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ABSTRACT

While a wide variety of treatment approaches and multiple hypotheses towards disease pathophysiology, vitiligo
remains an enigma in medical science. Vernonia anthelmintica (L.) Willd. (Kaliziri), a medicinal plant rooted
in Traditional Uyghur Medicine (TUM), has been used to treat patients with vitiligo historically. Here, the review
comprehensively discusses existing literature studies associated with Kaliziri, aiming to bridge
ethnopharmacological knowledge with contemporary scientific insights into vitiligo and provide clues about
priorities for its future application in vitiligo research and clinical studies. Achieved literature sources highlight
a diverse phytochemical composition of Kaliziri, including flavonoids, terpenoids, saponins, and alkaloids, which
are associated with mechanisms of melanocyte protection and functions, such as stimulation of melanogenesis,
immunomodulation, antioxidant activity, and anti-inflammatory effects. Preliminary clinical data suggest
potential repigmentation effects, although the quality and consistency of available studies remain limited.
Major bottlenecks in clinical translation include the lack of standardized extracts, challenges in quality control,
and regulatory barriers. Overall, Kaliziri shows promise as a complementary therapeutic approach for vitiligo,
warranting further exploration through well-designed clinical trials and standardized preparation protocols to
ensure efficacy, safety, and broader acceptance in modern dermatological practice.
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INTRODUCTION

Vitiligo is a chronic, immune-mediated
disorder resulting in the loss of functional
melanocytes and subsequent depigmentation
of the skin. Approximately 1-4% of the global
population across different races or skin types
are diagnosed with vitiligo, and approximately
50% of cases occur in patients under the age of
20.%% Although the pathogenesis of vitiligo
remains unclear, genetic predisposition,
autoimmune responses, melanocyte defects,
oxidative stress, and neurochemical factors
are implicated in disease
development.3# Clinically, vitiligo presents as
well-demarcated, achromic macules and
patches on various body parts. Beyond the
cosmetic impact, the disfigurement often
leads to significant psychiatric morbidity.
Studies report that 16-35% of patients with
vitiligo experience psychiatric discomfort such
as depression (10%), dysthymia (7-9%), sleep

disturbances (20%), suicidal ideation (10%),
and anxiety (3.3%). The psychosocial impact
extends to difficulties in forming relationships,
social avoidance, diminished self-esteem,
social stigma, and emotional distress.

Despite its prevalence and profound
impact, current therapeutic options for vitiligo
remain suboptimal.® In the literature, several
reviews have provided modern treatments
including topical corticosteroids, narrowband
ultraviolet B (NB-UVB) phototherapy, psoralen
plus ultraviolet A (PUVA), topical calcineurin
inhibitors (tacrolimus, pimecrolimus),
calcipotriol, excimer laser, and surgical
grafting.”'" Despite advances in vitiligo
treatment, it remains challenging and
incurable. Topical immunomodulators show
promise but require further evaluation, while
phototherapy offers efficacy but raises
concerns about long-term phototoxicity and
skin cancer risks. %13
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This therapeutic gap has intensified the need
for novel techniques and multidisciplinary
approaches for effective treatment involving
different complementary approaches derived
from traditional medical systems as well. The
World Health Organization (WHO)
acknowledges that herbal products are safer,
more natural alternatives to synthetic drugs .
Traditional Uyghur Medicine (TUM) views
vitiligo (Beres) as a manifestation of systemic
imbalances in the body's fluids '>' and
individual constitution. Diagnosis relies on
pulse examination, symptom assessment, and
evaluation of constitution, while treatment
seeks to restore balance through lifestyle,
dietary, sleep, physical activity, and
elimination measures.” TUM employs a
multimodal therapeutic approach that includes
herbal medicine, oral and injectable
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applications
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TUM

6 Adjunctive

methods

traditional formulations,
intralesional therapies, and adjunctive
techniques such as cupping, needling,
thermotherapy, and psammotherapy. Among
these interventions, Vernonia anthelmintica
(Kaliziri) is regarded as the principal herbal
remedy for vitiligo due to its longstanding use
in TUM and extensive traditional research
(Figure 1)."® Although Kaliziri has shown
therapeutic potential, its clinical value

heliotherapy,

requires  further  scientific  validation.
Accordingly, this review examines its
ethnomedicinal role, phytochemical

composition, proposed mechanisms of action,
and preclinical and clinical evidence for
efficacy and safety. It identifies current
knowledge gaps and future research directions
to support its integration into evidence-based
dermatology.

