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Abstract

The aging process is a group of degenerative changes that physiologically
occur in most of the people in the elderly. This affects one or more of the
human body systems. The treatment of diseases related to the aging process
has a huge impact on the economy of all nations. Aging of the skin comes
on the top and despite that, the results of the already present lines of treat-
ment are not always satisfactory. This acts as a stimulus for us to dig deeper
to discover the root causes of the premature aging of the skin. This was
simply caused by the accumulation of repeated minute damage to the in-
ternal structure skin. In other words, if the degree of minute damage is
more than the capacity of the skin to repair, the repeated micro-damage is
presented in the long run as a skin wrinkling. Moreover, the skin acts as a
mirror that reflects the internal structures of the human body. Thus, the
more degenerative changes in the human body systems, the more the skin
could become wrinkled. Our strategy to prevent or at least slow down the
aging process of the skin depends on 2 main steps; the 1% is to reduce the
micro-damage as can as possible, and the 2™ is to enhance the capacity of
tissue regeneration to be able to reverse the already present damaged skin.
As the 2 processes are synchronized with each other, this strategy would be
considered the ideal for prevention of skin wrinkling especially premature
ones. This not only reverses premature skin wrinkling but also protects it
from future wrinklings. This review sharply pointed out the role of the
functional collagen of the dermal layer of the skin in the prevention of skin
wrinklings. Therefore, it would be the target to study how collagen works in
the complex machinery of the dermal layer of the skin. This concept deeply
believes that the recovery of dermal collagen has a much better effect than
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simply ingesting collagen or receiving a topical collagen booster.
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1. Introduction

The skin is the largest organ of the human body. It acts as a barrier between in-
ternal organs and the external environment [1]. Moreover, it has many other
functions like the production of vitamin D from its cholesterol content ie.
7dehydro-cholesterol on exposure to type B of ultraviolet rays [2]. Furthermore,
it has an essential role in regulating the body temperature via the change in the
vascularity of the skin [3]. One of the most important functions of the skin but it
may not be given the perfect attention is that it reflects the integrity and function
of the internal organs [4]. For example; jaundice may reflect liver and/or biliary
tree dysfunction [5]. Pale skin may reflect anemia, and so on. Lastly, it is one of
the most important organs for the beauty and youth of the human. This means
that smooth healthy skin reflects a healthy body and subsequently healthy inter-
nal organs. On the other hand, thin and wrinkled skin may reflect the aging of
the person which also may denote active degenerative changes in the internal
organ(s). This is why pharmaceutical companies spend multi-billion dollars on
research in the industry for skin regeneration. The most successful industry is
the oral ingestion of collagen to induce smoothness of the skin [6]. The others
use either oily or creamy ointments that are applied topically to the skin to in-
duce its smoothness. As no one completely discovered the exact mechanism of
the aging of the skin, most of the methods of treatment of the aging of the skin
have some degree of imperfection [7]. Recently discovered that the effect of the
glycation of the collagen of the dermal layer of the skin is the true hidden pre-
disposing factor for skin aging and its wrinkling. This means that there is a hid-
den relation between the functional collagen of the dermis and the other com-
ponents of the skin as will be discussed later. In this review, we studied collagen
at the molecular level. There is a hypophysis that functional collagen could sti-
mulate the nearby organ to manufacture new tissues. On the other hand, if the
collagen is glycated i.e. to be dysfunctional. Subsequently, the collagen would not
stimulate the nearby structures which end with the thinning of the skin and its
wrinklings [8]. This, also, means that the glycation of dermal collagen is the pre-
disposing factor for the preliminary skin wrinkling. Therefore, the deglycation
process Le. removal or at least the prevention of attachment of glucose to colla-
gen would be the cornerstone in the prevention or at least reducing the wrin-
kling to a minimum. To sum up, the above point, for the dermal collagen to do

its proper function in the prevention of skin wrinkling, it has to be functional Ze.
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not glycated. This guides us to the next step which is the question about the fac-
tor(s) that may increase the glycation. By far, the most common causes of glyca-
tion are diabetes, prediabetes, obesity, and/or hyper-insulinemia [9]. Obesity
may be not so accurate term because some obese patients may not develop gly-
cation and wrinkling of the skin. The most accurate term is hidden obesity
which is characterized by excess visceral fat with or without generalized obesity
as will be explained later [10]. The layers of skin are coordinated with each other
in a synergetic manner and the collagen would act as prime-mover in the integr-
ity and functionality of the skin provided that it is functional. This will be ex-

plained in the next chapter.

2. The Structural Component of the Skin

2.1. The 3 Main Layers of the Skin Namely: The Epidermis, Dermis,
and Hypodermis

It is well known that the skin is formed of 3 main components; epidermis, der-
mis, and subcutaneous tissues as in Figure 1. The study of the aging process of
the skin at the molecular level shows that the dermis which is the middle layer is
the blamed layer of skin wrinkling and its aging process as in (Figure 1). It
forms about 85% of the skin thickness [11]. To be more accurate, the culprit of
the aging process of the skin is the glycation of the collagen component of the
skin. The dermis has a variable amount of collagen which may be 50% - 60% of
the dermal structure. The percentage of collagen in the dermis is maximum in

adolescents and middle age [12]. The reduction of collagen content in the dermal

The epidermis —»

The dermis—>

The hypodermis

The schematic representation of the 3 Layers of the skin which are:-

the epidermis, dermis, and hypodermis

Figure 1. The 3 Layers of skin are the epidermis, dermis, and hypodermis. The epidermis is the thin most
superficial layer of the skin and it is mainly formed of keratinocytes. The dermis is the main thickness of the
skin more than 85% of the skin thickness. The collagen fibers are the main component of the dermis and they
act as the internal machinery of the skin. There are other components of the dermis that include elastin fibers,
Hyaluronic acids, fibroblasts, and mucopolysaccharide ground substances. The blood vessels, lymphatics, and
nerves perforated the dermis from the underlying hypodermis. The hypodermis is the fatty deep layer of the
skin and it has the main blood, lymph, and nerve supply of the skin.
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layer of the skin becomes obvious after the age of 40 s with subsequent devel-
opment of skin wrinkling. Recent studies show that the gquality of the collagen
may be more important than its quantity. In other words, the dermal collagen
may not be reduced in its substantial amounts Ze. it may become within its
normal percentage but the skin wrinkling would occur and this would be due to
the loss of the active physiological function of the collagen [13]. i.e. the collagen
becomes glycated or simply dysfunctional and cannot do its proper job in
maintaining the manufacture of all the components of the dermis. Subsequent-
ly, dermal collagen cannot do its role in the rejuvenation of the skin and the
prevention or at least the slowing down of its wrinkling. The healthy collagen is
functional due to its piezo-electric properties which means that mechanical
stress could be converted into an electrical gradient difference that can stimu-
late the fibroblast cells of the dermal layer to secret further collagen, elastin
protein, hyaluronic acids that can regain the water contents of the skin to make
it smoother and healthier. Thus, the functional non-glycated collagen fights
against skin wrinkling [14]. On the other hand, if the collagen is glycated, it
becomes dysfunctional and it becomes not reactive to the externally applied
mechanical stress. This means that it loses its piezoelectric property. The colla-
gen fails to create the electrical gradient difference on the application of me-
chanical stress during its conformation. Subsequently, the fibroblasts in the
dermal layer lose the drive that can stimulate them and they finally fail to syn-
thesize the components of the dermal layers of the skin namely; the collagen,
the elastin, and the hyaluronic acids. The skin starts to lose its water contents,
strength, and elasticity and becomes thin, weak, and wrinkled. This is the exact
presentation of the aging process of the skin [15]. The epidermis of the skin is a
very thin layer and is about 7% - 8% of the skin as in (Figure 1). It is formed
mainly of keratinocytes. The hypodermis is also a very thin layer which is about
7% - 8% of the skin as in Figure 1. It is the deepest layer of the skin and is
formed mainly of subcutaneous fat that covers underlying structures of the skin
either muscle, tendons, ligament, cartilage or even bone. It has the blood, lym-
phatics, and nerve supply of the skin [16]. The middle layer is the dermisand as
is said earlier, it forms the main bulk of the skin and is the most important
biomechanical active structure of the skin. It must be noted that the dermis is
penetrated by the blood supply, nerves, and lymphatics from the hypodermis as
in Figure 1. On the other hand, the epidermis, the superficial layer, has no
blood supply or lymphatics but it still has nerve endings. Therefore, the skin is
sensitive. From the above each layer of the skin has a special role and function.
The middle zone, the dermis, is the thickest zone and its collagen forms the
main component. The collagen may reach up to 50% of the whole mass of the
skin. Therefore, great attention must be paid to collagen and its dermal layer
for their role in the integrity of the skin in a healthy state. Also, they have a
critical role in the initiation of wrinkling in the aging process. Thus, collagen

and the dermis will be discussed in full detail in the next chapter.
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2.2. The Biomechanical Machinery of the (Dermis) in the
Prevention of the Skin Wrinkling

The dermis forms 90% of the skin mass. This is the most important segment of
the skin. Its components integrate with each other in a synergetic manner to
prevent skin wrinkling provided that its collagen is functional and not glycated.
The components of the dermis are formed of collagen, elastin, hyaluronic acid,
water, fibroblasts, and other minor polysaccharides.

