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Vascular dementia (VD) is one of the most common forms of dementia, referring to a group
of symptoms that mainly manifest as advanced neurocognitive dysfunction induced by
cerebrovascular disease (CVD). A significant number of studies have shown that traditional
Chinese medicine (TCM) has a clinical impact on VD and thus has promising prospects.
There have been many discussions regarding the pharmacological mechanisms involved
in treatment of the kidney, elimination of turbidity, and promotion of blood circulation. TCM
has a prominent effect on improving patients’ cognitive function and quality of life. In this
review, we summarize the pathogenesis of VD in modern medicine and TCM, traditional
prescriptions, single-agent effective ingredients and their pharmacological mechanisms for
treating VD, highlight TCM’s characteristics, and discuss TCM’s multi-targeted
mechanism for the treatment of VD.

Keywords: vascular dementia, pathogenesis, traditional Chinese medicine, pharmacological mechanism, effective
ingredients

INTRODUCTION

As China’s population ages, the incidence rates of cerebrovascular disease (CVD) and vascular
dementia (VD) rises year after year. In China, the total prevalence of dementia in people aged >
65 years is 5.14-7.30%, implying that there are more than 8 million dementia patients, with VD being
the most common form of non-degenerative dementia, accounting for 15-20% of dementia patients
(Hugo and Ganguli, 2014). Fortunately, VD is a type of dementia that can be prevented and treated.
The ideal medicine for VD should not only improve cognition but also improve production of
vascular factors (Dong et al., 2019). However, chemical drugs cannot achieve such dual effects, while
TCM has the advantage of targeting multiple targets or pathways for improving cognition and
vascular factors. In recent years, an increasing number of studies have been carried out on the clinical
efficacy and pharmacological effects of TCM on VD treatment.

Cognitive function is represented by advanced activities in the cerebral cortex and is closely
related to the “mind and deity,” as described in TCM. VD is a diagnostic term used in modern
medicine. Although there is no clear record in the ancient literature, terms like “idiot,” “dementia,”
“foolishness,” and “spiritual dementia” have been used to express VD. The “Clinical Guideline
Medical Record” recorded that “first stroke, left with a daze”, in relation to understanding VD. “Shen
Nong’s Materia Medica” reported that long-term use of Shichangpu, Ginseng, Yuanzhi, and
Ganoderma lucidum may help one “not forget, not to be lost” and “benefit wisdom.” The
etiology and pathogenesis of VD are complex (Dong et al., 2016). Dementia may be caused due
to kidney deficiency, liver depression, phlegm turbidity, blood deficiency, or stasis, according to
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ancient medical doctors. Medical doctors of all generations
believed the disease was asthenia in origin and superficiality.
They believed VD was related to insufficiency of the kidney, a
deficiency of Qi and blood in essence, stagnation of Qi, phlegm
obstruction, and blood stasis. Therefore, nourishing the kidney
and filling the essence, strengthening the spleen and Qj,
dissipating phlegm for resuscitation, promoting blood
circulation and stasis, calming the liver and Yang, while
calming and nourishing the mind are modes of treating VD,
according to TCM.

Modern medicine has discussed the possible pathogenesis of
VD in several directions. Cerebral blood flow, intracranial artery
stenosis, and decreased cerebral blood flow are related to the
incidence of VD (Roman et al., 2002). The Notch 3 gene, the
apolipoprotein E gene, and polymorphism of the atrial natriuretic
peptide gene are related to the pathogenesis of VD (Ikram et al.,
2017). The following sections address the use of TCM in VD
through various pathogenic routes.

