Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 10 Number 22 August 6, 2022

OPINION REVIEW
7620  Whipple's operation with a modified centralization concept: A model in low-volume Caribbean centers

Cawich SO, Pearce NW, Naraynsingh V, Shukla P, Deshpande RR

REVIEW
7631 Role of micronutrients in Alzheimer's disease: Review of available evidence

Fei HX, Qian CF, Wu XM, Wei YH, Huang JY, Wei LH

MINIREVIEWS
7642  Application of imaging techniques in pancreaticobiliary maljunction

Wang JY, Mu PY, Xu YK, Bai YY, Shen DH

7653  Update on gut microbiota in gastrointestinal diseases

Nishida A, Nishino K, Ohno M, Sakai K, Owaki Y, Noda Y, Imaeda H

7665  Vascular complications of pancreatitis

Kalas MA, Leon M, Chavez LO, Canalizo E, Surani S

ORIGINAL ARTICLE

Clinical and Translational Research

7674  Network pharmacology and molecular docking reveal zedoary turmeric-trisomes in Inflammatory bowel
disease with intestinal fibrosis

Zheng L, Ji YY, Dai YC, Wen XL, Wu SC

Case Control Study

7686  Comprehensive proteomic signature and identification of CDKN2A as a promising prognostic biomarker
and therapeutic target of colorectal cancer

Wang QQ, Zhou YC, Zhou Ge YJ, Qin G, Yin TF, Zhao DY, Tan C, Yao SK

Retrospective Cohort Study

7698  Is anoplasty superior to scar revision surgery for post-hemorrhoidectomy anal stenosis? Six years of
experience

Weng YT, Chu KJ, Lin KH, Chang CK, Kang JC, Chen CY, Hu JM, Pu TW

Retrospective Study

7708  Short- (30-90 days) and mid-term (1-3 years) outcomes and prognostic factors of patients with esophageal
cancer undergoing surgical treatments

Shi MK, Mei YO, Shi JL

WJCC | https://www.wjgnet.com I August 6,2022 | Volume10 | Issue22 |

Jaishideng®



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 22 August 6, 2022

7720  Effectiveness of pulsed radiofrequency on the medial cervical branches for cervical facet joint pain

Chang MC, Yang S

7728  Clinical performance evaluation of O-Ring Halcyon Linac: A real-world study

Wang GY, Zhu QZ, Zhu HL, Jiang LJ, Zhao N, Liu ZK, Zhang FQ

7738  Correlation between the warning symptoms and prognosis of cardiac arrest

Zheng K, Bai Y, Zhai OR, Du LF, Ge HX, Wang GX, Ma OB

7749 Serum ferritin levels in children with attention deficit hyperactivity disorder and tic disorder

Tang CY, Wen F

7760  Application of metagenomic next-generation sequencing in the diagnosis of infectious diseases of the
central nervous system after empirical treatment

Chen YY, Guo Y, Xue XH, Pang F

7772 Prognostic role of multiple abnormal genes in non-small-cell lung cancer
Yan LD, Yang L, Li N, Wang M, Zhang YH, Zhou W, Yu ZQ, Peng XC, Cai J

7785  Prospective single-center feasible study of innovative autorelease bile duct supporter to delay adverse
events after endoscopic papillectomy

Liu SZ, Chai NL, Li HK, Feng XX, Zhai YQ, Wang NJ, Gao Y, Gao F, Wang SS, Linghu EQ

Clinical Trials Study

7794  Performance of Dexcom G5 and FreeStyle Libre sensors tested simultaneously in people with type 1 or 2
diabetes and advanced chronic kidney disease

Olaﬁdo'm'r AF, Andelin M, Saeed A, Sofizadeh S, Hamoodi H, Jansson PA, Lind M

Observational Study

7808  Complications of chronic pancreatitis prior to and following surgical treatment: A proposal for
classification

Murruste M, Kirsimdgi U, Kase K, Versinina T, T alving P, Lepner U
7825  Effects of comprehensive nursing on postoperative complications, mental status and quality of life in
patients with glioma

Dong H, Zhang XL, Deng CX, Luo B

Prospective Study
7832  Predictors of long-term anxiety and depression in discharged COVID-19 patients: A follow-up study

Boyraz RK, Sahan E, Boylu ME, Kirpinar I

META-ANALYSIS

7844  Same-day single-dose vs large-volume split-dose regimens of polyethylene glycol for bowel preparation: A
systematic review and meta-analysis

