Why should aestic medicine
have an holistic approach ?



Nutritional Supplements for Skin Insights into the Anti-Aging Prevention
Health—A Review of What Should and Diagnostic Medicine and
Be Chosen and Why Healthcare

VITAMIN A
MAINTAINS HOMEOSTASIS
OF EPITHELIAL TISSUES
AND MUCOSA

VITAMIN C

ASSITS IN ANTIOXIDANT
DEFENSE AGAINST 2 e
UV- INDUCED Calroric restriction

PHOTODAMAGE

VITAMIN D Hormone therapy

ANALOGS PRESENT ANTI-
INFLAMMATORY EFFECTS
AND INHIBIT THE PRODUCTION
OF PSORIASIN AND KOEBNERISIN

Anti-aging diagnostic medicine

Antioxidants

VITAMIN E

PROTECTS MEMBRANE FROM
LIPID PEROXIDATION
AND OXIDATIVE DAMAGE

CURCUMIN
PRESENTS ANTI- . .
INFLAMMATORY AND Alternative medicine
ANTIBACTERIAL EFFECTS

CHLORELLA

HAS ANTIOXIDANT AND
IMMUNOMODULATORY EFFECTS

OMEGA-3

HAS ANTIOXIDANT AND
IMMUNOMODULATORY EFFECTS

Health checkup

Chiropractic

Acupuncture
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Add-on Treatment
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essential vitamins such
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Vitamin-mediated interaction between the gut microbiome and mitochondria in depression: A systematic review-based integrated perspective.
Brain, Behavior, & Immunity — Health Volume 38, July 2024, 100790
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The Key Role of Mitochondrial Function in
Health and Disease

Pathogenesis of Mitochondrial Dysfunction
Sedentary Lifestyle

Genetic Mutations
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- Mutations mitochondrial DNA (OXPHOS) - | Oxidative enzymes
- Mutations nucleus DNA (repair and maintenance ) - | ETC capacity -
- Structural Mutations (Cardiolipin) - | Respiration
2/ ' o - Metabolic reprogramming towards glycolysis
Cardiolipin -| Mitochondrial biogenesis

Cardiolipin is a unique phospholipid which is .
localized and synthesized in the inner \
mitochondrial membrane. Cardiolipin plays ‘

a central role in many reactions and _\

processes involved in mitochondrial

function and dynamics |
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- VIitOChoNdria in skin health, aging, and .........
& disease

The skin is a high turnover organ, and its constant
renewal depends on the rapid proliferation of its
progenitor cells.

The energy requirement for these metabolically
active cells is met by mitochondrial respiration, an
ATP generating process driven by a series of
protein complexes collectively known as the
electron transport chain (ETC) that is located on
the inner membrane of the mitochondria.

However, reactive oxygen species (ROS) like
superoxide, singlet oxygen, peroxides are
inevitably produced during respiration and disrupt
macromolecular and cellular structures if not
guenched by the antioxidant system

Cell Death & Disease volume 11, Article number: 444 (2020). https://www.nature.com/articles/s41419-020-2649-z
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Fig. 4 Mitochondria in skin aging. a Skin aging categories: Intrinsic (internal) aging and extrinsic (external) aging. b Skin aging is characterized by
loss of membrane potential, elevated levels of ROS, DNA damage leading to nuclear and mitochondrial gene mutations, respiratory chain defect due
to enzyme alterations, altered cellular regulation, and disease progression.
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Cell Death & Disease volume 11, Article number: 444 (2020). https://www.nature.com/articles/s41419-020-2649-z
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Skin pathology Hyperkeratosis with Skin pathOIogy Lipomas in the skin
cracks on the palmer .
surface of hands, deep Mi . i 2 ;
’ itochondrial Impaired mitochondrial gene
fissures, skin and nail mtDNA C2839A thol protein synthesis, defects in
abnormalities pathology mitochondrial complex | and
Mitochondrial Decrease;;n s‘en'na IRNA Disease Dupuytren's disease W, rzs;gufzartizlri)‘;gh an
synthesis and
pathomgy mitochondrial protein
synthesis rate and Skin patholo Tightening of tissue under the
decreased expression of P oy skin in the hand, thickening and Ref 148
complex 1 subunit (ND6) shortening of fascial structures
of palms and fingers
Ref - Mitochondrial Although the functional role of
C2839A mutation is unclear, it is
path°|°gy known to affect synthesis of 16S
rRNA.
Ref 97

Fig. 5 Skin disorders caused by mutations in mtDNA encoding mitochondrial proteins. Skin disorders are a heterogeneous group of diseases
caused by mutations in mitochondrial (this figure) and nuclear DNA (Table 1).
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Mitochondrial targeting for skin regeneration

Therapeutic targeting of mitochondria in
the skin involves either boosting ATP
__ production or scavenging the excess
Antioxidants | amounts of free radicals.

— For instance, numerous studies have

, Sl s | demonstrated the anti-aging effects of
| 4 ~ SODs,CAT.GPx,PR CoQ10 on cultured human dermal
e — fibroblasts

RNS Low molecular weight
NO%,ONOO™  Vit.C,Vit.E,GSH, Co-Q
Hormones
Melatonin
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Cell Death & Disease volume 11, Article number: 444 (2020). https://www.nature.com/articles/s41419-020-2649-z
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[Energy metabolism] mssssssmd [Functional control of inmune cells]
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B1 acts as a cofactor for enzymes such as pyruvate dehydrogenase and a-ketoglutarate dehydrogenase that are involved in the TCA cycle. Vitamin
B2 acts as a cofactor for enzymes such as succinate dehydrogenase in the TCA cycle and acyl-CoA dehydrogenase in fatty acid oxidation (FAQ, also
known as B-oxidation).

