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Objective: This study aims to elucidate the intervention effects of saponin
components from Polygala tenuifolia Willd (Polygalaceae) on dementia,
providing experimental evidence and new insights for the research and
application of saponins in the field of dementia.

Materials and Methods: This review is based on a search of the PubMed, NCBI,
and Google Scholar databases from their inception to 13 May 2024, using terms
such as “P. tenuifolia,” “P. tenuifolia and saponins,” “toxicity,” “dementia,”
“Alzheimer’s disease,” “Parkinson’s disease dementia,” and “vascular dementia.”
The article summarizes the saponin components of P. tenuifolia, including
tenuigenin, tenuifolin, polygalasaponins XXXII, and onjisaponin B, as well as
the pathophysiological mechanisms of dementia. Importantly, it highlights the
potential mechanisms by which the active components of P. tenuifolia prevent
and treat diseases and relevant clinical studies.

Results: The saponin components of P. tenuifolia can reduce β-amyloid
accumulation, exhibit antioxidant effects, regulate neurotransmitters, improve
synaptic function, possess anti-inflammatory properties, inhibit neuronal
apoptosis, and modulate autophagy. Therefore, P. tenuifolia may play a role in
the prevention and treatment of dementia.

Conclusion: The saponin components of P. tenuifolia have shown certain
therapeutic effects on dementia. They can prevent and treat dementia
through various mechanisms.
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1 Introduction

Dementia is a common disabling syndrome characterized primarily by the gradual or
progressive loss of memory, executive abilities, and other cognitive functions (Galasko,
2013). As cognitive abilities deteriorate, approximately 90% of individuals with dementia
exhibit psychological and behavioral abnormalities, including aggression, psychosis,
agitation, and depression (Aarsland, 2020). The decline in cognitive function is typically
attributed to neurodegenerative processes, such as the abnormal accumulation of proteins
within brain cells and changes in the function of cellular components, which ultimately
impair neuronal function and diminish cognitive and memory capacities (Ritchie and
Lovestone, 2002). Recent research suggests that vascular aging contributes, at least in part,
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to the onset of dementia, a finding substantiated in various subtypes
of the condition (Andersson and Stone, 2023; Raz et al., 2016). High-
risk factors such as hypertension are significant contributors to
vascular damage (Lyon et al., 2024). Autopsies indicate that over half
of those aged 65 and older exhibit small vessel disease (Hainsworth
et al., 2024), underscoring the importance of mitigating risk factors
that contribute to cerebrovascular and cumulative brain damage as a
strategy for preventing dementia. Dementia is classified into several
subtypes, with Alzheimer’s disease (AD) and vascular dementia
(VaD) being the most prevalent, accounting for approximately 60%
and 20% of cases, respectively. Other forms include Lewy body
dementia (about 10%), frontotemporal dementia (about 5%), and
Parkinson’s disease dementia (about 2%) (Duong et al., 2017).

According to projections, the global dementia population in
2019 was approximately 55.2 million, with associated societal costs
estimated at $1.313 trillion (Wimo et al., 2023). In the United States, the
number of Alzheimer’s disease patients aged 65 and older stood at about
6.7 million in 2023, projected to increase to 13.8 million by 2060. The
financial burden related to healthcare, long-term care, and end-of-life
services is projected to reach $345 billion (Alzheimer’s disease facts and
figures, 2023). A further forecast for 2023 estimates the global
Alzheimer’s population at 416 million, representing roughly 22% of
those aged 50 and over, with 315 million potentially in the preclinical
stages of the disease (Gustavsson et al., 2023). Overall, dementia
imposes a substantial socio-economic burden, particularly in low-
and middle-income countries, where it is estimated that 61% of
global dementia costs account for only 26% of total expenditures
(Wimo et al., 2023). This disparity likely contributes to a lower
quality of life for dementia patients in these regions. The uneven
distribution and increasing prevalence of the condition significantly
heighten the burden on families and societies (Arruda and Paun, 2017).
Given the limited effectiveness of current treatments, there is an urgent
need for innovative therapeutic strategies.

Polygala tenuifolia (PT) is extensively used in China, Japan, and
South Korea as a component of traditional Asianmedicine, boasting a
long history of application (Jiang et al., 2021; Haraguchi et al., 2022).
Ancient Chinese medical texts document PT’s efficacy in treating
ailments such as insomnia, neurasthenia, excessive cough with
phlegm, and palpitations (Jiang et al., 2021; Chen et al., 2023). In
preclinical research, PT and its extracts have demonstrated
neuroprotective properties, as well as potential for dementia
prevention and antidepressant effects (Shin et al., 2018; Han et al.,
2021). Traditional plant-based medicinal combinations containing
PT, such as Kaixinsan (Fu et al., 2019), Sagacious Confucius’ Pillow
Elixir (Hou et al., 2019), and Buyuan Congnao decoction (Chen et al.,
2012a), have also exhibited pharmacological actions against AD.
Regarding its chemical composition, PT contains saponins, sugars
and glycosides, polygols, ketones, alkaloids, fatty oils, and resins (Tian
et al., 2015; Ba et al., 2019; Luo et al., 2024), with several of these
constituents confirmed to possess anti-dementia properties.
Mechanistically, its actions encompass anti-inflammatory (Zhou
et al., 2021), antioxidant (Tang et al., 2022), anti-apoptotic (Choi
et al., 2011), anti-amyloid beta protein deposition (Zhao et al., 2015),
and neurotransmitter regulation (Lee et al., 2004), providing a broad
spectrum of interventions.

Among these, saponin compounds are one of the primary
components of P. tenuifolia. Saponins are mainly distributed in
terrestrial plants, with a diverse array of types and complex

structures characterized by their triterpene or steroid aglycone
and one or more sugar chains (Güçlü-Ustündağ and Mazza,
2007). Currently, all saponin compounds identified in PT are
triterpenoid saponins. Studies have shown that these saponin
compounds can penetrate the blood-brain barrier and have a
prolonged retention time in the body, providing a material basis
for their use in treating brain lesions. Some saponin extracts from PT
have been proven to intervene in the progression of dementia
through various mechanisms, including anti-inflammatory,
antioxidant, anti-apoptotic, and autophagy regulation.

The aim of this review was to examine the pharmacological
effects of the saponin active components in PT for the treatment
of dementia.

2 Saponin compounds in
Polygala tenuifolia

The saponin compounds of P. tenuifolia represent some of the
most significant active ingredients in PT, all categorized as
triterpenoid saponins with a fundamental structure of pentacyclic
triterpenes, specifically of the oleanane-type (Liu et al., 2021). To
date, numerous PT saponins have been identified, including
Sibiricasaponins A-E (Song et al., 2013), onjisaponins (A, B, E, F,
etc.) (Zeng et al., 2021), and tenuifoliside A-C (Son et al., 2022).
Although extensive, pharmacological research has primarily
concentrated on tenuigenin (senegenin), polygalasaponins XXXII,
tenuifolin, and onjisaponin B (Figure 1). These saponin compounds
have demonstrated extensive neuroprotective effects in the
treatment of dementia, employing diverse mechanisms of
intervention, and have shown particularly effective outcomes in
managing AD and PDD. This review will provide a systematic
summary of the action mechanisms of these compounds.

