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Abstract: Saponins have been studied for more than four decades, and their relevance is due to
their numerous biological and chemical activities. Indeed, saponins are attracting attention for
their industrial exploitation in connection with their pharmacological properties. Saponins also
find many applications in the food and cosmetics industries due to their foaming and
emulsifying properties. On the other hand, depending on the type of saponin, the species that
ingest it, and the context, they are more or less toxic to the body. This article describes a number
of investigations work carried out on saponins to determine the impact of saponins on health.
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1. Introduction

Saponins are a group of secondary metabolites widely distributed in the plant kingdom
and some marine species. These are generally found in the roots, leaves, fruits, flowers, and
seeds of plants [1, 2].

According to literature, saponin molecules contain a polar glycone structure moiety
composed of up to four carbohydrate molecules linked by a glycosidic bond (C-O-sugar bond)
at C-3 to the nonpolar aglycone structure moiety, also known as sapogenin [1, 3]. Depending
on their aglycone counterparts, saponins might be divided into three main basic structures;
steroidal, triterpenoid, and Alkaloid saponins [1, 4].

Saccharide moiety has a variety of hexoses (pyranose ring) or pentoses (furanose ring)
sugars, which may be Dextro (D) or Levo (L) isomers of o and B configuration. The most
common hexose sugar in saponins is rhamnose, arabinose, xylose, glucose, and ribose. These
form mono, di, tri, and tetra-saccharide saponin structures [1, 5-7].
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A wide range of investigations on saponins has been conducted for several years. These
studies have detailed the surfactant properties of these molecules, which have been attributed
to their amphiphilic structure, consisting of a combination of lipophilic nonpolar aglycone and
hydrophilic polar glycone moieties [6]. The hydrophilic polar glycone part of saponins, which
is soluble in water, consists of sugar chains, and the lipophilic nonpolar aglycone part, which
is insoluble in water, is either a steroid or a triterpenoid [8]. In this matter, saponins belong to
a class of non-ionic surfactants and hence exhibit surfactant properties such as surface activity,
micellization, foaming, detergency, wetting, and emulsification, among others [1, 9].

The most common biological activity attributed to saponins is the ability to lyse
erythrocytes [10, 11]. Hemolysis of red blood cells could result from the formation of
complexes between saponins and the cell membrane cholesterol leading to pore formation and
cell permeabilization and also causing alterations in the negatively charged carbohydrate
portions on the cell surface [7, 12]. However, literature also describes that saponins have shown
several medicinal properties such as anti-inflammatory, antibacterial, antifungal, antiviral,
insecticidal, anticancer, cytotoxic, and molluscicidal action. Moreover, saponins are described
to exhibit hypocholesterolemic action in animals and humans [4, 5, 13, 14].

Outstanding the variety of medicinal uses attributed to saponins and in order to
understand the relationship between the chemical structure and its medical or pharmaceutical
behavior, researchers have increased the attention to the study of these molecules. The present
review aims to summarize the most recent investigations regarding saponins, new molecules,
and biological and pharmacological activities reported to assess the impact of saponins on
health.

2. Saponins, Basic Concepts

2.1. Structure of saponins.

Saponins are generally known as non-volatile, surface-active compounds widely
distributed in nature [6]. They are naturally occurring bioorganic amphiphilic glycosides
containing nonpolar aglycones and polar glycone structure moieties (sugars) (Figure 1).
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Figure 1. Saponin structure example with the glycon and aglycone part.
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Saponins are a group of molecules classified into two main classes, including
triterpenoid and steroid saponins. Each class of saponins derives from a precursor molecule
containing 30 carbon atoms [15]. The study by Viken et al. reports the classification of
saponins based on available structures. Based on carbon skeletons whose formation follows the
main pathways for the biosynthesis of aglycones, 11 main classes of saponins have been
differentiated: dammaranes, tirucallanes, lupanes, hopanes, oleananes, taraxasteranes, ursanes,
cycloartanes, lanostanes, cucurbitanes, and steroids [6]. Some of these main classes
(dammaranes, lupanes, hopanes, oleananes, ursanes, and steroids) were further subdivided into
16 subclasses because their carbon skeletons are subjected to minor rearrangement,
homologation, cleavage, and degradation reactions [6]. Some other compounds have been
considered saponins, such as the glycosteroidalkaloids [16].

