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Abstract:

Insect pests, weeds, and plant diseases have plagued farmers ever since they first began cultivating
land. The main aim of the study is Some Metal Complexes With 2,6-Bis(((1-Octyl-1h-1,2,3-Triazol-4-
Y1) Methoxy) Methyl) Pyridine. The chemicals that were used in this research were of the highest
possible purity, and they were purchased from American companies such as BDH, Merck, and Sigma-
Aldrich.All the synthesized complexes have the capacity to have electrical conductivity, and the
recommended geometries for the general formula [M(Ln )2(CI)2] (where; M= Mn(Il), Fe(II), Co(II),
Ni(Il), Cu(Il), Zn(IT) and CdII), and Ln = [bis-(PYTA)-1H-1,2,3-triazol-4-yl)pyridine] (where; Ln : n
=2=CH3,3=0CH3,4=COO0OH, 5=F, 6 =Cl, 7=CN, 8= H, 9 = CF3) have been successfully

prepared
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Introduction

Skin which is the largest organ of the body suffer
from numerous disease/disorders one of those
which affect the human population widely is
vitiligo; is a condition in which silvery white
patches develop over the skin surface that can be
categorize on the baseof the pattern in which
they are appearing on the body, the two main
class are segmental and non-segmental. It affects
almost 0.5% to 1% of the total world population.
The exact mechanism in the occurrence of these
white patches is still a matter of debate,but some
theories are suggested that it may occur due to
some of the following reason — genetic defects,
oxidative stress, and the widely accepted theory
is the auto-immunity aaccording to which the
melanin  producing cells melanocytes are
targeted and destroyed by the body own self

defense system resulting in the loss of the
pigment from the skin. Various other factors that
contribute in the occurrence of these white
patches are weaker occurrence of E- Cadherin
and Discoidin Domain Receptor (DDR1),
FOXO3A protein variation can also might be a
risk factor. Various synthetic drugs are used in
the treatment of this disorder e.g.-Methoxsalen,
psoralen, tacrolimus, etc. but these synthetic
drugs comes with some potential side effects
like contact dermatitis, rashes, inflammation,
etc. herbal drugs has potential to treat this
disorder without producing potential side effects
many herbal drugs are used in the treatment of
vitiligo like- khella, brahmi, shankhpushpi,
ashwagandha, black cumin, barberry root, etc. In
this review article we are studying the potential
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of some of these herbal drugs and other synthetic
drugs and their different kinds of formulations
that are available in the market like capsules,
oils, creams, tablets, ointments, etc. for the
treatment of vitiligo.

Vitiligo

Vitiligo is the gradual loss in the number of
melanocytes from several areas of skin resulting
in psychological and social
discomfort[33,34].The result of this loss is the
appearance of silvery white patches or
macules[32] over the skin, the most likely parts
affected by this infirmity are wrists, axillae,
perioral, hands, anogenital skin etc.[1]. Though
this ailment is considered to be autoimmune
ailment but it does not reach the systemic
circulation and do not get involved other organs
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as in the other ailments[20]. There is no
illustration of the pattern of which race is more
susceptible because it affects almost all races
and geographic area with a prevalence of 0.3 to
0.5 %[17,35]. This ailment can begin almost at
any stage of life but 50% of vitiligo cases are
found to be of age group of 20 to 25 years[36].
Various theories about the appearance of this
ailment has been suggested by scientists but the
most widely acknowledged theories are; auto-
cytotoxic  hypothesis, neural hypothesis,

autoimmune hypothesis, and oxidative stress
theory[22]. In vitiligo there are 2 possibilities
i.e.,eithermelaninsynthesizing melanocytes are
absent or melanocytes associated protein are not
present (example MelanaA or S 100 or
tyrosinase)[1].

Figure 1: Figure showing a typical case of generalized vitiligo[16].

Classification:

The vitiligo ailment can be categories on the
basis of experimental knowledge into three main
categories i.e., segmental vitiligo, non segmental
vitiligo, mixed vitiligo,

Non-segmental- The main characteristic of non
segmentalvitiligo is that depigmentation of the
skin show symmetry in the pattern [3,16]. In
other words it can be said that it appeared either
side of body [19]. Among all the types non
segmental vitiligo are the usual type that occurs
in almost 80% to 90% of the total vitiligo cases
[33].

a) Generalised vitiligo: The generalized
vitiligo can be explained as acquired, non
contagious, ailment [58,60] that can be

characterize by the appearance of symmetrical
macules [3,14] over the skin that mainly
appeared at hands, feet, fingers, face and the area
that area of skin that suffered from any
trauma/damage [61]. This type considered to be
the most usual type of the vitiligo[59,63] and can
also be observed in close relative of the
individual affected from this disease [28].

b) Universal vitiligo: This is type of vitiligo
that covers the greatest portion of the skin
surface (almost whole body 80-90%) [61]. In
other words approximately entire
depigmentation. The word universal vitiligo
usually used to refer the condition in which non-
segmental type advances and cause
depigmentation of almost entires body skin
[3,14,62].
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¢) Acrofacialvitiligo: The person affectes
from acrofacialvitiligo usually have
depigmentation of areas namely, face, head, feet,
hands, with preference of preioral region and
margin of digits [3,21,61].

Segmental Vitiligo: This type of pattern of
macules is much more different from other types
and subtypes of macules in term of etiology,
spreading pattern and size and shape, but this
type of vitiligo respond easily toward topical
therapy [3] also various experiment shows its
relation with immune response [28].As per the
experimental evidence this type is characterize
by its property of the presence of macules at one,
two and/or multiple segments [19] out of which
unisegmental type considered to be the usual
form that appeared in population [61].

a) Uni/pluri Segmental Vitiligo: It is the
subtype of segmental vitiligo that is characterize
by dermatomal division. These subtypes most
frequently affect childrens and progression of
these subtypes stops at mildness [14, 16].

b) Focal Vitiligo: The focal subtype
characterize by minor, solitary, silvery white
patches, another characteristic of this subtype is
that it does not progress to become non-
segmental even after the time span of 1-2 years
[62]. This subtype also affects children’s most
frequently [3,19].

c) Mucosal Vitiligo: This is the subtype of
vitiligo that is characterize based on the property
to affects mainly oral and/or genital mucosa
membrane [3,61,62].

