WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 8.453
Volume 14, Issue 1, 155-168. Review Article ISSN 2277-7105

REVIEW: PHARMACOLOGICAL INTERVENTION OF FUNGAL
INFECTION

Samiksha R. Onkar*, Aman Bondre, Vishnudas Lokhande, R. S. Bijwar, L. N. Barde

Jagadambha Institute of Pharmacy and Research, Kalamb.

ABSTRACT
Article Received on ) o ) ) ]
13 November 2024, The high incidence of fungal infections has become a worrisome
Revised on 03 Dec. 2024, public health issue, having been aggravated by an increase in host
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DOI: 10.20959/wjpr20251-34998 predisposition factors. Despite all the drugs available on the market to

treat these diseases, their efficiency is questionable, and their side
effects cannot be neglected. Bearing that in mind, it is of upmost
importance to synthetize new and innovative carriers for these

medicines not only to fight emerging fungal infections but also to avert

the increase in drug-resistant strains. Although it has revealed to be a
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difficult job, new nano-based drug delivery systems and even new
cellular targets and compounds with antifungal potential are now being
Pharmacy and Research, investigated. This article will provide a summary of the state-of-the-art
Kalamb. strategies that have been studied in order to improve antifungal therapy
and reduce adverse effects of conventional drugs. The bidirectional
relationship between Mycology and Nanotechnology will be also explained. Furthermore, the
article will focus on new compounds from the marine environment which have a proven
antifungal potential and may act as platforms to discover drug-like characteristics,
investigated the challenges of the translation of these natural compounds into the clinical

pipeline.
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1. INTRODUCTION
In humans, fungal infections can be classified into three broad groups: superficial,
subcutaneous and systemic.!! Superficial infections of keratinised tissues such as nails and

hair are usually by dermatophytes, whereas mucous membranes are most frequently infected
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by Candida spp. A variety of organisms cause sub- cutaneous infections, which are usually
acquired by traumatic inoculation. The most serious life- threatening fungal infections are
systemic. In some geographical locations systemic fungal infections are endemic, such as
histoplasmosis in the Mississippi valley. However, immuno- compromised patients
worldwide are at risk of systemic infection from commensal and ubiquitous species,
primarily Candida spp. and Aspergillusspp. The recent increase in the number of patients at
risk of systemic fungal infections (patients with HIV, cancer patients receiving intensive
chemo- therapy)®®! has highlighted the need for effective therapy of fungal infections. Some
superficial fungal infections can be treated or prevented with topical antifungal agents but

others require systemic treatment with oral antifungals.

Fungal Infections

Fig. No. 1: Fungal infection.
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F. Lifestyle factors
G. Occupational factors
H. Other factors

4. Symptoms of fungal infection
General symptoms

Skin and Nail symptoms
Respiratory symptoms

Central nervous system symptoms

Gastrointestinal symptoms

5. Etiology of fungal infection
1.1.  Endogenous sources
1. Normal flora: Fungi Naturally Present On Skin, Mucous Membranes, And Gut.[

2. Commensal fungi: Harmless Fungi Living On Or Within The Body.!”?

1.2. Exogenous sources

1. Environmental Exposure: Fungi In Soil, Water, Air, And Decaying Organic Matter.®!
2. Human-To-Human Transmission: Direct Contact With Infected Individuals.'!

3. Contaminated Objects: Fomites (E.G., Medical Devices, Clothing).l*"!

4. Animal-To-Human Transmission: Zoonotic Infections (E.G., Ringworm).!*!

1.3. Fungal pathogens

1. Yeasts (E.G., Candida, Cryptococcus).l*?

2. Molds (E.G., Aspergillus, Fusarium).™**!

3. Dimorphic Fungi (E.G., Histoplasma, Blastomyces).™
4. Dermatophytes (E.G., Trichophyton, Microsporum).™™
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Fig. No. 2: Fungal Infection & Their etiological agent in human.

6. Pathophysiology of fungal infection

6.1 Fungal pathogenesis

1. Adhesion: Fungi attach to host cells via adhesins.!®!

2. Invasion: Fungi penetrate host cells through enzymatic degradation.?”!
3. Colonization: Fungi multiply and establish infection.?®!

