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Alzheimer’s disease (AD) is the world’s leading cause of dementia and has become a huge economic burden on nations and families. However, the exact etiology of AD is still unknown, and there are no efficient medicines or methods to prevent the deterioration of cognition. Traditional Chinese medicine (TCM) has made important contributions in the battle against AD based on the characteristics of multiple targets of TCM. This study reviewed the treatment strategies and new discoveries of traditional Chinese medicine in current research, which may be beneficial to new drug researchers.
Keywords: Alzheimer’s disease, traditional Chinese medicine, ginseng, Pueraria lobata, epimedium
INTRODUCTION
In 2018, Alzheimer’s Disease International estimated a dementia prevalence of approximately 50 million cases worldwide, which is projected to triple in 2050. The most recent data estimate that the dementia prevalence in Europe will double by 2050 (Scheltens et al., 2021).
The cardinal features of Alzheimer’s disease (AD) pathology are amyloid plaques and neurofibrillary tangles (NFTs). In addition, neuropil threads, dystrophic neurites, and associated astrogliosis and microglial activation are seen, and cerebral amyloid angiopathy frequently coexists. The consequences of these pathological processes include neurodegeneration with synaptic and neuronal loss, leading to macroscopic atrophy (Lane et al., 2018).
The cause of AD is currently unknown; however, many hypotheses exist that attempt to explain the disease etiology. The amyloid hypothesis, the prevalent theory of AD etiologies, suggests that the accumulation of pathological forms of β-amyloid (Aβ), produced by sequential cleavage of amyloid precursor protein (APP) by β- and γ-secretase, in the brain is the primary pathological process, driven by an imbalance between Aβ production and Aβ clearance. The formation of NFTs and the subsequent neuronal dysfunction and degeneration, perhaps mediated by inflammation, are thought to be downstream processes. While fibrillar amyloid within dense-core plaques was originally thought to be critical for the development of AD, it is now thought that soluble Aβ oligomers may be the most pathological forms: oligomers purified from AD brains and applied to neurons in vitro inhibit long-term potentiation, cause synaptic dysfunction, damage dendritic spines and cause neuronal death. Human oligomers also induce the hyperphosphorylation of tau at AD-relevant epitopes and cause neuritic dystrophy in cultured neurons. Plaques may therefore act as a “reservoir” from which amyloid oligomers diffuse or may even act as a protective mechanism sequestering toxic Aβ oligomers until they reach a physiological saturation point (Lane et al., 2018).
The central hypothesis is the amyloid cascade hypothesis, which proposes that the deposition of Aβ is the central initiating event and driving force, with Aβ accumulation causing the resulting downstream processes seen in AD (Robinson et al., 2018)
In June 2021, the Food and Drug Administration (FDA) approved the monoclonal antibody aducanumab as an immunotherapeutic approach against AD; aducanumab targets Aβ oligomers and fibrils and is able to reduce Aβ accumulation and slow the progression of cognitive impairment. Aducanumab was also claimed to have an effect on another hallmark of AD, decreasing the level of phosphorylated tau (p-tau) evaluated in cerebrospinal fluid (CSF) by positron emission tomography (PET) (Silvestro et al., 2022). However, the use of aducanumab has created controversy among healthcare professionals due to its association with Alzheimer’s-related imaging abnormalities (ARIAs) and hypersensitivity (Behl et al., 2022). In addition, sodium oligomannate (GV-971) is a marine algae-derived oral oligosaccharide being developed by Shanghai Green Valley Pharmaceuticals for the treatment of AD. Sodium oligomannate received its first approval in November 2019 in China for the treatment of mild to moderate AD to improve cognitive function. However, both aducanumab and sodium oligomannate have little effect on improving cognitive function (Syed, 2020).
Cerebrovascular changes also represent a common risk factor for AD. Vascular remodeling and pathological changes to the macro- and microvasculature may disrupt blood vessel integrity. Notably, such remodeling leads to vascular disease and cerebral hypoperfusion associated with neuronal injury, as well as structural and functional brain damage. Moreover, hemodynamic impairment of the mean blood flow velocity, pulsatility index, and cerebrovascular reactivity were found in AD patients compared with controls using transcranial Doppler to monitor the middle cerebral artery. These results suggest hemodynamic impairment as a critical marker of cognitive decline and confirm its role as an early predictor of vascular damage in AD (Raz et al., 2016). A variety of cerebrovascular diseases, such as cerebral hemorrhage, cerebral infarction, and subarachnoid hemorrhage, can cause dementia, including vascular dementia (VD). Cerebral blood vessels play a role in brain health, not only for the delivery of oxygen and nutrients but also for the trophic signaling that inextricably links the wellbeing of neurons and glia to that of cerebrovascular cells (Iadecola, 2013; Xing et al., 2014). Often coexisting with AD, mixed VD and neurodegenerative dementia have emerged as the leading cause of age-related cognitive impairment.
The cholinergic system has been suggested as the earliest and most affected system associated with AD pathophysiology. Moreover, cholinesterase inhibitors (ChEIs) are a potential class of drugs that can amplify cholinergic activity to improve cognition and global performance and reduce psychiatric and behavioral disturbances (Jabir et al., 2018).
Currently, only four drugs are approved by the FDA for the treatment of AD. Three of these are inhibitors of the enzyme acetylcholinesterase (AChE) (donepezil, galantamine and rivastigmine), and one is an N-methyl-D-aspartate (NMDA) receptor antagonist (memantine). However, these drugs contribute to only modest benefits in symptom management. Furthermore, these drugs do not prevent neuronal loss, brain atrophy or, consequently, the progressive deterioration of cognition (Vaz and Silvestre, 2020).
In China, traditional Chinese medicine (TCM) often classifies AD into the categories of “forgetfulness”, “consumptive”, “amnesia” or “dementia”. “Dementia” was first described as an independent disease during the Ming Dynasty in the book Jingyue Quanshu miscellaneous syndrome. TCM treatment of AD is mostly based on the identification of patterns, such as deficiency syndrome, and the driving away of pathogens or purgation and tonification. According to the pathogenesis characteristics, “kidney deficiency with marrow depletion is root causes, turbid phlegm accumulation is symptoms, five viscera disorder, brain marrow dysfunction”, doctors of past dynasties used a variety of effective treatments, such as tonifying the kidney (Shen) and replenishing marrow (Sui), strengthening the spleen (Pi) and benefiting vital Qi, eliminating phlegm (Tan) for resuscitation, promoting blood circulation and invigorating Qi (Liu et al., 2012). TCM has multiple targets; therefore, it has certain advantages in the prevention and treatment of AD.
The current literature review aims to summarize the recent advances in the involvement of TCM prescriptions, Chinese materia medica, and active compounds in Alzheimer’s disease and related dementias ameliorating effects and underlying mechanisms in clinical or preclinical studies by consulting PubMed, China National Knowledge Infrastructure, and China Science and Technology Journal. We also review its phytochemistry and its explanation in TCM, which may help to understand pharmacological activities.
