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Table 6.0: Major chemical components (phenolic lignans, alkaloids and coumarins)

of pharmacological interest in the Magnoliaceae

The literature on the anticancer properties of Magnolia (M. officinalis), magnolol and honokiol is
extensive. A significant amount of research has been done in the last 5 years, with a particular focus
on enhancing bioavailability. Therefore the sources referred to here, while providing a good overview
of the extent of the anticancer research that has been undertaken, are not exhaustive.

Compound: botanical source and activity

References

Phenolic Lignans: Magnolol and Honokiol

genus Magnolia

Note: The lignan content can vary between batches and
species e.qg. Magnolia ovata: some samples were
particularly rich in magnolol (0.8-7%), when compared
to M. officinalis (1.0-1.25%). Honokiol levels were
lower: 0.55-1.25% and 0.17-1.8%, respectively.

Lee et al. (2011a); see also Lovecka
et al. (2020)

Bioavailability: stability and physicochemical properties
of magnolol & honokiol differ; gastrointestinal
processing of Magnolia officinalis allows substantial
metabolic activation of active components (magnolol
and honokiol); lecithin-based mixed polymeric
micelles developed to enhance honokiol and magnolol
solubility and bioavailability overcoming problems with
absorption (extreme hydrophobicity)

Sarrica et al. (2018); Lin et al.
(2021a); Niu et al. (2021); Usach et
al. (2021)

Anticancer: there is a significant synergistic effect
between magnolol and honokiol, which are active
against various cell lines, particularly liver and brain
cancers (numerous research papers); also urothelial
(bladder) carcinoma, oral cancer; potential for use in
drug-resistant forms of cancer

Lee et al. (2011a); Arora et al.
(2012); Han & van Anh (2012);
Kapoor (2012); Chilampalli et al.
(2013); Kumar et al. (2013); Prasad
& Katiyar (2016); Zhang et al.
(2019); Wang et al. (2020a); Bui et
al. (2020)

Anticancer: review of honokiol and magnolol as
anticancer agents

Mottaghi & Abbaszadeh (2021)

Anti-inflammatory, antioxidant, analgesic; potential
for use in inflammatory pain conditions

Lin et al. (2007); Lee et al. (2011a);
Zhang et al. (2019)

Respiratory function: smooth muscle relaxant, anti-
asthmatic

Ko et al. (2003); Lee et al. (2011a);
Poivre & Duez (2017)

Cardiovascular system: cardioprotective; antiplatelet,
anti-thrombocytic, anti-ischaemic; anti-
atherosclerosis

Lee et al. (2011a); Poivre & Duez
(2017); Yuan et al. (2019)

Antiviral: potential use for prevention of norovirus
foodborne disorders and gastroenteritis (Magnolia
officinalis)

Kim et al. (2021)

Antimicrobial (poultry farming): anti-Sa/monella

Chen et al. (2021¢)
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improvement in growth performance; magnolol could
also improve the intestinal microbial and mucosal
barrier

Antibacterial: active against MRSA, significant
synergistic effect between magnolol and honokiol;
active against poisoning by Vibrio cholerae

Shih & Chou (2012); Liu et al.
(2014); Zuo et al. (2015); Choi et
al. (2015a); Kim et al. (2015a &
2015b)

Antibacterial: honokiol/magnolol amphiphiles showed
potent anti-MRSA activity

Guo et al. (2021a)

Antifungal: enhance immune response to infection
anti-yeast, active against Candida albicans; synergistic
potential with antimicrobial agents; fungicidal against
Fusarium isolates

Sun et al. (2015b, 2017a); Lu et al.
(2017); Oufensou et al. (2019 &
2020)

Antifungal: excellent activity against plant pathogens,
particularly against Rhizoctonia solani

Choi et al. (2009); Yan et al. (2020)

Antifungal (aquaculture): active against the Saprolegnia
pathogen of fish with potential for use in aquaculture
operations

Hu et al. (2019a)

Dental health: antibacterial and anti-inflammatory,
active against oral pathogens eq. Porphyromonas
gingivalis and Streptococcus mutans, antibiofilm
activity and reduce antibiotic resistance

Murakami et al. (2012); Sakaue et
al. (2016); Poivre & Duez (2017);
Zhang et al. (2019); Chiu et al.
(2021)

Immunomodulatory: enhanced immune response
against bacterial and viral infection; potential for use in
aquaculture and farming industries

Choi et al. (2015a); Chen et al.
(2017)

Eye disorders: protective effect on ocular function

Vavilala et al. (2013 & 2014); Yang
et al. (2016a)

Metabolic function: anti-diabetic, benefits for insulin-
resistance and inflammation

Kim et al. (2013c); Poivre & Duez
(2017)

Gastrointestinal disorders: antidiarrhoeal, significant
protective effect on gastrointestinal mucosa and
maintain cellular integrity; acts to improve gastric
function and intestinal motility

Zhang et al. (2005); Deng et al.
(2015 & 2018a); Poivre & Duez
(2017); Deng et al. (2018c)

Skin disorders: anti-inflammatory, antibacterial and
healing properties

Shen et al. (2010)

Liver function: hepatoprotective; protective against
fatty liver (also Magnolia officinalis)

Yin et al. (2009a & 2009b); Lee et
al. (2015)

Kidney protection: renoprotective effect in aristolochic
acid nephropathy

Bunel et al. (2016)

Amyloidosis (a rare disease involving amyloid protein
accumulation): potential activity against amyloidosis

Guo et al. (2015)

Neurological function: neuroprotective, antidepressant,
anxiolytic, prevent memory impairment,
anticonvulsant; anti-Alzheimer’s activity

Xu et al. (2008); Hoi et al. (2010);
Lee et al. (2011a); Lee et al.
(2013b); Akagi et al. (2015); Poivre
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& Duez (2017)

Anti-seizure: anticonvulsant activity Magnolia
officinalis, honokiol and magnolol; potential for
treatment of epilepsy

Li et al. (2020b)

Antidepressant: mixture of honokiol, magnolol and
ginger oil show antidepressant potential

Qiang et al. (2009)

Neuroprotective: improvement in mood disorders
using a combination of L-theanine, Melissa officinalis
and Magnolia officinalis

Borgonetti et al. (2020)

Magnolol (additional information)

Bioavailability: enhanced activity with micelle and
nanosuspension formulations; also zirconium-based
organometallic frameworks

Li et al. (2020a); Santos et al.
(2020); Lin et al. (2021b)

Anticancer: active against various cell lines including
colon, colorectal, bladder, breast, cervix, liver, lung,
oral, renal, ovarian, pancreas, prostate, melanoma,
myeloma; evaluation of derivatives for improved
bioavailability and anticancer activity

Poivre & Duez (2017); Ranaware et
al. (2018); Wang et al. (2018d);
Wen et al. (2019); Zhang et al.
(2019); Chen et al. (2020a); Cheng
et al. (2020); Su et al. (2020); Wang
et al. (2020a); Jin et al. (2021); Lin
et al. (2021b); Sun et al. (2021)