6.2 Host-Fungal interactions

1. Recognition: Host pattern recognition receptors (PRRs) recognize fungal pathogens.!®!
2. Activation: Host immune cells (e.g., macrophages, neutrophils) respond.”

3. Phagocytosis: Host cells engulf fungi.*!

4. Killing: Host cells kill fungi through oxidative burst, lysosomal degradation.!*”

6.3 Fungal virulence factors

1. Adhesins (e.g., Candida albicans Als).*!

2. Enzymes (e.g., Aspergillus fumigatus proteases).**
3. Toxins (e.g., Candida albicans candidalysin).=®
4

Biofilm formation®

7. Treatment
¢ Antifungal agents

e Polyenes

www.wipr.net | Vol 14, Issue 1,2025. |  1SO 9001: 2015 Certified Journal | 158



Onkar et al. World Journal of Pharmaceutical Research

e Allylamines
e |midazoles
e Triazoles

e Other agents

7.1 Immuno theraphy

e Immunological aspects of fungal infections

The host defense mechanisms against fungi range from the protective mechanisms provided
by skin, mucosa and innate immunity to sophisticated adaptive mechanisms (adaptive
immunity), which are specifically induced during the fungal infection/disease. The activation
of the innate immunity is the first line of host antifungal defenses and is mediated by
phagocytic cells (polymorphonuclear and mononuclear leukocytes and dendritic cells (DCs)),
cellular receptors and several humoral factors that act by (i) direct destruction of the fungi
through phagocytic process or secretion of microbicide compounds and/or (ii) initiation and
subsequent direction of adaptive immune responses through the production of pro-
inflammatory mediators (chemokines and cytokines), induction of co-stimulatory activity by

phagocytic cells and uptake, processing and presentation of antigens.>*°!
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Fig. No. 3: Immuno theraphy.

e Cytokine therapy

e Antifungal vaccines
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7.2 Nanotheraphy

A number of antibiotic drugs have been successfully used in the treatment of a wide range of
dermatological diseases, such as acne, rosacea, folliculitis, inflammatory skin conditions
anddeeper skin infections, such as cellulitis, carbuncles, and furuncles.'®? Resistance to the
antifungal agents was very rare until the late 1990s. However, the occurrence of fungal yeast
infections, including resistant infections, has increased during the last few years. The most
common reasons include inadequate, irregular, uncontrolled, and overuse of drugs or
increased incidence of immunodeficiency conditions.[*>®! Nanoparticles are nanomaterials
measuring <100 nm in one dimension. They have small size and exhibit high surface-to-
volume ratio. Due to this special attribute, nanomaterials such as biopolymeric nanoparticles,
metal nanoparticles, and inorganic nanoparticles are known for promising antimicrobial

activity against fungi causing skin infections.!®*
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7.3 Antifungal photodynamic therapy

The great interest in alternative therapies for the treatment of fungal infections comes from
the fact that the number of antifungal agents available for chemo- therapy is very restricted
when compared with the number of antibacterial drugs. Furthermore, the cases of recurrent
infections are a major issue for certain kinds of disease, such as candidiasis, dermatophytosis
and chromoblastomycosis. Antifungal photodynamic therapy is a developing area of
research,®® and a majority of the literature in this area is concerned with in vitro
experiments. Considering the potential of the technique in the treatment of fungal infections
and the importance of developing new antifungal strategies, this is an area of great interest for

future research studies.
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7.4 Gene theraphy