REVIEW article Front. Nutr., 17 April 2019 Sec. Nutrition and Microbes Volume 6 - 2019 | https://doi.org/10.3389/fnut.2019.00048



https://doi.org/10.3389/fnut.2019.00048

Central roles of mitochondria in human diseases

-

Aging

Arthritis

Cardiovascular disorders
Neurodegenerative
diseases

Coronary heart disease

Oxidative disorders

Myocardial fibrosis
Liver fibrosis

Obesity

Insulin resistance
Chronic kidney disease

Inflammatory diseases

Rheumatoid arthritis
Multiple sclerosis
Thyroiditis

Type 1 diabetes
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Int. J. Mol. Sci. 2023, 24(1), 608; https://doi.org/10.3390/ijms24010608

Mitochondrial diseases

Chronic progressive
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Mitochondrial
neurogastrointestinal
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Cancer

Breast cancer

Non-small cell lung cancer
Renal cell carcinoma
Melanoma

Colon cancer



https://doi.org/10.3390/ijms24010608

Mitochondrial Calcium: Effects of Its Imbalance in Disease
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Strategies Targeting Mitochondria in Aging
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Age-related diseases

«—— Alzheimer's disease

Cataract
Glaucoma

: Reperfusion injury
5‘ Coronary heart disease

NAFLD/NASH

Kidney injury

r{h Vascular dysfunction

Insulin resistance

Due to their role as multifaceted
regulators of aging and cellular
senescence, mitochondria have
therefore been targeted to generate
anti-aging treatments by balancing
mitochondrial metabolism and
mitophagy (the “quality contro
mechanism of mitochondria breaking
down damaged mitochondria and
removing dysfunctional and undesirable
mitochondrial components and by-
products), via maintaining mitochondrial
calcium (mitoCa?*) homeostasis, and
modulating mitochondrial dynamics
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Int.J. Mol. Sci. 2023, 24 (1), 608; https://doi.org/10.3390/ijms24010608
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Advances in Human Mitochondria-Based Therapies

e Mitochondria are complex organelles that control multiple
molecular signals and cellular activities via the formation of
interactive networks with other organelles and the nucleus to
coordinate cellular behavior and to defend cells against external

stress factors. e
{el®’

* Mitochondria play a central role in this signaling network that can 0. 9"
receive instructions from the nucleus to focus on cellular tasks such e
as ATP synthesis. In addition, they can provide feedback information [ +:6,
to the nucleus through retrograde signals to initiate a balance glucose
mechanism. Mitochondria also cooperate with the ER and |
lysosomes to complete various cellular functions such as calcium ion Pyruvate

5% \ 85%
W

Lactate

conduction, biomembrane flow, and autophagy.

* However, when this balance is altered, the functions of the —_ <
mitochondria become compromised such as during human aging,  gucoseforumorcels Aerobc gy
oxidative disorders, inflammatory and mitochondrial diseases,
cancer, and degenerative pathologies as reviewed herein, and the
resulting mitochondrial dysfunction will turn this fine signaling
network into a vicious circle. Therefore, targeting the mitochondria
as candidates for therapy may be a potent strategy to control and
manage such human disorders.

0.#nd glucose

Int. J. Mol. Sci. 2023, 24(1), 608; https://doi.org/10.3390/ijms24010608
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of proinflammatory
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endogenous GSH,
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Alpha Lipoic Acid: A Therapeutic Strategy that Tend to Limit the Action of Free Radicals in Transplantation; Int. J. Mol. Sci. 2018, 19(1), 102



Alpha-Lipoic Acid Supplementation Restores
Early Age-Related Sensory and Endothelial

«- Lipoic Acid (ALA - oxidised)

|

SH
a- Dihydrolipoic Acid (DHLA - reduced form

Processus 2021, 9 (1), 176; https://doi.org/10.3390/pr9010176

Dysfunction in the Skin

The aim of this study was to compare the skin aging of two
rat strains, Wistar and Brown Norway (BN), considered as
“poorly aging” and “healthy aging” models, respectively,
and to assess the effect of alpha-lipoic acid (LPA),
especially on skin microcirculation.

LPA treatment tended to improve skin resistance to low
pressure in BN but not in Wistar despite the improvement
of basal skin perfusion, endothelial function, and skin
sensory sensitivity.

Overall, this study confirmed the healthier aging of BN
compared to Wistar strain and the positive effect of LPA on
both general state and skin microcirculation.

Biomedicines 2022, 10(11), 2887; https://doi.org/10.3390/biomedicines10112887
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Vitamin C (L-Ascorbate or AA) protects
mitochondria from reactive oxygen species (ROS)
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Vitamin C protects mitochondria from reactive oxygen species (ROS).
Oxidized vitamin C (DHA) is transported from the cytoplasm into the
mitochondrial matrix by GLUT1, where it is reduced to ascorbate (AA)
where it blocks mitochondrial OxS by reducing the levels of ROS such as
superoxide, hydrogen peroxide, and hydroxyl radicals. Reduced

mitochondrial OxS may be an important mechanism for combating
insulin resistance.

