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In this study, aqueous, ethanol, methanol, and hexane extracts from Iraqi Kurdistan Region Daphne mucronata were prepared due to the numerous applications and development of nanofibers in biological and medical fields, including food packaging, enzyme stabilization, and wound dressing. In the initial evaluation of the extracts, the antioxidant properties against DPPH, antimicrobial properties against 3-gram-positive bacterial species, 3-gram negative bacterial species, 3-common bacterial species between aquatic and human, and 3-fungal species, and anticancer properties against breast cancer cells were performed. The results proved that the methanol extract has the highest antimicrobial, antifungal, antioxidant, and anticancer properties. After identifying the compounds of prepared methanol extract using GC/MS, polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata were prepared. The structure and characteristics of prepared nanofibers were confirmed and determined using FTIR, TGA, BET, SEM, flexural strength, compressive strength, and hydrophilicity. Synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata were subjected to antimicrobial properties on the strains studied in methanol extract of D. mucronata. The antimicrobial properties of synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata were compared. The results showed that synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata have the potential to introduction bioactive natural synthesis nanoparticles.
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1 INTRODUCTION
Today, using natural compounds and extracts has found a special place in treating diseases. By examining the previous texts, we realize that the extracts of different plants have many and varied biological properties. The most crucial property of plant extracts is their antioxidant activity. This activity can be attributed to the presence of flavonoids in most plants. Oxidants are the cause of cancer, and in a way, anti-cancer properties can be attributed to plants with high antioxidant properties. However, there have been reports of the anticancer properties of extracts that have been directly subjected to anticancer tests. For example, the anticancer properties of Adenosma bracteosum extract were reported in 2020. In addition, other biological properties such as anti-bacterial activity, anti-inflammatory activity, anti-mutagenic activity, immunostimulatory activity, and anti-tumoral activity have been reported from plant extracts (Mostafa et al., 2018; Dirar et al., 2019; Manandhar et al., 2019; Tanase et al., 2019; Nguyen et al., 2020; Dias et al., 2021).
Different species of the genus Daphne are distributed in many countries, especially in South America, Asia, and Europe and around the Mediterranean Sea. Daphne giraldii and Daphne mucronata are two important species of Daphne with unique biological properties. Anticancer properties against liver cancer cells, antimalarial, hypnotic and sedative, anti-nociceptive, anti-inflammatory, and immunomodulating properties of D. giraldii have been reported (Sun et al., 2017; Han et al., 2020). Biological properties such as inhibition of STAT3 and Smad3/4 cancer, nephrotoxicity and hepatotoxicity, antibacterial activity, and antioxidant activity have been reported for D. mucronata from different regions (Shah et al., 2018; Lutfullah et al., 2019; Ghanadian et al., 2020; Nazir et al., 2021).
The use of environmentally friendly plant and polymer extracts and the preparation of new nanoparticles in the form of nanofibers has been the focus of scientists in recent years. Numerous nanofibers containing plant extracts or other nano compounds can be synthesized using electrospinning technology. The performance and properties of nanofiber extracts can be improved by using this method. Nanofibers increase the activity of the extracts for two crucial reasons, including the nanosizing of the compounds and the increase in the specific active surface area that leads to contact with the desired agents. Natural nanofibers, mainly composed of biodegradable and environmentally friendly polymer compounds such as polyvinylalcohol and polyvinylpyrrolidone, have many biological properties and industrial applications. Applications of nanofibers in biological and medical fields include food packaging, enzyme stabilization, and wound dressing (Park et al., 2019; Kurakula and Rao, 2020; Mehrali et al., 2020; Osanloo et al., 2020; Yadav et al., 2020; Dodero et al., 2021; Ghasemian Lemraski et al., 2021; Li et al., 2022; Wu et al., 2022; Kişla et al., 2023; Wu et al., 2023).
For developing and reporting nanofibers with biological properties and synthesis of new nanofiber compounds, aqueous, ethanol, methanol, and hexane extracts of D. mucronata from the Iraqi Kurdistan Region were prepared. After identifying the active compounds in the extract, biological evaluations such as its antibacterial, antioxidant, and anticancer properties were investigated and compared. Nanofibers that contained Iraqi Kurdistan Region Daphne mucronata and polyvinylpyrrolidone were synthesized using the electrospinning method. After characterizing and confirming the structure, the antimicrobial properties of the synthesized nanofibers were also evaluated, and the results obtained were compared with the extract.
