
 
 
 

38 
 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 24, No. 2 (2023) 

http://www.veterinaria.org 

Article Received: 05 April 2023; Revised: 29 May 2023; Accepted: 19 June 2023 

Exploring the Antifungal Properties of Steroidal Saponins: An In-

Depth Analysis 

 
Mukesh Singh Sikarwar1, Nayana Borah2, Dr. Manoj Rameshachandra Vyas3 

1Professor, College Of Pharmacy, Teerthanker Mahaveer University, Moradabad, Uttar Pradesh, India, Email 

Id: Mukeshsikarwar@Gmail.Com  
2Assistant Professor, Department of Life Science, School of Sciences, JAIN (Deemed-to-be University), 

Karnataka, India, Email id: b.nayana@jainuniversity.ac.in  
3Professor, Department of Ayurveda, Sanskriti University, Mathura, Uttar Pradesh, India, Email id: 

manojrvyas.samch@sanskriti.edu.in  

 

Abstract 

Scientific investigation and study have focused on the antifungal characteristics of steroidal saponins. Numerous 

researches have looked into the ability of steroidal saponins to reduce the activity and growth of certain fungi. A 

variety of fungal infections, such as Candida species, Aspergillus species, Cryptococcus neoformans, 

Trichophyton species, and others, has been shown to be inhibited by steroidal saponins. We examined how well 

six steroidal sapogenins and twenty-two steroidal saponins C-27 affected the four prevalent opportunistic 

infections Candida species, Aspergillus species, and Cryptococcus species. It has been found that a certain type 

of saccharide is connected to the antifungal activities of steroidal saponins. Four of the 10 steroidal compounds 

in total had activity comparable to the positive control. These compounds' cytotoxicity towards mammalian cells 

was separate from their antifungal activity. Preclinical research is made possible by the potential antifungal 

properties of Carbon-27 steroidal saponins. Steroid saponins' antifungal properties are thought to be mediated by 

a number of different mechanisms. According to certain research, steroidal saponins break the fungal cell 

membrane, causing the membrane to become permeable and allow cellular components to flow out. This 

interference may hinder fungal vitality and growth. Other hypothesised methods include inhibiting fungal 

enzymes and interfering with the formation of fungal cell walls. 
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Introduction  

The group of natural products known as saponins includes a family of chemical compounds 

known as steroidal saponins. A sugar molecule [glycone] is joined to a molecule that is not a 

sugar molecule [aglycone or sapogenin] by a glycosidic bond to form a saponin, which is a 

type of glycoside. Biologically active natural substances have always been important, 

whether they come from plants or animals. The only way to fully utilize the potential 

advantages of bioactive substances today, when consumer concern for their health is rising, is 

to fully understand them (1). Plants are abundant in saponins, a type of naturally occurring 

secondary metabolite with a variety of forms and roles. Plants are frequently protected from 

infections and insects that feed on plants by saponins, which are separated from plants and 

thought to have a range of other qualities. The aglycone part of steroidal saponins comes 

from a steroidal substance, such as a steroid hormone or a steroid alkaloid. Glucose, 

galactose, or other monosaccharides could all be included in the sugar component, which can 

vary (2). The large family of secondary metabolites known as saponins has been found in a 

range of marine sources and more than 100 plant groups, including starfish and sea 

cucumbers. More than 100 plant species, including starfish and sea cucumbers, contain the 
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enormous family of secondary metabolites known as saponins. Many plant species, especially 

those in the family’s Solanaceae [nightshade family] and Dioscoreaceae [yam family], 

contain steroidal saponins. Tribulus terrestris, fenugreek, and ginseng are a few examples of 

plants that are thought to contain steroidal saponins (3).  

The anti-inflammatory, antioxidant, anticancer, immunomodulatory, and hepatoprotective 

effects of steroidal saponins have all been investigated. They might also find use in the 

pharmaceutical sector, such as in the formulation and development of medicines. A surge in 

HIV patients, various immunosuppressants, antineoplastic treatment, transplant recipients, or 

the use of catheters or other intravenous devices are all contributing factors to the spread of 

invasive fungal infections, which are dangerous illnesses (4). The Soapwort plant 

[Saponaria], whose roots were once used to make soap, gives the name. Numerous academic 

studies demonstrate that saponins are a significant class of bioactive compounds with 

therapeutic potential. They serve as the basis for numerous pharmacological medications. 

