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ABSTRACT

In our four previous review articles about the Morus (mulberry)
plant genus, we presented the antidiabetic, brain-related, anti-
inflammatory and anticancer properties-activities of its trees. In
this article, antioxidant and related activities of this genus will
be reviewed. Literature data possess hundreds of research
articles about this crucial activity since biological oxidation is
one of the fundamental processes in living organisms. This
includes many undesirable oxidations that are opposed by
antioxidants. All parts of Morus genus trees and shrubs contain
natural products with wide range of antioxidant activities. Most
of these compounds are polyphenols. The article presents the
antioxidant activities alphabetically ordered by species. As

usual, Morus alba, Morus nigra and in a less frequency, Morus

indica, are the most studied and published. Interesting natural products structures will be

presented. Previously published review articles that present antioxidant activity will be listed.

Also, nanoparticles (NPs) that were prepared using Morus materials and have antioxidant

activity, will also be listed.

KEYWORDS: Oxidative stress, Antioxidant, Morus, Morus alba, Morus nigra, Morus

indica, Flavonoids, Anthocyanins, In vitro oxidation, In vivo oxidation.

Abbreviations: AAPH 2,2-azobis(amidinopropane) dihydrochloride, ABTS 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid), ahc and her/his colleagues, AChE acetylcholine

esterase, PCBM [-Carotene bleaching method, BHA butylated hydroxyanisole, BuChE

butyrylcholine esterase, CAT catalase, CUPRAC cupric reducing antioxidant capacity, DCM

dichloromethane, DEE diethyl ether, DMSO dimethyl sulfoxide, DNJ 1-Deoxynojirimycin,
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DPPH 2,2-Diphenyl-1-picrylhydrazyl, EO essential oil, EtOAc ethyl acetate, GABA y-amino
butyric acid, GCC general chemical composition, GC-MS gas chromatography mass
spectrometry, GPx glutathione peroxidase, GSH glutathione, HDL high density lipoprotein,
HPLC high performance liquid chromatography, LDH lactate dehydrogenase, LDL low
density lipoprotein, LPS lipopolysaccharide, NPs nanoparticles, ORAC oxygen radical
absorbance capacity, PBD phosphomolybdenum (assayPE petroleum ether, ROS reactive
oxygen species, RPA Reducing Power Assay, SOD superoxide dismutase, STZ
streptozotocin, TAC total antioxidant capacity, TBARS thiobarbituric acid reactive
substances, TEAC Trolox equivalent antioxidant capacity, TFC total flavonoid content, TLC

thin layer chromatography, TPC total phenolic content, TTC total tannins content.

1. SHORT INTRODUCTION: Oxidation is extremely vital process for living organism. Its
major expression is the conversion of organic matter to available energy for the body, after
reacting with oxygen. But these life-sustaining and hence desirable processes, are
accompanied by undesirable reactions of oxidation. These are generally referred to reactive
oxygen species, ROS. In one of our review articles, we have presented and discussed these
ROS.™M In that review article we presented the sources of ROS as well as the relationships

between oxidative stress and major diseases. For the convenience of the current article

readers, we combined both figures into Figure 1.
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Figure 1. Sources of ROS and the relationships between oxidative stress and major
diseases Based on this, the vital role of antioxidants is understood, whether these are

naturally occurring in the human body, or supplied to it as nutrition.[?*!
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2. Selected Review Articles about Morus Species with Significant Antioxidant Activity
The number of review articles that were published so far about individual Morus species,
about some of them or about them all, is very large. In this review article we will use the

most relevant for our topic: antioxidant activity. These are presented in Table 1.

Table 1: Selected review articles about Morus species with clear antioxidant activity.

Author(s) . . Pages
Reference Major Topic(s) Refs.®"
M.S. Butt ahc Mo_rus a!ba, mainly nutritional aspects, a medium size 8
review with natural products structures 77
: [5] Morus alba, mainly traditional aspects, a medium size 9
R. Singh ahc . .
review with natural products structures 52
M.S. Zafar ahcl® Morus _alba, _malnly pharmacological aspects, a medium 9
size review without natural products structures 76
B. Devi ahcl”] Morus alba, small review, no structures of natural products, 5
' nice photos of the plant, antioxidant part is very small 36
H.P. Huang ahct® Morus alba, medium size review, chemoprevention, 9
o g mechanisms, detailed figures, brief antioxidant part 70
9] Morus alba, medium size review, detailed natural products 8
S. Yang ahc . . .
structures, pharmacology, extensive antioxidant section 50
E'W. Chan ahcl® Morus alba, very de'gal_led p_hytochemlstry, pharmacology, 14
figures and photos, clinical trials 92
A. Gryn-Rynko | Morus alba, leaves, medium size review, detailed 9
ahct! pharmacology and phytochemistry, no structures 96
: [12] Morus alba but mentions other species, mini review, no 7
F. Hussain ahc L . o
structures, antioxidant part is small, limited pharmacology 56
n3 | Morus alba, fucus on health benefits, listed phytochemical 12
Q. Yuan, L. Zhao with few structures, extensive antioxidant presentation 130
0. Rebai ahci Morus alba, mini review, mainly neuroprotective and 6
' antioxidant activities, no phytochemistry or structures 48
S.B. Sanghi, S.|Morus alba, some photos, very limited chemical 10
Mushtaq™ composition, no structures pharmacology 39
[16] Morus alba, clear focus on health benefits, limited 13
H. Zhang ahc . .
phytochemistry, no structures, very few figures 86
AK. Pujari ahclt” Morus _alba, very small review, good photos, lacks great 3
deal of information 11
S. Shahana, A.P.|Morus alba, comprehensive phytochemistry and 11
Nikaljel® pharmacology 42
R.A. Kadam ahc!*® | Morus alba, very comprehensive 1214;3
o [20] Morus alba, Morus indica, very short review, limited 4
S. Bajpai ahc .
presentation of pharmacology, no compounds/structures 32
R Ullah ahcl2Y Anthocyanins, outstanding, comprehensive, very helpful 32
' figures and illustrations, focuses of neuroprotection 216
R. Naik ahc?? Moracins A-Z, outstanding, comprehensive, structures, 15
' synthesis, pharmacology (example Moracin M, Figure 3) 79
X. Meng ahc!®! Melatonin, outstanding, very comprehensive, sources, | 64
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metabolites, bioactivities, biosynthesis (Figure 3) 340

A. Panek, M. | Morusin, comprehensive, excellent, sources, synthesis, 18
Stompor[24] metabolites (detailed), extensive pharmacology (Figure 3) 85
R.K. Venkatesh, S. | Morus, history of research, good phytochemistry, very 8
Chauhan® limited pharmacology 35
T Nomura ahci2®! Morus alba, '|soprenylated _flavon0|ds, biosynthesis, 17
synthesis, extensive stereochemistry 60

S. Priyal®” Morus, reasonable phytochemistry and pharmacology 997
D A Kostié ahcl2e! Morus, extensive hlstory and botany, composition but no 15
structures, very limited pharmacology 54

V.M. Miljkovi¢ | Morus, good photos, botany, very limited phytochemistry 6
ahc!®! and pharmacology, no structures 49
H.L Ramesh ahc®® Morus alba, focus on antioxidant, other activities are also 24
T briefly mentioned, limited phytochemistry, no structures 119
Y. Yang ahc*! Polyphenols, very detailed, limited pharmacology éi
H. Wei ahcl®? Morus, root bark, traditional uses, very comprehensive 36
' phytochemistry, pharmacology, excellent 124
D.S. Mahesh ahct® Morus, limited composition, no  structures, limited 11
pharmacology, no figures, no photos 45

GR. Aruna ahc® Morus, very s_mall article, history, no phytochemistry, no 4
structures, limited pharmacology 39

T. Thaipitakwong | Morus, focuses on cardiometabolic risks, pharmacology, no 10
ahcl® phytochemistry, clinical and preclinical trials 62
[36] Morus, very small article, phytochemical content and its 4

N. Jan ahc )

quality, pharmacology, no structures 44

E.L. Rodrigues | Morus, metabolic dysfunctions, good photos, composition, 16
ahcl”! no structures, toxicity, pharmacology 65
AR. Memete ahc® Morus, focgs on food industry, compositions by plant parts, 29
phytochemistry, no structures, pharmacology, patents 199

[39] Morus, synthesis, biosynthesis, pharmacology of Diels- 48
C. Tortora ahc Alder adducts, outstanding 119
3. Chen ahc®dl Morus, focus on neuroprotective effects, illustrations, 24
' pharmacology and phytochemistry by plant part, excellent 116
A Bhati ahc#d Morus,  anti-inflammatory,  antioxidant  activities, 14
' phytochemistry, pharmacology, mechanisms, excellent 184

A Budiman ahc? Morus nigra, ethnomedicine, extended phytochemistry, no 6
pharmacology 37

A. Khoerunnisa | Morus nigra, focus on antioxidant activity, limited other 12
ahcl®®! activities, no phytochemistry 59
S.H. Lim, C.I. | Morus nigra, nutritional importance, very extended 18
Choil* pharmacology, no phytochemistry 131
7 700fishan ahc® Morus nigra roots, extensive phytoch_emlstry, antioxidant 15
and anticancer, special focus on Morusin 84

based on Al counting.

a) Refs., number of cited references.
b) In articles where cited references are not numbered, the presented numbers in this table are
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Figure 2: Structural groups used in this article and their symbols.

HO ‘ OH OCHs Morusin OH

Moracin M
Ref. 22
O
Melatonin
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Figure 3: Structures of compounds mentioned in Table 1.

3. Published Studies of Antioxidant and Related Activities of Morus Species

The number of publications that reported antioxidant and related activities of Morus species
is very large. Morus alba and Morus nigra are most published, each way more than any other
species. For this review article, we considered only publications that reported these activities
directly. These are presented after Figure 4. The very brief presentation include: Morus
species, testing methods, results (in special cases), indication of proposed mechanism of
action (if) and mentioning other reported activities. It is also important to emphasize that we
will not mention Morus species that we found no literature about their antioxidant and related

activities.

Figure 4: Young Morus alba tree growing in the author’s home garden.
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Morus alba

Leaves were separately extracted with n-hexane, EtOAc, acetone and methanol. The extracts
were tested for inhibition of peroxidation of linoleic acid, with tocopherol and BHA as
standards. Methanol extract was most active. Partial GCC is presented.!!

Leaves were defatted with n-hexane and extracted with n-butanol, and the extract was
analyzed yielding three new compounds (no names in this article, Figure 5A), along with six
known compounds. All compounds were tested using LDL oxidation inhibition and DPPH
methods. Quercetin was reference.*®!

Salt (NaCl) stress resulted in changes of antioxidant enzymes (like SOD) and oxidant-

antioxidant biomarkers (like MDA).[*”

Twigs ethanolic extract was chromatographed affording 5,7-Dihydroxycoumarin 7-methyl
ether, Cudraflavone B, Cudraflavone C and Oxyresveratrol (Figure 5A). These compounds
were tested using superoxide scavenging and DPPH methods, resulting varying activities
from very weak to significant. Three antioxidant compounds were used as references.

Hepatoprotective activity is also reported.*®!

Root bark 70% aqueous ethanolic extract had inhibited (TBRAS method) lipid peroxidation
in STZ-induced diabetic rats. The extract was chromatographed affording Morusin,
Cyclomorusin, Neocyclomorusin, Moracin M and Kuwanon E (Figure 5A). Antidiabetic

activity is the major topic of this publication.™”!

Leaves were extracted with aqueous ethanol solutions (0-100%, seven solutions). The
extracts were combined (crude extract) and chromatographed yielding (after hydrolysis)
Rutin, Isoquercitrin, Quercetin and Astragalin. The crude extract and the four compounds

were tested using LDL oxidation inhibition method, resulting significant activities.™

Root bark 70% aqueous ethanolic extract was fractionized with several solvent yielding three
fractions. These fractions were tested for LDL oxidation inhibition in cholesterol-fed rats.
The fractions were analyzed affording Mulberroside A, Steppogenin-4’-O-B-glucoside,

Albanol A and Albanol B (Figure 5B). Hypolipidemic activity is also reported.™

Leaves were separately extracted with ethanol and water. The extracts were supplemented to

rats and TEAC of the animal’s plasma was measured using ABTS method.[?
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Fruits were separately extracted with methanol and water, and the obtained anthocyanin-rich
extracts inhibited LDL (human) oxidation. The extracts were analyzed (TLC) and the major
components that were detected were: Cyanidin-3-glucoside, Cyanidin-3-rutinoside,
Pelargonidin-3-glucoside and Pelargonidin-3-rutinoside. The aglycons Cyanidin and

Pelargonidin are shown Figure 5B.5%

Aqueous extracts of three phenotypes were analyzed for TPC and tested for antioxidant
[54]

activity using BCBM method. GCCs are also published.
Branches, fruits, leaves and roots were separately extracted with methanol, and the four
resulting extracts were partitioned with n-butanol and EtOAc. The extracts and fractions were
analyzed for TPC, organic acids content and tested with DPPH method. Roots extract was
most potent. Leaves extract was also tested after fermentations. Anticancer activity is
presented.>®!

Leaves aqueous extract was tested using lipid peroxidation method. In this study, leaves

aqueous extract of Rosmarinus officinalis was also tested.®

Leaves fresh and fermented aqueous extracts were tested using DPPH and SOD activation
methods. Anticancer activity is also published.!®")

Filtered fruit juice was tested using DPPH and cupric sulfate reducing method. Tyrosinase
58]

inhibition activity is also reported.
Activity of the antioxidant enzymes catalase and guaiacol peroxidase from fresh fruit juice of
varieties and hybrids was tested."