2 MATERIALS AND METHODS
2.1 Materials
Agilent GC/MS-3223 with HP5 capillary column 30 m long was used to identify the compounds of the extract. In microbiology and antioxidant tests, the Unico S2150 spectrophotometer was used to prepare the concentration of strains and measure absorbance, respectively. BIOTEK ELX800TS Elisa Reader was used in the anticancer trials of the extracts.
2.2 Preparation of Daphne mucronata extracts
Daphne mucronata was collected from the mountains of the Iraqi Kurdistan Region. After that, the leaves were washed with distilled water and dried for a week at room temperature without sunlight. Then, it was made into powder by an electric mill. To prepare an aqueous, ethanol, methanol, and hexane D. mucronata extracts, 1 to 10 wt% powder to solvent was stirred for 48 h, at ambient temperature and in the dark. Finally, condensation took place at a temperature of 37°C (Fazal et al., 2020).
2.3 Identification of the compounds in the Daphne mucronata extracts
GC/MS technique was used to identify the compounds of the extract. The method used includes a thermal program from 50°C to 280°C with an increase in temperature of 4°C per minute; helium carrier gas with a flow of 1.5 mL per minute; the temperature of the injection chamber and the temperature of the detector is 270°C; and the split ratio was 10:1. The mass spectrum of the compounds was recorded at 70 eV with a mass range of 50–470 amu. Electronic integration was used to obtain information from the surface under the peaks. Identifying the extract’s compounds was achieved by comparing the obtained mass spectra and inhibition indices with those of the standard compounds (Popiel et al., 2014; Rhazi et al., 2022).
2.4 Antimicrobial tests
In microbiology tests, the guidelines and standards of the Clinical and Laboratory Standards Institute for measuring Minimum Inhibitory Concentration value, Minimum Bactericidal Concentration value, Minimum Fungicidal Concentration value, and Inhibition Zone Diameter value were used (Etemadi et al., 2016; Ahani et al., 2018; Hosseinzadegan et al., 2020).
2.5 Antioxidant tests
Previous studies were used to measure the antioxidant properties of the extracts using the DPPH method at a concentration range of 5–20 g/mL. The equation presented in Section 3.3 was utilized to calculate inhibition (%) (Beyzaei et al., 2018; Moghaddam-manesh et al., 2021).
2.6 Anticancer tests
MTT assay protocol or Thiazolyl Blue method was used to evaluate the anticancer activity of the extracts on breast cancer cells (MCF-7). For this purpose, previous reports were used (Akhavan-Sigari et al., 2022; Moghaddam-manesh et al., 2022).
2.7 Synthesis of polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata
To prepare polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata, the first polymer solution of polyvinylpyrrolidone and methanolic extract of D. mucronata was prepared. For this purpose, a polymer solution with a 12% w/w of polyvinylpyrrolidone in acetic acid was prepared based on previous studies. Then 2 mg of the D. mucronata extract was added to 10 mg of the prepared polyvinylpyrrolidone polymer. It was stirred for 2 h at room temperature and in the dark for uniformity. Then, electrospinning was done under a voltage of 25 kV, a flow rate of 0.4 mL/h, and a spinning distance of 20 cm (Edikresnha et al., 2019).
3 RESULTS AND DISCUSSION
3.1 Identifying the compounds in Daphne mucronata extracts
Aqueous, ethanol, methanol, and hexane extracts of D. mucronata were made in this study. Antimicrobial and antioxidant tests were performed on the prepared extracts. Section 2.3 and Section 3.3 detail the biological results of the prepared extracts.
In general, it was found that the methanol extract has the most biological activity. The compounds in the methanol extract were obtained using GC/MS and the method presented in Section 2.3. The GC/MS results identified 17 compounds in this extract. The highest percentage of compounds were related to Gallic acid, Catechins, and Hesperidin, respectively.
The structure of the main compounds identified, the amount, and retention time are given in Table 1.
TABLE 1 | The main compounds identified in the methanol extract of Daphne mucronata.
[image: Table 1]3.2 Antimicrobial evolution of Daphne mucronata extracts
Antimicrobial evolution of aqueous, ethanol, methanol, and hexane D. mucronata extracts on 3-gram-positive bacterial species, 3-gram negative bacterial species, 3-common bacterial species between aquatic and human, and 3-fungal species was performed. The results of the tests are given in Table 2. The studied gram positive bacterial, gram negative bacterial, common bacterial between aquatic and human and fungal species are Bacillus cereus (ATCC 11778), Rhodococcus equi (ATCC 25729), Staphylococcus aureus (ATCC 29213); Klebsiella pneumoniae (ATCC 13883), Yersinia enterocolitica (ATCC 9610), Acinetobacter baumannii (ATCC 19606); Yersinia ruckeri (ATCC 29473), Loctococcus garvieae (ATCC 43921), Streptococcus iniae (ATCC 29178); and Fusarium oxysporum (ATCC 7601), Candida albicans (ATCC 10231), Aspergillus fumigatus Fresenius (ATCC 1022), respectively.