Breast cancer: enhanced activity with lipid polymer
nanoparticles (magnolol + gold nanoparticles)

Elhabak et al. (2020)

Liver carcinoma: anticancer and antimetastatic
potential; radiosensitizing activity to enhance radiation
therapy; synergistic potential with conventional
anticancer drugs; derivatives show enhanced
anticancer potential eg. 2-O-methylmagnolol

Kuan et al. (201 8); Maioli et al.
(2018); Chen et al. (2020b); Chen
et al. (2020c¢); Tsai et al. (2020);
Chen et al. (2021f)

Radioprotective: active against UV skin damage

Im et al. (2015)

Chemoprotective: against cisplatin toxicity (muscle
wasting)

Lee et al. (2020)

Antimicrobial: anti-Staphylococcus activity, potential
anti-sepsis properties with anti-inflammatory,
anticoagulant and antioxidant activity; anti-acne
potential

Yang et al. (2008a); Tsai et al.
(2010); Wang et al. (2011); Miao et
al. (2013); Sinha et al. (2014); Lin
et al. (2021b)

Antifungal (anti-mycotoxin): magnolol and M.
officinalis show antifungal and antimycotoxigenic
activity against Alternaria, with potential use for crop
protection

Wang et al. (2020c¢); Jiang et al.
(2021)

Antifungal (plant pathogens): active against soil and
crop pathogens causing rice blast, tomato late blight,
wheat leaf rust and red pepper anthracnose; active
against Fusarium isolates and Rhizoctonia solany,
magnolol derivatives examined for activity against
Fusarium, Botrytis, Sclerotinia, Rhizoctonia

Choi et al. (2009); Oufensou et al.
(2019 & 2020); Mo et al. (2021); Li
et al. (2021¢)




Supplementary Table from Phytochemistry of Australia’s Tropical Rainforest:
Medicinal Potential of Ancient Plants by Cheryll Williams. Published by CSIRO Publishing 2021.
© Cheryll Williams 2021. https://www.publish.csiro.au/book/7717/

Antimicrobial: anti- Candida with potential for use in
oral candidiasis, also for drug resistant forms of
Candida and in combination with antifungal therapy

Sun et al. (2015b & 2015¢);
Behbehani et al. (2017); Zhou et al.
(2017); Zhang et al. (2019)

Antimicrobial: food packaging; chitosan-based films
integrated with magnolol

Song et al. (2021)

Antimicrobial (animal farming): potential to replace
antibiotics in feed of ducks, with supportive
antioxidant action for animal health and meat quality

Linetal. (2017 & 2020)

Animal farming (poultry): anti-Sa/monella;
supplementation supported intestinal health of hens,
increased egg laying performance and egg quality

Chenetal. (2021c & 2021d)

Antimicrobial (fish farming): antiviral, antiparasitic and
antibacterial with potential for use in aquaculture
industry

Dong et al. (2017); Chen et al.
(2018a); Lin et al. (2021b)

Dental care: anti-inflammatory with potential for use in
treating oral inflammation (gingivitis, periodontitis);
prevention for diabetic periodontitis

Lu et al. (2013); Lu et al. (2015a);
Zhang et al. (2019); Chiu et al.
(2021); Liu et al. (2021b)

Antiviral: active against hepatitis B; noroviruses;
investigated for anti-COVID activity

Li et al. (2013c); Kim et al. (2021);
Junior et al. (2021)

Anti-inflammatory: influence immune function;
analgesic and anti-arthritic potential

Wang et al. (2012); Chen et al.
(2019); Lin et al. (2021b); Zhang et
al. (2021c¢); Zhang et al. (2021d)

Cosmetic: UV protectant, anti-photoaging activity

Lin et al. (2021b)

Skin disorders: anti-inflammatory, antioxidant;
potential for the prevention of dermatitis

Guo et al. (2021b)

Gastrointestinal function: anti-inflammatory,
antioxidant, protective benefits for sepsis induced
damage; anti-ulcer; active against intestinal
inflammation (including chemotherapy side effects)
e.g. colitis, mucositis; nanoparticle formulations for
site specific drug delivery strategies

Yang et al. (2008a); Zhao et al.
(2017b); Shen et al. (2018); Zhang
et al. (2018a); Chen et al. (2019);
Xia et al. (2019a); Zhang et al.
(2019); Lin et al. (2021b); Wang et
al. (2021)

Antidiabetic: protective against pancreatic damage;
anti-hyperglycaemic; shows promise for use with
conventional drugs in the management of diabetes

Wang & Zhang (2010); Wang et al.
(2014b); Liang et al. (2015); Suh et al.
(2017); Lin et al. (2021b); Szatabska-
Rapala et al. (2021)

Kidney function: renoprotective, anti-ischaemic

Huang et al. (2017a); Tang et al.
(2017); Zhang et al. (2019)

Liver function: hepatoprotective, anti-fibrosis; anti-
hepatitis potential; potential for use in fatty liver and
alcoholic liver disease

Li et al. (2013c¢); Wang et al.
(2014b); Zhang et al. (2017a); Liu
et al. (2019a); Kuo et al. (2020)

Lung function: anti-inflammatory protective effect on
acute lung injury; anti-fibrotic; anti-asthmatic for use
in allergic asthma

Ni et al. (2012); Lin et al. (2015);
Zhang et al. (2015a); Tsai et al.
(2016); Huang et al. (2019); Zhang
et al. (2019)

Cardiovascular system: cardioprotective antioxidant;

Chen et al. (2001); Ho & Hong
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anti-fibrotic; protection from venous injury following
surgery (restenosis inhibition); antihypertensive
properties

(2012); Seok et al. (2012); Karki et
al. (2013); Liang et al. (2015); Wu
et al. (2015); Chang et al. (201 8a);
Yuan et al. (2019); Zhang et al.
(2019); Chen et al. (2021e); Lin et
al. (2021b)

Venous tonic: venous supportive potential with
benefits for varicose veins and prevention of spider
veins

Kuk et al. (2017)

Musculoskeletal disorders: anti-inflammatory and
protective action on bone cells (eg. benefits for
osteoporosis and osteoarthritis); potential for the
treatment of intervertebral disc degeneration

Kwak et al. (2012); Lu et al. (2013);
Lu et al. (2015Db); Fei et al. (2019);
Hu et al. (2019b); Liu et al.
(2020a); Zhang et al. (2020b); Lin
etal. (2021b)

Musculoskeletal (tendinopathy): prevention of
ossification of tendon e.g. repeated Achilles tendon
injury

Zhou et al. (2019)

Musculoskeletal: protective against muscle wasting
due to cisplatin treatment

Lee et al. (2020)

Gynaecology: anti-inflammatory potential for uterine
inflammation (endometritis) and breast inflammation
(mastitis)

Luo et al. (2013); Wei et al. (2015)

Cerebrovascular function: anti-inflammatory,
neuroprotective; benefits for ischaemic brain injury
(i.e. stroke) with microemulsions enhancing
bioavailability