3 Plant localization and
pharmacokinetics of saponin
compounds

The saponin components of PT are predominantly found in the
roots, with the concentration in the aboveground parts amounting
to only about one-fifth to one-quarter of that in the roots, which is
the primary rationale for utilizing the roots for extraction and
medicinal purposes (Park et al., 2008; Vinh et al., 2020).
Regarding age, there is an inverse relationship between the age of
the plant and the concentration of total saponins and sapogenins;
older roots contain lower levels of saponins, with annual roots
offering the highest quality (Teng et al., 2009). However, the
diameter of triennial roots is approximately 2–3 times that of
annual roots. Consequently, triennial roots yield a higher
biomass, aligning more closely with traditional harvesting
practices (Teng et al., 2009).

In terms of pharmacokinetics, saponin compounds exhibit poor
membrane permeability and generally demonstrate suboptimal
absorption due to physicochemical properties such as a high
molecular weight (>500 Da), substantial hydrogen bonding
capability (>12), and significant polymer flexibility (>10) (Yu
et al., 2012). Tenuigenin, an active ingredient in PT extract, was
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tested using Institute of Cancer Research (ICR) mice. The half-lives
for oral and intravenous administration were recorded at 2.6 ± 0.6 h
and 1.6 ± 0.4 h, respectively, with an oral bioavailability of 8.7%
(Shen et al., 2022). In contrast, tenuifolin has an oral and
intravenous half-life of 1.1 ± 0.2 h and 0.8 ± 0.2 h, respectively,
with an oral bioavailability of 4.0% (Shen et al., 2022). When
Sprague-Dawley (SD) rats were utilized as research subjects,
tenuifolin achieved peak concentrations within 24 min, with
terminal elimination half-lives of 4.8 ± 1.6 h and 2.0 ± 0.3 h for
oral and intravenous injections, respectively, and an oral
bioavailability of 2.0% (Wang et al., 2015). Another study
revealed that in SD rats, tenuifolin reached peak concentration
46 min post oral administration, with half-lives of 1.80 ± 0.39 h
and 1.41 ± 0.54 h for oral and intravenous injection, respectively,
and a bioavailability of 0.83% ± 0.28% (Ma et al., 2014). In terms of
tissue distribution, tenuifolin primarily accumulates in the liver and
kidneys, with a small amount penetrating the blood-brain barrier
and infiltrating brain tissues. The drug’s retention time in various
organs does not exceed 12 h (Ma et al., 2014). In summary, PT’s
saponin compounds have lower bioavailability but benefit from
longer residence times in vivo and the ability to penetrate the
blood-brain barrier, potentially providing the material basis for
treating dementia with PT saponin compounds.

4 Pharmacological effects of
saponin compounds

Accumulating evidence indicates that the saponin compounds
in PT possess neuroprotective effects, and they are primarily utilized
in treating AD within the spectrum of dementia. There is also
limited evidence suggesting their potential for interventional in PDD
and VaD subtypes. The focus of research on these compounds
includes tenuigenin, tenuifolin, polygalasaponins XXXII, and
onjisaponin B. Mechanistically, their actions encompass reducing
β-amyloid (Aβ) accumulation, providing antioxidant effects,
regulating neurotransmitters, enhancing synaptic function,
offering anti-inflammatory benefits, preventing neuronal
apoptosis, and modulating autophagy (Table 1; Figure 2).

4.1 Improving learning and memory

Extracellular amyloid protein deposition and intracellular
neurofibrillary tangles are classic pathological hallmarks of
Alzheimer’s disease (Bergamino et al., 2022). An imbalance
between the generation and degradation of Aβ protein leads to
amyloid accumulation (Cai et al., 2023). Aβ protein synthesis is

FIGURE 1
The chemical structure of the main saponin compounds in Polygala tenuifolia.
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TABLE 1 Saponide compounds from Polygala tenuifolia in the treatment of dementia.

Active
ingredient

Method Dose Model Targets Actions References

tenuigenin In vitro 1, 5, 20, 40 μg/mL PC12 cells Aβ Neuroprotection Jesky and Chen,
(2016)

In vitro 15, 30, 60, 120, 240 μM PC12 cells ROS, MDA, ACSL4,
GPX4, PEBP1

Ferroptosis Zhang et al. (2022)

In vitro 15, 30, 60, 70, 80 μM PC12 cells, SD cortical
neurons

RhoGDIα, JNK,
Bcl-2, Bax

Anti-apoptotic Li et al. (2015)

In vitro 2, 4 μg/mL SH-SY5Y cells Aβ, APP, C99 Targeting Aβ Jia et al. (2004)

In vitro 1, 2, 4 μg/mL Primary neural stem cells Tuj-1, GFAP Proliferation and
differentiation of neural

stem cells

Chen et al. (2012b)

In vitro 1, 2, 4 μg/mL Primary hippocampal
neurons

Caspase-3, Bcl-2, Bax,
ROS, MAP2

Antioxidant Chen et al. (2010)

In vitro 10, 20, 40, 60 μM HT22 LC3-II, LC3-I, PINK1,
p62, HSP60, Parkin

Regulating autophagy Tian et al. (2022)

In vivo 2, 4, 8 mg/kg SD rats SOD, GSH-Px, MDA,
4-HNE, p-tau

Inhibition of tau protein
phosphorylation

Huang et al. (2018)

In vivo 2 μg/mL SD rats — Synaptic transmission Wei et al. (2015)

In vivo 4 mg/kg, 2 μg/mL Kunming mice SOD, MDA, AChE Regulation of synaptic
plasticity

Huang et al. (2013)

In vitro/In
vivo

In vitro: 2, 4, 8 μM。

In vivo: 25, 50 mg/kg
BV-2 cells, C57BL/6J mice ROS, NLRP3, IL-1β,

Caspase-1
Anti-inflammatory Fan et al. (2017)

tenuifolin In vitro 20, 40, 60 μM Primary neural stem cells GFAP, NF-M, NG2 Promoting the proliferation
of neural stem cells

Wang et al. (2021)

In vitro 0.5, 1, 2 μg/mL COS-7 cells Aβ, BACE Inhibition β- Secretory
enzyme

Lv et al. (2009)

In vitro 1, 5, 10 μM SH-SY5Y cells, BV2 cells NO, NF-κB, IL-6, IL-1β,
TNF-α

Anti-inflammatory Chen and Jia,
(2020)

In vitro 20, 50, 100, 200 μM SH-SY5Y cells mTOR, AMPK, ULK1,
Beclin-1, LC3-II, LC3-I

Regulating autophagy Wang et al.
(2019b)

In vitro 1, 10, 100, 1000 μM Primary hippocampal
neurons

— Regulation of synaptic
plasticity

Koganezawa et al.
(2021)

In vivo 10, 20 mg/kg ICR mice SOD, MDA, IL-6, IL-18,
IL-1β, IL-10, BDNF,

NLRP3, ASC, Caspase-
1, HO-1, Nrf2

Antioxidant Jiang et al. (2023a)

In vivo 0.02, 0.04, 0.08 g/kg Kunming mice NE, DA, 5-HT, AChE Anticholinergic drugs Zhang et al. (2008)

In vivo — Kunming mice — Regulation of synaptic
plasticity

Kong et al. (2024)

In vitro/
In vivo

In vitro: 1, 5, 10, 20,
40 μM.