TCM PRESCRIPTION
Dian Kuang Meng Xing decoction
Wang Qingren, a famous physician in the Qing Dynasty, first created Dian Kuang Meng Xing decoction (DKMXD). DKMXD contains many TCMs, such as Radix Paeoniae Rubra, Semen Persicae, Radix Bupleurum, Rhizoma Cyperi, Pericarpium Citri Reticulatae, Pinellia Ternata, Cortex Mori, Fructus Perillae, Pericarpium Arecae, Akebiae Caulis, and Radix Glycyrrhizae. The use of DKMXD for dialectical treatment has been shown to improve the daily activity ability and neurological ability of AD patients. Among 50 AD patients, DKMXD was significantly effective in 48 patients and was effective in two patients (Kong and Sun, 2009).
In a clinical observational study involving 42 patients with AD, DKMXD effectively improved the therapeutic effect, quality of life, and cognitive function of patients (Guo, 2019).
In a study that used DKMXD or Piracetam to treat VD for 28 days, the results showed that the Mini-Mental State Examination (MMSE) score and related biochemical test results were better in the DKMXD group than in the Piracetam group (Cheng et al., 2014).
Huanglian Wendan decoction
Huanglian Wendan decoction (HLWDD) comes from the “Liu Yin Tiao Bian.” HLWDD regulates qi and dissipates phlegm. HLWDD is composed of rhizoma pinelliae, pericarpium citri reticulatae, poria, radix astragali, semen cassia, ruizoma coptidis, caulis bambusae in taenie, radix puerariae, radix et rhizoma salviae miltiorrhizae, radix glycyrrhizae and other Chinese herbs.
Some studies have suggested that HLWDD can have a therapeutic effect on VD model rats by inhibiting the mRNA expression levels of interleukin-1 beta (IL-1β), tumor necrosis factor-α (TNF-α) and cyclooxygenase-2 (COX-2). Furthermore, it can improve the activities of catalase (CAT), glutathione peroxidase (GSH-Px) and superoxide dismutase (SOD) and reduce the activity of malondialdehyde (MDA). HLWDD significantly improved learning and memory impairment and pathological changes in the hippocampus in VD model rats (Dou et al., 2019; Dou et al., 2021). Zheng Wanli et al. used HLWDD combined with acupuncture in the treatment of 60 patients with VD and Western medicine (nimodipine (dihydropyridine calcium antagonists), Naofukang (Piracetam), and Dukexi (Almitrine and Raubasine tablets) as a control in the treatment of 60 additional patients. After treatment, the MMSE score of the HLWDD + acupuncture treatment group was significantly higher than that of the Western medicine control group (Zhen and Liu, 2006).
Tongqiao Huoxue decoction
Tongqiao Huoxue decoction (TQHXD) comes from “Yi Lin Gai Cuo” in the Qing Dynasty. TQHXD is mainly composed of Radix Paeoniae Rubra, Ligusticum chuanxiong, semen persicae, Flos Carthami, Moschus and other drugs. TQHXD has the effect of activating blood, dispelling stasis, and dredging collaterals.
In a study of VD patients taking donepezil hydrochloride or TQHXD for 3 months, the cognitive ability and daily living ability of the patients were significantly improved, the MMSE and activities of daily living (ADL) scores in the two groups were significantly improved, and the improvement in the TQHXD group was better than that in the donepezil group. The regional cerebral blood flow (CBF) in the TQHXD group was significantly higher than that before treatment or in the donepezil group. The plasma homocysteine level in the TQHXD group was significantly lower than that in the donepezil group (Zhu et al., 2019).
In a study of 92 patients with VD, the routine treatment group received Western medicine treatment (Oxiracetam), and the combination treatment group received the routine treatment plus TQHXD and acupuncture. TQHXD and acupuncture combined with Western medicine treatment had significant curative effects on patients with VD, including the upregulation of serum levels of acetylcholine (Ach), serotonin, norepinephrine, dopamine (DA) and other neurotransmitters and significant improvements in mental state and daily life abilities (Fang, 2021).The study found that TQHXD combined with acupuncture had significant effects on AD patients with Qi stagnation and blood stasis syndrome, including significant relief of clinical symptoms, improved cognitive function, and reduced serum homocysteine levels (Cui, 2021). In a clinical observational study of 122 patients with poststroke cognitive impairment (Li J. et al., 2019a), TQHXD combined with “Huiyang Nine Needles” improved cognitive function and daily living abilities and had anti-inflammatory, antioxidant and blood rheological effects, which were beneficial for promoting the recovery of cognitive function. Jin et al. (2021) found that TQHXD combined with butylphthalide had good safety and a significant curative effect on chronic cerebral ischemia in elderly individuals, could improve clinical symptoms and the cerebral hypoperfusion state, and protected cognitive function, which was related to the regulation of high mobility group box protein B1 (HMGB1), soluble intercellular adhesion molecule 1 (sICAM-1), chemokine ligand 12 (CXCL12), and lipoprotein-associated phospholipase A2 (Lp-PLA2) expression.
TQHXD reduced the rate of neuronal loss and improved neuroplasticity, synaptic remodeling, and learning and memory in rats with VD (Wei et al., 2018). TQHXD could significantly improve the learning ability of VD rats by reducing the calcium ion concentration in hippocampal neurons and improving the neurons which has been impaired by elevated intracellular calcium ions (Ge et al., 2015a).TQHXD could significantly improve the learning of VD rats by reducing the calcium ion concentration in hippocampal neurons and damaging abnormally impaired neurons, which elevated intracellular calcium ions in nerve cells and memory ability (Ge et al., 2015a). In addition, TQHXD could also increase the content of choline acetyltransferase (ChAT) and reduce the content of acetylcholinesterase (AChE) in the hippocampus, improve hemorheological indicators, and improve learning and memory ability in VD rats (Ge et al., 2015b; Wang et al., 2015).
Yi Qi Cong Ming decoction
“Yi Fang Ji Jie” recorded the use of Yi Qi Cong Ming decoction (YQCMD), which consisted of Radix Astragali, ginseng, Radix Pueraria, Fructose Viticis, Radix Paeoniae Alba, Cortex Phellodendri, Rhizoma Cimicifugae and roasted licorice. YQCMD has been widely used in neurological diseases such as senile dementia (AD and VD). YQCMD was shown to regulate the content of DA, serotonin, and norepinephrine in the cerebral cortex of VD rats, thereby improving learning and memory ability (Peng et al., 2018); reducing the expression of IL-6, TNF-α, and IL-1β; and inhibiting the inflammatory response in the hippocampus of rats with VD (Li W. et al., 2019).
