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ABSTRACT

Introduction and aim. Ciclopirox has been treating fungal infections for decades. Recent studies suggest ciclopirox may be repur-
posed to treat cancer, viral infections, and neurological disorders. Ciclopirox exerts anticancer by inhibiting multiple pathways of
cancer cell growth and survival and anti-viral actions by reducing viral replication and altering the host immunological response
to viral infection. Recent research suggests that ciclopirox may protect against neurodegenerative illnesses including Alzheimer’s
and Parkinson’s. This narrative review shows ciclopirox’s potential to treat cancer, viral infections, and neurological diseases.
Material and methods. Current relevant research publications focused on ciclopirox and its repurposing medicinal potential,
therefore a well-designed technique was used to find them.,Ciclopirox’,,Anti-fungal’, ,Anti-cancer’, ,Repurposing’, and ,Thera-
peutic potential” were used to search PubMed, Web of Science, EMBASE, and Google Scholar.

Analysis of literature. Ciclopirox may reduce oxidative stress and inflammation, which may cause several illnesses. Overall, the
repurposing of ciclopirox for the treatment of cancer, viral infections, and neurodegenerative disorders represents a promising
avenue of research that warrants further investigation.

Conclusion. It was concluded that CPX and olamine derivatives as outstanding antifungal medications, as well as provide in-
formation on ongoing research to use them for other illnesses.

Keywords. AIDS, anti-fungal, cancer, cardiovascular diseases, ciclopirox

The list of abbreviations: droxylase, HIF-1a - hypoxia inducible factor-1a, eIF5A
CPX - ciclopirox, CPO - ciclopirox olamine, CPX-POM — eukaryotic translation initiation factor 5A

- fosciclopirox, HPCH - hydroxypropyl chitosan, VVC

- vulvovaginal candidiasis, BBB - blood-brain barrier, Introduction

AKT - protein kinase B, PKB/AKT, GSK3 - glycogen In the current period of serious dermatological disor-
synthase kinase 3, RR - ribonucleotide reductase, AML ders, there is a demand for effective medications that
- acute myeloid leukaemia, DOHH - deoxyhypusine hy- can treat a variety of conditions. Ciclopirox (CPX) is
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a promising therapy choice for a number of dermatolog-
ical conditions due to its broad-spectrum antifungal ac-
tivity, capacity to target various stages of the fungal life
cycle, and minimal toxicity. CPX is a unique formula-
tion with an array of uses (Table 1 and Fig. 1). While it is
primarily used as an antifungal drug, it can also be uti-
lized as an anti-inflammatory medication. This antifun-
gal drug unlike others belongs neither to the azole nor
the imidazole class of chemical agents but is uniquely
from the hydropyridone class, one which has been prov-
en incredible to be incredibly effective against a wide
spectrum of dermatological disorders. These include
dermatophytes and those caused by microorganisms in-
cluding yeast, fungi, bacteria, etc.!

Fig. 1. Chemical structure of ciclopirox

Table 1. Chemical properties and names of ciclopirox

1UPAC 6-cyclohexyl-1-hydroxy-4-methyl pyridin-2-one

Generic Ciclopirox

Synonyms Batrafen, ciclopiroxolamine, cyclopirox,
ciclopiroxium, HOE-296, Loprox, Penlac.

Molecular weight 207.27

Molecular formula CH NO,

Half-life 1.7 hours

Melting point 143°C-144°C

CPX antifungal topical drug therapy has a unique
and different mechanism of action. This drug acts by
penetrating the nails and other sites if administration
and counters the ill effects of infection like brittle nails,
scaly patches and many more by acting on the infection
causing microbes. In minimal concentration, CPX acts
by blocking the transportation of amino acids across the
cell membrane.” Studies that have been undertaken on
CPX prove that its sole use may not be restricted to its
isolated antifungal action only but it can act for a variety
of other purposes too. One of the many involve its ac-
tion as an antibacterial. It's antibacterial action includes
targeting both gram-positive (Staphylococcus aureus,
Enterococcus faecalis) as well as gram-negative bacteria
(Pseudomonas aeruginosa, Klebsiella pneumoniae).* An-
other of its many functions is as an HIV-1 inhibitor.* In

this inhibitory action, the novel drug is believed to in-
hibit deoxyhypusine hydrolyse an inhibitor of the cell
cycle through inhibition of DNA polymerase alpha. Re-
search has also proved that CPX besides the above-men-
tioned uses, can also be efficacious in treating malignant
leukaemia and a variety of cancers. These include my-
eloma, colorectal cancers and various types of tumours.
CPX, a unique formulation of hydroxypirdone is an an-
tifungal therapy that has been used for over three de-
cades for various skin-related purposes as well as a nail
lacquer. This Distinctive cream-based antifungal thera-
py gained USFDA approval in June 2004 and has been
used Ever since for an array of functions.” CPX has been
developed using unique drug innovation technology,
which is rational drug designing. Researchers identified
a specific enzyme (squalene epoxidase) that is essential
for the growth of fungi and yeast. They then used this
knowledge to design a molecule (CPX) that would bind
to the enzyme and inhibit its function, thereby stopping
the growth of the fungi. Onychomycosis is a typical in-
fectious disease caused by fungi and may be incredibly
painful and uncomfortable. Barring degradation of the
patient’s quality of life it may also cause immense physi-
cal impairment. CPX formulations are also used for the
treatment and management of the disease. Generally,
an 8 % CPX hydroxypropyl chitosan (HPCH) formula-
tion is considered most suitable and is used to treat mild
to moderate fungal infections.”

The current scenario of dermatophytes is extensive-
ly alarming and calls for careful attention. Innumera-
ble studies have been undertaken to look into the same
and management still seems to be a challenging aspect
to deal with. Whilst studies on different topical antifun-
gals was being considered it was majorly concluded that
CPX is not only a safe and efficacious option for anti-
fungal therapy but also proves to be useful to patients
who do not respond to other antifungal. Therefore, the
considerations of this versatile antifungal in dermato-
logical diseases is proving to be highly beneficial.® Fur-
thermore, beyond its established use as an antifungal
agent, CPX has shown potential in a number of different
fields. Its possibility for use in the treatment of autoim-
mune diseases, cancer, and neurodegenerative disorders
is currently being studied in researches that are ongoing.