OH

Vitamin E recycling by Vitamin C. Alpha-tocopherol (alpha-TOH)
quenches lipid peroxidation by converting lipid peroxyl radicals
(LOO*) to lipid hydroperoxides (LOOH) with the formation of alpha-
tocopheroxyl radicals (alpha-TO*). The reduced form of vitamin C

(AA), can recycle alpha-TO* back to alpha-TOH with the formation of
oxidized vitamin C (DHA).

The Role of Natural Antioxidant Products That Optimize Redox Status in the Prevention and Management of Type 2 Diabetes. Antioxidants 2023, 12(6), 1139



Omega-3 polyunsaturated fatty acids and
mitochondria, back to the future

* Omega-3 fatty acids improve
mitochondria-related redox status.

* Omega-3 fatty acids trigger
mitochondria-related cell death.

* Omega-3 fatty acids
modulate mitochondrial biogenesis.

* Omega-3 fatty acids restore
mitochondria-related bioenergetics.

Trends in Food Science & Technology Volume 67, September 2017, Pages 76-92
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Extensive studies showed the crucial role of mitochondrial dysfunction
in pathophysiology of different diseases such as cardiovascular
diseases, nerodegenerative diseases, among others.

Recently extensive evidences report the promising effects of omega-3
polyunsaturated fatty acids on mitochondrial structure and functions as well
as mitochondiral diseases.

Trends in Food Science & Technology Volume 67, September 2017, Pages 76-92
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Restore Insulin Sensitivity -




The regulation of mitochondrial Ca2* transport in physiological and
pathological conditions is controlled by channels and exchangers that
are located in the outer and inner mitochondrial membrane (OMM
and IMM, respectively). Whereas the OMM is permeable to solutes
and ions, Ca2* transport across the IMM is highly regulated
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Nature Reviews Biologie cellulaire moléculaire volume 13, pages566—-578 ( 2012 )
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Dysfunctional Mitochondria
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Omega-3 Versus Omega-6 Polyunsaturated Fatty Acids in the
Prevention and Treatment of Inflammatory Skin Diseases
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Vitamin D deficiency

Allergic diseases

,/,/""” Causes Associated diseases
f" Neuropsychiatric disorders
: Schizophrenia
, 7"‘~ . Sunscr-een Major depressive disorder
Melanin Neurodegenerative disorders
Winter \ Respiratory infection
Air pollution Asthma

COVID-19
Sepsis
Tuberculosis

Medications & Supplements
* Antiepileptics

« HAART thérapie antirétrovirale hautement active
* Corticosteroids
* Rifampicin

* StJohn’s Wart

Hypertension
Cardiovascular disease

Liver failure T2DM

Renal failure
Nephrotic syndrome

Obesity Muscle pain

Proximal muscle weakness
Intestinal malabsorption
* IBD

* Cystic fibrosis

Celiac disease

Bile insufficiency

Gastric bypass surgery
Cholestyramine

Olestra

Rickets*
Osteomalacia*
Osteoporosis*

Osteoarthritis

Skin diseases
Epidermolytic ichthyosis

Effets immunologiques de la vitamine D sur la santé et
les maladies humaines

Wheezing disorders
Urticaria
Atopic dermatitis

Autoimmune diseases
RA

IBD

TiDM

MS

Psoriasis & PsA
Vitiligo

Cancers
Breast
Colon
Prostate
etc.

Autosomal recessive congenital ichthyosis

Nutriments 2020, 12 (7), 2097; https://doi.org/10.3390/nu12072097
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Immunologic Effects of Vitamin D on Human Health and Disease
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Photoprotective effects of vitamin D, in premature
skin aging and cutaneous cancerogenesis
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| VitaminDs
Abbreviations: 7-DHC, 7-
dehydrocholesterol; AK, actinic
| keratosis; BCC, basal cell
| d carcinoma; SCC, squamous cell
[Caroi carcinoma; MM, malignant
.[ % melanoma

photo-protection
DNA protection and repair
antioxidant effect
anti-inflammatory effect

The Impact of Vitamin D on Skin Aging. Int. J. Mol. Sci. 2021, 22(16), 9097



Targeting the Hallmarks of Aging with
Vitamin D: Starting to Decode the Myth

Pre-Clinical Data Hallmarks of Aging Clinical Evidence
Cancer Ei GENOMIC INSTABILITY €
\ J
L TELOMERE ATTRITION ~ |€
Neurodegeneration E > <
iebetestype 3 % | EPIGENETIC ALTERATIONS  |<
Hypertension LOSS OF PROTEOSTASIS
v | DISABLED MACROAUTOPHAGY
= - $
Cancer DYSBIOSIS VITAMIN D
Multimorbidity g e :
_ CHRONIC INFLAMMATION |«
Neurodegeneration |_| & .
. 9 ALTERED INTERCELLULAR
Anemia E k COMMUNICATION )
Z|\ g
Immune response STEM CELL EXHAUSTION
Z /P <
Cancer g CELLULAR SENESCENCE  |<€
Sarcopenia wnll ¢
, z MITOCHONDRIAL
gfts"fc’r‘t’s's , [ & DYSFUNCTION )
H'a ertes s “vo | | 2| [ DEREGULATED NUTRIENT-
ypertension, < SENSING

—

Pre-clinical data supporting the relationship
between diseases and hallmarks of aging on
the left, and available clinical evidence
about the potential impact of Vitamin D on
the hallmarks of aging, on the right.

