
 

 

 

INTRODUCTION 

 

Worldwide, fungal diseases pose a substantial threat to plants, 

humans and animals. Plant pathogenic fungi damage crops, 

resulting in substantial economic losses and jeopardize global 

food security (Fisher et al.,2012; Savary et al.,2019). Fungal 

plant pathogens enter plants during the various stages of the 

plant growth, including harvest and post-harvest periods. 

(Jimenez et al.,2019). Pathogens cause spots, soft rot and 

anthracnose lesions on fresh produce. The presence of fungal 

pathogens in food alter the quality and nutritional value and 

may result in accumulation of mycotoxins that raise concerns 

for health and safety (Tripathi and Dibey,2004; Chang et 

al.,2008; Tola and Kebede,2016). Mycotoxins are toxic 

secondary metabolites produced by some species of 

filamentous fungi, such as Alternaria, Helminthosporium, 

Aspergillus, Fusarium and Penicillium (Ismaiel and 

Papenbrock,2015; Sanzani et al.,2016). Mycotoxins may 

cause permanent defects in genomes of human and animal 

cells leading to genotoxicity, mutagenicity, carcinogenicity, 

nephrotoxicity and neurotoxicity (Reddy et al.,2010; Maria et 

al.,2014; De Ruyck et al.,2015; Adam et al.,2017).Reduction 

of crop losses to plant pathogens is achieved by applying 

conventional synthetic fungicides to meet the growing 

demand for a quality food supply (Parry et al.,2004; Savary 

et al., 2019). Fungicides are often applied to crops and plants 

during field growth and after harvest to prevent post-harvest 

losses. Indiscriminate use of fungicides has led to negative 

impacts on the environment and human health (Panth et 

al.,2020). 

An increased incidence of human fungal infections caused by 

opportunistic fungi including Candida., especially in 

immunosuppressed and immunocompromised individuals has 

been documented over the past two decades (Cohen et 

al.,1981; Diamond,1991). Incidence of mycoses caused by 

Candida spp, Cryptococcus spp, Pneumocystis jirovecii and 

Aspergillus spp is reported from patients with conditions, 

such as AIDS, cancer, diabetes and individuals on 

corticosteroid therapy (Mazu et al.,2016; Pal, 2017; Almeida 

et al.,2019; Selb et al.,2019). Further, infections from 

Fusarium spp, Helminthosporium spp, Alternaria spp and 

members of Zygomycetes are growing (Brown et al.,2012; 
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Senna alexandrina Mill leaves are widely used in traditional medicine for its pharmacological properties. The present study 

was designed to evaluate antifungal activities of solvent extracts from S. alexandrina leaves against human and 

phytopathogenic fungi, including plant pathogens, Alternaria alternata, Fusarium monoliforme, F. oxypsporum, F. solani and 

Helminthosporium sativum, and human pathogens, Candidia albicans, C. famata, C. krusei, and C. parapsilosis. Poisoned 

food and agar well diffusion methods were used to assess antifungal activity. Acetone, methanol and aqueous extracts were 

prepared and screened; methanol and aqueous extracts were effective in inhibiting the growth of some phytopathogens. 

However, Candida spp were resistant towards all solvent extracts. Maximum growth inhibition was observed with methanol 

and aqueous extracts for Fusarium monoliforme (85%) and F. solani (76%) at a concentration of 0.5 mg/mL. Minimum 

inhibitory concentration (MIC) and minimum fungicidal concentrations (MFC) ranged between 1–128 mg/mL. Scanning and 

transmission electron microscopy (SEM and TEM) of fungal isolates at MIC concentrations revealed severe damage to cell 

morphology and ultrastructure. Distorted and shriveled hyphae as well as peeled and damaged conidia were evident in SEM 

microphotographs. Similarly, TEM microphotographs showed underdeveloped cells, shrunken cytoplasm, membrane bulging 

and membranes absence. Fourier-transform infrared spectroscopic analysis of methanol and aqueous extracts showed the 

presence of important functional groups, including phenols, alcohols, aromatic compounds, and flavonoids. Senna alexandrina 

leaf extracts can serve as a useful alternative to harmful fungicides for control of plant pathogens. 

