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ABSTRACT

Saponins derived from various Astragalus species have been recognized for many years
as biologically active compounds and are associated with a variety of biological and
pharmaceutical activities. Among these, cycloartane- and oleanane-type saponins have been
reported to exert immunomodulatory, anti-inflammatory, antioxidant, and cytoprotective
effects. Preclinical studies demonstrate that these compounds modulate key cell-signaling
pathways and exhibit significant antiproliferative activity in vitro and in vivo, inhibiting
cancer cell growth and tumor progression. Beyond oncology, Astragalus saponins have shown
protective effects in experimental models of inflammatory disorders, hepatic and metabolic
dysfunction, cardiovascular disease, and neurodegenerative conditions, suggesting broad
pharmacological relevance. Despite the growing body of literature, current evidence remains
fragmented and predominantly focused on a limited number of compounds, highlighting the
need for a comprehensive synthesis of available data. This narrative review aims to provide
an integrated overview of the chemical diversity of Astragalus saponins, critically summarize
their reported biological and pharmacological activities, and identify current limitations and
research priorities. Despite progress, several barriers to clinical translation remain. These
include a lack of published comparative and clinical data, as most available studies have
focused primarily on astragaloside IV. Additionally, there is limited pharmacokinetic and
bioavailability data, no detailed human studies, and no long-term safety data. Based on these
identified gaps, future studies should focus on the following areas: extracting high-quality
saponins using a standardized extraction procedure; conducting comprehensive evaluations
of other saponins; optimizing saponin delivery formats; and conducting well-designed clinical
trials to assess the safety and efficacy of Astragalus saponins in therapeutic applications.

Implication for health policy/practice/research/medical education:

This narrative review summarizes current preclinical evidence on the chemical diversity and biological activities of saponins
from the genus Astragalus and highlights critical gaps in comparative and clinical research. The findings may support future
hypothesis-driven experimental studies, inform mechanistic investigations, and guide translational research priorities. In
addition, this review may serve as an educational resource in pharmacology, phytochemistry, and natural product sciences by
providing an integrated chemical and biological perspective on Astragalus saponins.

Please cite this paper as: Delazar Z, Sadeghi Dinani M. Saponins from the genus Astragalus: Chemical diversity, biological
activities, pharmacological effects, and therapeutic potential. ] Herbmed Pharmacol. 2026;15(2):189-206. doi: 10.34172/
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Introduction

maximum in temperate to semi-arid zones of the Northern

The genus Astragalus L. belongs to the family Fabaceae
(Leguminosae) and represents one of the most speciose
groups among angiosperms. Depending on the taxonomic
criteria applied, the genus encompasses roughly 2,000-
3,100 recognized species distributed across nearly
250 infrageneric sections. Species diversity reaches its
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Hemisphere, with a principal evolutionary radiation
centered in the Irano-Turanian phytogeographical
domain. This extensive distribution corresponds with
marked ecological variability, which has driven the
emergence of diverse growth forms, spanning annual and
perennial herbs through to dwarf shrubs and shrubs (1,2).
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Botanically, there is considerable morphological
variation within the genus Astragalus, particularly in its
leaves, flowers, fruits, and seeds. This morphological
diversity has greatly complicated the taxonomic
classification of Astragalus, and ongoing research aims to
elucidate phylogenetic relationships and better understand
associated evolutionary patterns. (3).

The Irano-Turanian region, including Iran and adjacent
countries, represents a major biogeographical hotspot
for species diversity and endemism within the genus
Astragalus, harboring more than 1,000 species. Additional
centers of diversity occur in Anatolia (Turkey), Central
Asia, and Central China. In contrast, in the New World,
Neo-Astragalus constitutes a distinct evolutionary lineage
that represents a secondary center of diversification (4-6).
Iran and Turkey exhibit particularly high species richness
and endemism within the genus Astragalus, mainly as
a result of complex evolutionary histories involving
orogenic events, historical climatic fluctuations, and long-
term adaptation to diverse edaphic conditions. These
interacting geological and environmental factors have
promoted extensive species diversification and regional
endemism, as supported by recent floristic and endemism
studies. The genus Astragalus represents an important
source of structurally diverse triterpenoid saponins,
primarily including cycloartane-type and oleanane-type
scaffolds. Cycloartane-type saponins have been reported
predominantly in species occurring in the Russian flora,
whereas oleanane-type saponins are more frequently
described in species native to the Balkan region, including
Bulgaria, as well as in several other Eurasian regions (1,7).

Although numerous studies have explored Astragalus
species and their saponins, the resulting evidence
remains fragmented and largely concentrated on a small
subset of compounds, most notably astragaloside IV.
Comparative data on other cycloartane- and oleanane-
type saponins are scarce, and most available findings
are derived from heterogeneous preclinical models with
variable phytochemical and taxonomic characterization.
Therefore, this narrative review aims to provide an
integrated overview of the chemical diversity of Astragalus
saponins, critically summarize their reported biological
and pharmacological activities based on preclinical
evidence, and identify recurring patterns, key knowledge
gaps, and priorities for future research.

Methods

This review provides an integrative overview of existing
research addressing the structural variety, bioactivity
profiles, and therapeutic potential of saponins derived
from Astragalus species. Information was gathered through
focused exploration of the scientific literature indexed in
PubMed, Scopus, Web of Science, and Google Scholar,
encompassing studies published up to December 2025.
Search queries combined taxonomic and phytochemical

»

keywords—such as “Astragalus, “triterpenoid saponins,”

“cycloartane saponins,” and “oleanane saponins’—
along with pharmacological descriptors including
“anti-inflammatory,” “immunomodulatory,” “antioxidant,”
“anticancer,’ “cardiovascular,” “neuroprotective,’
“hepatoprotective,” and “metabolic effects” Included
were original research articles and reviews published in
English reporting phytochemical characterization and/
or preclinical biological or pharmacological activities of
Astragalus-derived saponins. Priority was given to studies
with isolated compounds or well-characterized extracts
providing precise structural and experimental data.
Excluded were studies lacking adequate methodological
or chemical characterization, unclear taxonomic
identification, or relevance to the scope of this review.

Saponins listed in Table 1 (n = 86) were selected based
on repeated reporting, confirmed structural elucidation,
and relevance to pharmacological mechanisms discussed
herein. This work represents a narrative rather than a
systematic review, aiming to qualitatively synthesize
current knowledge, identify emerging patterns, and
highlight gaps for future investigation.

