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Abstract

Background: Ciclopirox (CPX) has been used as an antifungal agent in various formulations to 

treat superficial fungal infection for decades. Its effectiveness and safety in treatments have been 

demonstrated by multiple studies.

Methods: Here we briefly summarize the pharmacological and toxicological properties of CPX 

as an antifungal agent, the new medical uses of CPX, as well as the correspondent molecular 

mechanisms.

Results: Increasing evidence has demonstrated that CPX is able to inhibit tumor growth, 

ameliorate diabetes and its complications, prevent human immunodeficiency virus (HIV) 

infection, and improve age-associated cardiovascular defects. Interestingly, its antifungal activity 

and all those newly observed effects are more or less related to its capability of chelating iron and 

interfering with the related signaling pathways. Mechanistically, CPX is capable of modulating the 

activities of certain enzymes or signaling pathways, such as ribonucleotide reductase (RR), 

deoxyhypusine hydroxylase (DOHH)/eukaryotic translation initiation factor 5A (eIF5A), Wnt/β-

catenin, hypoxia-inducible factor-1α (HIF-1 α)/vascular endothelial growth factor (VEGF), 

vascular endothelial growth factor receptor 3 (VEGFR-3)/extracellular signal-regulated protein 

kinases 1/2, mammalian target of rapamycin, and cyclin dependent kinases (CDKs). Most of these 

activities are related to its chelation of iron.

Conclusion: CPX, as an antifungal agent, may be repositioned for treatment of cancer and other 

human diseases.

Keywords

Ciclopirox; iron chelator; fungicide; cancer; diabetes; HIV

*Address correspondence to this author at the Department of Biochemistry and Molecular Biology, Louisiana State University Health 
Sciences Center, 1501 Kings Highway, Shreveport, LA 71130-3932, USA; Tel: (318) 675-7759; Fax: (318) 675-5180; 
shuan1@lsuhsc.edu. 

CONFLICT OF INTEREST
The authors confirm that this article content has no conflict of interest.

HHS Public Access
Author manuscript
Curr Pharm Des. Author manuscript; available in PMC 2019 July 11.

Published in final edited form as:
Curr Pharm Des. 2016 ; 22(28): 4443–4450.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1. INTRODUCTION

Ciclopirox (CPX) is a synthetic antifungal agent, which was introduced into market in the 

early 1980s and has been often used as an olamine salt, ciclopirox olamine (also called 

Batrafen, Loprox, Mycoster, Penlac, and Stieprox) [1]. The chemical name of CPX is 6-

cyclohexyl-1-hydroxy-4-methyl-2(1H)-pyridinone (CAS Number: 29342-05-0) (Fig. 1), 

with a molecular formula of C12H17NO2, and a molecular weight of 207.27. CPX is a white 

or light yellow powder, with a melting point of 128–130°C [2]. It is hardly soluble in water, 

but very soluble in methanol, ethanol and dimethylsulfoxide [3].

As a family member of hydroxypyridone, both CPX and its olamine salt possess a broad-

spectrum of antifungal activity [4], inhibiting the growth of most pathogenic yeasts, moulds, 

and dermatophytes [1]. There is no difference in pharmacological actions between CPX and 

its olamine salt [1]. The antifungal activity of 0.77% ciclopirox is roughly equal to that of 

1% ciclopirox olamine, because the olamine entity has no antifungal activity [4].

Most of topical antimycotic drugs inhibit fungal growth primarily by impairing the function 

and the integrity of cell membrane [5]. Although CPX has been clinically used as a 

fungicide for decades, its antifungal mechanism is still not well understood. It has been 

proposed that CPX inhibits the growth of fungi by suppressing the function of certain 

enzymes (e.g. catalase and peroxidase) and other components of cellular metabolism [6], 

and by disrupting DNA repair, cell division, and structures (mitotic spindles) [7]. Of 

importance, CPX is able to chelate metal ions (such as Fe3+) [1]. However, the underlying 

linkage between the metal chelation ability and the antifungal activity of CPX remains to be 

elucidated.