THE CHOLINERGIC SYSTEM IN VD

The central cholinergic system is closely related to learning and
memory. Abnormal activity of acetylcholine transferase (ChAT)
and dysregulation of acetylcholine (Ach) metabolism are
important factors in central nervous system (CNS) aging, as
well as reasons for learning and memory decline. Studies have
shown that damage to central cholinergic neurons associated with
chronic cerebral insufficiency may be the reason for the cognitive
impairment in VD. This cholinergic neuronal injury further
damages the  hippocampal circuit associated  with
neurobiochemical basis for learning and memory in the brain
(Cao etal., 2016). Patients with VD have substantially diminished
central cholinergic nerve control, which is primarily manifested
by decreased Ach activity. Ach is a neurotransmitter in the
cholinergic pathway that participates in maintaining
consciousness, learning, and memory. ChAT catalyzes Ach
synthesis and its function in brain is closely related to learning
and memory (Téglas et al., 2019). It is believed that a decrease in
ChAT activity in VD patients’ brain tissues leads to a decrease in
Ach, which blocks the transmission of cholinergic nerve
information, resulting in cognitive impairment (Zhu et al,
2020). Hence, improving the function of the cholinergic
system is one of the main methods to prevent and treat VD.
Gastrodia elata pill, a proprietary Chinese medicine, is a damp
clearing agent that relieves wind and dehumidification, soothes
collaterals and analgesia, and tones the liver and kidney. The
Gastrodia elata pill inhibits AChE activity and improves learning
ability in VD rats (Li et al., 2008). Wu et al. reported that the
Shenmayizhi decoction (SMYZ) significantly improved
behavioral performance in VD rats by increasing the ChAT
levels while decreasing the AChE level. In addition, an
increased level of the acetylcholine M1 receptor was found
after treatment with the SMYZ decoction, suggesting that
SMYZ mitigates cognitive deficits by preventing cholinergic
system dysfunction (Wu et al, 2019b). Shengjiang powder is
an ancient prescription from “Shangshu Quanshu.” This powder
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has been used to treat blockage of the lung, Yin and Yang
disorders, and unconsciousness (Qian et al., 2019). Studies
have shown that Shengjiang powder improves cognitive
dysfunction in VD rats by increasing the Ach levels in the
hippocampus and reducing AchE activity (Ge et al, 2015).
The Qufeng Tongluo Prescription originated from “Qian Jia
Miao Fang.” This medicine dispels the wind, reduces phlegm,
relaxes collaterals, and nourishes the blood and liver (Wu et al,,
2013). Qufeng Tongluo significantly increases ChAT expression
in a VD rat model, which improves cholinergic system function
and memory in the VD rat model (Park et al., 2009). The Yuan-
Zhi Decoction (YZD) is from the “Yixin Prescription.” It is
mainly used to treat stroke, restlessness, convulsions, speech
errors, trance, confusion, and tinnitus (Liu et al., 2020b). YZD
also upregulates ChAT expression in the cholinergic neural
circuit of VD mice, which improves learning and memory
(Wang et al.,, 2020c). In brief, a variety of TCM prescriptions
can improve the cognitive function of VD patients by regulating
the function of the central cholinergic system.

AMYLOID  AND
HYPERPHOSPHORYLATED TAU PROTEIN
IN VD

Previous studies have suggested that neurofibrillary tangles
(NFT) and amyloid B (AP) are involved in the pathogenesis of
VD. AP deposition directly causes VD by aggravating the
progress of cerebral amyloid angiopathy, and reducing blood
flow by enhancing vasoconstriction, thereby causing or
aggravating the occurrence and development of VD (Ecay-
Torres et al, 2018). Tau hyperphosphorylation occurs in
neurons, forming tangles of nerve fibers and reducing binding
power with tubulin. In addition, tubulin polymerization and
stability of the microtubules are lost. Damage to the
microtubular structure and axon transport, as well as loss of
synapses, leads to nerve cells dysfunction, neuronal degeneration
and cognitive dysfunction. Studies have shown that aggregations
of abnormally phosphorylated Tau protein (P-tau) are highly
correlated with VD (Faraco et al., 2019). Therefore, interventions
to prevent A aggregation and abnormal phosphorylation of the
Tau protein are some of the main measures to prevent VD.

Li et al. reported that YZD significantly restored impaired
cognitive function after bilateral common carotid artery
occlusion in a rat model. Furthermore, YZD was found to
decrease the levels of AP aggregates and autophagy-related
proteins ATG5 and ATGI12 in the hippocampus (Liu et al,
2020b). Yangxue Qingnao Granules (YXQNG) suppresses
APy, fibrillogenesis and alters the [-sheet conformation,
indicating an inhibition of primary nucleation of the amyloid
protein. The Qufeng Tongluo prescription significantly inhibits
the abnormal P-tau protein in VD model rats while also reducing
the expression of the AP protein and neuronal damage, thereby
improving learning and memory in VD rats. In general, TCM
could serve as therapeutic agent for the treatment of VD by
reducing the level of AP aggregates and inhibiting the formation
of abnormal P-tau protein.
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OXIDATIVE STRESS AND SCAVENGING
FREE RADICALS IN VD

