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Objectives: Cognitive impairments, ranging from mild to severe, adversely affect daily
functioning, quality of life, and work capacity. Despite significant efforts in the past de-
cade, more than 200 promising drug candidates have failed in clinical trials. Herbal rem-
edies are gaining interest as potential treatments for dementia due to their long history
and safety, making them valuable for drug development. This review aimed to examine the
mechanisms behind the effect of Polygonum multiflorum on cognitive function.

Methods: This study focused primarily on the effects of Polygonum multiflorum and its
chemical constituents on cognitive behavioral outcomes including the Morris water maze,
the passive avoidance test, and the Y maze, as well as pathogenic targets of cognitive im-
pairment and Alzheimer’s disease (AD) like amyloid deposition, amyloid precursor protein,
tau hyperphosphorylation, and cognitive decline. Additionally, a thorough evaluation of the
mechanisms behind Polygonum multiflorum’s impact on cognitive function was conducted.
We reviewed the most recent data from preclinical research done on experimental models,
particularly looking at Polygonum multiflorum’s effects on cognitive decline and AD.
Results: According to recent research, Poligonum multiflorum and its bioactive compo-
nents, stilbene, and emodin, influence cognitive behavioral results and regulate the patho-
logical target of cognitive impairment and AD. Their mechanisms of action include reduc-
ing oxidative and mitochondrial damage, regulating neuroinflammation, halting apoptosis,
and promoting increased neurogenesis and synaptogenesis.

Conclusion: This review serves as a comprehensive compilation of current experiments on
AD and other cognitive impairment models related to the therapeutic effects of Polygonum
multiflorum. We believe that these findings can serve as a basis for future clinical trials
and have potential applications in the treatment of human neurological disorders.

Keywords: Alzheimer’s disease, cognitive function, emodin, stilbene, dementia, Polygo-
num multiflorum

guage, problem-solving, and executive function, are affected by

INTRODUCTION

Dementia-related cognitive impairment can make perform-
ing daily tasks and participating in family and community
activities difficult [1]. Cognitive impairment can range from
mild to severe. A clinical diagnosis of dementia is marked by
significant cognitive dysfunction that impairs social and daily

functioning. Many cognitive domains, such as memory, lan-

dementia. Alzheimer’s disease (AD) is the most prevalent cause
of dementia, affecting more than 10% of those aged > 65 years.
Among the several types of dementia, AD accounts for the ma-
jority of cases. In contrast, mild cognitive impairment (MCI) is
a stage between dementia and normal aging. It is characterized
by mild impairment in one or more cognitive domains that do

not substantially affect daily independence. Epidemiological
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studies have indicated that MCI is a high-risk illness with the
potential to develop into AD, emphasizing the importance of
early detection and intervention to maximize treatment ben-
efits [2]. AD is one of the leading causes of death in old age.
Recently, the diminished immune system and decreased physi-
cal activity in patients with terminal dementia have garnered
considerable social attention [3].

To date, the most practical treatment method is to identify
dementia early and initiate medication. In the past 10 years,
more than 200 potential therapeutic ideas have failed in clinical
trials despite tremendous efforts to address the complexity of
the disease and its many causes. AD appears to include a range
of disorders with comparable levels of amyloid precursor pro-
tein (APP) and tau abnormalities, caused by several factors [4].
This neuropathological heterogeneity in dementia may have
important implications for future therapeutic approaches to this
disease [5]. New approaches to treat dementia by addressing the
complex neuropathological heterogeneity are necessary.

Traditional herbs and herbal medicines have been used for
a long time and are recognized as safe and effective. However,
herbs and herbal medicines do not have sufficient scientific re-
search evidence to support their use [6]. However, complemen-
tary and alternative interventions are gaining increasing interest
as valuable sources for developing drug candidates for dementia
[7]. Heshouwu (f & ), or Polygonum multiflorum Thunb.,
is a traditional Chinese herb of low toxicity that is renowned
for its ability to blacken hair, tone the liver and kidneys, and
prevent aging [8]. The therapeutic potential of Polygonum mul-
tiflorum extracts and its bioactive constituents in the treatment
of neurological diseases has been the subject of numerous in-
vestigations [9, 10]. This study aimed to describe the preclinical
evidence and the underlying molecular mechanisms of action
of Poligonum multiflorum, especially its bioactive components,

stilbene, and emodin, and their effectiveness in addressing cog-
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nitive impairment and preventing AD.