Mixed Vitiligo: This is the category of vitiligo
that does not fall in any of the above mentioned
category, rather both non-segmental and
segmental occur simultaneously in the affected
individual [14,61].

Pathogenesis:

1) Autoimmunity hypothesis: This
autoimmunity assumption is most widely and

commonly acknowledged theory that explain the
mechanism  of  pathogenesis of non
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segmentalvitiligo, this assumption involves
autoimmune/Inflammatory mechanism affect
the melanin producing melanocytes that are
present in the skin[19]. Melanocytes are prone to
immunological cytotoxicity and toxicity caused
by reactive oxygen species because the
antioxidant defense gotten weaker[22]. Most of
the experimental illustration support
autoimmune theory because of antibodies
present at the margin of macules[1]. Circulating
antimelanocyte  antibodies  (antityrosinase
related protein-1, antityrosinase,
antidopachrometautomers) was seems to appear
and are directed toward melanocytes, another
vitiligo related antibodies targets were detected
(Lamin A, MCHR-1PM-17, SOX-19, SOZ-10,
tyrosine hydroxylase)[16]. The appearance of
skin ~ homing cytotoxic T-cells in
circulation[18,19] The infiltrate of border of
macules were found to have macrophage and
activated cytotoxic T cells. These dynamic T-
cells aims the melanocytes specific antigen
(melanA(MART-1), gp-100(Pmel 17)
&tyrosinase)[16]. Also these T-cells seems to be
present in lesional skin, most of theinflammation
appear within the leading edges of macules.
Infiltrate of these macules involved CD8+ and
also dendritic cells, CD 4+ T cells and
macrophages. It is hypothesized that T cells are
actively directed toward melanocytes[19].

2) Ocxidative stress hypothesis: In various
experiments scientists has found that the
oxidative stress is one of leading factor that
cause vitiligobecause in their findings they
reported that an individual affected from this
ailment show decrease in antioxidant defense
mechanism activity on the other hands several
oxidative stress markers found to be increased
that indicate the involvement of oxidative stress,
markers such as malondialdehyde, selenium,
lipid peroxidation. The activity of different
isoforms of superoxide dismutase(SOD) i.e.,
SOD1, SOD2, SOD3 found to be increased
drastically in individuals affected from this
ailment, SOD are enzymes that modify pro-
oxidant superoxide into H»0,[23,38]. The
oxidative stress appears in situation where the
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production of reactive oxygen species exceeds
far then the detoxification capability of the cell.
In vitiligo affected individual several growth
factors found to be in higher concentration then
the normal levels like TNF-a, IL-6, basic
fibroblast growth factor etc, these growth factors
were reported to be responsible for making cell
produce reactive oxygen species [49]. Catalase
is an enzyme that nullify the H>O: by converting
it into O and H>Othus detoxify it, but in case
vitiligo patients, reduced activity of this enzyme
were observed [53,54]. In other experiment
scientists observed that FOXO3A is a gene that
isa gene that is responsible for the controlling the
production of catalase, in vitiligo affected
individual the scientists found the lower
expression of this gene that directly affects the
antioxidant defense machinery of the body
[6,55]. The above theory of oxidative stress due
to reduced catalase activity were supported by
an experiment in which scientists isolated
melanocytes from affected individual from
affected and non affected area and from normal
healthy individual, these melanocytes when
cultured it was observed that melanocytes from
affected individual both from affected and non-
affected site unable to sustain in normal growth
medium compared to these, melanocytes from
normal healthy individual grow properly,
scientists when modify the growth medium for
affected individual melanocytes by adding
catalase in the medium they observe that the
affected individual melanocytes can grow
properly in that modified medium this
experiment support the hypothesis of oxidative
stress [56].

3) Neural hypothesis:Base of this assumption
is the presence of an imbalance in the levels of
adrenergic/cholinergic  hormones in an
individualaffected by this ailment[22].

4) Auto-toxic hypothesis:This assumption is
basedon the excess production of toxic melanin
metabolites that results in the auto-cytotoxicity
[22].
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5) Environmental factors:Several of
environmental factors are responsible in the
occurrence and progression of vitiligo several
assumption has been made trying to explain the
contribution of the environmental factor in
vitiligo. In a study including some patient
describe a form ““ occupational vitiligo or contact
vitiligo”, this study provide an insight about
certain chemicals like aromatic or aliphatic
derivatives of phenol association with vitiligo,
the discoloration may be limited to the point of
exposure or may spread [19].

6) Other factors causing vitiligo:

a) Epithelial Cadherin (E-cadherin)and
Discoidin Domain Receptor-Tyrosine Kinase 1
[DDR1] are the two main proteins present in the
basal layer of epidermis. It was observed that
less occurrenceof these proteinscan be a
provoking factor that results in the loss of
melanocytes in individual affected by this
ailment[5].

b) Pro-inflammatory cytokines such as IL-
1B,IL-6, IL-8, TNF-o are observed to be
produces in excess in infiltrates of PBMC
(Peripheral Blood Mononuclear Cells)from
periphery of vitiligo macules of affected
individual, this is proven from experiments that
it might be aaggravating factor for vitiligo
development. IL-10 is a sensitive gene which is
susceptible to methylation is found to be
hypermethylated in CD4" T-cells, in an
experimental conducted by Zhao et al. it was
observed that the enhancer region present in
intron 4 of IL-10 posses eight CG pairs is
hypermethylated in vitiligo affected individual.
The study also shows that the change in
methylation of DNA in CD4" T cells of vitiligo
affected individual increase the chance
occurrence and progression of vitiligo[20]. Also
the proteins named DNMT (DNA Methyl
Transferase) and methyl DNA-binding domain
proteins that includes MBD1, MBD3, MBD4
and MeCP2 were observed in excess they may

be an aggravating cause of DNA
hypermethylationandvitiligooccurrence and
progression|[21].
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¢) Several high level studies are able to explain
the link between the vitiligo and associated gene
more than 30 genes are suspected to be involved
in the occurrence and progression of this
ailment, name of some genes are; RERE,
FOXD3, CD80, CLNK, TSLP, TYR, Chrl1q21,
GZMB, MCIR, FOXP3, TOB2. etc[31].