Pan H, Zheng XL, Fang CY, Liu LZ, Chen JS, Wang C, Chen YD, Huang JM, Zhou YS, He LP

Bishidenge WVJCC | https://www.wjgnet.com I August 6,2022 | Volume10 | Issue22 |



World Journal of Clinical Cases
Contents
Thrice Monthly Volume 10 Number 22 August 6, 2022
7859  Rectal nonsteroidal anti-inflammatory drugs, glyceryl trinitrate, or combinations for prophylaxis of post-
endoscopic retrograde cholangiopancreatography pancreatitis: A network meta-analysis
Shi QQ, Huang GX, Li W, Yang JR, Ning XY
7872  Effect of celecoxib on improving depression: A systematic review and meta-analysis
Wang Z, Wu Q, Wang Q
CASE REPORT
7883  Rectal mature teratoma: A case report
Liu JL, Sun PL
7890  Antibiotic and glucocorticoid-induced recapitulated hematological remission in acute myeloid leukemia: A
case report and review of literature
Sun XY, Yang XD, Yang XQ, Ju B, Xiu NN, Xu J, Zhao XC
7899  Non-secretory multiple myeloma expressed as multiple extramedullary plasmacytoma with an
endobronchial lesion mimicking metastatic cancer: A case report
Lee SB, Park CY, Lee HJ, Hong R, Kim WS, Park SG
7906  Latamoxef-induced severe thrombocytopenia during the treatment of pulmonary infection: A case report
Zhang RY, Zhang JJ, Li JM, Xu YY, Xu YH, Cai XJ
7913  Multicentric reticulohistiocytosis with prominent skin lesions and arthritis: A case report
Xu XL, Liang XH, Liu J, Deng X, Zhang L, Wang ZG
7924  Brainstem abscesses caused by Listeria monocytogenes: A case report
Wang J, Li YC, Yang KY, Wang J, Dong Z
7931  Primary hypertension in a postoperative paraganglioma patient: A case report
Wei JH, Yan HL
7936  Long-term survival of gastric mixed neuroendocrine-non-neuroendocrine neoplasm: Two case reports
Woo LT, Ding YF, Mao CY, Qian J, Zhang XM, Xu N
7944  Percutaneous transforaminal endoscopic decompression combined with percutaneous vertebroplasty in
treatment of lumbar vertebral body metastases: A case report
Ran Q, Li T, Kuang ZP, Guo XH
7950  Atypical imaging features of the primary spinal cord glioblastoma: A case report
Liang XY, Chen YP, Li Q, Zhou ZW
7960  Resection with limb salvage in an Asian male adolescent with Ewing’s sarcoma: A case report
Lai CY, Chen KJ, Ho TY, Li LY, Kuo CC, Chen HT, Fong YC
7968  Early detection of circulating tumor DNA and successful treatment with osimertinib in thr790met-positive
leptomeningeal metastatic lung cancer: A case report
Xu LQ, Wang YJ, Shen SL, Wu Y, Duan HZ
Guieidenge WICC | https://www.wjgnet.com 111 August 6,2022 | Volume10 | Issue22 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 22 August 6, 2022

7973 Delayed arterial symptomatic epidural hematoma on the 14" day after posterior lumbar interbody fusion:

A case report

Hao SS, Gao ZF, Li HK, Liu S, Dong SL, Chen HL, Zhang ZF

7982  Clinical and genetic analysis of nonketotic hyperglycinemia: A case report

Ning JJ, Li F, Li SO

7989  Ectopic Cushing's syndrome in a patient with metastatic Merkel cell carcinoma: A case report

Ishay A, Touma E, Vornicova O, Dodiuk-Gad R, Goldman T, Bisharat N

7994  Occurrence of MYD88L265P and CD79B mutations in diffuse large b cell lymphoma with bone marrow
infiltration: A case report

Huang WY, Weng ZY

8003  Rare case of compartment syndrome provoked by inhalation of polyurethane agent: A case report

Choi JH, Oh HM, Hwang JH, Kim KS, Lee SY

8009  Acute ischemic Stroke combined with Stanford type A aortic dissection: A case report and literature
review

He ZY, Yao LP, Wang XK, Chen NY, Zhao JJ, Zhou Q, Yang XF

8018  Compound-honeysuckle-induced drug eruption with special manifestations: A case report

Zhou LF, Lu R

8025  Spontaneous internal carotid artery pseudoaneurysm complicated with ischemic stroke in a young man: A
case report and review of literature

