neurons, which have
a wrinkled and dark appearance, increased in the
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Figure 4. Number of Necrotic and Healthy Cells in Hippocampal CA1 Region by HE Staining (X + SE, n=4)
Notes: (A) HE staining (x 400). The black arrows indicate intact cells and red arrows indicate necrotic cells. (B, C) Rats exposed to
lead for 1 and 2 months, respectively. *P<0.05, *P<0.01 vs. sham group; “P<0.05 vs. same dose of lead group. HE: hematoxylin and eosin
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hippocampal CA1 subregion in lead-poisoned rats. In
the lead groups treated with BBR, the number of necrotic
bodies decreased (Figure 4A). The density of healthy
cells in the CA1 area decreased in rats that exposed to
lead 500 ppm (P<0.05 or P<0.01) and BBR increased
the density of healthy cells in a favorable form (P<0.05).
Lead 100 ppm had no significant effect on cell density
(P>0.05, Figures 4B and 4C).

DISCUSSION

The present study investigated the effect of BBR
on subchronic and chronic lead poisoning with doses
of 100 and 500 ppm lead acetate on the hippocampus
in rats. One of the important target organs of lead is
the nervous system.®® High amounts of lead cause
neurotoxicity which involves the central and peripheral
nervous systems. Advanced degeneration of part of
the brain is common in children exposed to high lead
levels. High amounts of lead cause severe neurological
symptoms such as paralysis, convulsions, coma, and
ataxia.®' Low amounts of lead can cause hyperactivity,
irritability, and lack of attention and concentration.®'?
Conversely, high amounts of lead may cause a decrease
in the percentage of alertness, growth disorders, hearing
loss, and memory and learning disorder.*'"

The results mentioned above are consistent with
the results of the present study, which showed a high
dose of lead, even in the short term, caused cognitive
impairment, hippocampal tissue damage, and increased
hippocampal lipid peroxidation. In the investigation of
antioxidant activity, these results were obtained that
short-term poisoning with lead, even a high dose of
lead, did not change the antioxidant activity. This issue
can probably be due to the antioxidant reserves have
been relatively reduced and the other hand, these low
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antioxidant reserves have become more active."”

Finally, it may cause the final activity of antioxidants not
to change in the short term. However, even with a low
dose of lead, the activity of antioxidants decreased during
chronic poisoning, which may be the result of reducing
the antioxidant reserves of the hippocampus tissue in
response to long-term lead poisoning.""® Considering
that lead has a meager elimination rate in the human
body, even small amounts of lead have harmful effects
on the body in the long term. Administration of lead in
the long term causes DNA fragmentation and apoptosis
in the frontal cortex, hippocampus and cerebellum.">"”
Hippocampal destruction may be responsible for the
clinical features of lead poisoning, such as impairments
in emotional response, memory, and learning. In the
central nervous system, lead can interfere with the action
of the neurotransmitter glutamate, which is related to
neural development. Lead affects synaptic function
mainly by disrupting N-methyl-D-aspartate glutamate
receptors, which are responsible for synaptic plasticity.">'®
Moreover, the release of dopamine and the activity of
the brain cholinesterase enzyme are inhibited by lead,
which can be related to changes in motor skills and
excessive excitability behavior."? Lead specifically
increases the level of oxidative stress. Lead is attached
to the mitochondrial membranes, penetrates the space
of the mitochondrial matrix, and prevents oxidative
phosphorylation and electron transfer in the mitochondria
of neurons, ultimately increasing oxidative stress.®**"

Considering the importance of oxidative stress in
lead-induced neurotoxicity, antioxidative factors can
probably effectively reduce the adverse effects of lead
on the nervous system. In this study, BBR was used
as a known antioxidant. The results obtained from
the effect of BBR on the changes caused by lead in
the present study showed that BBR reduced tissue
damage and lipid peroxidation in the hippocampus of
rats exposed to lead, which leads to the improvement
of the cognitive function of the hippocampus.
Similarly, BBR improved the antioxidant activity of the
hippocampus of lead-poisoned rats.