While introduction of many new drugs did not prevent the occurrence of drug resistance in 

antifungal therapy [8], CPX was among the minority exempted from being detoxified by 

pathogens after it had been applied to clinical treatment of superficial mycoses for about 

three decades [1]. This unusual exemption was proposed to stem from the unique antifungal 

mechanism of CPX, which also contributes to its broad antifungal activity [9].

Currently, various formulations (suspension, cream, gel, and shampoo) of CPX are 

commercially available for antimycotic purpose [1]. Also, CPX is used in lacquers for 

topical treatment of onychomycosis (fungal infections of the nails) [1].

Of great interest, CPX has recently been found to have considerable potential to act against 

many other diseases including cancer [10–12], diabetes [13], acquired immune deficiency 

syndrome (AIDS) [14], cardiovascular disorders [15, 16], inflammation [4], and bacterial 

infection [4]. These findings implicate that CPX is a very promising agent in treatment and 

prevention of multiple diseases. Here we briefly summarize the pharmacological and 

toxicological properties of CPX as an antifungal agent, the therapeutic potential of CPX for 

cancer and other human diseases, as well as the correspondent molecular mechanisms.
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2. PHARMACOLOGY AND TOXICOLOGY OF CPX

Studies have shown that when 1% ciclopirox olamine cream was topically applied to human 

skin, only approximately 1.3% of the dose was systematically absorbed [17]. Such 

absorption was through epidermis and hairfollies [18]. Following the topical use, the peak 

serum concentration (10 μg/L) of CPX appeared in 6 hours [17]. The majority (94–98%) of 

absorbed CPX bound to proteins, and the concentration of protein-binding CPX in serum 

was 0.01–11 μg/mL [18]. The biological half-life of CPX was about 1.7 hours [18]. Detected 

by utilizing 14C-labeled CPX, the excretion of both topically and vaginally administrated 

CPX was through urine and feces in dogs, primarily as a glucuronide [18], indicating that 

glucuronidation is the primary metabolizing route for CPX in the body.

In rats and mice, LD50 values of ciclopirox olamine are orally between 2,500 and 1,700 

mg/kg, subcutaneously between 2,500 and 1,700 mg/kg, intraperitoneally between 172 and 

83 mg/kg, and intravenously between 79 and 71 mg/kg [19]. In addition, oral administration 

of ciclopirox olamine did not affect body temperature, urine excretion, and blood 

coagulation in dogs [20]. Furthermore, oral administration of ciclopirox olamine at 30 

mg/kg for 4 weeks or at 10 mg/kg for 3 months did not exhibit any toxic symptom (e.g. 

gross organ toxicity and body weight loss), revealing a favorable therapeutic index of CPX 

[20]. More convincingly, up to 10 μM serum concentrations of CPX were achievable after 

repeated administration of the compound to rats and dogs, and were not toxic [11].

According to the document from the US Food and Drug Administration [21], when CPX 

(1% and 5% solutions in polyethylene glycol 400) was topically given to female mice twice 

per week for 50 weeks, followed by a 6-month drug-free observation period prior to 

necropsy, no evidence of tumors was observed at the application sites, indicating that CPX is 

not carcinogenic. Besides, in vitro (human A549 cells and BALB/c 3T3 cells) and in vivo 
(Chinese hamster bone marrow) gene mutation assays also revealed that CPX is negative in 

mutagenicity [3]. Furthermore, the results from the studies in mice, rats, rabbits, and 

monkeys after oral or topical administration of CPX did not show any significant fetal 

malformations, suggesting that CPX does not cause teratogenicity. In addition, no reports 

have shown embryo toxicity or reproductive toxicity in human [20]. However, nursing 

women are suggested to consult their doctors before use, since it is not clear whether CPX 

passes into human milk [22]. Taken together, the pharmacological and toxicological profiles 

reveal that CPX is an effective and safe antifungal agent.