Huanglian Jiedu decoction
Huanglian Jiedu decoction (HLJDD) comes from “Wai Tai Mi Yao” and functions to increase blood lipids, lower blood pressure, regulate blood sugar, prevent atherosclerosis, and protect brain neurons. HLJDD consists of four herbs, namely, Coptidis rhizome, Scutellariae radix, Phellodendri chinensis cortex, and Gardeniae fructus. The clinical efficacy of HLJDD in the treatment of AD and other forms of dementia has appeared in many clinical trials (Shao et al., 2012; Liu, 2016; Wang, 2021). The pharmacological research results of HLJDD for senile dementia showed that it could play a role in anti-inflammation as well as in inhibiting the production of Aβ and the hyperphosphorylation of tau protein, antioxidant activity, free radical scavenging activity, regulating neurotransmitter expression, and regulating immune activity (Durairajan et al., 2017; Sun et al., 2017). In terms of inhibiting Aβ, intervention with HLJDD in APP/PS1 transgenic AD model mice reduced the mRNA expression of β-amyloid precursor protein (β-APP) in brain tissue (Feng, 2015). HLJDD reduced the destruction of hippocampal nerve cells and the formation of senile plaques in APP/PS1 mice. HLJDD could increase the levels of Ach in brain tissue and the levels of norepinephrine (NE), 5-hydroxytryptamine (5-HT) and other neurotransmitters in the serum of AD mice induced by chronic restraint stress stimulation combined with D-galactose (D-gal) (Qiu et al., 2011b). In terms of brain neuroprotection, nerve growth factor (NGF) provides nutritional support for and contributes to the growth of cholinergic neurons. Insulin-like growth factor-I (IGF-I) provides nutritional protection for brain neurons, contributes to the extension of synapses and improves the survival rate of neurons. HLJDD was shown to upregulate the mRNA expression levels of NGF and IGF-I in the cerebral cortex and hippocampus of SAM-P/8 AD model mice (Peng et al., 2012).
In terms of anti-inflammatory and immune-regulating activity, HLJDD also has an inhibitory effect on the inflammatory state of the central nervous system (CNS) in the pathological process of AD (Du et al., 2015). HLJDD can downregulate the level of IL-6 in the brain tissue of APP/PS1 transgenic AD model mice (Qiu et al., 2011a). In a rat model in which AD was induced by intracerebroventricular injection of Aβ1-42, the expression of nuclear factor κB (an inhibitor of NF-κB, I-κB) in the hippocampus decreased and showed a proinflammatory state. HLJDD upregulated the expression of I-κB and downregulated NF-κB expression in the hippocampus of AD model rats, inhibiting the inflammatory state (Dong et al., 2012). HLJDD improved learning and memory disorders in Aβ1-42-treated AD mice, and the underlying mechanisms may involve NMDA receptor-mediated glutamatergic transmission and the adenosine/ATP/AMPK cascade (Liu Y. et al., 2019). In a study in which AD was induced in rats by Aβ25–35A injection, it was found that HLJDD significantly improved learning and memory impairment, decreased Aβ25–35 and APP levels in the hippocampus, increased SOD and GSH activities, reduced MDA concentrations and alleviated nuclear and cytoplasmic abnormalities in the hippocampal CA1 region (Wu et al., 2020).
Twenty-five flavor coral pills
Twenty-five flavor coral pills are composed of 25 Tibetan medicinal materials, such as coral, pearl, concha margaritifera, Fructus chebulae, Flos carthami, Pyrethrum tatsienense, Acorus calamus L., moschus and Radix aucklandiae. These pills are used to treat various forms of neuropathic pain, such as “white vein disease” and confusion. The pills have the effects of inducing resuscitation, dredging collaterals and relieving pain.
Clinical studies have evaluated TCM syndromes, simple mental state scales and Hasegawa dementia scale scores in patients with vascular cognitive impairment and have indicated that twenty-five flavor coral pills have a good therapeutic effect on these factors. A study found that in a mouse model of AD induced by D-gal combined with aluminum trichloride, the content of p-tau protein in the hippocampus was significantly reduced after treatment with twenty-five flavor coral pills. In the hippocampus and serum, the levels of SOD, CAT, and T-AOC were significantly increased, and the level of MDA was significantly decreased. The protein expression levels of p-mTOR and p-Akt in the hippocampus were significantly increased, and the protein expression of GSK-3β was significantly decreased. Twenty-five flavor coral pills improved the decline in learning and memory ability and oxidative damage, and the mechanism may be related to the Akt/mTOR/GSK-3β signaling pathway (Luo et al.). In mice with scopolamine-induced learning and memory impairment, twenty-five flavor coral pills could increase the expression of neuron-specific nucleoprotein (NeuN) in the cortex and have a protective effect on scopolamine-induced learning and memory impairment in mice. The mechanism may be that these pills play an antioxidant role by regulating the Kelch-like epichlorohydrin related protein 1 (Keap1)/Nrf2/HO-1 signaling pathway (Zhang B. Y. et al., 2022).
Danggui Shaoyao powder
Danggui Shaoyao San (DSS) is from “Jinguiyaolue (Synopsis of Prescriptions of the Golden Chamber),” which is composed of six Chinese herbs: Radix Angelicae Sinensis, Chinese herbaceous peony, Rhizoma Chuanxiong, Rhizoma Atractylodis, Rhizoma Alismatis and Poria cocos. Studies have shown that DSS has an effect on free-radical-mediated neurological diseases, has anti-inflammatory and antioxidant activities, and reduces hippocampal apoptosis; in addition, DSS mediates the regulation of the central monoamine neurotransmitter system, improving the dysfunction of the central cholinergic nervous system and the scopolamine-induced decrease in Ach levels. DSS can improve the function of dopaminergic, adrenergic, 5-hydroxytryptamine and other systems (Fu et al., 2016).
DSS can improve the movement disorder and cognitive function decline of AD patients (Itoh et al., 1996). JD-30 is an active fraction extracted from Danggui-Shaoyao-San (DSS), a traditional Chinese medicinal prescription. Long-term treatment with JD-30 significantly decreased the prolonged latency of SAMP8 cells in the Morris water maze test. It also ameliorated the reduction of long-term potentiation (LTP) and reduced the damage of neurons in the hippocampus, the content and deposition of Aβ in the brain of SAMP8 (Hu et al., 2012), increased the number of cholinergic-positive nerve fibers in the hippocampal dentate gyrus and the number of hippocampal synapses, improved the structure of postsynaptic terminals (He et al., 2008), inhibited the deposition of Aβ in the hippocampus and neuroinflammation, and improved learning and memory in various animal models of dementia. DSS can improve learning and memory ability in rat models of VD and may exert its therapeutic role through the PI3K/AKT signaling pathway (Li X. et al., 2019), regulating the contents of the hippocampal neuropeptides calcitonin gene-related peptide (CGRP), endothelin 1 (ET-1) and somatostatin (SS) (Li S. et al., 2010).