Leaves were defatted with PE and extracted with methanol. The resulting extract was tested
using lipid peroxidation and SOD activation methods. Protective effect against Haloperidol-
induced orofacial dyskinesia is also published.”!

Freeze dried fruits were supplemented to high fat fed rats. The antioxidant effect was tested
with TBRAS method and activity of antioxidant enzymes. The extract was analyzed for
dietary fibres, trace elements and fatty acids composition. Hypolipidemic activity is also

reported.’®"
Fruits 70% aqueous ethanolic extract was active against 6-Hydroxydopamine-induced
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accumulation of reactive oxygen species in SH-SY5Y cells. Antialzheimer effect (in rats) is

the main topic of this article.®?

Leaves 70% aqueous ethanolic extract improved GSH level and inhibited lipid peroxidation
(TBRAS) in CCl,-induced hepatotoxicity in isolated rat hepatocytes. Hepatoprotective effect

(other parameters) is also reported.[®*!

Leaves were successively extracted with water and methanol, and the combined extracts
improved the levels of antioxidant biomarkers (CAT, GSH, SOD). in CCls-induced
hepatotoxicity in rats. Silymarin was reference in this study.®*!

Leaves were extracted in autoclave conditions (121 °C, 15 minutes) and the flavonol content
was determined by HPLC. The major compounds were Quercetin-3-5-D-glucose, Quercetin-
3-O-glucose-6’"-acetate, Rutin and quercetin (aglycon). All compounds showed high activity
in ORAC assay.!®

Using combined far-infrared radiation with hot-air convection for leaves drying improved
TPC and increased antioxidant activity (DPPH, FRAP). The phenolic acids compositions
were determined in fresh leaves, dried leaves using this method and commercial dry leaves.
For example, the concentration of Ferulic acid (mg/g, Figure 5B) 6.93, 199.1 and 15.61,
respectively.[®®

Roots and twigs were separately extracted with ethanol. The extracts were analyzed for TFC
and TPC and tested using DPPH (twigs extract was more active), FRAP, superoxide
scavenging, liposome oxidation and Fe*? chelating methods. According to a table (1) in this
publication, Maclurin (Figure 5B) was the major component of both extracts. Interestingly,
this is not the case according to the chromatogram shown before this table. Antityrosinase

activity is also reported.!®”!

Fruits pomace ethanolic extract was tested using DPPH, superoxide scavenging and BCBM
methods. The extract was chromatographed and the major components were Cyanidin-3-
glucoside and Cyanidin-3-rutinoside.*®

Tea of fermented leaves were compared to tea of Camellia sinensis. Higher antioxidant
compounds concentrations were found, in addition to stronger antioxidant activity (FRAP,

DPPH). Several other compounds with nutritional importance like GABA were also found in
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higher concentrations.®

Leaves were dried using microwave, oven and freeze-drying, and each dry matter was
extracted with 50% aqueous methanol. Each one of the three extracts was analyzed for TPC
and tested using ascorbic acid equivalent capacity, FRAP, DPPH and potassium ferricyanide

assays. Microwave drying was most efficient.l™”!

Fruits, leaves and stems were separately extracted with boiling water and 80% aqueous
ethanol, and the six resulting extracts were analyzed for TFC and TPC. They were tested
using DPPH method. Leaves extracts were most potent. Antimicrobial activity is reported.[™

Bark methanolic extract was fractionized with several solvents and chromatographed
affording three compounds (Figure 5B): 5,5'-Diprenyl-7,3',4'-trinydroxy flavanone, 5-Prenyl-
3,7,3'4'-tetrahydroxy flavanonol and Quercetin-3-O-a-L-rhamnoside. The crude extract and
the isolated compounds were tested using DPPH method. Anti-sickling, cytotoxic and
molecular docking for enzyme inhibition, are also reported.t

Fruits methanolic extract was fractionized with five solvents and chromatographed (TLC)
yielding Morin (Figure 5B). This compound and the fractions were analyzed for TPC and
tested using ABTS and DPPH methods. Antibacterial activity is reported.[”™!

Leaves of six cultivars were harvested in seven different times of the year and extracted with
70% aqueous ethanol (pH=4). The extracts were analyzed for TPC and tested using FRAP,
hydroxyl radical scavenging activity and superoxide radical scavenging activity assays. The
extracts were also analyzed for four single antioxidant compounds: Chlorogenic acid,
Benzoic acid, Rutin and Astragalin. Leaves of a cultivar symbolized with Kg10 harvested in
May had the highest contents and activities.[’”

Fruits methanolic extract was tested with DPPH method as a standard. The protective effect
against oxidative stress was tested by supplementation of the fruits powder to y-irradiated

rats. Effect was measured using twelve biomarkers.!"

Leaves and stems aqueous extracts were subjected to hydrodistillation with DCM. The
resulting distillates were analyzed (gas chromatography) for volatiles, and the major
components were Dihydroctinidiolide (Figure 5B) and Hexanoic acid, respectively. The

crude distillate and the isolated compound were tested using MDA assay. Camellia sinensis
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and Cudrania tricuspidata were also investigated in this research.[’®

Leaves methanolic extract was supplemented to rats resulting decrease of lipid peroxidation
(TBRAS) and increase of the activities of SOD, CAT, GPx and GSH. Cardioprotective

activity is the major topic of this publication.[’”

Fruits ethanolic extract was analyzed for TFC, TPC, total anthocyanin contents, and was
tested using FRAP and DPPH methods. Blueberry fruits were used as a standard and
cognitive protection activities are the major topic of this publication.[’®

Root bark 95% aqueous ethanolic extract was partitioned with EtOAc and water, and the
organic fraction was chromatographed affording Morusalbanol A (Figure 5B). This
compound had protective activity against hydrogen peroxide-induced cell damage.™

Branches, fruits, leaves and roots were separately extracted with water. The extracts were
analyzed for partial GCCs, organic acids and tested using DPPH method. Tyrosinase

inhibition (major topic) and anticancer activities are reported.®”!

Fruits 80% aqueous ethanolic extract was analyzed for nutritional value, minerals, TFC, TPC,
total anthocyanin content and fatty acids composition. It was tested using DPPH and
hydroxyl radical scavenging methods. This is a comparative study of four species and eight
cultivars.[®!

Fruits, leaves, root bark and stem bark, were separately extracted with methanol. The extracts
were analyzed for TFC, TPC and total anthocyanin content. They were also tested using
DPPH, FRAP and hydroxyl radical scavenging methods.®?

Leaves (Polish variety) aqueous extract was analyzed for partial GCC, TPC, major flavonols,
phenolic acids, monosaccharides and ascorbic acid content. It was tested using ABTS, DPPH
and ferrous ion chelating methods.®*!

Fruits 70% polyphenols-rich aqueous ethanolic extract was successively fractionized with
water, n-hexane, CHCl;, EtOAc and n-butanol. The crude extract and the fractions were
analyzed for TFC and TPC. They were also tested using DPPH and Superoxide anion radical
scavenging methods. The EtOAc fraction was used to treat STZ-induced diabetic mice, and

its effect of antioxidant enzymes (CAT, GHS-x, SOD) was recorded. This fraction was
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analyzed for chemical composition affording 21 known phenolics. Antidiabetic activity is

reported.®*!

Stem bark methanolic extract was chromatographed yielding Albosteroid (Figure 5B), in
addition to four previously known compounds. The new compound was tested against
ethanol-induced ulcer in rats, and its effect of antioxidant enzymes (CAT, GHS-x, SOD) was
recorded. Antiulcer is the major topic of this publication (That includes mistaken captions of
figure 1 and figure2).®®!

Commercial Muesli that contained fruits of this species was analyzed for nutritional
composition and tested with ABTS and DPPH methods.®!

Leaves were collected in ten different locations were extracted with methanol, and the
resulting extracts were analyzed for TFC, TPC and tested using DPPH method. The extracts
were also chromatographed for major phenolics: Astragalin, Isoquercitrin and Rutin.!®”!

Leaves were separately extracted with ethanol and water, and the total antioxidant status of
both extracts was tested: ethanolic extract was more active. The ethanolic extract was
analyzed (GC-MS) resulting four major compounds: 9,12,15-Octadecatrienoic acid and its
ethyl ester, Linolenic acid ethyl ester and Gibberellic acid. Antimicrobial activity is also

reported.’®®!

Leaves 70% aqueous methanolic extract was used to treat Schistosoma mansoni infection in
mice. The antioxidant activity was measured using three biomarkers: GSH, MDA and

nitrite/nitrate ratio.[®!

Fruits were separately extracted with 50% aqueous acetone, 50% aqueous ethanol and 50%
aqueous methanol. Each extract was analyzed for TFC, TPC, total anthocyanin content and
mineral content (including heavy metals). The extracts were tested using DPPH method.
Antimicrobial activity is reported.*”

Fruits 70% aqueous ethanolic extract was partitioned with several solvents. The crude extract
and its fractions were tested using DPPH, TBRAS and H,0,-induced ROS in pancreatic -

cells. DNA protection is reported.®"

Branch bark 30% aqueous ethanolic extract was analyzed for TFC, TPC and total sugar
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content. It was tested using DPPH method. Other reported activities were inhibition of: a-

glucosidase, tyrosinase and sucrase.!?

Leaves 50% aqueous ethanolic extract attenuated testosterone production depletion in STZ-
induced diabetic male rats. It also reduced oxidative stress, where effect was measured with

oxidant-antioxidant biomarkers.[*!

Leaves flavonoid-rich 65% aqueous methanolic extract was fractionized with several solvents
including EtOAc. This fraction was used to treat gastroesophageal reflux disease (GERD) in
rats. The antioxidant effect was measured using the following biomarkers: lipid peroxidation,
CAT, SOD and GSH. Analysis of the DEE fraction of the extract afforded previously known

polyphenols, with Quercetin as a major component.[**

Leaves aqueous extract was analyzed for TFC and TPC and was tested using DPPH method.
[95]

Antiviral activity is reported.
Fruits of P. granatum, F. carica, M. alba, and G. biloba 70% aqueous ethanolic extracts were
used to prepare topical formulation that was tested using DPPH, H,0, scavenging and super
oxide anion scavenging methods. The formulation was also tested for collagenase inhibition

(in vitro) and anti-wrinkle in humans.*®

Leaves 70% aqueous methanolic extract was supplied to male mice and the activities of GSH
[97]

and MDA were measured. Effect was tested in kidney, testes, spleen and intestine.
Roots 80% aqueous ethanolic extract was tested using DPPH method. In this study another
43 plants were investigated, and the tyrosinase inhibition is reported.!°®!

Fruits from various locations (Serbia) were extracted with slightly acidic methanol affording
flavonoid-rich extracts. These were analyzed for TPC and total anthocyanin content, and
tested using DPPH, Fe*? chelating, reducing power assay and super oxide anion scavenging
methods. HPLC analysis of the extracts afforded 16 known phenolics including Aesculin and
Gentisic acid (Figure 5C).1*"

Fruits were successively extracted with pure and 70% aqueous ethanol. The combined
extracts were partitioned with several solvents and chromatographed yielding seven

compounds: Artoindonesianin O, Isobavachalcone, Morachalcone A (Figure 5C), Quercetin,
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Astragalin, Isoquercetin and Rutin. All compounds were tested for Glutamate-induced
oxidative injury in HT22 cells, where Artoindonesianin O and Morachalcone A were most

active.[*]

Fruits 70% aqueous ethanolic extract was analyzed for TFC and tested using the following
methods: DPPH, Fe*? chelating, reducing power [KsFe(CN)g] and TBRAS.H

Stem bark methanolic extract was analyzed for TFC, TPC and total anthocyanin content. It
was tested using TAC, reducing power [KsFe(CN)g], DPPH, hydroxyl radical scavenging and
lipid peroxidation methods. Anticancer activity is also reported.**?

Leaves of C;s3 Vvariety were separately extracted with ethanol and methanol. The extracts
were tested using DPPH and FRAP methods. Antidiabetic activity is reported.!%%

Leaves were separately extracted with 65% aqueous acetone and 65% aqueous ethanol, after
extraction solvent and temperature optimization. The extracts were supplemented to diabetic
rats and supplementation effect blood plasma of diabetic rats, was tested with FRAP and

TBRAS methods. The effect on element status (Cu, Fe, Zn) was also determined.™*¥

Roots of twelve varieties and hybrids were separately extracted with n-hexane, ethanol and
water. The resulting extracts were analyzed for TFC and TPC, and tested using ABTS, DPPH
and PBD methods.!%!

Leaves aqueous extract alleviated oxidative stress (tested using lipid peroxidation and GSH
level) in liver of rats treated with N-Nitrosodiethylamine. Anticancer activity is the major
topic of this publication.!%!

Leaves were separately extracted with 50%, 60%, 70%, and 95% aqueous ethanol. The 60%
extract had the highest TPC, and it was analyzed for partial chemical composition, resulting
known phenolics. Then it was tested using DPPH and FRAP methods. The extracts were

microencapsulated.!**”!

Leaves 70% aqueous methanolic extract was analyzed for TPC and partial chemical
composition, affording known phenolics. The crude extract was fractionized with several
solvents. The crude extract, fractions and some of the isolated phenolics were tested using
DPPH and FRAP methods. Antimicrobial activity is also reported.™*®
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Leaves aqueous extract was analyzed for TPC, GCC and chemical composition, resulting
known compounds. The extract was tested using ABTS and DPPH methods. It was also used

for preparing yogurt, and the nutritional and probiotic properties were determined.!%!

Stem bark was analyzed for TFC, TPC and oxyresveratrol content, which was isolated from
the extract. The extract and oxyresveratrol were tested using DPPH, hydroxyl radical
scavenging, superoxide radical scavenging and nitric oxide scavenging. In addition,
oxyresveratrol was tested using FRAP method. %!