¢ RNA interferance theraphy

First challenge is to define appropriate targets for RNA-based therapies that will specifically
inhibit the fungal pathogen without detrimentally altering the host or commensal organisms
Studies of model organisms such as Saccharomyces cerevisiae and Neurospora crassa have
provided a wealth of knowledge into RNA regulation in fungi, yet our understanding of many
of these same systems in fungal pathogens such as Candida albicans and A. fumigatus is still
lagging. We do know that there can be differences between RNA regulatory pathways in
pathogens and non-pathogens. For example, the model filamentous fungus Aspergillus
nidulans has a functional RNAI system, as does its close relative, A. fumigatus; however,
several RNAI proteins in A. nidulans are truncated compared with those of A. fumigatus.®”
The practical importance of these differences in RNAI functionality remain incompletely
described in these systems. A. nidulans is not the only example of a modified RNAI system.
In fact, the model yeast S. cerevisiae has actually lost the RNAi machinery in favor of

maintaining a killer virus that provides a growth advantage.®®
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Fig. No. 6: Gene theraphy.
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7.5 10 Combination theraphy

Antifungal combination therapy was recognized as an important area nearly a quarter of a
century ago by Bennett et al.l"d who compared amphotericin B (AmB) alone and in
combination with 5-fluorocytosine (5FC) in the treatment of cryptococcal meningitis.
However, adoption of this approach for the treatment of invasive fungal infections has been
slow, limited to AmB plus 5FC or 5FC plus fluconazole (FLU), and fraught with controversy
regarding the use of a polyene combined with an azole. With the approval of the
thirdgeneration azole voriconazole (VORI) and the candins (e.g., caspofungin [CAS]), there
is rekindled interest in antifungal combination therapy, especially since these agents have
different mechanisms of action. Unlike antibacterial and antiviral agents, studies of
combinations of antifungal agents are in the early stages of investigation and, consequently,
are highly dynamic.
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Fig. No. 7: Combination theraphy.

7.6 Molecular diagnostics

e PCR (Polymerse Chain Reaction)

The PCR method for DNA amplification was developed by Kary Mullis and colleagues in
1984 and was rapidly adapted to detect a variety of infectious agents, particularly viruses.
Despite this success, PCR has not been widely adopted to detect fungal pathogens in human
infections and has been eclipsed by other technologies such as fungal antigen detection
assays. However, the diagnosis of human fungal infections continues to be a challenge.

Conventional diagnostic techniques such as radiological imaging, culture and histology fall
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short in terms of specificity, sensitivity and time to diagnosis. In addition, diagnostic tests

based on galactomannan (GM) antigen and glucan do not detect all fungal pathogens and

have problems with specificity.*"
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Fig. No. 8: Polymer chain reaction.

CONCLUSION

The increasing number of antifungal agents, reformulations of existing agents and novel
treatment strategies have all improved the management of fungal infections in recent years.
Although high cure rates can be achieved in the treatment of many superficial infections,
systemic fungal infections are still associated with high mortality. For several years,
amphotericin-B was the most effective agent for the treatment and prevention of systemic
fungal infections. However, the introduction of the triazoles fluconazole and itraconazole —
has challenged amphotericin-B as the gold standard. In particular, the triazoles have become
the agents of choice in chemoprophylaxis; fluconazole has been widely used but the
introduction of an itraconazole oral solution offers an agent with high bioavailability and a
broader spectrum of activity than that of fluconazole. In the empirical treatment of systemic
fungal infections, the lipid-associated formulations of amphotericin-B and the itraconazole IV
formulation are at least as effective as conventional amphotericin-B and are less toxic. The
high cost of lipidassociated formulations of amphotericin-B may make their use prohibitively

expensive.

REFERANCE
1. Garber G. An overview of fungal infections. Drugs, 2001; 61.
2. Jantunen E, Ruutu P, Niskanen L, et al. Incidence and risk factors for invasive fungal

infection in aalogeneic BMT recipients. Bone Marrow Transplant, 1997; 19: 801-8.

www.wipr.net | Vol 14, Issue 1,2025. |  1SO 9001: 2015 Certified Journal | 163



Onkar et al. World Journal of Pharmaceutical Research

3. Groll AH, Shah PM,Mentzel C, et al. Trends in the postmortem epidemiology of invasive
fungal infections at a university hospital. J Infect, 1996; 33: 23-32.

4. Rai, M.; Ingle, A.P.; Pandit, R.; Paralikar, P.; Gupta, I.; Anasane, N.; Dolenc-Volj¢, M.

Nanotechnology for the Treatment of Fungal Infections on Human Skin. In the

Microbiology of Skin, Soft Tissue, Bone and Joint Infections; Academic Press:

Cambridge, MA, USA, 2017; 169-184.