Keywords: Senna alexandrina, scanning electron microscopy, transmission electron microscopy, Fourier-transform infrared 

spectroscopy. 
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Silva et al.,2014; Campoy and Andrio, 2017). Antifungal 

drugs, such as azole and polyene derivatives, are effective 

against some fungal strains, but metabolic similarities 

between mammalian and fungal cells make the development 

of new broad-spectrum antifungal agents difficult (Mazu et 

al.,2016; Scorzoni et al.,2017). 

The empirical and prophylactic use of antifungal agents has 

led to an increase in drug-resistant fungal strains (Perlin et 

al.,2017). Similarly, indiscriminate use of fungicides has led 

to emergence of several fungicide resistant fungal strains 

(Verweij et al.,2009; Hahn,2014). Hence, safer alternatives to 

antifungal drugs and synthetic fungicides are currently sought 

among natural products. 

Plants are a substantial source of biologically active chemical 

compounds. Herbal extracts from different species of plants 

have been used as an integral part of ethnomedicine for 

centuries. The Prophet’s Medicine (Al Tibb Al Nabawi) is 

followed by many Muslims worldwide, which provides 

instructions for the use of plants that are effective in treating 

human diseases (Alqetam et al.,2017; Aati et al.,2019). Senna 

alexandrina Mill is described in the Prophet’s Medicine. S. 

alexandrina., is a member of the family Fabaceae, is widely 

distributed in Saudi Arabia. The species is also known as 

Cassia senna or C. angustifolia Vahl; locally, it is referred to 

as Sana makki. The plant is native to Egypt, Yemen, Sudan, 

and Saudi Arabia, (Ahmed et al., 2016). The shrub is 

cultivated in many parts of the world for its medicinal value. 

Both leaves and pods are excellent laxatives (Monkheang et 

al.,2011), approved as an over-the-counter herbal laxative 

medicine (FDA-approved) for adults and children (Shah et 

al., 2008; Moussally et al., 2009). The leaves are slightly 

more effective than the pods. Further, infusions of leaves and 

pods are used to treat typhoid, enlarged spleen, and as an 

anthelmintic (Laghari et al.,2011; Elansary et al., 2018). This 

study evaluated antifungal activities of S. alexandrina leaves 

grown in the Kingdom of Saudi Arabia (KSA) against plant 

and human pathogenic fungi. 

 

MATERIALS AND METHODS 

 

Chemicals and Reagents: Nutrient agar, Mueller Hinton 

agar, and potato dextrose agar were purchased from Sigma-

Aldrich (St. Louis. MO, USA). All solvents used for the 

extraction were of analytical grade and procured from Sigma-

Aldrich (St. Louis. MO, USA).  

Plant Material: Fresh leaves of S. alexandrina were 

purchased from a local herbal market of Makkah, KSA and 

was authenticated by Dr Najat Bukhari, a taxonomist from the 

Department of Botany and Microbiology, King Saud 

University. Leaves were washed under tap water to remove 

adhering dust particles and left to dry in the shade at room 

temperature (25-30°C). Dried leaves were then ground to a 

fine powder in an electric grinder. 

Preparation of Extract: Powdered leaves were separately 

extracted with methanol, acetone, and water (aqueous). 

Briefly, 25 g of powdered leaves were added to 300 mL of 

solvent and placed on a shaker (Thermo Scientific model- 

MaxQ 2000) for 24 h. Extracts were centrifuged at 2000 rpm 

for 10 min, and the supernatants filtered (Whatman filter 

paper-1) and dried on a rotary evaporator. Dried extracts were 

reconstituted to the desired concentration using the original 

solvent before use. Reconstituted aqueous extracts were 

passed through a Millipore filter (0.45 μΜ) to avoid bacterial 

contamination. Various concentrations in the range of 0.125–

0.5 mg/mL were prepared and tested for their inhibitory 

effects on test pathogens. 