During cerebral ischemia and hypoxia, the unsaturated fatty acids
on the neuron cell membrane are easily oxidized, producing large
quantities of free radicals, causing a chain reaction that attacks the
membrane structure of neighboring cells and triggers lipid
peroxidation. After surpassing the major scavenging ability of
superoxide dismutase (SOD) and glutathione peroxidase (GSH-
Px), the free radicals accumulate abnormally leading to massive
neuronal apoptosis or necrosis, which induces cognitive
dysfunction (Du et al, 2018; Raz et al, 2019). Therefore,
antagonizing oxidative stress may be helpful to prevent and
treat VD.

Naokang Capsule (NKC) is a hospital preparation used by the
Beijing Tibetan Hospital to treat CVD. It nourishes the kidney,
invigorates the phlegm, and promotes blood circulation. Early
studies show that NKC improves brain cell metabolism and
promotes brain cell development. In addition, NKC enhances
SOD activity in VD rats and reduces free radical levels, thereby
improving learning ability and memory in VD rats (Xiong et al.,
2015). Shenmayizhi decoction (SMYZD) is composed of Ginseng,
Tianma, Shiyingpu, and Chuan Shao. It has the function of
tonifying deficiencies and increasing wisdom, calming the liver
and quenching the wind, activating blood and removing fatigue,
eliminating phlegm and opening the orifices. Wang et al. reported
that SMYZD significantly improved the outcomes of Mini-
Mental State Examination and “activities of daily living” scores
in VD patients, suggesting that SMYZD is a safe and effective
drug for treating VD (Wang et al., 2019b). The Guiqicongzhi
Decoction protects brain tissues while improving the pathological
damage and memory functions in VD rats by regulating the
expression of heat shock protein (HSP) 27 and HSP70 (Wu et al.,
2015a). Therefore, TCM could improve VD by enhancing SOD
activity and reducing free radical levels. However, the current
conclusions are mainly based on preclinical studies in animal
models, and further clinical studies are needed to confirm the
therapeutic mechanisms of TCM.

NEURONAL APOPTOSIS IN VD

Neuronal apoptosis is an important form of cell death following
cerebral ischemic injury, with Cytc and Bax being the genes most
closely linked to apoptosis. A large number of studies have
confirmed that neuronal apoptosis in the brain is the main
pathogenesis of VD (Huo et al, 2019). The Bcl-2 gene family
and the caspase family are the most widely studied proteins in the
pathogenesis of VD (Ji et al.,, 2010). Zhao et al. demonstrated the
ratio of Bax to Bcl-2 and the cleaved caspase-3 expression were
significantly higher in VD rats than those in control groups,
suggesting that severe apoptosis occurred via the mitochondria-
related Bax/Bcl-2 and caspase-3 pathway in the progression of
chronic cerebral hypoperfusion to VD (Zhao et al., 2018). Sun
et al. also suggested that the expression levels of Bcl-2, Bax and
Bcl-2/Bax ratio were significantly decreased in the VD rats
compared to the normal control group (Sun et al, 2014).

TCM Intervenes in Vascular Dementia

However, regulation of cleaved caspase-3, Bax, Bcl-2 levels
could inhibit memory impairment in a VD rat model
Therefore, inhibiting neuronal apoptosis has become an
important pathway to prevent and treat VD (Xu et al., 2019).

Yifei Xuanfei Jiangzhuo Formula (YXJF) has the effects of
nourishing and expelling the lungs, clearing the organs, reducing
turbidity, ameliorating memory impairments in rats with cerebral
ischemia/reperfusion, inhibiting hippocampal apoptosis in a
dose-dependent manner, attenuating the increase in protein
expression of Bcl-2-associated X protein and c-Jun, and
reducing Bcl-2 protein expression in the hippocampal tissue of
the rats (Wu et al,, 2015b). Modified Dioscorea Pills (MDP)
promotes the regeneration and repair of hippocampal neurons by
inhibiting downregulation of the ERK5/BMK1 signaling pathway,
improving disorder in the hippocampal tissue structure in VD
model rats, and reducing apoptosis in hippocampal neurons,
thereby improving learning ability and memory (Li et al., 2020b).
The Jiannao Yizhi Formula (JYF) is obtained from the
“Therapeutic Materia Medica” and has the effect of nourishing
the mind and strengthening the qi. JYF improves cognitive
function of patients with Alzheimer’s disease (Wang et al,
2020a). It has also been identified as an effective drug for VD
patients in clinically controlled studies and hence deserves further
investigation and use (Zhang et al., 2002). Yang et al. found that
JYF decreases the neuron apoptosis rate and Bax levels, increases
Bcl-2 levels, and decreases the Bcl-2/Bax ratio in the SAMP 8
brain, which is probably part of the mechanism of inhibiting
apoptosis and improving cognitive function (Yang et al., 2006),
suggesting anti-neuronal apoptosis is also a promising
therapeutic target for VD.

