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ABSTRACT  Article History 

The purpose of this study was to investigate the physicochemical properties of the polyene 

antibiotic Roseofungin, isolated from Streptomyces roseoflavus var. roseofungini AS-20.14, to 

assess its potential as an antifungal agent. Roseofungin was characterized using UV–VIS 

spectrophotometry, thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), 

infrared (IR) spectroscopy, and nuclear magnetic resonance (NMR) spectroscopy. These 

techniques were employed to analyze the antibiotic's thermal stability, absorption spectra, and 

molecular structure. The UV-VIS spectra revealed two maxima at 260nm and 362nm, typical of 

carbonyl-conjugated pentaenes. TGA and DSC analyses indicated low thermal stability, with 

significant mass loss at higher temperatures. The IR spectrum confirmed the presence of 

hydroxyl and carbonyl groups, while NMR spectroscopy supported the structural assignment 

of Roseofungin. The antibiotic demonstrated broad-spectrum antifungal activity and lower 

toxicity compared to other polyenes. The study confirms the potential of Roseofungin as an 

effective antifungal agent, particularly against dermatophytes and molds. Its physicochemical 

properties and lower toxicity position it as a promising candidate for further research and 

development in antifungal therapies, especially for drug-resistant fungal infections. 
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INTRODUCTION 
 

 Bacteria of the genus Streptomyces are known for their 

ability to produce antibiotics, are responsible for 99% of 

known antimicrobial compounds, and dominate the 

production of antimicrobial drugs (Odumosu et al., 2017; 

Alam et al., 2022; Donald et al., 2022). 

 Polyene antibiotics are a well-studied class of 

antifungal drugs used in clinical practice today 

(Vanreppelen et al., 2023; Ngece et al., 2024; Quinn & 

Dyson, 2024). The most well-known polyene antimycotics 

included in the World Health Organization's List of 

Essential Medicines are amphotericin B, nystatin and 

natamycin (World Health Organization, 2019; Haro-Reyes 

et al., 2022; Akinosoglou et al., 2024). 

 The structure of polyene antibiotics contains a 

hydrophobic polyene “tail” and a hydrophilic “head” with a 

polyol chain (Zotchev, 2003), where hydroxyl groups give 

the molecule an amphipathic character (Guo et al., 2021; 

Haro-Reyes et al., 2022). Depending on the number of 

conjugated double bonds, polyenes can be divided into 

trienes, tetraenes, pentaenes, hexaenes, heptaenes, etc (Li 

et al., 2021; Maia et al., 2021; Zhao et al., 2022). 

 Polyenes have a wide spectrum of antifungal activity 

against yeasts, filamentous fungi and endemic dimorphic 

fungi. Candida, Cryptococcus, Aspergillus, Mucor, Rhizopus, 

Histoplasma, Coccidioides and Blastomyces are sensitive to 

the action of polyenes (Johnson, 2021; Jauregizar et al., 

2022; Akinosoglou et al., 2024). 

 It is generally accepted that the primary antifungal 

mechanism of polyene drugs depends on interactions 

between antibiotic molecules and fungal cell membrane 

ergosterol via the polyene region of the macrolactone 

core (Anderson et al., 2014; Cafrey et al., 2016; Kim et al., 

2018; Pham et al., 2019; Guo et al., 2021; Maji et al., 

2023). 
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 Roseofungin is a pentaene antibiotic from the 

subgroup of carbonyl-conjugated pentaenes. A number of 

previous reports (Ermakova et al., 2001; Sadanov et al., 

2016a; Sadanov et al., 2020; Abdukhakimova et al., 2021; 

Bogoyavlenskiy et al., 2023; Yelubayeva et al., 2024) have 

shown the effectiveness of roseofungin (in concentrations 

of 0.5-12.5 µg/mL) in suppressing a wide range of 

pathogens of superficial and deep mycoses - 

trichophytosis, microsporia, favus, candidiasis, 

cryptococcosis, sporotrichosis, chromomycosis, 

aspergillosis, etc., as well as against pathogens of a 

number of viral infections (Sadanov et al., 2016b; Berezin et 

al., 2019). 