Classification of saponins reported in the genus

Astragalus
Saponins in Astragalus species are predominantly
triterpenoid,  exhibiting  pronounced  structural

diversity arising from variations in aglycone scaffolds
and glycosylation patterns. Investigations focused on
the chemical and biochemical features of Astragalus
membranaceus and related taxa have established a
classification framework according to the structural
core of each saponin type. Among them, cycloartane
derivatives (Figure 1), constructed on the cycloartenol
backbone, represent the dominant category detected
within the genus. Modifications of the core glycoside
structure give rise to compounds such as astragalosides
and agroastragalosides, which have been identified
in both subterranean and above-ground organs of
Astragalus plants. These molecules are associated with
a broad spectrum of biological activities, including
immunomodulatory, antioxidant, and anti-inflammatory
effects (8,9).

Although cycloartane-type saponins predominate
among Astragalus species, recent phytochemical evidence
suggests that certain species also contain oleanane-
type triterpenoid saponins (Figure 2). They differ
considerably in their structures, particularly in glycosidic
linkages and hydroxylation patterns. Their biological
and pharmacological activities have attracted increasing
research attention, with particular emphasis on detailed
structure-activity relationships (8,10).

Based on recent studies, we know that these triterpenoid
saponins are glycosylated compounds with a specific
sugar composition that elicit different cellular responses
when they interact with the cell membrane and modulate
specific intracellular signalling pathways. Therefore,
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Figure 1. Cycloartane saponin (11).

Figure 2. A'? Oleanane saponin (11).

- /

“Oleanane-type saponin” and “Cycloartane-type saponin”
serve as guideposts for predicting pharmacological
effects and directing future research on these compounds
(8). Table 1 summarizes structurally characterized
cycloartane- and oleanane-type triterpenoid saponins
reported from different Astragalus species.

Biological and pharmacological effects of Astragalus
saponins

Immunomodulatory effects

In vitro and animal studies have demonstrated that
saponins isolated from various Astragalus species can
influence components of both innate and adaptive
immune systems. Experimental studies demonstrate
that these compounds affect the activity of several
immune cell types, including macrophages, natural
killer cells, and T- and B-lymphocyte populations.
These effects reflect modulation of immune responses
under specific pathological or experimentally induced
conditions. Reported immunomodulatory activities
include alterations in cytokine production, modulation
of immune-mediated inflammatory responses, and
enhancement of selected immune functions across diverse
preclinical experimental settings. Together, available
preclinical evidence indicates that Astragalus-derived
saponins exert immunomodulatory pharmacological
effects; however, their precise contribution to immune
homeostasis and their clinical relevance remain unclear
(29-36).

Pharmacological properties of Astragalus saponins

Anti-inflammatory effects and modulation of signaling
pathways

Evidence from in vitro and animal studies indicates that
saponins isolated from Astragalus species exhibit anti-
inflammatory activities at both cellular and molecular
levels. In experimental models, these compounds
attenuate inflammatory responses by reducing the
production of pro-inflammatory mediators and
modulating inflammation-related signaling pathways.
Preclinical studies identify regulation of intracellular
signaling pathways involved in inflammatory processes
as a key mechanistic basis for the anti-inflammatory
effects of Astragalus saponins. Nevertheless, the relative
contribution of specific pathways, along with their
translational relevance and clinical significance, remains
to be fully established (32,36-43).

Antioxidant and cytoprotective effects

Evidence from in vitro and animal studies suggests
that saponins isolated from Astragalus species exhibit
antioxidant and  cytoprotective  activities under
experimentally induced oxidative stress. In preclinical
models, these compounds reduce reactive oxygen species
production and enhance cellular antioxidant defense
mechanisms. In experimental systems, Astragalus-derived
saponins have also been associated with preservation of
cellular integrity, attenuation of membrane damage, and
improved cell viability under oxidative stress. Collectively,
these findings indicate that Astragalus saponins exhibit
cytoprotective pharmacological activities in preclinical
settings; however, their relevance to physiological
protection in humans remains to be established
(33,42,44-49).

Antitumor and antiproliferative effects

Experimental evidence derived from cell-based assays and
animal cancer models suggests that saponins obtained
from various Astragalus species exert measurable
antiproliferative and tumor-related biological effects. In
preclinical settings, these compounds suppress cancer
cell expansion and interfere with intracellular signaling
networks that regulate cell survival and proliferative
capacity. Mechanistic studies indicate that these effects
arise from alterations in cell-cycle dynamics and activation
of programmed cell death pathways under experimental
conditions. Despite these promising preclinical
observations, the clinical efficacy, safety profile, and
therapeutic relevance of Astragalus-derived saponins in
oncology remain insufficiently defined (50-56).

Inflammatory and immune-related diseases

Preclinical evidence indicates that saponins isolated from
various Astragalus species exhibit anti-inflammatory and
immunomodulatory effects in experimental models of
inflammatory conditions and immune-related disorders.
In in vivo experimental settings, these compounds
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Table 1. Cycloartane- and oleanane-type triterpenoid saponins reported from Astragalus species

No. Saponin (as reported) Structure type  Key structural features Astragalus species Plant part Reference

Rz

Laceioside (16B-Acetyloxy-3-0-B-D-Glucopyranosyloxy-Cycloartan-11a,24¢, Astragalus tephrosioides Boiss. var. lacei

1 25-Triol) Cycloartane R,=Glc, R,=H, R,=OAc (Al) Kirchoff Aerial parts (12)
2 6-0-B-D-Xylopyranosyl-3B,6a,16[3,24(S),25-Pentahydroxycycloartane Cycloartane R,=H, R,=O-Xyl, R,=OH Astragalus karjaginii BORISS Root and stem (13)
3 Cyclocanthoside E Cycloartane R =Xyl, R,=0-Glc, R,=OH Astragalus karjaginii BORISS Root and stem (13)
3-0-[A-L-Rhamnopyranosyl-(1 - 2)-A-L-Arabinopyranosyl-(1 -
Cycloart R.=Rha-Ara-Xyl, R =0-Glc, R .=OH

4 2)-B-D-Xylopyranosyl]-6-0O-B-D-Glucopyranosyl-33,6a,163,24(S),25- ycloartane (TRNaAra-AyL R, &Ry Astragalus karjaginii BORISS Root and stem (13)
Pentahydroxycycloartane

5 Cyclocanthoside D Cycloartane R =Xyl, R,=OH, R,=0-Glc Astragalus karjaginii BORISS Root and stem (13)

L Astragalus membranaceus (Fisch.) Bge.
6 H B Cycloart R,=Glc, R ==0, R,=OH St 14
uangqiyenin ycloartane 7RG R0, var. mongholicus (Bge.) Hsiao em (14)
Astl 1 b Fisch.) Bge.
7 Aleksandroside | Cycloartane R,=Glc, R =OH, R,=OH stragaus m?m ranaceus.( isch.) Bge Stem (14)
1 2 3 var. mongholicus (Bge.) Hsiao
Caspicuside | (3-O-A-L-Rhamnopyranosyl-16-0-B-D-Xylopyranosyl- ) .