INFLAMMATORY RESPONSE IN VD

Inflammatory cytokines involve in the pathogenesis VD. By
stimulating the production of other cytokines and
inflammatory mediators, inflammatory cytokines induce
infiltration of white blood cells and increase the presence of
glial cells. Studies have determined that inflammatory cytokines
are involved in the neuropathic damage of VD (Tarkowski et al.,
2001; Mulugeta et al., 2008). Since the inflammatory response has
a particular role in neuronal degenerative diseases, inhibiting
such responses could serve as a neuroprotective strategy (Voet
et al,, 2019). Therefore, it is of great significance to explore the
role of inflammatory cytokines in the process of VD.

YXQN nourishes the blood, calms the liver, and promotes
blood circulation. YXQN could inhibit activation and
proliferation of microglia in the hippocampal CAl region of
VD rats (Li et al, 2016). Nao Tai Fang (NTF) increases the
learning ability of VD rats by activating the SIRT1/NF-kBp65
signaling pathway, downregulating NF-«B, and upregulating
IxBa expression (Liao et al, 2015). The Gui Qi Cong Zhi
Decoction protects brain tissue and improves the memory
functions of VD rats by regulating HSP27 and HSP70
expression (Wu et al., 2015a). Anti-inflammatory treatment is
bound to be one of the most important targets of VD treatment,
even though studies of TCM on inhibiting inflammatory response
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and inflammatory factors are minimal at this time. Given its
important role in the pathogenesis of VD, anti-inflammatory
treatment is bound to be one of the most important targets of VD
treatment.

SYNAPTIC PLASTICITY IN VD

It has been reported that the incidence of VD is significantly
related with damage to synaptic plasticity (Dong et al., 2018).
Studies identified a significant reduction in the number of
synapses in the hippocampal CA1 area of VD rats relative to
normal rats. The presynaptic, post-synaptic membrane, and
intersynaptic space were blurred, and the dense substance
was missing (Dong et al, 2018). Therefore, improving
synaptic plasticity has become one of the main measures
to prevent VD.

YXJF increases the expression of hippocampal CaMKP-I| and
synapsin in VD rat brain tissue and improves learning (Iwasaki
et al., 2012). MDP could increase the level of BDNF mRNA in
the hippocampus of VD rats by increasing synaptic plasticity.
In addition, MDP promotes proliferation of oligodendrocytes
and axon myelination in VD rats, protects against synaptic
damage and degeneration under ischemic conditions, promotes
synaptic regeneration and reconstruction, ensures synaptic
plasticity and accurate transmission of neural information,
and thus could contribute to VD treatment (Wang et al,
2019a; Li et al., 2020D).

PHARMACOLOGICAL MECHANISMS OF
TCM FOR CEREBRAL SMALL VESSEL
DISEASE

Cerebral small vessel disease (CSVD) is a series of clinical,
imaging and pathological syndesmosis caused by various
causes affecting the small arteries, arterioles, capillaries,
venules and venules in the brain (Quick et al, 2021). In
China, lacunar infarction caused by CSVD accounts for
25-50% of ischemic stroke, higher than that in western
countries (Tsai et al, 2013). The prevalence of high signal in
white matter increased from 50 to 95% between 45 and 80 years of
age (Wen et al, 2009). The prevalence of -cerebral
microhemorrhage was 24%, and increased gradually with age,
17.8% in people aged 60-69 years, and 38.8% in people aged
>80 years (Pinter et al., 2015). CSVD is one of the most common
causes of cognitive impairment, and the cognitive dysfunction
caused by CSVD can account for 36-67% of VD (Wu et al,
2019a).