This study investigated the effect of extraction solvent on TFC, TPC, total monomeric
anthocyanins, and the antioxidant activity using DPPH method. Fruits were extracted with
several polar solvents which were combinations of ethanol, water and acetic acid. The

extracts were also tested for antiproliferative activity.!**]

Leaves ethanolic extract was tested using DPPH method. Antifungal and cytotoxic activities
[112]

are also reported.
Leaves were sequentially extracted with n-hexane, PE, EtOAc, methanol and water. Extracts
were analyzed for TPC and tested using DPPH and hydroxyl radical scavenging methods.
Methanolic extract was most active. Anti-clastogenic activity is reported.™!

Leaves 65% aqueous ethanolic extract was analyzed for TFC, TPC and DNJ (Figure 5C)
content. It was also analyzed for phenolics composition resulting known compounds. The
extract was tested using ABTS and DPPH methods. The extract was supplemented to high
fat-fed rats, and their blood plasma was tested using FRAP and TBRAS methods, showing

ameliorating effect.l***]

Stem bark was defatted with PE and extracted with 70% aqueous ethanol. The extract was
supplied to STZ-induced diabetic rats, and the antioxidant effect was measured using GSH,
MDA and SOD. Antidiabetic activity is reported.[*'®!

Leaves 70% aqueous ethanolic extract was washed with chloroform/methanol/1:1 affording
four polysaccharides (Arabinose and Galactose where major monosaccharides). These
polysaccharides were tested using ABTS, DPPH, Fe*? chelating, hydroxyl radical scavenging
and reducing power methods. Thermal properties of the polysaccharides are reported.[*1%!
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Six extracts were prepared from roots: aqueous ethanol 50, 70, 96% and aqueous methanol
60, 85 100%. These extracts were analyzed (HPLC) for oxyresveratrol (100% methanolic
extract was highest) and tested using DPPH method. Antityrosinase activity is also
reported.™**"!

Combination of B-Glucan (polysaccharide) and commercial leaves extracts (aqueous and
ethanolic) was supplemented to high fat-fed mice, resulting positive synergistic effect on

liver ROS. Other effects on metabolic disorders are reported.!**®!

Leaves 70% aqueous ethanolic extract was analyzed for TFC and TPC and tested using
DPPH method. It was supplemented to rats with N-Nitrosodiethylamine-induced
hepatotoxicity. The in vivo effect was measured using TBRAS method and liver enzymes
(GSH, SOD, CAT).["!

Leaves aqueous extract was supplemented to STZ-induced diabetic rats showing positive

effect on TAC blood plasma. Antidiabetic activity is the major topic of this publication.**"

Two test groups of high fat-fed mice were separately fed with leaves and 70% aqueous
ethanolic extract. In both tests the results showed positive effect on TAC, MDA and SOD.
Hypoglycemic and hypolipidemic effects are the major topics of this publication.*?!

Leaves 70% aqueous acetone extract had neuroprotective effect against glyphosate-induced
toxicity in rats. Effect was measured with lactate dehydrogenase, CAT, peroxidase and SOD

levels. Other biomarkers are also reported.*??

Stem bark methanolic extract was chromatographed yielding a novel flavone, Morusflavone
[5,7,4’-trihydroxy-8-(y,y-dimethylallyl)-2’,3’-(10’-hydroxy-9°,10’-dimethyl-cyclohex-8-
enyl)-flavone, Figure 5C]. The compound was active against oxidative stress in human
epilepsy model, pentylenetetrazole-induced kindling in rats.[*?*!

Leaves of four cultivars were extracted with water, and the extracts were analyzed affording
oligopeptides. These were tested using ABTS, DPPH, NO scavenging, Fe*? chelating, lipid
peroxidation and reducing power methods. Antidiabetic activity is also reported.™?*

Leaves 75% aqueous ethanolic extract (selected after optimized solvent study) was analyzed
for TFC, TPC and TTC. It was tested using DPPH and BCBM. Antidiabetic activity is also
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reported. This study included leaves of other six plants.!*?*!

Commercial leaves powder was extracted with 50% aqueous methanol, and the resulting
extract was defatted with n-hexane, then analyzed yielding five phenolics: Gastrodin (Figure
5C), 4-O-Caffeoylquinic acid, 5-O-Caffeoylquinic acid, Isoquercetin and Rutin. All
compounds were tested using DPPH method, resulting only Gastrodin having relatively low
activity.[*?%!

Commercial flavonoids-rich leaves extract combined with Candida tropicalis were fed to
dairy calves challenged with Escherichia coli. Results showed positive effects on several
parameters, including antioxidant biomarkers (GSH, MDA, SOD).!*#"]

GCCs and nutritional parameters (very detailed) of six genotypes leaves were determined in
[128]

this study, along with antioxidant activity tested using DPPH method.
Leaves (Mori Folium) aqueous extract was supplied to diabetic rats (High glucose diet and
STZ-induced). Results showed bone protective effect through two mechanisms of action,

including redox homeostasis.[**"

A novel method for maximizing the phenolics (hydrolysed aglycones) content of leaves
ultrasound-assisted hydroalcoholic extraction: ethanol-HCl-water (7/2/1, v/viv) solution at
75°C by ultrasound (40 kHz) for 60 min. The resulting extracts were tested using DPPH
method.[*!

AmLexin, a blend of commercial extracts of heartwood of Acacia catechu and root bark of
Morus alba, was supplied to healthy runners. The effect was tested using several parameters

including blood plasma oxidative stress after half marathon run.™!

Leaves powder was supplemented to pigs resulting positive effect on several parameters,

including SOD levels in blood serum.!**%

Leaves extraction solvent was optimized for high flavonoids content, and they were extracted
with 40% aqueous ethanol, yielding four significant extracts. These were tested using ABTS,
DPPH and reducing power methods. Antimicrobial and a-amylase inhibition activities are

also reported, !
Stems ethanolic extract was analyzed for partial GCC, TFC, TPC and tested using ABTS
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method. Anticancer activity is reported.!**!

Leaves were separately extracted with water and 80% aqueous methanol. They were tested in
PC-12 cells using CAT, GSH and SOD biomarkers. Antiaging activity is also reported.[***!

Commercial leaves samples were separately extracted with water and aqueous methanol, and
the extracts were analyzed for TFC, TPC, total phenolic acids content and ascorbic acid
content. They were tested using DPPH and FRAP methods. HPLC analysis of the extracts
resulted clear differences in phenolic compositions, where aqueous methanolic extract
contained more compounds. In both cases, extracts contained known compounds. AChE

inhibition activity is also reported.™®

Fruits were extracted with 90% aqueous ethanol, then with water, and the resulting matter
was chromatographed yielding a novel polysaccharide, composed of monosaccharides:
Arabinose, Galactose, Glucose and Rhamnose. The zinc derivative of the polysaccharide was
prepared, and both were tested using ORAC and peroxyl radical scavenging (in vitro), and
HepG2 cells. Hypoglycemic activity is reported.™”!

Fruits were used to prepare anthocyanin-rich jelly (up to 26% wi/w), and the TPC, total
anthocyanin content, nutritional values and partial GCC were determined. The jelly was
tested with DPPH, FRAP and ORAC methods.!**®!

Leaves extraction was optimized (temperature and solvent) and 70% aqueous methanol was
used. This extract was analyzed for DNJ content, TPC, and was tested using ABTS and
DPPH methods. The extract was also analyzed for Quercetin and Kaempferol contents.™*!

Fruits aqueous extract combined with amino acids isolated (HPLC) from dried silkworms
(Bombys mori) had alleviating effect in HepG2 cells (TBRAS method) and in high fat-fed
rats (GSH, MDA, SOD biomarkers). The extract was analyzed for TFC, TPC and contents of
Rutin, Hydroxybenzoic acid and Cyanidin-3-glucoside. The hydrolysate of silkworms was
analyzed for Glycine, Alanine, Serine, Valine and Aspartate. Anti-inflammatory and

antidiabetic activities are reported.*”

Leaves 70% aqueous methanolic extract had ameliorating effect on Gentamicin-induced
nephrotoxicity in rats. Effect was measured using several parameters including serum GSH
and MDA levels.**]
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Leaves were successively extracted with n-hexane, PE, EtOAc, methanol and water. The
extracts had nephroprotective and cognitive enhancing activities: H,O,-induced toxicity in
U87MG cells and aluminum fluoride-induced toxicity in rats. Effects were measured with
several parameters including CAT, GSH, SOD, lipid peroxidation and AChE levels.*?

Seeds were analyzed for GCC, trace elements, nutritional values and were cold pressed for
EO. This was analyzed for TPC, fatty acids content, tocopherols content (four), sterols and 4-
Anisidine (Figure 5C). EO was tested using DPPH method.[***]

Leaves 70% aqueous methanolic extract had protective activity in mice brains infected with
Schistosoma mansoni. The effect was measured using several parameters including
nitrite/nitrate ratio, MDA, CAT, GSH and using TAC method.***!

Leaves were subjected to a new extraction process with water, and the resulting extract was
analyzed for GCC, TFC, TPC, DNJ content fatty acids composition, amino acids composition
chlorophylls a and b, and phenolics (acids and flavonoids) content. It was tested using ABTS,
DPPH, FRAP and Fe*? chelating methods.!***!

Leaves were separately extracted with 80% aqueous ethanol and water, and the
hydroethanolic extract was partitioned with chloroform and EtOAc. Additionally, it was
analyzed for active phenolics affording Isoquercetin and Rutin. The hydroethanolic extract
and its fractions were tested using DPPH. Anticancer activity is the main topic of this

publication.[**®!

Leaves of four genotypes were separately extracted with 50% aqueous ethanol, and the
resulting extracts were tested using DPPH method. It was also tested against H,O,-induced
oxidative stress in Caenorhabditis elegans. The extract was analyzed for chemical
composition resulting the identification of 53 compounds. Anti-inflammatory and antiobesity

activities are the major topic of this article.*"!

Root bark (Mori Cortex Radicis) was separately extracted with 70% aqueous ethanol and
water, and they were analyzed for TFC and TPC. They were tested using ABTS, DPPH, and
against Ethyl bromide-induced oxidative stress damages in DNA. Anti-inflammatory and

anticancer activities are reported.*®!

Fruits of 27 cultivars were extracted with 70% aqueous ethanol, and the resulting extracts
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were analyzed for TPC, Anthocyanins and Anthocyanidins contents. HPLC analysis resulted
four major active phenolics Quercetin, Cyanidin, Cyanidin 3-glucoside and Cyanidin 3-
rutinoside. The extracts and the single compounds were tested with DPPH, FRAP and ORAC
methods. Antialzheimer (enzyme inhibition) activity is reported.[**

Mixing fruits and leaves with honey enhanced TPC and antioxidant activity (DPPH, FRAP).
Extraction was made only for chromatographic analysis which resulted 23 known phenolics.

Inhibition of carbohydrate hydrolyzing enzymes is also reported.**"

Leaves extraction with 95% aqueous ethanol was improved by using pulsed electric field.
Extract was analyzed for TPC, DNJ content, and tested with ABTS, DPPH and FRAP

methods. Anti-tyrosinase and anti-hyaluronidase activities are reported.[*>!

Fruits (two cultivars) were separately extracted with water and 95% aqueous ethanol. The
extracts were analyzed for TFC, TPC and total anthocyanin content, and were tested using
ABTS, DPPH and FRAP methods. Antibacterial activity is reported.™?

Fruits 70% aqueous ethanolic extract was fractionized with n-hexane, DCM, EtOAc, n-
butanol and water. The crude extract and fractions were analyzed for TFC, TPC and tested
using ABTS, DPPH and FRAP methods. They were also tested using CAT, GPx and SOD
levels in LPS-treated RAW 264.7 macrophages. In this test, Quercetin, isolated from the
EtOAc fraction was also tested. All fractions (except aqueous) were partially analyzed
(HPLC) for active compounds resulting the identification of twenty known natural products
including (Figure 5C) Ar-Turmerone (n-hexane), Odisolane (DCM), Morrole A (EtOAc) and

Butyl L-pyroglutamate (n-butanol). Anti-inflammatory activity is reported.™*

Root bark ameliorated antioxidant enzymes (CAT and SOD) levels in Cyclophosphamide-
induced somatic and germinal cell damage in male rats. Other health parameters of the

animals are also reported, especially sperm related.[*>"

Branches, fruits and roots were separately extracted 80% aqueous ethanol, and the extracts
were chromatographed to isolate Resveratrol and Polydatin (Figure 5C). These compounds
were tested in vitro using ABTS, DPPH and ORAC methods. They were also tested against
AAPH-induced oxidative damage in HepG2 cells, where effect was measured using five
biomarkers: CAT, GSH, LDH, MDA and SOD. A mechanism of action is proposed.***
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Root bark was separately extracted with n-hexane, DCM, acetone, ethanol, methanol and
water. The resulting extracts were analyzed for TFC and TPC, and were tested with ABTS,
DPPH, FRAP and super oxide scavenging methods. The methanolic extract was
chromatographed where the amounts of six active compounds were determined:
Umbelliferone, Kuwanon G (Figure 5C), in addition to Morin, Morusin, Oxyresveratrol and
Kuwanon H. The six compounds were also tested using the same four methods. The extracts
and the compounds were tested for inhibition of a-amylase, tyrosinase and anti-inflammatory

activities.[**

Donated flavonoids-rich leaf extract was supplemented to high-carbohydrate-induced liver
oxidative stress in Monopterus albus, resulting positive effect on several parameters
including CAT, GSH, GPx and SOD. Anti-inflammatory activity and effect on intestinal

microbiota are also reported.!*>"!