Aim

It is a narrative review that reveals the repurposing po-
tential of ciclopirox to cure cancer, viral infections, and
neurodegenerative disorders.

Material and methods

Current relevant research publications focused on ci-
clopirox and its repurposing medicinal potential, there-
fore a well-designed technique was used to find them.

>

,Ciclopirox”, ,,Anti-fungal’, ,, Anti-cancer’, ,,Repurpos-
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ing”, and ,Therapeutic potential” were used to search
PubMed, Web of Science, EMBASE, and Google Schol-
ar. The search method included applicable keywords, The
search phrases, which were adapted to the study’s specif-
ic goals, included ,,Ciclopirox,” ,, Anti-fungal,” ,, Anti-can-
cer; ,Repurposing;” and ,, Therapeutic potential,” among
other terms. After the initial search, retrieved articles
were screened based on predetermined inclusion and ex-
clusion criteria. The inclusion criteria encompassed in-
cludes up-to-date and pertinent information sources that
are mostly vetted based on articles written during the last
five years, Articles that helped provide information on
drug repurposing based on clinical and preclinical trials
conducted on ciclopirox were primarily screened using
the titles of the subsections to be covered from research
websites. Relevant and reliable information sources from
reputable Journals were also used while the exclusion cri-
teria were designed to exclude articles that did not meet
the specific research focus.

Analysis of literature

History of ciclopirox

The German pharmaceutical company Merz Pharma-
ceuticals GmbH first developed the drug in the 1970s
(Fig. 2). The development of CPX began with the screen-
ing of a large number of compounds for their antifun-
gal properties. One of the compounds, named CPX-772,
showed promising activity against a variety of fungi.’ Fur-
ther studies showed that CPX-772 had a unique mecha-
nism of action, disrupting the function of the fungal cell
membrane.”® In 1985, Merz Pharmaceuticals obtained
a patent for the use of CPX as an antifungal agent. The
drug was subsequently approved for use in Europe and
Japan in 1987, and in the United States in 1990. CPX is
now available as a topical cream, lotion, or nail lacquer for
the treatment of various fungal infections, including on-
ychomycosis (fungal nail infection), pityriasis versicolor
(a fungal infection of the skin), and seborrheic dermatitis
(a skin condition characterized by red, scaly patches).'*!
CPX has also been studied for its potential use in the
treatment of other conditions, such as cancer and Alz-
heimer’s disease. Some studies have shown that CPX may
have anti-tumor and neuroprotective effects, although
more research is needed in these areas."! CPX is generally
well-tolerated, with mild and transient side effects such as
burning or itching at the site of application. However, in
rare cases, more severe allergic reactions or skin irritation
may occur. Today, CPX is manufactured and marketed by
several pharmaceutical companies around the world, and
is widely used as a safe and effective treatment for fungal
infections of the skin and nails.*?

Structure activity relationship of ciclopirox
CPX is called 1-hydroxypyridin-2(1H), which has meth-
yl and cyclohexyl groups at meta and para respectively as

substitutes for hydrogen (Fig. 3). It is a cyclic hydroxamic
acid.”® The sixth position is set aside for a lipophilic substi-
tution, which allows you to swap out the hexyl ring with
another type of ring, such as phenol. The medicine be-
comes less oily as a result, but the strength remains unaf-
fected. The medication loses between 10 and 30 times its
potency when the hexyl ring is moved from position 6 to
positions 5 or 4. This demonstrates that what you put on
the carbon as well as being greasy is what makes it strong.
The medicine might eventually be strengthened by add-
ing a methyl group at position 4 along with another com-
ponent, as removing the methyl group has no effect on
the drug’s potency. The hexyl ring can be lengthened by
adding more components to the sixth position, or a ben-
zyl group or ring can take its place. Even if the benzyl ring
is modified with a 4-chloro or methoxy group, the drug’s
effectiveness is unaffected.'*'¢

In 1970, the German pharmaceutical
company Merz Pharmaceuticals
developed ciclopirox as a broad-
spectrum antifungal agent.

In 1987, ciclopirox was approved for use
in Europe and Japan for the treatment of
dl;jerlllnatomycoses, a fungal infection of the
skin.

In 1990, the United States Food and Drug‘

Administration (FDA) approved ciclopirox
for the treatment of tinea pedis (athlete's
foot), tinea corporis (ringworm), and tinea
cruris (jock itch).

Fig. 2. Timeline of ciclopirox development starting from
1970 to recent uses

Fig. 3. Different substitution and modification to ciclopirox
structure. (a) Desmethyl ciclopirox, cyclohexyl connected
via methyl bridge replacement to (b) 4-methoxy phenyl,

(c) phenyl, (d) 4- chlorine substituted phenyl, (e) phenol,

(f) substitution on fifth position of benzyl connected by
methyl bridge, (g) removal of side chain and substitution of
methyl to benzene



Exploring the versatility of ciclopirox — from anti-fungal to anticancer agent and beyond 899

General mechanism of ciclopirox

CPX acts by different mechanisms compared to nor-
mal antifungals like azoles, imidazoles, etc. CPX acts as
a chelating agent for metal ions and inhibits metal-de-
pendent enzymes confirmed by the genomic approach.
Instead of intruding sterol biosynthesis of organisms
like other agents it possesses a high affinity to triva-
lent metal cations like Fe** thus affecting cytochromes."”
Not only cations but also radicals i.e., hydroxyl radicals
are entrapped and provide relief from inflammation of
the skin. These radicals are formed by superoxide an-
ion which goes under dismutation by NADPH oxidase
which also has an action against microbes.'®'* Enzymes
are degraded and electron transportation to mitochon-
dria is hindered. creates an environment where it is hard
for growing cells to take up amino acids that are essen-
tial for their growth."” Peroxides damage proteins, lipids,
and nucleic acids, these peroxides degrading enzymes
are inhibited by CPX as they chelate Al’** and Fe’* cat-
ions which affect the working of enzymes in low con-
centration.>® It inhibits respiration in Candida albicans
and at high concentrations, oxidation of NADH through
mitochondria in yeast that are sensitive to inhibition
that isolation of mitochondria.* CPX also acts on ferri-
tin which is an iron complex involved in the activity of
cysts in polycystic kidney disease. CPX inhibits the ac-
cumulation of ferritin in cysts via ferritinophagy. Fer-
ritinophagy is ferritin degradation that results from its
binding to nuclear receptor coactivator 4 present on
autophagolysosome.? The anti-inflammatory action of
CPX is likely due to the inhibition of cyclooxygenase
and 5-lipooxygenase.