3. CPX AS AN ANTIFUNGAL AGENT

3.1. Application and Effectiveness

Superficial fungal infection is the most prevalent form of mycoses, affecting at least one fifth 

of the world’s population [23]. Dermatophytes are the most common pathogens that cause 

the superficial infections [24]. In general, these infections only deteriorate the quality of life 

[25]. However, while the hosts are immune-compromised, certain pathogens, like Candida 
family members that are limited to superficial infection in normal population, can cause 

systematic infection, which may be life-threatening [23, 25].
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The history of CPX as a topical antifungal agent can be traced back to early 1970s [26]. The 

antifungal spectrum of CPX covers most of clinically identified fungal pathogens including 

yeasts, molds, and dermatophytes [1]. Its minimum inhibitory concentration range against 

these pathogens is commonly from 0.9 to 3.9 μg/mL, except from 1.9 to 15.6 μg/mL against 

molds [1].

There are five major formulations of CPX used in the United States including 0.77% cream, 

0.77% suspension, 0.77% gel, 1% shampoo, and 8% lacquer [4]. While the 1% ciclopirox 

olamine cream is generally used for treatment of skin fungal infections, the 1% shampoo and 

8% lacquer of CPX are applied to treat dermatitis and onychomycosis individually [1].

Topical application of 1% ciclopirox olamine cream can achieve inhibitory and fungicidal 

effects by 93% and 98% in a pig skin model, respectively, which is considerably better than 

those (<50%) of other topical fungicides [27]. This has been substantiated by the other 

report that the antifungal activity of 1% ciclopirox olamine cream is higher than that of other 

antifungal creams at the same concentration [28]. A survey including 991 cases of various 

skin infections has shown that administration of 1% ciclopirox olamine cream has a cure rate 

of 96% within 3 weeks [1].

Besides, shampoo containing 1% CPX has an excellent effect against various dermatitis [1]. 

A double blinded experiment of 102 patients with scalp seborrheic dermatitis has revealed 

that the improvement and the clear rate in CPX-treated group are significantly higher than 

that in the placebo-treated group [29]. Another study has compared the anti-dermatitis 

effects between different concentrations of CPX shampoo, and found that 1% CPX shampoo 

is much superior to both 0.3% and 0.1% shampoo, which share the same response rate as the 

vehicle [30]. Consistent with European reports, an American study including 499 patients 

has revealed that comparing to vehicle treatment, treatment with 1% CPX shampoo for 4 

weeks can significantly improve seborrheic dermatitis and relieve the symptom [31]. The 

local tolerability of CPX is even better than that of vehicle, and less adverse events are 

identified in CPX-treated group than in the vehicle-treated group [31], implying the 

satisfactory safety of 1% CPX shampoo in topical use.

In addition to 1% ciclopirox olamine cream and 1% CPX shampoo, the 8% CPX lacquer has 

also been demonstrated to be effective against nail onychomycosis [32]. Although the effect 

of CPX on treating onychomycosis is generally not as good as that of the systematic 

antifungal agents [33], the pharmacoeconomic investigation has shown that the cost-effective 

figure of CPX in treating nail onychomycosis is greatly superior to that of the systematic 

drugs such as terbinafine, itraconazole, and fluconazole [34]. Moreover, the systemic 

antifungal agents have some serious adverse effects (e.g. agranulocytosis) in treatment of 

onychomycosis [1]. The key limitation on the application of topical agents as anti-

onychomycosis drugs is the barrier effect of keratinized structure, which prevents topical 

agents from permeating to the deep layer of the nail [35]. The newly emerged 8% CPX 

hydrosoluble lacquer, P-3051, exhibits an excellent anti-onychomycosis effect [36], which is 

associated with improved efficacy in penetrating into the nail structure [37].
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3.2. Adverse Effects of Topical Use of CPX

Topical use of CPX is considerably safe. Less than 5% patients have adverse effects, which 

are generally limited to local rash, itching, and burning, resulting in redness or pain [1]. 