TABLE 2 | Antimicrobial activity of aqueous, ethanol, methanol, and hexane Daphne mucronata extracts.
[image: Table 2]Based on the results obtained and presented in Table 2, the methanol extract of D. mucronata was most effective on the studied bacterial and fungal species. In this extract, MIC between 64 μg/mL- 256 μg/mL, MBC between 128 μg/mL- 512 μg/mL and IZD between 9 mm and 19 mm on studied bacterial species were observed, and MIC between 64 μg/mL- 512 μg/mL, MFC between 128 μg/mL- 1,024 μg/mL and IZD between 12 mm and 15 mm on the studied fungal species were observed.
The review of the literature proves that Gallic acid and Catechins have antimicrobial properties, including strong antibacterial and antifungal properties (Górniak et al., 2019; Ma et al., 2019; Rajamanickam et al., 2019; Panda and Duarte-Sierra, 2022; Shahryari et al., 2022) the effectiveness on the studied strains can be attributed to the high amount of their in the extract.
3.3 Antioxidant evolution of Daphne mucronata extracts
The DPPH method was used to specifically investigate the antioxidant properties of aqueous, ethanol, methanol, and hexane D. mucronata extracts.
In the studies, ascorbic acid was used as a known natural antioxidant compound to compare the antioxidant properties of the extracts.
The results obtained from antioxidant tests are given in Table 3.
TABLE 3 | Antioxidant activity of aqueous, ethanol, methanol, and hexane Daphne mucronata extracts.
[image: Table 3]In tests, adsorption of DPPH solution and DPPH solution containing extracts were measured, and inhibition (%) and IC50 were calculated. To calculate inhibition (%), Eq. 1 was used.
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To calculate IC50, the curves of inhibition (%), and the concentration IC50 were calculated. IC50 for aqueous, ethanol, methanol, and hexane D. mucronata extracts were obtained as 14.72 μg/mL, 11.81 μg/mL, 4.67 μg/mL, and 17.18 μg/mL, respectively.
The antioxidant property of methanol extracts of D. mucronata was very close to ascorbic acid (3.84 μg/mL). High amounts of Gallic acid polyphenol and Hesperidin bioflavonoid, which are known as compounds with potent antioxidant properties (Alavi Rafiee et al., 2018; Binkowska, 2020; Lee et al., 2020; Zahrani et al., 2020), can cause high antioxidant activity of the extract.
3.4 Anticancer evolution of Daphne mucronata extracts
The anticancer activity of aqueous, ethanol, methanol, and hexane D. mucronata extracts against breast cancer cells was measured at 48 h at different concentrations (6.25 μg/mL- 50 μg/mL). Cell proliferation and viability of the extracts in various concentrations are given in the diagram of Figure 1.
[image: Figure 1]FIGURE 1 | Cell proliferation and viability/concentration of aqueous, ethanol, methanol, and hexane Daphne mucronata extracts against anti-breast cancer cells (MCF-7) (n = 3).
Based on the results, it was proved that the lowest cell proliferation and viability are related to the methanol extract.
Using the concentration and cell proliferation and viability graph, the amount of IC50 was measured for the extracts, the results of which are given in Table 4.
TABLE 4 | IC50 values of aqueous, ethanol, methanol, and hexane Daphne mucronata extracts in anti-breast cancer cells (MCF-7) activity.
[image: Table 4]The lowest IC50 value was observed for methanol extract at 7.83 μg/mL. According to previous studies, the IC50 of abemaciclib, a breast cancer drug, has been reported using the MTT method of 7.29 μg/mL (Anwer et al., 2022). The IC50 value observed for the methanol extract is very close to the Abemaciclib.
3.5 Confirming the structure and determining the characteristics of polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata
In general, as the results of Section 3.2 and Section 3.3 showed, the antimicrobial, antioxidant, and anticancer properties of methanol extract of D. mucronata were more than other extracts. Therefore, in continuation of our studies on D. mucronata extract, polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata were synthesized by electrospinning method.