BBR has been used to treat various diseases,
including diabetes, metabolic syndrome, fatty liver
disease, and coronary heart disease.®* lIts protective
effects on the heart have been widely reported.®** Many
studies have proven the beneficial antioxidant function of
BBR.°*® The effect of BBR as an effective factor on the
activity of antioxidants in various neurological disorders
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has also been confirmed.®” A study by Adefegha,
et al®® has been showed that BBR exerts its protective
effects due to its antioxidant properties and through
the preservation of antioxidant enzymes in the brain
of streptozotocin-induced diabetic Wistar rats. Several
studies have shown the effect of BBR in reducing
cognitive disorders. Treatment of diabetic animals with
BBR reduced cognitive impairment in animals.*® A review
showed that BBR increases the activity of antioxidants,
reduces inflammatory factors, increases neurotransmitters
such as norepinephrine and serotonin, and increases
neuromodulators such as vascular growth factor, which
can reduce cognitive disorders following anxiety and
depression.®” In the model of chronic cerebral ischemia,
BBR reduced tissue damage by increasing the activity
of antioxidants, reducing apoptosis, and finally led to the
improvement of the cognitive function of the animals.*"”
BBR has also improved cognitive ability in the elderly
with advanced dementia, accompanied by increased
blood Bcl-2 levels and decreased serum levels of tumor
necrosis factor alpha.””

In conclusion, the present study showed that
BBR was able to reduce the oxidative damage of the
hippocampus and improve the learning and memory
of rats by increasing the activity of antioxidants and
reducing oxidative stress.

Conflict of Interest
The authors declare that there are no conflicts of interest.

Author Contributions
FZM and ASR actively participated in design, data

analysis and collection, and writing of the article. FSZ, ZH, RM
and FAA contributed in the data analysis and collection of the
article. All the authors are fully aware of the final version of

article. Article submission is done with the consent of all authors.

REFERENCES

1. Assi MA, Hezmee MNM, Sabri MYM, Rajion MA. The
detrimental effects of lead on human and animal health. Vet
World 2016;9:660.

2. Awaga M, Hamed NA, Hammad EE, Mohammed RH,
Yassa H. Lead as a risk factor for attention deficit
hyperactivity disorder (ADHD) in children. Zagazig J
Forensic Med Toxicol 2020;18:21-33.

3. Naranjo VI, Hendricks M, Jones KS. Lead toxicity in
children: an unremitting public health problem. Pediatr
Neurol 2020;113:51-55.

4. llieva |, Sainova |. Free radicals and oxidative stress as



10.

11.

12.

13.

14.

15.

16.

the main mechanism of heavy metal toxicity in the male
reprodutive system. Acta Morphol Anthropol 2022;29:69-79.
Mombeini MA, Kalantar H, Sadeghi E, Goudarzi M,
Khalili H, Kalantar M. Protective effects of berberine as a
natural antioxidant and anti-inflammatory agent against
nephrotoxicity induced by cyclophosphamide in mice.
Naunyn Schmiedebergs Arch Pharmacol 2022;395:187-194.
Wang Y, Liu Y, Du X, Ma H, Yao J. The anti-cancer
mechanisms of berberine: a review. Cancer Manag Res
2020;12:695.

Ahmed T, Abdollahi M, Daglia M, Nabavi SF, Nabavi SM.
Berberine and neurodegeneration: a review of literature.
Pharmacol Rep 2015;67:970-979.

Mohi-Ud-Din R, Mir RH, Wani TU, Shah AJ, Banday N,
Pottoo FH. Berberine in the treatment of neurodegenerative
diseases and nanotechnology enabled targeted delivery.
Comb Chem 2022;25:616-633.

Pirmoradi Z, Yadegari M, Moradi A, Khojasteh F, Mehrjerdi
FZ. Effect of berberine chloride on caspase-3 dependent
apoptosis and antioxidant capacity in the hippocampus of the
chronic cerebral hypoperfusion rat model. Iran J Basic Med
Sci 2019;22:154.

Raeini AS, Hafizibarjin Z, Rezvani ME, Safari F, Aghda FA,
Mehrjerdi FZ. Carvacrol suppresses learning and memory
dysfunction and hippocampal damages caused by chronic
cerebral hypoperfusion. Naunyn Schmiedebergs Arch
Pharmacol 2020;393:581-589.

Aski ML, Rezvani ME, Khaksari M, Hafizi Z, Pirmoradi Z,
Niknazar S, et al. Neuroprotective effect of berberine chloride on
cognitive impairment and hippocampal damage in experimental
model of vascular dementia. Iran J Basic Med Sci 2018;21:53.
Nakhaee S, Mehrpour M, Mortazavi B, Weiss ST, Mehrpour
O. Central nervous system infections versus lead toxicity in
the differential diagnosis of encephalopathy. J Res Med Sci
2020;25:68.

da Silva DR, Bittencourt LO, Aragdao WA, Nascimento PC,
Ledo LK, Oliveira AC, et al. Long-term exposure to lead
reduces antioxidant capacity and triggers motor neurons
degeneration and demyelination in spinal cord of adult rats.
Ecotoxicol Environ Saf 2020;194:110358.