Microorganisms: Candida albicans (ATCC-60193), C. 

famata, C. parapsilosisand C. kruseiwere kindly provided by 

King Khaled University Hospital. Alternaria alternata, 

Fusarium monoliforme, F. oxysporum, F. solani and 

Helminthosporium sativum were provided by College of Food 

and Agricultural Sciences, Department of plant protection, 

King Saud University, Riyadh, KSA. 

Maintenance of Microbial Strains: All the Candida spp used 

in study were maintained on Sabouraud dextrose agar (SDA) 

and plant pathogenic fungi were maintained on potato 

dextrose agar (PDA). 

Antifungal Assay: The poisoned food technique was 

performed for preliminary screening of crude extracts for 

antifungal properties (Al Otibi et al.,2019). Briefly, one ml of 

extract was added to a sterile petri plate with PDA. The 

mixture was gently swirled to allow thorough mixing and left 

until agar solidified. A sterile cork borer was used to remove 

a 6 mm mycelial plug aseptically from the periphery of a 7-

day-old culture plate (test organism) and placed in the center 

of PDA plates amended with leaf extracts. The inoculated 

petri plates were incubated at 28°C for seven days. Each 

treatment was performed in triplicates. Positive control was 

the extraction solvents without plant extract, while the 

negative control was fungicide (Mancozeb and 

Carbendazim). After incubation, the diameter of fungal 

colony was measured and percentage mycelial inhibition was 

calculated following the formula by Philippe et al. (2012): 

PI = (CT − Tt)/ CT × 100 

where PI stands for percentage inhibition, Tt, denotes mean 

treatment growth, and CT denotes mean growth of positive 

control 

Anticandidal activity: A well diffusion method was used to 

assess antifungal activities of crude extracts against Candida 

spp (Magaldi et al., 2004; CLSI, 2018), with slight 

modification. A suspension was prepared with sterile saline 

(0.85%) and a fresh inoculum from Candida spp. Candida spp 

used for inoculum preparation were cultured on SDA for 24 

hours. Turbidity of the suspension was adjusted to 1 × 103 

CFU/ml with a spectrophotometer (530 nm) to obtain a final 

concentration that corresponds to a 0.5 McFarland standard. 

Briefly, 100 µL of suspension (Candida) was added to SDA 
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plates and evenly spread on the medium. After solidification, 

4 mm plugs were removed with a cork borer from the agarto 

create a well and 50 µL of solvent extract was added to plug 

well. Plates were incubated in an incubator at 35°C for 24 

hours, and clear zones around the wells were measured and 

tabulated as zones of inhibition (mm). Positive control wells 

received extraction solvent only and negative controls 

received solvent with the antifungal drug, Fluconazole, 

Oxoid. The experiment was replicated three times. 

Minimum Inhibitory (MIC) and Fungicidal concentrations 

(MFC): A tube-dilution method (CLSI) was used, with slight 

modification, to estimate minimum inhibitory concentration 

(MIC) and minimum fungicidal concentration (MFC) of 

extracts (CLSI, 2015; Tavichakorntrakool et al., 2019). Two-

fold serial dilutions of extract were prepared with appropriate 

broth (Sabouraud dextrose and potato dextrose broth) in the 

concentration range of 1–128 mg/mL. Equal volumes of broth 

and extract were mixed in sterile test tubes. Broth contained 2 

× 106 CFU/mL for plant pathogenic fungi and 1× 103 CFU/mL 

for Candida spp. Tubes were incubated for 24 h at 35°C for 

Candida spp and 35°C for 96 h for plant pathogenic fungi. 

The minimum concentration required to inhibit growth of 

fungi was taken as the MIC. Samples were taken from tubes 

showing no visible growth, and a known volume was plated 

on SDA/PDA and incubated 35°C for 24 h (Candida spp) and  

28°C for 7days (plant pathogenic fungi). After incubation, 

concentrations showing complete inhibition were recorded as 

MFC (Adjou et al., 2012). 