Triterpenoid glycosides are the most widely distributed in the plant kingdom. These
molecules are composed of isoprene units derived from the mevalonate pathway building a
pentacyclic compound with 30 carbon atoms (Figure 2-a). The Steroid glycosides are derived
triterpenoids with two main ring structures, including the structure of tetracyclic six-membered
rings and bicyclic five-membered rings containing 27 carbon atoms. The steroid glycoside core
structure consists of two hetero rings, including a furan and a pyran ring (Figure 2-b). Finally,
the alkaloid aglycone has a piperidine ring (six-membered ring containing N-atom) instead of
a pyranose ring (six-membered ring containing O-atom) in steroid glycosides [1, 5].

(@) (b)

Figure 2. Structures of aglycones: (a) Triterpenoid skeleton [17]; (b) Steroid skeleton.

Sugars constitute the hydrophilic part of saponins. They can consist of one or more
osidic chains (branched or linear) with different positions on the aglycone. Based on the
number of sugar units, saponins are classified into monodesmosidic, bidesmosidic, or
tridesmosidic. Tetratridesmosidic saponins have been decrypted but appear rare [18, 19].
Monodesmosidic saponins have a single sugar unit attached to carbon-3. Steroidal and
triterpenes saponins are often monodesmosidic saponins. Bidesmosidic saponins have two
sugar units attached to C-3 and C-26 or 28. Bidesmosidic saponins are found among the
triterpene saponins of the oleanane type with a bond at C-3 and C-28 and for the steroidal
saponins of the furostane type with a bond at C-3 and C-26 [20]. Tridesmosidic saponins consist
of three sugar units attached. Among the triterpene saponins of the cycloartane type, one can
find tridesmosidic structures; the sugar chains are fixed in C-3, C-6, C-24 [21], and, C-3, C-24,
and C-25 [22].
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The most common sugars are simple dietary sugars such as glucose, galactose,
rhamnose, arabinose, xylose, and ribose, although a wide variety of sugars occur naturally [1,
5-7].

Other functional groups such as hydroxyl (—OH), carboxylic acid (—COOH), ester (—
COOR), and methyl (—~CHz) can be found in steroidal and triterpene saponins, making a variety
of molecules such as organic acids and esters that may also be attached to the aglycone through
carboxylic groups (COOH). These are particularly sugar acids, such as glucuronic acid and
galacturonic acid, which are oxidized forms of sugar.

2.2. Sources of saponins.

Saponins-producing plants are found in various geographical regions and climatic
zones around the world. They are widely distributed in the plant kingdom and in a few marine
sources. The saponin distribution among the organs of a plant varies considerably. They are
found in both aerial and underground parts such as stems, roots, rhizomes, pericarp, leaves,
fruits, flowers, bulbs, and seeds [3, 23, 24].

Triterpenoid saponins are mainly present in dicotyledonous (families such as
Caryophyllaceae, Caprifoliaceae, Araliaceae) plants, while steroidal saponins are mainly
present in monocotyledonous plants (families such as Asparagaceae, Agavaceae, Liliaceae, and
Zygophyllaceae) [3, 24, 25].

The plants richest in saponins belong to the family Solanaceae: tomato (Solanum
lycopersicum), eggplant (Solanum melongena), and potato (Solanum tuberosum). They are also
found in legumes (peas, soybeans, etc.) and in plants such as spinach (Spinacia oleracea),
asparagus (Asparagus officinalis), chestnuts (Castanea spp), and quinoa (Chenopodium
quinoa).

3. New molecules of saponins isolated from different plant species in the last 10 years
(2012-2022)

3.1. Newly isolated saponins.

Plants have always been used as traditional foods and medicines. Natural preparations
obtained from plants have played a remarkable role in drug discovery. With the rapid
development of separation and analytical methods, more and more new biologically active
components, such as saponins, have been isolated. Saponins have been the subject of great
attention by all chemists in recent years. New molecules and numerous derivatives with diverse
activities have been reported.