COGNITIVE IMPAIRMENT

Alzheimer’s disease (AD) is a neurological illness that causes
memory loss and progressive cognitive deterioration. Its patho-
genesis entails the build-up of neurofibrillary tangles made up
of hyperphosphorylated tau proteins and amyloid beta (AB)
plaques, which cause cell death and neuronal dysfunction. Neuro-
nal injury is made worse by neuroinflammation, which is typified
by the activation of astrocytes and microglia. Cognitive decline
is also associated with glutamatergic excitotoxicity and deficien-
cies in the cholinergic system. All these processes combine to
cause synaptic dysfunction and neuronal loss, eventually leading
to clinical symptoms, such as the cognitive abnormalities linked
to AD [3, 4]. Consequently, medications that can regulate these
pathophysiological processes hold great promise for treating AD.

ITS CHEMICAL CONSTITUENTS

Polygonum multiflorum Thunb. or Heshouwu, is a tradi-
tional Chinese herb that has been renowned for its potential
health benefits, including anti-aging, neuroprotection, and hair
growth-promoting effects [8]. The extract from Polygonum
multiflorum contains various bioactive components including
flavones, quinones, and stilbenes that contribute to its pharma-
cological properties. These bioactive components work syner-
gistically to exert various pharmacological effects including an-
tioxidant, anti-inflammatory, and neuroprotective activities [8].
Of the bioactive components, 2,3,5,4’-tetrahydroxystilbene-2-
O-B-D-glucoside (TSG) and emodin (Fig. 1) may be potentially

effective for treating AD and cognitive impairment.

Figure 1. Chemical structures of stilbenes, emodin, and natural TSG. TSG, 2,3,5,4tetrahydroxystilbene-2-O-3-D-glucoside.

OH
HOH,C Q
AQ— CH=CH
Emodin Natural TSG
www.journal-jop.org 71



Jihyun Cha, et al.

Table 1. Neuroprotective effects of Poligonum multiflorum extract and bioactive components in Alzheimer’s disease and
cognitive impairment models

Model In.t ervention . QOutcomes behavioral test Outcomes pathology Reference
(drug, routine, dose, duration)
AB14injected SD 50 mg/kg/day TSG - Morris water maze: escape latency |,  Src and p-NR2B 1 [11]
rats intragastric administration for 4 time spent in the target quadrant 1,
weeks the number of crossing times 1
AB.4induced mice 30, 60, and 120 mg/kg TSG - Morris water maze: escape latency |, MDA and GSSG | [12]
ICV injection for 5 days time staying in the target quadrant 1,
cross platform times 1
- Passive avoidance: latency time to
enter the dark compartment {
APPGO5VT7171Tg 100 mg/kg/day TSG - Morris water maze: escape latency |, LC3-ll and Beclin-1 | [13]
mice intragastric administration for 1 swimming distance |, time taken to
month cross the former platform location {
- Y-maze electric shock: the number
of electric-stimulus escapes |
PDAPPV7171 Tg mice 120 and 240 umol/kg/day TSG - Morris water maze: escape latency |, - [14]
intragastric administration for 6 time spent in the target quadrant 1
months - Object recognition: discrimination
index 1
Aged SD rats 30 and 60 mg/kg/day TSG - Morris water maze: escape latency |,  Synapses and synaptic vesicles 1 [15]
(1-, 3, 6-, 18-and intragastric administration for 3 swimming distance | SYP 1
24-month-old) months - Passageway water maze: error times
!
Aged mice 50, 100 and 200 mg/kg/day TSG - Step-through passive avoidance: Synaptophysin, p-synapsin | and [16]
(4- and 20-month- intragastric administration for 3 latency 1, error times | PSD95 1,
old) months a-synuclein |
TBI mice 60 mg/kg/day TSG - Morris water maze: swimming Brain lesion volume | [17]
intragastric administration for distance to find the platform |, time  Neuronal apoptosis |, Immature
21 days staying in correct quadrant 1 neurons 1
C57BL6J mice 20, 40 and 80 mg/kg/day TSG - Fear conditioning: contextual fear Hippocampal LTP {, dendrite [18]
intragastric administration for 4 memory spine density 1
weeks - Novel object recognition: preference  p-CREB and BDNF 1,
for the novel object 1 SIRT1 1 and miR-134 |
HCY-injected rats 0, 20, 40 and 80 mg/kg/day - Morris water maze: escape latency |,  AB, BACE1 and tau [19]
Emodin times crossing the platform 1 phosphorylation |
intragastric administration for 2 - Novel object recognition: recognition ~ Synaptophysin, synapsini,
weeks index 1 neuron, p-CREB, GluR1, NR1,
NR2B 1
IL-6, TNF-o |
AB,sss-induced mice 0.5 and 1% PWE - Morris water maze: escape latency |,  TBARS level |, GPx activity 1 [20]
oral administration for 4 weeks error frequency |
- Passive avoidance: step-through
latency 1
SAMP8 mice PM extract (50% and 95% - Shuttle avoidance: number of Vacuole number, lipofuscin, and [9]
(1-month-old) ethanol and water) successful active avoidance MDA concentration |
oral administration for 18
weeks
SAMP8 mice 50% ethanol PM extract - Shuttle avoidance: number of Spongy degeneration, lipofuscin, [10]
(2-and 7-month- oral administration for 18 successful active avoidance and MDA concentrations |
old) weeks
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Table 1. Continued