Pianalto, K.M.; Alspaugh, J.A. New Horizons in Antifungal Therapy. J. Fungi, 2016.

Journal of Fungi. Endogenous Fungal Flora, 2022.

Clinical Microbiology Reviews. Commensal Fungi, 2022.

Environmental Health Perspectives. Environmental Fungal Exposure, 2022.

© © N o O

Epidemiology and Infection. Human-to-Human Transmission, 2022.
10. Infection Control and Hospital Epidemiology. Contaminated Objects, 2022.
11. Veterinary Microbiology. Zoonotic Fungal Infections, 2022.

12. Mycopathologia. Yeast Infections, 2022.

13. Journal of Medical Microbiology. Mold Infections, 2022.

14. Clinical Infectious Diseases. Dimorphic Fungal Infections, 2022.

15. Journal of Clinical Microbiology. Dermatophyte Infections, 2022.

16. Lancet Infectious Diseases. Immunocompromised Hosts, 2022.

17. Antimicrobial Agents and Chemotherapy. Antibiotic Use, 2022.

18. Journal of Steroid Biochemistry and Molecular Biology. Steroid Therapy, 2022.
19. Diabetes Research and Clinical Practice. Diabetes Mellitus, 2022.

20. Journal of Trauma and Acute Care Surgery. (2022). Skin Injuries, 2022.
21. American Journal of Infection Control. Poor Hygiene, 2022.

22. Nutrition Research Reviews. Malnutrition, 2022.

23. Aging Research Reviews. Aging, 2022.

24. American Journal of Obstetrics and Gynecology. Pregnancy, 2022.

25. Travel Medicine and Infectious Disease. Travel to Endemic, 2022.

26. Journal of Fungi. Fungal Adhesins, 2022.

27. Clinical Microbiology Reviews. Fungal Invasion, 2022.

28. PLOS Pathogens. Fungal Colonization, 2022.

29. Nature Reviews Microbiology. Host-Fungal Interactions, 2022.

30. Journal of Immunology. Immune Cell Activation, 2022.

31. Infection and Immunity. Phagocytosis, 2022.

32. Journal of Leukocyte Biology. Fungal Killing, 2022.

www.wipr.net | Vol 14, Issue 1,2025. |  1SO 9001: 2015 Certified Journal | 164



Onkar et al. World Journal of Pharmaceutical Research

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,

45,

46.

471.
48.

49,

50.

51.

52.

53.

Microbiology. Adhesins, 2022.

FEMS Microbiology Reviews. Enzymes, 2022.

Toxins. Fungal Toxins, 2022.

Biofilm Research. Biofilm Formation, 2022.

Journal of Infectious Diseases. Innate Immunity, 2022.

Clinical and Experimental Immunology. Adaptive Immunity, 2022.

Cytokine. Cytokine Production, 2022.

Journal of Clinical Immunology. Immunocompromised Hosts, 2022.

Infection Control and Hospital Epidemiology. Impaired Phagocytosis, 2022.

Journal of Immunology Research. Reduced Cytokine Production, 2022.

Medical Microbiology. Fungal Growth, 2022.

Bolard J. How do the polyene macrolide antibiotics affect the cellular membrane
properties? Biochim Biophys Acta, 1986; 864: 257-304.

Gallis HA, Drew RH, Pickard WW. Amphotericin B: 30 years of clinical experience. Rev
Infect Dis, 1990; 12: 308-29.

Schafer-Korting M, Ble.chschmidt J, Korting HC. Clinical use of oral nystatin in the
prevention of systemic candidosis in patients at particular risk. Mycoses, 1996; 39:
329-39.

Ryder NS. The mechanism of action of terbinafine. Clin Exp Dermatol, 1989; 14: 98-100.
Balfour JA, Faulds D. Terbinafine: a review of its pharmacodynamic and
pharmacokinetic properties, and therapeutic potential in superficial mycoses. Drugs,
1992; 43: 259-84.