This section provides a non-exhaustive list (Table 1) of new saponins molecules
isolated from different plant species in the last 10 years (2012-2022). These new saponins
represent a significant advance in science and research. Their structures were elucidated by
combined spectroscopic and spectrometric techniques (*H NMR, *C NMR, HSQC, *H-1H
COSY, HMBC, TOCSY, NOESY, HRESIMS, GC-MS) and chemical methods by comparing
published data. The properties of some of these molecules have been evaluated and have shown
pharmacological activities, immunomodulatory effects, and hemolytic toxicity. Other
properties have also been found.

As reported in previous works, saponins are distributed between monocotyledonous
and dicotyledonous angiosperms. Thus, steroidal saponins are predominantly present in
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monocotyledonous angiosperms such as Agavaceae, Asparagaceae, Dioscoreaceae,
Dracaenaceae, and Liliaceae. Steroidal saponins are exceptionally found in the following
dicotyledons: Solanaceae, Zygophyllaceae, Asteraceae.

The triterpene saponins predominantly present in dicotyledons have been isolated from
the following families: Aquifoliaceae, Asteraceae, Caryophyllaceae, Caprifoliaceae, etc.

In the Araliaceae, family, oleanane type triterpenoid saponins were isolated. Oleane
was also isolated from Bellis sylvestris (Asteraceae), Ardisia crispa (Myrsinaceae), and
Corrigiola litoralis (Caryophyllaceae) [26-28]. All compounds isolated from Bellis sylvestris
were monodesmoside with bayogenin as the aglycone and an oligosaccharide (two to four sugar
unities) moiety esterified at C-28 carbon. One compound was a bisdesmoside esterified at C-3
carbon. New oleane triterpenoid saponins isolated from the roots of Ardisia crispa
(Myrsinaceae) named Ardisiacrispin D—F were the initial proof that the monosaccharide was
a non-arabinopyranose component and directly associated with aglycone C-3 of triterpenoid
saponins in the Ardisia genus. Triterpenoids have been isolated from llex species of the
Aquifoliaceae family. Six new triterpenes saponins, asprellanosides A—F, were isolated from
the roots of Ilex asprella species. Two of these compounds (19a-hydroxyursolic acid 3-O-4-
D-(2'-O-acetylxylopyranoside) and 34,19a-dihydroxyolean-12-en-23,28-dioic acid 28-O-$-D-
glucopyranoside), as well as three other known molecules, have shown significant cytotoxic
activities against human tumor cell line A549 [29]. From llex cornuta, five new triterpenoid
saponins were isolated from the aerial parts. Two new compounds exhibited significant cell-
protective effects against H2O2 — induced HIC2 cardiomyocyte injury.

Much attention has been paid to studies of the biological activities of Tupistra chinensis
species. Indeed, it has been shown that saponins, especially spirostanol saponins, play an
essential role in the chemical composition of T. chinensis. This is because studies have reported
total saponins of T. chinensis since these molecules have shown the ability to inhibit tumor cell
proliferation in vivo and in vitro [30-34].

Table 1. New saponins molecules isolated from different plant species in the last ten years (2012-2022).

Family Species Plant part Saponin type References

Acanthaceae Pseuderanthemum carruthersii Roots Triterpenoid [35]
(SEEM.) GUILL. var.
atropurpureum (BULL.) FOSB.

Agavaceae Agave offoyana Flowers Steroidal [36]
Dracaena thalioides Leaves Steroidal [37]
Dracaena cambodiana Dragon's blood Steroidal [38]
Yucca desmettiana Leaves Steroidal [39]
Yucca elephantipes Leaves Steroidal [40]
Yucca glauca Underground parts Steroidal [41]
Yucca schidigera Stems Steroidal [42]

Aquifoliaceae llex asprella Roots Triterpenoid [29]
llex cornuta Aerial parts Triterpenoid [43]
llex kudingcha C. J. Tseng. Leaves Triterpenoid [44]

Avraliaceae Aralia taibaiensis Root bark Triterpenoid [45]
Dizygotheca elegantissima R. Aerial parts Triterpenoid [46]
Hydrocotyle bonariensis Underground parts Triterpenoid [47]
Panax japonicus Roots Triterpenoid [48]
Panax notoginseng Fruits, roots, leaves Triterpenoid [49]
Tetrapanax papyriferus Pith Steroidal [50]