Zhong YL, Feng JP, Luo H, Gong XH, Wei ZH

8034  Microcystic adnexal carcinoma misdiagnosed as a “recurrent epidermal cyst”: A case report

Yang SX, Mou Y, Wang S, Hu X, Li FQ

8040  Accidental discovery of appendiceal carcinoma during gynecological surgery: A case report

Wang L, Dong Y, Chen YH, Wang YN, Sun L

8045  Intra-ampullary papillary-tubular neoplasm combined with ampullary neuroendocrine carcinoma: A case
report

Zavrtanik H, Luzar B, Tomazi¢ A

LETTER TO THE EDITOR
8054  Commentary on "Primary orbital monophasic synovial sarcoma with calcification: A case report"

Tokur O, Aydin S, Karavas E

Bishidenge WVJCC | https://www.wjgnet.com IX August 6,2022 | Volume10 | Issue22 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 22 August 6, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Bennete Aloysius Fernandes, MDS, Professor, Faculty of
Dentistry, SEGi University, Kota Damansara 47810, Selangor, Malaysia. drben17@yahoo.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central,
Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology
Journal Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021
impact factor (IF) for WJCC as 1.534; IF without journal self cites: 1.491; 5-year IF: 1.599; Journal Citation Indicator:
0.28; Ranking: 135 among 172 journals in medicine, general and internal; and Quartile category: Q4. The WJCC's
CiteScore for 2021 is 1.2 and Scopus CiteScore rank 2021: General Medicine is 443/826.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: X« Guo; Production Department Director: Xiang Ii; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16,2013 https:/ /www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja | https://www.wignet.com/bpg/gerinfo/208
Hyeon Ku

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
August 6, 2022 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Guieidenge WICC | https://www.wjgnet.com X August 6,2022 | Volume10 | Issue22 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v10.i22.7631

World Journal of
Clinical Cases

World | Clin Cases 2022 August 6; 10(22): 7631-7641

ISSN 2307-8960 (online)

REVIEW

Role of micronutrients in Alzheimer's disease: Review of available

evidence

Hong-Xin Fei, Chao-Fan Qian, Xiang-Mei Wu, Yu-Hua Wei, Jin-Yu Huang, Li-Hua Wei

Specialty type: Medicine, research
and experimental

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Mogulkoc R, Turkey;
Tsagkaris C, Switzerland

Received: January 26, 2022
Peer-review started: January 26,
2022

First decision: March 23, 2022
Revised: April 29, 2022
Accepted: June 21, 2022

Article in press: June 21, 2022
Published online: August 6, 2022

Jaishideng®

WJCC | https://www.wjgnet.com

Hong-Xin Fei, Chao-Fan Qian, Xiang-Mei Wu, Yu-Hua Wei, Li-Hua Wei, Department of Pathology,
Guangxi University of Science and Technology, Liuzhou 545000, Guangxi Zhuang
Autonomous Region, China

Jin-Yu Huang, Department of Neurology, The First Affiliated Hospital of Guangxi University of
Science and Technology, Liuzhou 545000, Guangxi Zhuang Autonomous Region, China

Corresponding author: Jin-Yu Huang, MD, Director, Department of Neurology, The First
Affiliated Hospital of Guangxi University of Science and Technology, No. 124 Yuejin Road,
Liuzhou 545000, Guangxi Zhuang Autonomous Region, China. 1ilin2169@163.com

Abstract

Alzheimer's disease (AD) is one of the most common age-related neurodegen-
erative disorders that have been studied for more than 100 years. Although an
increased level of amyloid precursor protein is considered a key contributor to the
development of AD, the exact pathogenic mechanism remains known. Multiple
factors are related to AD, such as genetic factors, aging, lifestyle, and nutrients.
Both epidemiological and clinical evidence has shown that the levels of micronu-
trients, such as copper, zinc, and iron, are closely related to the development of
AD. In this review, we summarize the roles of eight micronutrients, including
copper, zing, iron, selenium, silicon, manganese, arsenic, and vitamin D in AD
based on recently published studies.

Key Words: Alzheimer’s disease; Iron; Micronutrient; Zinc

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Significant advances have been made in characterizing the relationship
between Alzheimer's disease (AD) and micronutrients copper, zinc, iron, selenium,
silicon, manganese, and arsenic. This study provides a new perspective and direction for
future scientific research, development of new drugs, and routine preventive measures
against AD.
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INTRODUCTION

Alzheimer's disease (AD) is a common age-related neurodegenerative disease[l,2]. Owing to
progressive population aging, the incidence of AD will continue to increase[3,4]. In China, an estimated
14% of the general population over the age of 65 years and approximately 30% general population over
the age of 85 years were affected by AD. In China, the estimated annual cost of medical care for AD
approaches one hundred billion RMB, as the conventional diagnosis of AD is based on expensive invest-
igations such as magnetic resonance imaging, positron emission tomography, and analysis of
cerebrospinal fluid[5].