1) The collagen; is mainly formed of collagen type 1 (collagen ). The colla-
gen is the main component of the dermal layer. It was thought that collagen is
responsible only for the strengthening of the skin via its structural support be-
cause it is a tough and strong protein. Recent studies show that collagen has
another fundamental role in the prevention of skin wrinkling provided that it is
physiologically functional and not glycated. This could be achieved via the sti-
mulation of fibroblasts. Subsequently, they could be able to manufacture all oth-
er components of the dermal layer provided that the collagen is functional and
glycated.

2) The elastin; is the protein that from its name has a recoil or elastic proper-
ty. This is a very important criterion of juvenile skin that on its stretch, it could
recoil again. However, this protein has a very small percentage of the dermal
layer but its presence even in a small amount causes the skin to appear young,
stretchable, and without wrinkling. In the case of the aging process, the elastin
fibers become scarcer. Moreover, it could be damaged by the free radicals that
become prominent during the aging process. Therefore, the elastin will be re-
duced both in quality and quantity. The net result is that the skin loses its elas-
ticity and stretchability which aggravates the skin wrinkling. The physiologically
active collagen could stimulate the fibroblasts to secret more elastin fibers. This
clearly denotes the relation between the collagen fibers and the elastin [17].

3) Hyaluronic acid: is a certain type of disaccharide that is formed from a

combination of glucoronic acid and glucosamine. The skin contains a very small
amount of hyaluronic acid in young and juvenile skin but with the aging of the
skin, its amount gradually becomes less till it completely disappears [18]. The
main function of hyaluronic acid is to catch the water content of the skin. Recent
studies show that hyaluronic acid has a great affinity to water particles. This
means that each molecule of hyaluronic acid could catch 3000 pieces of water.
Thus, the skin appears smooth and shiny due to its water content. In the case of
the aging process, the skin loses much of its hyaluronic acid with subsequent loss
of its water contents. The skin appears thin, atrophic, and less shiny. Therefore,
the processes of skin wrinkling become aggravated. The physiologically active
collagen can stimulate the fibroblasts to secret hyaluronic acid. Thus, there is an
indirect but very important relation between collagen activity and the percen-
tage of hyaluronic acid. This also means that maintaining the collagen physio-
logically active and not glycated acts as the main mechanism in keeping hyalu-

ronic acid in a good percentage in the skin and preventing or at least delaying
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its wrinkling [19].

4) The fibroblasts; are the main cell components of the dermis. These cells

are responsible for the secretion of all components of the dermis which include
collagen, elastin, hyaluronic acid, and the other polysaccharides. The fibroblasts
could not manufacture these dermal components except if they are stimulated by
the functional collagen. If the collagen becomes glycated in the elderly, all the
components are reduced in amount with subsequent exaggeration of the wrin-
kling of the skin. Furthermore, in the elderly, many of the fibroblast cells either
die or become scarce which also allows the skin to become more wrinkled. The
vitality of these cells depends on some vitamins like vitamins C, E, D, and A.
This will be fully explained later in the reversal process of skin wrinkling. More-
over, these cells suffer greatly from the free radicals that become predominant in
the elderly. Therefore, anti-oxidant therapy like N. acetly cysteine, alpha-lipoic
acid, taurine, and others would enhance the vitality of these cells and save them
from death. This would be taken into consideration in the protocol for the pre-
vention of skin wrinkling later on. This also clearly denotes the complex and
deep relation between the physiologically active collagen and the vitality and in-
tegrity of the fibroblasts [20]. From the above, the physiologically active collagen
has a mutual role with elastin fibers, hyaluronic acid, and fibroblasts. Thus, the
collagen fibers will be discussed in more detail at the structural, molecular, and

functional levels in the next chapters.

3. The Molecular Structure of Dermal Collagen

The collagen of the skin is mainly concentrated in the dermal layer. It is mainly
formed of collagen type 1 (collagen I) which is the most common type of colla-
gen of the human body. i.e. more than 90% of the collagen in the human body is
collagen I. The exact percentage of collagen in the dermal layer is variable ac-
cording to age which means that collagen percentage is higher in young and

middle age than the elderly population [21].

3.1. The Assembly of Collagen Molecules into Collagen Fiber

Collagen is the most common protein structure in the human body. In the case
of the skin, it is concentrated in the dermal layer. Each collagen molecule is a
triple helix which means that it is formed of 3 strands of proteins that folded
upon each other (as in Figure 2). The folding type in all of the strands is alpha
(a) type which is helical in shape as in Figure 2. Each molecule is 300 nm in
length and 7.5 nm in diameter. The terminal part of the collagen molecule is not
folded and is called (telopeptide). The remaining part of the collagen molecule is
the folded part ie. triple helix [22]. The function of collagen is done, as will be
explained later, by the folded part of the collagen. For the collagen molecules to
be assembled into a single collagen fiber, they are arranged in layers according to
the thickness of the collagen fiber. Each 2 collagen molecules are separated from

each other via a small distance called the zero hole which is about 40 nm in
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collagen molecule
———.
h——————
—

< < —» <—»
telo-peptide  the folded part of collagen ~ telo-peptide

Figure 2. The upper part of the picture shows the triple helix of one collagen molecule. It
must be noted that the terminal part of collagen is not folded and it is called the
telopeptide which is the site of glycation. The main part of collagen molecule is the folded
part and it is the part that can perform the collagen function. The lower part of the
picture shows the alignment of collagen molecules with each other to form one collagen
fiber. The zero holes and zero channels are the important part of the mechanics of the
collagen. As shown the zero channels are obliquely oriented which is the characteristic of
the collagen fibers. This has an important role in the strengthening of the collagen fibers
27).

length. It must be noted that the collagen molecules are oriented in a special
manner that makes them consistent with their proper function. However they
are parallel to each other, in each layer, the collagen molecules precede slightly
more than the layer below. This creates an oblique orientation of the zero chan-
nel between the layers of the collagen molecule [23]. This oblique orientation of
the zero channels is very important in the strength and durability of collagen.
This also would affect the function of the collagen because the non-folded part
of the collagen is the area that is more susceptible to the glycation process. Fur-
thermore, there is a cross-linking between each 2 the nearby collagen molecules.
The cross-linking causes an extra strengthening of the collagen fibers and gives
them durability in the resistance to the externally applied mechanical stress. The
cross-linking occurs at the site (Y) if it is occupied by the amino acid lysine as in
Figure 3. This will be explained later that it needs a very important enzyme
called lysyl oxidase enzyme (LOX) which only acts at Jysine amino acid as its
name denotes. This enzyme also needs copper (Cu,,) as a cofactor as in Figure 3.
We can benefit from the above idea in the supplementation of Lysine amino acid
and copper as part of our strategy for the recovery of collagen [24]. The big pic-
ture of the strategy of all our lines of treatment of skin wrinkling will appear by

the end of this review.
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3.2. The Piezoelectric (PZE) Property of Collagen

The collagen was thought to have only a structural support to the surrounding
medium. Recent studies show that collagen has a more fundamental function
than just supporting structure which is piezoelectricity (PZE). This simply
means that on the external application of mechanical stress on collagen fibers,
they could initiate an electrical gradient difference (EGD) [25]. This means that
collagen if it is functional and not glycated, acts as a functional structure that
responds to the mechanical stress and transforms some of the mechanical energy
into electrical energy. Subsequently, this newly generated electrical energy could
modify the surrounding tissue via the stimulation of the fibroblasts which can
secret all the components of the dermis namely; new collagen, hyaluronic acids,
elastin, and the mucopolysaccharide ground substance. As said earlier, hyalu-
ronic acid could absorb more water leading to the expansion of the dermis and
giving the skin its smooth texture which also means the prevention of skin wrin-
kling. The elastin fibers are responsible for the elasticity of the skin. To sum up
the above point, collagen does not have just a structural support function but it
acts as a transformer that could help in remodeling the surrounding structure.