8 Cycloart R,=Rha, R ,=OH, R_=Xyl Asti Il Bieb. Root 15
3B,6a,16,(24S),25-Pentahydroxycycloartane) ycloartane RN R, PR stragalus caspicus Ble 0 (15)
3-0-B-D-Xyl l,16- O-B-D-GlI 1-3B,6a,16pB,24(S),25- .

9 ylopyranosy ucopyranosyl-3p,6a,16p,24(5) Cycloartane R,=Xyl, R,=OH, R_=Glc Astragalus amblolepis Root (16)
Pentahydroxy-Cycloartane B 2 3

2L
3-O-[A-L-Rhamnopyranosyl-(1 = 2)-B-D-Xylopyranosyl]-6-0-B-D-Glucopyranosyl-
R,=Rha-Xyl, R.=0-Glc, R,=OAc, R =(4"-O-

10 24-0-A-(4’-0-Acetoxy)-L-Arabinopyranosyl-16-Oacetoxy-38,60a,168,24(S),25- Cycloartane a;a Ra-O\l/-I, 2=0-Gle, R;=0Ac, R,=(4-0-acetoxy) Astragalus wiedemannianus Fischer Aerial part (17)
Pentahydroxycycloartane P T
3-0-[A-L-Rhamnopyranosyl-(1->2)-B-D-Xylopyranosyl]-6-0O-B-D-Glucopyranosyl-

11 24-0-A-L-Arabinopyranosyl-16-O-Acetoxy-38,6a,168,24(S),25-Pentahydroxycycloar- Cycloartane R = Rha-Xyl, R,=0-Glc, R,=OAc, R, =Ara, R.=OH Astragalus wiedemannianus Fischer Aerial part (17)

tane
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Pharmacological properties of Astragalus saponins

Table 1. Continued

No. Saponin (as reported) Structure type Key structural features Astragalus species Plant part Reference
3-0-B-D-Xyl 125-0-B-D-Gl 1-3B,6a,16pB,24(S),25- .
12 ylopyranosy ucopyranosyl-3B,6a,168,24(S) Cycloartane R.=Xyl, R.=0H, R.=0OH, R ,=0H, R.=0-Glc Astragalus amblolepis Root (16)
Pentahydroxy-Cycloartane 1 2 3 4 5
3-0-[B-D-Glucuronopyranosyl- (1 - 2)-B-D-Xylopyranosyl]-25-0-B-D- _ _ _ _ _ .
13 Glucopyranosyl-38,6a, 168, 24(S),25-Pentahydroxy-Cycloartane Cycloartane R,=Glc-Xyl, R,=OH, R,=OH, R,=0OH, R .=0-Glc Astragalus amblolepis Root (16)
-O-A-L-Rh |-16,24-Di-O-B-D-GI I- 16PB,24(S),25-
14 6-0 amnopyranosyl-16, -0 Glucopyranosyl-3p,6a,168,24(5),25 Cycloartane R.=OH, R.=0-Rha, R_=0-Glc, R =0-Glc, R.=OH Astragalus amblolepis Root (16)
Pentahydroxy-Cycloartane 1 2 3 4 s
6-0-A-L-Rh 1-16,25-Dio-A-D-GlI I-3B,6a,16B,24(S),25- .
15 amnopyranosyl-16, 1o ucopyranosyl-3p,6a,16,24(5) Cycloartane R,=0H, R.=0-Rha, R,=0-Glc, R,=0H, R_.=0-Glc Astragalus amblolepis Root (16)
Pentahydroxy-Cycloartane B 2 3 4 5
16 Cycloascauloside B Cycloartane R =Rha-Glc, R,=OH Astragalus karjaginii BORISS Root and stem (13)
17 Cyclocephaloside | Cycloartane R =Xyl, R,=0-Glc Astragalus karjaginii BORISS Root and stem (13)
3-O-[A-L-Rhamnopyranosyl-(1 -2)-A-L-Arabinopyranosyl-(1 -2)-B-D-
18 Xylopyranosyl]-6-O-B-D-Glucopyranosyl-3B,6a,168,24a-Tetrahydroxy-20(R), Cycloartane R,=Rha(1->2)Ara(1->2)Xyl, R,=0-Glc Astragalus karjaginii BORISS Root and stem (13)
25-Epoxycycloartane
3-O-[A-L-Arabinopyranosyl-(1 =2)-B-D-Xylopyranosyl]-6-O-B-D-Glucopyranosyl- L
1 | R.= Ara(1->2)Xyl, R =0O-GI A lus k BORI R 1
9 38,6a,168, 24a-Tetrahydroxy-20(R), 25-Epoxycycloartane Cycloartane = Ara(1->2)Xyl, R,=0-Glc stragalus karjaginii BORISS oot and stem (13)
20 6-0-B-D-Glucopyranosyl-3B,6a,1683,24a-Tetrahydroxy-20(R),25-Epoxycycloartane  Cycloartane R,=0OH, R =0-Glc Astragalus karjaginii BORISS Root and stem (13)
3-0-[B-D-GI 1-(1->2)-B-Dxyl 11-3B,16B,24a-Trihyd -
21 20(R[),25-Ep2§3£332’;¥::::sy (1>2) xylopyranosyll-3B,16B,24a-Trihydroxy Cycloartane R =GlcA(1->2)Xyl, R,=OH Astragalus pennatulus Whole plant (19)
22 Cyclodissectoside Cycloartane R =Xyl, R,=Xyl Astragalus pennatulus Whole plant (19)
23 Hareftoside C Cycloartane R =Xyl, R,=OH Astragalus pennatulus Whole plant (19)
24 6-0-B-D-Glucopyranosyl-3B,6a,1683,24a-Tetrahydroxy-20(R),25-Epoxycycloartane  Cycloartane R,=0OH, R =0-Glc Astragalus pennatulus Whole plant (19)
25 Cyclosephaloside | Cycloartane R,=Xyl, R,=Glc Astragalus pennatulus Whole plant (19)
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Table 1. Continued