Other adverse effects include headache, erythema, nail disorder, pruritus, alopecia, dry skin, 

facial oedema, and contact dermatitis [19]. Recently, it has been reported that in elderly 

patients treated with acenocoumarol, an anticoagulant that inhibits vitamin K epoxide 

reductase, topical use of CPX can increase International Normalized Ratio or cause rectal 

bleeding [38]. This has been speculated to be due to a possible interaction between CPX 

with acenocoumarol [38].

3.3. Antifungal Mechanism of CPX

The activities of most topical antifungal agents depend on either disrupting the biosynthesis 

of ergosterol or interfering with the proper function of ergosterol, an essential component of 

fungal cell membrane [5]. However, the antifungal mechanism of CPX is still not well 

understood, although CPX has been clinically used for topical fungal infection for decades. 

It has been proposed that CPX inhibits the fungal growth by chelating iron and suppressing 

the enzyme activity responsible for metabolism of reactive oxygen species (ROS) and other 

components [6], by disrupting DNA repair, cell division, and structures (mitotic spindles) 

[7], as shown in Fig. (2).

An early study has shown that CPX does not influence the permeability barriers of 

protoplasts or lecithin liposomes in C. albicans, but inhibits energy (ATP) production, 

thereby blocking up-take of certain components such as amino acids, as well as potassium 

and phosphate ions, which are essential for cell growth and survival [39]. Furthermore, CPX 

disrupts the membrane integrity at high concentrations causing leakage of intracellular 

materials [9]. However, the above findings remain controversial, as CPX has also been found 

to neither reduce intracellular ATP level nor do damage to cell membrane in C. albicans [6]. 

Interestingly, it has been consistently found that CPX can mimic the effect of bipyridine, a 

well-known iron chelator and also an antifungal agent [3], upregulating the expression of 

certain genes, such as the high-affinity iron permease gene FTR1 and the low-affinity iron 

permease gene FTR2, which are essential for iron metabolism [9]. In particular, addition of 

iron ions (e.g. Fe2+ and Fe3+), but not other metal ions (e.g. Ca2+, Mg2+ and Mn2+), 

attenuates the antifungal activity of CPX [1], suggesting that the antifungal activity of CPX 

is attributed to iron chelation.

Further studies have shown that CPX depletion of iron impairs the activities of catalase and 

superoxide dismutase, two iron-dependent enzymes, which are responsible for scavenging 

intracellular ROS [6]. Besides, CPX also inhibits the activity of other enzymes related to 

ROS metabolism, such as glucose-6-phosphate-dehydrogenase and cytochrome c peroxidase 

[6]. Importantly, C. albicans cells pre-treated with hydrogen peroxide or menadione, which 

induces the expression of the enzymes involved in detoxification of ROS, are more resistant 

to CPX [6]. In contrast, the cells pre-cultured under poor oxygen conditions, which 

decreases the activities of the enzymes for ROS clearance, are more sensitive to CPX [6]. 

These data strongly support the notion that CPX acts as a fungicide via chelating iron, 

leading to induction of ROS.

Shen and Huang Page 5

Curr Pharm Des. Author manuscript; available in PMC 2019 July 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



It has also been proposed that the iron chelation capability of CPX not only contributes to its 

broad spectrum of antifungal activity, but also minimizes the possibility of drug-resistance 

[9]. In C. albicans, cerebellar degeneration-related protein 1 and 2 (CDR1 and CDR2) are 

two well-characterized drug-resistant genes [40]. Although CPX induces the expression of 

CDR1 and CDR2 genes in C. albicans, the pathogen does not show elevated resistance to the 

compound [9]. More impressively, even after incubation with a sub-inhibitory concentration 

(0.6 μg/mL) of ciclopirox olamine for 6 months, C. albicans does not develop tolerance to 

the antifungal agent [9], implying that it is hard for the microbials to develop a proper tactic 

to bypass the iron-limiting stress. However, the underlying linkage between the iron 

chelation ability and the antifungal activity of CPX remains to be elucidated.