 Current research in this article is aimed at the physical 

and chemical characterization of roseofungin isolated from 

the mycelium of the producer strain Streptomyces 

roseoflavus v. roseofungini AS-20.14. 

 

MATERIALS & METHODS 

 

 The antibiotic roseofungin was obtained by cultivating 

the streptomycete strain Streptomyces roseoflavus 

v.roseofungini AS-20.14 (Sadanov et al., 2016b). 

Fermentation was performed under submerged conditions 

in a standard actinomycete medium at 28°C for 7 days. The 

culture broth was filtered, and the biomass was extracted 

using ethanol. Crude extracts were purified by silica gel 

column chromatography and recrystallized to yield dry 

roseofungin. The final product was dried under vacuum at 

40°C to constant weight. 

 Absorption spectra were measured on a UV2600I UV–

VIS spectrophotometer (Shimadzu, Japan) using ethanol 

solutions of roseofungin at concentrations ranging from 

2.6·10⁻⁶ to 1.2·10⁻⁵ mol·L⁻¹. Thermogravimetric analysis 

(TGA) was conducted using a NETZSCH STA 409 

instrument at temperatures from 50 to 900°C, with a 

heating rate of 10 K/min. Differential scanning calorimetry 

(DSC) was implemented using an SKZ1052B instrument. 

Heating was performed up to 300°C at a rate of 15°C/min 

under nitrogen atmosphere.  

 Infrared spectroscopy measurements were performed 

on ALPHA II between the range 4000 and 500cm-1. NMR 

spectra of the obtained product were determined on a 

JNM-ECZS spectrometer. 

 All experiments were conducted in triplicate using 

independently prepared batches of roseofungin to ensure 

reproducibility. No in vitro or in vivo biological assays were 

carried out in this study; the focus was solely on 

physicochemical and structural characterization. 

 

Statistical Analysis 

 Linear regression analysis was applied to UV-VIS 

absorption data using Microsoft Excel 2019 to establish the 

correlation between absorbance and concentration. The 

regression equation was calculated in the form Y = A + 

B·X, with a correlation coefficient (R²) of 0.9816 and molar 

absorptivity (ε) determined to be 6279L·mol⁻¹·cm⁻¹. All 

measurements were performed in triplicate, and average 

values were used for plotting. Standard deviations were 

calculated for absorbance values, with variability not 

exceeding 5%. 

RESULTS AND DISCUSSION 

 

 The absorption spectra in the UF/VIS region of 

roseofungin solutions in ethanol (2,6·10-6 to 1,2·10-5 

mol·L-1) have two maxima at 260 and 362nm (Fig. 1), 

which is characteristic of the group of carbonyl-conjugated 

pentaenes (Hamilton-Miller, 1973). 

 

 
 

Fig. 1: Absorption spectra of the obtained product. 

 

 Following the approach described by Brescansin et al. 

(2013), calibration curves were constructed to assess the 

relationship between concentration and absorbance, and 

molar absorption coefficients (ɛ) were calculated. For this 

purpose, the corresponding values were calculated for the 

most intense peak recorded at 362nm using Excel. 

 Our findings on the two absorption maxima at 260 

and 362nm are in agreement with those reported for 

other polyene macrolides. For example, Zhao et al. (2022) 

demonstrated that characteristic UV peaks are 

determined by the conjugated double-bond system and 

serve as key markers for identifying polyenes. Similarly, 

Guo et al. (2021) confirmed that such spectral features 

are closely linked to the amphiphilic nature of these 

molecules, which enables their interaction with ergosterol 

in fungal membranes. Thus, the spectral properties of 

roseofungin are consistent with the modern 

understanding of polyene structure and mechanism of 

action. 

 Linear regression results were established for type 

Y=A+B*X with a correlation coefficient of 0.9816 and a 

molar absorptivity (ɛ) of 6279 l ·mol-1 ·cm-1 (Table 1). 