No. Saponin (as reported) Structure type Key structural features Astragalus species Plant part Reference
gz
26 Astragaloside IV Cycloartane R =Xyl, R,=0-Glc Astragalus karjaginii BORISS Root and stem (13)
Astrach ide A (3-O-[A-L-Rh I-(1->2)]-B-D-Xyl 1]-
27 strachrysoside A ( ! amnopyranosy-(1->2)] ylopyranosyl] Cycloartane R.=Rha(1->2)Xyl, R.=OH Astragalus karjaginii BORISS Root and stem (13)
Cycloastragenol) 1 2
3-0O-[B-Dglucuronopyranosyl-(1->2)-B-D-Xylopyranosyl]-33,16B,25-Trihydroxy-
2 Cycloart R.=Glc(1->2)Xyl, R =H Astl Il Il Whole plant 1
8 20(R),24(5)-Epoxycycloartane ycloartane ,=Glc(1->2)Xyl, R, stragalus pennatulus ole plan (19)
Ast 1 b Fisch.) Bge.
29 Astrolanosaponin A Cycloartane R.=Glc, R,=0-Glc stragaius m.em ranaceus.( isch.) Bee Stem (14)
L 1 2 var. mongholicus (Bge.) Hsiao
A I Fisch.) Bge.
30 Astrolanosaponin D Cycloartane R,=Glc, R =OH stragalus m.embranaceus.( isch.) Bge Stem (14)
1 2 var. mongholicus (Bge.) Hsiao
Ast 1 b Fisch.) Bge.
31 Cycloastragenol-3-OB-D-Glucopyranoside Cycloartane R =Glc, R,=OH v:r.r?ng;n(;;;rll::r:s (rgggje:ssi;olsc ) Bge Stem (14)
A I Fisch.) Bge.
32 Astraverrucin Il Cycloartane R,=GIcA, R =OH stragalus m.embranaceus.( isch.) Bge Stem (14)
1 2 var. mongholicus (Bge.) Hsiao
Astrasi ianin I(Cycloast I-3-0-(2',3",4'-TRI1-O-AcetyL)-B
33 —I;—;?/T;e;\fr;s:\zzlynL(—BY(CD?ZS—E)?(%/T;;yranosi(de; ! cety L) Cycloartane R=(2",3", 4" -tri-O-acety | )Xyl, R =Xyl Astragalus tmoleus Boiss var. tmoleus Root (20)
Astrasi ianin 11(Cycl I-3-0-(2',3"-Di-O-Acetyl)-B-D-Xyl I-6-0-
34 stra5|ever5|an|n. (Cycloastragenol-3-0-(2',3'-Di-O-Acetyl) vlopyranosyl-6-0 Cycloartane R.=(2',3'-di-O-acetyl)Xyl, R =Xyl Astragalus tmoleus Boiss var. tmoleus Root (20)
B-D-Xylopyranoside) 1 2
Cycl haloside I1(Cycloast I-3-0-(4'-O-Acetyl)-B-D-Xyl |-6-0-B-
35 yclocepha OSI, e ll(Cycloastrageno ( cetyl) ylopyranosy Cycloartane R,=(4'-0O-acetyl)Xyl, R,=0-Glc Astragalus tmoleus Boiss var. tmoleus Root (20)
Dglucopyranoside) B 2
Acetyl loside I(Cycl I-3-0-(2',3', 4'-TR | -O-Acety L) - B
36 _I;_GXYJIE:;fagnaoz\sllf:fg\_/chiall)sgtlrjcgs;;aiiid(e) 3 O-Acety L) Cycloartane R=(2",3", 4" -tri-O-acety | )Xyl, R,=0-Glc Astragalus tmoleus Boiss var. tmoleus Root (20)
37 Cycloastragenol Cycloartane R,=OH, R,=OH Astragalus wiedemannianus Fischer Aerial part (17)
38 Astragaloside IV Cycloartane R =Xyl, R,=Glc Astragalus wiedemannianus Fischer Aerial part (17)
39 Brachyoside B Cycloartane R,=0OH, R =0-Glc Astragalus wiedemannianus Fischer Aerial part (17)
40 Astragaloside Il Cycloartane R =(2"-O-acetyl)Xyl, R =0-Glc Astragalus wiedemannianus Fischer Aerial part (17)

194

Journal of Herbmed Pharmacology, Volume 15, Number 2, April 2026

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

Table 1. Continued

Pharmacological properties of Astragalus saponins

No. Saponin (as reported) Structure type Key structural features Astragalus species Plant part Reference
41 Astrachrysoside A Cycloartane R,=Rha(1->2)Xyl, R,=OH Astragalus wiedemannianus Fischer Aerial part (17)
42 Astrasieversianin X Cycloartane R =Xyl, R,=Xyl Astragalus wiedemannianus Fischer Aerial part (17)
Caspicuside 11(20(R), 24(S)-Epoxy-3-0-[B-D-Xylopyranosyl-(1-3)-B-D- . .
43 Cycloart R,=Xyl(1->3)Glc, R =Xyl Asti Il Bieb. Root 15
Glucopyranosyl]-6-O-B-D-Xylopyranosyl-38,6a,16B,25-Tetrahydroxycycloartane) ycloartane PVIA23)Gle, R,=Xy stragalus caspicus Ble 0 (15)
44 Astragaloside | Cycloartane R,=(2',3’-di-O-acetyl)Xyl, R =0-Glc Astragalus membranaceus Root (21)
45 Astragaloside Il Cycloartane R,=(2’-O-acetyl)Xyl, R,=0-Glc Astragalus membranaceus Root (21)
46 Astragaloside Ill Cycloartane R,=Glc(1->2)Xyl, R,=OH Astragalus membranaceus Root (21)
3-0-A-L-Arabinopyranosyl-(1->2)- B-D-Xylopyranosyl-6-O-[B-D-Glucopyranosyl]- .
= 152 =0- 22
47 20(R),24(S)-Epoxy-3p, 60,168, 25-Tetrahydroxy-Cycloartane, (Trojanoside H) Cycloartane R =Ara(1->2)Xyl, R,=0-Glc Astragalus sempervirens Root (22)
48 Huanggiyesaponin F Cycloartane R =(2"-0-Ac)Glc, R,=H Astragalus membranaceus Leaves (18)
49 Huanggiyesaponin G Cycloartane R =(6"-0-Ac)Glc, R,=H Astragalus membranaceus Leaves (18)
50 Huanggiyesaponin H Cycloartane R=Xyl, R,=H Astragalus membranaceus Leaves (18)
51 Huanggiyesaponin | Cycloartane R,=Glc, R,=H Astragalus membranaceus Leaves (18)
52 Huanggiyesaponin J Cycloartane R,=(2',6"-0-Ac)Glc, R =H Astragalus membranaceus Leaves (18)
53 Huanggiyesaponin K Cycloartane R,=(3",6"-0-Ac)Glc, R =H Astragalus membranaceus Leaves (18)
3,25-Di-0-B-D-Glucopyranosyl-6-0-B-D-Xylopyranosyl-3B,6a,163,25-Tetrahydroxy-
54 20(R), 24(S)-Epoxycycloartane Cycloartane R,=Glc, R,=0-Xyl, R,=0-Glc Astragalus pennatulus Whole plant (19)
Ast 1 b Fisch.) Bge.
55 Astrolanosaponin A Cycloartane R,=GlIcA, R =OH, R,=0-Glc stragalus m?m ranaceus‘( isch.) Bee Stem (14)
2 1 2 3 var. mongholicus (Bge.) Hsiao
Astl 1 b Fisch.) Bge.
56 Astrolanosaponin B Cycloartane R,=Glc, R = =0, R =0-Glc stragalus m'em ranaceus.( isch.) Bge Stem (14)
1 2 3 var. mongholicus (Bge.) Hsiao
Ast 1 b Fisch.) Bge.
57 Cycloaraloside E Cycloartane R,=Glc, R =OH, R,=0-Glc stragalus mfem ranaceus.( isch.) Bee Stem (14)
1 2 3 var. mongholicus (Bge.) Hsiao
3-0-[A-L-Rhamnopyranosyl-(1 - 2)-B-D-Glucopyranosyl]-25-0-Bd-Glucopyranosyl- . . . .
58 Cycloart R.=Rha(1->2)Glc, R =OH, R_=0-GI Asti Il d Fisch Al | t 17
20(R), 24()-Epoxy-3p, 60,168, 25-Tetrahydroxycycloartane ycloartane ,=Rha(1->2)Glc, R, X c stragalus wiedemannianus Fischer erial par (17)
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Table 1. Continued