Scanning Electron Microscopy (SEM): Fungal suspensions 

were drawn from tubes at MIC concentrations and examined 

under scanning electron microscope. Test samples were 

centrifuged, and supernatants discarded. Samples were then 

fixed with glutaraldehyde (2.5%) at 4°C overnight. Fixed 

samples were washed thoroughly three times with PBS (0.1 

M phosphate-buffer- pH 7.4) for 20 min and, subsequently, 

postfixed in osmium tetroxide (1%) for one h. Finally, 

samples were dehydrated in series of ethanol solutions (60%–

100%). Samples were then placed in a critical point dryer, 

(liquid CO2) and sputter-coated with a thin layer gold and 

observed under a scanning electron microscope - JEOL-

Model JSM-6060LV, Japan (Bozzola and Russels, 1999; Al 

Otibi and Rizwana, 2019) 

Transmission Electron Microscopy (TEM): Samples 

showing the lowest MIC values were fixed and dehydrated as 

described for SEM. Post-dehydration, the test sample was 

embedded in resin and cut into fine sections (70–80 nm) using 

an ultramicrotome. Sections were stained with uranyl acetate 

and mounted on copper grids. A JEOL transmission electron 

microscope (Model-1011) (Al Otibi and Rizwana, 2019) was 

used to examine specimens. 

Fourier-Transform Infrared Spectroscopy (FTIR): The 

methanol and aqueous extracts were subjected to FTIR 

analysis using the Nicolet-6700 (Thermo Scientific, USA). 

Aqueous extracts were dried to remove all water prior to IR 

analysis. The scan range was 400 to 4000 cm. 

Statistical Analysis: All experiments were carried out in 

triplicate and the results reported as means ± S.D. Values of 

percentage mycelial growth inhibition were subjected to 

Analysis of variance and difference between the values were 

considered significant at p < 0.05. 

 

RESULTS 

 

Invitro Antifungal Activity: Antifungal activities of S. 

alexandrina leaf extracts against an array of plant and human 

pathogens are shown in Table 1 and Fig. 1. Test isolates 

showed variable degrees of inhibition by among solvent 

extracts. Filamentous fungi showed significant inhibition by 

methanol and aqueous extracts. Methanol extract at 0.5% 

exhibited maximum mycelial growth inhibition of Fusarium 

monoliforme (85%); significant inhibition was also observed 

for F.oxysporum (54%) and F. solani (53%). Similarly, 

aqueous extract (0.5%) showed maximum growth inhibition 

of F. solani (76%), F. monoliforme (57%) and A. alternata 

Table 1. Antifungal activity of Senna alexandrina leaf extracts against plant and human pathogenic fungi. 
Solvent extracts 

  Acetone Methanol     Aqueous 

Test isolates Concentrations (mg/mL) 

Phytopathogens 0.125 0.25 0.5 0.125 0.25 0.5 0.125 0.25 0.5 

  Growth in cm Growth in cm Growth in cm 

Alternaria alternata NI NI 8.13±0.05 NI 7.48±0.10 6.00±0.10 7.43±0.05 6.65±0.05 4.16±0.05 

Alternaria brassicae NI NI NI NI NI 7.25±0.05 NI NI NI 

Fusarium monoliforme NI NI 8.26±0.11 NI 5.30±0.26 1.26±0.11 NI 5.16±0.28 3.70±0.20 

Fusarium oxysporum NI NI 6.16±0.05 NI 6.76±0.20 3.53±0.35 NI 6.93±0.50 5.13±0.32 

Fusarium solani 8.26±0.57 8.06±0.05 6.96±0.05 NI 6.80±0.20 3.96±0.05 7.06±0.05 5.23±0.20 1.96±0.50 

Helminthosporium sativum NI NI 8.26±0.11 NI 7.23±0.15 5.13±0.11 NI NI NI 

Human Pathogens Zone of Inhibition(mm) 

Candida albicans  NI NI NI NI NI NI NI NI NI 

Candida parapsilosis NI NI NI NI NI NI NI NI NI 

Candida krusei NI NI NI NI NI NI NI NI NI 

Candida famata NI NI NI NI NI NI NI NI NI 

*NI-not inhibited 
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(51%). However, none of the Candida species screened were 

inhibited by solvent extracts (0.125–0.5 mg/mL). (Fig. 2-8) 

 
Figure 1. Percentage mycelial growth inhibition of plant 

pathogenic fungi caused by S. alexandrina leaf 

extracts (0.5mg/mL) 

 
Figure 2. 