In TCM, cerebral small vessels are mostly collaterals (£58%).
Collaterals are small and spread all over the body, and serve as
important channels for Qi and blood to run in the human body.
Collateral stasis due to multiple causes is known to cause
collateral disease (4%9@). The clinical manifestations of
collateral diseases are complex and diverse, mainly blood,
phlegm, pain syndromes, and arthromyodynia, which can
cause visceral dysfunction and structural damage (white

TCM Intervenes in Vascular Dementia

matter lesions or CSVD lesions). The collaterals in the brain
include Qi and blood-collateral, Qi-collateral has the function
of dispersing menstrual Qi, whereas blood-collateral carries
blood to circulate blood, so as to achieve the function of
moisturizing and nourishing brain tissue. If spleen,
stomach, and kidney deficiencies are present, Qi emptiness
in the brain will occur, and the inability to promote the
movement of Qi and blood in the collaterals will result in
Qi-deficiency and blood stasis. If blood stasis blocks the
collaterals for a long time, it will only further aggravate
collateral diseases.

CSVD originates in the brain and is closely related to the
heart, kidney, liver and spleen. It is an essential empty and
out solid disease. Impairment of the tight junctions between
cells and vascular endothelial dysfunction are caused by
deficiency in right-Qi while Qi and blood are lost in
movement. Plasma components enter the brain tissue
through the damaged intercellular space and injure the
white matter of the brain. Therefore, the basic treatment
principle of CSVD is Fuzheng Quxie. On the one hand,
Fuzheng can promote the metaplasia and normal
operation of Qi, blood and body fluid; on the other hand,
it can protect the vascular endothelial cells and prevent body
fluid leakage and thrombosis.

A recent meta-analysis suggested that three traditional
Chinese herbal medicine, Nao XinTong (NXT), Nao MaiTai
(NMT) and Tong XinLuo (TXL) had the strongest evidence to
justify further research for VD therapy (Chan et al., 2018). NXT is
composed of sixteen TCMs such as Astragalus, Danshen,
Chuanxiong, and Safflower. It functions by invigorating Qi
and activating blood while improving the local blood supply.
Modern pharmacological studies have shown that NXT can
expand cerebral blood vessels, promote the establishment of
collateral circulation, increase cerebral blood flow, protect
vascular endothelial cells, and improve red blood cell
deformability (Viswanathan et al., 2009). In addition, it can
inhibit platelet aggregation, improve cerebral hypoxia,
scavenge free radicals, and inhibit thrombosis (Escandon et al.,
2010). The main components of NMT are Salvia miltiorrhiza,
Panax notoginseng, Red Ginseng and Ginkgo biloba. Previous
research has shown that NMT can reduce brain damage in VD
rats, inhibit nerve cell apoptosis, and have anti-inflammatory and
antioxidant effects (Huang et al, 2019). TXL is a traditional
prescription composed of Ginseng and Leeches based on the
theory of collateral disease. It can supplement Qi, activate
blood circulation and refresh Tongqiao. Modern studies have
shown that the pharmacological mechanisms of TXL include: 1)
reduction of endothelin levels in plasma, upregulation of oxygen
monoxide content in endothelial cells, and improvement of
endothelial dysfunction and vasospasm (Dai et al, 2011); 2)
reduction of thrombin activity to inhibit platelet agglutination,
reduction of blood viscosity, and promotion of blood circulation
(Liu et al, 2014); 3) regulation of vascular endothelial
dysfunction, inhibition of platelet agglutination to promote the
blood circulation of ischemic brain tissue, improvement of
vascular reserve capacity and improvement of cognitive
function (Yin et al., 2010; Fei et al., 2017).
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FIGURE 1| The distribution properties of (A), flavors, (B) channels, and (C) frequencies of traditional Chinese medicine prescriptions for treating vascular dementia.

ANALYSIS OF THE CLASSIC TCM
PRESCRIPTION CHARACTERSTICS

Many experimental studies have highlighted the potential
advantages of TCM in preventing and treating VD. Due to the
various etiologies and complex pathogenesis of VD, animal
models cannot fully reproduce the pathological changes
observed in human VD. In addition to the complexity of
TCM, experimental evaluation standards have not been
unified, and a complete system of rational and prescription
medicines has not been formed. All of these problems have
brought great challenges to prevent and treat VD using TCM.
By reviewing the traditional prescriptions described here for
treating VD by focusing on multi-target or pathways
associated with TCM, we have increased our understanding of
these traditional prescriptions.