Kou et al. (2017); Liu et al. (2017);
Liu et al. (2018b); Zhou et al.
(2018a); Guo et al. (2020)

Nervous system: sedative, anti-epileptic;
anticonvulsant

Chen et al. (2011a); Chen et al.
(2012a); Vega-Garcia et al. (2019);
Li et al. (2020b)

Neuroprotective: antioxidant, anti-inflammatory,
chemoprotective, anti-ischaemia for brain function
(clinical potential); potential for Parkinson’s and
Alzheimer’s disease; supportive to cognition and
memory function

Chen et al. (2011Db); Lee et al.
(2012a); Lietal. (2012);
Muroyama et al. (2012); Li et al.
(2013a); Wang et al. (2013a); Chen
et al. (2014b); Li et al. (2015a); Kim
& Kim et al. (2016); Matsui et al.
(2016); Weng et al. (2017); Huang
et al. (2018); Zhang et al. (2019);
Xie et al. (2020); Xian et al. (2020);
Lin et al. (2021b); Santos et al.
(2021)

Neuroprotective: anti-inflammatory anti-depressant

Bai et al. (2018); Cheng et al.
(2018); Yang et al. (2018); Zhang
et al. (2019); Tao et al. (2021b)

Neuropathic pain: analgesic

Zhang e t al. (2021¢)
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Antiparasitic: moderate antiplasmodial activity

Latif et al. (2017)

Honokiol (additional information)

Anticancer: anti-leukaemia; active against numerous
cell lines i.e. rectal, lung, colorectal, prostate, breast,
liver, kidney, oral and tongue cancers, gastric cancer
and brain cancer e.g. glioma (numerous research
papers); anti-melanoma; anti-metastatic;
chemoprotective; potential to enhance chemotherapy
and radiotherapy treatments

Lee et al. (2011a); Arora et al.
(2012); Cheng et al. (2016); Prasad
& Katiyar (2016); Poivre & Duez
(2017); Prasad et al. (2017);
Guillermo-lagae et al. (2017); Fan
et al. (2018); Maioli et al. (2018);
Rauf et al. (2018); Banik et al.
(2019); Bui et al.(2020); Emran et
al. (2019); Ong et al. (2019); Liu et
al. (2020c); Chen et al. (2021a); Lee
et al. (2021); Liu et al. (2021a);
Peng et al. (2021)

Anticancer: antifibrotic against oral submucosis
fibrosus due to chewing areca (betel) nut;
chemoprotective against arecoline cancerous changes

Chen et al. (2021b)

Anticancer derivatives: lung carcinoma chemotherapy

Deng et al. (2019)

Chemotherapy: honokiol-camptothecin synergistic
activity with nanoparticle development for enhanced
anticancer drug delivery; honokiol-berberine show
enhanced activity for mitochondrial-targeting
antitumor agents

Deb et al. (2020); Shi et al. (2020);
Lou et al. (2021)

Breast cancer: enhancement of transdermal honokiol
delivery for clinical treatment options; honokiol
reduced breast cancer cell resistance to doxorubicin
chemotherapy (enhanced chemosensitivity)

Gao et al. (2018); Yi et al. (2021);
Zhang et al. (2021a)

Chemotherapy enhancement: enhance activity of
cisplatin (oral cancer), paclitaxel (lung cancer),
enhance anti-metastasis properties of doxorubicin;
synergistic with 5-fluorouracil (urothelial carcinoma)

Chang et al. (2018b); Wang et al.
(20189); Zou et al. (2018); Lee et
al. (2019a); Li et al. (2021b)

Lung cancer: honokiol + curcumin combination
sensitised drug-resistant lung cancer cells to cisplatin
treatment (enhanced drug efficacy); synergistic
liposome formulation (betulinic acid, parthenolide,
honokiol and ginsenoside Rh2) for lung cancer
treatment (reduced side effects in comparison to
conventional treatment)

Jin et al. (2020); Qi et al. (2021)

Chemotherapy: potential for use in nanoparticle or
liposomal formulations for targeted drug delivery

Tang et al. (2018a); Zhou et al.
(2018b); Yu et al. (2019a); Dong et
al. (2021)

Chemotherapy: enhance drug therapy for malignant
brain tumour (glioma, neuroblastoma)

Lin et al. (2012); Chio et al. (2018);
Rickert et al. (2018)

Chemoprotective: moderate side effects of anticancer

Chen et al. (2015b); Huang et al.
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drugs e.g. cisplatin (reduced nephrotoxicity, testicular
damage and ototoxicity); doxorubicin (mediate
cardiotoxicity)

(2017b); Wang et al. (2018b); Tan
et al. (2020); Wang et al. (2020b)

Radiotherapy: enhanced radiotherapy efficacy against
lung cancer

Liu et al. (2020b)

Radioprotective: antioxidant, anti-inflammatory in
radiation associated brain damage

Liao et al. (2020)

Heatstroke: antioxidant, anti-inflammatory with potent
protective effects

Hsu et al. (2014)

Antiviral: anti-HIV (human immunodeficiency viruses);
profoundly active against Dengue virus; active against
herpes simplex and hepatitis-C virus; antiviral activity
in flaviviruses (Zika virus, Usutu virus, West Nile virus)

Arora et al. (2012); Lan et al.
(2012); Fang et al. (2015); Meng et
al. (2015); Liu et al. (2019¢);
Albentosa-Gonzalez et al. (2021)

Antiviral (derivative): 2-O-methylhonokiol was
immunostimulant and active against hepatitis-C virus

Jeong et al. (2021)

Antiviral (anti-COVID): remarkable inhibition of SARS-
CoV-2 infection and suggestions for potential use in
prevention and treatment options (antithrombotic and
immunomodulatory benefits)

Ricordi et al. (2021); Tanikawa et
al. (2021)

Antimicrobial (antibacterial and antifungal): potent
broad-spectrum antimicrobial and antifungal
properties; anti-Listeria for prevention of food
poisoning; anti-Candida; anti-biofilm against
Staphylococcus aureus; active against Fusarium
isolates

Arora et al. (2012); Lee et al.
(2011a); Li et al. (2016a); Sun et al.
(2017a & 2017b); Oufensou et al.
(2019 & 2020)

Antifungal: auranofin and honokiol were active against
Scedosporium species and the related fungus
Lomentospora prolificans

Yaakoub et al. (2021)

Antifungal: active against the crop pathogens rice
blast, tomato late blight, wheat leaf rust and red
pepper anthracnose; active against Botrytis cinerea

Choi et al.(2009); Ma et al. (2020a)

Respiratory tract: anti-inflammatory protective effect
on lung tissue; anti-fibrotic and anti-asthmatic;
potential as a protective agent in asbestos-induced
lung fibrosis

Chen et al. (2018b); Hong et al.
(2018); Xu et al. (201 8);
Pulivendala et al. (2020); Cheresh
etal. (2021)

Immunomodulatory: anti-inflammatory, antibacterial,
potential in sepsis treatments may have benefits for
combination therapies