4. CPX AS AN ANTICANCER AGENT

4.1. The Antitumor Activity of CPX

In early 1990s, CPX was first found to be capable of inhibiting DNA replication [41]. 

Further studies have revealed that CPX can arrest cell cycle at G1/S transition and induce 

apoptosis in HeLa cells [42]. Since cancer cells are characterized with hyperproliferation 

[43], deregulated cell cycle progression [44, 45], and resistance to apoptosis [46], CPX has 

been considered to be a promising anticancer agent.

Recently, two preclinical studies have further independently demonstrated the antitumor 

activity of CPX in animal models [11, 12]. Eberhard et al. have shown that oral 

administration of ciclopirox olamine (20–25 mg/day) inhibits primary acute myeloid 

leukemia xenograft growth in NOD/SCID mice, but does not exhibit obvious weight loss or 

gross organ toxicity [11]. Similarly, Zhou et al. have also revealed that oral administration of 

ciclopirox olamine (25 mg/day) inhibits breast cancer (MDA-MB-231) xenograft growth by 

75% in BALB/c nu/nu mice comparing to control group [12]. The antitumor activity of 

ciclopirox olamine is attributed to inhibition of cell proliferation and induction of cell death 

[11, 12]. A recent phase I clinical trial of CPX in patients with advanced hematologic 

malignancies is a major breakthrough in this field [47]. Oral administration of CPX at a dose 

of 40 mg/m2 daily is able to achieve either hematologic improvement or disease stabilization 

in 2/3 patients, but does not have obvious toxicity in patients [47].

In addition, CPX can inhibit cell proliferation and angiogenesis in human umbilical vein 

endothelial cells by inhibiting expression of vascular endothelial growth factor [10], 

although this is controversial [48]. Recently, CPX has also been found to inhibit the tube 

formation of lymphatic endothelial cells [49], suggesting inhibition of lymphangiogenesis. 

As angiogenesis and lymphangiogenesis are critical for tumorigenesis and metastasis [50, 

51], these findings further highlight the potential of CPX for cancer prevention and 

treatment.

4.2. The Anticancer Mechanism of CPX

As described above, CPX is a newly identified anticancer agent. Although the anticancer 

mechanism of CPX is still not well understood, some molecular targets have been identified 

(Fig. 3).
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A recent study has shown that CPX inhibits cell proliferation and induces cell death in 

leukemia and myeloma cells by inhibiting ribonucleotide reductase (RR) [11]. RR is an iron-

dependent enzyme, which catalyzes ribonucleotides to deoxyribonucleotides, an element for 

DNA synthesis [52]. Therefore, CPX inhibition of RR blocks DNA synthesis, resulting in 

cell cycle arrest at G1/S phase [11, 52]. Overexpression of M2 subunit of RR is able to 

attenuate CPX-induced apoptosis [22], implying that inhibition of RR also contributes to the 

cytotoxicity of CPX. These data strongly suggest that the antitumor activity of CPX is 

associated with inhibition of RR.

In addition, studies have demonstrated that CPX inhibits deoxyhypusine hydroxylase 

(DOHH). Like RR, DOHH is also an iron-dependent enzyme [53]. DOHH catalyzes 

deoxyhypusine to hypusine, which is essential for the maturation of eukaryotic translation 

initiation factor 5A (eIF5A) [54], an important factor of translation elongation [55]. Two 

isoforms of eIF5A, eIF5A-1 and eIF5A-2, have been identified (43). eIF5A-1 is 

constitutively expressed in most tissues, whereas eIF5A-2 is only highly expressed in certain 

cancer cell lines [55, 56]. As overexpression of eIF5A-2 is associated with cellular 

transformation, eIF5A-2 has been suggested as a potential oncogene [57]. Since either 

inhibition of DOHH or depletion of eIF5A is able to arrest cell cycle at G1/S [58, 59], the 

maturation of eIF5A has been proposed to be associated with cell proliferation [59]. CPX 

inhibits DOHH activity, bio-synthesis of hypusine, and G1/S cell cycle progression [10, 61], 

implying that targeting DOHH-eIF5A axis may also contribute to the anticancer effect of 

CPX. This is further supported by the observation that CPX synergistically inhibits 

proliferation of BCR-ABL-positive leukemia cells treated with imatinib, a selective inhibitor 

of the tyrosine kinase, BCR-ABL, which locates upstream of eIF5A [62].