Pharmacokinetics and pharmacodynamics of ciclopirox
Pharmacokinetics

Absorption

Ciclopirox (CPX) absorption varies based on the for-
mulation and route of administration (Table 2). Topical
cream 1 % is equivalent to 0.77 % CPX as the olamine
group has no activity.® In recent studies, CPX only par-
tially penetrates deeper skin layers while maintaining
larger concentrations on the skins outermost layers.
Peak blood levels of CPX are attained after a particu-
lar amount of time following topical application. For
instance, peak serum levels of up to 0.01 mg/L are at-
tained after 6 hours following the application of roughly
36 mg of the active component (CPX cream 1%). when
studied using cadaverous skin, a horny layer showed the
presence of more than the required inhibition concen-
tration which is valued around 2300-2400 mg/cm*.*! To
address specific medical needs, CPX is offered in a num-
ber of formulations. These compositions include sham-
poos, creams, gels, suspensions, and lacquers. Different
amounts of CPX content and absorption properties are
provided by each formulation. One recent development

in pharmaceutical research is mucoadhesive films that
contain CPX. These films stick to mucosal surfaces, en-
abling targeted drug delivery, increased local concen-
trations, and prolonged drug release. This advancement
shows potential for boosting CPX’s effectiveness in
many therapeutic applications and promoting patient
compliance.?**

Radiolabelling CPX has shown that on the skin sur-
face the most concentrated areas are the hair follicle
and the upper dermis layer. It is safe to say that the ab-
sorption into the systemic region, the sebaceous gland,
and the dermis which takes place through the hair fol-
licles. Peak serum concentration is around 1.7 hours.
Over 6 hours from administration, an average of 1.3 %
of CPX (1%) was absorbed when applied on a 750 cm’
area of skin.” Absorption is rapid when oral doses are
administered. The penetration of CPX is dependent on
how is the structure of the nail. The more damaged, the
rougher, and the more fissured the nail is by myocyte
the better and deep was the absorption of CPX."” Vagi-
nal dosage gives 7 to 9 % absorption as 2 % douche for 6
days or 100 mg vaginal pessaries once daily for 3 days.*

Distribution

The concentration of CPX achieved in the nail bed ex-
ceeds the minimum inhibitory concentration required
for onychomycosis compared to other fungal applica-
tions used (Table 2). The nail lacquer of CPX, after 24
hours of application, has shown a concentration ranging
from eight pg/mg in the uppermost layer to 0.03 ug/mg
in the deepest layer.” An open labelled study was carried
out where five healthy subjects were asked to apply 8%
nail lacquer for 24 to 26 weeks, once daily that is before
bed on their toe nails and another group of 5 healthy
individuals were asked to apply it on finger nails. CPX
is highly keratinophilic and shows penetration into the
nail bed through keratin like materials. CPX is distribut-
ed to all tissues but the highest concentrations are found
in the kidney, liver, and smooth muscles of the stomach
when given orally. The placental transfer is almost neg-
ligible.”®

Metabolism

Protein binding is 94 to 97% by administration of CPX
topically.** The main pathway of metabolism of the
drug is through glucuronidation. Specifically, UGT1A1
and UGT1A9 are the main isoforms responsible for the
glucuronidation of CPX. Other metabolic pathways of
CPX include oxidative metabolism by cytochrome P450
enzymes, which leads to the formation of hydroxylat-
ed metabolites. CPX was extensively glucuronidated,
consistent with substantial first-pass metabolism of the
drug. The ¢, , of CPX glucuronide was similar to that of
the parent compound, ranging from 1.3 to 6.2 h.*!
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Excretion

The urine primarily containing 80% of the dose, which
is converted into glucuronide metabolite, excretes CPX
(Table 2). Bile juice excretion does not happen. These
findings suggest that CPX has a low potential for drug
interactions and is generally well-tolerated.

Table 2. Summary of ciclopirox pharmacokinetics

Aspect Summary Reference

Absorption - topical: limited deep, high surface 5026
- rapid oral and hair follicle absorption
-vaginal: 7-9% absorption

Distribution - effective in nails, high in kidney, liver, smooth muscles of sto- 7
mach when given orally.

Metaholism - mostly glucuronidation, CYP450 metabolism n

Excretion - mostly in urine, minimal interaction risk !

Pharmacodynamics

CPX works by inhibiting the fungal cell membrane syn-
thesis, disrupting the function of membrane-bound en-
zymes and transporters, and reducing the synthesis of
ergosterol. It also exhibits antibacterial and anti-inflam-
matory properties, which make it useful in the treat-
ment of skin infections and inflammatory conditions.*
CPX binds to the fungal cell membrane and disrupts its
function, causing a loss of membrane integrity and lead-
ing to leakage of cellular contents.” This leads to the in-
hibition of fungal growth and ultimately results in the
death of the fungal cell. The anti-inflammatory activi-
ty of CPX is thought to be due to its ability to inhibit
the production of pro-inflammatory cytokines such as
interleukin-1p, interleukin-6, and tumour necrosis fac-
tor-alpha.*

Pharmacological actions of ciclopirox

The diverse inhibitory activities of CPX and its deriva-
tives allow for a wide range of pharmacological applica-
tions (Table 3). Due to the chelating effect of trivalent
and other ions, these compounds have been used for
their action as antifungal, antibacterial, anti-inflamma-
tory, and many other purposes. It’s fascinating because
CPX has lately been discovered to have a significant
amount of potential to act against many other diseas-
es, such as cancer, diabetes, AIDS, cardiovascular issues,
inflammation, and bacterial infection. These results sug-
gest that CPX is a highly promising drug for the treat-
ment and prevention of a variety of disorders.