 
Figure 3. 

 
Figure 4. 

 
Figure 5. 

 
Figure 6. 

 
Figure 7. 

Figure 2-7. Radial growth inhibition of plant pathogens by 

leaf extracts of S. alexandrina (0.5 mg/mL). C-

control, A-acetone, M-methanol,W-water. 

 

Table 2. Minimum Inhibitory and Minimum Fungicidal Concentrations (MIC, MFC) of Senna alexandrina extracts 

by broth dilution assay (1-128mg/mL). 

Concentration of extract -mg/mL 

Test isolates Acetone  Methanol  Water  
Phytopathogens MIC MFC MIC MFC MIC MFC 

Alternaria alternata 64 NF 2 8 4 8 

Alternaria brassicae NF NT 16 32 NF NT 

Fusarium monoliforme 32 32 1 2 2 4 

Fusarium oxysporum 8 16 1 2 4 8 

Fusarium solani 8 8 2 4 1 1 

Helminthosporium sativum 32 64 8 16 NI NT 

Human Pathogens             

Candida albicans  NI NT 128 NT NI NT 

Candida parapsilosis NI NT NI NT NI NT 

Candida krusei NI NT 64 128 NI NT 

Candida famata NI NT NI NT NI NT 
*NT-not tested, NF-not found, NI-not inhibited. 
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Figure 8. Zone of inhibition exhibited by Candida species 

when treated with S. alexandrina leaf extracts at 

0.5 mg/mL. control, A -acetone extract, M -

methanol extract, W-aqueous extract A-acetone 

extract, B-methanol extract, C-aqueous extract, 

D-control  

 

Minimum Inhibitory Concentration and Fungicidal 

Concentrations (MIC and MFC): MIC was evaluated for all 

pathogens; however, pathogens not inhibited in MIC assays 

were not tested for MFC. MIC concentrations for filamentous 

plant pathogens ranged between 1–64 mg/mL (Table 2). 

Methanol and aqueous extracts were more potent for 

inhibiting filamentous fungi than acetone extracts. F. 

monoliforme and F. oxysporum were inhibited with a low 

MIC of 1 mg/mL(methanol), and methanol extract caused 

growth inhibition of A. alternata with a MIC of 2 mg/mL. A 

MIC for F. solani was 1 mg/mL for the aqueous extract. In 

contrast, higher MIC concentrations (8–64 mg/mL) were 

observed using acetone extracts. In general, all Candida 

species were resistant to solvent extracts. However, C. 

albicans and C. krusei showed inhibition with the methanol 

extract at a MIC concentration of 128 mg/mL, the highest 

concentration tested. Hence, none of the Candida species 

weretested for MFC. 

MFC estimates for F. monoliforme, F. oxysporum, F. solani 

and A. alternata with methanol and aqueous extracts ranged 

between 1–8 mg/mL, and MFC for H. sativum and A. 

brassicae were 16 mg/mL and 32 mg/mL with methanol 

extracts. 

Morphological Changes Observed by SEM: One strain from 

each filamentous fungi at its MIC was chosen for SEM. 

Control samples (not treated with extracts) exhibited clear and 

well-demarcated hyphal and conidial morphology; however, 

samples treated with methanol and aqueous extracts showed 

misshapen, distorted and damaged cell structures (Fig.9-12). 

The microphotograph of A. alternata showed distorted and 

disfigured hyphae and heavy peeling of conidia (Fig.9). 

Similarly, F. monoliforme treated with methanol extract 

showed severely damaged and broken conidia, and mycelia 

and conidia were flattened and had lost their normal 

morphology after treatment with aqueous extract (Fig.10). 

Fusarium oxysporum showed stout, swollen mycelia and 

shriveled hyphae; absence of conidia was quite evident after 

treatment with either methanol or aqueous extract (Fig. 11). 

Fusarium solani after treatment with methanol extract, 

showed broken and leaky conidia, and totally distorted, 

clumped and collapsed hyphae after treatment with aqueous 

extract (Fig. 12). 

