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ANTIOXIDANT FREE RADICAL

chemically reactive unpaired electron + electron donation:
stable electron pair is formed, free radical is neutralised



WHAT ARE FREE RADICALS OR
REACTIVE OXYGEN SPECIES (ROS)?

® Any molecule with an unpaired electron

® Extremely chemically reactive

® Damage cell membranes

@ Responsible for more than 100 human diseases

@ Aging, cancer, heart attacks, stroke and arthritis
® Some beneficial effects




Sources of Reactive Oxygen Species

Non mitochondrial:

NADPH Oxidases

Microsomal cytochrome P-450
Cyclooxygenases

Monoamine oxidases

Peroxisomal 3 oxidation of fatty acids
Phagocytes

>90% is mitochondrial

electron transport chain contains several redox centers
that may leak electrons to oxygen




Mitochondrial oxidative damage.
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THE SOURCE AND CELLULAR RESPONSES TO
REACTIVE OXYGEN SPECIES (ROS).

Exogenous Source Endogenous Source ‘ Antioxidant defences
@ Chemotheraoeutics @ Cytochrome P450 @ Enzymatic systems
@ Environmental toxins @ Lipoxygenase (CAT, GPx, SOD)
@ Inflammatory cytokines @ Mitochondria (Major) @  Non-Enzymatic systems
@ lonizing radiation @ Metabolic processes (Vitamin A, C and E;
@ ultraviolet light @ NADH oxidase Glutathione)
—\ [ @ Peroxisomes T — /
\ ‘J //
\. / Y //
\ /

= [ Random Specific
= Defective host defences Normal growth 5 5
) : ‘ Cellular signaling
= Decreased proliferative and metabolism
damage pathways

response

Advances in Bioscience and Biotechnology _

Vol.3 No.7A(2012), Article 1D:25130,23 pages




Enzymatic antioxidants Non-enzymatic Antioxidants

Vitamins
Vitamin A, Vitamin C,
Vitamin E, Vitamin K

Minerals
Zinc, Selenium

Primary Enzymes
50D, catalase,
giutatiione peroxidase

Carotenoids
P-carotene, lycopeane,
lutain, zeaxanthin

Organosulfur compounds
atium, allyl sulfide, indoles

Secondary Enzymes

Qurtathione reducrass, Low Molecular Weight

giucose S-phosphale iy Antioadcisnts Antioxidant cofactors

S glutathione, uric acid Qe ..
Polyphenols
Flavonoids ‘ Phenolic acids
Hydroxy-
cinnamic acids
: /: £ feruic,
Flavonqls Flavanols Flavanones p-Coumaric
qQuevcelin catechin hesperitin '
_ kaempferal EGCG .
: : Hydroxy-
Isoflavanocids Anthocyanidins Flavones benzoic acids
genistein cyanidin, chrysin gallic acid

A Pelaggmzdm eliagic acid



Flavonol

é.g. quercetin

onion, cranberry, red apple
many fruit and vegetables

Anthocyanidin

e.g. cyanidin
major constituents of dark
red fruit berries e.g. raspberries

Flavanol

é.g. epicatechin
red wine, green tea,
asprocyanidins in apple, chocolate

Flavanone

e.g. hesperetin

Citrus fruit, orange

Hydroxycinnamate

e.g. caffeic acid
most fruit especially tomato, apple
some vegetables e.g. egg plant
grains

COO

OH
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Balance of Oxidative Stress and Anti-oxidative Syste
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Consequences of mitochondrial oxidative stress
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Antibiotics 2023, 12, 337 3 of 34

Antibacterial

G - ) di Biological and
astrointestinal tract disease Therapeutic properties of

MH, TH, KH and SH

|

Honey as a therapeutic
e e B agent
Neurological disorder Y Partly due to:
High osmolarity, low
PH. hydrogen peroxide.
non peroxide
components,
polyphenols.

Anti-inflammatory

Cardiovascular disease

Antidiabetic

Figure 1. Schematic representation of the therapeutic effects of honey. Adapted from Nweze et al.
(2019) [26], Vazhacharickal et al. (2021) [27], Al-kafaween et al. (2022) [28], and Rao et al. (2016) [61].