Ciclopirox as an anti-fungal

The possibility of CPX olamine as an antifungal drug
was originally raised in 1973. It has a very a broad spec-
trum of action that inhibits practically all clinically rel-
evant dermatophytes, yeasts, and moulds, including the
azole-resistant Candida species Candida glabrata, Can-
dida krusei, and Candida guilliermondii."' Depending
upon its contact time it could be fungistatic or fungi-

cidal. After a week, CPX olamine starts to have fungi-
cidal effects. Fungicidal tests with a chosen strain of T.
mentagrophytes revealed that fungicidal concentrations
of CPX olamine against non-proliferating and prolifer-
ating fungal cells were approximately 30 times the min-
imum inhibitory concentration after 1 day of exposure
of the organism to graded concentrations of the drug.*
On the other hand, fungicidal and inhibitory concen-
trations were comparable after a week of CPX olamine
exposure.” The reduction in CPX’s antifungal activity
could be due to the presence of iron salts in some me-
dia, which can combine with CPX to create complexes
that are microbiologically inactive. The growth medium
has an impact on the MIC of CPX olamine for common
strains of C. albicans and Trichophyton mentagrophytes.
Selected fungi were inhibited by CPX olamine at a dos-
age of 1.95 mg/L in the medium employed by scientists
to test the drug’s in vitro activity, whereas in thiogly-
colate medium, the same strains required a concentra-
tion of 31 to 62 mg/L to be inhibited."** Using a widely
available agar diffusion technique, the in vitro antifungal
activity of CPO was compared to that of clotrimazole,
econazole, ketoconazole, miconazole, tioconazole, flu-
conazole, itraconazole, and nystatin. (NeoSensitabsTM,
RoscoTM, Taastrup, Denmark), which had previously
been described and assessed in collaborative works by
Casals (1979). In order to treat candidiasis, antifungal
medications were employed as 9 mm diameter tablets
(NeoSensitabs, Rosco, Taastrup, Denmark). These tab-
lets were made and supplied by the manufacturer. Only
one yeast strain (0.4 %) and four (1.8 %) were deemed
moderately susceptible to CPX, while 220 strains were
susceptible (97.3 %) out of 225 yeast strains.”””*® Some
of the strains and their susceptible “n” in percentage are
C. albicans (n=75), C. parapsilosis (n=21), C. glabrata
(n=25), C. tropicalis (n=25); “n” represents the number
of strains of the yeast species used in the experiment.
Total 225.%

Ciclopirox as anti-inflammatory

An antifungal drug that simultaneously has intrinsic
anti-inflammatory effect would be highly desired since
superficial fungal infections may be accompanied by
significant inflammation. The anti-inflammatory prop-
erties of CPX and its derivatives have been examined in
in vitro and in vivo studies. Since ciclopirox is non-toxic
and unlikely to irritate skin, it has a number of advantag-
es. In both biochemical and pharmacological settings, it
also has weak anti-inflammatory capabilities, demon-
strating excellent tolerance and a noticeable absence of
serious side effects. In vitro studies have demonstrat-
ed that CPX inhibits the formation of 5-lipoxygenase
metabolites (5-HETE and leukotriene LTB4) as well
as prostaglandin E2 (PGE2) cellular release.*” The test
for arachidonic acid-induced ear edema can be used to
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measure topical anti-inflammatory activity. According
to the percentage difference from inflamed control ears,
CPX effectively lowers arachidonic acid-induced ear
edema. In comparison to the anti-inflammatory medi-
cines indomethacin and desoximetasone, this occurred
at a rate that was about two times greater than what
was observed with naftifine, ketoconazole, fluconazole,
or miconazole.” Significant inflammation might be
brought on by cutaneous candidiasis. In a double-blind,
randomised comparative investigation, 96 patients with
cutaneous candidiasis were enrolled and randomly al-
located to receive either CPX olamine cream 1% or clo-
trimazole cream 1%. Both treatments were successful; at
the final evaluation two weeks following the end of ac-
tive therapy, the final clinical cure rates for those receiv-
ing CPX olamine and clotrimazole were 76 and 63%,
respectively; mycologic cure rates were likewise equal.
However, those receiving CPX olamine showed earli-
er clinical improvement; in comparison to those get-
ting clotrimazole, a considerably higher proportion of
these patients were evaluated as clinically cured at weeks
1, 2, and 3.* In a different comparison study, 1% CPX
olamine cream was shown to be just as effective as 1%
clotrimazole cream for treating tinea corporis and tinea
cruris. In this experiment, both treatment groups saw a
similar time course of recovery throughout the duration
of 4 weeks of therapy. In a multicenter, double-blind tri-
al of patients receiving therapy for 4 weeks, it was dis-
covered that the inflammatory signs and symptoms of
tinea pedis responded preferentially to CPX olamine
cream 1% as opposed to clotrimazole cream 1%. Early
on in the experiment, there were particularly noticeable
disparities between the therapy groups. At week 1, the
CPX olamine group’s clinical response rate (improve-
ment and cure) was noticeably greater than the clotri-
mazole group’s (93% versus 71 %, p<0.01). Only 2 % of
the 43 patients who received clotrimazole obtained a
clinical cure, compared to 26 % of those who received
CPX olamine. For the CPX group, clinical cure rates and
combined clinical and mycologic cure rates were great-
er in weeks two and three after therapy and at weeks five
and six after treatment (p<0.05). The two groups’ final
cure rates did not significantly differ from one another.?