Gamma-irradiated leaves methanolic extract was analyzed for TFC, TPC, nutritional values
and for singles phenolics (9 known). The extract was tested using DPPH method. Anticancer

and antibacterial activities are reported. Leaves and seeds of Grape tree are also reported.!**®!

Leaves aqueous extract and its component Neochlorogenic acid (commercial, Figure 5C)
alleviated Glucolipotoxicity-induced oxidative stress rat aortic vascular smooth muscle cells.
Effect was evaluated using several parameters including SOD. A mechanism of action is

proposed.!***

Fruits acetonitrile extract separately and in combination with Rutin protected ethanol-
damaged GES-1 cells. Effect was tested using several parameters including GSH, MDA and
SOD. The extract was analyzed for GCC and detailed chemical composition resulting the
identification of 108 compounds, including Chlorogenic acid and Magnoflorine (Figure 5D).
A mechanism of action is proposed.[**”

Fruits of 13 Chinese cultivars were extracted with 70% aqueous ethanol, and the extracts
were analyzed for GCC, TFC and TPC. The extracts were tested using DPPH, FRAP and
hydroxyl scavenging methods. They were also analyzed for three major phenolics content:
Cyanidin-3-O-Glucoside, Pelargonidin-3-O-Rutinoside and Cyanidin-3-O-Rutinoside.™®!
Leaves were extracted using ultrasonic-assisted enzymatic extraction and 70% ethanol
(pH=5). The resulting extract was hydrolysed and analyzed 39 known phenolics including
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Hesperidin (Figure 5D), with highest concentration. The extract was tested using ABTS,
DPPH, hydroxyl radical scavenging and superoxide anion radical scavenging. It was also
tested against AAPH-induced sheep erythrocytes’ oxidative stress by measurement of CAT,
GSH, MDA and SOD biomarkers.[*¢%

Seeds of six varieties were extracted with 80% aqueous methanol, and the resulting extracts
were analyzed for TPC. They were also analyzed for bound (11) and free (28) phenolics and
were tested using DPPH and FRAP methods. The relationship between TPC and antioxidant
capacity is reported.!*®®

Ultrasonic-assisted aqueous leaves extracts of three varieties were prepared and were
analyzed for TFC and TPC. They were tested with DPPH method. In addition, the extracts
were analyzed for Isoquercetin and Rutin Contents.™*

Leaves green teas of three cultivars were analysed for TFC and TPC, and were tested using
ABTS, DPPH and FRAP methods. The teas were chromatographed for major seven phenolics
(Gallic-, Caffeic-, Gentisic-, Protocatechuic-, Chlorogenic acid, Rutin and Myricetin)
contents. The impact of processing the plant material on Melatonin and Tryptophan contents

is presented. The AChE inhibition activity is also reported.™

Leaves were separately extracted with water, 80% aqueous ethanol and successively with
80% ethanol and water (total of three extracts). These extracts were analyzed for phenolic
compounds (11), DNJ and crude polysaccharides. The extracts alleviated oxidative stress in
acute liver injury in rats (CAT, GSH, MDA and SOD levels were measured). Anti-

inflammatory activity is reported.™*®®!

Leaf powder was supplemented to growing pigs and had positive effect on several growth
parameters, including immune-antioxidant status. Effect was measured mainly with MDA

levels in blood serum.[¢"]

Leaves 70% aqueous ethanolic extract was separately supplemented or in combination with
Flaxseed extract to ovariectomized female rats, resulting positive effect on several

parameters. The extract was analyzed for TPC and tested with BCBM method.[*%®]

Leaves methanolic extracts of four varieties were analyzed for GCC, TFC, TPC, mineral

content and ascorbic acid content. The extracts were tested using DPPH and FRAP methods.
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The extracts were chromatographed resulting the identification of 19 known phenolics
[169]

including Sanggenon T (Figure 5D). Antidiabetic activity is reported.
Leaves of two cultivars were extracted with 95% aqueous ethanol, and the resulting extracts
were analyzed for TFC, TPC and resveratrol and oxyresveratrol contents. The extracts were
tested using ABTS, DPPH and FRAP methods. The anti-inflammatory activity of the crude
extracts and the single isolated compounds in LPS-stimulated RAW 264.7 macrophage cells,

is reported.t™™

Leaves were harvested in various maturity periods and stored for different time periods, then
extracted with 70% aqueous methanol. The extracts were tested using ABTS, DPPH and
FRAP methods. Both variables (maturity stage and storage time) had clear effect on

antioxidant activity and the metabolite composition of the extracts.!™!

Follow up of the work cited in reference 167. The tested biomarkers were CAT, GSH, MDA
and SOD. In addition, TAC method was used to test the antioxidant activity of blood and

liver serum.[r"2

Fruits, leaves, shoots and roots were separately extracted with 80% aqueous methanol. The
extracts were analyzed for TFC, TPC and contents of Ascorbic acid, Dehydroascorbic acid,
Chlorophyll a, Chlorophyll b, Anthocyanins and Carotenoids. The extracts were tested using
DPPH, FRAP, hydroxyl radical scavenging and BCBM. Extracts were also analyzed for
chemical compositions and among the carotenoids, Lutein (Figure 5D) had highest

concentration (in leaves).*"®

Aqueous extracts of collected leaves and 15 herbal medicines containing them, were
prepared. These extracts were analyzed for TPC and tested with ABTS, FRAP and TEAC

methods. They were chromatographed resulting eight known major phenolics.?*™

Three cell lines were cultured from juice in mainly light/dark different conditions. These
were chromatographed resulting the identification of 17 active compounds, including
Mulberroside F (Figure 5D). The juices decreased the H,O,-induced oxidative stress in LPS-

stimulated Caco-2 cells. Anti-inflammatory activity is reported.!*">1"®

Leaves 70% aqueous ethanolic extract was analyzed for GCC, TFC and TPC. It was tested

using DPPH, FRAP superoxide anion scavenging, hydroxyl radical scavenging and Fe*?
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chelating methods. The extract had positive effect on human erythrocytes, measured with

several parameters including MDA level and TBARS method.!*"®!

Leaves 95% aqueous ethanolic extract was analyzed for TPC and tested with ABTS and
FRAP methods. It had protective effect against Paraquat-induced toxicity in RAW 264.7
cells, including amelioration of oxidative stress. Antiapoptotic effect is reported. "]

Fruits 80% aqueous ethanolic extract was analyzed for GCC, TFC, TPC and total
anthocyanin content. It was also analyzed for nutritional values and mineral and fatty acids
compositions. It was tested using DPPH method.!*"

Phenolics-rich leaves ethanolic and aqueous extracts were prepared and analyzed for TFC
[180]

and TPC and tested for superoxide anion radicals scavenging activity.
Phenolics-rich fruits methanolic extract was prepared and analyzed for chemical composition
resulting known compounds. It was tested using ABTS and DPPH methods. a-Glucosidase

inhibition activity is reported.[8.:182

Leaves were separately extracted with methanol, 80% aqueous methanol, ethanol and 80%
aqueous ethanol. Each extract was analyzed for TFC and TPC, and tested using DPPH, FRAP
and Linoleic acid peroxidation methods. Antimicrobial activity is reported.[*®*]

Fruits and leaves were separately extracted with 80% aqueous methanol using three methods:
ultrasonic assisted, stirring and homogenization. Each of the six resulting extracts was
analyzed for TPC, total sugar content, and tested using DPPH method. The extracts were
chromatographed for phenolic acids: Chlorogenic acid was major component in leaves while

gallic acid was major component in fruits.4

Fruits were separately analyzed for nutritional values and extracted with methanol. The

extract was tested with DPPH method.[*%

Fruits (white and purple) were separately analyzed for nutritional values and extracted with
80% aqueous methanol. The resulting extract was analyzed for TFC, TPC and tested with
DPPH method. %!

Fruits juice was analyzed for nutritional values, TFC, TPC and tested using CUPRAC, DPPH
and FRAP methods.™®"!
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Leaves were successively extracted with PE, chloroform and methanol. The extracts were
analyzed for TFC and TPC and tested with TAC, FRAP, DPPH, hydroxyl radical scavenging,
Fe*? chelating activity and nitric oxide radical scavenging methods. The methanolic extract
was chromatographed affording known compounds including Cathafuran B (Figure 5D).
Molecular docking for anticancer activity (the major topic of this publication) was performed

for several active isolated compounds. ¢!

Fruits syrup (from juice) was analyzed for TFC and TPC and tested with DPPH and FRAP
methods. The juice was chromatographed affording known phenolics. Processing effect is
presented.[*®]

Stems that were collected in four different months were extracted with methanol, and the
extracts were analyzed for TPC and total anthocyanin content. They were tested using DPPH

method: the October extract was clearly most active, 190191 correction]

Fresh juices from four genotypes were analyzed for partial nutritional value, TPC, total
anthocyanin, and tested with DPPH and FRAP methods.!**%

Fruits, leaves and roots were separately extracted with 70% aqueous ethanol. The extracts
were analyzed for TFC and TPC and tested using DPPH method. The extracts were
chromatographed (HPLC) for six known phenolics.!**®!

Fruits 75% aqueous acetone extract was analyzed for TFC and TPC and tested with TEAC
method. The extract was analyzed (HPLC) resulting the identification of of ten known

phenolics.[**4

Fruits were separately extracted with 80% aqueous acetone and 80% aqueous methanol. The

extracts were analyzed for TPC and tested using ABTS and DPPH methods. ™

Fruits methanolic extract was analyzed for TFC and TPC. It was supplemented to high fat-fed
rats resulting ameliorating effect on oxidative stress. This effect was measured by several
parameters including MDA, nitric oxide, LDL and TAC.!*®!

Fruits of three genotypes were extracted with 20% aqueous ethanol, and the extract was
analyzed for TPC and tested using CUPRAC method.™"!

Fruits methanolic extract was analyzed for TFC and TPC and tested using DPPH method. It
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was administered separately or combined with Morus nigra extract, to Alloxan-induced

diabetic rats and positive effects were detected (major topic of this publication).™®

Fresh fruits were fed to rats with Carbon tetrachloride-induced toxicity resulting positive
effect measured by several biomarkers, including alleviation of oxidative stress, measured

mainly by MDA levels. Hepatoprotective activity is the major topic of this publication.*

Fruits juice (2 genotypes) was analyzed for nutritional values, aliphatic acids (5), phenolics
(11) and tested using TEAC method.?%02%!

Fruits/leaves 80% aqueous methanolic extract was analyzed for nutritional values, TPC, and
tested using ABTS and DPPH methods. It was chromatographed for phenolics resulting the
identification of known compounds.!?°+2%4

The same findings published in reference 200 were published again a year later in a different

journal 2%

Leaves 80% aqueous ethanolic extract was analyzed for TFC and TPC and tested using TAC
method.!?%!

Fruits juice was analyzed for TPC, aliphatic acids (6), phenolics (14), monosaccharides and
ascorbic acid. It was tested using TEAC method.!2%62%7]

Leaves 70% aqueous ethanolic extract was analyzed for known phenolics (14) and tested
using hydroxyl radical scavenging and lipid peroxidation inhibition methods. It was also

tested for AChE and BUChE inhibition and neuroprotection in zebrafish. 2%

Leaves phenolics-rich extract was analyzed for TFC, TPC, total anthocyanins and total

carotenoids and was tested using DPPH method. %!

Fruits juice was analyzed for aliphatic acids (7), monosaccharides (2), ascorbic acid,
phenolics (13) and TPC. It was tested with TEAC method.**%

Leaves 80% aqueous methanolic extract was analyzed for partial GCC, ascorbic acid content,
TFC and TPC. It was tested using ABTS, DPPH and FRAP methods.**!!

Leaves and stem bark were separately extracted with 50% aqueous methanol. The extracts
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were analyzed for TFC and TPC, and were tested with ABTS, DPPH and FRAP methods.

Antibacterial activity of the extracts is reported.?*

Fruits and leaves were separately extracted with 70% aqueous ethanol and the extracts were
analyzed for TPC, total carbohydrate content and tested using DPPH and FRAP methods.
The carbohydrate content was also analyzed for mono and polysaccharides.***!

Fruits juice was analyzed TFC, TPC, partial nutritional value, total carotenoids content and

total anthocyanin content. It was tested using DPPH and TEAC methods.!**4!

Fruits juice was analyzed for TFC, TPC and tested using DPPH method. Analysis for single
[215]

phenolics resulted the identification of sixteen known compounds.
Fruits 70% aqueous ethanolic extract was partitioned with four solvents, and the crude extract
and the fractions were tested using DPPH method. The n-hexane fraction was analyzed (GC-
MS) affording 20 known non-polar compounds. Analysis for fatty acids yielded 17
compounds. One of the identified compounds was Cyclomulberrin (Figure 5D).

Antiproliferative activity is reported.?®!

Fruits juice was analyzed for aliphatic acids (6), sugars (3), ascorbic acid content, phenolics
(14), and it was tested with TEAC method. 2!

Fruits 70% aqueous ethanolic extract was analyzed for TPC. It was administered to rats brain
with AIClz-induced damage, and the extract had neuroprotective activity, measured with
several parameters, including NO production inhibition, CAT, SOD, protein carbonyl, and
ACHhE inhibition.!?'®!

Fruits in three maturity stages, unripe, semi-ripe and fully ripe; were separately extracted
with 80% aqueous methanol. The extract of ripe fruits had higher TFC, TPC and was
obtained in higher vyield. Analysis for (known) phenolics resulted the same pattern.

Strawberry was also studied in this research.!?*

Morus atropurpurea
Fruits 80% aqueous ethanolic extract was analyzed for nutritional value, minerals, TFC, TPC,
total anthocyanin content and fatty acids composition. It was tested using DPPH method.