Nutritional
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Figure 1. Specific treatment approaches for vitiligo in TUM. The treatment methods involve
prevention, nutrition, medication, topical medication, sunlight, and psychotherapy.

METHODOLOGY

A comprehensive  literature review was
conducted to identify relevant research on the
role of Kaliziri (Vernonia anthelmintica) in the
treatment of vitiligo, with particular emphasis
on its application in TUM. Major academic
databases, including PubMed, Google Scholar,
EBSCO, Web of Science, and Baidu Xueshu,
were queried for publications. The search
strategy utilized a combination of keywords
and their variants/synonymsin English,
Chinese, and Uyghur languages: "Kaliziri" (
s »S), "V. anthelmintica" (& DTSR, WK BN
%), "Uyghur Medicine," "Vitiligo," and "Vitiligo
Treatment.” In addition to database

searches, relevant information was extracted
from authoritative Uyghur medical texts,
pharmacopoeias, books, and relevant Uyghur
and Chinese scientific journals to incorporate
traditional knowledge and regional research
findings. Reports from the Ministry of Health or
the WHO about traditional medicine use were
also considered.

Inclusion criteria for studies were: 1)Focused
on the therapeutic role, pharmacology,
phytochemistry, or ethnomedicinal use of
Kaliziri/ V. anthelmintica, specifically
treatment for vitiligo; 2)Discussed
pharmacological properties, mechanisms of
action, or clinical/preclinical efficacy/safety
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related to Kaliziri; 3) Addressed the role of
TUM in treatment of vitiligo using herbal drug-
Kaliziri; 4) Studies conducted in the Uyghur
region including national and international
collaborative studies or used samples collected
from the region; 5) Published in peer-reviewed
scientific journals, recognized books or official
reports in English, Uyghur or Chinese
languages.

Exclusion criteria were: 1) Studies that are
not relevant to Kaliziri or vitiligo; 2) Studies
lacking  sufficient data or advanced
methodologies; 3) Non-peer-reviewed articles
(except classical texts and official reports); 4)
Duplicated publications (most comprehensive
or methodologically robust studies were
included).

RESULTS

TUM is a dialectical theoretical system that is
based on "body fluidic theory". Namely, the
human body consists of four types of body
fluids, including Kan (blood), Belghem
(phlegm), Sapra (yellow bile), and Savda (black
bile). The balance of these four types of body
fluids in the human body is the basis of health.
If there is an imbalance in temperament due
to various internal and external causes, the life
activities of the organism will be hindered, and
these abnormalities will trigger different types

of pathogenic conditions such as vitiligo. From
TUM’s perspective, vitiligo can be defined as
one type of non-contagious skin disease in
which part or most of the skin area, even the
entire body, changes its original color and turns
white. In the classic TUM, it is called "Beres" or
"Pise" or "Ak kisel". According to TUM, vitiligo is
attributed to three main pathogenic
mechanisms: internal, external, and specific
causes. Internal causes include humoral
imbalance, impaired organ function, immune
dysfunction, dietary disturbances, food
poisoning, infection, psychological instability,
and impaired metabolism. External causes
include poor personal hygiene, clothing-
related factors, physical injury, poisoning, and
pathogen exposure. Specific causes include
genetic- and occupation-related factors.

According to TUM, treatment methods for
vitiligo  involve  prevention, nutrition,
medication, topical medication, sunlight, and
psychotherapy (Figure 1). Kaliziri is the most
widely used herbal drug for vitiligo in TUM as
it can restore the balance of black pigment,
remove carp worms, and have an anti-
inflammatory effect. Until now, Kaliziri’s
different forms, such as tablets, injections,
and tincture, are being used widely for vitiligo
treatment (Figure 2).