The properties, flavors, and channels of TCM prescriptions are
the theoretical basis for explaining the effects of the medicine. We
analyzed the properties and flavors of the above 20 TCMs, and the
results showed that warm medicines were used the most, followed
by flat and cold ones, and the cool and hot ones were used least.
The sweet, spicy, and bitter flavors accounted for the largest
proportion of medicine flavors, followed by sour, astringent, and
salty. The distribution of the properties and flavors are shown in
Figures 1A,B. TCM posits that VD is related to the five internal
organs, the brain is the sea of the marrow, the kidney stores
essence, and the main bone produces marrow. The brain marrow
can be nourished, so that brain consciousness can be returned to
normal; the liver master calms emotional feelings, encourages qi
and blood circulation, and hence maintains the brain operation.
The heart mainly controls the blood and provides the material
basis and power for the functioning of the brain. The spleen is
responsible for transport; it metabolizes sperm and blood,
dredges stasis, and is used to nourish the brain and the five
internal organs. The lungs are responsible for lowering and
regulating the water channels, which prevent water, wet
phlegm, and stagnation from remaining in the body, while
assisting the other four organs to function. The liver, kidney,
heart, spleen, and lungs account for the vast majority of the TCM
channels, followed by the stomach, pericardium, gallbladder,
large intestine, bladder, and small intestine. The distribution of
channel frequencies is shown in Figure 1C.

INTERVENTION OF SINGLE MEDICINE AND
THE EFFECTIVENESS OF TCM FOR
TREATING VD

Some “single medicines” appear frequently in these TCM classic
prescriptions, implying that “single medicines” can play a role in
VD care. Further, we'll review studies on the most widely used
“single medicines” and their ingredients that have been shown to
be effective against VD. (Figure 2).

Acorus tatarinowii is an Araceae plant, originally recorded in
the “Shennong Materia Medica.” It has warm, spicy, and bitter
flavor properties. It has effects of opening phlegm, refreshing the
mind and nourishing, dampening, and appetizing. A. tatarinowii
is mainly used to treat dizziness, epilepsy, forgetfulness, insomnia,
tinnitus, and deafness. A. tatarinowii mainly contains volatile
ingredients, such as a-asarone, B-asarone, and methyl eugenol.
Such ingredients have anti-VD and other pharmacological effects.
Saki et al. reported that -asarone significantly increases the levels
of antioxidant enzymes, including SOD and GSH-Px. B-asarone is
also effective for protecting against the oxidative stress and
neuronal damage induced by AP (Saki et al., 2020). Chen et al.
demonstrated that a-asarone improves spatial memory, reduces
neuronal injury, and decreases A;_4, levels in the hippocampus
of aged rats. a-Asarone also has neuroprotective effects against
glutamate toxicity and decreases the cytoplasmic calcium level in
primary hippocampal neurons (Chen et al., 2020). Therefore, A.
gramineus and its ingredients may have potential therapeutic
effects on VD through multiple pathways.