Legend: the thickness of the arrows is
representative of the amount of available
evidence.

Nutriments 2024, 16 (6),
906; https://doi.org/10.3390/nu16060906
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Vitamin D deficiency is one of the factors that enhances this
oxidative-stress cycle and accelerating premature cell death

Effects of multiple environmental factors
and their synergistic interactions

& Inhe Environmental toxins,
vulnerabilities chemicals, microbes, etc.

Vitamin D, antioxidants, and
other micronutrient deficiencies

Lack of exposure to
sunlight & healthy outdoors \

Cumulative DNA \ca and ch:';"ca’ "'te,-, &~ Mitochondrial
damage QORon of sec:' ot Ong:llo dysfunction
e gplgenetic Changeg Jor g %

Poverty-associated fé@ x 1 J : g"’.'\ Other toxins:

malnutrition and alcohol, tobacco
lifestyle issues Over-activation of iINOS, cytokines, Medication, etc.

enzymes, and adrenergic system:
Intracellular interactions

Excessive cellular oxidative stress

Continue DNA damage—cell apoptosis

Aging and premature death

Biology 2019, 8(2), 30; https://doi.org/10.3390/biology8020030
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Oxidative stress is harmful to cells. Controlling oxidative stresses through vitamin D
adequacy leads to cellular and organ protection and reduces the effects of aging

Vitamin D
Sufficiency

Direct actions Indirect actions

educes DNA Improves
GETHETC] & cell Controls mitochondrial
protection Oxidative functions

stress
mproves CNS: Reduces obesity,
functions: Cognition; Metabolic syndrome
Depression Diabetes
Facilitate

Reduces health aging Improves
cardiovascular, auto/paracrine effects;
disorders: PVD, Autoimmunity and

MI, Strokes Infections
Prevents pulmonary

diseases; cancer,
falls; sarcopenia

Biology 2019, 8(2), 30; https://doi.org/10.3390/biology8020030
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Physiological Basis for Using Vitamin D to

Improve Health

L

Serum 25(OH)D
concentration (ng/mL)

Cluster headache, Psoriasis, Multiple sclerosis,

autoimmune disorders (MS) , Sleep, etc.

Robust innate & adaptive immune systems:
(Sepsis, COVID-19, cancer)

Metabolic disorders (obesity & diabetes),
cardiovascular diseases, all-cause mortality

Osteoporosis, fractures, inflammatory bowel
diseases, secondary hyperparathyroidism

Muscular functions: balance and reflexes
(falls & injuries)

Calcium metabolism: skeletal mineralization

(rickets and osteomalacia)

80

==

Reported risk reduction %

Improve symptomatology

lllustrates calculated serum 25(OH)D
concentrations needed to overcome
different groups of conditions and
disorders and the reported average
(percentage)
improvements/responses in primary
clinical outcome. The figure
summarizes cumulated data from
many outcome-based vitamin D-
related clinical studies.

Biomedicines 2023, 11(6), 1542; https://doi.org/10.3390/biomedicines11061542
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Vitamin A Update: Forms, Sources, Kinetics, Detection,
Function, Deficiency, Therapeutic Use and Toxicity

Eye (retina)

Cell growth and

Epithelium integrity it oot
i

Vitamin A

Antioxidant

Oxidative
Phosphorylation

Embryogenesis in Mitochondria
and

reproduction

Immune system

Developmental processes
(CNS, bones, etc.)

Nutriments 2021, 13 (5), 1703; https://doi.org/10.3390/nu13051703

uv
Radiation

Evidence-Based Utility of Adjunct Antioxidant Supplementation
for the Prevention and Treatment of Dermatologic Diseases: A

Comprehensive Systematic Review
—

Endogenous ROS

Modulators
Cutaneous Malignancy Aging

ors

Antioxidants
Vitamin C
Vitamin E

Polyphenols
Beta-Carotene

3

Antioxidants 2023, 12(8), 1503; https://doi.org/10.3390/antiox12081503
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The Pleiotropic Role of Retinoic Acid/Retinoic Acid Receptors Signaling: From
Vitamin A Metabolism to Gene Rearrangements

Target cell
Cytoplasm

RBP el o _
k
) \ p— A F
e y ~ o X 5
h— — CRABPI
N 4 / S~
RBP

CYP26

Nucleus

co-activators -[
TRANSCRIPTION

Int. J. Mol. Sci. 2019, 20 (12), 2921; https://doi.org/10.3390/ijms20122921

‘ Aufdrééulaﬁoh | Direct Target | Indirect Target |

RAR target gene A Fgf8

Promoter '
.

g

RXR 'RAR (DA —

.' Target ofa |
“RNA p°| Target gene enhancer transcription
p-—v)  RAR target gene | harbors RARE factor controlled
RARE Promoter | | by RAR

Optimal value : 70 ug/dL

Nutrients 2022, 14(6), 1312; https://doi.org/10.3390/nul14061312
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Melatonin and Health: Insights of Melatonin Action,
Biological Functions, and Associated Disorders

