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Abstract: Toad skin secretions are a rich source of various biologically 

active compounds, such as alkaloids, bufadienolides, biogenic amines, or 

peptides. Also plants from Hyacinthaceae and Crassulaceae can be  

a potent source of these groups of molecules. These compounds play  

a crucial role in amphibians’ and plants’ physiology such as defense 

against predators or pathogenic microorganisms. Among them, 

bufadienolides are the focus of many researches in recent years. These 

molecules have a very interesting, steroidal chemical structure and have 

potent activity at the cellular level. They possess cardiotonic, antiviral, 

antibacterial, antitumor, anti-inflammatory, hemostatic, bacteriostatic, 

wound-healing, and antiparasitic properties. Although the structures of 

about 500 bufadienolides are known, it is strongly suggested that this 

group of compounds is still very poorly examined. Moreover, 

bufadienolides may be an excellent basis for the chemical synthesis of new 

drugs with selective bioactivity. The aim of this paper is to briefly overview 

bufadienolides as potent compounds for medicines and cosmetics. 

Key words: bufadienolides, Bufo, Kalanchoe, natural cosmetics, medicine, 
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Introduction 

Bufadienolides are a group of natural, biologically active compounds derived 

from both plant and animal sources. These compounds are especially interesting 

from a point of view of their chemical structure, high biological activity, and 

possibility of their chemical transformation into other structures with modified 

activity. Bufadienolides are C-24 polyhydroxy steroids with a six-membered 

lactone ring in the C-17β position (Fig. 1). In nature these substances occur 

mostly in glycosides form, bounded with one to three sugar residues in the C-3 

position. Sugar units in bufadienolides are the most often glucose and rhamnose 

[1].  
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Although the first described bufadienolide was scillaren A (1), derived from 

the plant, Egyptian squill (Scilla maritima) the name originates from the genus 

Bufo, for which they are the most common. The suffix -adiene- refers to the two 

double bonds in the lactone ring and the ending -olide refers to the lactone 

structure. By the same rule, related structures with only one double bond in the 

lactone structure are called bufenolides, and those with a saturated lactone ring 

are called bufanolides [2]. 

 
Figure 1. General structure of bufadienolides with carbon numbering [3]. 

Occurrence 

Bufadienolides are not widely distributed in nature. They are found in animals 

and plants from only a few families. The toads (Bufonidae) have by far the 

greatest variety of these compounds (Tab. 1). Among other animals, they were 

discovered only in four other species: in one of the reptiles of the family 

Colubridae, specifically tiger keelback (Rhabdophis tigrinus) and in three 

representatives of insects from the firefly family (Lampyridae) and genus 

Photinus.  

Toads inhabit ecological niches where they are extremely often exposed to 

contact with many pathogens. Moreover, their epidermis is exposed to numerous 

injuries and damages. It is no wonder that in the course of evolution they have 

developed innate immunity, and their genome contains numerous genes encoding 

peptides, enzymes, and immune proteins, which are expressed on the surface of 

the skin. Research shows that alkaloids, biogenic amines, or bufadienolides play 
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an important role in this group of animals, counteracting a wide range of 

pathogens [4,5].  

Table 1. Bufadienolides from selected species of Bufonidae family. Structures 

are shown in Fig. 2 

Species Bufadienolides Biological activity References 

Bufo bufo 

gargarizans 

resibufogenin (2), 

cinobufagin (3), bufalin (4) 

cytotoxic, antitumor [6] 

Bufo marinus Telocinobufagin (5), 

marinobufagin (6), bufalin, 

resibufogenin 

cardiotonic, analgesic, 

amtitumor 

[7] 

Bufo 

melanostictus 

bufotalin, cinobufagin, 

bufalin 

cytotoxic, antitumor [6,7] 

Bufo 

rubescens 

marinobufagin, 

telocinobufagin 

antibacterial [8] 

Bufo viridis arenobufagin (7), 

hellebrigenin (8) 

cardiotonic, analgesic, 

antitumor 

[7] 