Asparagaceae Anemarrhena asphodeloides Bge. Dragon's blood Steroidal [51]
Dracaena cambodiana Bark, roots, leaves Steroidal [52]
Dracaena fragrans (L.) Bark Steroidal [53]
Dracaena viridiflora Roots Steroidal [54]
Dracaena marginata Aerial parts Steroidal [55]
Sansevieria cylindrica Aerial parts Steroidal [56]
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Family Species Plant part Saponin type References
Sansevieria trifasciata Roots Steroidal [57]
Tupistra chinensis Roots, rhizhomes Steroidal [58]
Asteraceae Atractylis flava Whole plant Triterpenoid [59]
Bellis sylvestris Cyr. Leaves Triterpenoid [26]
Amaranthaceae Salicornia herbacea Triterpenoid [60]
Caryophyllaceae Corrigiola litoralis Roots Triterpenoid [28]
Gypsophila pilulifera Boiss. & Heldr. | Roots Triterpenoid [61]
Polycarpaea corymbosa Lamk Roots, leaves Triterpenoid [62]
Silene viscidula Roots Triterpenoid [63]
Caprifoliaceae Cephalaria sumbuliana Gokturk Aerial parts Triterpenoid [64]
Lonicera macranthoides Flower Triterpenoid [65, 66]
Patrinia scabiosifolia Whole plant Triterpenoid [67]
Lonicera similis Hemsl. Buds Triterpenoid [68]
Cucurbitaceae Gynostemma pentaphyllum Aerial parts Triterpenoid [69, 70]
Dioscoreacea Dioscorea bulbifera var. sativa. Flowers Steroidal [71]
Dioscorea nipponica Rhizomes Steroidal [72]
Dioscorea zingiberensis Rhizomes Steroidal [73]
Dioscorea preussii Rhizomes Steroidal [74]
Dracaenaceae Sansevieria trifasciata Aerial part Steroidal [57]
Sansevieria cylindrica Aerial part Steroidal [56]
Fabaceae Abrus precatorius Leaves, stems Triterpenoid [75]
Iridaceae Iris florentina Underground parts Steroidal [76]
Liliaceae Allium cepa L. Bulbs Steroidal [77]
Allium tuberosum Roots Steroidal [78]
Bessera elegans Bulbs Steroidal [79]
Chamaelirium luteum Underground parts Steroidal [80]
Anemarrhena asphodeloides Rhizomes Steroidal [81]
Tupistra chinensis Roots, rhizomes Steroidal [82]
Tupistra chinensis Rhizomes Steroidal [83]
Tupistra chinensis Rhizomes Steroidal [33]
Tupistra chinensis Rhizomes Steroidal [84]
Tupistra chinensis Rhizomes Steroidal [34]
Tupistra chinensis Roots Steroidal [85]
Tupistra chinensis Roots Steroidal [86]
Tupistra chinensis Roots, rhizomes Steroidal [87]
Smilacina japonica Roots, rhizomes Steroidal [88]
Ypsilandra thibetica Whole plants Steroidal [89]
Melanthiaceae Paris delavayi Rhizomes Steroidal [90]
Paris vaniotii Rhizomes Steroidal [91]
Mimosaceae Albizia adianthifolia Stem Triterpenoid [92]
Myrsinaceae Ardisia kivuensis Stems Triterpenoid [93]
Ardisia crispa Roots Triterpenoid [27]
Nartheciaceae Narthecium ossifragum Flowers Steroidal [94]
Pittosporaceae Pittosporum senacia Putterlick Branches Triterpenoid [95]
Primulaceae Cyclamen africanum Roots Triterpenoid [96]
Ranunculaceae Clematis heracleifolia Whole plant Triterpenoid [97]
Helleborus thibetanus Roots and rhizomes Steroidal [98]
Eranthis cilicica Tubers Steroidal [99]
Eranthis section Shibateranthis Tubers Steroidal [100]
Rosaceae Sanguisorba officinalis Roots Triterpenoid [101]
Rubiaceae Gardenia jasminoides Ellis Root Triterpenoid [102]
Sapindaceae Xanthoceras Sorbifolia Bunge Husks Triterpenoid [103]
Solanaceae Solanum Incanum Roots Steroidal [104]
Solanum melongena L Seeds Steroidal [105]
Solanum xanthocarpum Fruits Steroidal [106, 107]
Theaceae Camellia oleifera Defatted seeds Triterpenoid [108]
Valerianaceae Patrinia scabiosifolia Fisch. Whole plants Triterpenoid [67]
Zygophyllaceae Fagonia indica Aerial parts Steroidal [109]
Tribulus terrestris L Whole plant Steroidal [110]
Tribulus terrestris Aerial parts Steroidal [111]
Zygophyllym cornutum Coss Aerial parts Triterpenoid [96]
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4. Studies on the Biological and Pharmacological Properties of Saponins in the Last 10
Years