In vivo: 10 mg/kg

HT-22 cells, C57BL/6 mice SOD, MDA, CAT, GSH,
BDNF, TrkB, PSD95,

SYN, m-calpain,
calpastatin, Akt, ACSL4,

GPX4, SLC7A11

Anti-apoptotic, Ferroptosis Li et al. (2023)

In vitro/
In vivo

In vitro: 10, 20, 40 μg/L.
In vivo: 3, 9 mg/kg

PC12 cells, C57BL/6J mice — Neuroprotection Liu et al. (2015)

onjisaponin B In vitro 2.5, 5, 10 μM Primary neural stem cells GFAP, NF-M, NG2 Proliferation, migration, and
differentiation of neural

stem cells

Wang et al. (2021)

In vitro 0.1, 1, 10μg/mL Rat basal forebrain cells ChAT Anticholinergic drugs Yabe et al. (2003)

In vitro 5 μM PC-12 cells LC3-II, LC3-I Regulating autophagy Wu et al. (2015)

(Continued on following page)
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dependent on the β-secretase pathway (von Einem et al., 2010) and
is regulated by γ-secretase, with dysregulation of γ-secretase
resulting in increased Aβ production (Yang et al., 2021). The
primary pathways for Aβ clearance involve glial cell clearance
(McAlpine et al., 2021), autophagy (Luo et al., 2020), transport
across the blood-brain barrier (Cai et al., 2018), and proteolytic
degradation (Zheng et al., 2022). Factors such as an abnormal
increase in Aβ protein or aging can impair these clearance
mechanisms. Aβ proteins that are not cleared in a timely
manner can form oligomers or dispersed amyloid deposits,
activating microglia and astrocytes to create a pro-inflammatory
environment (Phillips et al., 2014; Franco-Bocanegra et al., 2019),
leading to oxidative stress. This stress promotes the excessive
phosphorylation of tau proteins, forming neurofibrillary tangles,
disrupting microtubule structural stability, causing
depolymerization, and ultimately inducing neurotoxicity
(Canudas et al., 2005).

Reducing the neuronal toxicity caused by excessive
phosphorylation of Aβ and tau proteins is beneficial for
ameliorating memory impairment. Studies have demonstrated
that tenuigenin and tenuifolin can mitigate Aβ25-35-induced
neuronal cytotoxicity, thereby enhancing neuronal survival rates
(Liu et al., 2015). Furthermore, tenuigenin has been shown to
increase the length of neural synapses (Jesky and Chen, 2016). It
can also reduce tau protein hyperphosphorylation and oxidative
stress levels in the brains of streptozotocin-induced AD rats,
thereby intervening in cognitive dysfunction (Huang et al.,
2018). Another therapeutic strategy for cognitive impairments
involves increasing the number of new neurons and glial cells.
Neural stem cells, capable of self-renewal (Andreotti et al., 2019),

are located in the subventricular zone of the lateral ventricles and
the subgranular zone of the dentate gyrus in humans or mice.
These cells possess the potential to differentiate into neurons and
astrocytes of the central nervous system. Tenuigenin promotes the
proliferation of neural stem cells and induces their differentiation
into neurons and astrocytes (Chen et al., 2012b). Both onjisaponin
B and tenuifolin enhance the proliferation of neural stem cells,
though tenuifolin lacks the capability to facilitate migration and
differentiation (Wang et al., 2021), which are crucial for
neurogenesis. In contrast, onjisaponin B promotes neural stem
cell migration and induces their differentiation into astrocytes
(Wang et al., 2021).

4.2 Reducing Aβ protein secretion

Excessive secretion of Aβ protein can damage central nervous
system cells (Xia et al., 2024). Aβ protein is produced through the
enzymatic cleavage of amyloid precursor protein (APP), which is
encoded by the APP gene located on chromosome 21 (Maurya
et al., 2023). APP is a transmembrane protein regulated by two
cleavage pathways: the non-Aβ protein generation pathway
(Zhao et al., 2022) and the Aβ protein generation pathway
(Meng et al., 2023a). Dysregulation of the Aβ protein
generation pathway is the primary cause of imbalances in Aβ
protein secretion. The β-secretase enzyme is responsible for
hydrolyzing and releasing the C-terminal transmembrane
peptide segment, C99 (Capone et al., 2021), which is
subsequently cleaved by the γ-secretase complex to release Aβ
proteins of varying amino acid lengths (Devkota et al., 2024). The

TABLE 1 (Continued) Saponide compounds from Polygala tenuifolia in the treatment of dementia.

Active
ingredient

Method Dose Model Targets Actions References

In vivo 10, 20 mg/kg SD rats GSH, MDA, SOD, IL-
1β, IL-6, TNF-α, NF-κB

p65, IκBα

Anti-inflammatory,
Antioxidant

Li et al. (2018)

In vitro/In
vivo

In vitro: 10 μM. In vivo:
10 mg/kg

HEK293T cells,
HEK293 cells, A431 cells,

APP/PS1 mice

Aβ, BACE1, γ-
Secretory enzyme, APP,

C99, C83, sAPPα,
sAPPβ, PS1

PS1/BACE1 inhibitors Li et al. (2016)

Polygala saponins In vivo 50, 100 mg/kg C57BL/6J mice SOD, MDA Antioxidant Xu et al. (2011)

In vivo 25, 50 mg/kg SAMP8 NMDAR1, NMDAR2B Regulation of synaptic
plasticity

Xu et al. (2016)

Polygala saponin
XXXII

In vitro/In
vivo

In vitro: 1, 10, 100 μg/
mL. In vivo: 0.125, 0.5,

2 mg/kg

Primary cortical neurons,
PC12 cells, Kunming mice,
C57BL/6J mice, Wistar rats

TrkB, p-TrkB Regulation of synaptic
plasticity

Zhou et al. (2016)