Rhaebo 

guttatus 

marinobufagin antiproliferative [9] 

Rhinella jimi hellebrigenin, 

telocinobufagin 

antiparasitic [4,9] 

Rhinella 

marina 

telocinobufagin, 

marinobufagin, bufalin, 

resibufogenin 

antiproliferative [9] 

Rhinella 

schneideri 

marinobufagin, bufalin, 

telocinobufagin, 

hellebrigenin 

against skin diseases, 

antiproliferative, 

cytotoxic 

[5,10] 

In the plant kingdom, bufadienolides are found in several families such as 

Iridaceae, Melianthaceae, Ranunculaceae, and Santalaceae but only within 

Hyacinthaceae and Crassulaceae, especially within genus Kalanchoe, a large 

variety of these compounds is observed (Tab. 2). In the rest of the families, 

bufadienolides are present only in a single species and their diversity is limited to 

a very basic level [1,5]. 
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Figure 3. Chemical structures of selected bufadienolides: scillaren A (1), 

resibufogenin (2), cinobufagin (3), bufalin (4), telocinobufagin (5), 

marinobufagin (6), arenobufagin (7), hellebrigenin (8), abyssinin (9), 

bryophyllin B (10), daigremontianin (11), scillarein (12), bufotalin (13), 

gamabufotalin (14), cinobufotalin (15), bersaldegenin-1,3,5-orthoacetate (16). 

 

Biological activity 

The healing properties of bufadienolides were already used in the 16th 

century BC. in ancient Egypt, where the extract from sea squill (Urginea 

maritima) has been used to treat heart diseases [11]. Squill, as a medicinal plant, 

was cultivated as early as the 19th century AD, but it was gradually replaced by 

foxglove (Digitalis sp.), which, due to the more specific activities of cardiac 

glycosides contained within it, was better suited for this purpose.  
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Table 2. Bufadienolides from selected plants 

Species Bufadienolides Biological activity References 

Cotyledon 

orbiculata 

tylecosides, orbicusides neurotoxic, cardiotoxic [12] 

Drimia robusta scillirosidines, urginin anti-inflammatory, 

antibacterial 

[13] 

Kalanchoe 

daigremontiana 

daigremontianines, 

bersaldegenines 

anticancer, anti-

inflammatory, 

cardioactive 

[14] 

Kalanchoe 

gracilis 

kalanchosides cytotoxic [15] 

Kalanchoe 

lanceolata 

hellebrigenin, 

lanceotoxines 

cardiotonic [16] 

Kalanchoe 

pinnata 

bryophyllines anti-tumor, cardiotonic [17] 

Tylecodon 

grandiflorus 

tyledosides neurotoxic [18] 

Urginea 

altissima 

urginin anti-respiratory 

diseases 

[13] 

Urginea 

maritima 

bufotalines, scillarenes cardiotonic, anti-

inflammatory 

[13] 

Urginea 

lydenburgensis 

lydenburgenin, 

scillarenes 

anti-respiratory 

diseases, anti-

inflammatory 

[19] 

Another drug based on bufadienolides, known for centuries and used by the 

Indians of Chaco, Guayaki, and Guarani (Paraguay,) and Pantanal (Brazil) 

against a wide spectrum of diseases, from wounds and skin diseases to cancer, is 

a decoction of cururú toad skin (Rhinella schneideri) [10]. Cururú should not be 

confused with curare. For some reason, a frequently repeated mistake is stating 

that the substance that South American Indians poison their arrowheads had 

anything in common with amphibians. Curare is an extract of plant alkaloids, 

mainly from species of the Menispermaceae family [20]. Indeed, Indians 

sometimes use secretion from the skin of Dendrobatidae frogs to poison their 

arrowheads, but it is not curare [21]. 