In the APP/PS1 mouse model, DSS alleviated cognitive deficits and improved neuronal degeneration. DSS reduced the deposition of amyloidosis and amyloid β1-42 in the brains of APP/PS1 mice, downregulated the receptor for advanced glycation end products (RAGE), and upregulated the level of low-density lipoprotein receptor-related protein-1. However, in the Aβ protein production pathway, the expression of β-APP, β-secretase and presenilin-1 (PS1) and the expression of insulin-degrading enzymes did not change. It has been shown that DSS can improve amyloidosis and neuronal degeneration in AD, which may be related to its upregulation of lipoprotein receptor-related protein-1 and downregulation of RAGE. (Yang et al., 2021). Biochemical measurements showed that compared with wild-type mice, APP/PS1 mice had elevated triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), and high-density lipoprotein cholesterol (HDL-c) levels that were decreased, and DSS significantly delayed these changes. Low docosahexaenoic acid (DHA) content and low calcium-independent phospholipase A2 (iPLA2) and 15-LOX expression were observed in the hippocampus and cortex of APP/PS1 mice, and DSS extract significantly reversed these changes. In addition, APP/PS1 mice had abnormal SOD and reactive oxygen species (ROS) levels and decreased MDA and GSH levels, while DSS extract significantly alleviated these changes. In addition, DSS reduced the levels of prostaglandin E2 (PEG2), thromboxane B2 (TXB2), and leukotriene B4 (LTB4) and attenuated the expression of cytoplasmic phospholipase A2 (cPLA2), cyclooxygenase (COX)-1, and COX-2 in the hippocampus and cortex of APP/PS1 mice. DSS plays a positive and effective role in increasing DHA content by upregulating iPLA2 and lipoxygenase, thereby improving oxidative stress and inflammation in APP/PS1 mice and ultimately improving cognitive deficits (Huang et al., 2020).
DSS protected against lipopolysaccharide (LPS)-induced neuroinflammation in BV-2 microglia through the Toll-like receptor (TLR)/NF-κB signaling pathway (Ding et al., 2018).
Buyang Huanwu decoction
Buyang Huanwu decoction (BHD) comes from the famous doctor Wang Qingren’s “Yi Lin Gai Cuo” in the Qing Dynasty. BHD is composed of Astragalus membranaceus; Angelica sinensis tail; radix paeoniae rubra, the root of common peony; the rhizome of chuanxiong; earthworm; peach kernel and safflower (Carthamus). BHD has the effects of tonifying Qi, activating blood circulation and dredging collaterals and is mainly used for cerebrovascular diseases. At present, an increasing number of basic research and clinical research studies have found that BHD can effectively improve learning and memory ability and cognitive and behavioral function. Studies have found that BHD can inhibit the inflammatory response of brain tissue and reduce neuronal apoptosis in AD model mice, and researchers speculate that this neuroprotective effect may be related to the regulation of the inflammatory p38MAPK/NF-κB pathway (Dong et al., 2020). Fei et al. (2014) used APP/PS1 transgenic AD model mice as research subjects and found that after feeding with medium and high doses of BHD, the APP content in the brains was significantly reduced, and the time to find a platform in the Morris water maze (MWM) test was shortened. After removing the platform, the number of stays in the target quadrant area increased, suggesting that the expression of β-APP in the hippocampus was downregulated, the content of Aβ was reduced, and the formation of senile plaques was inhibited. BHD alleviates senile plaque damage to neurons and cognitive impairment by regulating the inflammatory p38MAPK/NF-κB pathway in APP/PS1 AD mice. BHD can also inhibit the expression of the β-hydrolase gene and reduce the generation of Aβ by APP protein, thereby achieving the effect of treating AD.
In AD patient brains, high levels of both soluble Aβ oligomers and insoluble Aβ fibers can activate microglia. Activated microglia release a large number of inflammatory mediators, such as IL-1β, IL-6 and TNF-α, by activating signaling pathways such as nuclear transcription factor (NFκB), mitogen-activated protein kinase (MAPK) and protein kinase C (PKC). High levels of IL-1β in the brain can activate astrocytes, further amplify the inflammatory response, and induce neuronal death. Some studies have found that BHD can block the initiation of the inflammatory response; reduce the expression of the inflammatory factors IL-1β, TNF-α and IL-1 by reducing the content of NF-κB in the brains of AD transgenic mice; inhibit the CNS; restrain the nervous system inflammatory response; and reduce cognitive and memory impairment in model mice (Yu et al., 2017). In addition, animal experiments have shown that BHD can increase the expression of low-density lipoprotein receptor-related protein-1 (LRP1) and reduce the content of RAGE. BHD can significantly alleviate the damage to synaptic transmission and gene expression in the hippocampus induced by ischemia and improve cognitive functions (Li W. et al., 2010a; Tang et al., 2013; Ding et al., 2017). BHD can improve synaptic plasticity, nerve recovery, nerve cell growth and synaptic regeneration in rats with cerebral ischemia (Guo et al., 2015; Pan et al., 2017; Zhou et al., 2018). In addition, BHD promotes angiogenesis after cerebral ischemia–reperfusion injury by targeting the SIRT1/vascular endothelial growth factor (VEGF) pathway and reduces the infiltration of natural killer cells (Zheng et al., 2018). After BHD treatment of VD, the levels of vascular endothelial NO and PGI2, brain-derived neurotrophic factor (BDNF) and NGF in vivo, and other factors related to improving perfusion, antioxidant effects, and nerve repair were changed. It was considered that BHD can improve VD (Huang et al., 2015; Chou et al., 2019). A total of 106 patients with VD were treated by electroacupuncture combined with BHD, and this combined treatment significantly improved the symptoms; increased the blood flow velocity of the middle cerebral artery; and increased the serum BDNF, VEGF, and B-cell lymphoma-2 (BCL-2) levels. The combined treatment decreased Bcl-2-related X protein (Bax), cysteine protease (Caspase)-3 and other apoptosis-related factors (Wang et al.).
Some studies aimed to explore the protective mechanism of BHD on neurovascular units through the RAGE/LRP1 pathway in an AD cell model. BHD regulated Aβ metabolism through the RAGE/LRP1 pathway, inhibited the vascular endothelial inflammation induced by intercellular cell adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), and improved the morphological changes caused by Aβ-induced brain microvascular endothelial cell injury. (Liu W. et al., 2019). See Table 1 for summary.
TABLE 1 | Treatment of Alzheimer’s disease with TCM prescription.
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In recent years, many scholars have adopted modern extraction technologies to extract active ingredients or parts from TCMs, such as huperzine A (HupA) from Huperzia serrata, curcumin from turmeric, cistanche deserticola polysaccharide (CDPS) from Cistanche deserticola, ginseng polysaccharide and its components from ginseng, longan ginseng polysaccharide from Longan ginseng, Morinda officinalis oligosaccharide from Morinda officinalis, icariin from Epimedium, and Osteolipin B and dihydroflavone methyl ether of Psoralea corylifolia from Psoralea corylifolia. All of these extracts have good curative effects on all AD patient symptoms as well as the pathological characteristics of AD pathogenesis. See Table 2 for summary.