Klingensmith et al. (2018); Lu et al.
(2020); Lv et al. (2021)

Immunomodulatory: derivatives show potential for use
as vaccine adjuvants (enhance immune response to
increase vaccine efficacy)

Moser et al. (2020)

Dental care: potential for antimicrobial use in dental
disorders; enhanced bioavailability strategies for anti-
caries activity with excellent enamel remineralizing

Solinski et al. (2018); Tao et al.
(2021a)
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ability

Eye disorders: antifungal for the prevention of
Aspergillus keratitis (infection of the cornea)

Zhan et al. (2020)

Eye disorders (drug delivery): potential use for
nanoparticle delivery of ophthalmic drugs

Deng et al. (2018b)

Eye disorders: honokiol-loaded micelles with enhanced
bioavailability for prevention and treatment of macular
degeneration

Shahid et al. (2021)

Skin disorders: anti-inflammatory and anti-psoriasis;
potential for clinical use as trans-dermal preparation;
radioprotective; potential to prevent scar formation
(anti-fibrotic); protective against cigarette smoke
damage

Shen et al. (2010); Wen et al.
(2015); Costa et al. (2017); Zhao et
al. (2017a); Fang et al. (2018);
Prasad et al. (2017)

Burns: analgesic anti-inflammatory

Khalid et al. (2019)

Hair growth: liposomal honokiol promoted hair growth

Li et al. (2021a)

Cardiovascular system: cardioprotective, anti-
arrhythmic; anti-atherosclerosis; anti-ischaemia; anti-
hypertensive; active against cardiac hypertrophy (heart
muscle enlargement); honokiol-silica nanoparticles
prevent vascular restenosis following coronary
procedures (including surgery); chemoprotective
against doxorubicin toxicity

Lee et al. (2011a); Wang et al.
(2013b); Han et al. (2014); Pillai et
al. (2015); Qiu et al. (2015); Wang
et al. (2018c); Wei et al. (2018);
Zhang et al. (2018b); Tan et al.
(2019); Wang et al. (2019b); Yuan
et al. (2019); Huang et al. (2020a);
Liu et al. (2020f); Wei et al. (2020);
Jayakumari et al. (2021)

Drug bioavailability: nanosuspensions significantly
increase honokiol bioavailability for treatment of
inflammatory, cardiovascular and cerebral disorders

Han et al. (2014); Lu et al. (2020)

Nervous system: honokiol readily cross the blood brain
barrier and the blood-cerebrospinal fluid barrier, with
high bioavailability; anti-inflammatory,
neuroprotective with clinical potential; antidepressant;
potential use for anxiety, pain, cerebrovascular injury,
surgery and epilepsy; significant anti-thrombotic
activity and anti-ischaemic protection against brain
injury e.g. diabetes, stroke damage and surgery

Lin et al. (2012); Yang et al. (2013);
Hu et al. (2012); Bu et al. (2014);
Wang et al. (2014a); Woodbury et
al. (2013 & 2015); Sulakhiya et al.
(2014 & 2015); Jangra et al. (2016);
Talarek et al. (2017); Rickert et al.
(2018); Wang et al. (2018a); Wang
et al. (2018e); Zheng et al. (201 8);
Ye et al. (2019); Zhang et al.
(2020a); Wu et al. (2020b);
Borgonetti et al. (2021); Chen et al.
(2021a); Pacifici et al. (2021)

Neuroprotective: potential for inflammatory
neurological disorders eg. multiple sclerosis,
encephalomyelitis; nanosome formulations to improve
bioavailability

Hsiao et al. (2020)

Neuroprotective: memory disorders including

Woodbury et al. (2013); Xian et al.
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Alzheimer’s disease; anti-Parkinson’s activity;
surgery/anaesthesia memory loss

(2015 & 2016); Chen et al. (2018c);
Li et al. (2018a); Cetin & Deveci
(2019); Guo et al. (2019); Ye et al.
(2019)

Neuroprotective: chemoprotective against ammonia
induced neurotoxicity secondary to cirrhosis

Anamika & Trigun (2021)

Sedative: potential for insomnia (clinical use has been
limited by poor bioavailability)

Yang et al. (2019)

Pain: analgesic and anaesthetic (useful for neonatal
pain); useful for inflammatory pain conditions

Woodbury et al. (2013 & 2015);
Khalid et al. (2018)

Musculoskeletal disorders: anti-inflammatory, cartilage
protective and anti-arthritic; potential for
osteoarthritis treatment; anti-osteoporosis; prevent
disc degeneration; excellent potential for degenerative
conditions and sport injuries; protection of bone cells
against chemical damage; potential for treatment of
disc damage and other forms of spinal injury; anti-
fibrotic activity to enhance healing and prevent
complications following surgery

Yamaguchi et al. (2011); Chen et
al. (2015a); Liu et al. (2015); Wang
et al. (2015); Chen et al. (2014a);
Shim et al. (2015); An et al. (2016);
Suh et al. (2016); Tang et al.
(2018b); Wang et al. (2018f); Xu et
al. (2020a); Zhu et al. (2020); Tan
etal. (2021a)

Metabolic function: anti-diabetic (hypoglycaemic);
pancreatic cell protective; protection against
heatstroke oxidative stress in diabetes; also diabetes-
associated cardiac disorders; combination with rhein
protected against acute pancreatitis

Hsu et al. (2014); Rios et al. (2015);
Sun et al. (2015a); Zhao et al.
(2016); Lone & Yun (2017); Li et al.
(2018b); Kim & Jung et al. (2019);
Huang et al. (2020b); Kerr et al.
(2020); Jayakumari et al. (2021); Ye
& Meng (2021)

Anti-obesity potential; regulation of gut microbiota

Ding et al. (2019 & 2021); Weng et
al. (2021)

Kidney function: renoprotective, protective against
renal ischaemia and sepsis-induced injury; anti-
fibrotic; chemoprotective (cisplatin injury); potential
nephroprotective for lupus-induced nephritis

Li et al. (2014a); Yu et al. (2016);
Wang et al. (2018b); Xia et al.
(2019b); Zhang & Xiang (2019); Liu
et al. (2019b); Park et al. (2020):
Quan et al. (2020); Yang et al.
(2020b); Zhang et al. (2021b)

Liver function: significant chemoprotective and
hepatoprotective activity; antifibrotic; potential for use
in the treatment of fatty liver disorders and fibrosis;
also in iron-overload damage

Cao et al. (2005); Yin et al. (2009a);
Sulakhiya et al. (2015); Zhao et al.
(2016); Jeong et al. (2018); Liu et
al. (2018c); Zhong & Liu (2018); Yu
et al. (2019b); Elfeky et al. (2020);
Zhai et al. (2020); Lee et al. (2021);
Mandala et al. (2021); Okuda et al.
(2021)

Gynaecology: protection against ovarian ischaemia and
for treating endometriosis, endometritis, and anti-
adhesion (prevent formation of abdominal adhesions)

Luo et al. (2013); Agacayak et al.
(2015); Wang et al. (2016); Yaman
Tunc et al. (2016)
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Insecticide: mosquito larvicidal activity