Note: Aβ, amyloid β-protein; ROS, reactive oxygen species; MDA, malondialdehyde; ACSL4, acyl-CoA synthetase long chain family member 4; GPX4, glutathione peroxidase 4; PEBP1,

phosphatidylethanolamine binding protein 1; APP, amyloid precursor protein; Tuj-1, tubulin beta-III antibody; GFAP, glial fibrillary acidic protein; Bcl-2, B-cell lymphoma-2; Bax, Bcl2-

associated X protein; MAP2, microtubule-associated protein 2; LC3, microtubule-associated protein 1A/1B-light chain 3; PINK1, PTEN induced putative kinase 1; p62, sequestosome-1; HSP60,

heat shock protein 60; SOD, superoxide dismutase; GSH-Px, glutathione peroxidases; 4-HNE, 4-hydroxynonenal; tau, microtubule-associated protein tau; ACh, acetylcholine; RhoGDIα, Rho
guanine nucleotide dissociation inhibitorα; JNK, c-Jun N-terminal kinase; NLRP3, recombinant NLR family, pyrin domain containing protein 3; IL, interleukin; NF-M, neurofilament triplet M;

NG2, neural/glial antigen-2; BACE, β-siteAPPcleavingenzyme; NO, nitric oxide; NF-κB, nuclear factor-κB; TNF-α, tumor necrosis factor-α; mTOR, mammalian target of rapamycin; AMPK,

adenosine 5‘-monophosphate (AMP)-activated protein kinase; ULK1, unc-51 Like Autophagy Activating Kinase 1; BDNF, brain-derived neurotrophic factor; ASC, apoptosis-associated speck-

like protein containing a CARD; HO, heme oxygenase; Nrf2, NF-E2-related factor 2; NE, norepinephrine; DA, dopamine; 5-HT, 5-hydroxytryptamine; CAT, catalase; GSH, glutathione; TrkB,

tyrosine kinase receptor B; PSD95, postsynaptic density protein 95; SYN, synaptophysin; Akt, protein kinase B; ACSL4, acyl-CoA synthetase long-chain family member 4; SLC7A11, solute

carrier family 7 member 11; IκBα, NF-kappa-B inhibitor alpha; PS1, presenilin-1; NMDAR, N-methyl-daspartate receptor type.
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most commonly released forms of Aβ protein are Aβ1-40 and Aβ1-
42, with Aβ1-42 being more pathogenic and associated with poorer
prognosis (Wittrahm et al., 2023).

Inhibiting APP levels and secretase activity can effectively
reduce Aβ protein expression and protect central nervous
system cells. Tenuigenin reduces APP protein expression by
suppressing APP mRNA levels in PC12 neural cells, thereby
leading to a decrease in the levels of the hydrolysis product C99
(Jia et al., 2004). Further research has revealed that tenuifolin
consistently inhibits both Aβ1-40 and Aβ1-42. However, it does
not affect the γ-secretase-mediated cleavage of C99; instead, it
reduces Aβ protein expression through the inhibition of β-
secretase (Lv et al., 2009). Additionally, presenilin (PS) 1, the
catalytic center of γ-secretase, is affected by mutations in the
PS1 gene (PSEN1), which are a causative factor in early-onset
familial Alzheimer’s disease. PSEN1 mutations increase the
expression of β-secretase and γ-secretase, enhancing the
sequential cleavage of APP proteins (Li et al., 2022).
Onjisaponin B inhibits the interaction between PS1 and β-
secretase in APP/PS1 mice, leading to a reduction in Aβ
protein secretion, without affecting the activity of β-secretase
and γ-secretase (Li et al., 2016).

4.3 Antioxidant effect

The imbalance between the production and clearance of
reactive oxygen species (ROS) or free radicals leads to
oxidative stress, as ROS are natural byproducts of biological
oxygen metabolism (Palma et al., 2024). Under normal
physiological conditions, ROS stimulate cell growth and rely
on antioxidant enzymes to facilitate redox reactions that
eliminate excess ROS (Helli et al., 2024). Pathologically, due to
the brain’s high oxygen demand and damage to the blood-brain
barrier, the transport of ROS and antioxidants both intra- and
extracranially becomes challenging (Cornacchia et al., 2022),
resulting in an accumulation of ROS within the brain.
Furthermore, the neuronal membrane structure, which is rich
in unsaturated fatty acids (Yammine et al., 2020), is prone to
oxidation. This oxidation, when combined with ROS, forms lipid
peroxides and contributes to oxidative damage in the brain. In
dementia patients, oxidative stress is closely linked to
pathological brain changes. Specifically, Aβ proteins induce
neurotoxicity characterized by oxidative stress, oxidizing
unsaturated fatty acids on cell membranes to produce lipid
peroxides (Koenig and Meyerhoff, 2003), which lead to

FIGURE 2
The mechanism of neuronal damage (the part that Polygala tenuifolia saponins can intervene in). By Figdraw. Note: ROS, reactive oxygen species;
ACSL4, acyl-CoA synthetase long chain family member 4; GPX4, glutathione peroxidase 4; ACh, acetylcholine; JNK, c-Jun N-terminal kinase; NLRP3,
recombinant NLR family, pyrin domain containing protein 3; IL, interleukin; NF-κB, nuclear factor-κB; mTOR, mammalian target of rapamycin; BDNF,
brain-derived neurotrophic factor; ASC, apoptosis-associated speck-like protein containing a CARD; TrkB, tyrosine kinase receptor B; Akt, protein
kinase B; ACSL4, acyl-CoA synthetase long-chain family member 4.
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synaptic loss and ultimately neuron death. Aβ25-35 plays a
significant catalytic role in this process (Smith and Klimov,
2019). In patients with AD and PDD, there is often an
increase in lipid hydroperoxide (L-OOH) and
malondialdehyde (MDA) activity, alongside decreased activity
of antioxidant enzymes such as superoxide dismutase (SOD),
catalase (CAT), and glutathione (GSH) (Chen et al., 2022; Atiq
et al., 2023). Moreover, the brain’s rich content of metal ions,
such as iron, facilitates oxidative stress and DNA damage through
the Haber-Weiss reaction (Suma et al., 2020), and promotes the
aggregation of α-synuclein, leading to the formation of Lewy
bodies—a key pathological feature of PDD and Lewy body
dementia (Wakabayashi et al., 2007). In summary, oxidative
stress is an early event leading to cell death, which triggers
brain lesions in dementia through programmed cell death
processes, such as apoptosis and ferroptosis.