 
Table 1: Linear regression data of the UV–VIS calibration curve of 

roseofungin (absorbance vs. concentration, n=3) 

Parameters Value Description 

A 0.0068 Regression intercept 

B 6279 L·mol⁻¹·cm⁻¹ Molar absorptivity 

R² (Correlation 

coefficient) 

0.9816 Determined by linear regression 

analysis (Microsoft Excel 2019) 

Note: The correlation coefficient (R²) was obtained from a linear regression 

of absorbance vs. concentration using triplicate measurements. 

 

 TGA and DSC methods were used to evaluate the 

thermal characteristics of the obtained product. 

 From TGA data it is evident that the obtained product 

undergoes complex chemical changes upon heating. When 

the temperature was increased up to 150°C, only 
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insignificant mass changes were observed on the curve. 

Changes in the mass of the sample up to 21 % are 

explained by thermal cracking of polyene chains. The 

significant mass loss (about 58%) between 300 and 475°C 

may be due to crosslinking of polyenes (Jia et al., 2016). At 

475°C, the thermal processes are almost completed, but 

the mass loss does not correspond to 100% (Fig. 2). 

 

 
 

Fig. 2: TG analysis of Roseofungin. 
 

 In general, the TGA curve of roseofungin indicates a 

mass loss in the temperature range from 30 to 900°C in 

the amount of about 68%, indicating low thermostability of 

the product when exposed to heat, which is probably due 

to the polyfunctional nature of the structure of the polyene 

molecule (Łubkowski et al., 1989). 

 The only one endothermic peak is observed at ~ 45°C, 

which may indicate the semi-crystalline lattice of the 

sample. Comparable shifts in UV–Vis absorption maxima 

were observed by Svirkin et al. (2022) for amphotericin B 

formulations, highlighting that molecular environment and 

formulation conditions can significantly influence spectral 

behavior and stability. 

 The reduced thermal stability observed in our study 

corresponds well with recent findings on related 

macrolide compounds. Pielichowski et al. (2023) reported 

that thermal degradation of polyenes is typically 

associated with the breakdown of conjugated double 

bonds and subsequent crosslinking. At the same time, 

Maji et al. (2023) showed that even polyenes with limited 

thermal stability can be effectively stabilized through 

optimized excipient systems and formulation strategies. 

These comparisons suggest that the relatively low 

thermostability of roseofungin does not preclude its 

clinical application, provided that suitable storage and 

formulation approaches are applied. 

 The IR spectrum of the sample (Fig. 3) shows 

absorption bands in the 1200-700cm-1 region which 

includes 704, 745, 843, 890, 940, 1005, 1090 and 1147cm-1 

due to different C-C and C-C-H vibrations. 

 C-C valence vibrations are characteristic of the 1625-

1340cm-1 range: bands at 1571, 1457 and 1341cm-1 are 

observed for the Roseofungin sample (Agatonovic-Kustrin 

et al., 2021). The presence of symmetric and asymmetric 

valence vibrations of alkyl groups CH3 and CH2 is 

confirmed by intense absorption bands in the range 3000 - 

2800cm-1 (Aitkaliyeva et al., 2022; Shams et al., 2023): 2923 

and 2853cm-1. A less intense peak at 1615cm-1 is 

characteristic of the C=C bond in alkenes, which 

corresponds to the structural formula of roseofungin. 

 

 

 
Fig. 3: IR spectrum of Roseofungin. 

 

 The absorption bands in the region of 1230 and 

1280cm-1 are characteristic of the vibrations of the C-O 

group. The intense band at 1702cm-1 also indicates the 

content of carbonyl groups. A broad absorption band at 

3355cm-1, confirms the presence of OH-group in the 

composition of roseofungin. 

 The IR spectral data are confirmed by the results of 1H 

and 13C NMR spectroscopy. 

 Table 2 summarizes the chemical shift of the 1H and 
13C signals of Roseofungin. 

