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Macrolides are a diverse class of hydrophobic compounds characterized by a macrocyclic lactone ring and distinguished
by variable side chains/groups. Some of the most well characterized macrolides are toxins produced by marine bacteria,
sea sponges, and other species. Many marine macrolide toxins act as biomimetic molecules to natural actin-binding
proteins, affecting actin polymerization, while other toxins act on different cytoskeletal components. The disruption of
natural cytoskeletal processes affects cell motility and cytokinesis, and can result in cellular death. While many macrolides
are toxic in nature, others have been shown to display therapeutic properties. Indeed, some of the most well known
antibiotic compounds, including erythromycin, are macrolides. In addition to antibiotic properties, macrolides have been
shown to display antiviral, antiparasitic, antifungal, and immunosuppressive actions.
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| 1. Introduction

The study of macrolides over the past few decades has revealed a varied group of molecules with a range of structures
and functions. Macrolides are hydrophobic compounds characterized by a macrocyclic lactone ring that typically contains
at least 12 elements, while the remaining structure varies greatly between different classes of molecules @2,

Many macrolides have been discovered that display pharmaceutical properties, giving them potential as antibiotic,
antiviral, antiparasitic, antimycotic, or immunosuppressant drugs 2Bl While naturally produced macrolides may have
limited use as drugs due to their instability in stomach acid, poor pharmacokinetics, and adverse side effects, synthetic
macrolide derivatives have been developed to overcome these issues L. Many macrolides also exhibit toxic bioactivity,
which may be a cause of the adverse side effects observed in response to the administration of macrolide drugs. Indeed,
one of the largest classes of macrolides is toxins, many of which are produced from marine sources 4., On the other hand,
some macrolide mechanisms of toxicity have been manipulated for use in therapeutic applications.

| 2. Macrolide Classes
2.1. Toxins

Macrolide toxins originating from marine and microbial sources represent a vast library of chemical structures with varying
mechanisms of toxicity. Marine macrolide toxins are of particular interest, as the number of known toxins has increased
greatly over the past 50 years. Increasing knowledge of the biochemistry of these compounds has explained a wide range
of toxic effects, from quick paralysis to more gradual changes in target cells. Marine macrolide toxins have also been of
interest due to their potential therapeutic properties against cancer and fungal or parasitic infections, and their ability to act
as immunosuppressants B4l Toxins produced by bacterial species, such as the mycolactones from Mycobacterium
ulcerans, also have a wide range of effects on host cells, many of which have yet to be discovered [,

2.2. Antibiotics

Since the so-called “golden era” of antibiotic discovery between the 1930s and 1960s, macrolide antibiotics have been
widely studied and prescribed for the treatment of infectious disease (€. While antibiotics are used as first-line agents in
treating infectious disease driven by bacteria, macrolide antibiotics often also exert immunomodulatory effects. In addition,
recent studies have revealed potential clinical benefits of macrolides in the treatment of chronic inflammatory airway
diseases . Macrolide antibiotics display bacteriostatic and bactericide activity against various Gram-positive and Gram-
negative species, as well as some Gram-indeterminate bacteria !9, Because of their low toxicity, macrolide antibiotics
are often selected as the safest option for antibacterial treatment 8. This advantage is enhanced as allergic reactions to
the macrolide antibiotics are noted to be rare; however, there have been some cases reported in the literature [LQJIL1[12][13]

2.3. Antivirals and Antiparasitics



The discovery of macrolides that display antiviral and anthelmintic properties has greatly reduced the incidence of viral
and parasitic diseases. Avermectins were discovered to be produced by Streptomyces avermitilis in 1973, and display
highly specific anthelminthic, but generally not antibacterial or antifungal, activity 2451, jvermectin is the most widely used
avermectin derivative due to its safety and efficacy. After being used successfully in the agricultural and veterinary fields,
ivermectin was introduced to treat onchocerciasis (also known as river blindness) in resource-poor tropical populations in
1987, where it was given to patients free of cost. This effort has been largely successful in the elimination of
onchocerciasis in those regions, and ivermectin has been deemed a “wonder drug” [15]26] - Since then, ivermectin has
been shown to have broad-spectrum antiparasitic properties, and has been used to treat lymphatic filariasis,
strongyloidiasis, scabies, and head lice 2217 Balticolid, a plecomacrolide produced by a marine-derived ascomycetous
fungus, was discovered more recently in driftwood off the Baltic Sea in Germany, and has been shown to display anti-HIV
and anti-herpes simplex type | activity 2819201 The bryostatins are a class of highly oxygenated macrocyclic lactones
originating from marine bryozoan Bugula neritina 24221, There have been over 20 bryostatins isolated to date, some of
which display antiviral activity 22,