Ciclopirox as anti-bacterial

Secondary bacterial infections can make superficial my-
cotic illnesses more difficult. Although other antifun-
gal substances also possess antibacterial capabilities,
CPX stands out from the competition due to its larg-
er scope and more consistent activity, particularly its
ability to combat Gram-negative bacteria. Trichomon-
as vaginalis and Mycoplasma species have both been
shown to be sensitive to CPX.** Numerous Gram-posi-
tive and Gram-negative bacteria are susceptible to CPX
in vitro. It is advantageous for CPX to be active against

Gram-negative germs rather to certain azoles, which are
more effective against Gram-positive bacteria. It is ad-
vantageous to treat macerated tinea pedis because CPX
has a broad range of action that encompasses both
gram-negative infections and fungal pathogens.” Recent
research using a standardised microdilution method re-
vealed that CPX was active against both Gram-positive
and Gram-negative bacteria, with a MIC range of 0.06-2
mg/mL against B-haemolytic Streptococcus group A, Pro-
teus mirabilis, Escherichia coli, K. pneumoniae, S. aureus,
and Micrococci. MICs of 16-32 mg/mL for Gardnerel-
la vaginalis and greater than 128 mg/mL for Lactoba-
cillus species were found in more recent tests utilising
bacteria isolated from clinical samples of vaginal swabs.*
Minimal inhibitory concentrations (MIC) for bacterial
isolates (n=45) were established using a standardised mi-
crodilution technique. The MIC range for CPX is 0.06-2
g/mL, and it shown action against every isolate tested,
including Gram-positive and Gram-negative.’

Repurposing the forgotten anti-fungal CPX

An anticancer therapeutic

In terms of how it affects dermatophytes, yeast, filamen-
tous fungus, and bacteria, CPX has a very broad range of
activity. The methods by which CPX exerts these effects
appear to be varied, involve altering membrane function
in fungi or focusing on various metabolic (respiratory)
and energy-producing activities in bacteria. CPX may
also have an impact on the yeast Saccharomyces cerevi-
siae by interfering with intracellular transport, mitotic
spindles, cell division signals, and DNA repair. In addi-
tion to its antibacterial and antimycotic properties, CPX
also causes cell cycle arrest in the G1 phase in human
cells and the G,/M phase in yeast S. cerevisiae.*** Ac-
cording to the most current research, CPX-induced cell
death was linked to the chelation of intracellular iron
and the suppression of the iron-dependent enzyme ri-
bonucleotide reductase. Without causing severe organ
damage or weight loss in NOD/SCID mice models, it
appeared that CPX hindered the engraftment of prima-
ry acute myeloid leukaemia (AML) cells and appeared
to cause cell death in primary human AML cells. Study-
ing the in vivo impact of CPX on the growth of the hu-
man breast cancer MDAMB231 tumour in a mouse
xenograft model was done in order to give more preclin-
ical support for the development of CPX as an antican-
cer treatment. Results demonstrate that CPX potently
reduced tumour development by preventing tumour cell
proliferation and causing apoptosis in vivo. The preclin-
ical anticancer potential of CPX against solid tumours
such as rhabdomyosarcoma, breast cancer, prostate can-
cer, and colon cancer is still being evaluated.*® Accord-
ing to research, there are two substances that reversibly
halt the lymphocyte cell cycle. In late G,, 1-2 h before
the GUS boundary, which is determined by APH, the
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compound mimosine (MIMO) reversibly stops the pro-
gression of B cells. Another substance, [2-(4-hydroxy-
toluene-3-yl)-4,5-dihydro-4carboxythiazole] (HTDCT;
Hoechst 768159), inhibits T lymphocyte activation after
the stimulation of cell surface transferrin receptors, sug-
gesting that HTDCT may also operate in late G, phase.*
The chemical CPX, which blocks the HL-60 promyeloid
leukaemia cells’ cell cycle reversibly at the same location
close to the G /S phase boundary, produces the same
results. After performing the flow cyclometer method-
ology, it was determined that, in contrast to the expo-
nentially growing control, all arrest cell growth in the
G,/G, phase of the cell cycle. A batch of synchronous-
ly developing cells has advanced through the S phase
around halfway after a 5 hours release.”” CPX and HT-
DCT arrest HL-60 cells in late G, as determined by a
series of drug release and readdition tests. Aphidicol-
in (APH), an inhibitor of DNA polymerase a activity,
was also intended to show this. APH stops G, phase cells
from entering the S phase just beyond the G /S barrier.
It has been shown in the past using this strategy. The
two chemicals CPX and HTDCT have an effect on HL-
60 cells just before the early S phase arrest detected by
APH, which takes place close to the G,/S phase bound-
ary. With no delay or a 1 h delay, cells discharged from
CPX and HTDCT into APH do not reach the S phase.*

Additionally, by suppressing the production of vas-
cular endothelial growth factor, CPX can prevent hu-
man umbilical vein endothelial cells from proliferating
and forming new blood vessels.*® Recent research indi-
cates that CPX also prevents lymphatic endothelial cells
from forming tubes, which may prevent lymphangio-
genesis. These discoveries further underline the poten-
tial of CPX for the treatment and prevention of cancer
since angiogenesis and lymphangiogenesis are essential
for carcinogenesis and metastasis.” According to re-
search, CPX prevents deoxyhypusine hydroxylase from
working (DOHH). DOHH is an iron-dependent en-
zyme, just the same as RR.*® Deoxyhypusine is trans-
formed to hypusine via DOHH, which is necessary for
the development of eukaryotic translation initiation fac-
tor 5A (eIF5A), an integral to maintaining translation
elongation.”** Deoxyhypusine hydroxylation was inhib-
ited in a concentration-dependent manner when CPX
and [3H]-spermidine were treated with exponentially
developing HUVEC: for 20 hours. Only [3H]-hypusine,
not [3H]-deoxyhypusine, was found in the cellular pro-
tein hydrolysates of control HUVECs and HUVECs that
had received 2.5 uM or less of CPX. At larger dosages
(5-100 M), CPX inhibited deoxyhypusine hydroxylase,
resulting in the formation of the intermediate [3H]-de-
oxyhypusine and a corresponding drop in [3H]-hypu-
sine. Based on the fact that the IC_ for this inhibition
was around 5 M and no [3H]-hypusine was identified at
>10 M, the deoxyhypusine hydroxylase was totally in-

hibited. We compared the effects of CPX and the oth-
er test chemicals on DNA synthesis in HUVECs since
deoxyhypusine hydroxylation and eIF5A have been
connected to cell proliferation. All substances induced
concentration-dependent suppression of DNA synthesis
18 hours into the therapy. A 10 uM IC_ for CPX demon-
strated the highest inhibition.”