Ch'an Su (also known in Japan as Senso) is a drug that is used to this day in 

Chinese traditional medicine and was known already during the Tang Dynasty 

(6th century AD). It is produced from the skin secretions of giant toads, such as 

Bufo gargarizans or B. melanostictus. The main biologically active ingredients of 

Ch'an Su are bufadienolides. The medicine may contain up to several dozen 

different derivatives of these compounds. Their number and composition depend 

on the toad species, the area of occurrence, and the method of production, but the 

effect on the human body is similar. Ch'an Su has cardiotonic, diuretic, soothing, 



Bufadienolides - natural, biologically active compounds for medicines and cosmetics. 

Biotechnol Food Sci, 2023, 85 (1), 3-15 

9 

and hemostatic properties. Moreover, due to its anesthetic and cytotoxic effects, 

it is considered an effective anti-cancer drug [6–8]. 

Although most of the studies concern bufadienolides derived from toad skin 

secretion, some plant species are valuable herbs in ethnomedicinal, or traditional 

medicine of Africa and Asia and also contain a high concentration of 

bufadienolides. In response to growing ethical concerns about the use of drug and 

cosmetic ingredients of animal origin, some plants especially from Kalanchoe 

genus are increasingly subject of interest. Kalanchoe pinnata, Kalanchoe 

daigremontiana, Kalanchoe tubiflora, as well as the hybrid of these two 

Kalanchoe daigremontiana × tubiflora, also Melianthus comosus and Bersama 

abyssinica (from Melianthaceae family) are a well-known source of 

bufadienolides but also some other valuable compounds such as flavonoids, 

phenolic acids, anthocyanins, alkaloids, saponins and tannins [14].  

The content of bufadienolides in plant tissues varies depending both on the 

plant species and the growing region [22]. K. pinnata growing in Brazil contains 

3-4 times more bufadienolides than the same plant species  growing in Germany. 

Moreover, the contents of bufadienolides in individual parts of plants vary, even 

within the same species. K. daigremontiana cultivated in Germany showed high 

levels of bufadienolides in leaves, while the one cultivated in Poland, contained 

them in roots and stems, but not in leaves [14]. That suggests that bufadienolides, 

similarly to other secondary metabolites such as polyphenols, are involved in 

plant protection against pathogens, and their concentration may be a non-specific 

response to the occurrence of infection. There are no sufficient data in the 

literature to show specific relationships between the content of bufadienolides 

and the part of the plant, the cultivation method, external stressors, or the time of 

harvest. Such research will be crucial for the cosmetics industry in terms of 

standardisation content of bioactive compounds for cosmetics formulas. 

The interest in bufadienolides started in the early 1940s when the structure of 

the first bufadienolide, later called scillaren A (by Stoll in 1933) was determined 

[1]. Improvements in chromatographic and spectrometric methods in the 1960s 

made it possible to study many other molecules of this type. In the last two 

decades a dynamic increase in interest in these compounds can be observed (Fig. 

3). The main reason for the special interest in bufadienolides, apart from their 

high biological activity, is the search for new compounds against multidrug-

resistant bacterial strains, which are an increasingly serious problem. Abyssinin 

(9), telocinobufagin, or marinobufagin have strong bactericidal properties [8]. 

Moreover, great hopes are placed on bufadienolides as potential anti-cancer 

drugs. The most frequently mentioned compounds are bufalin (4), scillarein (12), 

bufotalin (13), gamabufotalin (14), cinobufotalin (15), or cinobufagin [23]. The 

use of the cytotoxic and immunomodulating activity of bufadienolides in the 

development of modern anti-cancer therapies, so-called combination therapies, 

where these compounds would support standard chemotherapy, radiotherapy and 

immunotherapy is also considered. Since bufadienolides show a synergistic effect 
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with known cytostatics, the possibilities of using their supporting properties in 

the so-called combined chemotherapy are being investigated [24]. An additional 

positive is the activity of bufadienolides on the central nervous system, resulting 

in calming and pain relief [25].  

 

 
Figure 2. Graph showing number of papers published in recent years in 

PubMed database containing word "bufadienolide" in its title.  