Intervention

Model . . QOutcomes behavioral test Outcomes pathology Reference
(drug, routine, dose, duration)
C57BL/6 mice 100 and 500 mg/kg/day - Morris water maze: latency time | BDNF, p-CREB, and [21]
PMC-12 synaptophysin 1
oral administration for 2 weeks
Focal cerebral 100 and 500 mg/kg/day - Morris water maze: escape latency Neuronal apoptosis |, BDNF and [22]
ischemia PMC-12 time | p-CREB
oral administration for 3 weeks
AB,sss-induced mice 100 and 500 mg/kg/day - Morris water maze: escape latency AB, Iba-1, and GFAP | [23]
PMC-12 time |, swimming distance in target
oral administration for 3 weeks quadrant |
APP/PS1 Tg mice 50 mg/kg/day TSG APP-KPI inclusion and AB plaque [24]
intragastric administration for l
12 months
NaNg-induced 60 and 120 mg/kg/day TSG AB4.4,, APP, BACEL and PS1 | [25]
mitochondrial intragastric administration for Mitochondrial COX 1
dysfunction rat 27 days NGF, BDNF 1
AICl -treated rat 4 g/kg TSG - Passive avoidance: step-through APP | [26]
oral administration for 5 latency 1
months
APP/PS1 Tg mice 60, 120 and 180 mg/kg TSG Cell survive 1 [27]
oral administration for 2 AB plaque |
months, every other day Ferroptosis |
APPV7171 Tg mice 120 and 240 umol/kg/day TSG o-Synuclein | [28]
intragastric administration for 6
months
MPTP-induced PD 20 and 40 mg/kg/day TSG TH positive cells 1 [29]
mice intragastric administration for Dopamine, DOPAC, and HVA
14 days

AB, amyloid B; SD, Sprague-Dawley; TSG, 2,3,5,4tetrahydroxystilbene-2-O-B-D-glucoside; NR2B, N-methyl D-aspartate receptor subtype 2B; ICV,
intracerebroventricular; MDA, malondialdehyde; GSSG, oxidized glutathione; Tg, transgenic; LC3, microtubule-associated proteins 1A/1B light chain
3; SYP, synaptophysin; PSD95, postsynaptic density protein 95; CaMKiIl, calcium/calmodulin-dependent protein kinase II; TBI, traumatic brain injury;
LTP, long-term potentiation; CREB, cAMP-response element-binding protein; BDNF, brain-derived neurotrophic factor; SIRT, sirtuin; miR, microRNA;
HCY, Homocysteine; GIuR1, glutamate receptor 1; NR, N-methyl-D-aspartate receptor; IL-6, Interleukin-6; TNF-a,, Tumor necrosis factor alpha; PWE,
Polygonum multiflorum Thunb. water extract; TBARS, thiobarbituric acid reactive substances; GPx, glutathione peroxidase; SAMP8, senescence-
accelerated mice; PM, Polygonum multiflorum Thunb.; PMC-12, Polygonum multiflorum Thunberg complex composition-12; Iba-1, ionized calcium-
binding adapter molecule-1; GFAP, glial fibrillary acidic protein; APP, amyloid precursor protein; PS1, presenilin-1; KPI, Kunitz protease inhibitor; NaN,,
sodium azide; BACE1, beta-site APP cleaving enzyme 1; COX, cytochrome ¢ oxidase; NGF, nerve growth factor; AICl,, aluminum chloride; MPTP, 1-methyl-
4-phenyl-1,2,3,6-tetra-hydropypridine; PD, Parkinson’s disease; TH, tyrosine hydroxylase; DOPAC, 3,4-dihydroxyphenylacetic acid; HVA, homovanillic acid.