The carbonyl oxygen of Polyvinylpyrrolidone can establish hydrogen bonds with alcoholic hydrogens of Gallic acid, Catechins, and Hesperidin, and the structure of Figure 2 can be proposed for the synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata.
[image: Figure 2]FIGURE 2 | Proposed structure for polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata.
The structure and characteristics of prepared nanofibers were confirmed and determined using FTIR, TGA, BET, SEM, flexural strength, compressive strength, and hydrophilicity.
FT-IR of polyvinylpyrrolidone nanofibers (I) and polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata (II) dose is shown in Figure 3A. As can be seen in the spectrum of the final product, peaks related to O-H groups in the region of 3,300–3,500 cm−1, C-H groups in the area of 2,800–3,000 cm−1, and C=O groups in the region of 1,600–1725 cm−1 are visible. From the comparison of the two spectra in the mentioned areas, it can be concluded that the proposed product of Figure 1 is formed. For example, in the spectrum of the final product, two broad peaks can be observed in the region of 3,300 cm−1 to 3,500 cm−1, one of which can be attributed to the alcoholic hydroxyl groups and the second one can be attributed to the carboxylic acid group of Gallic acid. Other spectra differences in the area below 3,000 cm−1 and in the region 1,600 cm−1 to 1725 cm−1, can be attributed to C-H groups related to Catechins and carbonyls related to Hesperidin.
[image: Figure 3]FIGURE 3 | FT-IR (A), TGA/DTG curves (B), and N2 adsorption/desorption isotherms (C) of polyvinylpyrrolidone nanofibers (I) and polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata (II).
The TGA/DTG Curves, which show the thermal stability of compounds polyvinylpyrrolidone nanofibers (I) and polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata (II), are shown in Figure 3B. As can be seen from the comparison of the curves, polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata have more thermal stability than polyvinylpyrrolidone. From examining of the breaks of 3-B-II, it can be suggested that the weight loss up to the temperature of 150°C is related to methanol and acetic acid molecules trapped in the final composition. Weight loss in areas above 200°C can be attributed to the destruction of organic compounds in synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata.
The specific surface area of polyvinylpyrrolidone nanofibers (I) and polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata (II) was obtained using the N2 adsorption/desorption isotherm presented in Figure 3C. The specific surface area of polyvinylpyrrolidone nanofibers and polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata was obtained as 780 m2/g and 1,025 m2/g, respectively (Table 5). Nanoparticles’ unique properties, applications, and capabilities are caused by the specific surface area, as we know (Baig et al., 2021; Naseem and Durrani, 2021). In this study, the high specific surface area has led to an increase in the microbiological properties of polyvinylpyrrolidone nanofibers containing the methanol extract of D. mucronata compared to the methanol extract of D. mucronata, which is discussed in detail in Section 3.6.
TABLE 5 | BET, BJH volume pore and Mean pore diameter of Polyvinylpyrrolidone nanofibers and Polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata.
[image: Table 5]Choosing the synthesis conditions of nanoparticles is very effective in their morphology and size. The SEM image of the synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata shows the same morphology of the composition (Figure 4). In addition, it can be concluded from the image that the synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata are in the range of nanostructures. Therefore, suitable conditions have been used in electrospinning to synthesize the desired product.
[image: Figure 4]FIGURE 4 | SEM image of polyvinylpyrrolidone nanofibers (I) and polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata (II).
Flexural strength and compressive strength are two other vital parameters in the properties of polymers and nanofibers. Flexural strength and compressive strength also depend on the synthesis method of the desired compound. Figure 5A displays the results of the flexural strength test for polyvinylpyrrolidone nanofibers (I) and polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata (II). The results show that the flexural strength of polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata (15.8 N/mm2) is higher than that of polyvinylpyrrolidone nanofibers (10.8 N/mm2). A lliterature review showed that the synthesized compound has a higher flexural strength than some of the previously synthesized similar compounds (Ngadiman et al., 2015; Su et al., 2022).
[image: Figure 5]FIGURE 5 | Flexural strength (A) and compressive strength (B) of polyvinylpyrrolidone nanofibers (Series 2) and polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata (Series 1).
Figure 5B shows the compressive strength of polyvinylpyrrolidone nanofibers (I) and polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata (II). Here, too, polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata with 58.2 65 N/mm2 have a higher compressive strength than polyvinylpyrrolidone nanofibers with 35.7 65 N/mm2.
The high flexural strength and compressive strength of polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata compared to polyvinylpyrrolidone nanofibers can be attributed to the strong hydrogen bonds created in the final product based on the proposed structure.