Wang et al. (2019a)

Insecticide: derivatives developed with pesticidal
activity

Zhi et al. (2020)

Other Phenolics:

See also Song & Fischer (1999)

4-0-methylhonokiol (lignan):

genus Magnolia

Anti-inflammatory, analgesic, antioxidant, anaesthetic
potential

Oh et al. (2009); Schuhly et al.
(2009); Kim et al. (2015¢);
Maldifassi et al. (2016)

Anticancer: anti-inflammatory, antioxidant, anti-
tumour, anticancer (oral, colon, cervical and prostate
cancer cells);

Han & Van Anh (2012); Oh et al.
(2012); Lee et al. (2013a); Cho et
al. (2015a); Hyun et al. (2015); Xiao
et al. (2017)

Antiviral: 2-0O-methylhonokiol was immunostimulant
and active against hepatitis-C virus

Jeong et al. (2021)

Liver function: hepatoprotective

Patsenker et al. (2017)

Renoprotective: against diabetes-induced kidney
damage

Ma et al. (2019)

Cardioprotective: protective against diabetes-induced
cardiac damage

Singha et al. (2019); Zheng et al.
(2019)

Metabolic function: cardioprotective, anti-obesity and
antidiabetic potential; anti-inflammatory derivatives to
prevent diabetes side effects

Zhang et al. (2014b & 2015b); Kim
et al. (2015c¢); Seo et al. (2018)

Shin and hair: benefits for hair growth

Kim et al. (2011); Kim et al.
(2017a)

Musculoskeletal function: anti-inflammatory, anti-
arthritic and support bone function

Schuehly et al. (2011); Park et al.
(2017)

Neuroprotective: anti-inflammatory, anti-stroke,
neurological support (support mental function and
memory), anti-seizure; anti-Alzheimer’s potential

Lee et al. (2010a); Lee et al.
(2009b, 2009c & 2011b); Choi et
al. (2011); Lee et al. (20114,
2012b, 2012c); Gertsch & Anavi-
Goffer (2012); Lee et al. (2013a);
Baur et al. (2014); Jung et al.
(2014); Chicca et al. (2015); Han et
al. (2015)

Neuroprotective: anti-anxiety

Han et al. (2011)

Neuroprotective: neurotrophic; enhance nerve cell
growth

Lee et al. (2009b); Seo et al. (2018)

Chemoprotective: active against nicotine toxicity
(potential for prevention of foetal damage during
pregnancy)

Lin et al. (2014a)

Antiparasitic: moderate antiplasmodial activity

Latif et al. (2017)

Obovatol (lignan):

genus Magnolia; notably M. obovata (leaves and bark)

Lovecka et.al. (2020)
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Anti-inflammatory, antioxidant; anti-arthritic, support
bone formation (osteogenic)

Choi et al. (2007a); Seo et al.
(2013); Yang et al. (2013); Kim et
al. (2014a); Poivre & Duez (2017);
Kim et al. (2019b)

Cosmetic: UV protectant; protective against skin
photo-aging

Choi et al. (2007b)

Antimicrobial: antibacterial, antifungal; anti-
Salmonella (reduced virulence)

Yu et al. (2012); Choi et al.
(2017a); Poivre & Duez (2017)

Antifungal: activity against Saccharomyces and
Cryptococcus, antifungal derivatives evaluated

Hwang et al. (2002); Yang et al.
(2020a)

Antifungal: active against plant pathogens ie. rice blast
and wheat leaf rust

Gastroprotective: anti-ulcer

Yu et al. (2012)

Anti-allergy

Yu et al. (2012)

Cardiovascular system: influence cholesterol
metabolism (cholesterol acyltransferase inhibition);
anti-atherosclerosis and potential use for prevention
of restenosis (obovatol and derivatives); muscle
relaxant

Kwon et al. (1997); Lim et al. (2010
& 2011)

Cardiovascular: antithrombotic; obovatol and
derivatives show antiplatelet activity

Pyo et al. (2002); Kwak et al.
(2011); Park et al. (2011); Yu et al.
(2012)

Gynaecology: antifibrotic, antiproliferative; protection
against uterine fibroid development

Chen et al. (2020c¢)

Anticancer: anti-leukaemia; colon, prostate, oral,
tongue and lung cancer; enhance chemotherapy
activity eg. docetaxel against prostate and colon
cancer

Lee et al. (2009a); Kim et al.
(2014b); Kim et al. (2016); Poivre &
Duez (2017); Duan et al. (2018)

Neurological activity: sedative, anxiolytic

Seo et al. (2007); Ma et al. (2009)

Neuroprotective: anti-inflammatory antioxidant,
chemoprotective; promote nerve cell growth
(neurotrophic properties); support for memory; anti-
Alzheimer’s potential

Lee et al. (2010b); Ock et al.
(2010); Choi et al. (2012a &
2012b); Lee et al. (2012d); Suk &
Ock (2012); Lee et al. (2013b);
Yang et al. (2013); Seo et al.
(2018); Mir et al. (2021)

Magnosalin (lignan):

genus Magnolia, also found in the genus Acorus e.g.
Sweet Flag (Acorus calamus) and Pipere.g. Cubebs
(Piper cubeba)

Anti-inflammatory, antiarthritic and anticancer (anti-
angiogenic)

Kimura et al. (1990, 1991 & 1992);
Kobayashi et al. (1996 & 1998); Lee
et al. (2011a)

Syringin (phenolic glycoside, lignan; also known as
eleutheroside B)
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genus Magnolia; also found in diverse medicinal herbs
i.e. Dandelion (Taraxacum spp.), Lilac (Syringa
vulgaris), Siberian Ginseng (Acanthopanax senticosus),
Cubebs (Litsea cubeba) and Tinospora cordifolia

Immunomodulatory: significant antioxidant and anti-
inflammatory activity; immune supportive (7inospora
crispa); anti-allergy potential

Sharma et al. (2012); Yang et al.
(2012); Ahmad et al. (2016 &
2018); Kim et al. (2017b); Zhang et
al. (2017b); Lau et al. (2019); Jin et
al. (2020); Kwon et al. (2020);
Ahmed et al. (2021)

Haematology: support blood cell parameters

Us et al. (2020)

Antiviral: active against Zika virus and influenza A

Wang et al. (2017c¢); Sangeetha et
al. (2020)

Anticancer: anti-angiogenic activity; active in breast
cancer cell lines (chemopreventive)

Lee et al. (2019b); Aventurado et
al. (2020)

Radioprotective: protect neurological function

Zhou et al. (2018c); Zang et al.
(2019)

Neuroprotective and anti-fatigue: facilitate recovery
from exercise stress

Lau et al. (2019)

Neuroprotective: anti-inflammatory; anti-ischaemic,
anti-Alzheimer’s potential

Bai et al. (2011); Wang et al.
(2020e); Liu et al. (2021c¢); Tan et
al. (2021b)

Neuroprotective: antidepressant (combined with
geniposide)