No. Saponin (as reported) Structure type Key structural features Astragalus species Plant part Reference

g o

Astragalus membranaceus (Fisch.) Bge.

59 H i in A Cycloart R=GlI St 14
uangqiyenin ycloartane ¢ var. mongholicus (Bge.) Hsiao em (14)
60 Huanggiyesaponin A Cycloartane R= (3’-0-Ac)Glc Astragalus membranaceus Leaves (18)
61 Huanggiyesaponin B Cycloartane R= (6"-O-Ac)Glc Astragalus membranaceus Leaves (18)
62 Huanggiyesaponin C Cycloartane R=(2’-0-Ac)Glc Astragalus membranaceus Leaves (18)
63 Huanggiyesaponin D Cycloartane R= (4',6’-0-Ac)Glc Astragalus membranaceus Leaves (18)
64 Huanggiyesaponin L Cycloartane R=Xyl Astragalus membranaceus Leaves (18)
65 Huanggiyesaponin M Cycloartane R=(2’-0-Ac)Glc Astragalus membranaceus Leaves (18)
66 Huanggiyesaponin N Cycloartane R=(6"-0-Ac)Glc Astragalus membranaceus Leaves (18)
17(R),20(R)-3B,60,16B-Trihyd loartanyl-23-Carboxylic Acid 16-Lact
67 3-C()-I)31-D-(GI)ucE;Jy(:;noEidZ ydroxycycloartany arboxylic Act actone Cycloartane R=Glc Astragalus glycyphyllos L. Aerial parts (23)
3-0-B-D-Xyl |-6-0-B-D-Gl 1-38,60,16B-
68 ylopyranosy ucopyranosyl-3p,6a,16p Cycloartane R =Xyl, R,=Glc Astragalus pennatulus Whole plant (19)

Trihydroxy-24-Oxo-20(R),25-Epoxycycloartane
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Table 1. Continued
No. Saponin (as reported) Structure type Key structural features Astragalus species Plant part Reference
",
A Il Fisch.) Bge.
69 Astrolanosaponin E Cycloartane R=Glc stragalus mfambranaceus'( isch.) Bge Stem (14)
var. mongholicus (Bge.) Hsiao
"
70 Cyclomacroside D Cycloartane R,=Rha, R,=Xyl Astragalus armatus Pod (24)
71 Huanggiyesaponin E Cycloartane R=Glc Astragalus membranaceus Leaves (18)
RO,
OH
HO'
& 'CH,0H
72 29-0-A-L-Rhamnopyranosyl-Abrisapogenol B Oleanane R=Rha Astragalus pennatulus Whole plant (19)
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Table 1. Continued

No. Saponin (as reported) Structure type Key structural features Astragalus species Plant part Reference
Rs oRa
HOH,C %

73 Hareftoside E(3-O-[B-D-Xylopyranosyl-(12)-0-8-D-Glucopyranosyl-(1>2)-0-8-D- - o .o R.=Xyl-Glc-GIcA, R =OH, R =CH_, R =CH_, R.=CH,  Astragalus hareftae Whole plant (25)
Glucuronopyranosyl]-Soyasapogenol B) 1 2 37 1y T =y Rg= g

74 29-0-A-L-Rhamnopyranosyl-Abrisapogenol B Oleanane R,=H, R,=0OH,R,=CH,, R,=CH,, R.=CH, Astragalus pennatulus Whole plant (19)

N

3-O-[A-L-Rhamnopyranosyl-(1->2)-B-D-Xylopyranosyl-(1 = 2)-B-D-

75 Glucuronopyranosyl]-29-0-B-Dglucopyranosyl-33,223,24-Trihydroxyolean-12-En- ~ Oleanane R =Rha-Xyl-GlcA, R,=OH,R,=CO0-Glc Astragalus tauricolus Whole plant (26)
29-Oic acid.
3-0-[A-L-Rhamnopyranosyl-(1->2)-B-Dglucopyranosyl-(1->2)-B-D-

76 Glucuronopyranosyl]-29-0-B-D-Glucopyranosyl-33,228,24,-Trihydroxyolean-12-En- Oleanane R,=Rha-Glc-GlcA, R,=OH, R,=CO0-Glc Astragalus tauricolus Whole plant (26)
29-0Oic acid.
3-0-[A-L-Rhamnopyranosyl-(1->2)-B-D-Glucopyranosyl-(1 —>2)-B-D-

77 Glucuronopyranosyl]-29-0O-B-D-Glucopyranosyl-3B,228,24,29-Tetrahydroxyolean- ~ Oleanane R,=Rha-Glc-GlcA, R,=OH, R,=CH,0-Glc Astragalus tauricolus Whole plant (26)
12-Ene.
3-0-[A-L-Rhamnopyranosyl-(1 - 2)-B-D-Xylopyranosyl-(1 - 2)-B-D-

78 Glucuronopyranosyl]-22-O-A-L-Rhamnopyranosyl-3B,228,24-Trihydroxyolean-12-  Oleanane R,=Rha-Xyl-GlcA,R,=0-Rha, R,=CH, Astragalus tauricolus Whole plant (26)
Ene.
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No.  Saponin (as reported) Structure type  Key structural features Astragalus species Plant part Reference
3-0-[A-L-Rhamnopyranosyl-(1->2)-B-D-Glucopyranosyl-(1->2)-B-D- .