TABLE 2 | Treatment of Alzheimer’s disease with single TCMs and their active ingredients.
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Salvia is the dried roots and rhizomes of Salvia miltiorrhiza Bge., a Lamiaceae plant, which can promote blood circulation and remove blood stasis and cool and nourish blood. Salvia is often used to treat blood stasis blockage of collaterals. Salvia miltiorrhiza has various neuroprotective effects related to AD, such as anti-Aβ, antioxidant, antiapoptotic and anti-inflammatory effects and AChE inhibitory activity. Furthermore, Salvia miltiorrhiza promotes the neurogenesis of neural progenitor/stem cells in vitro and in vivo. (Zhang X. Z. et al., 2016).
A study found that Salvia miltiorrhiza could effectively reduce the activity of cholinesterase in the brain and serum and significantly improve learning and memory function in model mice in which AD was induced by AlCl3 (Chou et al., 2014). Chemical and pharmacological studies have shown that diterpenoid quinones and hydrophilic phenolic acids are the principal bioactive components in Salvia miltiorrhiza, whereas tanshinones are the main hydrophobic components in Salvia miltiorrhiza.
Danshensu is one of the most important water-soluble components of Salvia miltiorrhiza. Danshensu was shown to have an inhibitory effect on the activity of monoamine oxidase A but no inhibitory effect on monoamine oxidase B. In addition, a Danshensu treatment group showed increased DA, protein kinase A and cyclic adenosine monophosphate response element binding protein levels in the cerebral cortex. The results showed that Danshensu treatment could significantly improve the DA signaling cascade in mice with scopolamine- and Aβ-induced cognitive impairment (Bae et al., 2019).
Tanshinone can improve learning and memory ability, reduce the inflammatory response of brain tissue, regulate apoptosis-related proteins (Bcl-2, Bax, and caspase-3), and inhibit the apoptosis of hippocampal cells in AD rats (Li Z. et al., 2021). Tanshinone has a certain neuroprotective effect.
Tanshinone I is a bioactive lipophilic compound mainly isolated from Salvia miltiorrhiza. Tanshinone was reported to have antioxidant and anti-inflammatory effects in an ischemic injury model. Tanshinone I can reduce the formation of Aβ42 fibers and breakdown Aβ42 aggregates. Tanshinone I can upregulate antioxidant enzymes such as Mn superoxide dismutase, glutathione peroxidase, and the catalytic subunit and modified subunit of γ-glutamate cysteine ligase. This finding reveals the ability of tanshinone I to maintain mitochondrial function by increasing the expression of Nrf2 (Chong et al., 2019).
Cryptotanshinone is also a type of tanshinone. Multiple studies have shown that the activity of cryptotanshinone is associated with a reduction in Aβ aggregation and toxicity and an upregulation of α-secretase. Cryptotanshinone reduces memory decline and neuroinflammation in Aβ42-injected mice, supporting the anti-Aβ ability of cryptotanshinone (Maione et al., 2018).
Tan IIA is a fat-soluble component isolated and extracted from Salvia miltiorrhiza, and it has a wide range of biological activities. In recent years, studies have found that TanIIA plays an active role in the prevention and treatment of AD, mainly in the inhibition of the formation and aggregation of Aβ, the inhibition of abnormal phosphorylation of tau protein, and the protection of neurons (Li Y. et al., 2017). TanIIA treatment can inhibit the proliferation of astrocytes, reduce the level of NF-κB, and increase NeuN, Nissl bodies and inhibitor of NF-κB (IκB) in an AD rat model, all of which exert anti-inflammatory and neuroprotective effects (Li et al., 2015).
Salvianolic acids A and B are active components in Salvia miltiorrhiza, and due to its polyphenolic structure, it shows strong free radical scavenging abilities as well as antiapoptotic and anti-inflammatory properties. SalVA A may prevent Aβ-induced damage by reducing Aβ aggregation. Total salvianolic acids from Salvia miltiorrhiza reduced learning and memory impairment in APPswe/PS1dE9 mice by reducing Aβ42 and Aβ40 (Shen et al., 2017). Salvianolic acid B can prevent Aβ-induced cytotoxicity and reduce the amyloidogenic pathway by downregulating the expression of β-secretase and increasing the activity of α-secretase that cleaves APP in the nonamyloidogenic pathway. This activity of salvianolic acid B promotes the development of APP toward nonamyloidogenesis and may provide an alternative approach to reducing Aβ production (Chong et al., 2019).
Ginkgo biloba
Ginkgo biloba is the dried leaves of Ginkgo biloba (Ginkgobiloba L.). Ginkgo biloba extract (EGb) can be used to treat AD symptoms, including cognitive impairment and psychobehavioral symptoms. Major compounds of G. biloba are terpene lactones (bilobalide and ginkgolides A, B, and C) and flavone glycosides (isorhamnetin, quercetin, and kaempferol) (Eisvand et al., 2020). Because EGb has the pharmacological effects of dilating cerebral blood vessels, increasing CBF, and preventing thrombosis, it is more clinically used to treat VD than AD (Xu and Hu, 2019). EGb could improve blood viscosity and viscoelasticity, which may facilitate blood perfusion and effectively increase cerebral blood flow (Huang et al., 2004). EGb can promote the expression of γ-aminobutyric acid transporter-1 (GAT1) and CREB in the hippocampus, increase carotid microvessel density, and inhibit the release of inflammatory factors, thereby improving memory in rats with VD (Xu et al., 2020).
The standardized Ginkgo biloba extract EGb761, containing 22%–27% flavonol glycosides, 5%–7% terpene lactones, and less than 5 ppm ginkgolic acids, is one of the most widely used herbal remedies for dementia and cognitive impairment and remains one of the best evaluated and characterized extracts (Tan et al., 2015). EGb761 is internationally recognized as having a therapeutic effect on senile dementia. Studies have shown that EGb761 can significantly increase the expression of synaptophysin in the hippocampus after cerebral ischemia–reperfusion injury, promote synaptic reconstruction, and reduce VD levels. EGb761 can also reduce the persistent loss of neurons and apical dendrites in the hippocampal CA1 area and increase synaptic connections in VD rats (Zhang et al., 2008). EGb761 can significantly enhance the spatial learning and memory ability of VD rats and simultaneously inhibit the apoptosis of neurons in the hippocampus, and the p38MAPK pathway may be involved (Yang et al., 2013). Compared with placebo, EGb761 significantly improved cognitive function, neuropsychiatric symptoms, ADLs and quality of life in patients with mild to moderate dementia. In patients with mild cognitive impairment (MCI), EGb761 also demonstrated significant symptom improvement compared to placebo. EGb761 is listed by the guidelines of the World Federation of Biological Psychiatric Societies as having the same strength of evidence as AChE inhibitors and NMDA antagonists such as memantine (level 3 recommendation; Level B evidence). Only EGb761 has level B evidence for improving cognition, behavior and ADLs in AD and VD patients (Kandiah et al., 2019). Clinical studies of EGb in the treatment of AD have been conducted since the 1980s; however, the benefit of EGb in AD treatment remains controversial. In 2005, 52 college students were randomized to an EGb group or a placebo group (Elsabagh et al., 2005). Another 40 students received EGb and a placebo in the long-term study. In both experiments, students’ performance was assessed on sustained attention, episodic memory, executive function, and complete emotional rating scales. Sustained attention and pattern recognition memory improved after acute ginkgo treatment, but no effect of ginkgo on other tests was observed. There was also no effect on performance on any cognitive test after 6 weeks of treatment. To determine the clinical efficacy of EGb in the treatment of AD, outpatients received EGb or placebo supplements for 26 weeks. Finally, 513 outpatients, including 270 women and 243 men, were randomized to receive 120 mg or 240 mg of EGb daily or placebo for 26 weeks (Schneider et al., 2005). Assessment strategies used the Alzheimer’s Disease Assessment Scale Cognitive Subscale (ADAScog) and Alzheimer’s Disease Collaborative Study Clinical Global Impression Change (ADCS-CGIC) score change from the baseline examinations. No significant differences between the two groups were observed, and the trial did not demonstrate the efficacy of EGb. However, other studies showed that taking a 240-mg daily dose of Ginkgo biloba extract is effective and safe in the treatment of dementia (Gauthier and Schlaefke, 2014; Hashiguchi et al., 2015; Tan et al., 2015).