This could be achieved only if the collagen is functional and not glycated [26].

3.3. The Orientation of the Amino Acids Sequence at the
Cut-Section of Collagen

The above chapter discussed the longitudinal section of collagen. This chapter
will study the transverse section of the collagen. Thus, a comprehensive picture
would be collected about the collagen molecule. On taking a cut-section of each
thread of the collagen molecule, we would find (3 amino acids) which are ar-
ranged in the form of (Gly, X, Y) as shown in (Figure 3). This sequence of ami-
no acids symbolizes the following amino acids: the symbol (Gly) is a/ways re-
ferred to the glycine amino acid, the symbol (X) is referred to either proline or
hydroxyproline, while the symbol (Y) may be referred to either Lysine (60%), or
Arginine 30%, or very rare to be histidine amino acid which is about 10% or very
rarely any other amino acid [27]. This (Gly, X, Y) orientation is in one thread
only but the collagen molecule is formed of a triple helix which is 3 threads
folded upon each other in an alpha (a) folded manner. As in Figure 5, the site
(Gly) glycine amino acids are oriented in the center of the triple helix because
they are the smallest amino acids. The site (X) which is either Proline or hy-
droxy-proline is the only amino acid that has a ring that supports the structure.
The site (Y) is the only polar site and it is always peripherally situated to be near
to the water in the surrounding medium. This is because the amino acids that

may occupy this (Y) site are always hydrophilic 7.e. water-loving as in Figure 5.

3.4. The Piezoelectricity of the Collagen Occurs at the Hossam (Y)
Site of Collagen

As said earlier, the (Y) site is the situation of mainly 3 amino acids namely;
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Ehe correlation between the transverse & cut sections of collagenj

Hossam }the\/

polar Lysine
Positive Arginine

istidine S S S TS .

Hossam Zero hole

Glycine

Figure 3. A cut-section of one collagen thread showing the arrangement of amino acids
in the form of (Gly, X, Y). (Gly) is always glycine amino acid. (X) is either proline or
hydroxy-proline. The site (Y) is either Lysine, and to a lesser extent Arginine, or very rare
to be histidine. The site (Y) is the only site that is polar and positively charged (27).

Lysine, or to a lesser extent arginine, or to the least extent Aistidine. This site has
special criteria that make it functionally different from the other 2 sites (Gly &
X).
The criteria of the site (Y) include:-
e It is the only polar site (hydrophilic) Ze. loving water as the amino acids that
may occupy this site are polar amino acids (lysine, Arginine, or histidine).

e This is the only site that is positively charged as the amino acids that may

occupy this site are all positively charged.
e This is the site of the cross-linking of collagen via lysyl oxidase enzyme
(LOX) between the 2 nearby (Y) sites as in Figure 3.

The process of the cross-linking of the collagen is extremely important in the
stabilizing of the collagen. This is because it connects the 3 collagen threads into
one collagen molecule ie. the triple helix in Figure 2.

The cross-linking only occurs at the (Y) site and it needs a very important en-
zyme called lysyl oxidase enzyme ie. LOX [28]. This enzyme needs copper
(Cu,,) as a co-factor.

On the other hand, the other 2 sites namely (Gly & X) are:-

e Non-polar (cannot dissolve in water) because the amino acids that occupy
them are non-polar. Ze. glycine for the site (Gly) and proline or hydroxypro-
line for the site (X) are non-polar.

e Neutrally chargedbecause the amino acids occupying these sites are neutrally

charged.
e There is no cross-linking at these sites (Gly & X).
This discrepancy between site (Y) and sites (Gly & X) leads us to discover the
cause of collagen piezoelectricity (PZE). This occurs at site Y [27]. This could be
explained by the mechanical stress of collagen, it would conform, and because
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the site (Y) is the only site that is both polar and positive, it rotates under the
mechanical stress to be on the convex side of the collagen as in Figure 4. This
created electrical gradient difference (EGD) which can stimulate the fibroblasts
to produce all the components of the dermal layer of the skin including collagen,
elastin, hyaluronic acid that adsorb to water, and the mucopolysaccharides. The
skin appears thick and shiny and the wrinkling disappears. It cannot be stressed
enough that all the above cascades would not occur if the collagen is glycated
and not physiologically functional. This would help us in the reversal of wrin-
kling later.

To complete the full-blown picture of the collagen molecule, the cross-section
of the 3 threaded polypeptide chains of collagen together as in (Figure 5) shows
the following point:-

e Glycineis always central because it is the smallest amino acid.

e Proline or hydroxy-proline has a ring to support the triple helix

e Lysine is peripheral and it is the only amino acid that is both positively
charged and polar (loving water)

Therefore, the collagen molecule is studied longitudinally (Figure 2), at the
cross-section of one thread (Figure 3), and the cross-section of the 3 threads to-
gether ie. one molecule (Figure 5). This novel study of the collagen structure at
both longitudinal and transverse levels could help us in a better understanding

of the collagen molecule mechanics at the molecular level. This also may help us

00) 3t o sutute Wworrds the
cunvzt stda of colkigan

\ Lusine

Figure 4. It shows the effect of the mechanical stress on the collagen molecule. The (Y) site which is
only the polar and positively charged site is shifted towards the convex side of the collagen. This is
the explanation of the piezoelectricity (PZE) of the collagen. This means that the collagen would
show an electrical gradient difference (EGD) on its either side on the application of the mechanical
stress. This (EGD) can stimulate the fibroblasts to remodel the skin and prevent its wrinkling. This
only happens if the collagen is physiologically functional and not glycated (27).
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The arrangement of the triple helix collagen shows (Gly, X, Y).
(Gly) is always glycine, (X) is either proline or hydroxy-proline

(Y) is either lysine or rarely arginine or very rare to be histidine,

Figure 5. A cut-section of one collagen molecule (the triple helix). The (gly) ie Glycine
site is the smallest amino acid and it is always inside. The site (X) which is either proline
or hydroxy-proline has a ring to support the structure. The site (Y) is always in the
periphery to allow bending in the collagen (27)

in the reversal of the aging process of the skin. Z.e. skin wrinklings.

4. The Hidden Relation between the Metabolic (X)
Syndrome & Glycation

Metabloc (X) syndrome is a wide variety of conditions that are associated with
sub-clinical inflammation of many tissues of the body leading to their perma-
nent damage. The metabolic syndrome occurs in the process of the conversion
of food to energy. In other words, this syndrome is mainly due to dysfunction of
the mitochondria (the powerhouses of the cell). This condition is considered the
root cause of most if not all degenerative diseases in the elderly which include
obesity, diabetes Mellitus type 2 (DM II), insulin resistance, hyperinsulinemia,
osteoporosis, osteoarthritis, coronary artery diseases, Alzheimer’s, autoimmuni-
ty, and even some cancers. This is why recent studies considered Alzheimer's as
3" type of diabetes mellitus (DM III) [29]. Also, all recent studies considered
cancer as a metabolic disease [30]. As metabolic syndrome is considered the root
cause of all degenerative diseases in the elderly, it has a profound effect on skin

wrinkling which is considered the hallmark of the aging process [31].

4.1. The Role of Visceral Fat in the Metabolic Syndrome

It is well-known that obesity is blamed for the acceleration of the aging process
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in the elderly. This may not be very accurate because some obese patients may be
healthy and they may not suffer from metabolic syndrome in the future [32].
Obesity can be calculated by body mass index (BMI) which takes into considera-
tion both body weight and length. Simply it can be divided into:-

e 18% or less is underweight

e 18% - 24.9% is normal

® 25% - 29.9% is overweight

® 30% - 34.9% is obese

e 35% or more is morbid obesity.