Steroid saponins are a subclass of saponins that have attracted the interest of many scientists 

(5). It's crucial to remember that steroidal saponins can differ in their precise chemical 

structures and capabilities depending on the plant source, just like other natural chemicals 

can. As a result, various steroidal saponins may have distinct outcomes and possible 

applications. Although saponins have a wide range of potential pharmaceutical uses, their 

effectiveness and mechanism of action are still not well understood. Additionally, several 

saponins exhibit hemolytic action, which prevents their usage as medicines at this time. The 

theory that is most frequently cited in the literature is that the sterols that make up the 

membrane of the cell can cause it to rupture (6). Aglycones containing carbohydrate moieties 

make up saponins. The aglycone can have a variety of substituents [-H, -COOH, -CH3] and 

can be a triterpene or a steroid. Depending on the number and kind of carbohydrate moieties, 

the saponins exhibit a wide range of structural changes. Figure (1) depicts the chemical 

makeup of steroidal saponins. 

 

  

Figure (1): Chemical structure of Steroidal Saponins 

Even though the effects of saponins on biological membranes were first noticed at the turn of 

the 20th century, their exact mode of action is still a mystery. Although saponins offer a wide 



 
 
 

40 
 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 24, No. 2 (2023) 

http://www.veterinaria.org 

Article Received: 05 April 2023; Revised: 29 May 2023; Accepted: 19 June 2023 

range of potential therapeutic applications, it is still unclear how effective they are and how 

they work. Additionally, several saponins have a hemolytic property, which at this time 

precludes their use as medications (7). Combining steroidal saponins with traditional 

antifungal medications has been found to have synergistic benefits. This shows that steroidal 

saponins may be able to improve the effectiveness of already effective antifungal treatments 

or lessen the dosage needed. Position 3 of the frostiness contains sugars, while position C-26 

of the frostiness contains a second glycoside function. Most usually, one to three 

monosaccharide units make up the sugar moiety at position 3, which typically contains less 

monosaccharide units than triterpenoid saponins (8). Structurally, steroidal saponins can be 

distinguished based on the type of aglycone part. The three types of sapogenins are open-

chain [cholestane] compounds, spirostane compounds, and furostane compounds. Sapogenins 

are polycyclic 27-C compounds. According to some writers, spirostane-type saponins have an 

axially oriented C-27 group, while iso-spirostane-type saponins have an equatorially 

orientated [hydroxyl] methyl on F ring (9). Steroid glycosides, one of the primary groups of 

P. odoratum compounds are quite fascinating and important to the biological functions of the 

plant. The steroidal saponins from P. odoratum presently number over 70 distinct varieties. 

To find new, bioactive steroidal glycosides, our research concentrated on the rhizomes of this 

plant. One of the major groups of naturally occurring high-molecular-weight chemicals, 

saponins, feature a sapogenin structure and a polar moiety with between 27 and 30 carbons 

(10). Saponins are found in marine life and more than 100 plant families. One of the 

numerous positive effects of these compounds is the use of saponins in the treatment of 

various malignancies (11).  

Penogenin tetra glycoside, a steroidal saponin found initially in this plant species, was 

isolated and identified by antifungal assay-guided fractionation on the well-known "lady of 

the night" plant Cestrum nocturnum (12). Saponins have a wide range of biological and 

pharmacological actions, including anti-carcinogenic, anti-microbial, anti-parasitic, anti-

fungal, anti-inflammatory, hypocholesterolemic, immunomodulatory, and anti-oxidant 

qualities. The insights gained from the review will advance our understanding of the potential 

of various saponin extracts to be used as innovative feed additives in the poultry industry 

(13). Plants manufacture saponins as secondary metabolites, which aid in protecting the plant 

from environmental stresses. The review of saponins' beneficial interactions with 

conventional antibiotics is the main goal of this article. In the final review, thirteen plants 

were included, and eight of the species had FICI scores that were less than 0.5 [synergistic] 

(14). Both conventional and organic farming systems place a high priority on controlling 

pests without using synthetic pesticides. Plants may contain substances that have antibacterial 

effects. All of the plant extracts that were examined have antifungal qualities (15). Four 

common opportunistic pathogens, Aspergillus species, Cryptococcus species, and Candida 

species, were examined for their capacity to suppress the growth of six steroidal sapogenins 

and 22 steroidal saponins C-27. Preclinical research is made possible by the potential 

antifungal properties of Carbon-27 steroidal saponins (16). Saponin is one of the two genera's 

most unique isolated metabolites. They display a variety of biological behaviours, such as 

anti-inflammatory, anti-microbial, and anti-proliferative actions, in addition to, in most cases, 
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exceptional cytotoxic properties. Additionally, they exhibit a wide range of structural themes 

(17). As a result of their significant therapeutic effects, including antibacterial, and anti-

inflammatory, a better understanding of the possible saponins that may be identified in this 

species, as well as analytical methodologies that may be applied to these compounds (18). 