This is a comparative study of four species and eight cultivars.®®
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Fruits 80% aqueous ethanolic extract was analyzed for GCC, TFC, TPC and total
anthocyanin content. It was also analyzed for nutritional values and mineral and fatty acids

compositions. It was tested using DPPH method. "]

Phenolics-rich leaves ethanolic and aqueous extracts were prepared and analyzed for TFC
[180]

and TPC and tested for superoxide anion radicals scavenging activity.
Phenolics-rich fruits methanolic extract was prepared and analyzed for chemical composition
resulting known compounds. It was tested using ABTS and DPPH methods. a-Glucosidase
inhibition activity is reported.[*8%:%2

Fruits 70% slightly acidic aqueous acetone extract was analyzed for TPC and total
anthocyanin content and tested using ORAC method. Analysis for phenolics afforded eight
known compounds and analysis for lipophilic antioxidants yielded eight known compounds
as well, including Neoxanthin and Violaxanthin (Figure 6). Twenty-seven cultivars were
used in this research.[*"!

Fruits phenolics-rich methanolic extract was tested with ABTS and TEAC methods. It was
supplemented to mice resulting clear positive effect of cognitive promotion and enhancement

of antioxidant enzymes.[??"!

Fruits 70% aqueous ethanolic extract was prepared with a new method, analyzed for sugar
and anthocyanin contents. It was tested using ABTS and DPPH methods. Analysis for single
phenolics afforded five known compounds including Peonodin-3-xylosylrhamnoside (the

aglycon is shown in Figure 6).[221

Follow up of the previous study with in vitro bioaccessibility of the anthocyanins in

simulated gastro-intestinal digestion.!???

Leaves 80% polysaccharide-rich, ultrasonic-assisted aqueous ethanolic extract was obtained
under optimized conditions (temperature, time, pH and solvents ratio). It was tested using
DPPH method.???*!

Fruits were harvested in four different ripening stages times (May) and were extracted with
slightly acidic methanol. The extracts were analyzed for TFC, TPC and total anthocyanin

content, and were tested with ABTS and DPPH methods. Analysis for single phenolics
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afforded 19 known compounds. Neuroprotective activity is reported in detail.[?2*

Leaves protein-rich, ultrasonic-assisted agqueous methanolic extract was analyzed for TPC,
sugar content and amino acids. It was tested using DPPH, hydroxyl radical scavenging and
reducing power (of albumin) methods.??®!

Fruits regular or ultrasonically-assisted extracts were prepared using eleven
solvents/mixtures. The extracts were analyzed for TPC and tested using ABTS, DPPH and
FRAP methods. Analysis for single phenolics afforded 22 known compounds.??®

Leaves ultrasound-assisted 70% aqueous ethanolic extract was analyzed for TPC and tested
using DPPH and ORAC methods. Analysis for single phenolics yielded fourteen known
compounds. Antiobesity activity is reported in detail.[??"!

Fruit juices of four cultivars were analyzed for TPC and tested using ABTS, DPPH and
FRAP methods. Juices were extracted with 80% aqueous acetone, and the extracts were
analyzed for single phenolics, yielding known compounds.??®!

Follow up of the research cited by reference 225: in this study, cellular antioxidant activity

was tested (HepG2 cells). Hemolysis inhibition ability is reported.?%’!

Morus australis

Leaves methanolic extract was administered to rats with acetaminophen-induced liver
damage, and to Hep2G cancer cells. The result was alleviation of oxidative stress measured
with CAT, GSH and SOD. Anti-inflammatory activity with proposed mechanism are

presented.[Z

Roots microwave-assisted 95% aqueous ethanolic extract was analyzed for TFC, TPC and for
single phenolics resulting the identification of Morusin as major component. The extract
ameliorated oxidative stress in LPS-treated RAW 264.7 cells and in mice with CCls-induced

liver damage. Anti-inflammatory activity is reported.?*!

Morus bombycis
Roots were separately extracted with chloroform, ethanol, 80% aqueous ethanol, methanol,
80% aqueous methanol and water. The extracts were tested with SOD-like and lipid

peroxidation methods.!*%
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Follow up of previous research: roots 80% aqueous methanolic extract was chromatographed
affording 2,5-Dihydroxy-4,3'-di(1-p-D-glucopyranosyloxy)-trans-stilbene (Figure 7), which
was tested in the same method.[**!

Follow wup of previous two studies: effect of 2,5-Dihydroxy-4,3'-di(1-p-D-
glucopyranosyloxy)-trans-stilbene in STZ-induced diabetic rats. Antidiabetic activity is the
major topic of this publication.!?*!

Branches 70% aqueous ethanolic extract and commercial Oxyresveratrol activated FOXO3a
(Forkhead box O3, human gene) in HEF cells enabling decrease of ROS.1?*!

Morus cathayana

Fruits 80% aqueous ethanolic extract was analyzed for nutritional value, minerals, TFC, TPC,
total anthocyanin content and fatty acids composition. It was tested using DPPH method.
This is a comparative study of four species and eight cultivars.®

Fruits 80% aqueous ethanolic extract was analyzed for GCC, TFC, TPC and total
anthocyanin content. It was also analyzed for nutritional values and mineral and fatty acids

compositions. It was tested using DPPH method.*"!

Phenolics-rich leaves ethanolic and aqueous extracts were prepared and analyzed for TFC
[180]

and TPC and tested for superoxide anion radicals scavenging activity.
Stem bark 95% aqueous ethanolic extract was chromatographed yielding three new
compounds Cathayanons C, D and E, in addition to a known compound Sanggenon C
(Figure 8), were isolated from the stem bark of Morus cathayana. Cathayanon D had
significant MDA inhibition activity.**®

Morus celtidifolia

Leaves were successively extracted with n-hexane and methanol, and the extracts were tested

using DPPH method. Antibacterial and anticancer activities are reported.[*”]

Morus indica
Leaves powder was fed to STZ-induced diabetic rats resulting decrease of oxidative stress.

The effect was measured with several parameters especially GSH, MDA and SOD.>®!

Plant material (not indicated) was successively extracted with several solvents including
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methanol, and this extract ameliorated 12-O-Tetradecanoyl-phorbol-13-acetate-induced
oxidative stress in mice. Effect was measured mainly with GSH, MDA and SOD. Anticancer

activity is extensively reported./*!

Leaves were separately extracted with acetone, methanol and water and the extracts were
analyzed for TPC. They were tested using DPPH, TBARS (oil) and lipid peroxidation

inhibition methods.?*%

Leaves powder and methanolic extract were tested using DPPH, TBARS (edible oil in
[241]

various temperatures) methods.
Leaves were extracted with 70% aqueous ethanol, and the extract was supplemented to
Alloxan-induced diabetic rats, separately or in combination with leaves 90% aqueous
ethanolic extract of Asystasia gangetica. Results showed clear oxidative stress alleviation,
expressed by CAT. GHS and SOD blood serum levels, and lipid peroxidation.!?*

For TPC determination, leaves were separately extracted with acidic 50% aqueous methanol
and 70% aqueous acetone. For antioxidant activity (DPPH, FRAP, RPA and lipid
peroxidation inhibition methods), leaves 80% aqueous methanolic extract was used. 243244

Leaves powder was fed to STZ-induced diabetic rats, resulting positive effect on several
biomarkers including CAT, GSH, MDA.*!

Leaves 70% aqueous ethanolic extract was supplemented to rats that had damage induced by
consuming repeatedly used edible oil. Clear positive effect of oxidative stress amelioration
was observed: CAT, SOD, TBRAS. GCC is published.*®!

Leaves powder was fed to rats with CCls-induced hepatotoxicity, resulting positive effect on

several biomarkers including GSH and lipid peroxidation inhibition.[?*”

DNJ was isolated from leaves and supplemented to patients with stable angina pectoris with
coronary heart disease, resulting positive effects on several parameters including MDA and

SOD. Anti-inflammatory activity is reported in detail.*®!

Leaves of six varieties were separately extracted with ethanol, methanol and water. The
extracts were analyzed for GCC, TFC, alkaloids and terpenoids. The extracts were tested

using DPPH method. Anticancer activity is the major topic of this publication.?*!
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Roots 70% aqueous ethanolic extract was supplemented to rats with CCls-induced
hepatotoxicity, resulting positive effect on several biomarkers including CAT, GSH, GPx and

MDA. Hepatoprotective activity is the major topic of this publication.?*"
Leaves aqueous extract was tested with DPPH method. Antibacterial activity is reported."

Morus laevigata

Leaves were separately extracted with methanol, 80% aqueous methanol, ethanol and 80%
aqueous ethanol. Each extract was analyzed for TFC and TPC, and tested using DPPH, FRAP
and Linoleic acid peroxidation methods. Antimicrobial activity is reported.[*s*]

Fruits and leaves were separately extracted with 80% aqueous methanol using three methods:
ultrasonic assisted, stirring and homogenization. Each of the six resulting extracts was
analyzed for TPC, total sugar content, and tested using DPPH method. The extracts were
chromatographed for phenolic acids: Chlorogenic acid was major component in leaves while
gallic acid was major component in fruits.!*

Fruits (black and white) were separately analyzed for nutritional values and extracted with
methanol. The extract was tested with DPPH method.!**]

Fruits were separately analyzed for nutritional values and extracted with 80% aqueous
methanol. The extract was analyzed for TFC, TPC and tested with DPPH method.[*¢]

Fruits juice was analyzed for nutritional values, TFC, TPC and tested using CUPRAC, DPPH
and FRAP methods.!**"!

Leaves were successively extracted with PE, chloroform and methanol. Extracts were
analyzed for TFC and TPC and tested with TAC, FRAP, DPPH, hydroxyl radical scavenging,
Fe*? chelating activity and nitric oxide radical scavenging methods. The methanolic extract
was chromatographed affording known compounds. Molecular docking for anticancer
activity (the major topic of this publication) was performed for several active isolated

compounds.!*#8!

Leaves aqueous extract was tested with DPPH method. Antibacterial activity is reported.!?

Fruits in three maturity stages, unripe, semi-ripe and fully ripe; were separately extracted
with 80% aqueous methanol. The extract of ripe fruits had higher TFC, TPC and was
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obtained in higher yield. Analysis for (known) phenolics resulted the same pattern.*®!
Morus latifolia

Leaves aqueous extract was tested with DPPH method. Antibacterial activity is reported.®"

Bark and leaves were extracted with methanol with ultrasonication, and the extracts were
tested using DPPH method. Antiproliferative activity is the major topic of this

publication.?%

Morus Ihou
Fruits syrup (from juice) was analyzed for TFC and TPC and tested with DPPH and FRAP
methods. The juice was chromatographed affording known phenolics. Processing effect is

presented.[*®]

Morus macroura
Leaves were separately extracted with methanol, 80% aqueous methanol, ethanol and 80%
aqueous ethanol. Each extract was analyzed for TFC and TPC, and tested using DPPH, FRAP

and Linoleic acid peroxidation methods. Antimicrobial activity is reported. s

Fruits in three maturity stages, unripe, semi-ripe and fully ripe; were separately extracted
with 80% aqueous methanol. The extract of ripe fruits had higher TFC, TPC and was
obtained in higher yield. Analysis for (known) phenolics resulted the same pattern.>*

Stem bark ethanolic extract was partitioned with several solvents and chromatographed
yielding five new compounds Guangsangons F-J, along with two known compounds,
Mulberrofuran J and Kuwanon J (Figure 9A). Guangsangons H, I, and J inhibited MDA
production in platelet activating factor-induced of rat polymorphonuclear leukocytes. Anti-

inflammatory activity is reported.?>"

Follow up of the previous study, by the same group, using the same methods and tests: four
new Guangsangons K, L, M, N, together with two known compounds, Mulberrofurans G and
K (Figure 9B).*

Follow up of the previous two studies, by the same group, using the same methods and tests:

Guangsangon O (Figure 9B).1%¢!
Fruits were mixed with yogurt to prepare a new drink that was analyzed for TPC ad was
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tested using DPPH method.?*"]

Fruits 80% aqueous methanolic extract was analyzed for TPC and was supplemented to rats
with ethanol-induced gastric ulcer. Positive effects were measured including levels of GSH
and MDA. HPLC analysis for single compounds afforded 20 phenolics, 4-Aminobenzene and
Coumarin. GC-MS analysis (after silylation) yielded 18 compounds.!?*®

Fruits, leaves and stems were separately extracted with 80% aqueous methanol. Extracts were
supplemented to rats with Cisplatin-induced neurotoxicity, resulting clear alleviation of
oxidative stress (GSH, MDA levels). HPLC analysis of the extracts afforded a total of 90

compounds. Anticancer and neuroprotective activities are the major topics of this article.[?>

Morus microphylla

Fruits syrup (from juice) was analyzed for TFC and TPC and tested with DPPH and FRAP
methods. The juice was chromatographed affording known phenolics. Processing effect is
presented.[*®]

Morus multicaulis

Fruits 80% aqueous ethanolic extract was analyzed for nutritional value, minerals, TFC, TPC,
total anthocyanin content and fatty acids composition. It was tested using DPPH method.

This is a comparative study of four species and eight cultivars.®®

Fruits 80% aqueous ethanolic extract was analyzed for GCC, TFC, TPC and total
anthocyanin content. It was also analyzed for nutritional values and mineral and fatty acids

compositions. It was tested using DPPH method.™*™

Phenolics-rich leaves ethanolic and aqueous extracts were prepared and analyzed for TFC
[180]

and TPC and tested for superoxide anion radicals scavenging activity.
Morus mesozygia

Methanolic trunk bark was chromatographed affording five new compounds, Moracins Q—U.
In addition, eight known compounds were isolated: 3B-Acetoxyurs-12-en-11-one,
Marsformoxide B, Moracin C, Moracin K, Artocarpesin, Cycloartocarpesin, Morachalcone A

(Figure 10) and Moracin M. The new compounds were tested using DPPH method.?*”!