The higher the percentage, the more the liability of the metabolic syndrome
[33]. The fat in the human body does not have the same metabolic effect. The
subcutaneous fat is metabolically inert. The visceral fat, on the other hand, is
metabolically active and secretes many inflammatory cytokines that are respon-
sible for the metabolic syndrome. The visceral fat, as in Figure 6, is deposited
mainly in the liver, pancreas, wall of the intestine, and the mentum [34] [35].
This means that it is concentrated mainly inside the abdomen. Thus, visceral fat
is usually associated with an increase in the circumference of the abdomen at the
umbilicus. Normally, it is 80 cm in women and 85 cm in men. More than that,

visceral fat is predicted [36]. The visceral fat can be only seen by C.T. scan [37].

4.2. The Role of Mitochondrial Dysfunction in the Metabolic
Syndrome

The mitochondria are the powerhouse of the cells. They are responsible for the
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Figure 6. The mechanism of obesity and/or visceral fat in the induction of the aging
process. One hallmark sign of aging is the wrinkling of the skin which is initiated by
pro-inflammatory cytokines that initiate chronic and subclincal inflammation of the
affected tissues. This is the main cause of the glycation of collagen by the effect of the
advanced glycation end-products (AGEs). The most common inflammatory cytokines
that are released from the visceral fat are; Tumour necrosis factors (TNFs), Interleukins
(ILs), Intercellular adhesion molecules (ICAM), inhibitors of apoptosis (IAP), and
cyclo-oxygenase 2 (27).
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conversion of food into energy for the production of ATPs that are necessary for
every activity of the human body [38]. The inner membrane of mitochondria is
damaged as a result of the accumulation of oxidative stress in the form of reac-
tive oxidative species (ROS) which are simply free radicals. ROS are considered
the most common cause of tissue damage with subsequent downregulation of
protein synthesis including insulin receptors on the cell membrane of the fi-
broblasts. This could be done via the Voltage-Dependent Anion Channels
(VDACQ) on the mitochondria as in (Figure 7). These materials are very active
and try to damage the affected tissue by receiving electrons from the nearby
structure [39]. The free radicals could be neutralized by anti-oxidants that pre-
vent them from damaging the tissues [40] [41]. This is very important for us to
get benefits from this phenomenon to reduce or minimize the aging process in
general and skin wrinkling in particular. Recent studies show that the whole ag-
ing process may be only caused by mitochondrial dysfunction in the elderly. Re-
fined sugar is blamed as an important risk factor for damaging the inner mem-

brane of the mitochondria with subsequent mitochondrial dysfunction [42].

4.3. Hossam Retrograde Mitochondrial-Nuclear Axis

There is a new theory of cross-talk between the mitochondria and the nucleus.
There are 2000 types of protein in the mitochondria only 13 of them are tran-
scripted in the mitochondria. The remaining are transcripted in the nucleus.
This suggests a continuous cross-talk between the mitochondria and the nucleus.

In the case of the aging process, the cross-talk is reduced or even stopped with

e The cell membrane Insulin receptor

nud@a%r@cep&‘@raxis
VDAC-Nuclear axis @

Mitochondria The fibroblast

Figure 7. The effect of hyper-insulinemia in the down-regulation of insulin receptors of
the fibroblasts with the subsequent insulin resistance. The mechanism could be explained
through the communication between the Voltage-Dependent Anion channels (VDAC)
and the nucleus. This mechanism is explained via the Hossam retrograde mitochondrial
axis. The preservation of the cross-talk between the mitochondria and nucleus is the main
preventive mechanism of the aging process (27).
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the subsequent development of the metabolic (X) syndrome [43]. The process is
initiated in the mitochondria and not in the nucleus because all the process of
metabolism which is the conversion of food into energy occurs in the mito-
chondria. The mitochondria have 2 membranes, the outer is permeable and the
inner is impermeable to control what exactly needs to enter and exit from the
mitochondria [43]. The dysfunction of the mitochondria occurs in the inner
membrane. There are different ports on the inner membrane of the mitochon-
dria which are; the mitochondrial calcium uniport (MCU), carnitine shuttle, and
pyruvate-dehydrogenase enzyme. The (MCU) is the port that allows calcium to
enter the mitochondria. The accumulation of calcium inside the mitochondria
causes their damage. Therefore, the blockage of this port could activate the mito-
chondria again. The best material that blocks that port is Taurine amino acids.
Therefore, Taurine supplementation is cytoprotective via protection of the mito-
chondria through this mechanism [44]. On the other hand, the Carnitine shuttle is
responsible for the burning of fat. Thus, the carbohydrate-burning machinery
would be saved because the energy could be obtained through the fat-burning ma-
chinery that does not cause damage to the mitochondria [45]. Lysine amino acid is
essential for the building of the carnitine shuttle [46]. Lastly, the pyruvate-dehy-
drogenase enzyme is essential for lowering blood sugar by enhancing its utilization
by the mitochondria. This could be enhanced by supplementation of Alpha-lipoic
acid [47]. To sum up the above point, the supplementation of Taurine, Lysine
amino acid, and Alpha lipoic acid would protect the inner membrane of the mito-
chondria and prevent their dysfunction with subsequent restoration of the
cross-talk between the mitochondria and the nucleus. This is put into considera-

tion in our strategy for the prevention of the aging process and skin wrinkling.

5. Discussion

To stop or at least slow down the skin wrinkling process, the exact pathological
process of its occurrence must be known and every effort must be made to find
all the possible ways of the reversal of the pathological process. The steps that are
followed in this paper are as follows:-
¢ Studying the layers of the skin at the molecular level
e Studying the biomechanical and structural aspects of collagen at the longitu-
dinal and cross-sectional levels.
e Studying the effect of the metabolic (X) syndrome on the glycation of colla-
gen and mitochondria and making them dysfunctional.
The process of the prevention of wrinkling needs to be done at the root causes
which has the following targets; maintaining the collagen function and if it is
possible to improve it in quality and quantity, repairing the dysfunction of the

mitochondria, with every possible trial to get rid of metabolic (X) syndrome.

5.1. Supplementation of Certain Amino Acids

Studying collagen shows it is a protein structure that is formed of amino acids

DOI: 10.4236/jcdsa.2024.141004

58 J. Cosmetics, Dermatological Sciences and Applications


https://doi.org/10.4236/jcdsa.2024.141004

D. Alsaadoun

connected via peptide bonds. It is known that there are 20 amino acids in the
human body that form the building blocks for the manufacture of all the pro-
teins in the human body. Only 6 amino acids are highly needed in the manufac-
ture of collagen as will be explained now. The cross-section (in Figure 3) shows
that there are 3 sites at which the amino acids are situated (Gly, X, Y). This means
that the manufacture of collagen needs the following amino acids; glycine at site
Gly, proline or hydroxyproline at site X, Lysine, Arginine, or histidine at site Y.
These 6 amino acids are the most important building blocks of the collagen.

Not all the above 6 amino acids are of the same importance. This is because
Glycine, proline, and hydroxy-proline are non-essential amino acids which
means that if they are deficient in food, the body can manufacture them. Thus,
there is no deficiency of these amino acids at the sites (Gly & X).

Regarding site (Y), Lysine and histidine amino acids are essential which
means that the body cannot manufacture them and their deficiency in food
causes the body to suffer. Arginine, on the other hand, is considered a
semi-essential amino acid which means that the body can partially manufacture
it. It could be concluded that the Lysine and histidine amino acids are the most
important amino acid building blocks for the manufacture of collagen. Since his-
tidine is very rarely needed, Lysine amino acid is by far the most important
amino acid in collagen synthesis [48]. Also, lysine acts as the site of the lysyl
oxidase enzyme (LOX) which is the most important enzyme in the cross-linking
of collagen and making it strong [49]. Lastly, the Lysine amino acid is very im-
portant in the manufacture of carnitine which is essential for the integrity of the
mitochondria [50]. As said earlier, mitochondrial dysfunction is one of the most
important factors for the exaggeration of metabolic syndrome. Therefore, Lysine
supplementation would help the collagen directly as it is one building block
amino acid and indirectly via the manufacture of carnitine that lessens the effect

of metabolic syndrome.