Treatment of the vitiligo with Kaliziri in TUM

Flavonoids Alkaloids Terpenoids Saponins Phenolic Acds

.................................................
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Figure 2. Treatment of vitiligo with different forms of Kaliziri in the TUM. The photos of vitiligo
with typical lesions were taken with the patients' permission.
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Kaliziri is abundant in bioactive compounds,
including  flavonoids, terpenoids, and
alkaloids, which are recognized for their roles
in melanogenesis and skin health.'%20 Until
now, more than 190 chemical compounds have
been identified in this plant.2%%' Yet many of
these compounds are still awaiting further
investigation for preclinical or clinical
studies.?°

Flavonoids: Flavonoids are primary
compounds identified in Kaliziri, consisting of
two aromatic rings connected by a three-
carbon bridge.?>?? Researchers identified 36
different flavonoids from Kaliziri." Among
these compounds, isorhamnetin, butin,
luteolin, and kaempferol are closely
associated with repigmentation. 192425
Isorhamnetin has been demonstrated to
induce melanogenesis through the
upregulation of genes involved in melanin
production.'? Butin has shown protective
properties against cellular damage induced by
oxidative stress.?® Huo et al. (2017)
demonstrated that butin increased melanin-
containing hair follicles in a vitiligo mouse
model, and Zang et al. % showed pigmentation
restoration in both mice and guinea pigs.
Recently, Ma et al. 28 have identified three key
bioactive = compounds  responsible  for
melanogenesis-promoting activity, including
vernodalin, 3,5-O-dicaffeoylquinic acid, and
butin. Luteolin, another significant flavonoid,
has been associated with anti-inflammatory
effects. It has been reported to mitigate
oxidative stress in in vitro cell models,
providing clues about significant potential
properties for the maintenance of skin
health.?30  Additionally, Kaliziri-derived
flavonoids have been reported to impede
glucose absorption and augment insulin
sensitivity, associated with the management
of diabetes.3"3? They also exhibit anticancer
activity through apoptosis induction and cell
cycle arrest in malignancies. %242

Terpenoids: Terpenoids, organic compounds
derived from five-carbon isoprene units, are
also abundant in Kaliziri.3334 Aobuli et al. Have
identified 64 distinctive compounds in the
volatile oil of Kaliziri, with terpenoids
comprising 73.53% of the total content.®? In
particular, caryophyllene, sabinene, a-
thujene, thymol, limonene, and 4-epi-a-
acoradiene are the most prevalent terpenoids
in the composition. These bioactive
compounds exhibit anti-inflammatory,
antibacterial, antioxidant, and anticancer
effects.?>3¢ For instance, the sesquiterpenoid
compound vernodalin has demonstrated

notable antibacterial properties against
multiple pathogens.?”-3 Moreover, terpenoids
can scavenge free radicals and reduce
oxidative stress in cells.3*40 This property is
particularly important in vitiligo treatment,
where oxidative stress plays a pivotal role in
its development.3°

Saponins: Saponins are another prominent
category of phytochemicals found in kaliziri,
characterized by their amphipathic structure
consisting of a hydrophobic aglycone linked to
hydrophilic sugar chains.*“? These compounds
exhibit antimicrobial, antifungal, and antiviral
properties.®*# Extracts with high saponin
content have been shown to impede the
growth of various bacteria.“®4” Furthermore,
saponins in Kaliziri contributes to its overall
antioxidant activity by scavenging free
radicals and reducing oxidative stress.*®* The
presence of saponins has been associated with
the treatment of various ailments, including
skin diseases.3%3° Ethnobotanical surveys also
support the link between traditional use and
phytochemical composition.>’

Alkaloids: Alkaloids are organic compounds
containing nitrogen atoms, typically within a
heterocyclic ring structure.’? Alkaloids have
been shown to possess various health benefits,
including antimicrobial and anti-inflammatory
properties.3®>* For instance, the antibacterial
properties  of  alkaloids have  been
substantiated through experiments
demonstrating their efficacy against strains
such as Staphylococcus aureus and
Pseudomonas aeruginosa.’® Studies have
demonstrated the efficacy of alkaloids in
expelling helminths in infected animals,
underscoring their practical utility in
ethnomedicine.> Furthermore, alkaloids are
also considered a key factor in the treatment
of infections and digestive disorders.>>