 
Figure 9. Scanning electron microphotographs of 

Alternaria alternata. Control-not treated: 

Hyphae and conidia show well-defined margins 

of hyphae and conidia. Methanol and acetone 

treated cells at their MIC concentrations show 

peeled conidia and distorted and clumped 

hyphae and conidia. 

 
Figure 10. Scanning electron microphotographs of 

Fusarium monoliforme. Control-not treated: 

Hyphae and conidia show well-defined margins 

of hyphae and conidia. Methanol and acetone 

treated cells at their MIC concentrations show 

shriveled hyphae, broken conidia and distorted 

and damaged mycelium and conidia. 

 
Figure 11. Scanning electron microphotographs of 

Fusarium oxysporum. Control-not treated: 

Hyphae and conidia show well-defined margins 

of hyphae and conidia. Methanol and acetone 

treated cells at their MIC concentrations show 

stout and disfigured hyphae (methanol) 

shriveled hyphae (aqueous) and absence of 

conidia. 
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Figure 12. Scanning electron microphotographs of 

Fusarium solani. Control-not treated: Hyphae 

and conidia show well-defined margins of 

hyphae and conidia. Methanol and acetone 

treated cells at MIC concentrations show 

damaged conidia and hyphae and leaked cell 

contents. 

 

Ultrastructural Changes Seen in TEM: Pathogens that were 

inhibited with a MIC of 1 mg/mL were chosen for 

transmission electron microscopy. Morphological changes 

seen in TEM were consistent with SEM observations. The 

microphotographs of cells that did not receive treatment show 

clear demarcation of cell membranes and walls, intact 

margins, well-distributed cell organelles, and intact septal 

walls. However, the treated cells (1 mg/mL aqueous or 

methanol extract) showed dissolution or absence of cell 

membranes, contracted protoplasm, blebs or bulged cell 

membranesand distorted and leaking cells. Some 

underdeveloped cells were also observed (Fig.13–15). 

 
Figure 13. Transmission electron microphotographs of 

Fusarium monoliforme cells treated with Senna 

alexandrina aqueous extract at MIC 

concentration (1 mg/mL). Control: Untreated: 

Clear well-demarcated cell wall and cell 

membrane, evenly distributed cytoplasm and 

organelles. Treated with methanol extract: 

Cytoplasm shows plasmolysis and detachment 

from membranes, increased nuclei and 

distorted shape. 

 
Figure 14. Transmission electron microphotographs of 

Fusarium oxysporumcells treated with Senna 

alexandrina aqueous extracts at MIC 

concentration (1 mg/mL). Control: Untreated: 

Clear well-demarcated cell wall and cell 

membrane, evenly distributed cytoplasm and 

organelles. Treated with methanol extract: 

shrinkage of cytoplasm, protruded cell 

membrane, and distorted shape of conidia. 

 

 
Figure 15. Transmission electron microphotographs of 

Fusarium solani cells treated with Senna 

alexandrina aqueous extract at MIC 

concentration (1 mg/mL). Control: Untreated: 

Clear well-demarcated cell wall and cell 

membrane, evenly distributed cytoplasm and 

organelles. clear septa, treated with aqueous 

extract: distorted shape, underdeveloped cells, 

loss of cell membrane, deformed septal wall 

and leaked cells. 

 

FTIR: Methanol and aqueous extracts of S. alexandria were 

subjected to FTIR analysis since they both exhibited 

significant antimicrobial activity. IR spectra of both the 

extracts showed broad and strong peaks at 3427 and 3402 cm–

1, due to the presence of OH stretching associated with 

alcohols, phenols, or polyphenols. The methanol extract 

showed peaks at 2925 and 2856 cm–1; similarly, the aqueous 

extract showed a single peak at 2931 cm–1. The peaks 

represent symmetric and asymmetric stretching vibrations of 

-CH. The peak at 1721 cm–1 in the methanol extract spectrum 

is due to stretching vibrations of C=O, denoting alkyl esters. 