Individuals with AD typically suffer from loss of learning ability and memory, impaired judgment
and reasoning][6,7], and loss of analytical ability[8], which can seriously affect their quality of life. This
imposes a heavy economic and psychosocial burden on the affected families and the society. Clinical
treatment of AD is typically challenging[9]. Currently, clinical research on AD in China and overseas is
only at the stage of exploration, while the basic research on AD is still at the stage of hypotheses or
theories. Studies have shown that AD is closely related to the dynamic changes in body micronutrients,
such as decrease in iron and zinc content, and increase in copper content[10-12]. This article reviews the
evidence from contemporary research conducted across the world on the link between AD and
micronutrients.

This article is primarily based on a literature search conducted in the NCBI database for studies
investigating the link between AD and micronutrients published in the last five years.

AD AND MICRONUTRIENTS
AD and copper

Copper is a ubiquitous element. Red meat, nuts, and vegetables are rich sources of copper. Copper is
one of the most abundant transition metals in the human body. It is involved in collagen synthesis,
antioxidant defense, skin pigmentation, neurotransmitter synthesis, and iron homeostasis[13]. Thus, it
plays an important role in human physiology.

Copper is closely related to AD[14,15]. The most common neuropathic lesions in AD are plaques of
neurofibrillary tangle, amyloid, and soluble oligomers with large amounts of copper at their core.
Patients with AD were shown to have significantly higher levels of copper in their brain tissue than the
general population, which promotes the formation of neurofibrillary tangle, amyloid, and other proteins
[16-18].

Copper promotes the neurofibrillary tangle of hyperphosphorylation Tau, which aggravates
homeostatic disorders; in addition, copper promotes oxidative stress, which has been observed in the
brain tissue of many patients with AD[19]. Rosmarinic acid is a commonly used anti-AD drug.
Rosmarinic acid has been shown to reduce copper-induced neurotoxicity due to its antioxidant effect in
vitro and in vivo, by preventing the binding of amyloid protein with copper[20]. The properties of
copper-bound amyloid proteins have been employed for auxiliary positron emission tomography in the
diagnosis of AD in mouse models[21].

Detection of copper is useful in the diagnosis and prevention of AD[22,23]. In addition, long-term
exposure to copper is associated with cognitive decline and microglia degeneration[24]. TDMQ20 was
shown to reduce the copper content in the cerebral cortex of mice[25], and ameliorate oxidative stress in
the cerebral cortex of mice, further attenuating the neurotoxicity of amyloid[26]. High affinity metal ion
chelating agents such as chitosan can be an effective treatment for AD. The therapeutic effect of chitosan
is related to its ability to absorb copper ions[27].

AD and zinc
Zinc is one of the essential micronutrients in the body and the second most abundant micronutrient in
the central nervous system[28,29]. Zinc is involved in growth and development, wound healing,
immune regulation, catalytic reactions, and substance synthesis. Zinc also regulates excitatory and
inhibitory neurotransmitters in brain tissue[30,31]. As the zinc content in the body decreases with age,
abnormal zinc metabolism may serve as a therapeutic target for AD. In particular, zinc and selenium or
iron and zinc have been concomitantly used to treat AD[32,33].

Studies have shown that zinc release increases with age, especially in female rats, and that zinc
deficiency leads to neuronal death; this phenomenon is related to the involvement of zinc in the
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recognition of neuronal receptors and ligands, which is one of the main risk factors for AD and its
associated brain neuropathology[34]. On the contrary, zinc supplementation was shown to improve
cognitive deficit and rescue the decline in key molecular targets of synaptic plasticity and insulin
signaling in the hippocampus of rats with sporadic AD[35]. Oxidative stress plays a key role in neurode-
generation and impaired cognitive function. Diet rich in antioxidants is a novel strategy for prevention
of AD. Compared with healthy individuals, patients with AD showed significantly lower serum levels
of Se, Cu, and Zn[36].