The contact angle used for hydrophilicity showed 52o for polyvinylpyrrolidone nanofibers and 38o for polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata. A decrease in contact angle indicates an increase in hydrophilicity. Here too, according to the proposed structure for the final product, the decline in contact angle can be attributed to the many alcohol groups present in the final product, which have a high ability to perform hydrogen bonding with water molecules (Drelich et al., 2019; Hassan et al., 2019).
3.6 Antimicrobial evolution of polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata
As mentioned in the previous sections, the methanol extract of D. mucronata had high biological properties such as antimicrobial, antioxidant, and anticancer activity, and using it and polyvinylpyrrolidone, polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata were synthesized.
After confirming the structure of polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata, the synthesized nanofiber and polyvinylpyrrolidone nanofibers were subjected to antimicrobial tests on the previously studied strains. The results of the tests are given in Table 6.
TABLE 6 | Antimicrobial activity of Polyvinylpyrrolidone nanofibers and Polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata.
[image: Table 6]The results showed that the presence of Gallic acid and Catechins in synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata increased its antimicrobial properties compared to polyvinylpyrrolidone nanofibers.
Here, Cefazolin, Gentamicin, Tolnaftate, and Terbinafine, which are well-known antibiotics in the market, were used to compare the antimicrobial activity of synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata.
The results proved that the synthesized nanofiber is more effective than commercial drugs on some strains. It is possible to mention bacterial and fungal strains such as B. cereus (ATCC 11778), Y. ruckeri (ATCC 29473), F. oxysporum (ATCC 7601), C. albicans (ATCC 10231), and A. fumigatus Fresenius (ATCC 1022), which synthesized nanofiber are effective on them, but Cefazolin and Tolnaftate as commercial drugs were not effective.
As can be seen from the results of Table 6, the effectiveness of polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata on the studied strains was more than the methanol extract of D. mucronata. The comparison of the antimicrobial activity of extract and nanofiber on the studied strains is given in Table 7.
TABLE 7 | Comparison of antimicrobial activity of methanol extract of Daphne mucronata and Polyvinylpyrrolidone nanofibers containing methanol extract of Daphne mucronata.
[image: Table 7]As the final result of the comparison of the antimicrobial activity of the methanol extract of D. mucronata and nanofibers containing methanol extract of D. mucronata, it can be stated that the nanostructure with the high specific surface area has increased the antimicrobial activity of the nanofiber. The high specific surface area of fibrosis results in an increase in the contact surface of molecules with the studied strains and a rise in antimicrobial properties (Lam et al., 2021; Mammari et al., 2022).
4 CONCLUSION
The Iraqi Kurdistan Region D. mucronata was used in this study to prepare extracts of aqueous, ethanol, methanol, and hexane. Another goal of this study was the synthesis of nanofibers containing Iraqi Kurdistan Region D. mucronata with high biological properties. The extracts were investigated for their antibacterial, antifungal, antioxidant, and anticancer properties and compared for this purpose. The evaluations and comparisons showed that the highest effectiveness is related to the methanolic extract. So the results for methanolic extract in antimicrobial activity, MIC between 64 and 1,024 μg/mL, in antioxidant activity, IC50 4.67 μg/mL, and in anticancer activity, IC50 7.83 μg/mL were observed. Therefore, by using D. mucronata methanolic extract and polyvinylpyrrolidone with the electrospinning method, the desired nanofibers were synthesized. Characterizing and confirming the structure of the synthesized nanofibers was done using FTIR, TGA, BET, SEM, compressive strength, flexural strength, and hydrophilicity. Higher thermal stability (215.92°C), higher specific surface area (1,025 m2/g), higher flexural strength (15.8 N/mm2) and compressive strength (58.2 65 N/mm2) and higher hydrophilicity than polyvinylpyrrolidone nanofibers were among the characteristics of synthesized polyvinylpyrrolidone nanofibers containing methanol extract of D. mucronata. Which can be attributed to the creation of hydrogen bonds between the extract compounds and polyvinylpyrrolidone. Finally, the antimicrobial properties of nanofibers were also tested, and the results were compared with the antimicrobial properties of the extract. The comparison of the results showed that the nanofibers had higher and more significant properties than the extract due to the unique properties mentioned above, such as high specific surface area. Therefore, nanofiber containing the Iraqi Kurdistan Region D. mucronata and polyvinylpyrrolidone can be introduced as a nanofiber with potential biological properties.
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