5.2. Supplementation of Certain Anti-Oxidants

Antioxidants are substances that can neutralize free radicals 7 e. Reactive Oxygen
Species (ROS). As said earlier, damage to mitochondria or their dysfunction
could be the most important factor in the metabolic syndrome with subsequent
exaggeration of the aging process. Therefore, the supplementation of these an-
ti-oxidants may play an important role in the prevention of the tissue damage
associated with dysfunctional mitochondria. The most important antioxidants
that could be used for tissue rejuvenation are:-

e N. Acetylcysteine (NAC) is considered the strongest antioxidant because it

can be converted to glutathione (GHS). This can perfectly remove all the free
radicals from the body and detoxify them [51].
e Alpha-lipoic acid (ALA) is considered a universal antioxidant because it can

work on both aqueous and fatty media. It also can stimulate pyruvate dehy-

drogenase enzyme a very important mitochondrial protein for carbohydrate
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metabolism. Thus, it helps in reducing blood sugar, insulin resistance, and
metabolic syndrome in general. Moreover, it can replenish all the remaining
antioxidants like vitamin C, and vitamin E [52].

e Taurine is not a true amino acid because it has no codon to be incorporated
in protein synthesis. It has a strong antioxidant property in the neutralizing
the free radicals. It has a special characteristic in blocking mitochondrial cal-
cium uniport (MCU). This has a very strong protective effect on the mito-
chondria. Thus, it has a very beneficial effect on the metabolic syndrome and

aging process in general [53] [54].

5.3. Supplementation of Methylating Agent(s)

The methylating agents are the supplements that could supply the already dam-
aged tissue by adding a methy/ group (CH3). This is why this group of supple-
ments is called methyl donors. As said earlier, free radicals are very active sub-
stances that try to steal electrons from the tissues leading to their damage. Me-
thylaing agents (methyl donors) could repair the damaged part especially if the
damaged part was in the DNA [55]. Moreover, the methyl donors could prevent
the hazardous effect of a very dangerous by-product called homocysteine. This is
an intermediate metabolite of methionine amino acid because it accelerates the
aging process by blocking the action of glutathione (GHS). Thus, the mechanism
of action of the methylating agents on Homocysteine is to convert it into func-
tional other products like methionine or cysteine and both are natural amino
acids [56] [57]. The most common methylating agents are:-

e Methyl sulphonyl methane (MSM)

e S. Adenosyl Methionine (SAMe)

¢ Trimethylglycine (TMG)

e Choline

¢ Folic acid (one member of the vitamin B complex).

5.3.1. Vitamin Deficiency Related to the Aging Process

e Vitamin D deficiency is very common, especially in the northern atmosphere

above the 37 parallel due to reduced sun. This is because ultraviolet B
(UVR-B) could convert the cholesterol under the skin into vitamin D pre-
cursor that could be activated later in the liver and kidney. Vitamin D has a
very important role in controlling the T. regulatory cells of the immune sys-
tem [58]. This type of cells from their name regulate the immune system and
prevent continuous subclinical inflammation that may exaggerate the aging
process. Recent studies show that vitamin D by itself has an anti-aging effect
on the skin [59], [60].

e Vitamin K2 (menaquinone) is always associated with vitamin D because it

acts as an accessory for vitamin D. This is because vitamin D causes the ab-
sorption of calcium and vitamin K2 redirects the calcium from soft tissues
into the bone and teeth. Thus, there is always a synergism between vitamin D
and vitamin K2 [61].
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e Vitamin C is considered the backbone of all anti-oxidants. This product is
mainly of plant origin especially citrus and green leafy vegetable. Other than
the anti-oxidant effect, vitamin C has a fundamental role in the conversion of
proline to hydroxy-proline in the site (X) of collagen synthesis as Figure 8.
Therefore, vitamin C has a very essential role in collagen synthesis [62]. It is
well known that vitamin C deficiency causes scurvy which is the disease of
soft tissues. Moreover, it has an antiaging property by neutralization of free
radicals [63] [64].

5.3.2. Mineral Deficiency Related to the Aging Process

e Zinc (Zn) is by far one of the most important minerals to the vitality of the
skin [65]. Zinc is needed in the proper folding of collagen and it also stimu-
lates the fibroblasts to secret more collagen [66]. Zinc also has a fundamental
role in the regulation of nitric oxide synthase enzyme (NOS). This enzyme is
essential in the production of nitric oxide (NO) which has a stimulatory ef-
fect on the mitochondria for energy production [67]. As in Figure 9, zinc
connects 2 subunits of nitric oxide synthase (NOS). It can fix the oxygen
atom (O) into the nitrogen atom (N) that is generated from the Arginine
amino acid. Thus, nitric oxide (NO) is produced Figure 9.

e Copper (Cu) has an antiaging property in lengthening the telomere which is
the terminal end of the chromosomes [68]. The longer the telomere, the
more the probability of a longer age of a person [69]. Another very important
function of copper, as explained in Figure 3, is that Lysyl Oxidase Enzyme
(LOX) uses copper as a co-factor for cross-linking of collagen [70]. The

cross-linking is very important for the strengthening of the collagen.

G Ascorbic acid
§ & Ascorbogene
3 c‘* og

Hydroxy-Proline

The role of vitamin C in the hydroxylation of proline to form hydroxy-proline.

Figure 8. The effect of vitamin C in hydroxylation of proline. This occurs at the (X) site.
This process needs an important enzyme called /ysyl hydroxylase enzyme and iron as a
co-factor. Thus, vitamin C is very essential in the integrity and function of collagen and
its deficiency causes scurvy. This also shows the 4 main components of the vitamin C
complex which are tyrosinase, KPJ, Ascorbogene, and ascorbic acid (27).
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Figure 9. The role of Zinc in the combination of 2 sub-units of 2 nitric oxide synthase
(Nos) to form a nitric oxide (NO). The exact mechanism of zinc is to fix oxygen (O2) into
the nitrogen (N2) from arginine amino acid to form a nitric oxide (NO). This substance is
very important in the healing mechanism because it has a powerful vaso-dilator effect
that enhances the blood supply to the skin and removes the free radicals. Thus, skin
wrinkling would not occur. Moreover, it has a stimulatory effect on the mitochondria to
perform their proper function (43).

6. Conclusion

Wrinkling of the skin is considered the hallmark feature of the aging process,
especially in the elderly. Many studies were executed to fight or at least slow
down the process. Many pharmaceutical companies use multi-billion dollar
industries in the form of either cosmetics and/or collagen ingestion claiming
that would have a beneficial effect on reducing skin wrinkling. This article goes
in a different direction to search for the root cause of skin wrinkling with every
possible trial to stop or even reverse the exact pathological process. This was
accomplished by studying the layers of the skin at the molecular level. The skin
is formed from 3 main layers namely epidermis, dermis, and hypodermis. The
epidermis is the most superficial layer and forms about 7% - 8% of the skin
thickness. It is formed mainly of keratinocytes. The deepest layer is the hypo-
dermis which is also thin and is about 7% - 8% of the skin mass. It is formed
mainly of a fatty layer that carries the blood, nerve, and lymphatic supply of the
skin. Both epidermis and hypodermis have little or no essential role in the
process of skin wrinkling. On the other hand, the dermis has the most impor-
tant role in the formation of the skin wrinkling. Thus, the dermal layer and its
components are studied in full and minute detail. The dermis forms about 85%
of the skin thickness. The dermis is formed of collagen fibers, elastin fibers,
hyaluronic acid, fibroblasts, and some mucopolysaccharides. Collagen forms
the main component of the dermal layer which may reach up to 50% of dermal