Antioxidant
Mechanlsms

> *Polyol Pathway

T Hexosamine
Pathway

P=ZmMm>PAKrOAImo<I

Oxidative
* PKC pathway
Stress
. Glucose
Oxidation
T Protein AGEs T

Glycosilation

Figure 1. Main pathophysiological mechanism of hyperglycaemia induced oxidative stress. Abbrevi-
ations: PKC—Protein Kinase C and AGEs—advanced glycation end products.




Zulkifli et al.

Dementia, stroke & depression

Cardiovascular disease &
hypertension

Asthma & cancer

Diabetes & kidney disease

Arthritis & gout

Figure |I. Complications due to obesity.




Evidence-Based Complementary and Alternative Medicine

¥ Interleukin 1 (IL1) Less production of
¥ Interleukin 6 (IL6) RANKL by
& Tumor necrosis factors osteoblast and
alpha (TNF alpha) I. BMSC; improve I-
ﬁ § Macrophage colony modulation of
stimulating factor (M-CSF) RANKL/RANK/OPG
NF-kB signaling
inhibition
Anti-inflammatory
[ v Kaempferol )
Aging and v Quercetin
menopause v Gallic acid

\_ v/ Ascorbicacid )
( Antioxidant |

Inhibit activation
of MAPK pathway

/
)

& Superoxide anion (O,”) Ameliorated by
§ Hydrogen peroxide (H,0,) I- intracellular _
¥ Hydroxyl radical (*OH) cytoprotzegi;rze
enzyme (Nrf2,
¥ Peroxyl radical (ROO-) HO-1, FOXO,
Sirtuin)

Inhibit T-cells from
further expressing RANKL Reduce osteoclast
thereby reducing NFATcl; differentiation visability and

Inhibition osteoclast
related gene (cathepsin

activity in bone resorption;
promote oseoblast activity

K, TRAP, OSCAR); restore and viability
osteoblastogenesis
Improvement of
Inhibition of bone loss bone mineral
and ‘ density (BMD) and
increase bone density strength

Inhibit p66,, - gene from
sensitizing osteoblast to
pro-apoptotic stimuli
activate osteoblast
related gene (Runx2,
Osterix etc); inhibit
osteoclastogenesis

Promote osteoblast and osteocyte
differentiation and viability. Improve
bone formation to counter bone
resorptive process

L

Ficure 1: Potential effects of honey on bone health. Menopause and ageing give rise to oxidative stress and chronic low-grade inflammation,
which cause bone loss. Phytochemical components found in honey, such as quercetin, kaempferol, gallic acid, and ascorbic acid, exert
antioxidant and anti-inflammatory action by inhibiting activation of MAPK pathway and NE-«B signalling, respectively. This action will
prevent the formation of osteoclasts and favour bone formation by osteoblasts, subsequently preserving bone density.




Cinnamic
Acid

Gallic

Figure 1. The therapeutic potential of various polyphenols in honey in different neurological diso:
ders. Various types of honey have a wide range of these vital polyphenols, suggesting honey as .

potent complementary and alternative medicine for the management and treatment of a variety o
neurological diseases.
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Table 1: Liver appearance in study rat groups

Picture
CCl4 induced
: + + +
toxicity
Treated by
Honey + + +
h-PAD ) (Low) (Medium) (High)
(Scoring
Consumption of honey
( Low h- PAD score)
Results for 28 days failed to
to protect the liver
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RBC hemolysis (%) induced by UV radiation

B High PAD score (n=17)  ® Low PAD score (n=19)

The Spectrum of
Visible & Non-Visible
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Ultaviolet Visible Infrared

100 280 315 400 700 wavelongth (nm!

Inhibition of Hemolysis in different types of honey: in the 5% honey soloution tratme

Inhiition of Hemolysis (%)

T
TELILELLLIPILIFELELLLIFILLLLLLLEE.

Honey Samples

47 4. 64 4.8
o B =




iy 3l SyuSels 5> Juue bl Wiy

Ctrl CH JH
e Ctrl = CH JH
600
0h & 5 _?
400 po i
=
.o & o
E‘) 200 _ o .:.
24h = "
0 L. :::::
0 24
Time (hour)

Effect of CH (commercial honey) and JH (jujube honey) on MCF7 migration after 24 hours
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