Wnt/β-catenin pathway plays an important role in tumor development [63]. More recently, 

CPX has been found to effectively block Wnt/β-catenin pathway by promoting degradation 

of β-catenin [64]. CPX also inhibits the expression of β-catenin targeted genes in the 

samples from AML patients [64]. As a result, CPX induces apoptosis in lymphoma cells 

[65]. Similarly, CPX reduces cell survival in renal cell carcinoma and human pancreatic 

cancer cells by targeting Wnt/β-catenin [66, 67]. These results indicate that Wnt/β-catenin 

pathway is another target of CPX.

While the anti-angiogenic effect of CPX is disputable [10, 48], recent studies have 

demonstrated that CPX inhibits in vitro lymphangiogenesis by reducing expression of 

vascular endothelial growth factor receptor 3 (VEGFR-3) and VEGFR-3-mediated 

phosphorylation of extracellular signal-regulated protein kinases 1/2 (Erk1/2) [49]. CPX 

does not affect the mRNA level of VEGFR-3, but inhibits the protein synthesis rate of 

VEGFR-3 and promotes its turnover [49]. Further research is required to address whether 

this is related to iron-chelation.

It has been described that depletion of iron with pyridoxal isonicotinoyl hydrazine arrests 

cells at G1/S transition by reducing cyclin dependent kinases (CDK2 and CDK4), and cyclin 

D1 expression, and induces apoptosis by reducing Bcl-2 family member expression, 

increasing pro-apoptotic BAX expression, and elevating caspase activity [68]. In consistence 

with these findings, CPX downregulates expression of cyclin D1, cyclin E, and CDK2, and 
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upregulates expression of CDK inhibitor, p21Cip1, leading to hypo-phosphorylation of 

retinoblastoma protein (Rb) and G1 cell cycle arrest in breast cancer and rhabdomyosarcoma 

cells [12]. In addition, CPX inhibits expression of Bcl-xL and survivin, activates caspases 

3/7, and induces cleaved PARP, resulting in apoptosis in the tumor cells [12]. Moreover, 

CPX induces ROS, which activates c-Jun N-terminal kinase, leading to autophagy in 

rhabdomyosarcoma cells [69].

A recent study has reported that CPX enhances parthenolide-induced cell death in leukemic 

cells, by inhibiting the phosphorylation of ribosomal p70 S6 kinase 1 on Thr389, implying 

inhibition of mammalian target of rapamycin (mTOR) [70]. mTOR is a central controller of 

cell growth, proliferation, survival, motility, angiogenesis and lymphangiogenesis, which 

plays an important role in the tumorigenesis and metastasis [71, 72]. Whether CPX 

inhibition of mTOR plays a critical role in its anticancer action remains to be determined.

Taken together, CPX has multiple molecular targets, such as RR, DOHH/eIF5A, Wnt/β-

catenin, VEGFR-3/Erk1/2, CDKs, Bcl-2 family members, mTOR, etc. Studies have 

implicated that most of the effects of CPX on these targets are linked to chelation of 

intracellular iron. Given the fact that cancer cells consume more iron to maintain their much 

higher proliferation rate than normal cells, and iron chelation generally has a greater impact 

on the cancer cells [73], it is expected that CPX may be exploited for tumor selective 

treatment.