Zhang et al. (20219)

Gastrointestinal tract: anti-inflammatory, support
intestinal barrier functions; potential protective activity
for colonic inflammation (colitis)

Che et al. (2019); Zhang et al.
(2020)

Respiratory tract: anti-inflammatory, protect against
lung injury; anti-asthmatic

Zhang et al. (2017c¢); Dai et al.
(2021)

Cardiovascular system: cardioprotective, cardiotonic;
anti-fibrillatory chemoprotective; enhanced
cardioprotective activity with combination with tilianin
in diabetic cardiac disease

Li et al. (2017a); Yao et al. (2021);
Zhang et al. (20211)

Nervous system: neuroprotective; sedative (potentiate
sleep); prevention of Alzheimer’s disease

Cui et al. (2015); Lau et al. (2019);
Wang et al. (2020d); Zhang et al.
(2021¢)

Musculoskeletal function: anti-osteoporosis, protective
effect on bone loss

Liu et al. (2018a): Imtiyaz et al.
(2020)

Liver function: hepatoprotective

Gong et al. (2014)

Kidney function: renoprotective against ischaemia and
cisplatin toxicity (chemoprotective); antifibrotic
(nanoparticle formulation)

Zang et al. (2019); Chen et al.
(20211)

Metabolic disorders: antidiabetic, supportive to
pancreatic function; improve insulin secretion; anti-

Seo et al. (2015); Lau et al. (2019);
Shen et al. (2020); Us et al. (2020)
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hyperglycaemic, prevention of gestational diabetes

Metabolic disorders: ant-obesity potential

Hossini et al. (2021)

Syringaresinol (eleutheroside E; and derivatives;
lignan):

genus Magnolia, also Liriodendron tulipifera and
Michelia champaca.

Anti-inflammatory, immune supportive; analgesic,
anti-arthritic

Huang et al. (2011¢); He et al.
(2014); Bajpai et al. (2018); Lau et
al. (2019); Liu et al. (2019d)

Adaptogen: anti-fatigue, anti-stress, anti-ageing
activity; protect against sleep-deprivation stress

Nishibe et al. (1990); Huang et al.
(2011a & 2011b); Huang et al.
(2011¢); Kim et al. (2017); Luo et
al. (2019)

Adaptogen: anti-stress for bees stressed by nosemosis
(Nosema parasites); increase resistance
(Eleutherococcus senticosus)

Ptaszynska & Zaluski (2020)

Anticancer: anti-leukaemia; potential for use in some
forms of prostate cancer

Yamazaki et al. (2007); Park et al.
(2008); Selvaraj et al. (2021)

Hormonal influence: phytoestrogen; oestrogen
inhibition; preventive potential for prostate cancer
(androgen receptor antagonist)

Luecha et al. (2009); Selvaraj et al.
(2021)

Gastrointestinal: modification of gut integrity and
microbiota diversity (Lactobacillus and
Bifidobacterium); enhance immunity against influenza
vaccination

Cho et al. (2016a)

Liver function: anti-fibrotic

Jeong et al. (2015)

Musculoskeletal system: bone formation, stimulation
osteoblast cells; anti-osteoporosis

Yang et al. (2007); Ma et al.
(2020b)

Cardiovascular function: cardioprotective, anti-
ischaemic, also good anti-thrombotic activity (Piper
wallichii

Cho et al. (2015b); Shi et al.
(2015); Wang & Yang (2020)

Cardioprotective: antioxidant, anti-inflammatory,
antifibrotic against diabetic cardiomyopathy

Li et al. (2020c¢)

Antimicrobial: antibacterial with good activity against
E. coli, B. subtilis and Staph. aureus; active against
Helicobacter pylori

Miyazawa et al. (2006); Yang et al.
(2010)

Antifungal: synergistic with antifungal agents against
aflatoxin contamination (Aspergillus flavus)

Tian et al. (2021)

Skin and cosmetic: anti-melanogenic; UV protective,
anti-photoaging; potential anti-ageing agent for skin;
prevention of scar formation

Li et al. (2013b); Kim et al. (2017¢);
Kim et al. (2019c); Oh et al. (2020);
Lin et al. (2021c¢)

Radioprotective

Huang et al. (2011¢); Zhou et al.
(2018c)

Neuroprotective: antioxidant, anti-inflammatory; anti-

Huang et al. (2011¢); In et al.
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seizure, anti-stress, anti-anxiety

(2015); Cho et al. (2018); Yang et
al. (2020c¢); Zhang et al. (2021h)

Neuroprotective: protective effect on memory function;
radioprotective for nerve damage and memory

Bai et al. (2011); Zhou et al.
(2018c); Lu & Xiao-Qing (2019);
Liu et al. (2020e)

Metabolic function: antioxidant, antidiabetic, regulate
lipid metabolism

Ahn et al.(2013); Wang et al.
(2017b); Zhai & Wang (2018)

Kidney function: nephroprotective against diabetes
(high glucose) induced damage

Yang et al. (2016b)

Industrial use: non-toxic bisphenol (BPA) resin
substitute

Janvier et al. (2017)

Yangambin (lignan):

Liriodendron tulipifera; also Piper amalgo, Tinospora
cordifolia Zanthoxylon rhetsa

Anti-inflammatory, anti-allergic protective against
endotoxic shock

Serra et al. (1997); Aaraujo et al.
(2001); Li et al. (2013b)

Anti-tumour activity: anti-melanoma

Li et al. (2013b); Bala et al. (2015);
Santhanam et al. (2016)

Cardiovascular function: cardioprotective, ameliorate
cardiovascular collapse, vasorelaxant and hypotensive

Araujo et al. (2001); Ribeiro et al.
(1996); Monte Neto et al. (2011);
Tibirica (2001); Araujo et al. (2014)

Neuroactive: yangambin-like component exhibited
anxiolytic properties

Mullally et al. (2016)

Antiparasitic: anti-Leishmania

Monte et. al. (2007); Monte Neto et
al. (2011); Marquele-Oliveira et al.
(2016)

Alkaloids

Bioactive alkaloids are widespread in the Magnoliales and
Laurales: liriodenine and magnoflorine are of particular
interest

Cytotoxic activity: quinoline alkaloids i.e. liriodenine,
magnoflorine, languinosine and anonaine

Duke & Ayensu (1985);
Mohamed et al. (2010); Graziose
et al. (2011); Poivre & Duez
(2017)

Antibacterial: magnocurarine and magnoflorine

Antimalarial (antiplasmodial) activity (Liriodendron
tulipifera): asimilobine, norushinsunine, norglaucine,
liriodenine, anonaine and oxoglaucine, also leaf
sesquiterpene lactones

See also Hernandia et al.
(Chapter 6)

Antiplasmodial (Michelia figo): magnoline, magnolamine

Kumar et al. (2012)

Renoprotective: magnoline has a protective action on
kidney function in diabetic animals

Zhou et al. (2013); Zhao et al.
(2016)

Liriodenine:

genera Liriodendron, Magnolia and Michelia; also the
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Lauraceae, Annonaceae and the Sacred Lotus, Nelumbo
nucifera