Biomarkers of Vitiligo

1) Plasmacytoid Dendritic Cells (pDCs): An
excess amount of CD123* PDCs marker was
found in the infiltrate of active macules present
on the skin of affected individual[23].

2) NLRP1:Analysis at genetic level has
provide a connection between NLRP1 vitiligo.
NLRP1-Nucleotide-Binding Domain that is rich
in lucin repeating unit and pyrin domain
containing protein are the part of NLRPI
inflammasomes activation of which cause
production of IL-1p and IL-18 [23].polymorphs
rs2670660 and rs6502867 appeared to be
involved with vitiligo[30].

3) T-Cells: The infiltrates of active macules of
vitiligo affected skin showed increased level of
CD3, CD4 and CDS5 cells relative to stable the
VITILIGO [24,25].

4) Cytokines: With the help of experiments a
positive relationship between the ailment
vitiligo and increased level of IL-6, IL-8 [39,40]
IL-17 was established similarly an increased in
the number of IL-17R receptor was observed in
active versus stable comparison[26].

5) Chemokines and Soluble CDs: CXL9
assumed to be an good biomarker presenting the
fluid of suction blister fluid of active vitiligo
macules with a specificity of 93% and sensitive
of 100% [27]. The level of CXCL12[2] in the
serum which is a ligand of CXCR4 found to be
higher in individual active vitiligo relative to the
control.

6) Tregs: Tregs are the one which is
responsible in the protection of body from
autoimmune disorder in vitiligo affected
individuals there level were observed relatively
low then the normal person [28,29].

7) Antibodies: Experimental results showed
that autoantibodies such as IgG were present in
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relatively higher concentration [40] indicating
positive relationships in between the occurrence
and progression of disease with these antibodies,
in a similar but relatively small sized experiment
IgG pigment cells specific antibodies were
observed in 8/10 vitiligo active individual [23].
8) Oxidative Stress:Scientists have found
from various experimentation that oxidative
stress rise in vitiligo active individual [38] or in
other words it can be said that the antioxidant
defense mechanism of the affected individuals
falls below the safe level that prove its
association with this ailment activity [23].

9) S100B: A protein name S100B approved in
injured melanocytes which is considered to be a
marker of melanocytes cytotoxicity in other
words S100B value is increased in the active
vitiligo indicating its association  with
vitiligo[4].

Current treatments

Currently a number of treatment are officially
being used to treat VITILIGO with a goal to
increase the population of melanocytes in the
VITILIGO affected area to restore the normal
pigment of skin in that area of body. The degree
of treatment relies on various factors such as site
of macules and to which extent they spread also
which type of skin individual have, also the age,
the encouragement to complete the therapy play
an important role [3].

1) Corticosteroids therapy: They are
considered to be the first and foremost treatment
for VITILIGOI3,12]. The mode of action of
these drugs are said to be the cellular and
humoral immune response [13]. There are
certain side effects of these drug including
atrophy, striae etc. [S2] Example of these drugs
are methotrexate, minocycline [48]. A. Ayman
et al performed their research over 1%
methotrexate gel in search of its effectiveness in
the VITILIGO therapy and reported that
methotrexate gel can be a useful tool in the
therapy of VITILGO [64].P. Davinder et al in
their study has shown that minocycline can be
prove quite effective in the VITILIGO therapy
due to its effects on the oxidative stress and
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apoptosis which are considered to be the prime
reason behind the occurrence of VITILIGO[67].

Marketed products of methotrexate

e METH gel (gel)
e DERMOTREX gel (gel)
e TREXJOY (Cream)

Marketed products of minocycline

e MINOZ™ 100 (Tablet)
e MINOZ OO 100 (Capsule)
e MINOLIN 50 (Tablet)

2) Phototherapy: Phototherapy is pioneer cure
for VITILIGO the mode of action of
phototherapy is said to  be  the
immunosuppressive action on T- lymphocytes
[3, 12].

A) PUVA photo chemotherapy

a. Topical PUVA: This therapy use psoralen
which is applied topically [7]. It is more
effective and safe for children of age group of 2
years [3].

b. Oral PUVA:lt is an option for those
individuals which do not respond to the topical
PUVA treatment, but it is not preferred for the
patient who are younger than 12 year of age [3].
c. Water bath PUVA: This method involved
the bathing of individual in psoralen mixed
water for the absorption of this drug through skin
after which the individual go through with a
photo therapy session [3, 12].

3) Narrow band PUVA: This treatment also
called as TI-01 therapy, this treatment do not
include the use of psoralen not orally nor
topically, the wavelength used for the treatment
is 311 nm [3,12,13]. This therapy first used to
treat psoriasis [50].

4) Auto-immune VITILIGO T-cells:
Separated T-cells; CD8 & CD4 [16] from the
edges of macules are allow to multiply and
developed in a condition that lack the functional
T-regulatory cells. These cells then function as
the inhibitor of immune system by making IL-
10 and TGF B that stop autoimmunity [3].
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5) Tissue graft:In this method the tissue from
unaffected site is removed and inoculated inside
the orifice formed at the affected site using
biopsy punch and protected with petrolatum
gauze or adhesive tape [3, 12].This induce
pigmentation in almost 77% of the cases [51].

6) Split thickness skin graft: In this method
after acquiring a skin graft from an unaffected
site is put to the dermabrades affected area with
the help of dermatome [3,12].

7) Noncultured keratinocytes:In this, a
suspension of cells that has melanocytes is
prepared by the donor tissue after that with the
help of nitrogen, blisters are developed on the
affected site in which cellular suspension is

contained and monitored for
repigmentation|3,12].
8) Fake tanning products: These are

cosmetics products that give off the look of
natural skin color [3].