Follow up of the previous study by the same group, using the same methods and tests, yielded
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the isolation of three new compounds, Moracins KM, LM, and SC (Figure 10), along with

nine other known compounds. Hepatoprotective activity is reported.?!

Leaves acetone extract was analyzed for TFC and TPC and tested using DPPH and FRAP
methods. Eight other plants were studied in this research. Anti-inflammatory activity is the

major topic of this publication.!®%

Stem bark 80% aqueous methanolic extract was analyzed for TFC and TPC and tested using

DPPH method. Anti-inflammatory activity is the main topic of this article.!?**

Morus mongolica

Research by the same group cited in references 236, 254, 255, 256, using the same methods
and the same tests yielded two new compounds, Kuwanon L and Dimoracin (Figure 11A),
along with four known compounds.?!

Follow up of the previous study, by the same group afforded five new compounds,
Mongolicin A, Mongolicin B, Mongolicin C, Mongolicin D, Mongolicin E, and nine known

compounds including Mongolicin F (Figure 11B). Anti-inflammatory activity is reported.?®!

Morus ssp. (Unspecified)

Cake that contained fruits was extracted with methanol and the extract was analyzed for TPC
and tested using DPPH, superoxide anion and hydroxyl radicals scavenging method. It was
analyzed for chemical composition yielding known compounds. %!

Leaves were harvested in four different times and separately extracted with three different
methods and eleven solvents (optimization). In addition, the chemical composition analysis
was also optimized, resulting the identification of 74 known compounds. The extracts were
tested using DPPH method showing clear dependence on harvest time, extraction method and
extraction solvent.?*”]

Morus multicaulis

Powdered branch bark was supplemented to STZ-induced diabetic mice resulting positive
effect on several parameters, including GSH, MDA and SOD levels. Antidiabetic activity is

the major topic of this publication,%%%"°]

Fruits juice was prepared under various conditions of temperature and hydrostatic pressure
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and analyzed for TFC, TPC and resveratrol content. It was tested using ORAC method. It was
[269]

also analyzed for volatile components yielding 48 known compounds.
Morus nigra

Phenolics-rich fruits methanolic extract was prepared and analyzed for chemical composition
resulting known compounds. It was tested using ABTS and DPPH methods. a-Glucosidase
inhibition activity is reported.[*8%:%2

Leaves were separately extracted with methanol, 80% aqueous methanol, ethanol and 80%
aqueous ethanol. Each extract was analyzed for TFC and TPC, and tested using DPPH, FRAP

and Linoleic acid peroxidation methods. Antimicrobial activity is reported. s

Fruits and leaves were separately extracted with 80% aqueous methanol using three methods:
ultrasonic assisted, stirring and homogenization. Each of the six resulting extracts was
analyzed for TPC, total sugar content, and tested using DPPH method. The extracts were
chromatographed for phenolic acids: Chlorogenic acid was major component in leaves while
gallic acid was major component in fruits.!*

Fruits were separately analyzed for nutritional values and extracted with methanol. The
extract was tested with DPPH method.™!

Fruits were separately analyzed for nutritional values and extracted with 80% aqueous
methanol. The extract was analyzed for TFC, TPC and tested with DPPH method.[*¢]

Stems that were collected in four different months were extracted with methanol, and the
extracts were analyzed for TPC and total anthocyanin content. They were tested using DPPH

method: the October extract was clearly most active, 190192 correction]

Fruits, leaves and roots were separately extracted with 70% aqueous ethanol. The extracts
were analyzed for TFC and TPC and tested using DPPH method. The extracts were

chromatographed (HPLC) for six known phenolics.™

Fruits 75% aqueous acetone extract was analyzed for TFC and TPC and tested with TEAC

method. The extract was analyzed (HPLC) resulting the identification of of ten known

phenolics.**

Fruits were separately extracted with 80% aqueous acetone and 80% aqueous methanol. The
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extracts were analyzed for TPC and tested using ABTS and DPPH methods.!***!

Fruits methanolic extract was analyzed for TFC and TPC. It was supplemented to high fat-fed
rats resulting ameliorating effect on oxidative stress. This effect was measured by several
parameters including MDA, nitric oxide, LDL and TAC.!*®!

Fruits of four genotypes were extracted with 20% aqueous ethanol, and the extract was
analyzed for TPC and tested using CUPRAC method.™"!

Fruits methanolic extract was analyzed for TFC and TPC and tested using DPPH method. It
was administered separately or combined with Morus alba extract, to Alloxan-induced

diabetic rats and positive effects were detected (major topic of this publication).[198]

Fresh fruits were fed to rats with Carbon tetrachloride-induced toxicity resulting positive
effect measured by several biomarkers, including alleviation of oxidative stress, measured

mainly by MDA levels. Hepatoprotective activity is the major topic of this publication.™*

Fruits juice (3 genotypes) was analyzed for nutritional values, aliphatic acids (5), phenolics
(11) and tested using TEAC method.?%°

Fruits 80% aqueous methanolic extract was analyzed for nutritional values, TPC, and tested
using ABTS and DPPH methods. It was chromatographed for phenolics resulting the

identification of known compounds.[#*2%

The same findings published in reference 200 were published again a year later in a different

journal.2®!

Leaves 80% aqueous ethanolic extract was analyzed for TFC and TPC and tested using TAC

method.[?%!

Fruits juice was analyzed for TPC, aliphatic acids (6), phenolics (14), monosaccharides and

ascorbic acid. It was tested using TEAC method.!2%62%7]

Leaves 70% aqueous ethanolic extract was analyzed for known phenolics (14) and tested
using hydroxyl radical scavenging and lipid peroxidation inhibition methods. It was also
tested for AChE and BUChE inhibition and neuroprotection in zebrafish. 2%
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Leaves phenolics-rich extract was analyzed for TFC, TPC, total anthocyanins and total

carotenoids and was tested using DPPH method.2*!

Fruits juice was analyzed for aliphatic acids (7), monosaccharides (2), ascorbic acid,
phenolics (13) and TPC. It was tested with TEAC method.?'”

Leaves 80% aqueous methanolic extract was analyzed for partial GCC, ascorbic acid content,
TFC and TPC. It was tested using ABTS, DPPH and FRAP methods.!?*!

Leaves and stem bark were separately extracted with 50% aqueous methanol. The extracts
were analyzed for TFC and TPC, and were tested with ABTS, DPPH and FRAP methods.
Antibacterial activity of the extracts is reported.[*'?

Fruits and leaves were separately extracted with 70% aqueous ethanol and the extracts were
analyzed for TPC, total carbohydrate content and tested using DPPH and FRAP methods.
The carbohydrate content was also analyzed for mono and polysaccharides. ™!

Fruits juice was analyzed TFC, TPC, partial nutritional value, total carotenoids content and

total anthocyanin content. It was tested using DPPH and TEAC methods.?**!

Fruits juice was analyzed for TFC, TPC and tested using DPPH method. Analysis for single

phenolics resulted the identification of sixteen known compounds./**!

Fruits in three maturity stages, unripe, semi-ripe and fully ripe; were separately extracted
with 80% aqueous methanol. The extract of ripe fruits had higher TFC, TPC and was

obtained in higher yield. Analysis for (known) phenolics resulted the same pattern.*®!

Three temperatures were used to dry leaves, prepare tea from the dried material and test it
with DPPH method: 40, 50, 60 °C. The best results were obtained using 40 °C.*™!

Fruits flavonoid-rich 70% aqueous ethanolic extract inhibited LDL and red blood cells

oxidation, in vitro. Effect was measured as MDA production inhibition.[2"2%"

Fruits flavonoid-rich 70% aqueous methanolic extract was analyzed for TPC and single
phenolics composition, resulted the identification of known compounds. It was tested using
BCBM method.?™
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Fruits and leaves were separately extracted with methanol and water and the extracts were
[275]

analyzed for TPC and tested using DPPH and lipid peroxidation inhibition methods.
Fruits flavonoid-rich 70% aqueous methanolic extract was supplemented to rats resulting
improvement of antioxidant-oxidant balance of blood plasma. Effect was measured with
BCBM method. The absorption and metabolism of two cyanidin glycosides is extensively

reported: pharmacokinetics and mechanism of action.[?”®

Leaves aqueous extract was tested using DPPH and SOD-like methods. Four other plant

species were included in this research.?’"!

Bark 95% aqueous ethanolic extract was partitioned and chromatographed affording three
new compounds, Mornigrol D, Mornigrol G and Mornigrol H; along with six known
compounds, Norartocarpetin, Dihydrokaempferol, Albanin A, Albanin E, Albafuran C
(Figure 12A) and Moracin M. Compounds Mornigrol D and Albafuran C inhibited MDA
production in rat polymorphonuclear leucocytes induced by platelet activating-factor. Anti-
inflammatory activity is also reported.?”®!

Fruits phenolics-rich methanolic extract was analyzed for TPC and tested with BCBM,
DPPH, FRAP and Fe*? chelating methods.!?!

Leaves 70% aqueous ethanolic extract was analyzed for TPC and was tested using DPPH
method. It was supplemented to Alloxan-induced diabetic rats resulting positive effects on
several parameters including CAT, GSH and SOD levels.[”!

Leaves ethanolic extract was analyzed for GCC and ascorbic acid content. It was tested for
effect on CAT, peroxidase and ascorbate oxidase activities. Viola serpens was also studied in

this research. 24

Ripe and unripe fruits were extracted with 80% aqueous methanol. The extracts were tested
using DPPH, hydroxide radical scavenging and lipid peroxidation methods. They were

analyzed for five known phenolics. In all tests mature fruits extract was more potent.!?%

Leaves aqueous extract was supplemented to pregnant STZ-induced female diabetic rats,

resulting positive effects on several parameters including MDA and SOD levels.?!

Fresh and fermented juices were analyzed for GCC and TPC and were tested with DPPH
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method. Analysis for single phenolics revealed small differences.!?®*!

Fruits fresh juice was analyzed for TPC, ascorbic acid, total anthocyanins and trace elements
contents. It was tested using DPPH, FRAP and TAC methods. Antimicrobial activity is the

major topic of this publication.!?®

Stem bark acetone extract was fractionized with several solvents including EtOAc, and this
fraction was used for further tests and chromatographed. Stem wood methanolic extract was
chromatographed. Both materials were tested with DPPH method. Analysis of the EtOAc
fraction afforded nine known compounds, including Kuwanon C (Figure 12A). Antibacterial

activity is reported.?®!

Fruits phenolics-rich ethanolic extract was analyzed for TFC, TPC and tested using hydrogen
peroxide scavenging, TAC, BCBM and FRAP methods. Effects of temperature and pH on

antioxidant capacity are reported.[”!

Fresh fruits, dried fruits, fruits wine, fruits molasses, fruits ice cream, fruits juice, fruits jam
and fruits syrup, were extracted with slightly acidic 75% aqueous methanol. The extracts
were analyzed for TFC, TPC and total anthocyanin content. They were tested using ABTS,
CUPRAC, DPPH and FRAP methods. They were also analyzed for four known

anthocyanins: glucosides and rutinosides (30) of Cyanidin and Pelargonidin. 2]

Frozen fruits were extracted with water, ethanol and slightly acidic 50% aqueous ethanol and
the extracts were analyzed for TFC, TPC and total anthocyanin content. They were tested
with ABTS and DPPH methods.*!

Seeds were successively extracted with PE, EtOAc, ethanol and water. The extracts were
analyzed for extended GCC, TPC and tested with DPPH and FRAP methods. Antidiabetic

activity is reported.’"!

Fruits were analyzed for total acidity and were used to prepare wine. This was analyzed for
TPC and tested using ABTS method. Partial chemical composition (GC-MS) is reported.

Chaenomeles japonica and Cornus mas were also investigated in this research.?"

Stem bark methanolic extract was partitioned with different solvents and chromatographed

yielding a new compound, 2°,3,4°,5,5’-Pentahydroxy-cis-stilbene (1), along with 13 known
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compounds, Cudraflavone A, Mulberrofuran G, Uvaol (Figure 12A), Resveratrol,
Oxyresveratrol, Albafurane C, Norartocarpetin, Kuwanon C, Morusin, Kuwanon G, 3-O-
Acetyl-a-amyrin, 3-O-Acetyl-p-amyrin and Ursolic acid-3-O-acetate. Compound 1 was
active in ABTS test.[*4

Juices were prepared using several methods and stored in three temperatures. They were
analyzed for TPC and anthocyanin content and tested using DPPH method. Kinetic study is
presented.?%]

Fruits phenolics-rich 95% aqueous ethanolic extract was analyzed for TFC and tested for
hydroxyl radical and superoxide anion scavenging. It was supplemented to mice resulting

positive effect on several parameters including CAT, GHS, MDA, SOD levels.!?**!

Fruits were harvested from several locations and were analyzed for total acidity. Methanolic
extracts were prepared and were analyzed for GCC, mineral content, anthocyanin content and
TFC. The extracts were tested using DPPH method.**!

Fruits polysaccharides-rich 80% aqueous ethanolic extract was supplemented to rats with
CCly-induced liver damage. It had positive effect on several parameters including CAT, GSH
and SOD levels.!*®!