2.4. Antifungals

Macrolide antibiotics that target fungi, including amphotericin B and nystatin, amongst others, are some of the most
effective therapeutics against potentially life-threatening fungal infections in humans 23, In 1950, nystatin was the first
polyene macrolide antifungal compound to be discovered by Rachel Fuller Brown and Elizabeth Lee Haze. It was also the
first widely available and effective antifungal treatment. Brown and Haze cultured Streptomyces noursei from soil found
near a dairy farm in Fauquier County, Virginia, and determined its antifungal properties by screening it against C. albicans
and C. neoformans. Nystatin was then purified and characterized from the Streptomyces noursei cultures 241231 This
work led to the continuation of mycological studies and the subsequent discovery of amphotericin B (AmB) in 1955 at the
E.R. Squibb Institute (2311281 Amphotericin B, which is the current “gold standard” of treatment for fungal infections, was
isolated from cultures of Streptomyces nodosus found in soil near the Orinoco River of Venezuela and has been shown to
have broad antifungal activity, as well as antiparasitic activity 28], Two additional antifungal compounds were discovered in
1955: natamycin (previously called pimaricin) and filipin 2428 Natamycin was isolated from a culture of Streptomyces
natalensis found in soil from Natal, South Africa &4, Filipin was named after its place of discovery, the Philippines, where it
was isolated from Streptomyces filipinesis 28], Cruentaren A and B were identified more recently and were isolated from
Byssovorax cruenta. Cruentaren A is most commonly used as an antifungal treatment, as cruentaren B displays a lack of
antifungal activity 221391,

2.5. Immunosuppressants

The macrolide immunosuppressants represent a more recently discovered class of drugs that are used to prevent organ
transplant rejection and treat inflammatory skin diseases B2, Tacrolimus is an immunosuppressant that was discovered in
1984 in Streptomyces tsukabaensis cultures found from soil near Tsukuba, Japan B2E3] |t has been used to prevent
kidney, liver, and bone marrow rejection in transplant patients B3IB4I35] A topical formulation of tacrolimus is the first non-
glucocorticoid shown to be effective at treating atopic dermatitis 24, Pimecrolimus is an ascomycin derivative that was
developed specifically to treat inflammatory skin conditions, including psoriasis and atopic dermatitis B837 Rapamycin,
known by the common name sirolimus, was isolated from the actinomycete Streptomyces hygroscopicus from soil found
on Easter Island, where it was first determined to display antifungal properties [B8I[321140141][42] |t as |ater found to display
immunosuppressive properties, and has been developed for the prevention of renal, pancreatic islet cell, liver, and heart
transplant rejection [381143],

References

1. Zhanel, G.G.; Dueck, M.; Hoban, D.J.; Vercaigne, L.M.; Embil, J.M.; Gin, A.S.; Karlowsky, J.A. Review of Macrolides
and Ketolides. Drugs 2001, 61, 443—-498.

2. Bryskier, A.; Bergogne-Bérézin, E. Macrolides. In Antimicrobial Agents; American Society of Microbiology: Washington,
DC, USA, 2005.

3. Kanoh, S.; Rubin, B.K. Mechanisms of action and clinical application of macrolides as immunomodulatory medications.
Clin. Microbiol. Rev. 2010, 23, 590-615.

4. Zhang, H.; Zou, J.; Yan, X.; Chen, J.; Cao, X.; Wu, J.; Liu, Y.; Wang, T. Marine-Derived Macrolides 1990-2020: An
Overview of Chemical and Biological Diversity. Mar. Drugs 2021, 19, 180.

5. Guenin-Macé, L.; Ruf, M.-T.; Pluschke, G.; Demangel, C. Mycolactone: More than Just a Cytotoxin. In Buruli Ulcer:
Mycobacterium Ulcerans Disease; Pluschke, G., Réltgen, K., Eds.; Springer International Publishing: Cham,



10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

Switzerland, 2019; pp. 117-134.