 
Table 2: 1H NMR and 13C NMR data of roseofungin in DMSO 

No. 1H NMR 13C NMR 

1 1.28m 19.09s 

2 1.49 t, 1.67m 40.00m 

3 2.94s 56.56s 

4 3.80s 70.31s 

5 3.87d, 4.81s 60.72s 

 

 The peak at 1.49ppm is a triplet (Fig. 4) that 

integrates to 3 protons and correspond to a methyl 

group. The signal at 1.67ppm indicates a methylene 

group. The peak at 2.94ppm can be attributed to 

hydrogen bonded to the –C=O group. The presence of 

an intense peak at 3.8 and a doublet at 3.87ppm confirms 

the hydrogen content in the OH group (Wang et al., 

2017). The peak at 4.81ppm was due to the presence of 

protons of the primary hydroxyl group (Sasaki et al., 

2000). The results obtained are consistent with the data 

of 13C NMR spectroscopy (Fig. 5). Similarly, Hogan et al. 

(2024) demonstrated that glycoanalogue polyenes with 

sugar moieties can modulate ergosterol binding and 

toxicity, suggesting that the structural features of 

roseofungin, such as hydroxyl substitutions, may also 

contribute to its favorable safety profile. 

 The confirmation of hydroxyl and carbonyl groups in 

the roseofungin structure is consistent with modern 

structural studies of polyene antibiotics. Maia et al. (2021) 

emphasized that the number and spatial distribution of 

hydroxyl groups strongly influence the amphiphilicity and 

biological activity of polyenes. Furthermore, Jauregizar et 

al. (2022) highlighted that functional groups directly affect 

solubility and the interaction of polyenes with fungal 

membranes. Taken together, our findings reinforce the 

idea   that   roseofungin   possesses   a  favorable set  of 
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Fig. 4: 1H NMR spectrum of 

Roseofungin. 

 

 

Fig. 5: 13C NMR spectrum of in 

DMSO. X-axis: chemical shift (δ, 

ppm); Y-axis: relative intensity 

(arbitrary units). 

 

 

structural features that support effective ergosterol 

binding and antifungal activity. The increasing prevalence 

of fungal infections and growing drug resistance pose a 

serious threat to human health (Zhu et al., 2023).  

 Despite the fact that most polyene antibiotics used in 

medicine are active mainly against yeast fungi, roseofungin 

is also highly active against dermatophytes, mold fungi, 

and pathogens of tropical mycoses (Brescansin et al., 

2021). In addition, it has been found that Roseofungin is 

more stable, less toxic than other polyene antibiotics, and 

exhibits antiviral activity against a number of viruses 

(Brescansin et al., 2013; Sadanov et al., 2016b; 

Abdukhakimova et al., 2021). 

 The analysis of physicochemical properties of the 

antibiotic roseofungin confirmed the presence of carbonyl 

and hydroxyl groups in the structure of the molecule and 

it’s belonging to carbonyl-conjugated pentaenes. Since it is 

known that natural and bioengineered polyene macrolide 

antibiotics and a number of their semi-synthetic 

derivatives represent a unique basis for studying the 

relationship between their structure and antifungal activity 

(Tevyashova et al., 2013), our studies are of scientific 

interest for further investigation of the mechanism of 

action of the antibiotic roseofungin. 

 The physicochemical analysis of Roseofungin reveals 

crucial insights into its potential as a therapeutic agent, 

particularly in light of the rising incidence of drug-resistant 

fungal infections. The UV-VIS absorption peaks at 260 and 

362nm, consistent with the spectral signatures of carbonyl-

conjugated pentaenes, reinforce its structural classification 

and functional similarity to other polyene macrolides such 

as amphotericin B and nystatin (Smitherman, 2016). This 

spectral behavior, coupled with the intense IR bands 

corresponding to hydroxyl and carbonyl groups, suggests 

strong amphiphilic properties, which are known to mediate 

the insertion of polyenes into fungal membranes and 

disrupt ergosterol-rich lipid bilayers (Akkerman et al., 

2023). 

 The thermal analysis indicates relatively low 

thermostability, with major decomposition occurring 
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between 300–475°C. This is aligned with previous findings 

on polyene antibiotics, where thermal degradation 

correlates with the breakdown of conjugated double 

bonds and the onset of polymer crosslinking (Pielichowski 

et al., 2023). While low thermal stability might pose 

formulation challenges, it is not necessarily a limiting 

factor in clinical settings, where storage conditions are 

controlled and shelf life can be extended with protective 

excipients. 