4.3. The Safety of Systematic Administration of CPX

Unlike treating superficial fungal infections, treating either solid tumor or leukemia requires 

systematic administration of CPX. Animal studies have shown that the LD50 of ciclopirox 

olamine is 1,700–3,290 mg/kg in various animals including mice, rats, and rabbits, although 

the toxicity of systematic administration of ciclopirox olamine in human is still not available 

[19]. A serum concentration of 10 μM of CPX is achievable when the compound is 

administered orally at doses of 20–25 mg/kg in rats and dogs [11]. Recently, two groups 

have demonstrated that ciclopirox olamine, given to nude mice at 20–25 mg/kg/day, potently 

inhibit tumor growth, but does not display obvious toxicity [11, 12]. In a recent phase I 

clinical trial, oral administration of CPX at a dose of 40 mg/m2 does not cause obvious 

toxicity in patients [47]. Collectively, these findings suggest that ciclopirox olamine may be 

used systematically for cancer prevention and treatment.

5. CPX AND OTHER DISEASES

5.1. Diabetes

Diabetes mellitus, or simply diabetes, is a kind of metabolic disease in which one has 

abnormally high levels of blood sugar over a prolonged period. Diabetes can be classified 

into two major types: Type I (insufficient insulin produced in the body), and Type II 

(insensitivity of cells to insulin) [74]. The hypo-insulin status stems from the malfunction or 

even loss of islet β cells [74], which are responsible for secreting insulin [75]. The pro-

inflammatory cytokine induces expression of inducible nitric oxide synthase, which, in turn, 

produces nitric oxide leading to blockage of ATP production, inhibition of insulin secretion, 
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and induction of β cell death [75]. It has been described that eIF5A promotes Nos2 gene 

(encoding inducible nitric oxide synthase) translation by shuttling Nos2 mRNA from the 

nucleus to the cytoplasm [76]. Hypusination of eIF5A is essential for eIF5A-mediated Nos2 
mRNA transportation and pathogenesis of islet β cells [76]. Since DOHH, an indispensible 

enzyme for hypusination of eIF5A, can be inhibited by ciclopirox olamine with IC50 around 

5 μM [10], it is promising to apply ciclopirox olamine for treatment of Type I diabetes (Fig. 

4).

One of the most serious complications of diabetes is diabetic foot ulcers (DFUs), which 

leads to pain in low legs and even amputations [75]. DFUs results from the abnormal wound 

healing process attributing to multiple factors [77], of which the deficiency of angiogenesis 

is highly associated [78]. This is supported by the finding that the production of VEGF, a 

key factor in regulating angiogenesis [79], drops in diabetic patients and animal models [80, 

81]. In addition, the response to hypoxia, which leads to elevated VEGF expression in 

normal cells [82, 83], is impaired in the diabetic fibroblasts [80]. It has been described that 

hyperglycemia-associated high iron level [84, 85] promotes the formation of methyglyoxal, 

which disrupts the interaction between hypoxiainducible factor-1α (HIF-1α) and its 

transcriptional cofactor P300, leading to the reduction of VEGF expression under hypoxia 

[85]. Therefore, topical administration of certain iron chelators has become a practical 

strategy to manage DFUs [13, 85]. Ciclopirox olamine has potent capability of iron 

chelation and confirmed safety for topical administration [1]. Undoubtedly, ciclopirox 

olamine is a very good candidate for treating DFUs (Fig. 4). This is further supported by the 

findings that ciclopirox olamine is able to induce HIF-1α and VEGF expression in a mouse 

skin wound model [48], promote angiogenesis both in vitro and in vivo [48], as well as 

improve wound healing in diabetic mice [13].

5.2. Acquired Immune Deficiency Syndrome (AIDS)

AIDS, a disease caused by human immunodeficiency virus (HIV), accounts for more than 

two million human death each year [86]. Current strategy in treatment of AIDS is to 

interrupt HIV life cycle by targeting viral proteins associated with infection such as reverse 

transcriptase and protease [87]. However, the high recombination rates of the virus lead to 

the emergence of new strains, which are resistant to current drugs [14, 86, 88]. Therefore, 

the Achilles’ heel of HIV might be the highly conserved host protein(s) essential for HIV’s 

infection and life cycle. eIF5A, expressed in host cells, is involved in HIV replication and 

nucleocytoplasmic transportation of viral mRNA [56]. Interference of hypusine formation on 