. Nathan, C.; Cars, O. Antibiotic resistance—Problems, progress, and prospects. N. Engl. J. Med. 2014, 371, 1761—

1763.

. Crosbie, P.A.; Woodhead, M.A. Long-term macrolide therapy in chronic inflammatory airway diseases. Eur. Respir. J.

2009, 33, 171-181.

. Dinos, G.P. The macrolide antibiotic renaissance. Br. J. Pharmacol. 2017, 174, 2967—-2983.

. Brisson-Noel, A.; Trieu-Cuot, P.; Courvalin, P. Mechanism of action of spiramycin and other macrolides. J. Antimicrob.

Chemother. 1988, 22, 13-23.
Aradujo, L.; Demoly, P. Macrolides allergy. Curr. Pharm. Des. 2008, 14, 2840-2862.

Jorro, G.; Morales, C.; Braso, J.V.; Pelaez, A. Anaphylaxis to erythromycin. Ann. Allergy Asthma Immunol. 1996, 77,
456-458.

Lee, C.E.; Zembower, T.R.; Fotis, M.A.; Postelnick, M.J.; Greenberger, P.A.; Peterson, L.R.; Noskin, G.A. The incidence
of antimicrobial allergies in hospitalized patients: Implications regarding prescribing patterns and emerging bacterial
resistance. Arch. Intern. Med. 2000, 160, 2819-2822.

Pascual, C.; Crespo, J.F.; Quiralte, J.; Lopez, C.; Wheeler, G.; Martin-Esteban, M. In vitro detection of specific IgE
antibodies to erythromycin. J. Allergy Clin. Immunol. 1995, 95, 668—671.

Burg, R.W.; Miller, B.M.; Baker, E.E.; Birnbaum, J.; Currie, S.A.; Hartman, R.; Kong, Y.-L.; Monaghan, R.L.; Olson, G.;
Putter, I.; et al. Avermectins, New Family of Potent Anthelmintic Agents: Producing Organism and Fermentation.
Antimicrob. Agents Chemother. 1979, 361-367.

Crump, A. Ivermectin: Enigmatic multifaceted ‘wonder’ drug continues to surprise and exceed expectations. J. Antibiot.
2017, 70, 495-505.

Crump, A.; Omura, S. lvermectin, ‘Wonder drug’ from Japan: The human use perspective. Proc. Jpn. Acad. Ser. B
Phys. Biol. Sci. 2011, 87, 13-28.

Gonzéalez Canga, A.; Sahagun Prieto, A.M.; Diez Liébana, M.J.; Fernandez Martinez, N.; Sierra VVega, M.; Garcia
Vieitez, J.J. The pharmacokinetics and interactions of ivermectin in humans—A mini-review. AAPS J. 2008, 10, 42—46.

. Shushni, M.A.; Singh, R.; Mentel, R.; Lindequist, U. Balticolid: A new 12-membered macrolide with antiviral activity from

an ascomycetous fungus of marine origin. Mar. Drugs 2011, 9, 844-851.
Hill, R.A. Marine natural products. Annu. Rep. Prog. Chem. Sect. B Org. Chem. 2012, 108, 131-146.

Moghadamtousi, S.Z.; Nikzad, S.; Kadir, H.A.; Abubakar, S.; Zandi, K. Potential Antiviral Agents from Marine Fungi: An
Overview. Mar. Drugs 2015, 13, 4520-4538.

Berkow, R.L.; Kraft, A.S. Bryostatin, a non-phorbol macrocyclic lactone, activates intact human polymorphonuclear
leukocytes and binds to the phorbol ester receptor. Biochem. Biophys. Res. Commun. 1985, 131, 1109-1116.

Wu, R.; Chen, H.; Chang, N.; Xu, Y.; Jiao, J.; Zhang, H. Unlocking the Drug Potential of the Bryostatin Family: Recent
Advances in Product Synthesis and Biomedical Applications. Chem. Eur. J. 2020, 26, 1166—-1195.

Ng, A.; Wasan, K.M.; Lopez-Berestein, G. Development of liposomal polyene antibiotics: An historical perspective. J.
Pharm. Pharm. Sci. 2003, 6, 67—83.

Espinel-Ingroff, A. Medical Mycology and Training in the United States: A Historical Analysis (1894—-1996); Springer
Science & Business Media: Dordrecht, The Netherlands, 2003.