Tenuigenin can reduce the levels of ROS within neuronal cells
(Chen et al., 2010). Under pathological conditions, one of the
primary sources of ROS is NADPH oxidase, activated when
cytokines stimulate cells (Schröder, 2019). Acting as an
inhibitor of NADPH oxidase, tenuigenin significantly lowers
the accumulation of ROS in PC12 cells (Zhu et al., 2016).
Excessive ROS is counteracted by the antioxidant system, with
heme oxygenase-1 (HO-1) serving as a crucial metabolic enzyme
in responding to oxidative stress. HO-1 is positively regulated by
the antioxidant regulatory factor NF-E2 related factor 2 (Nrf2).
Upon cellular stimulation, Nrf2 dissociates from Kelch-like
ECH-associated protein 1 (Keap1) and translocates from the
cytoplasm to the nucleus to activate gene expression.
Moreover, HO-1 enhances the expression of glutathione
peroxidase (GSH-Px), SOD, and CAT, thus boosting
antioxidant capacity (Ryter, 2021). When the antioxidant
system fails to effectively suppress ROS, substantial amounts
of lipid peroxides are produced, leading to the generation of toxic
4-hydroxynonenal (4-HNE) through non-enzymatic reactions.
4-HNE induces the secretion of Aβ protein, exacerbating
cytotoxicity (Takagane et al., 2015). Studies have
demonstrated that tenuigenin promotes the nuclear
translocation of Nrf2 in neuronal cells, enhances HO-1
expression (Ren et al., 2022), and consequently upregulates
the expression of the antioxidant enzyme GSH-Px, while
downregulating MDA and 4-HNE levels (Huang et al., 2018).
Nitric oxide (NO), another free radical, is positively regulated by
inducible nitric oxide synthase (iNOS), which triggers lipid
peroxidation by producing peroxynitrite anions (Wan et al.,
2021). In microglia, tenuigenin acts as a direct scavenger of
NO, although its inhibition of NO is not regulated by iNOS
(Lu et al., 2017). Analogously, onjisaponin B reduces oxidative
stress in aging rats by downregulating MDA accumulation and
upregulating the production of GSH, GSH-Px, and SOD (Li et al.,
2018). Tenuifolin elevates the expression of Nrf2 and HO-1 in
SH-SY5Y cells, increasing levels of GSH, SOD, and CAT, and
reducing MDA and ROS content. Additionally, it suppresses
Aβ42 oligomer-induced increases in iNOS and NO in
microglia (Chen and Jia, 2020). Polygalasaponins enhance
SOD activity in the cerebral cortex and hippocampus, lower
MDA levels, and inhibit Aβ25-35-induced lipid peroxidation
and oxidative stress damage (Xu et al., 2011).

4.4 Improving synaptic plasticity

The synapse serves as a crucial functional unit of neuronal
connectivity, consisting of the presynaptic membrane, synaptic cleft,
and postsynaptic membrane. Information is transmitted across
these components in sequence, making synaptic plasticity a vital
element in facilitating learning andmemory functions (Choquet and
Triller, 2013). Synaptic plasticity typically manifests as long-term
potentiation (LTP) and long-term inhibition, both crucial feedback
mechanisms for its regulation. In dementia, LTP is commonly
inhibited; thus, stimulating or extending LTP may aid in
restoring learning and memory functions (Paoletti et al., 2013).
In dementia subtypes such as AD and VaD, synapses display
functional deficits, including reductions in synapse numbers,
impaired dendritic spine morphology, and diminished
neurotransmission capabilities (Piscopo et al., 2022; Che
et al., 2023).

Enhancing synaptic morphological changes is beneficial for
improving brain information transmission and treating cognitive
impairments. Tenuigenin has been shown to improve learning and
memory capabilities and offers protective effects on synaptic
morphology (Cai et al., 2013). Neurotrophic factors can induce
the expression of synaptic-related proteins, such as growth-
associated protein-43 (GAP-43), synaptophysin (Syn), and
postsynaptic density protein 95, all of which play roles in
regulating synaptic plasticity and neurotransmitter release.
Tenuigenin enhances the expression of GAP-43 and Syn in
PC12 cells induced by Aβ25-35, increasing both neurogenesis and
the number and length of synapses (Jesky and Chen, 2016).
Additionally, tenuigenin affects other proteins involved in
memory and synaptic plasticity regulation, reducing the
expression of histone deacetylase two and hippocalcin in the rat
hippocampus, promoting the phosphorylation of cyclic AMP-
responsive element-binding protein and the N-methyl-D-
aspartate receptor (NMDAR) 2B subunit, thereby enhancing
long-term potentiation (LTP) and synaptic plasticity (Lin et al.,
2018). Other compounds, like onjisaponin B, can elevate the
expression of neurotrophic factors (Yabe et al., 2003). Tenuifolin
directly impacts synaptic status (Koganezawa et al., 2021),
increasing the total length and intersection numbers of dendrites
in hippocampal CA1 neurons, notably affecting only female mice
(Kong et al., 2024). Brain-derived neurotrophic factor (BDNF) is
known to activate LTP and increase dendritic spine formation, thus
potentially reversing LTP deficits. The tyrosine kinase receptor B
(TrkB) serves as a receptor for BDNF, maintaining synaptic protein
expression and neuronal survival (Moya-Alvarado et al., 2023).
Tenuifolin promotes neuronal cell survival and synaptic protein
expression through the BDNF/TrkB signaling pathway (Li et al.,
2023). Aβ proteins can inhibit BDNF by reducing the expression of
the cyclic AMP response element-binding protein (CREB), while
CREB and BDNF-dependent increases promote dendritic growth in
neuronal cell bodies. Polyalasaponin XXXII promotes the
expression of CREB and BDNF, enhancing the phosphorylation
of TrkB and activating downstream cascades, which strengthens
synaptic transmission in the dentate gyrus and induces and
maintains LTP, enhancing hippocampal synaptic plasticity (Xue
et al., 2009; Zhou et al., 2016). NMDAR plays a critical role in
regulating synaptic plasticity; under pathological conditions,

Frontiers in Pharmacology frontiersin.org07

Li et al. 10.3389/fphar.2024.1431894

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1431894


damage to NMDAR promotes the splicing of APP into Aβ protein,
which in turn damages neurons and reduces NMDAR expression
(Shankar et al., 2008). Studies have shown that polygalasaponin can
reverse the expression of NMDAR subtypes NMDAR1 and
NMDAR2B in the hippocampus and cortex of SAMP8 mice,
ameliorating cognitive impairments (Xu et al., 2016).

4.5 Regulating neurotransmitters

Neurotransmitters are synthesized by presynaptic neurons and
released into the synaptic gaps to mediate information transmission
between neurons. In dementia patients, neurotransmitter release is
typically abnormal (Teleanu et al., 2022; Yang et al., 2023). Over a
hundred types of neurotransmitters have been identified, and
current research on the effects of saponins from Radix Polygalae
primarily focuses on acetylcholine (ACh), 5-hydroxytryptamine (5-
HT), norepinephrine (NE), and dopamine (DA). The cholinergic
system, closely associated with memory and learning abilities,
utilizes choline acetyltransferase (ChAT) as a specific marker for
cholinergic neurons. ChAT catalyzes the formation of ACh from
choline and acetyl CoA, which then triggers neural impulses in the
synaptic gaps, subsequently broken down into choline and acetic
acid by acetylcholinesterase (AChE) (Hampel et al., 2018). In
dementia, factors such as the loss of cholinergic neurons or
deposition of Aβ proteins lead to abnormally elevated levels of
AChE (Allard and Hussain Shuler, 2023; Lazarova et al., 2024).
Furthermore, 5-HT, DA, and NE, which are closely linked to
cognitive functions, when diminished, impair cognitive abilities,
manifesting as neuronal damage or metabolic dysfunctions in the
brain (Kaneko et al., 2005).