mass. There is a deep and complex relationship between collagen and the other
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dermal components. The physiologically active collagen is needed for optimal
integrity and function of other dermal components. Therefore, this review
deeply studied collagen at the structural and molecular levels. Moreover, it
shows its hidden role in the aggravation of skin wrinkling if the collagen loses
its physiological function. Therefore, collagen is studied at the biomechanical
aspect of view at the Jongitudinal and cross-sectional levels. The longitudinal
structure of the collagen shows the terminal part of the collagen which is a
non-folded part and it is called telo-protein. This is the site of the glycation of
the collagen. The remaining collagen molecule is a folded area i.e. the triple he-
lix which is part that the collagen molecule can perform its function. The lon-
gitudinal section also shows the zero holes and zero channels of the collagen fi-
bers which have a fundamental function in the integrity of the collagen. The
study of the collagen at the transverse section shows the amino acid orientation
at the (Gly, X, Y). This shows amino acids that form the building blocks of the
collagen. These amino acids namely; (Gly) which is always referred to as gly-
cine, and (X) is referred to as proline or hydroxy-proline. Site (Y) is either Ly-
sine or to a lesser extent arginine and very rare to be histidine. This is very im-
portant in the protocol of the amino acids supplementation. The studying the
effect of the metabolic X-syndrome on the glycation of collagen and making it
dysfunctional. It is believed that this paper would open a new path for the pre-
vention of skin wrinkling and also would help the researcher to dig deeper for
the root cause of the disease instead of dealing with the superficial symptoms of
the disease process. This is also important because the metabolic (X) syndrome
could affect most of the systems of the human body if not all of them. Further-
more, collagen is the most common protein in the human body and constitutes
about 30% of the protein of the whole body system. Linking the commonest
root cause of metabolic diseases with the commonest protein in the body which
is collagen would lead us to more new concepts of the mechanism of action of
the aging process. Subsequently, the management of the aging process is antic-
ipated. Lastly, this review suggests that the aging process in general and skin
wrinkling as a mirror of it Ze. skin wrinkling reflects the exaggeration of the
degenerative changes in the internal organs. Therefore, it put a suggestion of
certain lines of defense against the aging process which include antioxidants
that neutralize the free radicals. Also, the supplementation of certain vitamins
and minerals is necessary to allow the body to recover from the minute and ac-
cumulated aging process. Because collagen is a protein structure, its building
blocks are amino acids. This review studied the amino acids that are essential
for the recovery of collagen. The combination of these supplement antioxi-
dants, essential amino acids, and certain vitamins and minerals would be a new
strategy that contributes to the prevention of skin wrinkling according to the
above molecular study of the skin components. This may be more effective in

the prevention of the early type of skin wrinkling or the condition of premature

aging.

DOI: 10.4236/jcdsa.2024.141004

63 J. Cosmetics, Dermatological Sciences and Applications


https://doi.org/10.4236/jcdsa.2024.141004

D. Alsaadoun

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-

per.

References

(1]

(2]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

Kanwar, A.]. (2018) Skin Barrier Function. Indian Journal of Medical Research,
147, 117-118. https://doi.org/10.4103/0971-5916.232013

Bikle, D.D. (2012) Vitamin D and the Skin: Physiology and Pathophysiology. Re-
views in Endocrine and Metabolic Disorders, 13, 3-19.
https://doi.org/10.1007/s11154-011-9194-0

Romanovsky, A.A. (2014) Skin Temperature: Its Role in Thermoregulation. Acta
Physiologica, 210, 498-507. https://doi.org/10.1111/apha.12231

Kligman, A.M. (2002) What Is the ‘true’ Function of Skin? Experimental Derma-
tology; 11, 159-187.

Gondal, B. and Aronsohn, A. (2016) A Systematic Approach to Patients with Jaun-
dice. Seminars in Interventional Radiology, 33, 253-258.
https://doi.org/10.1055/s-0036-1592331

Choi, F.D., Sung, C.T., Juhasz, M.L. and Mesinkovsk, N.A. (2019) Oral Collagen
Supplementation: A Systematic Review of Dermatological Applications. Journal of
Drugs in Dermatology, 18, 9-16.

Al-Atif, H. (2022) Collagen Supplements for Aging and Wrinkles: A Paradigm Shift

in the Fields of Dermatology and Cosmetics. Dermatology Practical & Conceptual,
12, €2022018. https://doi.org/10.5826/dpc.1201a18

Zheng, W., Li, H.]J., et al (2022) Research Advances on the Damage Mechanism of
Skin Glycation and Related Inhibitors. Nutrients, 14, Article 4588.
https://doi.org/10.3390/nu14214588

Song, F. and Schmidt, A.M. (2012) Glycation & Insulin Resistance: Novel Mechan-
isms and Unique Targets? Arteriosclerosis, Thrombosis, and Vascular Biology, 32,
1760-1765. https://doi.org/10.1161/ATVBAHA.111.241877

Huffman, D.M. and Barzilai, N. (2009) Role of Visceral Adipose Tissue in Aging.
Biochimica et Biophysica Acta (BBA)- General Subjects, 1790, 1117-1123.
https://doi.org/10.1016/j.bbagen.2009.01.008

Kakasheva-Mazhenkovska, L., Milenkova, L., Kostovska, N. and Gjokik, G. (2011)
Histomorphometrical Characteristics of Human Skin from Capillitium in Subjects
of Different Age. Prilozi, 32,105-118.

Meigel, W.N., Gay, S. and Weber, L. (1977) Dermal Architecture and Collagen Type
Distribution. Archives of Dermatological Research, 259, 1-10.
https://doi.org/10.1007/BF00562732

Nguyen, H.P. and Katta, R. (2015) Sugar Sag: Glycation and the Role of Diet in Ag-
ing Skin. Skin Therapy Letter, 20, 1-5.

Bera, S., Guerin, S., et al. (2021) Molecular Engineering of Piezoelectricity in Colla-
gen-Mimicking Peptide Assemblies. Nature Communications, 12, Article No. 2634.
https://doi.org/10.1038/s41467-021-22895-6

Bravo, B., Correia, P., Junior, J.E.G., Sant’Anna, B. and Kerob, D. (2022) Benefits of
Topical Hyaluronic Acid for Skin Quality and Signs of Skin Aging: From Literature
Review to Clinical Evidence. Dermatologic Therapy, 35, Article e15903.
https://doi.org/10.1111/dth.15903

DOI: 10.4236/jcdsa.2024.141004

64 J. Cosmetics, Dermatological Sciences and Applications


https://doi.org/10.4236/jcdsa.2024.141004
https://doi.org/10.4103/0971-5916.232013
https://doi.org/10.1007/s11154-011-9194-0
https://doi.org/10.1111/apha.12231
https://doi.org/10.1055/s-0036-1592331
https://doi.org/10.5826/dpc.1201a18
https://doi.org/10.3390/nu14214588
https://doi.org/10.1161/ATVBAHA.111.241877
https://doi.org/10.1016/j.bbagen.2009.01.008
https://doi.org/10.1007/BF00562732
https://doi.org/10.1038/s41467-021-22895-6
https://doi.org/10.1111/dth.15903

D. Alsaadoun

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

Veronese, S., Picelli, A., Smania, N. and Sbarbati, A. (2021) Hypodermis Involve-
ment in Skin Disorders: Imaging and Functional Imaging Diagnostic Tools. Skin
Research and Technology, 27, 641-643. https://doi.org/10.1111/srt.12990

Baumann, L., ef al (2021) Clinical Relevance of Elastin in the Structure and Func-
tion of Skin. Aesthetic Surgery Journal Open Forum, 3, Article 0jab019.
https://doi.org/10.1093/asjof/0jab019

Papakonstantinou, E., Roth, M. and Karakiulakis, G. (2012) Hyaluronic Acid: A Key
Molecule in Skin Aging. Dermato- Endocrinology, 4, 253-258.
https://doi.org/10.4161/derm.21923

Jegasothy, S. M., Zabolotniaia, V. and Bielfeldt, S. (2014) Efficacy of a New Topical
Nano-Hyaluronic Acid in Humans. Journal of Clinical and Aesthetic Dermatology;
7,27-29.

Kisiel, M.A. and Klar, A.S. (2019) Isolation and Culture of Human Dermal Fibrob-
lasts. In: Bottcher-Haberzeth, S. and Biedermann, T., Eds., Skin Tissue Engineering.

Methods in Molecular Biology, Vol. 1993, Humana, New York, 71-78.
https://doi.org/10.1007/978-1-4939-9473-1_6

Shoulders, M.D. and Raines, R.T. (2009) Collagen Structure and Stability. Annual
Review of Biochemistry, 78, 929-958.
https://doi.org/10.1146/annurev.biochem.77.032207.120833

Fields, G.B. (1995) The Collagen Triple-Helix: Correlation of Conformation with
Biological Activities. Connective Tissue Research, 31, 235-243.
https://doi.org/10.3109/03008209509010815

Naomi, R., Ridzuan, P.M. and Bahari, H. (2021) Current Insights into Collagen
Type 1. Polymers, 13, Article 2642.
https://doi.org/10.3390/polym13162642

Paul, R.G. and Bailey, A.]. (1996) Glycation of Collagen: The Basis of Its Central
Role in the Late Complications of Ageing and Diabetes. The International Journal
of Biochemistry & Cell Biology, 28, 1297-1310.

Ahn, A.C. and Grodzinsky, A.]J. (2010) Relevance of Collagen Piezoelectricity to
“Wolff's Law”: A Critical Review. Medical Engineering & Physics, 31, 733-741.
https://doi.org/10.1016/j.medengphy.2009.02.006

Mohamed, H. and Almansour, H. (2021) Hossam Osteonic Circulation (HOC) De-
ciphers the Root Causes of Osteoporosis & Reveals the Hidden Secrets of the Physi-
ological Lines of Its Treatment: US Patent Review. Frontiers, 1, 89-99.