Numerous studies have proven that various naturally occurring bufadienolides 

are, above all, perfect cardiac glycosides - by inhibiting the Na+/K+ -ATPase 

enzyme, they cause a positive inotropic effect - thanks to which the strength of 

the heart muscle contraction is enhanced [26].  

The report on the positive results of studies on telocinobufagin (5) and 

hellebrigenin (8) in terms of their use in combating two groups of human 

parasites that cause diseases whose treatment is very burdensome caused great 

interest. Hellebrigenin has been shown to be highly effective against 

trypanosomatids (family Trypanosomatidae), which cause trypanosomiasis - 

African sleeping sickness and Chagas disease. On the other hand, both 

telocinobufagin and hellebrigenin showed high activity against leishmaniasis, 

caused by flagellates of the genus Leishmania [4].  

The use in cosmetics and medicine 

The modern cosmetics industry is increasingly focused on promoting products 

containing ingredients of natural origin, isolated from various parts of plants: 

extracts, plant oils, essential oils, or dried, raw material in powder. Natural raw 

materials are characterized by the presence of many bioactive compounds and 

thus act on a very wide spectrum of ailments. Especially there is a growing 

interest in searching for new active substances for cosmetics counteracting or 
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soothing eczemas and psoriatic skin. Most of the pharmacological and 

therapeutic studies on the use of bufadienolides in the literature concern 

compounds of animal origin. However, there is systematically increasing 

researches on bufadienolides contained in plant organs, mainly from the genus 

Kalanchoe. 

The most obvious use seems to be the use of bufadienolides as compounds 

with antioxidant properties. The structure based on cyclic structures with 

numerous hydroxyl groups makes bufadienolides a good scavenger of free 

radicals. Research on K. daigremontiana root extract showed over four times 

higher antioxidant activity than epicatechin [27]. In addition, it should be 

mentioned that bufadienolides can also be an excellent base of compounds for 

obtaining their derivatives with increased antioxidant properties and reduced 

toxicity using the biotransformation reaction [28]. 

So far, the most attention has been paid to plant-derived bufadienolides as 

potential drugs with chemoprotective and anticancer properties. As early as 1989, 

described strong cytotoxic properties of bryophyllin B (10), isolated from  

K. pinnata against KB cell line [29]. Some other researchers assessed the effects 

of bufadienolides produced by K. gracilis [15]. All of the 8 tested compounds 

showed strong cytotoxic properties against human tumor cell lines such as 

nasopharyngeal (KB) and its MDR variant (KB-VIN), lung (A549), ovarian 

(1A9), prostate (PC-3), ileocecal (HCT-8), and epidermoid (A431) cells. In turn, 

extracts of K. hybrida showed a marked anti-tumor activity against human breast 

cancer (MCF-7), large cell lung cancer (NCI-H460), and anaplastic astrocytoma 

(SF-268). Among the analyzed compounds, the highest values of cytotoxicity 

were found for bersaldegenin 3-acetate and daigredorigenin 3-acetate [30]. Also, 

bufadienolide glycosides isolated from K. tubiflora show high cytotoxic activity 

against human cancer cell lines: lung (A549), oral adenosquamous carcinoma 

(Cal-27), melanoma (A2058) and promyelocytic leukemia (HL-60)[31]. 

It is especially worth paying attention to the strong activity against skin cancer 

cell lines that have been tested. The cytotoxic activity of bufadienolides at the 

level of 0.007 µg/mL or 0.01 µM respectively for epidermoid (A431) and 

melanoma (A2058) allow them to be considered very interesting as ingredients of 

cosmetic formulations applied to the skin.  

Important antiviral properties of bufadienolides have also been demonstrated. 

Extracts from K. pinnata and K. daigremontiana × tubiflora have a significant 

ability to activate antibodies for the Epstein-Barr virus. Bryophyllin A showed 

the strongest activity (IC50 = 0.4 µM)[32]. Bryophyllin B (10) was also able to 

inhibit the replication of the human immunodeficiency virus (HIV). In this study, 

the activity was at the level of ED50 <0.25 µg/mL [31]. 