Tenuigenin can enhance learning abilities by inhibiting AChE
activity in the hippocampus (Huang et al., 2013) and enhancing field
excitatory postsynaptic potentials, which improve synaptic
transmission functions (Wei et al., 2015). Onjisaponin B has
been shown to strengthen cholinergic neurons and to increase
the expression of ChAT (Yabe et al., 2003). Research on
tenuifolin indicates that it not only reduces cortical AChE
activity but also elevates the expression levels of NE and DA in
the hippocampus, although it does not affect the regulation of 5-HT
(Zhang et al., 2008). Additionally, NE serves as an anti-
inflammatory agent by regulating microglia, astrocytes, and pro-
inflammatory factors, thereby reducing brain inflammation
(O’Donnell et al., 2012), which underscores tenuifolin’s potential
anti-inflammatory effects.

4.6 Anti-inflammatory effects

The inflammatory response is intricately linked to the onset and
progression of dementia. At early stages of dementia, the brain
exhibits high levels of inflammatory responses, primarily involving
microglia and astrocytes (Ahmad et al., 2022). Mechanistically, the
assembly of inflammasomes is one of the key drivers in the onset and
persistence of brain inflammation. Pattern recognition receptors,
such as Toll-like receptors, engage with pathogen-related molecular
patterns or damage-related molecular patterns (Swanson et al.,
2019), leading to the activation of NLR family pyrin domain

containing protein 3 (NLRP3) and nuclear factor kappa-B (NF-
κB). Upon NLRP3 activation, apoptosis-associated speck-like
protein containing a CARD (ASC) and the precursor of pro-
caspase-1 are recruited to form an inflammasome complex (Jiang
et al., 2023b), subsequently triggering the self-cleavage of pro-
caspase-1 to form active caspase-1 (Meng et al., 2023b). Besides
activation through pattern recognition receptors, NF-κB is also
regulated by pro-inflammatory cytokines such as tumor necrosis
factor (TNF)-α and interleukin-1β (IL-1β) (Yu et al., 2020), leading
to the transcription of inactive pro-IL-18 and pro-IL-1β (Wang
et al., 2023b). Caspase-1 cleaves Gasdermin-D (GSDMD) into
GSDMD-N and GSDMD-C, with GSDMD-N binding to the cell
membrane to create pores (Meng et al., 2023b). Moreover, caspase-1
cleaves pro-IL-18 and pro-IL-1β into mature IL-18 and IL-1β (Qin
and Zhao, 2023), which are released through these membrane pores
to promote an inflammatory milieu. Additionally, pro-
inflammatory cytokines TNF-α and IL-6 can be directly induced
by NF-κB (Yu et al., 2020), further activating NF-κB and
perpetuating the release of inflammatory mediators, thus
sustaining the inflammatory cycle. The excessive expression of
inflammatory factors not only damages neurons and disrupts
glial cell function but also causes abnormal glial proliferation,
intensifying neurodegenerative changes. Research suggests that
certain inflammatory markers such as IL-6 and TNF-α may serve
as biomarkers for diagnosing dementia (Darweesh et al., 2018;
Custodero et al., 2022).

Microglia are the primary cells responsible for releasing
inflammatory mediators in the brain. Under pathological
conditions, they serve as a significant source of cytokines and
neurotoxic substances. Tenuigenin inhibits lipopolysaccharide-
induced microglial activation and the activation of
NLRP3 inflammasomes (Fan et al., 2017). The substantia nigra,
the principal nucleus responsible for dopamine synthesis,
experiences delayed behavioral movements due to dopamine
neuron deficiencies and dopamine depletion in the substantia
nigra compacta (Kanan et al., 2024). Tenuigenin effectively
prevents the degeneration of dopamine neurons and inhibits
NLRP3 inflammasome activation in the substantia nigra (Fan
et al., 2017). Additionally, Tenuigenin suppresses NF-κB
activation in microglia, reducing the cleavage of pro-IL-1β (Li
et al., 2017), and decreases the expression of TNF-α, IL-6, and
IL-1β (Wang et al., 2017). Moreover, matrix metalloproteinases
(MMP) 2 and MMP9, effector factors secreted by microglia, exhibit
enhanced expression under the pathological conditions of dementia,
promoting neuroinflammation and accelerating neuronal
degeneration (Qiu et al., 2023). Studies have shown that
tenuigenin reduces the protein expression of MMP2 and
MMP9 in primary rat microglia, without affecting the mRNA
expression of MMP2 (Lu et al., 2017). Onjisaponin B by
inhibiting the NF-κB pathway in the hippocampus, lowers the
expression of IL-6, IL-1β, and TNF-α, exerting anti-inflammatory
effects (Li et al., 2018). Tenuifolin, by inhibiting the activation of
Toll-like receptor 4 and NF-κB in mice with cognitive impairment
(Wang et al., 2022), decreases the translation levels of NLRP3, ASC,
and caspase-1, reduces inflammasome assembly, and consequently
downregulates the expression of IL-6, IL-1β, and IL-18 (Jiang et al.,
2023a). In patients with AD, microglia can be activated by Aβ
protein, leading to morphological changes and the activation of
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nitric oxide synthase, which increases NO (Wu et al., 2024) and
causes neuronal damage. Cyclooxygenase-2, positively correlated
with the density of amyloid plaques, when overexpressed, can
worsen cognitive impairments (McLarnon, 2023). Tenuifolin
inhibits the Aβ42 oligomer-induced inflammatory response in
microglia, reducing the release of TNF-α, IL-6, and IL-1β, and
suppressing the expression of nitric oxide synthase and
cyclooxygenase-2, thus protecting neuronal cells from
inflammatory damage (Chen and Jia, 2020).

4.7 Anti neuronal apoptosis effect

Apoptosis, a programmed cell death mode, intersects with
several dementia pathogenesis hypotheses, including oxidative
stress, inflammation, and Aβ-induced cell damage, and represents
one of their ultimate outcomes. This process contributes to neuronal
loss, which is a pivotal cause of dementia (Liang et al., 2024).
Apoptosis is modulated by multiple pathways; notably, saponin
components from P. tenuifolia primarily inhibit neuronal apoptosis
via the c-Jun N-terminal kinase (JNK) pathway, thereby enhancing
memory and learning capabilities. Stress stimuli or inflammatory
factors can activate JNK kinase, increasing mitochondrial
membrane permeability and initiating a caspase cascade reaction
(Yuan et al., 2023). The caspase protease family is broadly
categorized into initiator caspases (such as caspase-8, 9, and 10)
and effector caspases (caspase-3, 6, and 7). Once activated, initiator
caspases further activate effector caspases, leading to DNA
fragmentation, cytoskeletal and nuclear protein degradation,
apoptotic body formation, and subsequent phagocytic uptake
(Elmore, 2007). Additionally, JNK pathway activation can
regulate the levels of B-cell lymphoma-2 (Bcl-2) family proteins,
such as the prototypical anti-apoptotic protein Bcl-2 and the pro-
apoptotic protein Bcl2-associated X protein (Bax), which are
abnormally expressed in the brains of those with dementia
(Rajesh and Kanneganti, 2022).