9) Pseudocatalase: Pseudocatalase helps in
restoring the normal level of the catalase
enzyme, that is responsible for the detoxification
of the H»O» , in research it was observed when
applied topically in conjunction of phototherapy
it produce satisfactory results [13].S. Bakis-
Petsoglou et al:performed their experiment on
finding the efficacy of pseudocatalase cream in
conjuction with narrow band UVB for the
treatment of VITILIGO and concluded that
when pseudocatalase used in solitary does not
produce much effects but in conjuction of the
phototherapy produce satisfactory effects [65].

Marketed products of pseudocatalase
e VITILASE Cream (Cream)

e Pseudo catalase cosmeceutical
(Cream)

e Acticated pseudocatalse (Cream)

cream

10) Vitamin D analogues: When PUVA and
calcipotriol[48] used combindly they produce
better effects in regaining the skin color and
reduce the time required in the treatment [3,13].
C. Chiaverini et al in their study reveals that use
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of calcipotriol in solitary cannot be a good
option to be used in VITILIGO therapy as it is
not that effective alone [66].

Marketed products of calcipotriol
Pasitrex (Ointment)

CALPSOR (Ointment)
CALLOVE (Ointment)
HEXIMAR (Ointment)

11) Calcineurin inhibitors: Tacrolimus,[47] a
prepration of immunosuppressive macrolid
FK560 [3] and Pimecrolimus are prove to be
effective in both generalised and localized
treatment of this ailment [9,48]. M. Cavalie et
al in their study on tacrolimus provide an
statement i.e., when tacrolimus 0.1% ointment
applied twice weekly can help in the stoping of
the progression of the VITILIGO macules and
helps in the repigmentation of the skin affected
from this ailment [69].

Marketed products of tacrolimus

e Tacroz Fort (ointment)

e Tacrolimus ointment 0.1% (Ointment)
e COSSRIM (ointment)

12) Natural treatment: As we all aware about
that mother natureposses cure of almost all
disease known by human, all that need is to
explore, with this in mind several natural
products are being investigated and are currently
used in the treatment of VITILIGO some of
these are as follows.

a) Shankhapushpi: This plant possess the
antioxidant activity that help in reducing the
oxidative stress that is thought to be the one of
the cause involved in the occurrenceand
progression of the VITILIGO[14].

b) Ashwagandha: This plant contain various
phytoconstituents, among which Withaferin A
possess antioxidant activity [15] and enhance
proliferation of melanocytes and also possess
immunomodulatory activity [41,43], thus help in
treatment of VITILIGO[42].
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¢) Khella- It belong to the family of carrot
(umbelliferae), it contain khellin[13] which is its
active constituent. It is used in various disorders
such as  abdominal cramps, painful
mensturation, VITILIGOetc[9].0. Bernhardel
et al use khellin which is a phytoconstit of khella
plant in VITILIGO therapy in conjuction of
phototherapy and concluded that khellin can be
a good replacement of the psoralen in
photochemotherapy of VITILIGO[69].

d) Marketed products of khellin

e Khellin 10:1 extract (Capsules)

e AmmiVisnaya cream (Cream)

e) PsoraleaCorylifolia: This plant contain
psoralen and isopsoralen and furocumarine
which helps in providing skin its natural
colour[8,42].Psoralen in L.P. is categorized as
topical pigmenting agent [S7]. Pearl E. et al in
their experiment use psoralen in VITILIGO
therapy conclude that psoralen is effective in the
treatment of the VITILIGO and reduce the
chances of reoccurrence of the white macules
[68].

Marketed products of psoralen
e Psorlen NH (Capsules)

e Verdura (Cream)

e Psoralen ointment (Ointment)

f) Pipernigrum and piperlongum: Piper
nigrum and Piper longum both of these plant
contain piperine as an active phytoconstituent
which possess antioxidant activity [41,43,44]
and also it enhance the growth of human
melanocytes [46].

Marketed products of pepper
e Organic black pepper (oil)
e Black pepper essential oil

e Coenzyme Q10

Other herbal marketed products for
VITILIGO treatment

e Pigmento cream
e Ayurhealth line cream
e Ayurhealth line capsules
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e Kalawalla VITILIGO dietary supplement
e Ayurhealthline anti-VITILIGO kit

e Dermablend cover cream

e Anti-leucoderma oil

e Pigmento tablet
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Jingjing Ma et.al, performed their experiment to
find out the potential of baicalein (Figure 2)
which is an flavone obtained from
Scutellariabaicalensis, to protect melanocytes in
individual suffer from VITILIGO and observed
that baicalein shielded the melanocytes from

Molecules  having  potential to  treat oxidative stress by stimulating Nf-E2 related
VITILIGO: factor 2 [NrF2] signaling pathway thus proving
its effectiveness in VITILIGO therapy|[71]
N
N
Lo
‘Uﬁ T
(@) (b

Figure 2: (a) 2D structure and (b) 3D structure of baicalein.

Jinpeng LV et.al,they explore the potential of
isoliquiritigenin (Figure 3) i.e., a flavonoid
obtained from Glycyrrhizaglabraroots; in their
study they observed that isoliquiritigenin hinder
melanogenesis by reducing tyrosinase activity in

the melanocytic cells of human thus it may be
used in case of universal VITILIGO in which
only fewer spots of melainated skin remains,
treatment with isoliquiritigenin helps in removal
of those spots and provide skin an even tone[72].

(a)

(b)

Figure 3: (a) 2D structure and (b) 3D structure of isoliquiritigenin.

Wen Jun Lan etal, in their study to find a
potential VITILIGO treatment, they
experimented on geniposide (Figure 4) which is
airidoid glycoside obtained from fruits of
Gardenia jasminosides Ellis. In their findings

they observed that stem cells factor from
keratinocytes recognize & activates its receptors
C-kit presents on melanocytes to enhance
melanogenesis. They observed that geniposide
increase melanogenesis by activating stem cell
factor/C-kit signaling [73]
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Figure 4: (a) 2D structure and (b) 3D structure ofgeniposide.

Shi-xiaHuo et.al, in their study over galangin
(Figure 5) which is a major phytoconstituent of
Alpiniaofficinarumand observed that galangin
have potent redical scavenging and antioxidant

properties and can help in elevating the levels of
tyrosinase, which is an enzyme required by
melanocytes for the production of melanin, thus
galangin can help in VITILIGO therapy|74].