Phenolic and fatty acids: Phenolic acids are
aromatic plant metabolites characterized by a
phenolic ring and a carboxylic acid group, with
chlorogenic and caffeic acids being notable
examples found in Kaliziri.’® Chlorogenic acid
is recognized for its capacity to mitigate
oxidative stress by neutralizing free radicals
and fortifying the body's immune system
against various diseases.?® Caffeic acid has
been known for its role in promoting skin
health and its potential in managing vitiligo by
enhancing  melanogenesis.?>  Additionally,
studies have reported that fatty acids such as
vernolic acid, oleic acid, linoleic acid,
palmitic acid, and stearic acid have been
extracted from the seeds of Kaliziri.>”38
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Notably, oleic and linoleic acid exhibit
antioxidant properties by neutralizing free
radicals.®® These acids also nourish the skin
barrier, enhance hydration, and promote
overall skin integrity. These properties render
Kaliziri a valuable component in traditional
remedies for vitiligo.>®

Understanding the structure-activity
relationships of these bioactive compounds is
crucial for identifying key contributors to
therapeutic efficacy. Analytical techniques
like HPLC and MS are essential for ensuring the
quality control and consistency of Kaliziri-

based preparations. Recent phytochemical
research  focusing on isolating and
characterizing active compounds provides a
crucial scientific foundation for validating
traditional uses (Table 1). However, most
studies investigating V.  anthelmintica
conducted in the Uyghur region have been
limited to in vitro cell-based experiments and
in vivo animal models. Clinical studies
evaluating V. anthelmintica are scarce. These
methodological limitations have restricted a
comprehensive understanding  of  the
therapeutic potential of Kaliziri and have
hindered its translation into clinical practice.

Table 1. Research Studies on Vernonia anthelmintica in the Uyghur Region

Study Sample Study "
No Year Location Sample Location Design Key Findings Ref.
?hn;g@tial_ Developed an accurate
based y method for quantitative
XTIPC*, Seeds of Uyghur studv usin analysis; revealed
1 2020 Uyghur Kaliziri Region, HPLg-D ADg variations based on 60
Region Pakistan HPTLC anéj geographical origin and
chemo’metr storage time; confirmed
ic methods antioxidant activity
Experiment
al rfssiizmh Flavonoids identified as
High- extraction, primary compoungis; KZE
altitude LC-MS/MS increased tyrosinase
XTIPC*, . - activity and melanin
Seeds of areas in evaluation : . 2
2 2014 Uyghur Kaliziri the of content in B16 cells;
Region Uvehur tvrosinase enhanced expression of
ot it tyrosinase, TRP-1, TRP-2,
s and Y, and MITF; minimal
melanin cytotoxicity
content
Xinjiang  Experiment
Meditsina al study AVO increased melanin
Uyghur analyzing S .
XTIPC* Pharmace volatile oil synthesis in B16 cells;
3 2018 U hur, Seeds of utical Co using GC- identified 64 compounds; 1
Rzgion Kaliziri Ltd " QTOgF- MS showed potential
s L . protective effects against
Xinjiang,  and testing oxidative stress
Uyghur bioactivitie
Region S
Shihezi
University .
. Isorhamnetin and
’gggg:‘r High- C%rgﬁ]izid Kaempferide increased
an dgEast altitude methods melanogenesis by
4 2017 China Kaliziri areas in with in upregulatlng melam.n- 25
Universit extract the Vitro biosynthetic genes;
of Scienci Uyghur experiment targeted pathways such as
. region P . MC1R-MITF signaling and
Technolog MAPK signaling

y, China
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PMPP identified as a
potent tyrosinase