79 ol R,=Rha-Glc-GIcA, R = =0, R,=COOH Asti lus t / Whole plant 26
Glucuronopyranosyl]-3B,24-Dihydroxyolean-12-Ene-22-0Oxo0-29-Oic acid eanane (TRNAGICGICA, B, Tl stragalus tauricolus ole plan (26)
3-0-[B-D-Glucopyranosyl-(1 - 2)-B-D-Glucuronopyranosyl]-29-O-B- .

80 ol R.=Glc-GlIcA, R =OH, R,=CO0O-GlI Astl lus t / Whole plant 26
Dglucopyranosyl-38,22B,24,-Trihydroxyolean-12-En-29-Oic acid eanane TOICBICA R, 3 ¢ stragalus tauricolus ole plan (26)
3-0-[B-D-Xylopyranosyl-(1->2)-B-D-Glucuronopyranosyl]- .

81 ol R,=Xyl-GlcA- R =OH, R =COO-GlI Ast lus t | Whole plant 26
29-0-B-D-Glucopyranosyl-38,223,24,-Trihydroxyolean-12-En-29-Oic Acid eanane FRYERICAR, ' ¢ stragalus tauricolus ole plan (26)

-O-[A-L-Rh I-(1 -2)-B-D-GI 1]-22-0-B-
82 3 O,[ amnopyranosyl-(1 >2) Glucuronopyranosyl] 0 Oleanane R,=Rha-GlcA, R,=0-Api,R.=CH Astragalus caprinus Root (27)
Dapiofuranosyl-Soyasapogenol B 1 2 373
Ry R
3-0-[A-L-Rhamnopyranosyl-(1->2)-B-D-Xylopyranosyl-(1-2)-B-D- R,=Rha-Xyl-GIcA, R,=CH_OH, R,=CH_, R,=OH, R_= .
I 1 22 3Ty E A 1 I Whole pl 2

8 Glucuronopyranosyl]-38,21B,22a,24,29-Pentahydroxyolean-12-Ene Oleanane o-OH stragalus angustifolius ole plant (28)
3-0-[A-L-Rhamnopyranosyl-(1->2)-B-D-Xylopyranosyl-(1->2)-B-D- R.=Rha-Xyl-GlIcA, R =CH,, R.=COOH, R,=H, R = e

84 ol t 2T 4 E Ast 1 tifol Whole plant 28
Glucuronopyranosyl]-3,22,24-Trihydroxyolean-12-En-29-Oic Acid eanane B-OH stragalus angustifolius ole plan (28)
3-0-[A-L-Rhamnopyranosyl-(1->2)-B-D-Xylopyranosyl-(1 ->2)-B-D-

R,=Rha-Xyl-GIcA, R.=CH_, R,=CH_, R,=H, R_=B-O- g

85 Glucuronopyranosyl]-22-0O-A-L-Arabinopyranosyl-3,220,24-Trihydroxyolean- Oleanane BfGIc a-AylGIeA, R=CH,, Ry=thy, By =B Astragalus angustifolius Whole plant (28)
12-Ene

86 29-0-B-D-Glucopyranosyl-3B,228,24,29-Tetrahydroxy-Olean-12-Ene Oleanane R =H, R,=CH,0-B-Glc,R,=CH,, R,=H, R.= B-OH Astragalus angustifolius Whole plant (28)
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attenuate inflammatory responses and modulate immune
system activity. For instance, in animal models, Astragalus
saponinsreduceinflammatory cellinfiltration and preserve
tissue integrity in affected organs. Collectively, these
observations are consistent with the immunomodulatory
and anti-inflammatory mechanisms described above in
the Biological Effects section; however, their translational
relevance to human inflammatory and immune-mediated
diseases remains to be established (32,33,36,41,45,57-66).

Hepatic and metabolic diseases

Preclinical evidence suggests that saponins isolated
from Astragalus species exhibit hepatoprotective and
metabolism-related biological effects in experimental
models of liver and metabolic disorders. In animal studies,
these compounds attenuate the progression of liver
fibrosis and modulate biochemical markers of hepatic
function under experimentally induced pathological
conditions. Experimental findings further indicate that
treatment with Astragalus saponins is associated with
preservation of tissue architecture and reduction in
the severity of histopathological alterations in the liver
and metabolically affected tissues. Collectively, these
effects are consistent with the anti-inflammatory and
antioxidant pharmacological activities described above in
the Biological Effects section; however, their translational
relevance to human hepatic and metabolic diseases
remains to be established (33,46,48,67-70).

Neurological and neurodegenerative diseases

Available preclinical studies indicate that saponins
derived from Astragalus species exert neuroprotective
effects in experimental models of neurological and
neurodegenerative disorders. Evidence from animal
models demonstrates that these compounds can reduce the
extent of neuronal damage and support neuronal viability
under pathophysiological conditions. At both cellular and
molecular scales, such effects are commonly attributed to
mechanisms discussed earlier in this review, including the
mitigation of oxidative stress, modulation of inflammatory
signaling, and maintenance of cellular structural integrity.
Nevertheless, the extent to which future research can
translate these experimental observations into effective
therapeutic strategies for human neurological and
neurodegenerative diseases remains uncertain (71-77).

Cardiovascular diseases

Preclinical evidence suggests that saponins isolated from
Astragalus species exhibit cardioprotective biological
effects in experimental models of cardiovascular disorders.
In animal-based investigations, experimental evidence
indicates that these compounds attenuate the severity of
ischemia/reperfusion injury and modulate parameters
associated with cardiac function under pathophysiological
conditions. Additional experimental findings indicate
that Astragalus saponin treatment is associated with

reduced endothelial dysfunction and preservation
of cardiovascular tissue integrity. Collectively, these
observations are consistent with the anti-inflammatory,
antioxidant, and cytoprotective mechanisms discussed
above in the Biological Effects section; however, their
translational relevance to human cardiovascular diseases
remains to be fully established (78-83).