MELATONIN ,

Tryptophan
Trytophan 5-hydroxylase
v
5- Hydroxy Tryptophan ~— -~ Tryptophan  e—
ot - - - . MTT  MT2
__Aromatic-L amino acid decarboxylase I N 00
k 4 ' . f 1 U t) vub'
Serotonin =% i / /
© Arylalkylamine N-acetyltransferase ‘
A . : = ; Anu mflammatory 55}::\::;6 \ Decrems!.:pxd
N-Acetyl Serotonin e . substances, IL-10 ) \ apicks ./ . peroxidation |
Hydroxyindole-O-methyl transferase : i »
{ iNOS . ." lnhibi_ls l
- expression 15 ' { bacterial |
Melatonin ) downregulated \ growth /
L6 ILS v S ~——
TNF-a are [ y 2 .
\ - : Autoimmune diseases |
S——— Inhibits
myeloperoxidase

Melatonin in health and diseases
Cellular and Molecular Neurobiology. Review Paper Published: 08 February 2023 Vqume 43, pages 2437-2458, (2023
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Table 2 Amount of melatoninin edible plant and related foods

From: Melatonin and Health: Insights of Melatonin Action, Biological Functions, and

Associated Disorders

Plant/Food Amount Part/Organ References
Tomato 3-114ng/g Fruit Iriti et al. (2010), Sturtzet al. (2011)
Rice/Barley 300-1000 pg/g Seed Hattorietal. (1995) important role in reducing oxidative
Corn 14-53ng/g Seed Mena et al. (2012) stress, promotes growth and
Walnuts 3-4ng/g Seed Reiteretal. (2005) ger.mlnatlon of seeds, .Improves
. . resistance to stress, stimulates

Olive oil 53—-119 pg/ml Seed delaPuertaetal.(2007) .

— immune system, modulates
Black pepper 1093 ng/g Leaf Padumanondaetal. (2014)  (ircadian rhythms, controls closure
Curcuma 120 ng/g Root Chenetal.(2003) of stomata on leaves, and antistress
Coriander 7ng/g Seed Manchester et al. (2000) agent against drought, toxic
Black mustard 129 ng/g Seed Manchester et al. (2000) chemicals, Sah_m'fy’ hee.lvy metal

— r : I stress, UV radiation, high and low
Almon 39 ng/g See Manchesteretal. (2000) ambient temperatures, water
Cherry 18 ng/g Fruit Burkhardt etal. (2001) stress, and light-induced stress.
Pomegranate 5.5 ng/g Fruit Mena et al. (2012) Moreover, melatonin also shows it
Fennel 28 ng/g Seed Manchester et al. (2000) role in combating biotic stress in
White radish 485 ng/g Bulb Chenetal.(2003) plants that I.ndUde_s va rIO%,IS
: - properties like antibacterial,

Beer 52-170 pg/ml Fruit Maldonado et al. (2009) antiviral, and antifungal effects.
Wine 50-230 pg/ml Fruit Iritiet al. (2010)



Receptor-dependent and receptor-
independent effects of melatonin

Receptor-mediated |

effects
Membrane | Cytosolic l Nuclear l
MT1 | MT2 | MT3 RZR/ROR I
(QRr2)

cAMPJ
cGMPJ
PLCT

Activation of antioxidant enzymes

antioxidant
defence
system

Activation of |

Inhibition of pro-
oxidant enzymes

Melatonin I

%\
Nonreceptor-
mediated effects

¥ v N

protein
targets

Mito-
protection

Direct
antioxidant

Enzymes l Cytoskeleton
components

Ca? binding
proteins

Transporters I

Melatonin is highly lipophilic and can
therefore be distributed in the body by
the means of passive diffusion.

Besides this mechanism, melatonin can
be transported across the plasma
membrane by the glucose transporter
GLUT1

Across the mitochondrial membranes
bg the oligopeptide transporters
PEPT1/2.

The melatonin binding site on GLUT1
overlaps with %Iucose binding [69],
which might play a role in the
counteraction of the Warburg effect in
cancer cells by melatonin.

In the plasma, melatonin is bound by
serum albumin [8,9].

Molecular Mechanisms of Melatonin-Mediated Cell Protection and Signaling in Health and Disease. Pharmaceutics 2021, 13(2), 129
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Main biological effects of melatonin in the cell

Circadian
Potent rythm control Regulation
antioxidant of hormone
defence release
Immuno-
modulation ‘Cardioprotection
Melatonin
H3C )
Suppresion of . Neuroprotection |
inflammation
HN HN\H/CHs
@)
Tumor Regulation of
suppression metabolism
Modulation of Modulation of
ER stress . sirtuins,
e Suppression of mitophagy and
mitochondrial autophagy

dysfunction

Molecular Mechanisms of Melatonin-Mediated Cell Protection and Signaling in Health and Disease. Pharmaceutics 2021, 13(2), 129



Main biological effects of melatonin in mitochondria

mitochondrial permeability transition pore  mPTP | Mitochondrial
dynamics and network
formation P

Molecular Mechanisms of Melatonin-Mediated Cell Protection and Signaling in Health and Disease. Pharmaceutics 2021, 13(2), 129



Pyruvate

Melatonm A mitochondrial resident with a

>| §AANAT
CoA NAS
‘ASM?
£ MELATONIN

¥ maintenonce of cell pothology

diverse skill set

In addition to the requirement for the presence of serotonin in
mitochondria for melatonin synthesis to occur, there is the need
for an essential co-factor/co-substrate to assist with the conversion
of serotonin to N-acetylserotonin. The necessary agent is acetyl-
coenzyme A (acetyl-CoA), which is amply produced in mitochondria
of healthy cells when pyruvate is decarboxylated by pyruvate
dehydrogenase (PDH). In cells where pyruvate is significantly
excluded from the mitochondria due to downregulation of PDH,
acetyl-CoA may not be in sufficiently high concentrations to
support ample melatonin synthesis in these mitochondria.
Reduced mitochondrial acetyl-CoA production is presumably
common in cells experiencing Warburg-type metabolism and in
those suffering from low oxygen tension (hypoxia), etc. In the latter
cells, PDH is suppressed due to the activation of pyruvate
dehydrogenase kinase (PDK), a powerful inhibitor of PDH. While
these mitochondria may have a reduced capability to produce their
own melatonin, these organelles can still take it up from the
circulation when it is available. Also, PDH suppression alone may
not be adequate to totally eliminate melatonin synthesis in
mitochondria since there are other routes of acetyl-CoA
production in cells.