Harari S, Schiraldi G, de Juli E, et al. Relapsing Aspergillus bronchitis in a double lung
transplant patient, successfully treated with a new oral antimycotic agent [letter]. Chest
1997; 111: 835-6.

Vanden Bossche H. Biochemical targets for antifungal azole derivatives: hypothesis on
the mode of action. In: McGinnis MR, ed. Current topics in medical mycology. New
York: Springer-Verlag, 1985; 313-51.

Como JA, DismukesWE. Oral azole drugs as systemic antifungal therapy. N Engl J Med,
1993; 330: 263-72.

Francis P, Walsh TJ. Evolving role of flucytosine in immunocompromised patients: new
insights into safety, pharmacokinetics, and antifungal therapy. Clin Infect Dis, 1992; 15:
1003-18.

Romani L. Immunity to fungal infections. Nat Rev Immunol, 2011; 11: 275-288.

www.wipr.net | Vol 14, Issue 1,2025. |  1SO 9001: 2015 Certified Journal | 165



Onkar et al. World Journal of Pharmaceutical Research

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Steele C and Wormley FL, Jr. Immunology of fungal infections: lessons learned from
animal models. Curr Opin Microbiol, 2012; 15: 413-419.

Netea MG, Brown GD, Kullberg BJ, and Gow NA. An integrated model of the
recognition of Candida albicans by the innate immune system. Nat Rev Microbiol, 2008;
6: 67-78.

van de Veerdonk FL and Netea MG. T-cell subsets and antifungal host defenses. Curr
Fungal Infect Rep, 2010; 4: 238-243.

Decker WK and Safdar A. Cytokine adjuvants for vaccine therapy of neoplastic and
infectious disease. Cytokine Growth Factor Rev, 2011; 22: 177-187.

lannitti RG, Carvalho A, and Romani L. From memory to antifungal vaccine design.
Trends Immunol, 2012; 33: 467-474.

Pikman R and Ben-Ami R. Immune modulators as adjuncts for the prevention and
treatment of invasive fungal infections. Immunotherapy, 2012; 4: 1869-1882.

Lin L, et al. Thl-Thl7 cells mediate protective adaptive immunity against
Staphylococcus aureus and Candida albicans infection in mice. PLoS Pathog, 2009; 5:
e1000703.

Chon SY, Doan HQ, Mays RM, Singh SM, Gordon RA, Tyring SK. Antibiotic overuse
and resistance in dermatology. Dermatol Ther, 2012; 25: 55-609.

Nigam PK. Antifungal drugs and resistance: current concepts. Our Dermatol Online,
2015; 6(2): 212-21.

Higa LH, Schilrreff P, Perez AP, Morilla MJ, Romero EL. The intervention of
nanotechnology against epithelial fungal diseases. J Biomater Tissue Eng, 2013; 3(1):
1-19.

Donnelly RF, McCarron PA, Tunney MM. Antifungal photodynamic therapy. Microbiol
Res, 2008; 163: 1-12.

Lee JW, Kim BJ, Kim MN. Photodynamic therapy: new treatment for recalcitrant
Malassezia folliculitis. Lasers Surg Med, 2010; 42: 192-6.

Hammond T.M., et al. RNA silencing gene truncation in the filamentous fungus
Aspergillus nidulans. Eukaryot. Cell, 2008; 7: 339-349. doi: 10.1128/EC.00355-07.
[DOI] [PMC free article] [PubMed] [Google Scholar]

Drinnenberg 1.A., et al. Compatibility with killer explains the rise of RNAi-deficient
fungi. Science, 2011; 333: 1592. doi: 10.1126/science.1209575. [DOI] [PMC free article]
[PubMed] [Google Scholar]

www.wipr.net | Vol 14, Issue 1,2025. |  1SO 9001: 2015 Certified Journal | 166



Onkar et al. World Journal of Pharmaceutical Research

68. Bernstein D.A., et al. Candida albicans Dicer (CaDcrl) is required for efficient ribosomal
and spliceosomal RNA maturation. Proc. Natl. Acad. Sci. U. S. A, 2012; 109: 523-528.
doi: 1073/pnas.1118859109. [DOI] [PMC free article] [PubMed] [Google Scholar]