Numerous studies have led to the discovery of many biological and pharmacological
roles of saponins. More than forty saponins-related biological activities have been listed [25].
Juang and Liang published a review dealing with the biological and pharmacological activities
of steroid and terpenoid synthetic saponins [112]. These studies represent a real breakthrough
for industry and medicine. This section will describe the most recent research and results
concerning these kinds of molecules' biological and pharmacological activities. It is important
to note that several families of plants will have various biological and pharmaceutical activities
[11, 113-117].

4.1. Antimicrobial activity.

Classified as belonging to the Caprifoliaceae family, the Cephalaria genus is a rich
source of attractive secondary metabolites, which include saponins that have several important
biological activities, such as antimicrobial activities [118]. Phytochemical screening of fruit,
leaf, and stem extracts of S. incanum has shown antimicrobial efficacy against Escherichia
coli, Salmonella typhi, Bacillus subtilis, and Staphylococcus aureus [119]. Dracaena and
Sansevieria have antimicrobial activity [120]. One spirostanol isolated from the dragon's blood
of Dracaena cambodiana possessed an inhibitory effect on S. aureus [52].

The genus Yucca also has antimicrobial activity [121, 122]. Pittosporum plants are
known for their antibacterial and antifungal properties. The ethyl acetate fractions of the leaves
of P. tobira showed antibacterial activity with bacteria responsible for dental caries
(Porphyromona gingivalis, Prevotella intermedia, and Fusobacterium nucleatum) [123].

The study by Fang et al. on the roots of Allium tuberosum showed the role of the polar
moiety in the inhibition of bacterial growth. Indeed, they reported that saponins with a C-3
saccharide moiety without any C-2 oxygen functionality exhibited potent antibacterial
activities against B. subtilis (32 pg/mL) and E. coli (16 pg/mL) (positive control, kanamycin:
2 lg/mL), indicating that 2-OH was negative for antibacterial activities [78].

4.2. Cytotoxic and antitumor activity.

Based on in vitro bioassays, saponins have been reported to possess cytotoxic and
antitumor activity [124]. Many studies demonstrate the inhibitory effect of total saponins on
cell proliferation and apoptosis in A549 cells [31]. Saponins extracted from Cirsium
japonicum DC exhibited a good antiproliferative effect against cancer cells, especially
A549 cells, which might result from the promotion of Reactive Oxygen Species (ROS)
generation in cancer cells [125].

The genus Tupistra (Liliaceae) has been well studied for the last ten years. Tupistra
chinensis have revealed that compounds such as steroidal saponins consisting of spirostanol
saponins and furostanol saponins are the most abundant in this species. T. chinensis Baker,
described as an antitumor folk herb, has been studied to understand the antitumor mechanism
of the total steroidal saponins of this plant. The result showed that Tupistra chinensis exhibited
significant anti-gastric cancer effects in vitro and in vivo [126]. T-17, a bioactive spirostanol
saponin extracted from T. chinensis Baker, is simultaneously involved in apoptosis and induced
autophagy [32]. New spirostanol saponins isolated from Tupistra chinensis bark showed
https://biointerfaceresearch.com/ 7 of 20
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cytotoxicity against A549 cells (ICsp 52.66 +3.12 pmol L™Y) and H1299 cells (ICso
57.29 + 2.51 umol L) [58]. Spirostanol and furostanol saponins isolated from the rhizome of
T. chinensis showed cytotoxic activity against A549, HepG 2, and Caski cancer cell lines, K562
cells, and significant inhibition of nitric oxide production [34,87]. Tupisteroide C isolated from
de roots of T. chinensis exhibited cytotoxicity against A549 cancer cell lines with 1Cso values
of 25.0 uM [86]. New polyhydroxylated furostanol showed cytotoxicity against human cancer
cell lines SW620 and HepG2 [33]. Another study revealed the antineoplastic constituents of T.
chinensis. Indeed, two steroidal saponins showed moderate cytotoxic activity against most of
five cultured human tumor cell lines (HL-60, SMMC-7721, A-549, MCF-7, and SW480). This
study has suggested that the sugar moiety plays a key role in biological activity and that
steroidal saponins possess more cytotoxic activity than their sapogenins [82].