THE NEUROPROTECTIVE EFFECTS OF
Poligonum multiflorum EXTRACT AND

learning and memory deficits in various experimental models

(Table 1). In AB-injected rats, TSG reduced escape latency time

THE BIOACTIVE COMPONENTS IN AD AND
COGNITIVE IMPAIRMENT MODELS

and enhanced overall performance in the Morris water maze

test [11]. Additionally, TSG increased swimming time in the

target quadrant through the Morris water maze experiment,
Behavioral outcomes and the number of avoidances was increased in the passive
avoidance experiment in AR, ,-induced mice [12]. Studies on

TSG has demonstrated notable improvements in spatial ~ APP transgenic mice and aged rats/mice confirmed TSG’s posi-
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tive impact on learning and memory by demonstrating short-
ened escape latency and improved memory function in various
tests [13-16]. Following TBI, TSG administration improved
neurological outcomes and cognitive function, as evidenced by
a reduced swimming distance in the Morris water maze task
and improved spatial memory in the probe test [17]. Addition-
ally, TSG-treated mice exhibited significantly improved contex-
tual fear memory and a stronger preference for the novel object
during the test phase than non-treated normal mice [18].

In another study that focused on the effect of emodin on
homocysteine-induced dementia, emodin-treated rats showed
increased interest in a novel object and improved cognitive
deficits in the Morris water maze test [19].

Polygonum multiflorum Thunb. water extract (PWE) has
also been shown to significantly improve cognitive deficits in
A, ;;-injected mice, as observed in the Morris water maze and
passive avoidance tests [20]. Furthermore, Polygonum multi-
florum Thunb. extracts enhance active shuttle avoidance re-
sponses in mice, indicating improved learning and memory [9,
10]. Furthermore, the use of Polygonum multiflorum Thunb.
complex composition-12 (PMC-12) in normal mice led to en-
hanced spatial learning and memory abilities, and when used in
AB-injected mice, restored damaged functions, in a focal cere-
bral ischemia mice model that involved the Morris water maze
test [21-23].

Pathological outcomes

TSG offers potential benefits for treating AD by reducing
amyloid plaques in APP/PS1 transgenic (Tg) mice [24], de-
creasing A, ,, content in NaN,-infused rat brains [25], and
suppressing APP overexpression induced by chronic aluminum
exposure in rats [26]. It has also been shown to be effective in
addressing ferroptosis, oxidative stress, and Af production in
APP/PS1 mice [27]. In aged animals, TSG showed promising
effects by reversing synaptic deficits, inhibiting o-synuclein
overexpression, and improving memory and movement func-
tions. The effects were associated with TSG’s time-dependent
suppression of APP overexpression [15, 16]. Furthermore,
TSG has the potential to prevent and/or treat AD by prevent-
ing a-synuclein overexpression and aggregation in APPV7171
Tg AD mice [28]. Its protective effects extend to synaptic ul-
trastructure, synapse-related protein levels, and inhibition of
a-synuclein overexpression in aged mice. These findings sug-

gest that TSG may be potentially effective in treating various

74  nttps://doi.org/10.3831/KP1.2024.27.2.70

aging-related neurodegenerative diseases [16]. In PD, TSG pro-
tected dopaminergic neurons and partially restored dopamine
levels in a dose-dependent manner [29].