I

(a)

(b)

Figure 5: (a) 2D structure and (b) 3D structure ofgalangin.

Jing-Hua Wang etal, in their study over
bavachinin (Figure 6) which is an flavonoid
obtained from Psoroleacoryfolia, they observed
that bavachinin shows higher inhibitory effects
towards melanin synthesis &tyrosinase activity
when given in dose of 10pmol/L it inhibits

expression of tyrosinase and INK protein. These
activity of bavachinin makes it an potential
candidate for the treatment of universal
VITILIGO to remove the remaining darken skin
spots and providing an even skin tone [75].

(P

Figure 6: (a) 2D structure and (b) 3D structure ofbavachinin.

Lingli Yang etal, in their experiment they
studied 6-shagaol (Figure 7), which is an major
phytoconstituent of Zingiberofficinalewhich is
able to attenuating oxidative stress stimulated
ageing & neurotoxicity. They observed that 6-

shagaol when used over VITILIGO affected
melanocytes it helps protecting melanocytes
from H>O> induced oxidative stress by activating
NrF, pathway. These observations proves its
efficacy in VITILIGOtreatment[76].
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(a) (b)
Figure 7: (a) 2D structure and (b) 3D structure of6-shagaol.

K.H.Mou et.al, in their experiment in search of potential herbal candidate for VITILIGO therapy they
studied glycyrrhizin (Figure 8), which is an active component of Glycyrrhizaglabraand they observed
in a clinical study that patients receiving combination therapy of UVB and glycyrrhizin showed 87.5%
of total repigmentation. The mode of action involved in the effect of glycyrrhizin hypothesized to be
its positive effects toward immunoglobuline E (TgE) i.e., immunomodulation|77].

-

Figure 8: 2D structure ofglycyrrhizin.

Sharique A Ali et.al, in their experiment on Nigella sativa they observed that thymoquinone (Figure 9)
which is one of the major constituent of Nigella sativa showed promising results of skin darkening that
is crucial for VITILIGO therapy, it worked by stimulating pigment cells by enhancing cholinergic
response that results production of melanin by melanocytes causing darkening of skin in lizards[78].

(a)

(b)

Figure 9: (a) 2D structure and (b) 3D structure ofthymoquinone.

Jinping Yuan etal, in their study over
paeoniflorin  (Figure 10) which is an
monoterpene glycoside that is obtained from
roots of PaeonialactifloraPall, observed that it
can help in VITILIGO treatment by preventing

damage of melanocytes from oxidative stress by
activating  JNK/NrF»/HO-1  pathway this
activation of NrF; helps in expression of phase
IT antioxidant enzymes that further protects cells
from oxidative stress[79].
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Figure 10: (a) 2D structure and (b) 3D structure ofpaeoniflorin.

Mateo Becatti et.al, in their research they
observed that reactive oxygen species
production and mitochondrial damage in
keratinocytes in VITILIGO affected skin
stimulate apoptosis through Smac/DIABLO &

keratinocytes were treated with curcumin&
capsaicin (Figure 11) it inhibits the intrinsic
apoptotic pathway and helps in protecting
progression of helps in protecting progression of
the ailment[80].

MAPK  pathway, when the affected

- /CI)\ _ o
B[ 7 /T ..
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Figure 11: (A)&(B) curcumin 2D & 3D structure & (C)(D) Capsaicin 2D&3D structure.

Patrice Morliere et.al, in their clinical study over
khellin (Figure 12) which is a major component
of Ammivisnagaits potential in VITILIGO
treatment observed that the effects produced by
khellin phototherapy is comparable to that

produced by standard treatment of psoralen
phototherapy i.e., upto 70% of skin surface of
the involved skin showed complete
repigmentation[68].
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(b)

Figure 12: (a) 2D structure and (b) 3D structure ofkhellin.

Zhixiu Lin et.al, in their study on piperine
(Figure 13) which is a major component of
Piper nigrum, which possesses various
therapeutic properties and are being used
extensively in treatment of various ailments, one

of the well-known properties is antioxidant
property, they observed that piperine protects
the melanocytes from oxidative stress and helps
in the proliferation of these cells[46]

(a)

(b)

Figure 13: (a) 2D structure and (b) 3D structure of piperine.

Reference
1. Robinson and Cotran Pathologic Basis of

disease, 7™ edition. Page no- 130

2.  Ahmed F. Rezk, Daria Marley Kemp,
Moetaz El-Domyati, WaelHosam El-Din,
Jason B. Lee, JouniUitto, Olga Igoucheva
and VitaliAlexeev, Misbalanced CXCL12
and CCL5 Chemotactic Signals in
VITILIGO Onset and Progression, Page
no- 1127 (2 of 9).

3. Y. MadhusanRao, DrShayad,
Cosmecuticals, Pusblished by Pharma
Med Press, Page no- 207-313.

4.  S.Reinhart, V. Sofie, H. Esther and Nanja
van Geel, S100B Is a Potential Disease
Activity Marker in  Nonsegmental
VITILIGO. Page no-1445 (1 of 9).

5. Mina Almasi-Nasrabadi, Mahsa M.
Amoli, Reza M. Robati, FatemeRajabi,
FaribaGhalamkarpour, Yvon Gauthier,
CDH1 and DDR1 common variants confer
risk to VITILIGO and autoimmune
comorbidities, Page no-17 (1 of 6).

6. UmmuhaniOzelTurkcu,NilgunSolakTekin
, Tuba GokdoganEdgunlu, Sevim Karakas
Celik , SetenayOner, The association of
FOXO3A gene polymorphisms with
serum FOXO3A levels and oxidative
stress markers in VITILIGO patients, Page
no- 130 (2 of 6).

7. Charles R. Craig, Robert E. Stitzel,
Modern Pharmacology with clinical
application, 5 edition, Page no- 489.

8. Lippincott, [lustrated Reviews:
Pharmacology 6 Edition, Page no- 435.

12| Page



Sachin Khushalrao Khuje et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Charles W.Fetrow& Juan R. Avila, The
complete guide to herbal medicine,
Published by Spring House Corporation,
Page no- 287.