Isoxazole experiment activator; enhanced
XTIPC*, chalcone  Laborator al study on melanogenesis via
5 2017 Uyghur C murine B16 Akt/GSK3B/B-catenin 13
. derivativ y X .
Region e melanoma signaling pathways, and
cells increased tyrosinase
activity and melanin
content
Key
Laborator
y of Plant
Resources Highlighted the
: Summarizin importance of
Chemistry . d l i< stimul
of Arid o Reylew g advances  melanogenesis stypu ators
Kaliziri article - in for treating vitiligo; 61
6 2017 Zone, . . .
Chinese extract not melanogen discussed signaling
applicable esis pathways and protein
Academy . 4
of stimulators expression related to
Sci melanogenesis
ciences,
Urumqi,
Uyghur
Region
1,5-dicQA stimulated
Experiment melanogenesis by
XTIPC* Murine al study on  increasing melanin levels
’ B16 Laborator 1,5- and tyrosinase activity; 62
7 2018 Uyghur . )
Region melanom y dlgaffeoqu upregulated. melanogenic
a cells uinic acid enzymes via MAPK and
effects CAMP/PKA signaling
pathways
Melanocy Experiment CIAM'W prqmqtes38
N tes, al study on M?SKanpgerl\'em v1ahp .
XTIPC",  57B1/6  Laborator Kaliziri signaling pathway;
8 2021 Uyghur . restored pigmentation in
. mice, y standard cors .
Region : vitiligo models; shows
guihea extracts otential as a therapeutic
pigs (CAM-Y7) P P
agent
Second
Hospital Local Comparativ ASE showed the highest
of Hebei farm o anpal i extraction efficiency and
Medical Seeds of . y antioxidant activity; 63
9 2022 . . e market in of
University  Kaliziri . extracts demonstrated
Uyghur extraction -
, Region methods potent antioxidant
Shijiazhua g abilities
ng, China
Analytical Identified 60 caffeoyl
study using  quinic acid derivatives in
XTIPC*, Kaliziri Beagle UHPLC-Q- KZI; quantified six major
10 2022 Uyghur injection plasma Orbitrap- derivatives in beagle 64
Region (KZI) samples MS and plasma; analytes showed
HPLC- rapid absorption and
MS/MS clearance
Uyghur Health Experiment Hot water extracts are
> . G-361 : S
Medicine Science al study on more effective in 65
11 2016 : human S0 . . .
Hospital, . Research Bairesi increasing melanin
. skin >
Urumdi, Resources complex production; the
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Uyghur melanom Bank, prescriptio prescription showed
Region a cells Japan n greater efficacy than
and individual components;
School of increased TRP-1 and TYR
Pharmace protein levels
utical
Sciences,
Kitasato
University
, Tokyo,
Japan
. . Experiment Flavonoids demonstrated
Xinjiang Human Shanghai  al research . € .
Normal immortal Cell Bank, on pro'tdect.lve € eCtj against
University ized Chinese flavonoids X! ative stress ar.“"."g‘?’ 66
12 2024 . . . increased SOD activity;
, Urumqi, epiderma Academy against reduced MDA content:
Uyghur L cells of H202- ’
. . . regulated Nrf2, HO-1, and
Region (HaCaT) Sciences induced NQO1
damage QO1 genes
Xinjiang
Institute Experiment  Butin increased melanin-
of Shaved al study containing hair follicles
Traditiona Male dorsal skin using and melanocytes;
13 2017 L Uyghur C57BL/6 areas of hydroquino  enhanced TYR and TRP-1 67
Medicine, mice mice ne-induced protein expression;
Urumqi, vitiligo decreased MDA content
Uyghur model and CHE activity
Region
People's
Hospital
of Experiment . 150 pre-treatment
Xiniian al studv on increased cell viability;
U ) urg Human Laborator isorhan}:net reduced MDA content;
14 2023 Autgﬁomo keratinoc in acainst enhanced SOD activity; 30
us Region ytes y H%OZ reduced mitochondrial
Ururﬁ ; ’ damage membrane potential loss;
Uyghﬂr’ g inhibited apoptosis
Region
State Key
Laborator
y Basis of 15
Xinjiang productio Vernodalin, 3,5-0-
Indigenous Effective nareasin Spectrum- dicaffeoylquinic acid, and
15 2024 Medicinal part of the effect butin were identified as 28
Plants Kaliziri Uyghur relationshi key components for
Resource (VAEP) Region, p analysis melanogenesis-promoting
Utilization Pakistan, activity
, Urumqi, and India
Uyghur
Region

* Xinjiang Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Urumqi

DISCUSSION

The therapeutic effect of Kaliziri in vitiligo
involves multiple molecular and cellular
pathways, reflecting its complex
phytochemistry:

Melanogenesis Stimulation and Melanocyte
Proliferation: Bioactive compounds in Kaliziri,
potentially including flavonoids'®%, are
reported to stimulate melanocyte proliferation
and enhance melanin synthesis. These
properties address the core pathology of
pigment loss in vitiligo. The regulation often
involves key transcription factors like
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Microphthalmia-associated transcription factor
(MITF), which governs the expression of
melanogenic enzymes such as tyrosinase (TYR),
tyrosinase-related protein 1 (TRP-1), and TRP-
2 (DCT). 61,68

Figure 3 depicts the most frequently involved
signaling pathways, including the cyclic
adenosine  monophosphate  (cAMP)/protein
kinase A (PKA), Wingless-related integration
site (Wnt)/B-catenin, and mitogen-activated
protein kinase (MAPK) pathways, associated
with melanin formation. Mamat et al. ©
demonstrated that 1,5-dicaffeoylquinic acid
enhances melanogenesis through both MAPK
and cAMP/PKA signaling pathways, while Zang
et al. 77 showed that standardized extracts
specifically utilize the p38 MAPK signaling
pathway. Also, Wang et al. 2° identified
isorhamnetin and kaempferide as compounds
that upregulate melanin-biosynthetic genes via
MC1R-MITF signaling, and Yin et al. '3 found
that a synthetic derivative of Kaliziri
compounds enhances melanogenesis through
Akt/GSK3B/B-catenin pathways.

Although three enzymes (TYR, TRP-1, and TRP-
2) are involved in the melanogenesis pathway,
only TYR is exclusively necessary for
melanogenesis. In addition, MITF plays a
central role in melanocyte biology by
governing  differentiation,  pigmentation,
proliferation, and cell survival [49].
Tuerxuntayi et al. extracted components from
Kaliziri seeds (KZE) using an ethanol-water
solution and identified their composition by
using liquid chromatography-tandem mass
spectrometry (LC-MS/MS). In addition, B16
melanoma cells treated with KZE were
examined for the melanin synthesis signaling
pathway by western  blotting. The
experimental results have revealed that KZE
upregulates the expression of TYR, TRP-1, TRP-
2, and MITF in B16 cells 2.

Immunomodulation and Anti-inflammatory
Effects: Given the autoimmune component of
vitiligo, Kaliziri's immunomodulatory and anti-
inflammatory properties are highly relevant.
Zhao et al.®® investigated the efficacy of
Compound Kaliziri tincture in the vitiligo
treatment. A total of 150 patients were equally
divided into experimental and control groups.
In the experimental group, Compound Kaliziri
tincture was applied externally to the vitiligo
lesion area, and NB-UVB therapy was
simultaneously applied. In the control group,
only local NB-UVB light therapy was applied to
the vitiligo lesion area. They found that the
therapy was 86.7% effective in the

experimental group and 65.3% effective in the
control group. This difference of 21.3
percentage points was statistically significant
(95% Cl, 8.1-34.6; p = 0.002), with an
estimated NNT of approximately 5. However,
the evidence should be interpreted cautiously
because the study provides limited information
on allocation concealment, blinding, and
outcome assessment. Thus, its methodological
quality would be considered low-to-moderate
by Jadad/RoB-2 criteria, with potential
concerns regarding selection and performance
bias. The authors suggest that Th17 cells and
their cytokine IL-17 contribute to vitiligo
pathogenesis by promoting inflammation and
impairing melanogenesis. Overall, these
clinical studies demonstrate that the external
use of Kaliziri tincture in combination with
local NB-UVB therapy is highly effective in the
treatment of vitiligo.

Antioxidant Activity: Oxidative stress has
been considered as an important factor in the
pathogenesis of vitiligo. 7% 7! Melanocytes can
be defined as the result of reactive oxygen
species (ROS) accumulation and, in turn,
triggering destruction of the structural and
functional integrity of their DNA, lipids, and
proteins. Kaliziri's rich content of antioxidants
can neutralize reactive oxygen species,
thereby protecting melanocytes from oxidative
damage and creating a more favorable
environment for their survival and function3%40

Synergistic Effects: As is well known, the
synergistic effects of herbal medicine refer to
the use of two or more herbal plants to
enhance therapeutic efficacy and reduce
toxicity = compared  with  single-herbal
treatments 72. In TUM, more than 450 herbal
drugs are used in clinical practice, among
which 12 prescriptions, including Kaliziri, are
associated with melanogenesis-related effects
in the treatment of vitiligo”3. Recent studies
suggest that combining Kaliziri with other TUM
ingredients can enhance overall therapeutic
efficacy by targeting multiple pathogenic
pathways simultaneously. For instance, Huang
et al. % showed that the Bairesi complex
formulation was more effective and less toxic
than the single crude herbal extracts included
in the prescription.