Emodin demonstrated neuroprotective effects, counteract-
ing AD-like features, including AP overproduction, tau hy-
perphosphorylation, neuron loss, synaptic damage, cerebral
microvascular damage, inflammation, and oxidative stress in a
rat model. These observations suggest that emodin may be ef-
fective in addressing hyperhomocysteinemia-induced cognitive
deficits [19].

NEUROPROTECTIVE MECHANISMS OF
Poligonum multiflorum EXTRACTS AND

ITS BIOACTIVE COMPONENTS IN AD AND
COGNITIVE IMPAIRMENT MODELS

Ameliorating mitochondrial and oxidative damage

As mentioned, TSG has neuroprotective effects (Table 2).
Specifically, TSG suppresses MPTP-induced p38 and caspase-3,
-6, and -9, suggesting that it regulates the ROS-mediated JNK,
P38, and mitochondrial pathways [29]. Furthermore, TSG at-
tenuates 1-methyl-4-phenyl pyridium (MPP")-induced apopto-
sis in PC12 cells by suppressing reactive oxygen species (ROS)
generation and modulating c-Jun N-terminal kinase (JNK)
activation [30]. In the broader context of oxidative stress, TSG
slows intracellular ROS and nitric oxide (NO) accumulation,
and simultaneously reduces protein-bound 3-nitrotyrosine
levels [31]. Furthermore, TSG concentration-dependently in-
creased Nrf2 and HO-1 expression, while decreasing Keapl
protein expression in A, ,-treated mice involved in the Keapl/
Nrf2 antioxidant pathway [12]. TSG has also shown its ability
to protect against cerebral ischemia/reperfusion injury through
the JNK, SIRT1, and NF-kB pathways, inhibiting intracellular
ROS/reactive nitrogen species and reducing brain infarct vol-
ume in the oxygen-glucose deprivation followed by reperfusion
(OGD-R) and MCAO model [32]. These results highlight the
protective effects of TSG against oxidative stress-induced neu-
rodegenerative disorders.

In addition to its neuroprotective properties, the ethyl ac-
etate extract of Polygonum multiflorum (EEPM) alleviates
extracellular regulated kinase (ERK) and p38 activation while
increasing cAMP-responsive element-binding protein (CREB)
activation under glutamate-induced oxidative toxicity in HT22

hippocampal cells [33]. PWE demonstrated antioxidant prop-
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erties in AD, potentially limiting AB accumulation by reduc-
ing acetylcholinesterase activity and increasing glutathione
peroxidase activity [20]. Furthermore, Polygonum multiflorum
extracts have been shown to improve cognitive performance
by lowering lipofuscin and lipid peroxidation in SAMP8 and
AB,s.55-induced cognitive deficit mice, suggesting potential an-

tioxidant properties [9, 10, 20].
Modulation of neuroinflammation

TSG increased mitochondrial cyclooxygenase-2 (COX-
2) activity and neurotrophic factors, and reduced AP content,
suggesting a multimodal therapeutic strategy in a rat model
of mitochondrial dysfunction induced by NaNj, infusion [25].
Moreover, TSG reduced the damage to the endoplasmic reticu-
lum caused by AB neurotoxicity in Tg animals by stimulating
the hippocampus to generate autophagy-related proteins [13].
Furthermore, TSG delivery in APP/PS1 Tg mice decreased in-
dicators associated with ferroptosis, such as elevated lipid per-
oxidation and increased neuroinflammation, including NLRP3
[27]. By inhibiting LPS/ATP and AB-induced inflammation in
microglia and neurons, TSG demonstrated anti-inflammatory
properties [34]. In AB-induced microglia, TSG suppresses
[-amyloid-induced activation, thereby, inhibiting NO and pros-
taglandin E2 (PGE2), while promoting anti-inflammatory fac-
tors, such as IL-10, BDNF, GDNE, and Arg-1. TSG also attenu-
ates PU.1 protein expression, polarizes microglia toward the
M2 phenotype, and regulates PU.1 signaling [35]. Furthermore,
TSG reduces LPS-induced proinflammatory factors including
TNEF-q, IL-1B, and NO, NADPH oxidase activation, ROS pro-
duction, and NF-«B signaling, thus, mediating neuroinflamma-
tion by inhibiting microglial activation [36].