Fructose Corni
Fructose Corni is the dried ripe pulp of Cornus officinalis Sieb. et Zucc. Fructose Corni can nourish the liver and kidney and is often used to treat dementia and amnesia due to kidney and marrow deficiency. Fructose Corni polysaccharide can induce the expression of brain-derived neurotrophic factor (BDNF) and B-cell lymphoma-2 (Bcl-2) genes in rats, exert its antiapoptotic effect, and promote the repair and self-protection of hippocampal neurons, thereby improving the learning and memory ability of VD rats (Li et al., 2016).
Fructose Corni iridoid glycoside (CIG), the active ingredient of Fructose Corni, improves exercise capacity; attenuates neuronal loss or demyelination; increases the expression of synaptophysin, postsynaptic density protein 95 (PSD-95) and AMPA receptor subunit 1; increases the level of soluble APPα fragment and a disintegrin and metalloproteinase 10 (ADAM10); and decreases receptor-interacting protein kinase-1 (RIPK1) and mixed lineage kinase domain-like protein (MLKL) levels in the brains of SAMP8 mice (Ma et al., 2021a). P301S transgenic mice, an animal model of tauopathy and AD, exhibit tau pathology and synaptic dysfunction. In this model, CIG improves cognitive impairment and survival rates. The main mechanism of its involvement in the regulation of synaptic dysfunction is to inhibit the activation of the Janus kinase-2 (JAK2)/signal transducer and activator of transcription 1 (STAT1) signaling pathway (Ma et al., 2021b). In APP/PS1/tau triple transgenic AD (3×Tg-AD) model mice, CIG can improve learning and memory impairment by reducing Aβ content and tau hyperphosphorylation and increasing neurotrophic factors in the brain (Yang C. et al., 2020). rTg4510 mice are transgenic mice expressing P301 L mutant tau and have been developed as animal models of tau diseases, including AD. CIG gavage for 3 months reduces hyperactivity in rTg4510 mice, preventing neuronal loss and reducing tau hyperphosphorylation and amygdala aggregation (Ma et al., 2020).
Loganin is an iridoid glycoside extracted from Fructus Corni that has been reported to have anti-inflammatory and memory-enhancing properties. Loganin can significantly alleviate anxious behavior and improve memory impairment in 3xTg-AD mice. Aβ deposition in the hippocampus and cortex of 3xTg-AD mice after loganin treatment is reduced. Loganin can also reduce p-tau protein levels in 3xTg-AD mice (Nie et al., 2021). Furthermore, loganin can attenuate Aβ-induced inflammation in BV-2 microglia in part by inactivating the TLR4/TRAF6/NF-κB (TNF receptor-associated factor 6, TRAF6) axis (Cui et al., 2018).
Epimedium
Epimedium is the dried leaves of Epimedium brevicornu Maxim, Epimedium sagittatum (Sieb. Et Zucc. Maxim), Epimedium pubescens Maxim, or Epimedium koreanum Nakai. Epimedium is spicy, sweet, and warm, and it invigorates the kidney and strengthens yang, dispels wind and removes dampness. Epimedium flavone is the main effective component of Epimedium, which can play a role in maintaining the normal synaptic structure of neurons by promoting the expression of synaptophysin (SYP) and postsynaptic dension-95 (PSD-95) proteins in the brain of APP transgenic mice (Jin et al., 2008). Total flavone of epimedium (TFE) can improve the learning and memory ability of D-galactose (D-gal)/aluminum chloride (AlCl3) induced dementia rats, reduce the activity of AChE in brain and blood tissues, significantly increase bcl-2 and reduce Bax level. Icariin (ICA) is one of the main effective components in total flavonoids of Epimedium (Jian et al., 2009). ICA is one of its main active components and can prevent nerve injury and protect neurons and mitochondria. Icariin can downregulate the gene expression of PS1 in SAMP8 mice, indicating that it can inhibit the activity of γ-secretase and downregulate the expression of the PS1 gene, thereby preventing and treating AD (Zhang et al., 2012)
ICA can promote the survival, proliferation and migration of neural stem cells in vitro; promote the proliferation and differentiation of neural stem cells into neurons; and increase the number of cholinergic neurons in vivo (Ma et al., 2021c). ICA blocks Aβ1-42 production in animal models of AD and inhibits the expression of APP and beta-site APP lyase 1 (BACE-1). ICA can also prevent neurotoxicity caused by hydrogen peroxide (H2O2), endoplasmic reticulum (ER) stress, ibotenic acid and homocysteine. In addition, ICA is involved in promoting learning and memory in normal aging animals and disease models (Jin et al., 2019).In an Aβ1-42-induced AD rat model, ICA was shown to improve synaptic plasticity and exert neuroprotective effects through the BDNF/tyrosine kinase B (TrkB)/Akt pathway, thereby improving learning and memory (Sheng et al., 2017). ICA can inhibit the hyperphosphorylation of tau by inhibiting the PI3K/Akt-dependent GSK-3β signaling pathway, thereby exerting neuroprotective effects on Aβ25-35-treated PC12 cells (Zeng et al., 2010). The improvement effect of ICA on learning and memory was observed in a permanent bilateral common carotid artery ligation (2-VO) rat model, an aluminum-induced AD rat model, and an APP/PS1Tg mouse model (Li L. R. et al., 2022).