Recent studies have demonstrated that tenuigenin
suppresses caspase-3 activation by downregulating the
expression of JNK and phosphorylated JNK in neuronal cells
(Chen et al., 2010), thus reversing the expression ratio of Bcl-2 to
Bax (Ren et al., 2022). Rho guanine nucleotide dissociation
inhibitor α (RhoGDIα), a RhoGDP dissociation inhibitor,
participates in the processes of AD and VaD through
RhoGTPase activity. Specifically, overexpression of RhoGDIα
can reduce Tau hyperphosphorylation and inhibit neuronal
apoptosis (Zhang et al., 2023). Tenuigenin elevates the
expression of RhoGDIα, which decreases the apoptosis rate in
neuronal cells, and this process may be mediated by the JNK
pathway (Li et al., 2015). Aβ proteins disrupt intracellular Ca2+

distribution, increasing membrane permeability and Ca2+

permeability, leading to excessive calpain activation and
oxidative stress-induced apoptosis. Tenuifolin inhibits
neuronal apoptosis by modulating the calpain system (Li
et al., 2023). Furthermore, tenuifolin protects against Aβ25-35-
induced apoptosis and mitochondrial membrane potential loss
in hippocampal neurons, downregulates the expression of
caspase-3 and caspase-9, thereby reversing spatial learning
and memory deficits in AD mice (Wang et al., 2019a).

4.8 Regulating cellular autophagy function

Cellular autophagy is a metabolic regulatory process that
recycles and degrades damaged organelles, proteins, and other
biomolecules, thereby supporting the growth and development of
organisms (Wang et al., 2024). Abnormal regulation of autophagy
is commonly observed in dementia patients. In the early stages of
AD, there is evident impairment of autophagy, characterized by
the earlier aggregation of autophagosomes than Aβ protein
deposition, and their failure to be timely degraded by lysosomes
(Zhang et al., 2021). As AD progresses, autophagy function
significantly weakens, exemplified by the decreased expression
of Beclin-1, which is crucial for the formation of autophagic
precursors (Bieri et al., 2018). The phosphorylation of intracellular
phosphatidylinositol-3-hydroxykinase (PI3K) produces phosphatidylino
sitol-3,4,5-triphosphate (PIP3), which accumulates on the cell membrane
and activates downstream pathways by recruiting and binding proteins
such as protein kinase B (Akt) and insulin receptor substrate (IRS) 1
(Zang et al., 2023). A key regulator of autophagy, the mammalian target
of rapamycin (mTOR), when activated by Akt, suppresses autophagy by
inhibiting the Unc-51 Like Autophagy Activating Kinase 1 (ULK1)
complex, preventing the formation of autophagosomes (Kim et al.,
2011). In summary, insufficient autophagy flux in the brain may lead
to mitochondrial damage and Aβ protein deposition, ultimately
impairing cognitive functions.

Aβ1-42 can activate the PI3K/Akt signaling pathway in
neuronal cells, inhibit autophagy, and subsequently lead to
neuronal cell damage. Tenuigenin treatment results in a dose-
dependent downregulation of p-PI3K and p-Akt (Ren et al.,
2022). Microtubule-associated protein 1A/1B-light chain 3
(LC3)-I is converted to LC3-II through lipid modification.
LC3-II is a component of autophagosomes and correlates
directly with autophagy flux (Wan et al., 2023). Tenuigenin
enhances the expression of LC3-I/LC3-II. Additionally,
mitochondrial autophagy is essential for cell survival as it
maintains mitochondrial quality by clearing damaged or
dysfunctional mitochondria. Under stress conditions, PTEN-
induced putative kinase 1 (PINK1) phosphorylates the
E3 ubiquitin ligase Parkin, promoting its localization on
mitochondrial membranes. This ubiquitination degrades
certain mitochondrial proteins and recruits LC3 proteins,
which facilitates mitochondrial fusion and the formation of
autophagosomes, thereby initiating the autophagy pathway
(Eiyama and Okamoto, 2015). Research indicates that
tenuigenin upregulates neuronal expression of PINK1 and
Parkin, enhances Parkin’s mitochondrial localization,
activates autophagy, and increases the rate of autophagic
degradation of damaged mitochondria (Tian et al., 2022).
Onjisaponin B enhances neuronal autophagy by upregulating
the expression of LC3-II (Wu et al., 2015). Tenuifolin improves
autophagy levels in neuronal cells induced by Aβ25-35 by
increasing protein levels of Beclin-1 and LC3-II/I, activating
AMP-activated protein kinase (AMPK) and ULK1 expression,
and inhibiting mTOR activity to boost autophagy flux.
Interestingly, this study also found that Aβ protein itself
increases the expression of Beclin-1 and LC3-II/I, possibly
reflecting the stress response of neuronal cells in early AD
(Wang et al., 2019b).
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4.9 Maintain iron steady state

Under physiological conditions, central nervous system cells
require iron as a cofactor for redox reactions to generate energy.
However, oxidative damage can occur when free iron levels increase
or antioxidant systems are compromised, ultimately leading to cell
ferroptosis (Deng et al., 2023). Elevated iron content has been
observed in the brains of patients with several degenerative
diseases. Lipid peroxidation acts as a trigger for ferroptosis in
cells. Free polyunsaturated fatty acids undergo autooxidation to
form L-OOH, and the epoxy, oxo-, or aldehyde groups produced
upon L-OOH cleavage are highly toxic oxidative products (Yan
et al., 2021). In this context, acyl-CoA synthetase long-chain family
member 4 (ACSL4) serves as a critical checkpoint in ferroptosis,
facilitating the disease process by catalyzing the formation of
L-OOH from arachidonic acid (Tuo et al., 2022). In combating
lipid oxidation products, glutathione peroxidase 4 (GPX4) plays a
crucial role by detoxifying L-OOH in the membrane, converting
toxic L-OOH into non-toxic lipid alcohols, thus significantly
mitigating ferroptosis (Reichert et al., 2020).

Some residues of Aβ protein have the ability to bind iron, which
upon binding promotes Aβ aggregation and induces neuronal cell
death (Wang et al., 2023a). Research has demonstrated that
tenuigenin effectively inhibits iron-induced ferroptosis in Aβ25-35
stimulated PC12 neurons, mitigating oxidative damage and
reversing mitochondrial depolarization. Mechanistically,
treatment with tenuigenin reduces the expression of ACSL4 and
PEBP1 proteins while elevating GPX4 expression, thereby
preventing L-OOH-induced neuronal damage (Zhang et al.,
2022). Solute carrier family 7 member 11 (SLC7A11) can be
induced under various stress conditions to uptake cysteine,
leading to cysteine production and subsequent glutathione
synthesis, which supports GPX4 in detoxifying L-OOH (Koppula
et al., 2021). The co-administration of d-galactose with Aβ1-42
initiates the ferroptosis pathway in HT22 neuronal cells,
significantly reducing the expression of L-OOH-associated
proteins GPX4 and SLC7A11 and increasing ACSL4 expression.
Treatment with tenuifolin reverses these protein expression
anomalies and inhibits the ferroptosis process in HT22 cells (Li
et al., 2023).