Emodin induces HO-1 and NQOI1 via AMPK/Nrf2, thus,
decreasing LPS-induced proinflammatory factors in microglia
[37]. Additionally, CRPE56IGIH, a novel compound of Polygo-
num multiflorum, inhibits neuroinflammation by regulating
NF-kB/MAPK, JAK-STATs activation and upregulating the
AMPK/Nrf2 pathways in LPS-stimulated microglia [38, 39].

Anti-apoptosis
TSG inhibits ROS production, oxygenase-1 expression,
caspase-3 activation, and calpain-1 proteases in HT22 cells

exposed to glutamate. TSG also prevents glutamate-induced

disruption of mitochondrial membrane potential (MMP) and

78 https://doi.org/10.3831/KPI1.2024.27.2.70

voltage-dependent anion channel-1 [40]. Moreover, in SH-
SY5Y cells, TSG reduces the Bax to Bcl-2 ratio, indicating mi-
tochondrial dysfunction-induced apoptosis, while inhibiting
intracellular ROS elevation, MMP disruption, and caspase-3
activation induced by MPP+ [41]. Furthermore, TSG reduces
MPP+-induced damage in PC12 cells by inhibiting ROS gen-
eration, modulating JNK activation, and regulating the PI3K/
Akt signaling pathway, resulting in decreased cell viability and
apoptosis [30, 42]. TSG after TBI exerts neuroprotective effects
by reducing the volume of brain lesions, enhancing neuronal
death, and increasing the number of immature neurons in the
hippocampus [17]. In HT22 cells and the hippocampus of the
MCAO mouse model, PWE suppressed ROS generation and
cellular Ca®" levels. These findings indicate potential benefits
on hippocampal neurons and contribution to reducing apop-
totic cell death [43]. In particular, neurons pretreated with
PWE demonstrate resistance to staurosporine-induced toxicity,
preserving BDNF and TrkB/Akt signaling, and restoring the
expression of Bcl-2 and caspase-3 [44].

Neurogenesis and synaptogenesis

TSG enhanced the expression of the synaptic vesicle mem-
brane protein SYP in the hippocampus of aged rats, indicating
a protective effect on neural synaptic structures [15]. Further-
more, in normal mice, TSG enhances memory by upregulating
SIRT1, downregulating miR-134, and promoting the phos-
phorylation of ERK1/2, CaMKII, CREB, and BDNF expression
in the hippocampus [18]. The neuroprotective and neurogenic
effects of TSG in TBI occur as a result of reducing glutamate-
induced excitotoxicity, lowering TUNEL+/NeuN+ cells, and
increasing the number of DCX-positive neuronal precursor
cells [17]. Moreover, TSG promotes the differentiation of PC12
cells, elevates intracellular Ca2+ levels in hippocampal neurons,
and enhances hippocampal long-term potentiation (LTP) and
dendritic spine density [18, 45]. In another context, PMC-12
enhanced hippocampal neurogenesis and cognitive function in
focal cerebral ischemia and normal mice [21, 22]. The results
correlated with increased levels of BDNE, p-CREB, and synap-
tophysin associated with neural plasticity, suggesting a regu-
latory process through mature BDNF expression and CREB
phosphorylation.
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Figure 2. Diagrammatic effects of Poligonum multiflorum Thunb. and its bioactive components on therapeutic target for Alzheimer’s disease
and cognitive impairment. TSG, 2,3,5,4tetrahydroxystilbene-2-0-3-D-glucoside; AB, amyloid [3; APP, amyloid precursor protein; BACE1, beta-site
APP cleaving enzyme 1; PS4, presenilin-1; P-Tau, phosphor-tau; AD, Alzheimer’s disease.

CONCLUSION

Polygonum multiflorum and its bioactive components, TSG,
and emodin, have shown promising neuroprotective effects in
various preclinical models of cognitive impairment and AD.
The multifaceted mechanisms involve the mitigation of oxida-
tive damage, modulation of neuroinflammation, prevention of
apoptosis, and the promotion of neurogenesis and synaptogen-
esis. These findings indicate the potential of using Polygonum
multiflorum for the development of dementia treatment. More
research is needed to elucidate the underlying molecular mech-
anisms and translate the available preclinical findings into ef-

fective treatment for cognitive impairment and AD in humans
(Fig. 2).
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