Collectively, the reported pharmacological
activities of Kaliziri provide a plausible basis
for its traditional use in vitiligo and other
hypopigmentation disorders. However, the
evidence should be interpreted cautiously
because the current literature is dominated by
in vitro findings, with only limited animal
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studies and limited human clinical trials.
Consequently, the therapeutic efficacy and
safety of Kaliziri cannot yet be considered
clinically established. Nevertheless, the
consistency between traditional applications
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and several reported biological activities
supports continued scientific investigation of
Kaliziri and provides a basis for further
evaluation of its therapeutic potential.

- A0000C00000

BT o050 8 S0 008888000854

MC1R

Aemyied Bujeubis MyNICLd

ajfooueay

. <

o
>
=
3
o
Fe)
>
o,
«Q
=
o
=]
«Q
©
1)
-
=
S
Y
<

cAMP

Aemuyjed Bujeubis YdvVIN

\ N
g \\ \ _
% o
§ T I ... o
% TYR '\T.C..F.-.I.'.E.!:.: g MITF g
E‘ TRP1 > g
& TRP2 -M

Figure 3: Regulation of melanogenesis pathways. Schematic representation of the major
signaling pathways involved in melanin synthesis, including the cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA), Wingless-related integration site (Wnt)/B-catenin, and mitogen-
activated protein kinase (MAPK) pathways. Extracted from [12, 49] with permission under CC-

CONCLUSION AND FUTURE PERSPECTIVES

Overall, researchers have made significant
contributions in elucidating the phytochemical
composition, biological activities, and
molecular mechanisms of this important
ethnomedicinal resource over the past decade.
This review demonstrates that Kaliziri exerts
its melanogenesis-stimulating effects through
multiple signaling pathways, including MAPK,
CAMP/PKA, and Akt/GSK3B/B-catenin
pathways. In addition to melanogenesis
stimulation, Kaliziri demonstrates significant
antioxidant properties that may facilitate its
repigmentation effects. Despite its promising

BY-4.0.

therapeutic potential, several significant
challenges hinder the broader clinical adoption
and scientific validation of Kaliziri. One of the
foremost issues is that variations in genetics,
geographical origin, harvesting, processing,
and extraction can alter its phytochemical

profile  and therapeutic consistency.
Therefore, standardized cultivation,
processing, formulation, and validated
analytical methods are essential for
reproducible outcomes. Another critical
bottleneck is that most of the existing

evidence is limited by small sample sizes,
inadequate controls, non-standardized
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interventions, and subjective outcome
measures. Future clinical research must
adhere to CONSORT guidelines for randomized
controlled trials to produce robust and
generalizable findings. Regulatory hurdles also
present a challenge, as approval pathways for
traditional herbal medicines vary globally.
Additionally, knowledge gaps and limited
research funding for traditional medicinal
plants like Kaliziri impede progress towards
their reliable clinical application.

From a future perspective, several emerging
research directions offer promising
opportunities to advance the therapeutic use
of Kaliziri in the treatment of vitiligo. The
development of novel drug delivery systems
and optimized transdermal patches could
significantly improve the bioavailability, skin
penetration, and targeted delivery of Kaliziri’s
bioactive compounds. Investigating
combination therapies could yield additive or
synergistic effects, potentially reduce required
doses and side effects while improving
repigmentation  outcomes. Furthermore,
comprehensive PK/PD studies are essential to
characterize the absorption, distribution,
metabolism, and excretion of Kaliziri
compounds and their relationship with
therapeutic effects. Ultimately, bridging
traditional knowledge with modern scientific
rigor through interdisciplinary collaboration is
essential to fully utilize Kaliziri in the
treatment of vitiligo and integrate it into
evidence-based dermatological practice.
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