5 Toxic effects

PT exhibits inhibitory effects on gastrointestinal peristalsis,
potentially leading to intestinal bloating or necrosis (Wen et al.,
2015). Further research has demonstrated that onjisaponin B and
tenuifolin can act as sub-hypnotic agents, extending the duration of
pentobarbital-induced sleep in mice. Additionally, onjisaponin B
stimulates gastrointestinal tension in rabbits, inducing irregular
contractions of the isolated intestine at an 80 mg/L dosage.
Notably, tenuigenin, onjisaponin B, and tenuifolin have all been
shown to reduce the expression of prostaglandin E2 (PGE2) in
mouse stomachs. PGE2 serves as a gastric mucosal protector, and its
reduced expression can compromise this protective effect, leading to
gastric damage (Wen et al., 2015). Moreover, polygalasaponins
exhibit a synergistic effect with pentobarbital sodium, lengthening
sleep duration and decreasing sleep latency (Yao et al., 2010).

Regarding acute toxicity, polygalasaponins have a 0% lethal dose
of 2.6 g/kg and a median lethal dose of 3.95 g/kg (Yao et al., 2010). In
conclusion, the available evidence indicates that PT and its saponin
extracts pose certain gastrointestinal toxicities. However, reports on
acute, subacute, or long-term toxicity are lacking, making toxicity
studies essential for further clinical research. Additionally, since PT
saponin components are frequently used in the treatment and
research of chronic diseases requiring prolonged medication,
defining their safe usage range is crucial.

6 Clinical experimental research

According to current reports, there have been no independent
clinical studies on PT saponin components. Memantine, an NMDA
receptor antagonist, is utilized in treating moderate to severe AD
patients (Tang et al., 2023). Research involving 152 AD patients has
shown that a 12-week treatment with the combination of tenuigenin
(10 mg/d), β-asarone (10 mg/d), and memantine significantly
enhances the average Mini-Mental State Examination (MMSE)
scores, markedly reduces the Clinical Dementia Rating Scale
(CDR) and Activities of Daily Living (ADL) scores, and improves
cognitive functions. This combination produces adverse reactions
similar to those observed with memantine alone, including mild,
transient hallucinations, headaches, nausea, and drowsiness.
Additionally, a subgroup analysis identified male patients aged
60–74 with moderate AD as the most beneficial recipients of this
treatment regimen (Chang and Teng, 2018). Another clinical study
applied the same treatment protocol to 93 AD patients, with
increased dosages of tenuigenin (20 mg/d) and β-asarone
(20 mg/d) over a 12-week period, resulting in consistent
outcomes regarding MMSE, CDR, ADL scores, and side effects
(Dong et al., 2018). In conclusion, clinical trials suggest that
tenuigenin may have therapeutic effects on AD. However, due to
the complexity of the combination therapy, the independent
pharmacological impact of tenuigenin requires further validation.
Notably, the combination therapy increased symptoms such as
drowsiness and nausea compared to using memantine alone
(Chang and Teng, 2018), aligning with reports of tenuigenin’s
toxicity. Therefore, the possibility that these adverse effects are
attributable to tenuigenin cannot be excluded. Future research
should intensify preclinical toxicity studies on PT saponin
components.

7 Discussion

Dementia, as a neurodegenerative disease, exhibits a high
incidence rate and a prolonged disease course, imposing
substantial psychological and economic burdens on patients and
their families (Ayhan et al., 2023). Despite numerous pathogenic
hypotheses proposed for its various subtypes, effective medications
for treating this condition remain undeveloped, and the pathogenic
mechanisms and therapeutic approaches require further
exploration. This article provides a comprehensive analysis of the
pharmacological effects of the main saponin components of PT in
the treatment of dementia, particularly in addressing AD and PDD.
The therapeutic potential of PT’s saponins is demonstrated through
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various mechanisms, including anti-inflammatory, antioxidant,
anti-apoptotic, anti-amyloid protein deposition, and
neurotransmitter regulation activities. Notably, tenuigenin,
onjisaponin B, and tenuifolin exhibit significant neuroprotective
effects, contributing to enhanced cognitive function and
neuroprotection.

The neuroprotective mechanisms of PT’s saponin
components are diverse. Tenuigenin and tenuifolin have been
shown to reduce Aβ accumulation, which is central to the
pathogenesis of AD. By inhibiting β-secretase activity and
modulating γ-secretase, these saponins reduce Aβ production
and enhance its clearance through the regulation of microglial
activity and autophagy pathways. Additionally, PT’s saponin
components mitigate oxidative stress by enhancing the
expression of SOD and CAT and by lowering MDA and ROS
levels. In terms of neurotransmitter regulation and synaptic
plasticity, several saponins from PT enhance cholinergic
function by inhibiting AChE activity and increasing ACh
levels, thereby improving synaptic plasticity and cognitive
function. Moreover, these saponins upregulate the expression
of synaptic proteins such as Syn and BDNF, which are crucial for
maintaining synaptic integrity and promoting neurogenesis.

However, despite the promising pharmacological effects of PT’s
saponin components, their bioavailability remains a significant
challenge. Saponin compounds naturally possess characteristics
such as high molecular weight, poor membrane permeability, and
low oral bioavailability. For instance, tenuigenin and tenuifolin
exhibit low oral bioavailability and rapid clearance from the
body, necessitating the development of novel delivery systems to
enhance their therapeutic efficacy. Clinically, a trial combining
tenuigenin with memantine has shown potential benefits in
improving cognitive function in AD patients. However, observed
side effects, such as gastrointestinal discomfort and sedation, are
unfavorable for long-term treatment regimens aimed at slowing
disease progression. Therefore, comprehensive toxicological
evaluations are required to ensure the safety of long-term use.

Future research should focus on enhancing the bioavailability of
PT’s saponin compounds through advanced drug delivery systems
such as nanoparticles or liposomes (Kumar and Nair, 2024).
Additionally, extensive preclinical toxicity tests and clinical trials
are needed to confirm the efficacy and safety of PT’s saponin
compounds, whether used as monotherapy or in combination
with existing dementia treatments.

8 Conclusion

In summary, PT’s saponin compounds show considerable
promise in treating dementia through various neuroprotective
mechanisms. However, challenges such as low bioavailability and
potential side effects must be addressed through further research
and clinical validation. The combination of PT’s saponin

compounds with existing treatment regimens may offer a novel
approach to slowing the progression of neurodegenerative diseases.
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