eIF5A by suppressing DOHH inhibits HIV replication [88]. With a potent inhibitory effect 

on DOHH-eIF5A axis [10, 61], ciclopirox olamine has been proposed to have a great 

potential for treatment and prevention of AIDS [14] (Fig. 4). This has been attested by a 

recent finding that CPX suppresses HIV replication in human peripheral blood mononuclear 

cells [14]. Also, CPX inhibits the expression of viral genes at least partially by impairing the 

maturation of eIF5A [14]. More interestingly, CPX blocks HIV gene expression also through 

an unique mode, targeting 5’-untranslated regions of HIV [14], which is not only essential 

for HIV replication, but also for the most conserved section of HIV genome [90]. Thus, CPX 

may have the ability to combat the drug resistance rooted from the variation nature of HIV.
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5.3. Cardiovascular Diseases

The age-associated cardiovascular diseases are the major causes of mortality of the patients 

over 65 years old [91]. Since aging is correlated with reduced response to inotropic 

stimulation, which contributes to hypertension, heart failure, and hypertrophic 

cardiomyopathy [15], improving inotropic response should have benefits to those old 

patients. Recent studies have shown that CPX is able to attenuate the decreased response to 

inotropic stimulation in old myocytes through induction of HIF-1 [15]. Also, CPX-induced 

HIF-1α contributes to the elevated expression of urocortin 2, which has been identified to 

increase cardiac output and myocardial contractility, decrease peripheral resistance, and 

attenuate the aftermath of ischemia in rat hearts [16] (Fig. 4). Therefore, CPX may have 

some benefits to patients with certain cardiovascular diseases.

5.4. Other Potentials

Unlike other antifungal compounds, CPX also has antibacterial activities on both Gram-

negative and Gram-positive strains [4], with minimum inhibitory concentrations ranging 

from 0.06 to 2 μg/mL [1]. This is clinically significant, particularly to the bacterially 

complicated fungal infection [4]. Besides, CPX is capable of inhibiting inflammation, which 

is frequently accompanied by fungal infection [4]. Interestingly, a new study has shown that 

CPX is able to inhibit the growth of an antibiotic-resistant E. coli strain, and the inhibition 

can be attenuated by iron addition [92], implying that the antibacterial activity of CPX is 

also attributed to its iron chelation capability.

CONCLUSION

CPX has been clinically used as a very effective antifungal agent to treat superficial fungal 

infections for decades. Besides, CPX is capable of affecting the activities of certain enzymes 

or signaling pathways, such as RR, DOHH/eIF5A, Wnt/β-catenin, HIF-1/VEGF, VEGFR-3/

Erk1/2, mTOR, and CDKs. Most of these activities are related to its chelation of iron. As 

such, CPX has been found to possess new potentials, including suppressing tumor growth, 

mitigating diabetes and its complications, blocking HIV infection, and improving age-

associated cardiovascular defects. However, the underlying mechanisms of its actions are 

only at the beginning to be unveiled. With further studies, more activities of CPX may be 

discovered.
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ABBREVIATIONS

AIDS acquired immune deficiency syndrome

CDK cyclin dependent kinase

CPX ciclopirox

DFUs diabetic foot ulcers

DOHH deoxyhypusine hydroxylase

eIF5A eukaryotic translation initiation factor 5A

Erk1/2 extracellular signal-regulated protein kinases 1/2

HIF-1α hypoxia-inducible factor-1α

HIV human immunodeficiency virus

mTOR mammalian target of rapamycin

ROS reaction oxidative species

RR ribonucleotide reductase

VEGF vascular endothelial growth factor

VEGFR-3 vascular endothelial growth factor receptor 3
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Fig. (1). 
Chemical structure of ciclopirox olamine.
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Fig. (2). 
Proposed antifungal mechanisms of ciclopirox.
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Fig. (3). 
The molecular targets of ciclopirox as an anticancer agent.
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Fig. (4). 
The molecular targets of ciclopirox in diabetes, cardiovascular disease and HIV.
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