Mohamed, H., Almansour, H., Alsaadoun, D., Almansour, M., Almansour, Y., Sa-
my, Y. and Alnassera, S. (2022) Hossam (Y) Site Theory of Collagen Type I De-
crypts the Origin of Metabolic Syndrome (X) in the Elderly with a Suggested Con-
jecture of Cure: Granted US Patent Review. Frontiers, 2, 22-33.

Herchenhan, A., et al (2015) Lysyl Oxidase Activity Is Required for Ordered Colla-
gen Fibrillogenesis by Tendon Cells. Journal of Biological Chemistry, 290,
16440-16450. https://doi.org/10.1074/jbc.M115.641670

Nguyen, T.T., Ta, Q.T.H., Nguyen, T.K.O., Nguyen, T.T.D. and Van Giau, V. (2020)
Type 3 Diabetes and Its Role Implications in Alzheimer’s Disease. International
Journal of Molecular Sciences, 21, Article 3165.
https://doi.org/10.3390/ijms21093165

Seyfried, T.N., Flores, R.E., Poff, A.M. and D’Agostino, D.P. (2014) Cancer as a
Metabolic Disease: Implications for Novel Therapeutics. Carcinogenesis, 35,
515-527. https://doi.org/10.1093/carcin/bgt480

DOI: 10.4236/jcdsa.2024.141004

65 J. Cosmetics, Dermatological Sciences and Applications


https://doi.org/10.4236/jcdsa.2024.141004
https://doi.org/10.1111/srt.12990
https://doi.org/10.1093/asjof/ojab019
https://doi.org/10.4161/derm.21923
https://doi.org/10.1007/978-1-4939-9473-1_6
https://doi.org/10.1146/annurev.biochem.77.032207.120833
https://doi.org/10.3109/03008209509010815
https://doi.org/10.3390/polym13162642
https://doi.org/10.1016/j.medengphy.2009.02.006
https://doi.org/10.1074/jbc.M115.641670
https://doi.org/10.3390/ijms21093165
https://doi.org/10.1093/carcin/bgt480

D. Alsaadoun

(31]

(32]
(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

(44]

[45]

[46]

(47]

Hu, Y., Zhu, Y., Chen, M., Bartke, A. and Yuan, R. (2019) Metabolic Syndrome and
Skin Diseases. Frontiers in Endocrinology, 10, Article 788.
https://doi.org/10.3389/fend0.2019.00788

Fung, J. (2016) Summary of the Obesity Code. iDreambooks Inc., San Francisco, 84.

Zierle-Ghosh, A. and Jan, A. (2023) Physiology, Body Mass Index. StatPearls Pub-
lishing, Treasure Island (FL).

Paley, C.A. and Johnson, M.I. (2018) Abdominal Obesity and Metabolic Syndrome:
Exercise as Medicine? BMC Sports Science, Medicine and Rehabilitation, 10, Article
No. 7. https://doi.org/10.1186/s13102-018-0097-1

Chait, A. and Den Hartigh, L.]. (2020) Adipose Tissue Distribution, Inflammation
and Its Metabolic Consequences, Including Diabetes and Cardiovascular Disease.
Frontiers in Cardiovascular Medicine, 7, Article 22.
https://doi.org/10.3389/fcvm.2020.00022

Flegal, K.M. (2007) Waist Circumference of Healthy Men and Women in the Unit-
ed States. International Journal of Obesity, 31, 1134-1139.
https://doi.org/10.1038/sj.ij0.0803566

Baggerman, ML.R., et al. (2022) Computed Tomography Reference Values for Vis-
ceral Obesity and Increased Metabolic Risk in a Caucasian Cohort. Clinical Nutri-
tion ESPEN, 48, 408-413. https://doi.org/10.1016/j.clnesp.2022.01.009

Brand, M.D., Orr, A.L., Perevoshchikova, 1.V. and Quinlan, C.L. (2013) The Role of
Mitochondrial Function and Cellular Bioenergetics in Ageing and Disease. British
Journal of Dermatology, 169, 1-8. https://doi.org/10.1111/bjd.12208

Srivastava, S. (2017) The Mitochondrial Basis of Aging and Age-Related Disorders.
Genes, 8, Article 398. https://doi.org/10.3390/genes8120398

Lobo, V., Patil, A., Phatak, A. and Chandra, N. (2010) Free Radicals, Antioxidants
and Functional Foods: Impact on Human Health. Pharmacognosy Reviews, 4,
118-126. https://doi.org/10.4103/0973-7847.70902

Montgomery, M.K. and Turner, N. (2015) Mitochondrial Dysfunction and Insulin
Resistance: An Update. Endocrine Connections, 4, R1-R15.
https://doi.org/10.1530/EC-14-0092

Kemppainen, E., George, J., Garipler, G., Tuomela, T., Kiviranta, E., et al (2016)
Mitochondrial Dysfunction Plus High-Sugar Diet Provokes a Metabolic Crisis that
Inhibits Growth. PLOS ONE, 11, €0145836.
https://doi.org/10.1371/journal.pone.0145836

Mohamed, H., Almansour, H., Alsaadoun, D., Almansour, M., Samy, S. and Al-
mansour, Y. (2022) Hossam Retrograde Mitochondrial-Nuclear Axis Is the Hidden
Secret for Rejuvenation: Granted US Patents Review. Frontiers, 2, 34-45.

Nemani, N., et al (2020) Mitochondrial Pyruvate and Fatty Acid Flux Modulate
MICUI-Dependent Control of MCU Activity. Science Signaling, 13, Article
eaaz6206. https://doi.org/10.1126/scisignal.aaz6206

Flanagan, J.L., Simmons, P.A., Vehige, J., et al (2010) Role of Carnitine in Disease.
Nutrition & Metabolism, 7, Article No. 30. https://doi.org/10.1186/1743-7075-7-30

Longo, N., Frigeni, M., Pasquali, M., et al (2016) Carnitine Transport and Fatty
Acid Oxidation. Biochimica et Biophysica Acta, 1863, 2422-2435.
https://doi.org/10.1016/j.bbamcr.2016.01.023

Cronan, J.E. (2020) Progress in the Enzymology of the Mitochondrial Diseases of
Lipoic Acid Requiring Enzymes. Frontiers in Genetics, 11, Article 510.
https://doi.org/10.3389/fgene.2020.00510

DOI: 10.4236/jcdsa.2024.141004

66 J. Cosmetics, Dermatological Sciences and Applications


https://doi.org/10.4236/jcdsa.2024.141004
https://doi.org/10.3389/fendo.2019.00788
https://doi.org/10.1186/s13102-018-0097-1
https://doi.org/10.3389/fcvm.2020.00022
https://doi.org/10.1038/sj.ijo.0803566
https://doi.org/10.1016/j.clnesp.2022.01.009
https://doi.org/10.1111/bjd.12208
https://doi.org/10.3390/genes8120398
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.1530/EC-14-0092
https://doi.org/10.1371/journal.pone.0145836
https://doi.org/10.1126/scisignal.aaz6206
https://doi.org/10.1186/1743-7075-7-30
https://doi.org/10.1016/j.bbamcr.2016.01.023
https://doi.org/10.3389/fgene.2020.00510

D. Alsaadoun

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

[56]

(57]

(58]

(59]

(60]

(61]

[62]

(63]

Yamauchi, M. and Sricholpech, M. (2012) Lysine Post-Translational Modifications
of Collagen. Essays in Biochemistry, 52, 113-133.
https://doi.org/10.1042/bse0520113

Kumari, S., Panda, T.K. and Pradhan, T. (2017) Lysyl Oxidase: Its Diversity in
Health and Diseases. Indian Journal of Clinical Biochemistry, 32, 134-141.
https://doi.org/10.1007/s12291-016-0576-7

Khan-Siddiqui, L. and Bamji, M. (1983) Lysine-Carnitine Conversion in Normal
and Undernourished Adult Men-Suggestion of a Nonpeptidyl Pathway. The Amer-
ican Journal of Clinical Nutrition, 37, 93-98. https://doi.org/10.1093/ajcn/37.1.93

Mokhtari, V., Afsharian, P., Shahhoseini, M., Kalantar, S.M. and Moini, A. (2017) A
Review on Various Uses of N-Acetyl Cysteine. Cell Journal, 19, 11-17.