The phytochemical study of the underground parts of Hydrocotyle bonariensis,
revealed weak cytotoxicity of two triterpenoid saponins against two human colon cancer cell
lines (HT-29 and HCT 116) [47].

Four new oleanane saponins and three known saponins were isolated from the aerial
parts of Dizygotheca elegantissima R. Vig. & Guillaumin. The antiproliferative activity of all
isolated compounds was assessed [46]. A review related to Dracaena and Sansevieria species
underlined their remarkable antiproliferative actions [120].

Gynostemma pentaphyllum (Thunb.) Makino (GpM) (Jiaogulan) has anticancer
activities, including stopping the cell cycle, apoptosis, and inhibition of invasion and
metastases [127]. Ypsilandra thibetica belongs to the family Liliaceae have shown antitumor
activity [113]. Several new saponins isolated from Camellia oleifera Abel (TSSC) have
antiproliferative activity against human tumor cells in vitro. TSSC induced cancer cell
apoptosis in mice with solid liver tumors [128].

4.3. Antioxidant properties.

Oxidative stress is the result of a disparity in the balance between oxidizing (reactive
oxygen species) and defense systems (antioxidants), resulting in irreversible damage to the cell.
Following a renewed interest in discovering medicines from plant sources, the Yucca genus
has been studied, and amazing therapeutic capabilities have emerged, including antioxidant
properties [121]. Panax notoginseng (Burk) F. H. Chen has antioxidant shares [129]. Salicornia
herbacea L., which grows in salt marshes and muddy shores along the west coast of Korea, has
been used as a vegetable seasoning and popular medicine. Still, it also has antioxidant action
[130]. Ardisinol 111, a new alketyleresorcinol isolated from MeOH extract of Ardisia kivuensis
fruit, exhibits a weak antioxidant activity (ICso 109.8 pug/mL) compared to the reference L-
ascorbic acid (ICso 3.9 ug/mL) [131]. F. indica is a very important medicinal plant due to its
various of therapeutic uses, such as antioxidants [115]. Pharmacological studies have shown
that the observed Ficus species have a wide range of biological properties, including
antioxidant effects [132].

The  triterpenoid  30-norhederagenin  3-O-B-d-glucuronopyranosyl-28-O-p-d-
glucopyranoside isolated from the n-BuOH fraction of S. herbacea has potential as a natural
antioxidant since it showed a significant scavenging effect on peroxynitrite [60].

Oleanane-type triterpenoid saponins isolated from Aralia taibaiensis exhibited
antioxidant and antiglycation activities. Structure-activity relationship study reveals that
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oligosaccharide moiety at C-3 is responsible for the remarkable properties. They also indicated
that the double bond in the aglycon is less important for antidiabetic activity [45].

Spirostanol saponin derivatives isolated from Ruscus hyrcanus showed 6-85% DPPH
radical scavenging activity at 7.8-500 pg/mL concentrations. This study used quercetin as
positive control showed 96% inhibition at 200 pg/mL [133].

4.4. Anti-inflammatory properties.

Panax notoginseng (Burk) F. H. Chen, as traditional Chinese medicine, has a long
history of great clinical value, such as anti-inflammatory actions [129]. Various saponins from
the Panax genus (P. ginseng, P. japonicas, and P. quinquefolius) have shown anti-
inflammatory effects by inhibiting inflammasome activation such as NLRP1, NLRP3, and
AIM2 [134]. Triterpenoid saponins from Panax stipuleanatus may act as a suppressing
inflammatory mediator [135]. The genus Yucca has anti-inflammatory actions [121]. So far, a
wide variety of phytochemical components have been isolated from around seventeen species
of Dracaena and Sansevieria. They exhibit various structural patterns and a wide range of
biological activities, including remarkable anti-inflammatory effects [120]. T-17, a bioactive
spirostanole saponin extracted from Tupistra chinensis Baker, has already been reported with
anti-inflammatory activities [32, 136]. Patrinia scabiosifolia Link (PS), a member of the genus
Patrinia (family Caprifoliaceae), is traditionally used in popular medicines to treat various
inflammatory diseases such as acute appendicitis, ulcerative colitis, and pelvic inflammation
[137]. Dioscorea nipponica Makino, a perennial medicinal plant of the family Dioscoreaceae,
has also revealed anti-inflammatory activity [138]. Butanoic extract enriched with saponin
from Agave brittoniana showed anti-inflammatory activity by reducing the dry weight of the
granuloma and increasing the inhibition percentage [139]. Based on the use of T. govanianum
rhizomes to treat inflammation, a preliminary study suggests that due to steroidal saponins, T.
govanianum would have the excellent anti-inflammatory potential [140].