Cells were transfected with cDNA matching to the
ribonucleotide reductase M2 subunit of ribonucleotide
reductase (RRM2) or vector control in order to ascertain
if inhibiting ribonucleotide reductase was functionally
significant for CPX-induced mortality. Ribonucleotide
reductase is the enzyme in charge of converting nucle-
oside diphosphates into deoxynucleoside diphosphates,
so providing a consistent supply of deoxyribonucleo-
tides for DNA synthesis. Because the ribonucleotide
reductase M2 subunit of this enzyme contains an iron
core that is necessary for the complex’s enzymatic activ-
ity, it is iron-dependent.** After that, cells were exposed
to CPX at progressively higher doses, and the MTS test
was used to gauge cell viability. RRM2 overexpression
prevented CPX-induced cell death, proving that ribo-
nucleotide reductase inhibition is crucial for CPX’s cy-
totoxic effects. Notably, CPX was more than 200 times
more effective than hydroxyurea, a ribonucleotide re-
ductase inhibitor that functions in a different way than
CPX. As aresult, CPX has an anticancer impact through
at least one mechanism, which is the suppression of ri-
bonucleotide reductase activity.*®

Diabetes management

Diabetes causes endoplasmic reticulum (ER) stress to be
induced on pancreatic B-cells, which is associated with
pancreatic dysfunction. Because cells are unable to meet
the increasing demands for insulin generation and se-
cretion, endoplasmic reticulum (ER) stress is funda-
mental to the pathophysiology of diabetes. This loss of
cell mass occurs over time. When treating diabetic mice
with nutlin-3a, the proapoptotic effects of p53 are still
present without p21, which decreases islet survival and
function. Studies through experimentation reveal that
the drug CPX, which promotes p21 expression, has an
impact on insulin release in cultured pancreatic islets
and glucose homeostasis in diabetic animals. Wild type
mice’s pancreas expressed p21 when CPX was admin-
istered at doses as low as 5 mg/kg. Inducing a decrease
in blood glucose levels, CPX at 25 mg/kg once day sig-
nificantly improved glucose homeostasis. A diabetic an-
imal with blood sugar levels of 180 mg/dl is noteworthy
since CPX treatment had a similar impact on p21, albeit
at greater doses. Following CPX therapy, ferritin levels
considerably reduced (P<0.05) from their high state in
the diabetic mice’s serum. Due to CPX injection hav-
ing no effect on glucose levels in wild type non-diabet-
ic mice, the effects of CPX on glucose homeostasis were
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only seen in diabetic mice. CPX provides protection for
pancreatic islets in the presence of p21/p53 expressions
at glucotoxic levels.*** The hypo-insulin condition re-
sults from islet cells, which are in charge of secreting in-
sulin, malfunctioning or even dying. As a result of the
pro-inflammatory cytokine’s activation of inducible ni-
tric oxide synthase expression and subsequent gener-
ation of nitric oxide, ATP synthesis is blocked, insulin
secretion is inhibited, and cell death is induced.®® Ac-
cording to one theory, eIF5A moves Nos2 mRNA from
the nucleus to the cytoplasm to encourage translation
of the Nos2 gene, which codes for inducible nitric oxide
synthase. For eIF5A-mediated Nos2 mRNA trafficking
and the pathogenesis of islet cells, eIF5A must be hypu-
sinated. Since CPX olamine has an IC, of roughly 5 M
and can inhibit DOHH, an essential enzyme for hypu-
sination of eIF5A, it is promising to use CPX olamine
for treating Type I diabetes.®!

For acquired immune deficiency syndrome (AIDS)

CPX suppresses HIV replication in human peripher-
al blood mononuclear cells. In host cells, eIF5A is ex-
pressed and is implicated in the nucleocytoplasmic
trafficking of viral mRNA and HIV replication. HIV
replication is impeded by DOHH suppression, which
interferes with hypusine formation on eIF5A. CPX ol-
amine has been suggested to have a significant poten-
tial for the treatment and prevention of AIDS due to
its powerful inhibitory action on the DOHH-eIF5A
axis. Drugs hindered the maturation of eI[F5A and in-
hibited substrate binding to DOHH.' At the RNA lev-
el, viral gene expression from HIV-1 molecular clones
was inhibited independently of all viral genes. The in-
hibition took place at the stage of HIV-1 transcription
beginning and was specific to the viral promoter. The
suppression of HIV-1 gene expression caused by par-
tial e[F5A-1 knockdown by siRNA was non-additive to
medication activity.®? Acute infection is suppressed and
infected cells are preferentially eliminated when using
the antifungal drug CPX, which inhibits retroviral gene
expression in persistently infected T cells while concur-
rently activating the intrinsic route of death.* The 5’-un-
translated region of HIV, which is not only necessary for
HIV replication but also for the most conserved area of
the HIV genome, is the focus of CPX’s unique mecha-
nism of blocking HIV gene expression. As a result, CPX
could be able to counteract treatment resistance caused
by HIV’s variable nature.®®

For anti-hepatitis B virus

HBYV replication in cells and mice by blocking assem-
bly of the HBV capsid. The crystal structure of the HBV
core protein and the ciclopirox complex revealed a novel
binding mode at dimer-dimer interfaces. It is also found
that ciclopirox synergized with NAs to prevent HBV