Despite significant efforts being made to extract, isolate, and determine the chemical 

structures of the saponin compounds, which are essential to expanding our understanding of 

saponin structures, recent advancements have been made in the biosynthesis, distribution, and 

biological activity of saponin compounds in a variety of plants (19). The bioactivities, 

structural properties, and analytical methods that may be used with these chemicals have all 

been carefully analysed to comprehend the potential saponins that may be discovered in this 

genus because there hasn't been any new research on the subject. The secondary metabolic 

substances known as saponins are produced by healthy plants, and they may have an anti-

pathogenic effect and serve as potential chemical barriers against pathogens. The two primary 

categories into which saponins are separated are steroidal and terpenoid saponins (20). In this 

study we explore the antifungal properties of steroidal saponins. 

 

Materials and Methods 

Chemicals 

Reference strains, such as Candida albicans ATCC 90028, Candida glabrata ATCC 90030, 

Candida krusei ATCC 6258, Cryptococcus neoformans ATCC 90113, and Aspergillus 

fumigatus ATCC 90906 were obtained from the American Type Culture Collection (ATCC) 

in Manassas, Virginia. A modified version of the CLSI technique was used for the 

susceptibility testing. After being serially diluted with 20% dimethyl sulfoxide in 0.9% 

saline, samples were transferred in pairs to 96-well flat-bottom microplates. We looked at the 

sapogenins and antifungal saponins in woodlanders, Polyantheslily, American aloe, and 

Dioscorea parviflora.  

 

Examples: 3-0 rhamnypyranosylglycopyranosyl [25R] 5-spirost-3-hydroxyAgamenocoside 

G (10), D-xylopyranyl-glycopyranosyl-galactypyranoside, and Degalactytigonin. 3-0-

Dxylopyranysyl-5-spyrost-3-hydroxy-[1-3] [1-2]-[1-3] D-glycopyranosyl is also known as D-

glycopyranosyl. AMB and doxorubicin were donated by the Ohio-based ICN Biomedicals as 

antifungal and cytotoxicity controls, respectively. New Jersey-based Pfizer contributed 

influenza for testing on antifungal drugs. 

 

Test for antifungal 

Antifungal assays are experimental techniques used to assess a substance's inhibitory or 

fungicidal effects on fungi. These tests help in the creation of new antifungal medications or 

treatments by offering useful information on the effectiveness of possible antifungal agents. 

Here, I'll give a broad overview of the agar diffusion method, a widely used antifungal assay. 

Candida krusei ATCC 6258, Candida glabrata ATCC 90030, Cryptococcus neoformans 

ATCC 90113, and Aspergillus fumigatus ATCC 90906 were used as reference strains. The 

CLSI was updated. Cryptococcus neoformans and Candida species were used in the 
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inoculations. To identify MFCs, blue agar was transferred, and then the cells were incubated. 

The amount of MFC in the test that prevents agar growth is the lowest. 

 

Cell toxicity testing 

An ATCC panel of mammalian cells included five human cancer cell lines and one non-

cancerous cell line. As a positive control for the cytotoxicity test, doxorubicin was used. To 

evaluate a substance's potential cell toxicity, in vitro cytotoxicity assays are frequently used. 

These tests are useful for learning how a substance affects cell viability and can be used to 

check for cytotoxic qualities in possible medications, chemicals, or natural materials. Here, 

I'll give a broad review of the MTT assay, which is frequently used to evaluate in vitro 

cytotoxicity. A colorimetric technique called MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide] is used to assess the activity of mitochondrial enzymes in 

living cells. These enzymes must reduce MTT in order to provide a formazan product that 

can be quantified spectrophotometrically for the test. The quantity of formazan produced is 

directly correlated with the number of viable cells in the culture. The cells were incubated 

with the ingredients, given a quick saline treatment, and then cultivated in neutral red [166 

g/ml] media for 90 minutes. The live cells were then lysed with an acidified isopropanol 

[0.33% HCl] solution after the plate had been washed to remove the extracellular color. At 

540 nm, the absorbance was measured. The dosage curves produced by graphing percent 

growth vs. the test concentration on a logarithmic scale was used to calculate the IC50 (the 

concentration of the test drug that induced growth inhibition of 50% after 48 hours of cell 

exposure). The cytotoxicity assay's positive control was doxorubicin. 