Life Sciences Volume 301, 15 July 2022, 120612
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Melatonin and its beneficial effects in sepsis

Anti-inflammatory iNOS expression Reduces
substances, IL-10 : superoxide
are increased ‘ 18 dopniceiaionl 4 . anions
NG > P h N /,//
\\\ >
N B e
IL-6, 1L-8, D
TNF-q arc MELATONIN —s
\ reduced \-// _ peroxidation
W 7
=== 7 \ \__/
/ i
\\,
o Inhibits
II"h'b'tS. 4 bacterial
myeloperoxidase growth
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Cellular and Molecular Neurobiology. Review Paper Published: 08 February 2023 Volume 43, pages 2437-2458, (2023
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Regulation of

Anti-oxidative

* The involvement of melatonin
molecule in chronic insomnia and sleep
disorders has been found.

* In decreasing oxidative damage,
meIIatomn function seems to be quite
vital.

* To prevent and treat various disorders,
the administration of exogenous
melatonin has been used by many

\ clinical trials.
/ \ nwerogenesis ) ¢ Mlany melatonin agonists have been
synthesized and developed with the

alm to treat various disorders.

Metabolism

Properties

Oncostatic Immune Defense

Properties

Regulation of

Regulation of
Circadian

Rhythms

Melanogenesis

Regulation of

Sleep

Anti-inflammatory Regulation of

Bioenergetics

Properties

Cellular and Molecular Neurobiology. Review Paper Published: 08 February
Nutrients 2020, 12(9), 2561; https://doi.org/10.3390/nul12092561 2023 Volume 43, pages 2437-2458, (2023
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Overview of the pleiotropic effects of melatonin
and its metabolites as major skin protectants

Melatonin and
its metabolites

Protective Role of Melatonin and Its Metabolites in Skin Aging. Int. J. Mol. Sci. 2022, 23(3), 1238;



Chronic Administration of Melatonin:
Physiological and Clinical Considerations

Direct exogenous Indirect exogenous
administration AEDG administration

Clock, Csnkle \ peptide
and Cryz
circadian genes

tin |~
) \

/ Other proinflammatory

events:

*  Amyloid-B toxicity

*  Nitric oxide release

*  Cyclooxygenase-2 and
NLRP3 activation

*  Tolllike receptor-4
: and mTOR signaling
*  Proinflammatory
cytokine release (by

modulating DJ-1/Nrf2
and p53/Bax
pathways, among
others)

Neurol. Int. 2023, 15(1), 518-533; https://doi.org/10.3390/neurolint15010031
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Overview of menopausal symptoms

Central nervous system Skin, mucosal and hair changes
* Vasomotor symptoms * Reduced skin thickness

= Sleep disruption » Reduced elasticity

» Depression and anxiety * Reduced hydration

» Cognitive changes * Increased wrinkling

* Migraine * Hair loss
7 Weight and metabolic changes
| ® Weight gain
" » Increased visceral adiposity
Saviial lanction * Increased waist circumference

» Decreased sexual desire
* Dyspareunia

Urogenital system
* Vaginal dryness
 Vulvar itching and burning
® Dysuria

* Urinary frequency

Overview of andropause symptoms

Mrﬂ"" l""

Low sexual desire (libido)*
2 Difﬂculty achieving orgasm*

' nocturnal erection
Diminished intensity of
',the experience of orgasm

.-Diminished sexual genital

Infrequent morning and/or

= Urgency
» Recurrent lower urinary
tract infections

Musculoskeletal system
e Joint pain
- ® Sarcopenia

Nature Reviews Endocrinologie volume 14, pages199-215 ( 2018 )

[] Sexual symptoms
[T] Nonsexual symptoms

[] Signs

Nature Reviews | Urology

Nature Reviews Urology volume 12, pages641-650 (2015)
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Schematic of the actions of estrogen in multiple diseases

endometrial cancer
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The Role of Estrogen across Multiple Disease Mechanisms. Curr. Issues Mol. Biol. 2024, 46(8), 8170-8196



E2 regulation of mitochondrial function and turnover

S8
LUBYUPLYY !