Packer, L., Witt, E.-H. and Jiirgen Tritschler, H. (1995) Alpha-Lipoic Acid as a Bio-
logical Antioxidant. Free Radical Biology and Medicine, 19, 227-250.
https://doi.org/10.1016/0891-5849(95)00017-R

Schaffer, S. and Kim, HW. (2018) Effects and Mechanisms of Taurine as a Thera-
peutic Agent. Biomolecules & Therapeutics, 26, 225-241.
https://doi.org/10.4062/biomolther.2017.251

Jong, C.J., Sandal, P. and Schaffer, S.W. (2021) The Role of Taurine in Mitochon-
dria Health: More than Just an Antioxidant. Molecules, 26, Article 4913.
https://doi.org/10.3390/molecules26164913

Wyatt, M.D. and Pittman, D.L. (2006) Methylating Agents and DNA Repair Res-
ponses: Methylated Bases and Sources of Strand Breaks. Chemical Research in Tox-
icology; 19, 1580-1594. https://doi.org/10.1021/tx060164e

Obeid, R. (2013) The Metabolic Burden of Methyl Donor Deficiency with Focus on
the Betaine Homocysteine Methyltransferase Pathway. Nutrients, 5, 3481-3495.
https://doi.org/10.3390/nu5093481

Mahmoud, A.M. and Ali, M.M. (2019) Methyl Donor Micronutrients that Modify
DNA Methylation and Cancer Outcome. Nutrients, 11, Article 608.
https://doi.org/10.3390/nul1030608

Fisher, S.A., Rahimzadeh, M., Brierley, C., Gration, B., Doree, C., Kimber, C.E., et
al. (2019) The Role of Vitamin D in Increasing Circulating T Regulatory Cell Num-
bers and Modulating T Regulatory Cell Phenotypes in Patients with Inflammatory
Disease or in Healthy Volunteers: A Systematic Review. PLOS ONE, 14, e0222313.
https://doi.org/10.1371/journal.pone.0222313

Bocheval G., Slominski, R.M. and Slominski, A.T. (2021) The Impact of Vitamin D
on Skin Aging. International Journal of Molecular Sciences, 22, Article 9097.
https://doi.org/10.3390/ijms22169097

Dawoud, N.M., Bakry, O.A., Shoeib, M.A. and Ismael, H.N. (2016) Serum Vitamin
D and Facial Aging: Is There a Link? Skin Pharmacology and Physiology, 29, 76-82.
https://doi.org/10.1159/000443839

Van Ballegooijen, A.J., Pilz, S., Tomaschitz, A., Griibler, M.R. and Verheyen, N.
(2017) The Synergistic Interplay between Vitamins D and K for Bone and Cardi-
ovascular Health: A Narrative Review. International Journal of Endocrinology,
2017, Article ID: 7454376. https://doi.org/10.1155/2017/7454376

Pinnell, S.R. (1985) Regulation of Collagen Biosynthesis by Ascorbic Acid: A Re-
view. Yale Journal of Biology and Medicine., 58, 553-559.

Al-Njaimi, F. and Chiang, N.Y. (2017) Topical Vitamin C and the Skin: Mechan-
isms of Action and Clinical Applications. Journal of Clinical and Aesthetic Derma-

DOI: 10.4236/jcdsa.2024.141004

67 J. Cosmetics, Dermatological Sciences and Applications


https://doi.org/10.4236/jcdsa.2024.141004
https://doi.org/10.1042/bse0520113
https://doi.org/10.1007/s12291-016-0576-7
https://doi.org/10.1093/ajcn/37.1.93
https://doi.org/10.1016/0891-5849(95)00017-R
https://doi.org/10.4062/biomolther.2017.251
https://doi.org/10.3390/molecules26164913
https://doi.org/10.1021/tx060164e
https://doi.org/10.3390/nu5093481
https://doi.org/10.3390/nu11030608
https://doi.org/10.1371/journal.pone.0222313
https://doi.org/10.3390/ijms22169097
https://doi.org/10.1159/000443839
https://doi.org/10.1155/2017/7454376

D. Alsaadoun

[64]

(65]

[66]

(67]

(68]

[69]

(70]

tology; 10, 14-17. https://doi.org/10.4103/JCAS.JCAS_93_17

Telang, P.S. (2013) Vitamin C in Dermatology. Indian Dermatology Online Journal,
4, 143-146. https://doi.org/10.4103/2229-5178.110593

Gupta, M., Mahajan, V.K., Mehta, K.S. and Chauhan, P.S. (2014) Zinc Therapy in
Dermatology: A Review. Dermatology Research and Practice, 2014, Article ID:
709152. https://doi.org/10.1155/2014/709152

Tengrup, I., Ahonen, J. and Zederfeldt, B. (1981) Influence of Zinc on Synthesis and
the Accumulation of Collagen in Early Granulation Tissue. Surgery, Gynecology &
Obstetrics, 152, 323-326.

Cortese-Krott, M.M., Kulakov, L., Opldnder, C., Kolb-Bachofen, V., Kréncke, K.-D.
and Suschek, C.V. (2014) Zinc Regulates iNOS-Derived Nitric Oxide Formation in
Endothelial Cells. Redox Biology, 2, 945-954.
https://doi.org/10.1016/j.redox.2014.06.011

Lin, Z, Gao, H., Wang, B. and Wang, Y. (2018) Dietary Copper Intake and Its Asso-
ciation with Telomere Length: A Population Based Study. Frontiers in Endocrinol-
ogy, 9, Article 404. https://doi.org/10.3389/fendo.2018.00404

Srinivas, N., Rachakonda, S. and Kumar, R. (2020) Telomeres and Telomere Length:
A General Overview. Cancers, 12, Article 558.
https://doi.org/10.3390/cancers12030558

Rucker, R.B., Kosonen, T., Clegg, M.S., Mitchell, A.E., Rucker, B.R., Uriu-Hare, J.Y.
and Keen, C.L. (1998) Copper, Lysyl Oxidase, and Extracellular Matrix Protein
Cross-Linking. The American Journal of Clinical Nutrition, 67, 996S-1002S.
https://doi.org/10.1093/ajcn/67.5.996S

DOI: 10.4236/jcdsa.2024.141004

68 J. Cosmetics, Dermatological Sciences and Applications


https://doi.org/10.4236/jcdsa.2024.141004
https://doi.org/10.4103/JCAS.JCAS_93_17
https://doi.org/10.4103/2229-5178.110593
https://doi.org/10.1155/2014/709152
https://doi.org/10.1016/j.redox.2014.06.011
https://doi.org/10.3389/fendo.2018.00404
https://doi.org/10.3390/cancers12030558
https://doi.org/10.1093/ajcn/67.5.996S

	Deciphering the Hidden Secrets between the Early Skin Wrinkling & the Metabolic (X) Syndrome with the Possible Reversal of This Process at the Molecular Level
	Abstract
	Keywords
	1. Introduction
	2. The Structural Component of the Skin
	2.1. The 3 Main Layers of the Skin Namely: The Epidermis, Dermis, and Hypodermis
	2.2. The Biomechanical Machinery of the (Dermis) in the Prevention of the Skin Wrinkling

	3. The Molecular Structure of Dermal Collagen
	3.1. The Assembly of Collagen Molecules into Collagen Fiber
	3.2. The Piezoelectric (PZE) Property of Collagen
	3.3. The Orientation of the Amino Acids Sequence at the Cut-Section of Collagen
	3.4. The Piezoelectricity of the Collagen Occurs at the Hossam (Y) Site of Collagen

	4. The Hidden Relation between the Metabolic (X) Syndrome & Glycation
	4.1. The Role of Visceral Fat in the Metabolic Syndrome
	4.2. The Role of Mitochondrial Dysfunction in the Metabolic Syndrome
	4.3. Hossam Retrograde Mitochondrial-Nuclear Axis

	5. Discussion
	5.1. Supplementation of Certain Amino Acids
	5.2. Supplementation of Certain Anti-Oxidants
	5.3. Supplementation of Methylating Agent(s)
	5.3.1. Vitamin Deficiency Related to the Aging Process
	5.3.2. Mineral Deficiency Related to the Aging Process


	6. Conclusion
	Conflicts of Interest
	References