Ligusticum wallichii is mainly distributed in Sichuan, China. It
is a Chinese medicinal plant, commonly used to promote blood
circulation and qi, dispel wind, and relieve pain. It has a spicy and
warm fragrance along with wide range of functions such as
promotion of blood circulation and removal of blood stasis.
The effective ingredients in L. wallichii  include
tetramethylpyrazine (TMP), ligustilide, and wallichilide. TMP
has anti-platelet activity by suppressing the Akt signaling
pathway (Li et al, 2019), reducing neuroinflammation, and
protecting neurons during cerebral ischemia/reperfusion injury
(Tan et al,, 2015). TMP also reduces apoptosis by regulating Bcl-2
and Bax expression thus rendering a protective effect against
ischemia/reperfusion injury of the spinal cord (Fan et al., 2006).
Choi et al. reported that ligustilide attenuates vascular
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—e — e
TCM name | Figure Effective ingredients and pharmacological mechanisms References
B-asarone increase antioxidant enzymes (SOD and GPX), against oxidative stress and | Saki et al.,
inhibit AB by promoting autophagy. 2020, Wang et
4| a-asarone decrease AB1-42 levels, against glutamate toxicity and decreased cytoplasmic | al., 2019b,
Acorus calcium level. Chen et al.,
tatarinowii Volatile oil up-regulate expression of BNDF, tyrosine protein kinase B (TrkB) and | 2020, (Gao et
neurotrophin-3. al,, 2019
Tetramethylpyrazine (TMP) increase cell viability by inhibiting NF-xB signaling and | Song et al.,
promote cell proliferation by regulating the cell cycle 2019, Lietal.,
Ligusticum | TMP has anti-platelet activity and reduce neuroinflammation, reduce apoptosis by |2019, Tan et
wallichii regulating Bcl-2 and Bax expression. al., 2015, Choi
Ligustilde could attenuate vascular inflammation and activate defense system of | et al., 2018
endothelial cell.
Tanshinone could increase the levels of AB-d ding enzymes, AP plaques | Zhang et al.,
deposition and inhibiting ER stress-induced apoptosis. 2020, He et al.,
Salvia Tanshinone II A alleviate AB-induced increase in COX-2 expression and PGE2 secretion | 2020, Geng et
miltiorrhiza via inactivation of NF-xB pathway. al., 2019, Cai
Tanshinone IIA increase polyubiquiti d Tau lation and promote degradation of | et al., 2020
the Tau, inhibiting the formation of Tau fibrils.
Ginsenosides ameliorate glucose tolerance, insulin sensitivity, and dyslipidemia, suppress | Li et al.,
oxidative stress and inflammatory. 2020a, Zhang
Panax ginseng Ginsenosides improve the mitochondrial dysfunction, inhibiting glutamate-induced | et al., 2019,
C. A. Mey neurotoxicity, decrease AB1-42 deposition. Kim et al.,
Ginsenosides inhibit AChE, BChE and BACEI activities,and inhibit neuroinflammatory | 2019, Choi et
responses. al., 2016
A lus polysaccharide li bolic stress-induced diabesity and the | Huang etal.,
ubseq neuroinflammation. 2017, Lietal.,
Astragalus Flavonoids possess immunomodulatory and anti-infl y effects by lati 2018, Lietal.,
propinquus MAPK and NF-KB signaling pathways. 2007
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Tenuifolin possessed neuroprotective effects against AB25-35-induced apoptosis. Liuetal.,
2015, Lietal,
Polygala Triterpenoid saponins has antagonistic action on neurotoxicity induced by glutamate. 2008a, Guo et
tenuifolia Willd al.,, 2016
4| Polygalacic acid (PA) improve cholinergic system reactivity, ameliorate neuro-
inflammation and oxidative stress.
FIGURE 2 | Most commonly used “single medicines” and the effective ingredients for vascular dementia.

inflammation and activates the defense system of endothelial cells
(Choi et al,, 2018). L. wallichii is a commonly used Chinese
medicine to improve ischemic stroke by enhancing cerebral blood
circulation. In addition to its anti-platelet aggregation and anti-
thrombosis effects, it has anti-inflammatory and anti-apoptotic
effects (Mazzio et al., 2017), suggesting that ligusticum wallichii
may serve the therapeutic role in VD through anti-apoptotic and
anti-vascular inflammation mechanisms.

Salvia miltiorrhiza is the dried root and rhizome of S.
miltiorrhiza Bge. It has slightly cold and bitter properties and
belongs to the heart and liver channel. S. miltiorrhiza promotes
blood circulation, removing blood stasis, clears menstruation,
and analgesia. The main effective ingredients of S. miltiorrhiza are
tanshinone |, [| A, II B, and ferruginol. Current research on the
active ingredients in S. miltiorrhiza has mainly focused on the
tanshinone IIA mechanism. The tanshinone IIA could lower
serum lipids levels, stabilize atherosclerotic plaques, and
reduce endothelial injury and inflammatory damage by
activating the TGF-B/PI3K/Akt/eNOS pathway (Wang et al,
2020b). In addition, it improves cell viability and protects
against AB-induced apoptosis in a dose-dependent manner by
increasing the levels of Ap-degrading enzymes (Liu et al., 2020a;
Zhang et al., 2020). Tanshinone Il A also improves memory by
attenuating deposition of AP plaque and inhibiting ER stress-
induced apoptosis (He et al., 2020). It is expected to become an
effective drug for treating VD.