OOOOAGAEAOOOOAACOOOOEHAAEECOAIAINUNIAIIRDO000A00EOE0O000OC0EE0000000000 Several Signa”ing prOteinS antribu'.te to the
effects of E2 on mitochondrial respiration,
Il:|:' biogenesis, mitophagy and cell death.
Pgc-la <—‘ Pge-1p

' Abbreviations: Aifl: Apoptotic-inducing factor
\ L MApR R 1, E2: 17B-Oestradiol, ERa: oestrogen
receptor a, ERB: oestrogen receptor B, Erk:
extracellular signal-regulated kinase, Mapk:
mitogen-activated-protein-kinase, MPTP:
mitochondria permeability transition pore,
Nfkb: Nuclear factor kappa-light-chain-
enhancer of activated B cells, Nrfl: nuclear
receptor factor, Pgc-1a: proliferator-activated

T — receptor-y coactivator 1-a, Pgc-1p:
proliferator-activated receptor-y coactivator
4 Mitophagy 1-B, PI13K: phosphatidylinositol-3-OH kinase,
Sp1l: stimulating protein-1 and Tfam:
“CellDeath . . e .
. NN . mitochondrial transcription factor A.
' Biogenesis PI3K/AKE <

Oestrogenic Regulation of Mitochondrial Dynamics. nt. J. Mol. Sci. 2022, 23(3), 1118



Mechanisms Underlying the Regulation of Mitochondrial
Respiratory Chain Complexes by Nuclear Steroid Receptors

Steroid hormones ' DL R PGC-1a
\ (Direct or indirect) PGC-1p
Induction
\irecy l Positively regulate NRF1-
mediated transcription

NRF1 l Induction
\

\Induction
TFAM |

Nuclear DNA-
encoded components
of MRC complexes

\ mtDNA-encoded

Binding to components of
mitochondrial MRC complexes
genome

Int. J. Mol. Sci. 2020, 21(18), 6683; https://doi.org/10.3390/ijms21186683

* Transcription factors regulating

OXPHOS

Nuclear respiratory factor 1 (NRF1),
mitochondrial transcription factor A
(TFAM), peroxisome proliferator-
activated receptor y coactivator -1a
(PGC-1a), and peroxisome
proliferator-activated receptory
coactivator -1B (PGC-1B) are
transcription factors which often
mediate the effects of steroid
hormones on OXPHOS.

The NRF1 gene possesses hormone
response elements for some nuclear
receptors in its promoter region and
can be directly regulated by steroid
hormones. TFAM is a secondary
induced factor that exerts its effects
on mtDNA. PGC-1a and PGC-1 are
co-regulators that positively regulate
NRF1-mediated transcription. MRC
stands for mitochondrial respiratory
chain.


https://doi.org/10.3390/ijms21186683

Schematic illustrating the roles that 17@3-estradiol and testosterone
play in mitochondrial protection of skeletal myocytes

17B-estradiol Testosterone

0@ © I+ I * Signals of 17B-estradiol and testosterone affect
I R e mitochondria function through multiple pathways.
I ‘.;‘_;ML’I. X &%.‘Q_‘U B EAEA588858858585850085885888 (li‘,l,_‘.k.o‘.,‘. 85854 éé 58588
e ¥ * |nthe genomic pathway, 17B-estradiol or
o . " o . . . .
e ¢ Antioxidant proteins(SOD, GPx, CAT) 7.¢ testosterone binds to its receptor, thereby inducing
% N\ | receptor dimerization and translocation of the
= 6@\ entire complex to the nucleus. In the nucleus, the
dimer of the receptors binds to estrogen response
e &
Genes o elements (ERE) or androgen response elements
transcription ! J . .
U (ARE) and affects the transcription of nuclear-
Y T M Mitophagy encoded mitochondrial genes. ERs and AR have
Nucleus gy e el Jpe Lo bt been shown to localize in mitochondria, but it is yet
— [ proteostasis system ’ ! 7 unclear if the complex can directly regulate the
FUIVE |-, CLPRIMEsL | transcription of mtDNA-encoded genes.
Cell survival ¢—— ®® e The “ . h ” - | id
. Mitichondrial r Mitichondrial 1 e nOnge nOmIC pat Way INvolves ra p|
"['(pﬂ‘é?f;“}i‘,imi’ A, 1 activation of various kinases by membrane-
NRFLRE) N | e i [ associated ERs or AR, which in turn can affect
o A € s | mitochondrial function. Both 17B3-estradiol or
. e testosterone regulate different parameters of MQC,
O 17pestradiol such as proteostasis, biogenesis, dynamics, and
©  Testosterone mltophagy.
70 17B-estradiol signal _ _ : )
Y Testosterone signal Mitochondial dysfunction * A consequence of the action of these sex hormones
g A CO \ . 10
— Inhibition il il rosayi is mitochondrial protection, although the specific
—> Induces or produces Cell apoptosis ’ mechanism of action has not yet been elucidated.
—» Mitochondrial quality control (MQC)

REVIEW article Front. Endocrinol., 20 April 2023 Sec. Cellular Endocrinology Volume 14 - 2023



It is becoming increasingly clear
that estradiol and testosterone
co-regulate mitochondrial
biogenesis, dynamics, and
autophagy to maintain
mitochondrial function in skeletal
muscle. We propose that age-
related decline in both sex
hormones may trigger sarcopenia
by initially impairing
mitochondrial function rather
than being an independent
factor.

REVIEW article Front. Endocrinol., 20 April 2023 Sec. Cellular Endocrinology Volume 14 - 2023



Growth hormone deficiency in adults with
hypopituitarism—What are the risks and can they
be eliminated by therapy?