Antimicrobial: antibacterial and antifungal; potential
clinical use as an antibacterial agent; active against Gram
(+ve) and Gram (-)ve bacteria; anti-Staphylococcus (5.
epidermis); also anti-Mycobacterial (M. phlei) potential

Hufford et al. (1980); Villar et al.
(1987); Rios et al. (1989);
Neuwigner (1996); Khan et al.
(2002); Rahman et al. (2005);
Costa et al. (2010); Mollataghi et
al. (2012); Costa et al. (2013);
Chen et al. (2013a); Nugraha et
al. (2019)

Antibacterial: antibiofilm against Yersinia enterocolitica
responsible for food poisoning (undercooked pork,
sausages)

Di Marco et al. (2020)

Antifungal: active against plant pathogens Rhizopus
stolonifer and Aspergillus glaucus; active on systemic
fungal infections eg. Cryptococcus, Paracoccidioides,
Candida yeasts; anti- Candida (liriodenine methiodide);
ineffective against Aspergillus fumigatus

Clark et al. (1987); Pabuccuoglu
et al. (1991); Khan et al. (2002);
De la Cruz-Chacon et al. (2011);
Tripathi et al. (2017); Vinche et

al. (2020)

Anti-inflammatory and analgesic (cited as liriodendrin),
potential use in colitis

Jung et al. (2003); Zhang et al.
(2017d)

Cardiovascular system: vasorelaxant; cardioprotective
anti-ischaemic, anti-arrhythmic, antiplatelet and
antioxidant

Chulia et al. (1995); Chang et al.
(1996); Chen et al. (1996);
Chang et al. (2001); Pyo et al.
(2003); Chang et al. (2004b)

Neurological: CNS sedative and dopamine-regulation
properties; antidepressant and anti-Parkinson’s potential;
contribute to antidepressant activity of various herbs eg.
Annona cherimolia

Jin et al. (2007); Fazel Nabavi et
al. (2016); Perviz et al. (2016);
Martinez-Vazquez et al. (2012)

Neuroprotective: MAO-A and cholinesterase inhibition
with potential for neurodegenerative disorders eg. anti-
Alzheimer’s potential

Lorenzo et al. (2017); Cavallaro
et al. (2020)

Cosmetic: skin whitening (anti-melanogenic) potential

Chu et al. (2015)

Antiparasitic: antiplasmodial (antimalarial potential), anti-
trypanosoma, anti-Leishmania,; active against
Toxoplasma gondii and Hymenolepis nana (anthelmintic)

Waechter et al. (1999); Camacho
et al. (2000); Mbah et al. (2004);
Costa et al. (2006 & 2011);
Graziose et al. (2011); Ferreira
et al. (2012); Lin et al. (2014b);
Gontijo et al. (2019)

Anticancer: antitumour and cytotoxic with a wide
spectrum of activity against cancer cell lines i.e.
leukaemia, fibrosarcoma, melanoma, colon,
nasopharyngeal, lung, kidney cancer; recent studies also
show activity against breast, ovarian, throat and liver
cancers

Neuwigner (1996); Goren et al.
(2003); Chang et al. (2004a);
Khamis et al. (2004); Hsieh et al.
(2005); Li et al. (2009); Yang et
al. (2009a); Chiu et al. (2012);
Chan et al. (2014); Li et al.
(2015b); Nordin et al. (2015);
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Singh et al. (2016); Li et al.
(2017b); Anantachoke et. al.
(2020); Deng et al. (2021)

Drug bioactivity (synergist): metal complexes (gold,
platinum, manganese, zinc, copper, iron): show
enhanced anticancer activity

Liu et al. (2009); Chen et al.
(2009b, 2012b & 2013b); Li et
al. (2014b)

Anticancer: enhance radiosensitivity of oesophageal
cancer cells

Wu et al. (2018)

Magnoflorine:

genus Magnolia: M. officinalis (0.0075mg/g), M.
grandiflora (0.0033 mg/g); high levels in Phellodendron
amurense (1.05mg/qg)

Xu et al. (2020b)

Bioavailability: magnoflorine has low bioavailability and
high absorption and elimination rates, although other
herbal compounds such as berberine (e.g. Coptis
chinensis, Phellodendron amurense) can and increase
bioavailability (ie. reduce the absorption and removal
rates); toxicity studies are favourable suggesting non-
toxic cellular effects

Xue et al. (2017); Okon et al.
(2020a); Xu et al. (2020b)

Bioavailability: phospholipid complexes can improve
penetration

Xu et al. (2020b)

Antioxidant: strong activity and cellular protective
potential

Sakumoto et al. (2015); Okon et
al. (2020a); Xu et al. (2020b)

Antimicrobial: antibacterial eg. active against Sa/monella
and S. aureus; antifungal with activity against diverse
fungi (eg. Penicillium) including dermatophytes (eg.
Trichophyton)

Chen et al. (2009a); Okon et al.
(2020a); Xu et al. (2020b); Luo
et al. (2021)

Anti-Candida: good activity; synergistic with miconazole

Kim et al. (2018); Okon et al.
(2020a)

Antiviral: active against polio virus and HSV-1; anti SARS-
CoV-2 potential

Okon et al. (2020a); Alagu
Lakshmi et al. (2021); Manne et
al. (2021)

Immunomodulatory: anti-inflammatory and immune
supportive; anti-allergy; immune suppressive

Ahmad et al. (2016 & 2018);
Haque et al. (2018); Okon et al.
(2020a); Xu et al. (2020b)

Eye: anti-cataract (aldose reductase inhibition);
immunomodulatory (7/inospora cordifolia); potential for
prevention of diabetic retinopathy (synergistic component
Berberis dictyophylla)

Jung et al. (2008); Patel & Mishra
(2012); Li et al. (2021d)

Skin: anti-inflammatory skin inflammation (atopic
dermatitis)

Wu et al. (2020a)

Cosmetic: skin whitening properties

Li & Wang (2014)

Respiratory tract: anti-inflammatory, antioxidant against
acute lung injury

Guo et al. (2018)
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Musculoskeletal function: anti-osteoporosis potential;
promote bone regeneration and prevent intervertebral
disc degeneration, also cartilage degeneration in
osteoarthritis (with hyaluronic acid); prevent bone loss
around implants reducing inflammation and normalising
bone functions

Cai et al. (2018); Sun et al.
(2020b); Okon et al. (2020a);
Zhao et al. (2021)

Musculoskeletal: prevent muscle wasting eg. in diabetes

Lee et al. (2017); Yadav et al.
(2021)

Metabolic function: antidiabetic, hypoglycaemic with good
clinical potential; antidiabetic component in various
herbal medicines(Coptis rhizome, Tinospora cordifolia);

Patel & Mishra (2011); Tian et al.
(2014); Choi et al. (2015¢);
Xiong et al. (2016); Khanal et
al. (2019); Okon et al. (2020a);
Xu et al. (2020b); Yadav et al.
(2021)