Zucki F, Morata TC, Duarte JL, Ferreira MC, Salgado MH,
Alvarenga KF. The maturation state of the auditory nerve and
brainstem in rats exposed to lead acetate and supplemented
with ferrous sulfate. Braz J Otorhinolaryngol 2018;84:150-158.
Ortega DR, Esquivel DF, Ayala TB, Pineda B, Manzo SG,
Quino JM, et al. Cognitive impairment induced by lead
exposure during lifespan: mechanisms of lead neurotoxicity.
Toxics 2021;9:23.

Sidhu GPS, Singh HP, Batish DR, Kohli RK. Effect of
lead on oxidative status, antioxidative response and
metal accumulation in Coronopus didymus. Plant Physiol

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Chin J Integr Med

Biochem 2016;105:290-296.

Chen H, Zhang W, Luo S, Li Y, Zhu Q, Xia Y, et al. Lead
exposure induces neuronal apoptosis via NF k B p65/RBBP4/
Survivin signaling pathway. Toxicology 2023;499:153654.

Bo JZ, Xue L, Li S, Yin JW, Li ZY, Wang X, et al. D-serine
reduces memory impairment and neuronal damage induced by
chronic lead exposure. Neural Regen Res 2021;16:836-841.

. Okesola MA, Ajiboye BO, Oyinloye BE, Ojo OA.

Neuromodulatory effects of ethyl acetate fraction of Zingiber
officinale Roscoe extract in rats with lead-induced oxidative
stress. J Integr Med 2019;17:125-131.

Bandaru LJ, Ayyalasomayajula N, Murumulla L, Challa S.
Mechanisms associated with the dysregulation of mitochondrial
function due to lead exposure and possible implications on the
development of Alzheimer's disease. Biometals 2022;35:1-25.
Han Q, Zhang W, Guo J, Zhu Q, Chen H, Xia Y, et al.
Mitochondrion: a sensitive target for Pb exposure. J Toxicol
Sci 2021;46:345-358.

Imenshahidi M, Hosseinzadeh H. Berberine and barberry
(Berberis vulgaris): a clinical review. Phytother Res
2019;33:504-523.

Dang WT, Xu D, Zhou JG. Effect of berberine on activation of
TLR4-NF « B signaling pathway and NLRP3 inflammasome
in patients with gout. Chin J Integr Med 2023;29:10-18.

Cai Y, Xin Q, Lu J, Miao Y, Lin Q, Cong W, et al. A
new therapeutic candidate for cardiovascular diseases:
berberine. Front Pharmacol 2021;12:631100.

Zhao JV, Yeung WF, Chan YH, Vackova D, Leung JYY, Ip
DKM, et al. Effect of berberine on cardiovascular disease
risk factors: a mechanistic randomized controlled trial.
Nutrients 2021;13:2550.

Rajasekhar K, Samanta S, Bagoband V, Murugan NA,
Govindaraju T. Antioxidant berberine-derivative inhibits
multifaceted amyloid toxicity. iScience 2020;23:101005.
Shou JW, Shaw PC. Therapeutic efficacies of berberine
against neurological disorders: an update of pharmacological
effects and mechanisms. Cells 2022;11:796.

Adefegha SA, Dada FA, Oyeleye SI, Oboh G. Effects of
berberine on cholinesterases and monoamine oxidase
activities, and antioxidant status in the brain of streptozotocin
(STZ)-induced diabetic rats. J Basic Clin Physiol Pharmacol
2022;33:389-397.

Zhang JH, Zhang JF, Song J, Bai Y, Deng L, Feng CP,
et al. Effects of berberine on diabetes and cognitive
impairment in an animal model: the mechanisms of action.
Am J Chin Med 2021;49:1399-1415.

Fan J, Zhang K, Jin Y, Li B, Gao S, Zhu J, et al.
Pharmacological effects of berberine on mood disorders. J
Cell Mol Med 2019;23:21-28.

(Accepted March 13, 2023)
Edited by YU Ming-zhu