Other use of bufadienolides 

Another interesting application of plant extracts containing bufadienolides 

would be their use as potential insecticides. Research has shown that 

daigremontianin (11) and bersaldegenin-1,3,5-orthoacetate (16) present in the 



Szymczak et al. 

Biotechnol Food Sci, 2023, 85 (1), 3-15 

12 

leaves of K. deigremotiana can effectively inhibit the development and survival 

of moth larvae Bombyx mori [32]. 

It is also worth noting that research on bufadienolides is very important not 

only from the point of view of humans themselves but may also turn out to be 

important for the preservation of many species of endangered amphibians. By 

understanding the relationship between the structure and activity of active 

substances in skin secretions, it will be possible to better understand the 

processes of immunity and develop methods of protection against pathogens such 

as the fungus Batrachochytrium dendrobatidis, which decimates amphibians all 

over the world, and efforts to combat it do not bring any measurable results 

[33,34]. 

Cosmetics with Crassulaceae 

In the last years, there  has been growing interest in cosmetic products 

containing extracts from Crasullaceae species, especially from the Kalanchoe 

genus. The biological and pharmacological effects of the application of skin care 

products with such compounds were mainly due to their soothing and 

regenerating properties for damaged, sensitive, and psoriatic skin. Products with 

Kalanchoe extracts are concerning as relieving for dull and dry skin or skin 

conditions like acne and breakouts. It can help increase the production of 

collagen in the skin so works like an anti-aging ingredient. A common advantage 

of the application of Kalanchoe extract is mitigation of inflammation and that it 

fits all types of skin [35].  

Some other sources pointing that cream containing Kalanchoe daigremotiana 

extract helped cure psoriatic plaques and promote the gradual disappearance of 

psoriatic foci. Moreover, it does not affect the natural pH of the skin and 

moisturizes and strengthens the skin's hydrolipid barrier. Scientists concluded 

that Kalanchoe daigremotiana extract can be an alternative to topical steroid 

drugs for the treatment of various forms of plaque psoriasis [36]. Another 

species, Kalanchoe pinnata is also considered very useful in cosmetic 

formulations. Extract from leaves is recognized for its anti-aging and 

preservative properties. Moreover, it possesses interesting antibacterial and 

antioxidant properties and a non-cytotoxic impact on skin cells [37]. Kalanchoe 

pinnata extract was also used in formulations of antibacterial and antiseptic 

herbal cream. The tested cream possess better antibacterial activity than available 

on the market one [38]. Kalanchoe pinnata extract was also tested for its wound 

healing effectiveness. In the study, two cream formulations were tested - with 

crude leaves extract and with purified flavonoids. Experiments in rats showed 

that both formulations speed up the wound healing process. However, cream with 

crude extract is considered more profitable and less expensive compared to 

expensive and time-consuming steps for the isolation of pure flavonoid fraction 

[39]. Kalanchoe pinnata extract is also considered for its ability to retain water 

similarly to hyaluronic acid [40]. Cosmetic companies are increasingly interested 

in getting to the market with Kalanchoe extract. Its properties as an ingredient are 
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more and more appreciated both by consumers as well as for cosmetic 

formulation. It helps neutralise bacteria and prevent their growth in cosmetics 

and also acts as a preservative. For consumers, it helps get rid of swelling and 

redness associated with acne and breakouts, reduces pain, tenders and also 

soothes irritations, and brings wound healing effects [41].  

Conclusion 

To summarise, bufadienolides are an important group of compounds with 

high biological activity in numerous physiological processes, a huge variety of 

derivatives, and even greater possibilities for their further transformation. Due to 

these properties, they have been the subject of numerous studies and scientific 

publications in recent years. Current trends in medicine and cosmetology force 

researchers to seek for plant-origin biologically active compounds. Plant extracts 

from various parts of the Crassulaceae plants offer an easily available and very 

rich source of compounds from the bufadienolides family and many other 

valuable substances. And so far, most reports confirm that at least some of these 

compounds may have significant effects in the future in many fields of medicine 

and cosmetic applications. 
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