Metabolic function: anti-obesity, cholesterol lowering
(synergist potential in herbal medicine complexes)

Choi et al. (2014); Okon et al.
(2020a

Kidney function: renoprotective anti-inflammatory anti-
fibrotic in diabetic nephropathy; contribute to
nephroprotective activity of various herbs (eg. 7inospora
cordifolia)

Gupta & Sharma (2011); Chan et
al. (2020a)

Liver function: hepatoprotective; potential for treating
fatty liver (steatosis) (Coptis rhizome)

Okon et al. (2020a)

Cardiovascular system: little direct effect on heart
function; cardioprotective potential; hypotensive, anti-
arrhythmic; benefit cholesterol levels and atherosclerosis
(Coptis rhizome)

Hung et al. (2007a & 2007b);
Tan et al. (2016); Okon et al.
(2020); Xu et al. (2020b)

Neurological function: marked activity of central nervous
system; neuromuscular blocking, sedative and anxiolytic;
cholinesterase inhibition; ability to cross the blood-brain
barrier with benefits for memory e.g. anti-dementia, anti-
amnesia, properties

de la Pena et al. (201 3); Kukula-
Koch et al. (2017); Okon et al.
(2020aa); Xu et al. (2020b);
Naldi et al. (2021)

Anti-depressant: improved bioavailability across blood-
brain barrier in phospholipid complex

Yamahara (1976); Li et al.
(2019); Okon et al. (2020a)

Anticancer: important antitumour component of herbal
medicines (eg. Coptidis rhizome, Tinospora cordifolia)
activity appears to be synergistic with other components
in herbal extracts; active against various cancer cell lines
ie. cervix, liver, brain, oral, ovarian; also active in gastric,
lung, breast glioma and rhabdomyosarcoma cancers

Mohamed et. al. (2010); Okon et
al. (2020a & 2020b); Sun et al.
(2020a)

Cancer (synergist): increase sensitivity to cisplatin
chemotherapy with combined therapy showing promise
for the treatment of some types of bone, breast, lung
cancers, rhabdomyosarcoma and glioblastoma.

Okon et al. (2020c¢); Wang et al.
(2020e)

Cancer (synergist): enhance doxorubicin activity against

Wei et al. (2020); Okon et al.
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breast cancer cells and reduce side effects of
chemotherapy

(2020a); Xu et al. (2020b)

Insecticide: insect antifeedant

Tringali et al. (2001)

Coumarin:

Scoparone;:

genera Magnolia and Liriodendron; also present in
numerous medicinal herbs, particularly in the genus
Artemisia - and the Mexican Tarragon, 7agetes lucida

Antioxidant, analgesic and antipyretic: significant benefits
for liver function, asthma, allergy, diabetes and the
cardiovascular system

Hoult & Paya (1996); Cespedes
et al. (2006); Choi & Yan (2009);
Witaicenis et al. (2014); Wang et
al. (2017a)

Antimicrobial: antifungal, antibacterial (against Vibrio
cholerae)

Simonsen et al. (2004);
Cespedes et al. (2006)

Antifungal: natural defensive chemical; protective effect in
Citrus fruits against Penicillium mould contamination
(citrus green mould)

Arras et al. (2005); Ballester et
al. (2013); Sanzani et al. (2014)

Antiviral: potential use for eradication of latent HIV
infection

Kuo et al. (2011); Li et
al.(2016b)

Anti-inflammatory: anti-arthritic potential

Jang et al. (2005); Lu et al.
(2018)

Immune and allergy: immunosuppressive, anti-allergy,
vasodilatory and anti-inflammatory

Huang et al. (1991); Choi & Yan
(2009); Witaicenis et al. (2014)

Cosmetics and skin disorders: UV radioprotective;
stimulate skin pigmentation via. melanogenesis

Yang et al. (2006); Kim et al.
(2007a); Sourivong et al. (2007)

Hair: support hair growth and quality

Suwanprakorn et al. (2021)

Metabolic disorders: antidiabetic; protective and
antifibrotic effect on pancreatic function

Kim et al. (2007); Xu et al.
(2016); Wang et al. (2017a);
Juang et al. (2020)

Eye disorders: anti-inflammatory benefits for eye
function, as well as improving ocular blood flow to help
recover eyesight in ischaemic retinopathy

Liu & Chiou (1996); Liu et al.
(1997)

Respiratory tract: anti-inflammatory protective effect on
lung function; anti-asthmatic; potential for use in allergic
rhinitis

Fang et al. (2003); Cheng et al.
(2013); Niu et al. (2014)

Kidney function: renoprotective, may help mitigate
diabetic renal damage

Kim et al. (2007)

Genitourinary Tract: potential use in male impotence

Choi et al. (2015b & 2017b)

Anticancer: anti-tumour in various cell lines eg. pancreas,
prostate, laryngeal cancers

Kielbus et al. (2013); Kim et al.
(2013a); Wang et al. (2017a); Li
et al. (20217e)

Cardiovascular system: cardioprotective, cardiotonic;
anti-cholesterol; anti-hypertensive (vasodilatory, vascular
relaxant), anticoagulant; potential for use in cardiac

Sharma (1988); Yamahara et al.
(1989); Chen et al. (1994);
Huang et al. (1991, 1992 &
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fibrosis (anti-fibrotic), vascular restenosis (reduce tissue
hyperplasia); anti-ischaemic for damaged cardiac blood
supply (eg. heart attack)

1993); Park et al. (2015); Zhang
et al. (2016); Choi et al. (2017b);
Wang et al. (2017a); Fu et al.
(2018); Wan et al. (2018); Jung
et al. (2019); Lyu et al. (2021)

Neurological function: anti-inflammatory neuroprotective;
promote nerve cell growth; anticonvulsant; influence
dopamine levels

Yang et al. (2008b); Yang et al.
(2009b); Cho et al. (2016b); Xia
et al. (2018)

Liver function: anti-inflammatory, choleretic (enhance
secretion of bile acids); hepatoprotective, anti-fibrosis,
treatment of hepatitis (Artemisia capillaris, A. scoparia),
acute liver injury, fulminant hepatitis, alcohol-induced
hepatotoxicity, non-alcoholic fatty liver disease
(steatosis)

Yang et al. (2011); Kang et al.
(2013); Zhang et al. (2013 &
2014a); Fang et al. (2016); Choi
et al. (2017b); Liu & Zhao
(2017); Tasdemir et al. (2017);
Liu et al. (2019 & 2020d); Cai et
al. (2020); Gao et al. (2020); Hui
et al. (2020)

Gastrointestinal system: scoparone (and derivatives) show
antioxidant, anti-inflammatory and gastroprotective
activity

Witaicensis et al. (2014); Son et
al. (2015)

Musculoskeletal system: one protective, anti-osteoporosis

Lee & Jang (2015); Lee et al.
(2017)

Antiparasitic: moderate activity against Leishmania

Vila-Nova et al. (2013)

Insecticidal: active against mite egg-laying on agricultural
crops

Zhou et al. (2021)
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