Peaks at 1626 and 1602 cm–1reflect C=C bending and 

stretching of aromatic compounds. Peaks at 1458 and 1409 

cm–1 were due to CH2 bending vibrations caused by aromatic 



Antifungal activity of Senna alexandrina leaves 

 404 

compounds or amines. Strong peaks at 1072 and 1074 cm–1 

denote the presence of esters (C=O). (Fig. 16 and 17). 

 

 
Figure 16. IR spectrum of methanol extracts of Senna 

alexandrina leaves. 

 
Figure 17. IR spectrum of aqueous extracts of Senna 

alexandrina leaves. 

 

DISCUSSION 

 

The present study demonstrates significant antifungal activity 

of S. alexandrina leaf extracts against some plant pathogens; 

however, Candida species were resistant. Methanol and 

aqueous extract were more potent in comparison to acetone 

extracts. To our knowledge, meager information is available 

on antifungal activity of S. alexandrina leaf extracts on 

phytopathogens. Conversely, several reports show 

antibacterial activity of leaves and pods of S. alexandrina 

(Selim et al.,2013; Al Saiym et al.,2015). Also, a few recent 

reports show antifungal activity of leaf extracts against some 

species of Candida and Aspergillus (Hossain et al.,2012; 

Ahmed et al.,2016; Al Marzoqi et al.,2106). Concurrent with 

our findings, a recent report shows variable inhibition of C. 

rugosa, C. albicans, A. niger and Rhizopus oryzae with 

different solvent extracts of S. alexandrina leaves; the 

methanol extract showed the greatest activity, whileaqueous, 

acetone and hexane extracts were least inhibitory 

(Vijayashekhar et al., 2016). Methanol extracts of S. 

alexandrina leaves significantly inhibited four Aspergillus 

species (Al Marzoqi et al.,2016). Moderate to poor inhibition 

of Candida albicans was observed with methanol extracts of 

S. alexandrina leaves and pods in two separate studies, 

consistent with the present findings (Hossain et al.,2012; 

Ahmed et al.,2016). Yet, in another study the pod extracts 

showed significant inhibition ofC. albicans with methanol 

extract (10 mg/mL), whereas acetone and aqueous extracts 

were not effective (Ahmed et al., 2016).  

Variable antifungal activity of different solvent extracts 

against tested pathogens might be attributed to differences in 

the polarity of extraction solvents. Antifungal activity is 

determined by the chemical composition of extracted leaf 

constituents (Rizwana et al., 2019). Thus, the antifungal 

activity of methanol extracts in this study might be due to a 

rich extract with many phytoconstituents. Methanol is an 

excellent solvent that extracts many polar and few nonpolar 

compounds; phenols, glycosides, coumarins, sesquiterpenes 

and alkaloids may have antifungal activity and are expected 

to be extracted by methanol (Kalidindi et al.,2015; Elansary 

et al., 2018). Various solvent extracts from the same plants 

have shown variable antifungal and antibacterial activities in 

previous studies as well (Masoka and Makgapeetja, 2015; 

Mohammed et al., 2017; Al Otibi and Rizwana, 2019). 

Chemical analysis of methanol extracts of S. alexandrina 

(pods and leaves) do show the presence of phenolic acids, 

alkaloids, flavonoids and coumarins, and these extracts were 

rich in phytoconstituents in comparison to aqueous, acetone 

and ethyl acetate extracts (Vijayashekhar et al.,2016; 

Elansary et al., 2018; Leelavathi and Udayasri,2018). 

Functional groups present in the FTIR spectrum of S. 

alexandrina leaf extracts in the present study are consistent 

with the above reports. FTIR spectra showed broad peaks at 

3427 cm–1and 3402 cm–1 in methanol and water extracts, 

indicating the presence of OH groups, which could be due to 

the existence of alcohols, phenols, and acids. The other peaks 

found between 2925–1071 cm–1 could be from bioactive 

molecules of aromatic compounds, esters, flavonoids, and 

aldehydes. Additionally, previous report also showed the 

presence of flavonoids, steroids, coumarins, alkaloids, cardiac 

glycosides, anthraquinones, monoterpenes, diterpenes, and 

phenols in pods of S. alexandrina (Ahmed et al., 2016). 