Fresh and dried (two methods) fruits were separately extracted with 80% aqueous methanol,
and the extracts were analyzed for five major phenolics and eight lipophilic compounds. They
were supplemented to rats with Fenton-induced toxicity, resulting positive effect on several

parameters including lipid peroxidation.?®”

Leaves methanolic extract was analyzed for phenolic acids (Vanillic and Chlorogenic acids
were majors). It protected pBR322 plasmid DNA against H,0, and UV damages. Effect
against oxidative stress was measured with CAT, GPx, MDA and SOD levels. The protective

effect in D-Galactose-induced aging mice is the main topic of this publication.?%]

Leaves 70% aqueous ethanolic extract was analyzed TFC and terpenes content and tested
using DPPH method. It ameliorated Phorbol 12-myristate 13-acetate-induced oxidative stress

in mice.?®

Fruits DMSO extract was analyzed for TPC, phenolic acids (9) and tested using FRAP
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method. The extract activity against human prostate cancer cells (PC-3) is the major topic of

this publication.%”

Fruits and some of their food products (juice, jam, jelly, syrup, liqueur, compote, wine and
cake) were analyzed for total anthocyanin content, total sugar content, ascorbic acid content
and pH. They were tested using DPPH method.**!

Leaves teas were prepared in 70, 80, 90 and 100 °C. These were analyzed for TFC and TPC

and tested with DPPH method. Antimicrobial activity of these teas is also reported.%?

Fruits of eight cultivars were extracted with ethanol, and extracts were analyzed for TPC,
[303]

total anthocyanin content, ascorbic acid content and tested using DPPH method.
Fruits were defatted with PE and extracted with 38% aqueous ethanol. The extract was
analyzed for TFC and major phenolics. It was tested using ABTS, DPPH, reducing power,
hydroxyl radical and superoxide anion radical scavenging methods. It had anti-inflammatory
and antinociceptive effects in mice, which are the major topics of this publication.**!

Fruits were separately extracted with 50, 80 and 100% of acetone, ethanol and methanol. The
resulting nine extracts were analyzed for TFC, TPC and tested using DPPH and reducing
power methods. Analysis for phenolic acids indicated that Gallic acid was major.

Antibacterial activity is reported.!*®®

Fruits were separately extracted with chloroform, DEE, acetone, ethanol and methanol. The
resulting extracts were analyzed for GCC and trace elements and tested using DPPH method.

Antimicrobial activity is reported.%!

Leaves were separately extracted with 70% aqueous methanol and water, and the extracts
were analyzed for TPC, ascorbic acid content, and tested using DPPH method. They were
supplemented to hyperlipidemic rats resulting positive effect on several parameters, including
lipid peroxidation (TBARS) and MDA level %]

Leaves 90% aqueous ethanolic extract was analyzed for three major phenolics. It was
administered to Alloxan-induced diabetic rats resulting positive effect on several parameters,
including lipid peroxidation (TBARS) and MDA level %!
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Leaves were separately extracted with ethanol and water and the extracts were supplemented
to rats with CCl,-induced brain damage. Results showed positive effect on several parameters
including CAT and SOD levels.*

Commercial leaves extract was analyzed for TFC and TPC and tested using DPPH, FRAP
and NO scavenging methods. It was supplemented to mice with Chagas disease Resulting
positive effect on several parameters including MDA and SOD levels.'

Fruits commercial jams (produced with different methods) were extracted with 75% aqueous
methanol, and the extracts were analyzed for TFC, TPC and total anthocyanin content. The
extracts were tested using ABTS, CUPRAC, DPPH and FRAP methods.!

Fruit juice reduced oxidative stress (MDA levels) in ducks with high temperature-induced
[312]

stress.
Flowers of Cynara cardunculus, fruits of Ficus carica L. and M. nigra aqueous extracts had
synergistic effect in treating CCl,-treated HepG2 cells. Effect was measured with SOD levels.

The extracts were analyzed for major phenolics.®*®!

Fruits of Rubus niveus and M. nigra methanolic extracts were analyzed for TFC, TPC and
total anthocyanin content and tested using DPPH method. The extracts were supplemented to
mice with gastric damage (ethanol/HCI) resulting positive effect on several parameters
including GSH levels.4

Leaves aqueous extract was analyzed (HPLC) yielding Syringic acid (Figure 12B) as major
phenolic acid. The extract and this compound were supplemented to mice with stress
resulting amelioration of oxidative stress. Anti-depression is the major topic of this

publication.™!

Leaves 95% aqueous ethanolic extract was fractionized with n-hexane, chloroform and
EtOAc. The extract and fractions were analyzed for TFC, TPC and anthocyanin content.
They were tested using BCBM, and DPPH methods, and for antibacterial and cytotoxic

activities.[3*!

Fruits phenolics-rich ethanolic extract was analyzed for GCC and tested using DNA nicking

assay. Antibacterial activity is reported.”*”!
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Fruits 96% aqueous ethanolic extract was analyzed for GCC and tested using DPPH method.

Antibacterial activity is reported.!**®!

Fruits juice of 13 genotypes were analyzed for GCC, TPC, ascorbic acid content, and were
tested using DPPH method. They were also analyzed for six major phenolics and four
aliphatic acids and three soluble saccharides.*!

Leaves and pulps were separately extracted with 50% aqueous ethanol, and the extracts were
analyzed for twelve or seven major phenolics, respectively. The extracts were supplemented
to mice with LPS-induced inflammation resulting positive effect on several parameters

including GSH and SOD levels.?!

Fruits were separately extracted with ethanol and water, and the extracts were supplemented
to rats with CCl-induced liver damage, resulting positive effect on several parameters
including GPx and SOD levels.*?

Leaves were separately extracted with PE, chloroform, ethanol and water and the extracts

were analyzed for GCC and were tested using DPPH method.®%!

Fruits were used to prepare phenolics-rich acetone and 96% aqueous ethanolic extracts.
These extracts were supplemented to rats with 5-Fluorouracil-induced gastrointestinal
mucositis. Tests showed positive effect on several parameters including CAT, GPx and SOD
levels. Anti-inflammatory activity is also published.**"

Fruits aqueous extract was analyzed for TPC and tested using DPPH and FRAP methods. It
was used to prepare pasta meals for patients with type Il diabetes, resulting positive effect on

several parameters of antidiabetic activity, which is the major topic of this publication.**!

Leaves ethanolic extract was analyzed for DNJ content, TFC and TPC and tested using
DPPH method. It was also tested for a-glucosidase inhibition and supplemented to STZ-
induced diabetic rats. Tests indicated positive effect on several parameters. Bauhinia

variegata was also studied in this research.?®

Fruits 96% aqueous ethanolic extract was analyzed for GCC and tested with DPPH method.

The extract was used to prepare sunscreen gel.**"!

Fruits aqueous extract was analyzed for TPC and anthocyanin content, and tested using
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DPPH, FRAP and ORAC methods. It was tested for AChE and BUChE inhibition and against

B-Amyloid toxicity in PC12 neuronal cells and in Drosophila.l**®!

Fruits were separately extracted with 75% aqueous ethanol and water, and both extracts were
tested with DPPH method. They had anticancer activity against human colon cancer HCT-
116 cells. Tests showed inhibition of ROS production.**!

Fruits of eleven cultivars were extracted with 75% aqueous ethanol. The extracts were
analyzed for organic acids (4), soluble saccharides (3), TPC and anthocyanin content and
tested using DPPH and FRAP methods. Anticancer activity is published.**!

Sour fruits 80% aqueous ethanolic extract was analyzed for TFC and TPC and tested using
DPPH method. It had activity against HT-29 human colon cancer cells. A mechanism of
action is presented.*3!

Fruits juice was analyzed for free sugars, aliphatic acids, tocopherols and anthocyanins. It
was tested using TBARS and oxidative haemolysis inhibition assay methods. Rubus

fruticosus is also studied in this research. Antimicrobial activity is published.*?

Juices of 20 genotypes were analyzed for soluble saccharides (3), aliphatic acids (4), ascorbic
acid content, TFC, TPC, anthocyanin content and phenolic acids (5). They were tested using
DPPH and FRAP methods.?**!

Stems 70% aqueous ethanolic extract was partitioned with several solvents yielding a total of
four extracts. They were analyzed for GCC, TFC and TPC. They were tested using DPPH,
hydroxyl radical scavenging, BCBM and TAC methods. Cytotoxic activity is reported.[334]

Leaves 70% aqueous ethanolic extract was tested using DPPH method. It was
chromatographed resulting Rutin and Isoquercetin as major phenolics. It was tested for
antibacterial activity and used for preparing cosmetic emulsion.*!

Leaves, bark and fruits were extracted with 70% aqueous ethanol, juice and seeds oil (super
critical CO,) were also prepared, and these materials were tested using DPPH and FRAP
methods. They were analyzed for TPC and chemical compositions where Isoquercetin
(Figure 12B) was the only detected phenolic that was present in the three extracts and juice.

The oil was analyzed resulting major five known esters. All materials were supplemented to
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mice with STZ-induced hepatotoxicity resulting positive effect on several parameters
including CAT and SOD levels.*®!

A polyherbal mixture containing equal amount of Ocimum basilicum and Morus nigra
(leaves, both) was separately extracted with n-hexane, chloroform, EtOAc and methanol. The
extracts were analyzed for TFC and TPC and tested using DPPH method. The chloroform
extract was analyzed with GC-MS where five major compounds were identified, including
Selin-4,7(11)-diene (Figure 12B). Anticancer activity is the major topic of this

publication.*”]

Fruits powder was analyzed for GCC and used for the production of flour confectionery
products: butter with sesame oil. This lowered the peroxide numbers of the fats 1.7 times in

average, compared with fats without fruits powder.*®!

Fruits concentrate was tested using ABTS method and was supplied to patients with mild to
moderate Alzheimer’s dementia. This resulted in positive effect on various parameters

including SOD levels. Anti-inflammatory activity is published.*]

Fruit juice (or phenolics-rich acetone extract) was analyzed for TPC, total anthocyanin
content, total acidity and tested using TEAC and FRAP methods. It was analyzed for

saccharides (3) and aliphatic acids (3).24"

Fruits juice was analyzed for minerals, ascorbic acid content, total acidity, total anthocyanin
content, TPC; and tested using DPPH and FRAP methods.*!

Morus rubra
Fruits juice was analyzed for nutritional values, TFC, TPC and tested using CUPRAC, DPPH
and FRAP methods.™®"!

Fresh juices from four genotypes were analyzed for partial nutritional value, TPC, total
anthocyanin, and tested with DPPH and FRAP methods.!**?

Leaves phenolics-rich extract was analyzed for TFC, TPC, total anthocyanins and total

carotenoids and was tested using DPPH method. %!

Fruits juice was analyzed for aliphatic acids (7), monosaccharides (2), ascorbic acid,
phenolics (13) and TPC. It was tested with TEAC method.[?'”
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Leaves 80% aqueous methanolic extract was analyzed for partial GCC, ascorbic acid content,
TFC and TPC. It was tested using ABTS, DPPH and FRAP methods.!?*!

Leaves and stem bark were separately extracted with 50% aqueous methanol. The extracts
were analyzed for TFC and TPC, and were tested with ABTS, DPPH and FRAP methods.

Antibacterial activity of the extracts is reported.['?

Fruits and leaves were separately extracted with 70% aqueous ethanol and the extracts were
analyzed for TPC, total carbohydrate content and tested using DPPH and FRAP methods.
The carbohydrate content was also analyzed for mono and polysaccharides. ™!

Fruits juice was analyzed TFC, TPC, partial nutritional value, total carotenoids content and

total anthocyanin content. It was tested using DPPH and TEAC methods.!**%!

Fruits juice was analyzed for TFC, TPC and tested using DPPH method. Analysis for single
[215]

phenolics resulted the identification of sixteen known compounds.
Fruits 70% aqueous ethanolic extract was partitioned with four solvents, and the crude extract
and the fractions were tested using DPPH method. The n-hexane fraction was analyzed (GC-
MS) affording 19 known non-polar compounds. Analysis for fatty acids yielded 17
compounds. Antiproliferative activity is reported.!?®!

Fruits juice was analyzed for aliphatic acids (6), sugars (3), ascorbic acid content, phenolics

(14), and it was tested with TEAC method. 2"

Fruits 70% aqueous ethanolic extract was analyzed for TPC. It was administered to rats brain
with AICls-induced damage, and the extract had neuroprotective activity, measured with
several parameters, including NO production inhibition, CAT, SOD, protein carbonyl, and
ACHhE inhibition.!?'®!

Fruit juice (or phenolics-rich acetone extract) was analyzed for TPC, total anthocyanin
content, total acidity and tested using TEAC and FRAP methods. It was analyzed for

saccharides (3) and aliphatic acids (3).1**"!

Fruits juice was analyzed for minerals, ascorbic acid content, total acidity, total anthocyanin
content, TPC; and tested using DPPH and FRAP methods.*!!
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Fruits juice was analyzed for GCC, minerals, TPC, total anthocyanin content, ascorbic acid
[342]

content, major phenolics (5); and it was tested using FRAP method.
Fruits phenolics-rich DMSO extract was analyzed for TPC, major phenolics (8 and ascorbic
acid), and tested using TEAC method. The extract was applied against human lung and

prostate cancer cell, in comparison with Cisplatin.*!

Phenolics-rich 70% aqueous methanolic extracts were separately prepared from unripe fruits,
ripe fruits, leaves, petiole and stems. The extracts were tested using H,O, scavenging and
DPPH methods. Leaves extract was most active.**!

Morus serrata

Leaves were successively extracted with PE, chloroform and methanol. Extracts were
analyzed for TFC and TPC and tested with TAC, FRAP, DPPH, hydroxyl radical scavenging,
Fe*? chelating activity and nitric oxide radical scavenging methods. The methanolic extract
was chromatographed affording known compounds. Molecular docking for anticancer
activity (the major topic of this publication) was performed for several active isolated
compounds.!*¢¢!