Studies have shown that the disorder of zinc dynamic equilibrium can cause abnormal synthesis and
increased deposition of amyloid protein in brain tissue, and increase the degree of neuronal damage.
The underlying mechanism involves binding of zinc to histidine residues of brain tissue-amyloid
protein leading to the formation of amorphous aggregates of-amyloid protein, which then leads to the
formation of age spots[37]. The combination of zinc and copper was shown to accelerate the formation
of amorphous aggregates of amyloid protein[38], and the high saturation magnetization of zinc ferrite
was found to improve the formation of amorphous aggregates of amyloid protein[39].

An increasing body of evidence has shown that the basal level of extracellular zinc in hippocampus is
typically in the low nanomolar range, and that the increase in zinc content aggravates the neurotoxicity
of amyloid protein[40]. Zinc was shown to increase the expression of amyloid precursor protein in a
mouse model of AD, which in turn increased amyloid synthesis.

Pathological dynamic equilibrium of copper, iron, and zinc promotes the deposition of amyloid
proteins in brain tissue and affects structural changes in Tau Proteins. S100B is one of the most abundant
proteins in the brain[41], which is involved in the regulation of amyloid deposition and zinc
homeostasis. Use of zinc chelating agents can improve amyloid deposition levels by interfering with
S5100B[42]. Klotho protein is a zinc-rich protein which has neuroprotective, anti-inflammatory, anti-
oxidant, and promyelination effects. Increasing serum Klotho protein can play a role in neuroprotection,
anti-inflammation, and anti-oxidation[43]. Evidence suggests that AD is associated with increased levels
of Tau, which is related to the presence of multiple zinc binding sites in the Tau protein. Low zinc levels
stimulate Tau, leading to increased neurofibrillary tangle in the neurons[44]. The antioxidant zinc
carboxylate inhibits the activity of acetylcholine esterase (ACHE) and butylcholinesterase and plays an
anticholinesterase role, which indicates the benefit of zinc carboxylate in the treatment of AD[45]. Zinc
homeostasis is involved in the pathogenesis of AD. Zinc can significantly increase the activity of
carnosine, which is beneficial in the treatment of AD[46].

Zinc deficiency can lead to a decrease in learning ability and memory in AD. Zinc supplementation (3
mg/kg) was shown to improve learning and memory in a mouse model of AD, which may be related to
the decrease in inflammatory activity in NLRP3[47]. Zinc can promote the aggregation of SFPQ in
cultured neurons by regulating the nuclear SFPQ protein, which is an important marker of AD[48].

AD and iron

Iron is one of the essential trace metal elements which is widely distributed in the human body. Iron is
involved in material transportation, growth and development, cell differentiation, gene expression, and
lipid peroxidation. Abnormal heme content and deranged iron homeostasis are more common in AD
[49].

Accumulation of iron in the brain is a common phenomenon in many neurodegenerative disorders.
Postmortem studies have documented markedly increased concentration of ferritin and hemosiderin
aggregates in the brain tissues of patients with severe AD[50]. Inadequate iron intake during pregnancy
may cause iron deficiency in fetal brain tissue, increasing the risk of neurological defects. With the
increase in age, accumulation of iron in brain tissue can also occur because of brain tissue-amyloid
protein deposition and plaque, which in turn promotes further iron deposition[51].

A growing body of evidence suggests that iron dysregulation in brain neurons plays a key role in AD
[52]. Studies have documented high iron concentrations in deep gray matter structures of brain tissue in
patients with AD[53]. Iron deposition promotes increased Tau levels in brain tissue and neurofibrillary
Tangle Tau formation[10,54]. Iron also accelerates the deposition of amyloid proteins in brain tissue[55].
Increased concentration of iron-rich pollutants in the air predisposes people to AD[56].

Studies have shown that-amyloid precursor protein can be hydrolyzed to-amyloid, which is
dependent on iron transporter transmembrane transport[57]. CISD2 gene encodes CDGSH FT-
DOMAIN Protein 2, and up-regulation of CDGSH FT-DOMAIN PROTEIN 2 can improve mitochondrial
structure and synaptic function, which plays a neuroprotective role[58].

Research has shown that oxidative stress promotes iron deposition in brain tissue, which plays an
important role in the development of AD. In a study, scanning electron microscope and transmission
electron microscope were used to examine specific iron-rich areas in the hippocampus of anatomical
specimens of brain tissue from patients with AD. The authors found a significant increase in both Tau
and amyloid proteins in brain tissue, which suggests that the effect of oxidative stress on AD is related
to the oxidation of iron[59].