Cancers

A substantial body of preclinical research supports the
antitumor and antiproliferative potential of saponins
isolated from Astragalus species in diverse experimental
cancer systems. Experimental evidence from cell-based
assays and animal cancer models indicates that saponins
isolated from various Astragalus species exert measurable
antiproliferative and antitumor biological effects. In
preclinical settings, these compounds suppress cancer
cell expansion and interfere with intracellular signaling
networks that regulate cell survival and proliferative
capacity. Data from both in vitro and in vivo studies
further demonstrate that Astragalus saponins modulate
tumor-associated biological processes by altering
signaling pathways involved in cell-cycle control and
apoptotic regulation, resulting in reduced cancer cell
proliferation. Moreover, experimental studies suggest
that Astragalus-derived saponins enhance the sensitivity
of malignant cells to conventional anticancer agents
under controlled laboratory conditions. Collectively,
these findings align with the broader regulatory effects
of Astragalus saponins on cellular survival and death
signaling pathways discussed in the Biological Effects
section; however, their translational relevance and
prospective clinical application remain insufficiently
characterized (50,56,84-86). Moreover, experimental
studies suggest that Astragalus-derived saponins may
increase the sensitivity of malignant cells to conventional
anticancer agents under controlled laboratory conditions.
Taken together, these findings align with the broader
regulatory influence of Astragalus saponins on cellular
survival and death signaling networks discussed in the
Biological Effects section. Experimental evidence from
cell-based assays and animal cancer models indicates that
saponins isolated from Astragalus species exert measurable
antiproliferative and antitumor pharmacological activities
in preclinical settings. These compounds suppress cancer
cell proliferation by interfering with tumor-associated
biological processes and by modulating intracellular
signaling pathways involved in cell-cycle regulation and
apoptotic control. Inaddition, experimental studies suggest
that Astragalus-derived saponins increase the sensitivity
of malignant cells to conventional anticancer agents
under controlled laboratory conditions. Collectively, these
findings are consistent with the broader regulatory effects
of Astragalus saponins on cellular survival and death
signaling networks discussed in the Biological Effects
section. Nevertheless, current evidence does not yet clarify

200 Journal of Herbmed Pharmacology, Volume 15, Number 2, April 2026

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

their translational significance or prospective application
in clinical oncology (50,56,84-86). (50,56,84-86).

Pharmacokinetics and bioavailability of Astragalus
saponins

Although Astragalus saponins have potential therapeutic
applications, their clinical use remains limited, primarily
due to poor oral bioavailability. Astragaloside IV exhibits
very low intestinal permeability, as demonstrated by
in situ intestinal perfusion studies. It also transports
experiments using Caco-2 cell monolayers, resulting in
low plasma concentrations following oral administration.
Pharmacokinetic studies in rats have reported an absolute
oral bioavailability of approximately 2.2%, indicating
limited systemic absorption after oral use (87).

Other studies have corroborated these findings and
suggest that low oral bioavailability may also result
from multiple variables, including (i) high molecular
weight; (ii) poor intracellular penetration; and (iii) low
solubility in biological fluids. In addition, preliminary
evidence indicates that gut microbes may metabolize
astragaloside IV into more absorbable metabolites, such as
cycloastragenol, which appear in the systemic circulation
following intramuscular injection. Unfortunately, much
of the information regarding this metabolic conversion
process and its potential significance in humans has yet to
be collected or published (88).

Studies in animals suggest that astragaloside IV, upon
intravenous injection, is distributed to various organs,
particularly in theliver, kidneys, lungs, and heart. However,
due to astragaloside IV’s limited ability to cross the blood-
brain barrier, its distribution to the brain is restricted,
potentially preventing it from reaching therapeutic levels
in some target tissues (89).

On the other hand, pharmacokinetic analysis in
mice and dogs has revealed that astragaloside IV has a
relatively short half-life and linear systemic clearance,
with no apparent dose-dependent differences between
low and high doses. This indicates that the dose predicts
the pharmacokinetics and pharmacodynamics of
astragaloside IV, allowing for reliable anticipation of its
distribution and elimination profiles. Astragaloside IV is
eliminated primarily via urine and feces. About 83% of
the compound binds to plasma proteins, which may affect
its distribution to other tissues and the duration of its
pharmacologic activity in those tissues (90).

Safety and toxicity of Astragalus saponins

Preclinical studies suggest that most Astragalus
saponins are relatively safe, including astragaloside IV
and cycloastragenol. In studies evaluating their safety
profiles at possible therapeutic doses, there was little to
no evidence of acute toxic effects on major organs, and
both compounds exhibit high tolerability across a wide
dose range (including higher doses), with no evidence of
systemic toxicity (91).

Pharmacological properties of Astragalus saponins

Few human studies have shown that astragalosides can
be administered IV for multiple days without causing
significant side effects or significantly altering liver or
kidney function. However, very little data is available
regarding long-term safety in humans (91).

Some studies have also indicated that certain
considerations when using astragalosides in specific
situations, like pregnancy, administering doses of
astragaloside IV, can affect fetal development/survival.
Therefore, these findings necessitate caution regarding
use during pregnancy. Further, the safety of Astragalus
saponins requires investigation in other special situations,
such as while nursing or caring for a baby, over a prolonged
period (91).

Interactions with other drugs

Besides pharmacokinetic and safety considerations,
several studies indicate that astragalosides may interact
with drug-metabolizing enzymes, such as CYP1A2, and
inhibit their activity. Consequently, Astragalus saponins
may interact with concomitant drug therapies. Therefore,
preclinical safety and interaction data necessitate careful
evaluation of the clinical use of astragaloside IV to
minimize the risk of adverse outcomes (92).

The pharmacokinetic profiles of astragalosides indicate
low oral bioavailability and limited organ distribution
in animal models. They also demonstrate a clear
understanding of their metabolism and elimination.
The preclinical safety data appear favourable; however,
there are still many unknowns regarding the long-term
safety and potential drug interactions in humans, which
warrant further investigation of these compounds’ human
pharmacokinetics and safety.

Research gaps and limitations, and suggestions

While there is a large amount of information on the
biological and pharmacological effects of saponins from
plants of the genus Astragalus, a thorough review reveals
limitations and gaps in knowledge that may affect the
interpretation of existing data and their introduction into
clinical use. One significant gap is that astragaloside IV
receives more attention than all other saponins found in
many different Astragalus spp. At the same time, there is a
large degree of variability in structure, particularly among
cycloartane- and oleanane-type saponins. Therefore,
pharmacological studies of most Astragalus saponins have
been conducted on only a small subset, limiting the ability
to extrapolate results to the entire class. Additionally, the
evidence base for the present research primarily comprises
in vitro laboratory experiments and animal studies, with
a limited number of human clinical studies. Without
properly controlled clinical trials, the ability to accurately
assess the efficacy, safety, and appropriate dosage of this
therapeutic modality in clinical practice will remain
limited, leaving the majority of its therapeutic implications
at the preclinical stage. Another notable limitation of
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the current research is the lack of standardization in
the extraction, purification, and identification of the
saponins as separate compounds. Additionally, in some
reports on these saponins, key information on the plant
source material, species identification, and the chemical
characterization of the saponins investigated has not been
adequately documented.

Like most natural compounds, there are limitations to
the pharmacokinetics, bioavailability, and metabolism
of saponins in the body. Very low oral bioavailability,
extensive intestinal metabolism, and an incomplete
understanding of organ-specific distribution collectively
hinder accurate evaluation of the therapeutic potential of
these saponins. Likewise, little information is available on
the potential long-term toxicity and safety, as well as on
any possible drug-drug interactions, for these compounds.