4.5. Properties on the cardiovascular, nervous, lymphatic, and pulmonary systems.

Cardiovascular disease (CVD) is the leading cause of death globally. Shi et al. reviewed
the pharmacologic properties of ginseng saponins, such as their functions in cardiovascular
systems, where they can act by controlling reactive oxygen species and nitric oxide production
and activate various receptors in endothelial cells [141]. Gardenia jasminoides Ellis is a
popular shrub of the Rubiaceae family. The dried ripe fruits of this plant are well known and
frequently used not only as an excellent natural dye but also as an important traditional
medicine for the treatment of various diseases, such as stasis, to activate blood circulation
[142]. Ypsilandra thibetica, aids gynecological hemorrhagic diseases [113]. Panax
notoginseng (Burk) F. H. Chen allows inhibition of platelet aggregation [129]. The Cephalaria
genus belongs to the Caprifoliaceae family and is a rich source of secondary metabolites,
mainly including saponins that have several biological properties, such as hemolytic effects.
[118]. Ficus species have anticoagulant properties [132]. Topical Astragaloside IV eye drops
reduced TGFpB2-induced ocular hypertension in mice [143].

Tribulus terrestris L. is a widely distributed perennial plant worldwide, especially in
subtropical regions. Its dried fruit has been used in traditional Chinese medicine (TCM) to treat
edema, abdominal distension, emission, morbid leucorrhoea, and vitiligo. In addition, T.
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terrestris can act as an aphrodisiac tonic but is also used to treat cardiovascular diseases.
Previous phytochemical studies have reported several saponins and alkaloids in this plant, and
several studies have shown that saponins are responsible for the biological activities of T.
terrestris [144].

Accumulated data indicate that saponins have important neuroprotective effects on
mitigating central nervous system disorders, such as stroke, Alzheimer's, Parkinson's, and
Huntington's [145]. Panax notoginseng (Burk) F. H. Chen can improve mental function, have
anti-insomnia and antidepressant effects, relieve anxiety, and decrease neural network
excitation [129]. The literature has revealed that A. adianthifolia is used as a neurodegenerative
disorder [146]. Salicornia herbacea L. (glassware, tungtungmadi in Korean) suggests an
important role in protecting against glutamate-induced neural damage [130]. Andrographolide
(AG) is a natural diterpene lactone with considerable therapeutic potential for treating many
diseases, including neurological disorders [147].

Oleiferasaponine A2 has anti-hyperlipidemic activity on cell lines. A more in-depth
study of the hypolipidemic mechanism showed that oleiferanzine A2 inhibited the synthesis of
fatty acids by significantly decreasing the expression of SREBP-1c, FAS, and FAS proteins,
while significantly promoting p-oxidation of fatty acids by ascending regulation of expression
of ACOX-1, CPT-1 and ACOX-1. The results show that oleiferanzine A2 has a potential
medicinal value for treating hyperlipidemia [108].

4.6. Antidiabetic properties.

Entada phaseoloides (TSEP) exert an important hypolipidemic effect and improvement
of tissue steatosis [148]. Atractylis flava Desf (BEAF) contains triterpenes, steroids, saponins,
and flavonoids. Melakhessou et al. showed the antidiabetic effects in vitro and in vivo of n-
butanol extract from the whole plant of BEAF by reducing blood glucose alloxan-induced
diabetic rats, stimulating and inhibiting a-Glucosidase and a-Amylase enzymes. They conclude
that plant extract might be a therapeutic resource in treating diabetes and hyperlipidemia [149].
A number of investigations have revealed that A. adianthifolia is used as a purgative and herbal
therapy for diabetes [146]. Panax notoginseng (Burk) F. H. Chen regulates blood glucose
[129]. In addition, Entada phaseoloides (TSEP) significantly reduce fasting blood sugar [148].
In a recent review, the authors listed the antidiabetic properties of the species Ficus
benghalensis, Ficus religiosa, Glycyrrhiza glabra [116, 132].