Cooper, C. Nystatin and the Women Who Founded the Antifungal Era. In Proceedings of the 20th Congress of the
International Society for Human and Animal Mycology, Amsterdam, The Netherlands, 30 June—4 July 2018.

Lemke, A.; Kiderlen, A.; Kayser, O. Amphotericin B. Appl. Microbiol. Biotechnol. 2005, 68, 151-162.

Branen, A.L.; Davidson, P.M.; Salminen, S.; Thorngate, J. Food Additives, 2nd ed.; Marcel Dekker Inc.: New York, NY,
USA, 2003.

Whitfield, G.B.; Brock, T.D.; Ammann, A.; Gottlieb, D.; Carter, H.E. Filipin, an antifungal antibiotic: Isolation and
properties. J. Am. Chem. Soc. 1955, 77, 4799-4801.

Jundt, L.; Steinmetz, H.; Luger, P.; Weber, M.; Kunze, B.; Reichenbach, H.; Hofle, G. Isolation and structure elucidation
of cruentarens A and b—Novel members of the benzolactone class of ATPase inhibitors from the Myxobacterium
Byssovorax cruenta. Eur. J. Org. Chem. 2006, 2006, 5036—-5044.

Kunze, B.; Steinmetz, H.; Hofle, G.; Huss, M.; Wieczorek, H.; Reichenbach, H. Cruentaren, a new antifungal salicylate-
type macrolide from Byssovorax cruenta (Myxobacteria) with inhibitory effect on mitochondrial ATPase activity. J.



31.
32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

Antibiot. 2006, 59, 664—668.
Mrowietz, U. Macrolide immunosuppressants. Eur. J. Dermatol. 1999, 9, 346-351.

Hatanaka, H.; lwami, M.; Kino, T.; Goto, T.; Okuhara, M. FR-900520 and FR-900523, Novel Immunosuppressants
Isolated from A Streptomyces. Taxonomy of the Producing Strain. J. Antibiot. 1988, 41, 1586-1591.

Jacobson, P.; Uberti, J.; Davis, W.; Ratanatharathorn, V. Tacrolimus: A new agent for the prevention of graft-versus-host
disease in hematopoietic stem cell transplantation. Bone Marrow Transplant. 1998, 22, 217-225.

Nghiem, P.; Pearson, G.; Langley, R. Tacrolimus and pimecrolimus: From clever prokaryotes to inhibiting calcineurin
and treating atopic dermatitis. J. Am. Acad. Dermatol. 2002, 26, 228-241.

Wallemacq, P.E.; Verbeeck, R.K. Comparative Clinical Pharmacokinetics of Tacrolimus in Paediatric and Adult Patients.
Clin. Pharmacokinet. 2001, 40, 283-295.

Grassberger, M.; Steinhoff, M.; Schneider, D.; Luger, T.A. Pimecrolimus—An anti-inflammatory drug targeting the skin.
Exp. Dermatol. 2004, 13, 721-730.

Gupta, A.K.; Chow, M. Pimecrolimus: A review. J. Eur. Dermatol. Venereol. 2003, 17, 493-503.

MacDonald, A.; Scarola, J.; Burke, J.T.; Zimmerman, J.J. Clinical Pharmacokinetics and Therapeutic Drug Monitoring of
Sirolimus. Clin. Ther. 2000, 22, B101-B121.

Li, J.; Kim, S.G.; Blenis, J. Rapamycin: One Drug, Many Effects. Cell Metab. 2014, 19, 373-379.

Sehgal, S.N. Sirolimus: Its Discovery, Biological Properties, and Mechanism of Action. Transplant. Proc. 2003, 35, 7S—
14S.

Mukherjee, S.; Mukherjee, U. A Comprehensive Review of Immunosuppression Used for Liver Transplantation. J.
Transplant. 2009, 2009, 701464.

Seto, B. Rapamycin and mTOR: A serendipitous discovery and implications for breast cancer. Clin. Transl. Med. 2012,
1.

Stenton, S.B.; Partovi, N.; Ensom, M.H.H. Sirolimus: The Evidence for Clinical Pharmacokinetic Monitoring. Clin.
Pharmacokinet. 2005, 44, 769-786.

Retrieved from https://encyclopedia.pub/entry/history/show/24800