69. Feretzaki M., et al. Gene network polymorphism illuminates loss and retention of novel
RNAI silencing components in the cryptococcus pathogenic species complex. PLoS
Genet, 2016; 12 doi: 10.1371/journal.pgen.1005868. [DOI] [PMC free article] [PubMed]
[Google Scholar]

70. Canovas-Marquez J.T., et al. A ribonuclease Il involved in virulence of Mucorales fungi
has evolved to cut exclusively single-stranded RNA. Nucleic Acids Res, 2021; 49:
5294-5307. doi: 10.1093/nar/gkab238. [DOI] [PMC free article] [PubMed] [Google
Scholar]

71. Lee H.C., et al. Diverse pathways generate microRNA-like RNAs and Dicer-independent
small interfering RNAs in fungi. Mol. Cell, 2010; 38: 803-814. doi:
10.1016/j.molcel.2010.04.005. [DOI] [PMC free article] [PubMed] [Google Scholar]

72.Calo S., et al. Antifungal drug resistance evoked via RNAi-dependent epimutations.
Nature, 2014; 513: 555-558. doi: 10.1038/nature13575. [DOI] [PMC free article]
[PubMed] [Google Scholar]

73. Bennett, J. E., W. E. Dismukes, R. J. Duma, G. Medoff, M. A. Sande, H. Gallis, J.
Leonard, B. T. Fields, M. Bradshaw, H. Haywood, Z. A. McGee, T. R. Cate, C. G.
Cobbs, J. F. Warner, and D. W. Alling. A comparison of amphotericin B alone and
combined with flucytosine in the treatment of cryptococcal meningitis. N. Engl. J. Med,
1979; 19: 126-131.

74. Espinel-Ingroff, A., V. Chaturvedi, A. Fothergill, and M. G. Rinaldi. Optimal testing
conditions for determining MICs and minimum fungicidal concentrations of new and
established antifungal agents for uncommon molds: NCCLS collaborative study. J . Clin.
Microbiol, 2002; 40: 3776-3781. [DOI] [PMC free article] [PubMed]

75. Espinel-Ingroff, A., A. Fothergill, J. Peter, M. G. Rinaldi, and T. J. Walsh. Testing
conditions for determination of minimum fungicidal concentrations of new and
established antifungal agents for Aspergillus spp.: NCCLS collaborative study. J. Clin.
Microbiol, 2002; 40: 3204-3208. [DOI] [PMC free article]

76. NCCLS. Reference method for broth dilution antifungal susceptibility testing of
conidium-forming filamentous fungi: proposed standard M38-P. NCCLS, Wayne, Pa,
1998.

www.wipr.net | Vol 14, Issue 1,2025. |  1SO 9001: 2015 Certified Journal | 167



Onkar et al. World Journal of Pharmaceutical Research

77.

78.

79.

NCCLS. Reference method for broth dilution antifungal susceptibility testing of yeasts:
approved standard, NCCLS document M27-A2. NCCLS, Wayne, Pa." 2003; 2.

Sanati, H., C. F. Ramos, A. S. Bayer, and M. A. Ghannoum. Combination therapy with
amphotericin B and fluconazole against invasive candidiasis in neutropenic-mouse and
infective-endocarditis rabbit models. Antimicrob. Agents Chemother, 1997; 41.:
1345-1348. [DOI] [PMC free article] [PubMed] [Google Scholar]"

Bustin SA, Benes V, Garson JA, et al. The MIQE guidelines: minimum information for
publication of quantitative real-time PCR experiments. Clin. Chem, 2009; 55: 611-622.
doi: 10.1373/clinchem.2008.112797. [Describes the Minimum Information for
Publication of Quantitative Real-Time PCR Experiments guidelines that seek to promote
better experimental practices for interpretation of quantitative PCR results] [DOI]
[PubMed] [Google Scholar]

www.wipr.net | Vol 14, Issue 1,2025. |  1SO 9001: 2015 Certified Journal | 168