4.7. Other properties.

Salicornia herbacea (SH) is a halophyte growing in salt marshes along the coast of
South Korea. It is mainly known to exhibit a whitening activity on the skin [150]. The literature
search revealed that A. adianthifolia is used for skin diseases [146]. Lonicera Linn is an
important genus of the Caprifoliaceae family, which includes about 200 species. Some of these
species have been commonly used in traditional Chinese medicine for thousands of years.
Besides, some species may also be used in diverse applications, including in functional foods
and cosmetics. Saponins are one of the most important bioactive components of Lonicera Linn
[151]. The roots extracted with Sanguisorba officinalis L. water could be a candidate to
improve physical performance by inhibiting LDHA and glycolysis [152].
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5. Traditional Uses, Risks, and Benefits

Saponins have many benefits, including anticancer, hypolipemic, antioxidant, anti-
inflammatory, antidiabetic, antimicrobial, cardiovascular, skin, nervous, musculoskeletal,
skeletal, cardiovascular, pulmonary, and lymphatic systems. For example, Panax notoginseng
(Burk) F. H. Chen, as traditional Chinese medicine, has a long history of great clinical value:
inhibition of neuronal apoptosis and neuronal protection. Gynostemma pentaphyllum (Thunb.)
Makino (GpM) (Jiaogulan) is widely used in Chinese medicine for the treatment of diabetes
[127] and cardiovascular disease [127].

Saponins also act on eye problems, gastrointestinal disorders, hemorrhoids, and
respiratory difficulties and regulate menstruation.

The genus Cephalaria, belonging to the Caprifoliaceae family, is used in traditional
medicine to cure heart and lung diseases [118]. Xanthoceras sorbifolia Bunge wrappings are
mainly used in northern China as traditional medicine. They would have a potential protective
effect on cognitive impairment. However, the mechanism remains unclear.

The genus Cephalaria, belonging to the Caprifoliaceae family, is used in traditional
medicine for rheumatism [118]. The genus Yucca has an antiarthritic action [121].
Traditionally, the rhizome of Dioscorea nipponica Makino, which is a perennial medicinal
plant of the Dioscoreaceae family, has been used in China to treat joint pains, rheumatoid
arthritis, pain in the legs and lumbar area, Kashin Beck's disease, bruises, sprains, chronic
bronchitis, cough and asthma [138].

However, it is important to be aware since studies have proved that using saponins can
represent a health risk. For most saponins, there is a correlation between high hemolytic
activity, high toxicity, and high surface activity. They may cause nausea, which seems to be
due to interactions between saponins and mucous membranes associated with loss of appetite
or vomiting [153]. In addition, dietary saponins have been approved as potent pancreatic lipase
inhibitors. They would cause a decrease in lipid synthesis, suppression of adipogenesis,
inhibition of intestinal lipid absorption, and promotion of fecal excretion of bile acids and
triglycerides [154]. Juszczak et al. explained that depending on their concentration, saponin
fraction can decrease and increase the level of free radicals generated by H2O- [155]. But also,
FAO conducted a study where it was found that saponins have negative effects on humans and
large animals [156].

The Dracaena and Sansevieria species, used in traditional medicines and as indoor
ornamental plants for their air purifying properties, are rich sources of bioactive secondary
metabolites.

6. Conclusions

Saponins are composed of two main parts: the aglycone and a sugar fraction. They are
classified into triterpenoid and steroid compounds. In the last decade, many new saponins
extracted from plants have been isolated and characterized in addition to others already known.
Some have revealed good biological and pharmacological properties, such as antimicrobial,
antidiabetic, and anticancer. Given the previously reported results, we can conclude that
saponins are a real opportunity for the pharmaceutical, industrial and extra-pharmaceutical
fields. On the other hand, research has cleared that direct injection of saponins into the blood
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system may harm the body. However, their dangerousness is controversially discussed due to
growing evidence of their beneficial health effects.
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