Endothelial cells in brain tissue can promote the formation of new blood vessels in the environment
of embryonic development, and they rely on specific metabolic pathways to achieve different cellular
functions. Pilin-1, a transmembrane protein of endothelial cells, regulates mitochondrial function and
iron homeostasis, thus affecting the development of AD[60]. Use of iron chelating agents such as desfer-

WJCC | https://www.wjgnet.com 7633 August 6,2022 | Volume10 | Issue22 |



Fei HX et al. Role of micronutrients in AD

Jaishideng®

rioxamine mesylate (desferrioxamine) was shown to reduce the iron content in brain tissue in animal
models of AD. This effect was related to the ease with which desferrioxamine crosses the blood brain
barrier[61].

Multi-functional nanoparticles w20xd4-spions may contribute to the diagnosis and treatment of AD.
This is related to the ability of multi-functional nanoparticles w20xd4-spions to readily cross the blood-
brain barrier and enhance microglia phagocytosis[62]. Iron oxide nanoparticles have been used in
clinical studies to improve AD, owing to their ability to cross the blood-brain barrier[63]. Iron
deposition is a pathway that regulates cell death, initiated by glutathione and lipid peroxidation signals
[64].

Ferroptosis, a recently discovered form of cell death caused by accumulation of byproducts of lipid
peroxidation, is also involved in the pathogenesis of AD. Excess iron was shown to exacerbate oxidative
damage and cognitive deficit in a mouse model of AD. Use of specific iron deposition inhibitors was
shown to alleviate the degree of neuronal death and memory damage in mice, especially in the
hippocampus[65]. Brain iron metabolism disorder is one of the main characteristics of AD.
Hemagglutinin neutralizes heme toxicity, maintains iron homeostasis, enhances antioxidant capacity by
breaking down metabolites, biliverdin and carbon monoxide, and alleviates iron-mediated lipid
peroxidation, which improves hippocampal volume, metabolism, and cognitive function in patients
with AD[66].

AD and selenium

Selenium is one of the most common micronutrients in the body. It is involved in biological oxidation,
cell differentiation, protein synthesis, and gene transcription. In particular, selenium inhibits ACHE and
butylcholinesterase, which has a positive effect on the treatment of AD[67]. Selenium is a central
component of many antioxidant enzymes (glutathione peroxidase) that regulate redox levels in the body
and have a positive effect on the immune system[68].

Selenium deficiency is believed to be involved in the causation of AD. Selenium deficiency impairs
immunity and leads to overproduction of oxidized products and amyloid-beta protein. Selenium can
interact with metals by using selenomethionine and improve the body's antioxidant capacity’[69].
Chondroitin sulfate selenium has been shown to improve spatial learning and memory impairment in
mice with AD, reduce the degree of synaptic edema of hippocampal neurons, and protect the integrity
of mitochondria. The underlying mechanism involved activation of the P38 mitogen activated protein
kinase signaling pathway by chondroitin sulfate selenium[70].

Glutathione peroxidase 1 is a major antioxidant enzyme that has a protective effect against memory
impairment induced by-amyloid in mice with AD; this phenomenon is related to the activation of Erk
signal pathway by glutathione peroxidase-1[71]. Memory impairment is the most well-known symptom
of AD. The combination of nano-selenium (0.4 mg/kg) and stem cells increased the levels of brain-
derived neurotrophic factor and reduced amyloid deposition in an Alzheimer mouse model; these
results suggest that the combination of selenium and stem cells can reduce neurotoxicity in mice with
AD[72].

Clinical studies have shown that AD is associated with cognitive decline. Higher blood selenium
levels in older people were shown to be associated with higher cognitive scores; a general linear model
was observed between blood selenium concentrations and cognitive function. It is suggested that
selenium ameliorates the decrease of cognitive ability[73,74]. Selenium is essential for brain health. In a
study of 984 men and 1032 women conducted between 2011 and 2014, selenium was found to be
associated with cognitive function. The study involved assessment of whole blood selenium concen-
trations; there was no correlation between blood selenium concentration and sex. The results indicated
that adequate selenium was positively associated with cognitive ability in the elderly[75].

Alzheimer’s and silicon

Silicon is one of the most common micronutrients in the body It is divided into amorphous silicon and
crystalline silicon, which exists in the form of silicate or silicon dioxide. Silicon is involved in collagen
synthesis, immune system regulation, bone mineralization, and Tau phosphorylation[76]. Silicon was
shown to lower the risk of AD[77].

Recent studies have shown the health benefits of silicon in humans. Soluble silicic acid is a useful
form of silicon in the human body. The absorption, distribution, and metabolic characteristics of soluble
silicic acid in human body are closely related to human health. The unique cross-linking ability of
soluble silicic acid and its antagonism to toxic aluminum may protect against AD[78].