V.C. Scanlon, T. Sanders, Essentials of
Anatomy & Physiology, 5th Edition, Page
no- 90.

G. Tortora, Bryan Derrickson, Principles
of Anatomy and Physiology, 13", Page no-
153.

T. Abu, K. Pramod, S.H. Ansari, Javed Ali,
Current remedies for VITILIGO, Page no
517-519 (2-4 of 5).

James J. Nordlund, The Medical
Treatment of VITILIGO: An Historical
Review, Page no- 110- 113 (4-7 of 10).

A. Hetal, S. Rohit, V. Mahesh, P. K.
Prajapati, D. Kartar,
Shankhapushpi(Convolvulus
pluricaulisChoisy): Validation of the
Ayurvedic therapeutic claims through
contemporary studies, Page no- 2 & 5.

N. H. Shivraj, N. Arti, G. Enkhtaivan, B.

Venkidasamy, K. Guoyin, Subcritical
water extraction of withanosides and
withanolides from ashwagandha

(Withaniasomnifera L) and their biological
activities, Page no- 4-5.

Stanca A. Birlea, Marc Serota, and David
A. Norris, Non-bullous Skin Disecases:
Alopecia Areata, VITILIGO, Psoriasis,
and Urticaria, Chapter-66, Page no- (1-6 of
19).

Birlea, S.A., Spritz, R.A., Norris, D.A.,
Fitzpatrick’s Dermatology in General
Medicine, 8" edition. McGraw-Hill, New
York, 2012. VITILIGO. In: Wolff, K.,
Goldsmith, L.A., Katz, S.I., Gilchrest,
B.A., Paller, A.S., Leffell, D.J. (Eds.), pp.
792-803.

Ogg, G.S., Dunbar, P.R., Romero, P,
Chen, J.L., Cerundolo, V., 1998., J., High

19.

20.

21.

22.

23.

24.

25.

26.

27.

Journal of Biomedical and Pharmaceutical Research

frequency of skin-homing melanocyte-
specific cytotoxic T-lymphocytes in
autoimmune VITILIGO, Exp. Med. 188,
12031208.

AY Chang, KA Wanat, and JT Seykora,
Melanocytes and VITILIGO (and Hair
Graying), Page no-1153-1155(6-8 of 10).
S. Luo, Q. Lu,Epigenetics of Skin
Disorders, Chapter-16, Page no-279 (5 0f
19).

Zhao M, Gao F, Wu X, Tang J, Lu Q. BrJ
Dermatol 2010,Abnormal DNA
methylation  in  peripheral  blood
mononuclear cells from patients with
VITILIGO, Page no163(4):736—42.

David A Norris, VITILIGO, Page no-
2502-2503 (2-3 of 3).

R. Speeckaert, M. Speeckaert, S. De
Schepper, N. van Geel, Biomarkers of
disease VITILIGO: A
systematic review, Page no 7-16.
Abdallah M, Lotfi R, Othman W, Galal R
Int J Dermatol, Assessment of tissue
FoxP3+, CD4+ and CD8+ T-cells in active
and stable  nonsegmental VITILIGO
2014:;53:940-6.

LiliY,YiW,JiY, Yue S, Weimin S, Ming
L. Global. PLoS ONE, activation of CD8+
cytotoxic T lymphocytes correlates with
an impairment in regulatory T cells in
patients with generalized VITILIGO,
2012;7:¢37513.

Bhardwa;j S, Rani S, Srivastava N, Kumar
R, Parsad D. Increased systemic and
epidermal levels of IL-17A and IL-18
promotes progression of non-segmental
VITILIGO. Cytokine 2017;91:153-61.
Strassner JP, Rashighi M, Ahmed Refat M,
Richmond JM, Harris JE. Suction
blistering the lesional skin of VITILIGO
patients reveals useful biomarkers of
disease activity. Journal of the American

activity  in

13| Page



Sachin Khushalrao Khuje et al.

28.

29.

30.

31.

32.

33.

34.

Academy of Dermatology 2017; 76:847—
855.

Dwivedi M, Laddha NC, Arora P, Marfatia
YS, Begum R. Decreased regulatory T-
cells and CD4(+) /CD8(+) ratio correlate
with disease onset and progression in
patients with generalized VITILIGO.
Pigment Cell Melanoma Res
2013;26:586-91.

T. Czarnowicki, H. Helen, L. Alexandra,
H. J. Kim, N. Kameyama, Ana B. Pavel, L.
Randall, Y. Estrada, Huei-Chi Wen, Grace
W. Kimmel, Hee J. Kim, Margot Chima,
Mark Lebwohl, James G. Krueger, and Y.
G. Emma, Blood endotyping distinguishes
the profile of VITILIGO from that of other
inflammatory and autoimmune skin
diseases, Page no-2099, (5 of 13).
Dwivedi M, Laddha NC, Mansuri MS,
Marfatia YS, Begum R. Association of
NLRP1 genetic variants and mRNA
overexpression with generalized
VITILIGO and disease activity in a
Gujarat  population. Br J Dermatol
2013;169:1114-25.

Richard A Spritz, Vincent J Hearing,
Abnormalities of Pigmentation, Chapter-
145, Page no- 2-3 (2-3 of 44).

Ming Zhao, Ruifang Wu, and Qianjin Lu,
Epigenetics and Other Autoimmune Skin
Diseases, Page no-308-310, (2-4 of 20).
Guerra L, Dellambra E, Brescia S,
Raskovic D. VITILIGO: pathogenetic
hypotheses and targets for
therapies. Curr Drug
2010;11(5):45167.

Dell’Anna ML, Cario-Andre M, Bellei B,
Taieb A, Picardo M. In vitro research on
VITILIGO: strategies, principles,
methodological options and common
pitfalls. ExpDermatol 2012;21(7):4906.

current
Metab

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Journal of Biomedical and Pharmaceutical Research

Silverberg NB, Travis L. Childhood
VITILIGO. Cutis 2006;77(6):3705.
Kakourou T., VITILIGO in children.
World J Pediatr 2009;5(4):2658.