Table 3. Summary of ciclopirox pharmacodynamics

Medical Pharmacodynamic properties of ciclopirox

L R References
condition and mechanism

Anti-fungal ~ Ciclopirox exhibits broad-spectrum antifungal activity by inhi- i
biting fungal growth through interference with cell membra-
ne integrity and transport processes. It targets various fungi,
including dermatophytes, yeasts, and molds. Mechanism
is various like reducing oxidating NADPH, inhibiting ferritin
accumulation and chelating metal ions, etc

Anti-inflam-  The anti-inflammatory action of CPX is likely due to the 40
matory inhibition of cyclooxygenase and 5-lipooxygenase

Anti-bacterial Ciclopirox demonstrates antibacterial properties by disrupting 30
bacterial cell membranes and interfering with essential
metabolic pathways. It has shown effectiveness against some
gram-positive and gram-negative bacteria. Mechanism is qu-
ite similar to how it acts as an anti-fungal drug i.e., through
ferritin and other metal ions chelation and inhibition. This
affects cytochrome activities

Anti-cancer  Ciclopirox has been investigated for its potential anti-cancer 588
effects due to its ability to inhibit cell proliferation and induce
apoptosis in certain cancer cell lines. It may interfere with
multiple signalling pathways involved in cancer growth and
survival. It shows many mechanisms but suppression of
ribonucleotide reductase activity is ultimate result

Anti-HIV Studies suggest that ciclopirox may possess anti-HIV activity 6
by blocking viral entry, replication, and maturation stages. It
could inhibit enzymes and viral interactions required for HIV
replication within host cells. Hinders the maturation of elF5A
and inhibited substrate hinding to DOHH

Anti-HBV Ciclopirox has been explored for its anti-hepatitis B virus 65,81
(HBV) activity. It may inhibit HBV replication by interfering
with viral polymerase activity and affecting viral protein
synthesis, thereby suppressing viral load. It inhibits HBV
capsid assembly and secretion of HBV DNA in infected cells.
Also synergizes with NAs to prevent HBV replication in cells

Anti-diabetic  Ciclopirox has shown potential in reducing insulin resistance 5659
by modulating cellular pathways involved in glucose metaho-
lism. It may enhance insulin sensitivity and offer benefits in
managing type 2 diabetes. CPX which promotes p21 expres-
sion which is vital for survival of pancreatic islet

Neurological Emerging research suggests that ciclopirox might have o
disease neuroprotective effects by modulating signalling pathways
involved in neurodegeneration. It could potentially offer
therapeutic benefits in neurological disorders. Decreases the
cell cycle and nitric oxide (NO) release in lipopolysaccharide
(LPS)-induced BV-2 cells by phosphorylation of AKT and
GSK3
Cardiovascu-  Ciclopirox's impact on cardiovascular diseases is less studied. 6882
lardisease  Some evidence indicates its potential to affect pathways rele-
vant to cardiovascular health, but further research is needed
to establish its direct effects in this area. CPX-induced HIF-1
promotes the increased production of urocortin 2, which
has been shown to improve cardiac output and myocardial
contractility

replication in cells and in a humanized liver mouse mod-
el. Orally administered ciclopirox may block HBV capsid
assembly effectively and thus provide a novel opportuni-
ty to combat chronic HBV infection.* In an article writ-
ten by Kang et al.®> they performed experiments on mice
using 978 FDA approved drugs using Cp149-Y132A as
marker for core protein inhibition in HBV, it was dis-
covered that ciclopirox showed inhibition of HBV cap-
sid assembly and secretion of HBV DNA in infected cells
in vitro and in mice. Due to particular residue and loop
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Table 4. List of documented preclinical studies of ciclopirox as a potential therapeutic molecule

Drug administered Model Dose

Duration of study

Study design Results Ref

Ciclopirox Dermatophytes (110 strains;
98 from Trichophyton spp.),
(andida spp. (14 strains)

0.003-2 g /mL

7 days

Microbroth dilution in vitro Minimum inhibitory concentration s
susceptibility test as per National 100% growth inhibition.
Committee for Clinical Laboratory MIC values) (ug/mL) for dermatophy-
Standards (NCCLS) M27-A proposed  te: (0.03—0.25), yeast: (0.001-0.25)
standard

Ciclopirox Non-dermatophyte moulds
(nine strains)

0.003-4 pg /mL

Checkerboard microdilution The non-dermatophyte fungi MIC &
method values (microg mL-1) (mean=SEM)
were: ciclopirox (1.04+2.62)

Fulcare [ciclopirox Bovine hoof slices 75ul Transungal permeations of bovine  Amount permeated (3.29+0.67%, n

hydroxypropyl chitosan hooves wt/wt) in the slices. Works not only

nail lacquer] on nail plates but also on nail beds
Ciclopirox Escherichia coli Varied concentrations Not specified In vitro study - Ciclopirox inhibited the growth of £. B

of ciclopirox coliin a dose-dependent manner.

-The antibacterial effect was enhan-

ced when ciclopirox was combined

with low levels of iron

Ciclopirox Olamine Murine myeloma model Not specified Not specified Invivo experimental study - It suppressed tumor growth and ™

prolonged survival in the mice.
-The drug reduced the expression of
Wnt pathway-related proteins and
inhibited myeloma cell proliferation