Studies have shown an increase in the incidence of degenerative diseases in Western countries. Diet
has a positive effect on AD. Beer, which is rich in silicon and hops, plays an important role in preventing
brain disorders. This is primarily related to the ability of beer to regulate inflammation, oxidation, and
cholinesterase activity[79]. Nerve growth factor (NGF) plays an important role in reducing the number
of cholinergic neurons in AD. Studies have demonstrated the neuroprotective effect of NGF on rat
pheochromocytoma PCL2 cells by using biodegradable porous silicon oxide carriers[30].
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AD and manganese

Manganese is one of the essential micronutrients in the body. It is involved in oxidation-reduction, lipid
synthesis and, protein degradation, which are mostly related to the alkylation of manganese. Various
aromatic, heterocyclic aromatic, and aliphatic secondary amines, such as indole and resveratrol-derived
amines, can be obtained by alkylation reaction[81]. Most studies have found that AD can occur with
decreased or normal levels of manganese[82].

With rapid industrialization and the increasing environmental pollution, excessive intake of heavy
metal manganese will have a neurotoxic effect and promote neurodegeneration. Astrocyte is the main
stable cell type in the central nervous system. Excessive intake of manganese can affect the structure and
function of astrocytes, as well as the synthesis and degradation of glutamate. Effective control of
manganese neurotoxicity may be a potential strategy for preventing or slowing AD[83]. Abnormal
conformation of prion proteins in normal cells can lead to their transformation into pathogenic prion
proteins, which can bind to manganese, copper, zinc, and other micronutrients, and thus induce AD[84].

Studies have shown the role of manganese in the diagnosis of AD. Manganese enhanced magnetic
resonance imaging can be used to assess the level of pathological Tau accumulation[85]. Treatment with
Manganese chelating agents may play a role in neurodegenerative diseases such as AD, providing a
new strategy for the clinical treatment of AD[86].

AD is associated with a decline in learning and memory. Use of naringin reduces amyloid accumu-
lation, a manganese-induced form of AD in rats. It is suggested that naringin has a neuroprotective
effect, which is closely related to the anti-oxidant, anti-inflammatory and anti-amyloid degeneration
effect of naringin[87]. Manganese-rich nanocapsules were shown to improve cognitive ability in animal
models with AD, which is related to the decrease of Tau protein in animal brain tissue[88].

AD and arsenic

Arsenic is an essential micronutrient of the body. It is widely found in nature in the form of Ash, black,
and yellow arsenic. Arsenic is highly toxic, but in small amounts it is beneficial. Arsenic participates in
biotransformation, protein synthesis, and material metabolism.

Sodium arsenite (1-10 mol/L) was shown to increase Tau phosphorylation and promote the
formation of neurofibrils in human neuroblastoma SH-SY5Y cells, which are used to study AD. This
effect was related to the activation of Erk Pathway by sodium arsenite[39].

Animal studies have shown that arsenic in drinking water can cause abnormal circadian rhythm and
movement behavior in mice with AD, as well as accumulation of amyloid proteins in the frontal cortex
and hippocampus. This was found to be related to arsenic-induced lipid peroxidation in mice[90].
Sodium arsenite was shown to cause behavioral disorders and memory change in male rats with AD,
which was alleviated by gallic acid (100 mg/kg); this indicated the neuroprotective effect of gallic acid

91].

[ I]n a clinical study, arsenic levels were measured in the nails and hair of 40 individuals with AD using
inductively coupled plasma mass spectrometry. Arsenic levels in AD were higher than those in controls.
This implies that individuals with AD often have elevated levels of arsenic[92].

Alzheimer's and vitamin D
Vitamin D is an antioxidant hormone. There is a close linkage between vitamin D, human microbiome,
and the immune system. Vitamin D can regulate innate and adaptive immune responses[93].

Vitamin D enhances the immune function and may delay aging; thus, it may play a role in the
treatment of AD[94].

The key findings of the aforementioned micronutrients related to AD are summarized in Table 1.