J. Parveen, C. Rajeshwari, T. Surekha,K.
L. Prasanna, V. Vijayalakshmi, and M.
Israq, Association of FOXP3 (rs3761548)
promoter polymorphism with
nondermatomal VITILIGO: A study from
India, Page no-2 of 5.

NareshC.Laddha, MiteshDwivedi,
AminaR.Gani ,E.M.Shajil, B.
Rasheedunnisa, Involvement  of

superoxide dismutase isoenzymes and
their genetic variants in progression of and
higher susceptibility to VITILIGO Page
no-1112 (3 of 16).

Yu-Ling Li, Chia-Li Yu,* and Hsin-Su Yu,
IgG Anti-Melanocyte Antibodies Purified
from Patients with Active VITILIGO
Induce HLA-DR and Intercellular
Adhesion Molecule-1 Expression and an
Increase in Interleukin-8 Release by
Melanocytes, Page no-2 of 5.

Hsin-Su Yu, Kee-Lung Chang, Hui-Fang
Li, Meng-Tse Wu, Chieh-Shan Wu and
Ching-Shuang Wu, Alteration in IL-6, IL-
8, GSF, TNF-a, IFN-y Release by
Peripheral Mononuclear cells in Patients
with VITILIGO, Page no-2 of 4.

Indian Herbal Pharmacopoeia , Revised
New Edition 2002, Published by Indian
drug manufacturer Association, Mumbai,
Page no- 317-326, 467-478.

Indian medicinal plant compendium of
500 species, volume 5" orient Longman,
Page no-

The review of natural products 2001,
published by facts and comparison, page
no- 630-632.

M. BIANCA, D. M. RODICA, T. L.
ALINand B. D. OLIMPIA, New insights

14| Page



Sachin Khushalrao Khuje et al.

45.

46.

47.

48.

49.

50.

S1.

52.

in VITILIGO treatments using bioactive
compounds from Piper nigrum, Page no-
1040 (2-3 of 6).

M. Murlidhar and TK Goswami,Chemical
Composition, Nutritional, Medicinal and
Functional Properties of Black Pepper: A
Review, Page no-4 of 5.

L. Zhixiuyy, L. Yonghong, V.
Radhakrishnan,Robert C. Hider and S.
Amala, Amides from Piper nigrumL. with
dissimilar  effects on  melanocyte
proliferation in-vitro, Page no-5 of 8.

N. Ho, E. Pope, M. Weinstein, S.
Greenberg, C. Webster and B.R. Krafchik,
A double-blind, randomized, placebo-
controlled trial of topical tacrolimus 0.1%
vs. clobetasol propionate 0.05% in
childhood VITILIGO Page no- 632-632
(14-15 of 30).

Thierry  Passeron, Medical and
Maintenance Treatments for VITILIGO,
Page no- 164-168 (2-6 of 8).

Mehdi Rashighi, John E. Harris,
VITILIGO Pathogenesis and Emerging
Treatments, Page no-257-258 (2-3 of 9).
SamiaEsmat, WedadMostafa, Rehab A.
Hegazy, Suzan Shalaby, VaneetaSheth,
Randa Youssef, Medhat FEl-Mofty,
Phototherapy: The VITILIGO
management pillar, Page no-595 (2 of 9).
Emily YipingGan, Yan Ling Kong, Wei
Ding Tan, Steven T. Thng, and Boon
KeeGoh, Twelve-month and sixty-month
outcomes of noncultured cellular grafting
for VITILIGO,Page no- 3-5 of 8.
High-potency steroid use in children with
vitiligo: A retrospective study, by Jennifer
Kwinter, Janice Pelletier,
AminaKhambalia, and Elena Pope, Ottawa
and Toronto, Ontario, Page no- 237 (2 of
6).

53.

54.

55S.

56.

57.

S8.

59.

Journal of Biomedical and Pharmaceutical Research

Harris JE. Cellular stress and innate
inflammation in organ-specific
autoimmunity: lessons learned from

vitiligo. Immunol Rev 2016;269(1):11-25.
Karin U. Schallreuter, Jeremy Moore, John
M. Wood, Wayne D. Beazley, David C.
Gaze, Desmond J. Tobin, Harriet S.
Marshall, Angela Panske, EberhardPanzig,
and Nigel A. Hibberts In vivo and in vitro
evidence for hydrogen peroxide (H202)
accumulation in the epidermis of patients
with VITILIGO and its successful removal
by a uv B activated
pseudocatalase.JInvestigDermatolSympPr
oc 1999;4(1):91-o6.

Maria Lucia Dell’ Anna, Monica Ottaviani,
Veronica Albanesi, Andrea ParoVidolin,
Giovanni Leone, Carmela Ferraro, Andrea
Cossarizza, Luisa Rossi and Mauro
Picardo, Membrane lipid alterations as a
possible basis for melanocyte degeneration
in  VITILIGO. J Invest
2007;127(5):1226-33.
Schallreuter KU, Wood JM, Berger J.,
Low catalase levels in the epidermis of
patients with  VITILIGO. J
Dermatol 1991;97(6):1081-5.
Indian ~ PharmacopoeiaGreggory S.
LaBerge, Dorothy C. Bennett, Pamela R.
Fain, and Richard A. Spritz, PTPN22 Is
Genetically Associated with Risk of
Generalized VITILIGO, but CTLA4 Is
Not. Page no- 1 of 6 (1757), 1757-1762.
Stanca A. Birlea, Katherine G., Pamela R.
Fain, and Richard A. Spritz, Genome-

Dermatol

Invest

Wide Association Study of Generalized
VITILIGO in an Isolated European
Founder Population Identifies SMOC?2, in
Close Proximity to IDDMS. Page no- 1 of
6 (798), 798-803.

T. Narita, NaokiOiso, K. Fukai, K.
Kabashima, A. Kawada and T. Suzuki,

15| Page



Sachin Khushalrao Khuje et al.

60.

61.

62.

63.

64.

65.

66.

Generalized VITILIGO and
AssociatedAutoimmune  Diseases  in
JapanesePatients and Their Families. Page
no- 1 of 4 (505), 505-508.