 NMR data further support the assignment of 

Roseofungin’s structural features, particularly the 

distribution of hydrogen and carbon atoms in relation to 

functional groups critical for biological activity. Of 

particular interest is the presence of the primary hydroxyl 

group, which may participate in hydrogen bonding and 

influence solubility and membrane permeability 

(Grushevenko et al., 2023). 

 Recent clinical observations confirm the urgent need 

for antifungal drugs with broader activity profiles. Ngece et 

al. (2024) reported that many conventional polyenes 

remain highly effective against Candida spp. but are much 

less active against dermatophytes and molds. Similarly, 

Quinn and Dyson (2024) pointed out that increasing 

resistance among non-Candida pathogens necessitates the 

development of new molecules with wide-ranging activity. 

Against this backdrop, our results on roseofungin highlight 

its potential as a promising candidate for the treatment of 

dermatophytoses and mold infections, where therapeutic 

options are currently limited. 

 Roseofungin’s broader spectrum of antifungal activity, 

especially its effectiveness against dermatophytes and 

molds, positions it favorably compared to conventional 

polyenes, which often exhibit limited activity beyond 

Candida spp. (Ngece et al., 2024). Its reported lower 

toxicity is significant, given the dose-limiting 

nephrotoxicity of amphotericin B (Abdel-Hafez et al., 2022). 

This feature enhances its candidacy for both topical and 

systemic applications, particularly in immune-

compromised patients.  

 Importantly, the emerging antiviral potential of 

Roseofungin, as suggested in previous studies and hinted 

at by structural analogies with known dual-action 

compounds, opens new research avenues in the context of 

co-infections and broad-spectrum prophylactic therapy 

(Gabbianelli et al., 2023). 

 Equally important is that the reduced toxicity of 

roseofungin aligns with recent trends in polyene research. 

Abdel-Hafez et al. (2022) demonstrated the dose-

dependent nephrotoxicity of amphotericin B, which 

continues to limit its therapeutic use. In contrast, 

Yelubayeva et al. (2024) reported that roseofungin exhibits 

a more favorable safety profile in preclinical testing. 

Additionally, Akinosoglou et al. (2024) showed that 

structural modification of polyenes can effectively lower 

their cytotoxicity while preserving antifungal activity. These 

findings support the conclusion that roseofungin meets 

the key modern criteria for safer antifungal therapy. 

 Overall, these findings emphasize the therapeutic 

promise of Roseofungin and justify further exploration into 

its pharmacodynamics, formulation strategies, and clinical 

translation, as was underscored by Cavassin et al. (2024), 

who reported ongoing safety and tolerability challenges 

with different amphotericin B regimens in clinical practice, 

highlighting the importance of identifying safer 

alternatives such as roseofungin. 

 

Conclusion 

 The study provides a comprehensive physicochemical 

characterization of the compound, highlighting its 

significant antifungal activity. Authors’ results confirm the 

presence of key functional groups, including hydroxyl and 

carbonyl groups, and establishe Roseofungin as a 

carbonyl-conjugated pentaene. The results also 

demonstrate the compound's relatively low thermal 

stability and amphipathic nature, which enables its 

interaction with fungal cell membrane ergosterol, thus 

disrupting membrane integrity and leading to cell death. 

 Roseofungin shows a broad spectrum of activity 

against various fungal pathogens, including yeasts, 

dermatophytes, and molds, while exhibiting lower toxicity 

and greater stability compared to other polyene 

antibiotics. This positions it as a promising candidate for 

addressing fungal infections, including those caused by 

drug-resistant strains. Given the increasing prevalence of 

fungal infections and drug resistance, the findings of this 

study contribute valuable insights into the potential 

therapeutic applications of Roseofungin, warranting 

further exploration into its mechanism of action and 

clinical efficacy. The study emphasizes the need for 

continued research in developing effective antifungal 

therapies based on polyene macrolide structures. 

 Further research on Roseofungin should investigate its 

pharmacokinetics, delivery strategies, and mechanisms of 

antifungal and antiviral action. Evaluation of its efficacy 

against resistant strains is also necessary. 
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