CONCLUSION

AD is the most common type of dementia with an elusive etiology. An increasing number of studies
have explored the effects of micronutrients on the pathogenesis and development of AD[95]. Abnormal
copper homeostasis plays an essential role in the development of many neurodegenerative diseases,
including AD[14]. Zinc status affects the progression of AD, as evidenced by cognitive decline observed
under conditions of zinc deficiency[52]. Excessive iron contributes to the deposition of B-amyloid and
the formation of neurofibrillary tangles in AD, as well as other neurodegenerative diseases[96].
Selenium may have a protective role against the development of AD[97]. Silicon may lower the risk of
AD by protecting against accumulation of toxic substances in the brain[98]. Manganese is critical for
neurodevelopment but has also been implicated in the pathophysiology of several neurological diseases,
including AD[99]. Chronic manganese exposure increases the risk of amyloid plaques and the
development of AD[100]. Increased level of arsenic was shown to be associated with brain damage and
neurobehavioral changes, which may exacerbate AD symptoms[90]. Vitamin D and its receptors are
fundamentally involved in neurodegenerative mechanisms and vitamin D deficiency is recognized as a
risk factor for AD[101]. Collectively, these findings suggest that aberrant homeostasis of these micronu-
trients is a key contributor to AD progression.
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Table 1 Roles of different micronutrients in Alzheimer’s disease

Micronutrient Key findings related to AD

Copper

Zinc

Iron

Selenium

Silicon

Manganese

Arsenic

Vitamin D

Plaques of neurofibrillary tangle, amyloid, and soluble oligomers have large amounts of copper at their core[18]

AD patients have significantly higher levels of copper in brain tissues[19-21]

Copper promotes neurofibrillary tangle of hyperphosphorylation Tau and oxidative stress[22]

Copper is useful marker for the diagnostic and prevention of AD[27]

Zinc and selenium or iron and zinc have been concomitantly used to treat AD[35,36]

Combination of zinc and copper accelerates the formation of amorphous aggregates of amyloid protein[40]

High saturation magnetization of zinc ferrite improves the formation of amorphous aggregates of amyloid protein[41]
Zinc increases the expression of amyloid precursor protein in a mouse model of AD[43]

Zinc deficiency leads to a decrease in the learning ability and memory of AD mice[51]

Markedly increased concentration of ferritin and hemosiderin aggregates in the brain tissues of patients with severe AD[55]
Iron dysregulation in brain neurons plays a key role in AD[57]

Iron deposition increases Tau levels in brain tissue and promotes neurofibrillary Tangle Tau formation[10,59]

Iron accelerates the deposition of amyloid proteins in brain tissues[60]

Iron oxide nanoparticles have been used in clinical studies to improve AD[68]

Chondroitin sulfate selenium improves spatial learning and memory impairment in mice with AD[75]

The combination of nano-selenium and stem cells increases the levels of brain-derived neurotrophic factor and reduces amyloid
deposition in AD mice[77]

Selenium ameliorates the decrease of cognitive ability[78,79]
Silicon may lower the risk of AD[82]
The unique cross-linking ability of soluble silicic acid and its antagonism to toxic aluminum may protect against AD[83]

Excessive intake of manganese can affect the structure and function of astrocytes, as well as the synthesis and degradation of glutamate.
Effective control of manganese neurotoxicity may be a potential strategy for preventing or slowing AD[88]

Abnormal conformation of prion proteins in normal cells can lead to their transformation into pathogenic prion proteins, which can bind
to manganese, copper, and zinc, and thus induce AD[89]

Manganese-rich nanocapsules improve cognitive ability in animal models with AD[93]

Sodium arsenite increases Tau phosphorylation and promotes the formation of neurofibrils in human neuroblastoma cells[94]
Presence of arsenic in drinking water induces accumulation of amyloid proteins in the frontal cortex and hippocampus of AD mice[95]
Sodium arsenite causes behavioral disorders and memory change in male AD rats[96]

The levels of arsenic in the nails and hair of AD patients were higher than that in healthy controls[97]

Vitamin D regulates innate and adaptive immune responses, which may play a role in the development of AD[98]

Vitamin D enhances the immune function and may delay aging; thus, it may be used in AD treatment[99]

AD: Alzheimer’s disease.

Jaishideng®

Some limitations of this review warrant mention. First, this is a narrative review, which lacks
predetermined research question or specific search strategy. Future studies with a systemic design and a
specified protocol are required for a more in-depth characterization of the roles of these micronutrients
in AD. Secondly, the animals studies included in this review only used rodent AD models. The results
from other animal AD models should be taken into account in future analysis.

In conclusion, this review summarizes the recent findings on the relationships between AD and
micronutrients, which may provide a new perspective and direction for future scientific research,
development of new drugs, and preventive measures against AD. Although significant advances have
been made in characterizing the relationships between AD and these micronutrients, further studies are
required to provide more robust evidence.
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