Furthermore, most studies to date on the therapeutic
effects of saponins have focused on their pharmacological
actions via a single mechanistic pathway. However, few
integrated analyses have addressed interactions among
multiple molecular mechanisms and signalling pathways.
This reductionism has limited our understanding of how
saponins from the genus Astragalus work in the treatment
of complex, multifactorial diseases. Therefore, while
existing preclinical evidence underscores the potential
of Astragalus saponins as effective therapeutic agents,
rigorous methodological standardization, comparative
investigations, and systematic pharmacokinetic profiling
remain indispensable to validating their clinical relevance
and translational applicability.

Despite the aforementioned limitation, a growing body
of literature supports the potential clinical use of saponins,
particularly astragaloside IV and other cycloartane-type
saponins extracted from various Astragalus species. As
demonstrated in preclinical models, these saponins exhibit
a wide range of biological and pharmacological activities.
In addition, the comprehensive literature reviews and
multicentre studies have provided detailed information on
the anti-inflammatory, antioxidant, immunomodulatory,
anticancer, and protective activities of these compounds
in preclinical models. However, most available evidence
is based primarily on in vitro and animal studies, and
clinical validation in humans remains very limited (93).

One of the primary strategies for advancing the
therapeutic development of Astragalus saponins involves
their incorporation into advanced pharmaceutical
delivery platforms, including targeted delivery systems
and nanocarriers. Such approaches offer a rational means
of enhancing bioavailability, improving physicochemical
stability, and enabling tissue-specific delivery. Notably,
nano-formulated delivery systems of astragaloside IV
have demonstrated enhanced absorption and controlled
release in target tissues, underscoring the potential of
nanotechnology-based formulations to optimize the
pharmacokinetic and therapeutic profiles of Astragalus
saponins (91).

In addition to formulation development, systematic
investigation of the pharmacological properties of
other saponins that have received limited systematic
investigation in Astragalus and related species remains a
critical research priority. Chemical and pharmacological
reviews suggest that, beyond astragaloside IV, the genus
Astragalus harbors a diverse array of bioactive saponins
whose pharmacological properties remain insufficiently
characterized, representing a substantial yet underexplored
reservoir for future therapeutic discovery (94).

In oncology, the combination of conventional
chemotherapies with Astragalus saponins is a promising
area for future research. Co-administration of astragaloside
IV with standard chemotherapeutic agents may improve
drug response and diminish tumor resistance to these
agents, and warrants further evaluation in preclinical and
clinical settings (56,95).

The standardization of plant sources, extraction
process, and evaluation techniques remains a significant
obstacle in the development of Astragalus saponins
as therapeutic agents. Variations in species selection,
growing conditions, extraction methods, and compound
purity create considerable variability in the resulting data,
suggesting that standardized and reproducible methods
are necessary (93).

At the preclinical level, available data support the
significant therapeutic potential of Astragalus saponins.
Future research will include developing advanced
formulation  strategies,  systematically  evaluating
underrepresented saponins, conducting high-quality
clinical trials, and developing standardized methods for
extracting and characterizing the saponins. Continued
research investment in these areas could advance
Astragalus saponins from basic research to clinical
applications.

Discussion
The genus Astragalus reaches its highest species
diversity in the Iran-Turan phytogeographical region
and serves as a primary centre of diversification for the
genus. Phylogenetic studies have distinguished Old
World lineages from the New World clade, commonly
referred to as Neo-Astragalus. Current phytochemical
and pharmacological research predominantly targets
Old World Astragalus species, particularly those
distributed in Asia and the Middle East, which exhibit
a high prevalence of cycloartane-type triterpenoid
saponins. In contrast, the Neo-Astragalus lineage remains
comparatively underexplored and appears to possess a
more heterogeneous and less clearly defined secondary
metabolite  profile.  Consequently, comprehensive
comparative evaluations of chemical diversity between
Old World and Neo-Astragalus lineages remain limited.
Although Astragalus species produce a chemically
diverse spectrum of cycloartane- and oleanane-type
saponins, most mechanistic, pharmacokinetic, and safety
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dataare concentrated onastragalosideIV, whichistherefore
widely used as a reference compound in preclinical
investigations. Evidence suggests that several structurally
related saponins exhibit comparable biological activities.
However, their molecular mechanisms, structure-
activity relationships, and translational relevance remain
insufficiently characterized, highlighting the need for
broader comparative studies across Astragalus saponins.
Preclinical investigations suggest that saponins derived
from Astragalus species play a regulatory role in immune
and inflammatory processes through their influence on
intracellular signaling cascades, most notably NF-«xB and
NLRP3. Modulation of these pathways correlates with
diminished production of pro-inflammatory mediators
and functional adjustments in immune cell responses
(36). In parallel, antioxidant and cytoprotective properties
have been linked to activation of the Nrf2 signaling axis,
leading to enhanced expression of endogenous antioxidant
systems such as superoxide dismutase and glutathione
(35).

Beyond immunological effects, Astragalus saponins
have shown broad antiproliferative activity in
experimental disease models. In cancer-related settings,
these compounds have been reported to interfere with
cell-cycle progression, promote apoptotic signaling,
suppress tumor cell migration and invasion, and enhance
cellular responsiveness to conventional chemotherapeutic
agents under laboratory conditions (84,86). Preclinical
cardiovascular and hepatic models demonstrate
protective actions of Astragalus saponins, including
attenuation of ischemia-reperfusion injury, fibrotic
remodeling, and post-injury endothelial or myocardial
dysfunction (67,79). Moreover, in models of neurological
and neurodegenerative disorders, neuroprotective effects
have been attributed to reductions in neuronal apoptosis,
oxidative burden, and neuroinflammatory responses,
contributing to the preservation of neuronal function
(73,77).

Despite the substantial body of preclinical evidence,
essential limitations remain, including the scarcity
of controlled clinical trials in humans, limited
pharmacokinetic and bioavailability data, a pronounced
research bias toward astragaloside IV, and the absence
of long-term safety evaluations. Addressing these gaps
will require well-designed clinical studies, improved
formulation strategies, and expanded investigation of
less-studied Astragalus saponins to define their clinical
relevance and translational applicability (93).

Conclusion

Saponins derived from Astragalus species represent a
structurally diverse group of bioactive natural compounds
with a wide range of preclinical pharmacological activities.
Available evidence indicates that these saponins exert
immunomodulatory, anti-inflammatory, antioxidant,
antitumor, cardioprotective, hepatoprotective, and

Pharmacological properties of Astragalus saponins

neuroprotective effects through multiple molecular
mechanisms. However, current knowledge derives
largely from preclinical models and disproportionately
emphasizes a limited number of compounds, particularly
astragaloside IV. Future studies integrating comparative
phytochemistry, pharmacokinetics, and well-designed
clinical investigations are essential to better define the
therapeutic potential and translational relevance of
Astragalus saponins.
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