Panax ginseng C. A. Mey is a perennial herbaceous plant in the
Umbelliferae family. Its flavors are sweet and slightly bitter. The

properties are warm and calm. It has functions to replenish gi and
solidify, regenerate, and soothe the nerves and the mind. The
effective ingredients of P. ginseng are mainly ginsenosides A-F,
and the main volatile oil ingredient is panaxen. Li et al. suggested
that ginsenosides could improve cognitive dysfunction by
ameliorating glucose tolerance, insulin sensitivity, and
dyslipidemia,  suppressing  oxidative stress and the
inflammatory response while modulating the NLRP3
inflammatory pathway and ER stress (Li et al, 2020a).
Ginsenosides also prevent cognitive impairment in Alzheimer’s
disease rats by improving mitochondrial dysfunction (Zhang
et al, 2019). Ginsenosides improve cognitive deficits and
decrease AP; 4, deposition in the hippocampus of VD rats by
enhancing the expression of pSer9-glycogen synthase kinase 3
and insulin degrading enzyme (Zong et al., 2019). In addition,
Choi et al. suggested that ginsenosides have the potential to
prevent dementia by inhibiting AChE, BChE, and BACEI
activities, as well as scavenging peroxynitrite and inhibiting the
formation of nitrotyrosine (Choi et al, 2016). These studies
confirm the therapeutic value of ginsenosides for treating VD
based on different pharmacological mechanisms. Ginsenosides
are expected to be in clinical trials as soon as possible to confirm
their effectiveness in VD patients.

Astragalus propinquus is a leguminous plant that is mainly
distributed in Russia and China. A. propinquus roots can be used
as medicine; they are sweet in flavor, and warm in property. A.
propinquus roots invigorates Qi and acts as a diuretic and
cardiotonic. A. propinquus can be used to treat spontaneous
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sweating, internal injuries due to a deficiency of Qi. The main
chemical components in A. propinquus are astragalus
polysaccharides,  flavonoids, and  astragaloside. =~ The
pharmacological effects of A. propinquus include improved
immune function and memory (Fu et al, 2014). Astragalus
polysaccharides could ameliorate metabolic stress-induced
diabetes and the subsequent neuroinflammation and improve
behavioral performance in metabolically stressed transgenic mice
(Huang et al., 2017). Flavonoids from A. propinquus have in vivo
and in vitro immunomodulatory and anti-inflammatory effects
(Li et al.,, 2018). Astragaloside may delay senility in aging rats
induced by hydrocortisone through antioxidant and
immunoregulatory effects (Li et al., 2007). Studies on applying
the active ingredients of A. propinquus in VD are limited, but
many active ingredients from A. propinquus may contribute
immune regulation, which may lead to possible VD treatments
and be worthy of further study.

Polygala tenuifolia Willd is primarily grown in Northeast
China and Sichuan Province. It has the functions of calming
the mind, removing phlegm, and reducing swelling. P. tenuifolia
has been used for the treatment of insomnia, dreams, and
forgetfulness. The main active ingredients in P. tenuifolia are
saponins and ketones. The identified structures are the Polygala
saponins A, B, E, F, and G. Tenuifolin, a secondary saponin from
a hydrolysate of polygalasaponins, possesses neuroprotective
effects against AP,s s3s-induced apoptosis in PCI12 cells, and
significantly improves the cognitive impairment induced by an
intrahippocampal injection of AP,s 35 in mice. Thus, Liu et al.
suggested that tenuifolin is one of the active constituents in P.
tenuifolia that works against the neurotoxicity induced by the
AP,s_35 peptide in vitro and in vivo (Liu et al., 2015). Polygalacic
acid (PA) significantly improves cholinergic system reactivity, as
indicated by decreased AChE activity, increased choline ChAT
activity, and elevated ACh levels in the hippocampus and frontal
cortex. PA also ameliorates neuroinflammation and oxidative
stress in mice (Guo et al, 2016). Although P. tenuifolia has
appeared in many classic prescriptions to treat VD, its effective
ingredients have rarely been studied in anti-dementia treatment.
The main focus has been on the study of saponins, and the other
effective ingredients, such as ketones, have not been adequately
studied.

PROSPECTS AND CONCLUSION

TCM theory, which is clearly distinct from Western medicine, is
based on the equilibrium of Yin and Yang and the Five Elements
theory. TCM has been in use for thousands of years, but there are
certain limitations to its research and clinical applications: 1)
TCM contains thousands of compounds that are combinations of
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