 

Results and discussion 

The antifungal hongguanggenin saponins [Substance 22] are present in compounds 5-7 and 

antifungal compounds 16 to 21. The substance 27 in the sample included 9[11]-

dehydrohecogenin, tigogenin, agavegenin A, hongguanggenin, hecogenin, and chlorogenin. 

Piricularia oryzae and Candida were shown to be unaffected by hecogenin saponins 8–21 [3, 

5, 7, 30]. Depending on the quantity and monosaccharide unit structure, the Hecogenin 

Saponin Series (Compounds 8 to 15) will provide comparable information on the activity of 

significant medications. The antifungal steroid saponins 1-4, 6-11, and 14-20 are vulnerable 

to a wide variety of fungus species, including Aspergillus. Compound 23's antifungal effects, 

along with those of the other steroid saponins and sapogenins. 5, 7, 8, 9, 10, 12, 13, 15, 16, 

18, 21, and 22 compounds. sapogenin's ineffectiveness against P. oryzae and 

Hansenulaanomala is consistent with recent reports that comparable compounds lack 

antifungal activity. At MFCs, tigginsin saponins performed as well as the favorable control 

AMB. The Aspergillus three MICs were in the 2.5–5 g/ml range. The standard calibration for 

steroidal saponin is shown in Figure (2). For instance, at a concentration of 20 g/ml, 

19,20compd was effective against Candida albs and Candida glabrate but not against Candida 

spend Aspergillus sp. Table (1) displays the Steroid saponin calibration standards. Given the 

absence of effective antifungal medications [17, 33], this is a significant outcome. The 

amount and type of monosaccharide present in the glucose chains of steroid saponins, 
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sometimes referred to as steroidal saponins, determine the antifungal activity of these 

substances.  

 

 

Figure (2): Standard calibration curve for steroidal saponin 

Table (1): Steroid saponin calibration standards 

Diosgenin concentration (μg/ml) Absorbance at 430nm 

1 0.28 

2 0.38 

3 0.42 

4 0.55 

5 0.78 

 

 

Figure (3): Standard calibration curve for total saponin 
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Table (2): Total saponin standard calibration 

Diosgenin concentration (μg/ml) Absorbance at 544 nm 

0 0.02 

100 0.04 

200 0.06 

300 0.13 

400 0.16 

500 0.25 

 

Figure (3) displays the Standard calibrationfor total saponin.Regarding their antifungal 

activities, the 1, 2, 3, and 4 comped of these compounds set them apart from the four lignin 

sapogenins. The total Saponin Standard Calibration is shown in Table (2). Each sapogenin's 

ability to inhibit fungus is controlled by the sugar chain. Because of the structure of their 

sugar moiety, heconins 8, 9, 10, 11, 12, 13, 14, and 15, also known as sapogenins, have 

antifungal effects. The saponin sugar moiety may be blocked by as few as two 

monosaccharide units. Tetraglycoside 11 and pentaglycoside 14 both have the power to 

destroy A. fumigatus. Compounds 1-4 of the tigogenin saponin family's sugar moieties 

control their antifungal activity. In comparison to 1Compd, which is created by compound 2, 

4Compd, which is created from compound 3, has more antifungal activity against Candida. 

 

Conclusion 

The effectiveness of the chemical in destroying malignant cells was tested experimentally 

using carcinoma and non-carcinoma tissue. It has been demonstrated that diosgenin saponins 

19 and 20 are cytotoxic. Even at concentrations as high as 20 g/ml, none of the saponins were 

toxic to cancer cells; nevertheless, they were to Vero cells. Except for the second medication, 

which demonstrated inhibition in HepG2 cells at a dose of 7.0 g/ml, this was true for all 

drugs. The ideal saponin 1 action profile is shown by the selectivity indices of 4.8, 5.3, 2.6, 

39.6, and 11 for the aspergillus species and candida species. Exciting antifungal treatment 

options include the therapeutic potential of these antifungal medications and the SAR of 

additional steroidal saponins. The investigation into the antifungal abilities of steroidal 

saponins has, in the end, shed vital light on their potential as organic antifungal agents. 
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