Hence, the antifungal activity demonstrated in the present 

study might be attributed to all or a portion of the above 

mentioned bioactive compounds. 

Previous studies show potent fungicidal properties of S. 

alexandrina pods against pathogenic fungi and attributed the 

activity to phenols and flavonoids (Ahmed et al.,2016; 

Shekhar et al.,2016; Elansary et al., 2018). Phenols and 

flavonoids may play a key role in inhibiting the growth of 

several microorganisms (Khoury et al.,2014; Carev et 

al.,2017). An earlier report suggested strong antifungal 
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activity of a butanol extract of S. alexandrina against various 

species of Aspergillus (Gnanavel et al.,2012). Yet another 

study attributedpotent antifungal activity of S. alexandrina 

seeds against Colletotridium dematium to saponins, 

triterpenoid glycosides with varied biological activities (Khan 

and Srivastava,2009). Therefore, significant antifungal 

activity in the present study could be a consequence of various 

phytochemicals, including phenols, flavonoids, coumarins 

and other chemical compounds. 

The poor inhibitory activity of extracts against Candida 

species might be due to their inability to penetrate the cell 

membrane; some species of Candida synthesize biofilms. The 

complex extracellular matrix of biofilm is mostly 

impermeable, and may limit the penetration of antifungal 

drugs by binding to the antifungal agent and blocking target 

sites (Lafleur et al.,2006; Nett et al.,2007). 

Scanning and transmission microscopy revealed dramatic 

alterations to the morphology and ultrastructure of test 

pathogens in comparison to controls. Cells treated with 

extracts (methanol and aqueous) exhibited heavy peeling, 

depressions, shriveled hyphae and other cell deformities. 

Ruptured cells, severe clumping, and leaking cellular contents 

were quite evident in SEM and were entirely consistent with 

TEM findings. Similar damage to morphology and 

ultrastructure of fungal cells when treated with different plant 

extracts was reported earlier (Mares et al.,2004; Hashem et 

al.,2016; Karunanidhi et al.,2018; Al Otbi and Rizwana, 

2019). 

Reduced spore formation induced by flavonoids from extracts 

was reported earlier (Harbone and Williams,2000). 

Flavonoids also interfere with metabolic processes and 

biosynthesis of nucleic acids in fungi (Cushnie and 

Lamb,2005). Many bioactive compounds, such as phenols, 

terpenes, flavonoids, coumarins, alkaloids and other 

constituents can diffuse through cell membranes, and disrupt 

cell integrity by interfering with cell wall synthesis. This 

activity results in metabolic dysfunction and, ultimately, cell 

death (Matijasevi et al.,2016; Karunanidhi et al., 2018). 

However, another possible mechanism is the impairment of 

ABC transporters and inhibition of ATP synthesis that also 

effects cellular stability, causing cell damage and disruption 

(Rosen and Gold,2016). 

In the present study, TEM images show shrunken and 

detached cytoplasm, bulges in cell membranes, disfigured 

conidia, and numerous cells with deformities. These changes 

might be attributed to the disruption of cellular integrity and 

stability due to osmotic imbalance created by an influx of 

bioactive compounds. Such changes may lead to plasmolysis, 

deformed cells, leakage, and cell death (Mares et al.,2004; 

Hua et al.,2014; Chen et al.,2014; Nishiyama et al., 2017). 

Based on our findings S. alexandrina would serve as an 

excellent alternative to synthetic fungicides against selected 

phytopathogens. 

  

Conclusion: Almost 350,000 plant species have been 

identified to date, yet thousands remain unexplored, and 

research is required to reveal their chemical, biological, and 

pharmacological activities. Senna alexandrina leaf extracts 

have shown significant antifungal activities against several 

fungi in this study. Significant ultrastructural and 

morphological alterations due to damage to cellular structures 

could be seen under SEM and TEM, reflecting the richness of 

bioactive compounds in Senna leaves. Hence, they can serve 

as an excellent and effective alternative to harmful chemical 

fungicides, especially considering current FDA approval 

ofSenna leaf extracts as safe for human consumption. 
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