Morus wittiorum

Stem bark 95% aqueous ethanolic extract was fractionized with several solvents and
chromatographed affording two new compounds Wittifuran D, Wittifuran E, along with
Moracin P, Mulberroside C, 2-(3,5-Dihydroxyphenyl)-5,6-dihydroxybenzofuran (Figure
13A), Moracin C and Moracin M. Some of these compounds inhibited MDA production

during microsomal lipid peroxidation induced by ferrous-cysteine.**!

Follow up of the previous research by the same group, using the same methods and tests,
afforded six new compounds, Wittiorumins A-F along with the three known compounds

Chalcomoracin (Figure 13A), Mulberrofuran J and Mongolicin F.%!

A second follow-up of previous two studies yielded four new compounds, Wittiorumin G,
Wittifurans P-R, along with five known compounds, Sorocein A, Mulberrofuran E,
Mulberrofuran F, Mulberrofuran O (Figure 13B) and Albafuran C.1**"!

A third follow-up afforded five new compounds, Wittifuran S, Wittifuran T, Wittifuran V,
Wittifuran W and Wittifuran X (Figure 13C). In addition to antioxidant activity, anti-
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inflammatory activity was tested in this research.®*®!

A fourth follow-up afforded five new compounds, Wittifuran A, Wittifuran B, Wittifuran C,
Wittifuran F and Wittifuran G (Figure 13C). In addition to antioxidant activity, anti-

inflammatory activity was tested in this research.®*%!

Morus yunnanensis

The same research group of studies cited asP*** same tests and methods yielded
Yunanensin A (new, two possible structures), Yunanensol A, Yunanensol B, together with a
known flavone (no name provided) (Figure 14).5*"

Follow up of previous study afforded Mulberrofuran K, 3',5',2,4-Tetrahydroxy-4-(3-methyl-
1-butenyl) stilbene (Figure 14), Mulberrofuran E, Albanol B, Kuwanon H, Resveratrol,

Moracin M and Morachalcone A.%4

OH
Ref. 48 HO

Cudraflavone B

X

H,CO o o
5,7-Dihydroxycoumarin-

7-methyl ether HO

Cudraflavone C

1) Ri=R,=H , R;=CHj
2) Ri=CHj;, R;=R,=H
3) Ri=R,=1-B-D-glucosyl , R;=CHj;

Figure 5A: Natural products isolated from Morus alba.
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Figure 5B: Natural products isolated from Morus alba.
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Figure 5C: Natural products isolated from Morus alba.
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Figure 5D: Natural products isolated from Morus alba.
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Figure 6: Natural products isolated from Morus atropurpurea.
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Figure 7: Natural products isolated from Morus bombycis.
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Figure 9A: Natural products isolated from Morus macroura.
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Figure 9B: Natural products isolated from Morus macroura.
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Figure 10: Natural products isolated from Morus mesozygia.
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Mongolicin A
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Figure 11B. Natural products isolated from Morus mongolica.
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Figure 12A: Natural products isolated from Morus nigra.
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Figure 12B: Natural products isolated from Morus nigra.
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Figure 13A: Natural products isolated from Morus wittiorum.
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Figure 13B: Natural products isolated from Morus wittiorum.
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Figure 13C: Natural products isolated from Morus wittiorum.
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No name mentioned

3',5',2,4-Tetrahydroxy-4-(3-methyl-1-butenyl)
stilbene

Figure 14: Natural products isolated from Morus yunnanensis.

4. DISCUSSION

Among all medicinal and other activities-properties, antioxidant is the most published of the
species of Morus genus. And as shown in the previous section, Morus alba and Morus nigra
are the most studied and most published. As for other properties activities, the active products
of the plants, powders, extracts, oils and others, highly depend on their content of active
natural products. Achieving best products depend on many variables and factors, where some

are withing the researcher control (solvent, extraction conditions ... etc) while others are not.
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Many publications present the influence of such factors on the outcome products and
consequently their activities, and we presented some of them in the previous section. In

Table 2, additional selected publications are summarized.

Table 2: Factors and Variables that Influence the Antioxidant Activity of Morus

Species.

Author(s) Main Findings Ref

Water deficit increases the activities of SOD, CAT, Ascorbate | 352
A.R. Reddy ahc . : .
peroxidase and Peroxidase enzymes in M. alba leaves

Effect of drying (50 or 100 °C oven, sun, air 24 °C) on the | [3s3

J.J. Tan ahc antioxidant activity of M. alba leaves

Frost increases the accumulation of flavonol glycosides and the | [ss4

Y. Xiaofeng ahc antioxidant activity of M. alba leaves

Effect of locality on colour, active component and antioxidant | [sss

P.K. Bajpai ahc capacity of M. alba fruits

Effect of locality on chemical composition, antioxidant and | [sse

J.¥- Hao ahc hypoglycemic activities of M. alba leaves
Comparison of metabolite contents and antioxidant activities of | [3s7
W. Zhu ahc : :
roots, leaves and branches of M. alba: roots were highest
3 Hu ahc Effect of different light qualities of M. alba seedlings: physical, | [ssg
' chlorophyl and SOD contents
AK. Misra ahc Water deficit increases photosynthesis, nitrate reductase activity | [ssg

and mass of M. alba leaves

Changes in M. alba fruits during ripening: anthocyanin content, | s

Y. Lee, K.T. Hwang antioxidant activity increased; DNJ and some others, decreased

M. alba seedlings tolerate low to moderate salinity stress but

N. Lu ahc the synthesis of enzymatic antioxidants is impaired in higher | B
levels
F. Qin ahc Application of zinc can alleviate lead stress in M. alba where | 362

alleviation is stronger in female than in male plants

Effect of ripening stage of M. alba but mainly extraction
C. Chen ahc solvents on extracts yields, active components and antioxidant
capacity. Several solvents and many solutions were tested

[363]

Ultra-high pressure homogenisation processing of juice of M.
Y. Yuahc atropurpurea reduced phenolic compounds, antioxidant
capacity and a-glucosidase inhibition

[364]

High pressure increased the content of active compounds and
F. Wang ahc antioxidant activity of M. atropurpurea juice, while thermal
treatment decreased them

[365]

Examined the drought tolerance of M. indica by its structure
A. Guha ahc and phytochemicals, including those responsible for
antioxidation

[366]

Phytochemicals accumulation and antioxidant capacity in M. | 37

O. Saracoglu laevigata change according to ripening stage

C.L. Nguyen, H.V. | Ultrasonic and temperature effects on fruits mash of M. rubra | [zsg
Nguyen before producing juice: increase of quantity and composition
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Morus alba is undoubtedly the most studied and most published of all Morus species, and in
addition to the previously cited publications, it is worth mentioning some others that are

related to the topic of our review article.

C. Charunuch ahc reported adding leaves powder to snacks resulting improvement of texture,
taste but mainly antioxidant capacity.?*® M. Przeor and N.M. Ahmed performed a similar
study but for a more focused objective: healthy food for human diabetics.*™® E.J. Go ahc
developed a new method of hot melt extrusion with which they prepared colloidal dispersion
that increased the bioavailability of anthocyanins and had clear effect on probiotics and
pathogenic microorganisms.*”" Q. Li ahc separately fermented juice using three different
bacteria, and after optimization of the process, they achieved a successful method that
enhanced the availability of active components, antioxidant capacity and a-glucosidase in
inhibition.*"? M.A. Ammar fed rats with M. alba fruits and exposed them to y-radiation.=™
She reported that compared with the control group that were irradiated but were not fed with
fruits, the test group had higher levels of healthy biomarkers, including CAT, GSH, MDA,
and SOD. J. Zhang ahc isolated a polysaccharide from the fruits and used to prepare a ferric
chelate.®™ This proved to have high antioxidant activity, in vitro (hydroxyl radical and
superoxide anion radical scavenging) and in vivo (supplemented to rats and showed MDA
production inhibition). N.K. Lee ahc fermented leaves extract with Lactobacillus plantarum,
resulting higher TPC, Kaempferol and Quercetin contents and antioxidant capacity, compared
with the unfermented extract.™

S. Nasri ahc treated rats with 6-OHDA (6-Hydroxydopamine)-induced toxicity with Morus
nigra leaves extract, resulting positive effect on several parameters, including oxidative stress
biomarkers.*”® Captopril was reference drug in this study, and it was carried out as
Parkinson’s disease model. Y.K. Walia & D.K. Gupta developed an oxidation method of
reducing sugars of M. nigra, using periodate, which can be useful for identification of these
saccharides from plant material.*”) H.H. Lim ahc reported that soaking green coffee beans in
Morus bombycis improved the qualities of the drinks prepared from these beans, especially
the antioxidant capacity, verified with TFC, TPC and using FRAP method.*"® To conclude
this part, it is worth mentioning that several publications reported the antioxidant and other
properties of “Indian Mulberry”, like the work of S.R. Deshmukh ahc.B™ But it is important
to emphasize (authors did) that this species does not belong to the Morus genus, and its

scientific name is Morinda citrifolia.
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Numerous nanoparticles (NPs) were prepared and published using materials (especially
aqueous extracts) originating from Morus species, and we have presented many of them in
our previous review articles about this genus. However, in the present review article we will
present only those with published antioxidant activity. A summary of selected publications is
listed in Table 3.

Table 3: Selected Publications about NPs with Antioxidant Activity Prepared Using

Morus Species Materials.

NPs; Morus Species and Plant Part; Major

Author(s) Activities Ref
D. Das ahc Ag; M. alba leaf; Antioxidant, antimicrobial 13501
A. Akbal ahc Ag; M. alba, M. nigra leaf; Antioxidant 1391
J. Sarah Ag; M. indica fruit; Antioxidant, Antibacterial 35]
H.B. Kim ahc Ag; M. alba leaf; Antioxidant, Anticancer [383]

Antibacterial, Antidiabetic, Anti-inflammatory
I.R. Bunghez ahc | Ag; M. nigra fruit; Antioxidant
Ag; M. nigra fruit; Antioxidant, Anticancer [385]

[384]

Y:N. Jeon ahc Antibacterial, Anti-inflammatory
Ag, Cu; M. nigra leaf; Antioxidant, Antimicrobial, | [ase]

O. Akmese ahe Anticancer, Antidiabetic

K. Adavallan ahc | Au; M. alba leaf; Antioxidant, Antifungal 13971

A. Singh ahc CuO; M. alba leaf; Antioxidant for Plants [388]
Germination

7 Amel ahc CuO; M. alba leaf; Antioxidant, Antimicrobial, [389]
Photocatalytic

L V. Rocha ahc Se; M. rubra leaf; Antioxidant, Antimicrobial, [390]
Anticancer

Antioxidant or any other property-activity of a plant product (extract, oil, powder or others) is
a result of the combined activities-properties of its components. So, in this last part of the
discussion, antioxidant activity of selected natural products that were isolated from Morus

species will be presented.

To start with, Albanol B (Figure 5B) induced production of ROS in cancer cells and
suppresses their growth, reported T.N. Phan ahc.P* Contrary to that, D-Fagomine (Figure
15), a DNJ analogue that was isolated from Morus alba®*?, demonstrated clear antioxidant

activity.
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Figure 15: Natural Products with Antioxidant Activity Isolated from Morus Species.

C. Fang ahc reported that D-Fagomine attenuated oxidative stress induced by high glucose in
endothelial cells®* and L. Méndez ahc reported that combined supplementation of fish oil
and D-Fagomine to rats prevents high-fat high-sucrose diet-induced prediabetes, by reducing
oxidative stress.®® Y. Liu ahc found that Kuwanon A (Figure 15) from Morus alba L.
attenuates hydrogen peroxide-induced oxidative damage in HaCaT Keratinocytes, and they
propose a mechanism of action.**®! P. Pothinuch & S. Tongchitpakdee elaborated on the
antioxidant capacity of Melatonin (Figure 3), where they tested the effects of several

parameters on the content of this compound in Morus leaf tea.>%

Moracins are well known for their antioxidant capacity. Moracin M (Figure 3) was reported
by S.G. Jagtap & V.B. Khyade for reducing hydrogen peroxide-induced oxidative stress in
AH927 cells.®* J. Tu ahc isolated Moracin N (Figure 15) from leaves of Morus alba and
they reported that it has higher antioxidant capacity than Resveratrol.**®! H. Boulebd
published a theoretical study of antioxidant capacity of Moracin T (Figure 15) against
hydroxyl superoxide radical.%

Morusin (Figure 3) is one of the most potent natural products isolated from Morus species,
and it has notably high antioxidant activity. X.L. Yin ahc reported that Morusin suppressed
migration of A549 cancer cell through antioxidant activity (GSH, SOD), among other
influencing factors."*%®! This antioxidant activity of Morusin is one of the major reasons of the
neuroprotective effect and against memory impairment induced by aluminium trichloride in

rats, as it was reported by G. Gupta ahc."™
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Finally, Oxyresveratrol (Figure 5A) is a superb antioxidant compound, and this capacity was
mentioned in several review articles about this biologically very active natural product.[**?
For this high quality of this compound, A.B. Sabater-Jara ahc published a research where

they developed methods for increasing the production of Oxyresveratrol in Morus alba.[**]

5. CONCLUSIONS

1) Morus genus species have outstanding antioxidant potential.

2) Great part of this antioxidant capacity is due to phenolic compounds.

3) Some Morus species were sufficiently studied and published for antioxidant activity
while others were limitedly published or not at all.

4) A research effort is needed to complete the understanding of the antioxidant capacity of
all Morus species.

5) The antioxidant capacity of Morus species is utilized for human health but it can be way

more beneficial.

(o2}
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