Icariside II (ICS II) is the active ingredient of Epimedium, which has anti-inflammatory, antioxidant and anticancer effects. ICSII significantly reduced the protein expression levels of APP, Aβ1-42 and RAGE, reduced the protein expression levels of the inflammatory factors COX-2 and TNF-α, and increased the protein expression level of the anti-inflammatory factor IL-10 in the hippocampus of APP/PS1 transgenic mice by continuous gavage for 7 months. Aβ combined with RAGE can activate microglia and accelerate the inflammatory response. Therefore, ICS II can reduce the inflammatory response of APP/PS1 mice (Zeng et al., 2017).
Turmeric
Turmeric is the dried rhizome of the ginger plant Curcuma longa L. Curcumin is a phenolic pigment extracted from turmeric, Zedoary turmeric, curcuma, etc. The mechanisms by which curcumin alters AD pathology include the following: curcumin inhibits the formation of Aβ plaques and promotes their breakdown, attenuates tau hyperphosphorylation and enhances tau clearance, binds copper, lowers cholesterol, modulates microglial activity, inhibits AChE, modulates insulin signaling and acts an antioxidant (Tang and Taghibiglou, 2017).
The death and atrophy of pyramidal neurons in the hippocampal CA1 region are considered to be typical changes in ischemic brain neurodegeneration and AD. The accumulation of neurotoxic amyloid and dysfunctional tau protein after cerebral ischemia is one of the potential mechanisms of severe neuronal death. Curcumin can affect aging-related cellular proteins, namely, amyloid and tau protein, preventing their aggregation and insolubilization after ischemia. Curcumin also reduces amyloid and tau protein neurotoxicity by affecting their structure. Studies in animal models of cerebral ischemia have shown that curcumin reduces infarct volume, brain edema, blood–brain barrier (BBB) permeability, apoptosis, neuroinflammation, and glutamate neurotoxicity; inhibits autophagy and oxidative stress; and improves neurological and behavioral deficits. Available data suggest that curcumin may be a new therapeutic substance in regenerative medicine and the treatment of neurodegenerative diseases such as postischemic neurodegeneration (Pluta et al., 2022).
Curcumin can improve learning and memory ability, downregulate the level of HMGB1, and reduce the expression of downstream RAGE and TLRs, which in turn reduces the expression of downstream NF-κB in the hippocampus and alleviates AD symptoms in 4-month-old APP/PS1 AD mice (Han et al., 2018).
Another study showed that curcumin exerted neuroprotective effects and induced autophagy through the PI3K/AKT/MTOR pathway in APP/PS1 double-transgenic mice (Wang et al., 2014).Curcumin worked better when used with other compounds (Lin et al., 2020).
The poor water solubility, limited bioavailability, and inability to cross the BBB of curcumin limit its application in the biological field. To overcome these diagnostic and therapeutic limitations, various nanoformulations have also been considered that can enhance the pharmacokinetic properties of curcumin and other bioactive compounds. Numerous nanocarriers have now shown beneficial properties to deliver curcumin and other nutrient compounds through the BBB to efficiently distribute them into the brain (Shabbir et al., 2020).
However, in two studies conducted in China and the United States, there was no significant difference in changes in cognitive function between the placebo and curcumin groups (Baum et al., 2008; Ringman et al., 2012).
Pueraria lobata
Pueraria lobata is the dried root of the legume Puerarialobata (Willd.) Ohwi. This can improve myocardial contraction, reduce myocardial oxygen consumption, expand coronary and cerebral blood vessels and promote blood circulation. It can improve cognition and memory, which may be related to reducing the levels of Aβ and tau hyperphosphorylation by inhibiting the glycogen synthase kinase (GSK) 3β (GSK3β) signaling pathway in the cerebral cortex in APP/PS1 mice (Mei et al., 2016).Studies have shown that Pueraria lobata can attenuate Aβ1-42-induced tau hyperphosphorylation in SH-SY5Y cells by inhibiting the expression of GSK-3β and activating the Wnt/β-catenin signaling pathway; therefore, Pueraria lobata may have a protective effect against AD (Yao et al., 2017). In Aβ1-42-induced AD model mice, Pueraria lobata restored BDNF, p-tau, malondialdehyde, AChE, and GSK3β levels in the hippocampus and cerebral cortex to a certain extent. In addition, Pueraria lobata restored SOD activity and protected neurons from oxidative stress-induced apoptosis (Wu et al., 2017). In a mouse model of sporadic AD (SAD) induced by intracerebroventricular injection of streptozotocin (STZ), Pueraria lobata attenuated learning and memory impairment and inhibited oxidative stress in STZ-induced SAD mice (Zhao et al., 2015). Pueraria lobata is neuroprotective against Aβ1-42 toxicity by activating estrogen receptors, and ERβ plays a key role in this process (Li L. et al., 2017).
Ginseng
Ginseng is the dried root and rhizome of Panax ginseng C. A. Mey. Ginseng is warm, sweet, and slightly bitter and has the effects of invigorating vitality, invigorating the spleen, benefiting the lungs, promoting body fluid, soothing the nerves and improving wisdom. Ginsenosides are the main active compounds found in ginseng. Ginsenosides have unique biological activity and medicinal value, namely, antitumor, anti-inflammatory and antioxidant properties, as well as antiapoptotic properties. Studies in recent years have shown that ginsenosides have some positive role in the prevention and treatment of AD (Razgonova et al., 2019). Many ginsenosides have been reported to have the following actions on pathological processes in AD: 1) inhibiting Aβ aggregation and tau hyperphosphorylation, 2) preventing neuroinflammation and apoptosis, 3) increasing neurotrophic factor secretion, and 4) improving mitochondrial dysfunction (Li J. et al., 2021).
The combined use of ginsenoside Rb1 and Rg1 reduces brain Aβ production by modulating multiple factors, including the NLRP3 inflammasome, TNF-α, oxidative stress, astrocytes, and microglial plasma cell activation, and improves cognitive impairment in SAMP8 mice (Yang Y. et al., 2020). Ginsenoside F1 can reduce the level of phosphorylated CREB, increase the level of BDNF in the hippocampal cortex, reduce Aβ plaques, and improve the memory function of APP/PS1 transgenic AD mice (Han et al., 2019). Ginsenoside Rg1 of ginseng extract is the main component that inhibits BACE activity. Ginsenoside Rg1 can stimulate peroxidase proliferator-activated receptor (PPARγ) in AD model cells. Ginsenoside Rg1 inhibits the expression of BACE1, enhances the activity of NF-κB, and increases NF-κB binding to its corresponding site on the β-secretase 1 (BACE1) promoter, thereby inhibiting the translation and transcription of BACE1 and reducing the Aβ produced by the cleavage of APP by BACE1 (Li et al., 2014). In an AD model (Wistar rats injected with STZ in the lateral ventricle), ginsenoside Rg5 was observed to dose-dependently inhibit AChE and activate ChAT, and it improved learning and memory in rats in the MWM test (Chu et al., 2014).