Table 5. Documented clinical trials of ciclopirox as an antifungal agent

Indication Study type Sample size Treatment Duration Results Refs
Onychomycosis Randomized, double-blind, 131 Ciclopirox cream 48weeks  Significantly improved nail appearance and »
placebo-controlled mycological cure compared to placebo
Onychomycosis Randomized, double-blind, 131 Ciclopirox nail lacquer 48 weeks Significantly greater complete cure of the 7
vehicle-controlled target toenail compared to vehicle
Seborrheic dermatitis Randomized, double-blind, LX) Ciclopirox shampoo 4 weeks Significantly reduced severity of seborrheic m
placebo-controlled dermatitis compared to placebo
Tinea pedis Randomized, double-blind, 87 Ciclopirox cream 4 weeks Significantly improved signs and symptoms &
placebo-controlled of tinea pedis compared to placebo
Vulvovaginal candidiasis ~ Randomized, double-blind, 297 Ciclopirox cream 7 days Significantly improved clinical and mycologi- 79
placebo-controlled cal cure compared to placebo
Diaper dermatitis Randomized, double-blind, 90 Ciclopirox cream 14 days Significantly improved diaper dermatitis &
placebo-controlled compared to placebo

modifications, ciclopirox binds to three out of the hydro-
phobic pocket’s six binding sites in the HBV core pro-
tein when it is complexed with it. Additionally, ciclopirox
demonstrates synergistic actions that prevent HBV rep-
lication when coupled with TDF and ETV. This implies
ciclopirox may be thought of as a supplement to TDF or
ETV therapy for HBV-infected individuals. When cells
were treated with 1 M ETV or TDF with varied doses of
ciclopirox (0.1-10uM), HBV DNA secretion was syner-
gistically inhibited. Many other studies show a potential
of ciclopirox to be used as an adjunct therapy with HBV
medications.

Neural diseases and cardiovascular

Acute cerebral thrombosis causes the serious disease
known as an ischemic stroke. In a traditional rat mod-
el of ischemic stroke, CPX post-ischemic therapy re-
duced brain infarction, neurological impairments, and
brain edema. A single dosage of CPX administered af-
ter an ischemic stroke had occurred had a long-lasting
neuroprotective effect that might be strengthened by ad-

ministering further doses. Additionally, CPX successful-
ly repaired the blood-brain barrier (BBB) damage, glial
activation, and neuronal loss brought on by ischemia. In
oxygen glucose deprivation (OGD) exposed SH-SY5Y
cells, CPX significantly increased the phosphorylation of
AKT (protein kinase B, PKB/AKT) and GSK3 (glycogen
synthase kinase kinase 3), and it significantly decreased
the cell cycle and nitric oxide (NO) release in lipopoly-
saccharide (LPS)-induced BV-2 cells, which may help.”
Through the activation of Hypoxia-inducible factor-1a,
CPX is able to mitigate the lowered responsiveness to
inotropic stimulation in aged myocytes (HIF-1). Addi-
tionally, CPX-induced HIF-1 promotes the increased
production of urocortin 2, which has been shown to im-
prove cardiac output and myocardial contractility, lessen
peripheral resistance, and lessen the effects of ischemia.®®

Pre-clinical and clinical trials of ciclopirox

Preclinical and clinical studies have been conducted to
evaluate its efficacy and safety profile (Table 4 and 5). A
study published by Gupta investigated the in vitro antifun-
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gal activity of CPX against 51 strains of dermatophytes,
which are fungi that cause skin infections. The study
found that CPX was effective against all tested strains,
suggesting its potential for the treatment of dermatophyte
infections.” Another preclinical study published by Gup-
ta A.K evaluated the efficacy of CPX in treating nail in-
fections caused by dermatophytes. The study found that
CPX penetrated the nail plate and reached therapeutic
levels in the nail bed, indicating its potential as a topi-
cal treatment for onychomycosis.” In addition, CPX has
been studied for its potential to treat other conditions,
such as psoriasis and cancer. For instance, a study found
that CPX could inhibit the growth of cancer cells and in-
duce cell death in vitro and in vivo.”

Conclusion

An eflicient anti-fungal medication called CPX has fallen
out of favour over time. Because of its distinct mechanism
of action, in vitro and in vivo effectiveness, broad-spec-
trum antimycotic coverage, additional antibacterial and
anti-inflammatory activity, well-established safety, excel-
lent tolerance, lack of drug resistance currently, with an
extremely low likelihood of developing resistance in the
future, and accessibility, CPO 1% cream may be the best
topical antifungal for superficial cutaneous mycoses. RR,
DOHH/elF5A, Wnt/-catenin, HIF-1/VEGE VEGFR-3/
Erk1/2, mTOR, and CDKs are just a few of the enzymes
or signalling pathways that CPX has the power to influ-
ence. The majority of these actions are associated with its
chelation of iron. As a result, CPX has been discovered
to have novel potentials, such as inhibiting the growth of
tumours, reducing diabetes and its consequences, pre-
venting HIV infection, and enhancing age-related car-
diovascular abnormalities. Acute and latent nervous
system infection, blepharitis development, and HSV-1
multiplication in the cornea are all decreased by topical
therapy with CPX olamine. It is uncertain if CPX pre-
vents infection of the neurological system only due to
its effect on corneal replication, however this is doubtful
given that low dosage CPX appeared to have a dispro-
portionally high effect on accumulation of latent ge-
nomes. It is available worldwide in various formulations
for the treatment of superficial fungal infections, includ-
ing tinea pedis, tinea cruris, tinea corporis, cutaneous
candidiasis, and tinea versicolor. Excellent bioavailability
of CPX was seen after subcutaneous injection, showing
the viability of this mode of administration should CPX-
POM therapy prove effective in an outpatient or ambu-
latory cancer treatment context. For the treatment of
both muscle-invasive and non-muscle-invasive bladder
cancer, CPX-POM is currently being developed. Acute
myelogenous leukaemia in humans, breast cancer, rhab-
domyosarcoma, and colon carcinomas are among the
illnesses for which CPX has recently been repositioned
as a viable treatment drug. It is also used to combat vi-

ruses that cause HIV, HPV and other infections, as well
as cyst formation in polycystic kidney disease. Its diver-
sity is still underappreciated, particularly in light of the
pharmaceutical industry’s emphasis on creating and pro-
moting ,newer azoles”. Most notably, CPX can help con-
trol treatment-resistant dermatophytic infections, tinea
incognito, mixed infections, and recurrent VVC as well
as the threat of steroid misuse. Ciclopirox’s multi-facet-
ed mechanisms of action make it an intriguing candi-
date for repurposing in the treatment of cancer, diabetes,
HBYV, neural degradation, and HIV. While preliminary
evidence is encouraging. With continued research and
exploration, CPX has the potential to bring significant
benefits to patients suffering from various diseases and
become a valuable addition to the pharmacological ar-
mamentarium.
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