Impaired cogpitive function and
psychosocial well-being

Improved cognitive function,
psychosocial well-being and
GH replacement therapy quality of life

———

Dyslipidaemia and

endothelial dysfunction Improved endothelial function

and reduced LDL-cholesterol
Reduced cardiac output and

= < Improved cardiac function and
exercise capacity. and

increased cardiovascular i il it
mortality

Increased gluconeogenesis
Insulin resistance

Increased lipolysis and
Increased total and decreased total and
abdominal fat mass abdominal fat mass
Reduced muscle mass Increased muscle mass
and strength and strength

Reduced bone mineral density

: . Increased bone mineral density
and increased fracture risk

October 2021. Journal of Internal Medicine 290(6)
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OXPHOS = ATP | oxpﬁos¢-> ATPY,
l % mtDNA DAMAGE

ANTIOXIDANT GH/IGF1 - ANTIOXIDANT

ROS|— veken =/ [ ROS T SYSTEM,

GH and IGF-1 are pleotropic hormones affecting multiple cellular functions, including ‘

cell proliferation, differentiation, metabolism, and cell survival. AGE ASSOCIATED DISEASES

Both hormones activate many signaling cascades implicated in regulation of
mitochondrial proteins expression and function.

IGF-1 affects mitochondrial mass via increased transcriptional activities of key factors
involved in mitochondrial biogenesis

Effects of GH/IGF on the Aging Mitochondria. Cells 2020, 9(6), 1384; https://doi.org/10.3390/cells9061384
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defined. Studies of numerous cell types and animal models have shown that IGF-1-
mediated activation of the PI3K-AKT/FOXO pathway upregulates transcription of
antiapoptotic genes.

@ The protective roles of IGF-1 from mitochondrial-mediated apoptosis have been better

PTP opening Apoptosome

OXPHOS Nucleus
Membrane potential

ATP

ROS

Release of Cyt ¢

Effects of GH/IGF on the Aging Mitochondria. Cells 2020, 9(6), 1384; https://doi.org/10.3390/cells9061384
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Cardiovascular system
t Myocardial function

1 Endothelial function
4 LDL cholesterol

4 IMT

1 Aerobic capacity

‘Skeletal muscle
t Protein synthesis
1 Strength

| 1 Quality of life
t Psychological well-being

t Cognitive function

Liver

t Gluconeogenesis

| Adipose tissue

1 Lipolysis

: Bone
1 BMD

Figure 2 | Main effects of GH replacement therapy in adult GH deficiency.
Abbreviations: GH, growth hormone; IMT, intima—-media thickness.

Box 1 | Signs and symptoms of adult GH deficiency

Increased adipose tissue mass (especially visceral
adipose tissue)

Decreased lean body mass

Decreased skeletal muscle strength

Decreased exercise performance

Decreased cardiac capacity

Decreased BMD and increased risk of fracture
Atherogenic lipid profile

Thin, dry skin

Psychosocial problems and decreased quality of life;
problems can include fatigue, depression, anxiety,
impaired sleep and social isolation

A large body of literature has accumulated in the past 30 years to
define the syndrome of adult GH deficiency and the nonstatural
effects of GH replacement therapy. Even when linear growth is no
longer possible, GH has many important effects on lipids, body
composition, strength, aerobic capacity and QOL in patients with
adult GH deficiency. Despite some concerns over longterm risks, GH
replacement for adult GH deficiency so far seems to be generally
safe and free of adverse effects when dosing is individualized and
carefully monitored.

Diagnosis and treatment of growth hormone deficiency in adults. Nature Reviews Endocrinology volume 9, pages335-345 (2013)
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Effects of GH/IGF on the Aging Mitochondria

Schematic summary of the major effects of GH/IGF-1 on
mitochondrial gene expression

The Somatotropic Axis

Hypothalamus
GHRH  SST

Ghrelin = Pituitary

/ Regulation of
1 IGF bioalvallablllty

Regulation of [ as = .= ]
Hepatic IGF secretion , m? 8P3I5 ?’ ﬁ . IGF-I

IGFAR  IGF4R
\ Target cell

Upon binding of GH to the GHR, signaling pathway is activated, leading mostly to
increases in IGF-1 transcription. Binding of IGF-1 to the tyrosine kinase IGF-1R
stimulates several signaling pathways including the Phosphoinositide-3-kinase
(P13K)/Protein kinase B (PKB or AKT) and Ras/Raf/Mitogen-activated protein
kinase (MAPK), involving phosphorylation and dephosphorylation of candidate
proteins. This cascade leads to transcriptional activity of genes involved in
mitochondrial biogenesis, control of Reactive oxygen species (ROS), cell survival
(antiapoptotic), and genes involved in metabolism.

Effects of GH/IGF on the Aging Mitochondria. Cells 2020, 9(6), 1384; https://doi.org/10.3390/cells9061384
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Protective Effects of Euthyroidism Restoration on Mitochondria
Function and Quality Control in Cardiac Pathophysiology

Antioxidant effect of thyroid hormones
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Aging: All roads lead to mitochondria

Mitochondria are

also heavily involved

inimmune
responses, including
mtDNA-induced
stimulation of
inflammatory
pathways.

aging

Mitochondrial
Genomic Instability

Inflammation

Communication

mitonuclear UPR™/ISR
inter-organelle metabolites
endocrine mitokines
Metabolic Shift

Mitochondria are the chief
metabolic organelle that not
only serves as production
sites for bioenergetic units
and a myriad of
macromolecules, but also as
prominent regulatory entities
that have a stake in a wide
range of physiological
processes from inflammation
to nuclear gene regulation.

“Mitochondrial function”
undoubtedly encompasses a
broad range of cellular
processes that have key roles
In aging

Seminars in Cell & Developmental Biology. Volume 116, August 2021, Pages 160-168
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