A. R. Faria, R. G. Tarle, G. Dellatorre, M.
T. Mira, C. C. S. de Castro, VITILIGO -
Part 2 - classification, histopathology
andTreatment. Page no- 1-2 of 7 (784-
785), 784-790.

K. Ezzedine, H. W. Lim, T. Suzuki, I.
Katayama, I. Hamzavi, C. C. E. Lan, B. K.
Goh, T. Anbar, C. Silva de Castro, A. Y.
Lee, D. Parsad, N. van Geel, I. C. Le Poole,
N. Oiso, L. Benzekri, R. Spritz, Y.
Gauthier, S. K. Hann, M. Picardo and A.
Taieb, Revised
classification/nomenclature of VITILIGO
and related issues: the VITILIGO Global
Issues Consensus Conference, The official
journal of International Federation of
Pigment Cell Societies Society for
Melanoma Research Pigment Cell &
melanoma. Page no- 4-5 of 14.

Richard A. Spritz, The genetics of
generalized VITILIGOandassociated
autoimmune diseases. Page no- 2 of 8.

A. Abdelmaksoud, D. D. Dave, T. Lotti,
M. Vestita, Topical methotrexate 1% gel
for treatment of VITILIGO: A case report
and review of the literature. Page no- 2 of
11(2), 1-8.

S. Bakis-Petsoglou, J.L. Le Guay and R.
Wittal, A randomized, double-blinded,
placebo-controlled trial of pseudocatalase
cream and narrowband ultraviolet B in the
treatment of VITILIGO. Page no- 7 of 8.
C. Chiavérini, T. Passeron, JP. Ortonne,

Treatment of vitiligo by topical
calcipotriol. Page no- 1-2.
P. Davinder, K. Amrinderjit, Oral

minocycline in the treatment of vitiligo- A
preliminary study, Page no- 2 of 3.

67.

68.

69.

70.

71.

72.

73.

Journal of Biomedical and Pharmaceutical Research

PEARL E.
GRIMES,PsoralenPhotochemotherapy for
Vitiligo. Page no- 5 of 6.

B. Ortel, A. Tenew, H. Honigsmann,
Treatment of vitiligo with khellin and
ultraviolet A. Page no- 9 of 9.

Marine, E. Khaled, F. Eric, M. Henri,C.
Emeline, B. Philippe, T. Alain, J. P.
Lacour, T. Passeron, Maintenance
Therapy of Adult VITILIGO with 0.1%
Tacrolimus Ointment- A randomized,
double blind, placebo- controlled study.
Page no- 3 of 21.

Jingjing Ma, Shuli Li, Longfei Zhu,
SenGuo, Xiuli Yi, Tingting Cui, Yuanmin
He, Yugian Chang, Bangmin Liu,
Chunying Li and Zhelian, Baicalein
protects human VITILIGO melanocytes
from oxidative stress through activation of
NF-E2-related factor2 (Nrf2) signaling
pathway, Free RadicalBiology and
Medicine, Page no- 1-34.

JinpengLv, Ying Fu, Yan Cao, Songzhou

Jiang, Ying Yang, Guoqiang Song,
Changjun Yun,
RongyinGao,Isoliquiritigenin inhibits

melanogenesis, melanocyte dendricity and
melanosometransportby regulating ERK-
mediated MITF degradation, Page no-1-
22.

Wen-Jun Lan, Hai-Yan Wang, Wei Lan
and Ke-Yu Wang, Geniposide Enhances
Melanogenesis by Stem Cell Factor/c-Kit
Signalling in Norepinephrine-Exposed
Normal Human Epidermal Melanocyte,
Page no- 1-6.

Shi-Xia Huo, Xin-Ming Liu, Chun-HuiGe,
Li Gao, Xiao-Ming Peng, Ping-Ping Zhao
and Ming Yan, The Effects of Galangin on
a Mouse Model of VITILIGO Induced by
Hydroquinone, PHYTOTHERAPY

16| Page



Sachin Khushalrao Khuje et al.

74.

75.

76.

RESEARCH Phytother. Res. (2014), Page
no- 1-6.

JING-HUA WANG, YUAN-YUAN PEI,
HONG-DAN XU, LI-JING LLYE-QIU
WANG, GUO-LIANG LIU, YAN QU and
NING ZHANG, Effects of bavachin and
its regulation of melanin synthesis in A375
cells, BIOMEDICAL REPORTS 5: 87-92,
2016, Page no- 1-6.

Lingli Yang, Fei Yang, LantingTeng and
Ichiro  Katayama,6-Shogaol  Protects
HumanMelanocytes against Oxidative
Stress through Activation of the Nrf2-
Antioxidant Response Element Signaling
Pathway, International journal  of
molecular science, Page no- 1-12.

K.H. Mou, D. Han, W.L. Liu and P. Li,

Combination therapy of  orally
administered glycyrrhizin and UVB
improved active-stage generalized

VITILIGO Brazilian Journal of Medical
and Biological Research (2016) 49(8):
e5354, Page no- 1-6.

Journal of Biomedical and Pharmaceutical Research

77. Sharique A. Ali and Keisham V. Meitei,

78.

79.

Nigella sativa seed extract and its bioactive
compound thymoquinone: the
melanogens causing hyperpigmentation in
the wall lizard melanophores, Journal of
Pharmacy and Pharmacology, Page no- 1-
6.

Jinping Yuan, Yansong Lu, Hexiao Wang,
YuxinFeng, Shibin Jiang, Xing-HuaGao,
RuiQun Qi, Yan Wu and Hong-Duo Chen
Paeoniflorin ~ Resists ~ H202-Induced
Oxidative  Stress in  Melanocytes
byJNK/Nrf2/HO-1 Pathway, Page no- 1-
11.

MatteoBecatti,  Francesca  Prignano,
Claudia Fiorillo, Leonardo Pescitelli,
Paolo Nassi, TorelloLotti, and Niccolo®
Taddei, The Involvement of
Smac=DIABLO, p53, NF-kB, and MAPK
Pathways in Apoptosis of Keratinocytes
from Perilesional VITILIGO Skin:
Protective Effects of Curcumin and
Capsaicin Page no- 1-15.

new

17| Page