Studies suggest that ginsenosides exert neuroprotective effects by acting on neurotransmitters in AD. For example, ginsenosides can increase the levels of gamma-aminobutyric acid, Ach, and DA and decrease the levels of glutamate and aspartate in the hippocampus and cerebral cortex. In addition, ginsenosides can increase blood levels of glycine and serotonin (Zhang Y, et al., 2016). Apparently, the substances contained in ginseng can increase the levels of Ach in the brains of AD patients. Therefore, ginseng extract can be used for palliative treatment in the early stage of AD.
In the N2a/APP695 cell model (neuronal cells overexpressing APP), it was observed that ginsenoside Re not only reduced the activity of BACE1 and the expression of BACE1 protein but also did not affect the total levels of β-APP and soluble amyloid precursor protein α (sAPPα), while the reduction in BACE1 expression was associated with the activation of ginsenoside Re by PPARγ (Cao et al., 2016).
A randomized controlled trial including forty patients with AD showed the potential efficacy of a heat-processed form of ginseng on cognitive function and behavioral symptoms in patients with moderately severe AD (Heo et al., 2012). In another randomized study, the Alzheimer’s Disease Assessment Scale (ADAS) and Clinical Dementia Rating (CDR) scores improved significantly after high-dose ginseng treatment. Compared with the control group, the baseline value of MMSE in the ginseng treatment group was improved, but this improvement was not statistically significant (Heo et al., 2008). It has efficacy on frontal lobe function in AD (Heo et al., 2016).
Gintonin, a newly discovered ginseng component containing lysophosphatidic acid, alleviates AD-related cranial neuropathy. Gintonin inhibits Aβ-induced neurotoxicity and activates nonamyloidogenic pathways to reduce Aβ formation and increase the expression of Ach and ChAT in the brain via lysophosphatidic acid receptors. Gintonin attenuates brain amyloid plaque deposition and promotes the hippocampal cholinergic system and neurogenesis, thereby improving learning and memory impairment. Gintonin also improves cognitive function in AD patients (Kim et al., 2018).Oral administration of gintonin restores cognitive and motor function in animal models of D-gal-induced brain aging, AD, Huntington’s disease (HD), and Parkinson’s disease (PD). The underlying molecular mechanisms of gintonin-mediated antiaging and antineurodegenerative effects include neurogenesis, autophagy stimulation, and antiapoptotic, antioxidant and anti-inflammatory activities (Choi et al., 2021).
American ginseng
American ginseng is the dried root of Panax quinquefolium L. Cereboost™, an American ginseng extract that contains a high concentration of ginsenoside Rb1, is a well-known component to improve human cognitive function. Cereboost™ has shown AChE inhibitory activity in an AD mouse model (male Institute of Cancer Research (ICR) mice receiving Aβ1-42 lateral ventricle injection). Cereboost™ increases the level of AChE in the brain and reduces the level of Aβ1-42 by inhibiting AChE while improving the cognitive performance of mice (Shin et al., 2016). In vitro, Cereboost™ increases ChAT expression and reduces Aβ1-42 cytotoxicity. The same results were observed in other studies of AD mouse models (scopolamine-injected ICR mice).
Dendrobium
Dendrobium is the fresh or dry stem of the cultivated product of Dendrobium nobile Lindi., Dendrobium huoshanense C. Z. Tang et S. J. Cheng, Dendrobium chrysotoxum Lindi. or Dendrobium fimbriatum Hook. and its similar species. Dendrobium is a traditional Chinese herbal medicine and is slightly cold but sweet in taste. The active ingredient Dendrobium nobile total alkaloids (DNLA) is the main active component of Dendrobium. DNLA has antiaging and memory-improving effects. DNLA may reduce the deposition of Aβ in the hippocampus by inhibiting BACE1 protein expression (Zhang M. et al., 2016).DNLA has antiaging, longevity and immunomodulatory effects in animals. The mechanisms by which DNLA improves cognitive dysfunction in animal models of AD may be related to improving the production of extracellular amyloid plaques, regulating tau protein hyperphosphorylation, inhibiting neuroinflammation and neuronal apoptosis, activating autophagy, and enhancing synaptic connections (Li D. D. et al., 2022). Numerous studies have demonstrated that DNLA can effectively improve cognitive deficits in animal models of AD induced by SAMP8, βAPP/PS1 and LPS and prevent Aβ-induced synaptic degeneration in cultured hippocampal neurons. DNLA can activate the Wnt/β-catenin signaling pathway, thereby protecting synaptic integrity, rescuing Aβ-mediated synaptic and mitochondrial damage, and inhibiting amyloidosis in vitro and in vivo (Zhang W. et al., 2022). Studies have found that DNLA can reduce the loss of neurons and Nissl bodies in the hippocampus and cortex, improve the expansion and swelling of the ER in hippocampal neurons, and reduce the hyperphosphorylation of tau protein, thereby improving learning and memory impairment (Liu et al., 2020). In addition, DNLA can significantly improve spatial learning and memory ability, increase the number of neurons and Nissl bodies, improve neuronal hypertrophy and microstructure, and increase the number of synapses in neurons in AD mice induced by Aβ25-35 (Nie et al., 2016).
Pretreatment with Dendrobium officinale polysaccharide (DOP) contributes to the transformation of BV2 cells from a proinflammatory phenotype to an anti-inflammatory phenotype and enhances the Aβ clearance rate in response to Aβ damage. DOP significantly attenuated cognitive decline in SAMP8 mice. DOP also inhibited the increased activation of hippocampal microglia in SAMP8 mice by downregulating IL-1β, TNF-α, and IL-6 and upregulating IL-10, neprilysin (NEP) and insulin-degrading enzyme (IDE). The accumulation of Aβ42 and p-tau protein in the hippocampus of SAMP8 mice was also reduced, indicating that Dendrobium may provide neuroprotection against AD-related cognitive impairment by regulating the activation of microglia (Feng et al., 2019).
Polygonum multiflorum
Polygonum multiflorum is the dried root tuber of Polygonum multiflorum Thunb. Polygonum multiflorum is slightly warm in nature and bitter, sweet and astringent in taste, and it has the effect of nourishing essence and blood. Among the components of Polygonum multiflorum, stilbene glycoside (TSG) is the main water-soluble component, and TSG has the functions of nerve protection, antiaging effects and blood vessel relaxation. After the administration of TSG to SAMP8 mice, the expression of the APP and PS1 genes in the hippocampus was significantly reduced, indicating that TSG may prevent and treat AD by downregulating the expression of PS1 (Li et al., 2013). Long-term administration of TSG to AD model mice can reduce the expression of BACE1 and PS1, which can improve the learning, memory and cognition of mice by inhibiting the activity of γ-secretase and reducing the cleavage of Aβ (Chen, 2017).
Coptis chinensis
Coptis chinensis is the dry rhizome of Coptis chinensis Franch., Coptis deltoidea C. Y. Cheng et Hsiao or Coptisteeta Wall. Berberine is a natural isoquinoline alkaloid extracted from Coptis chinensis. Berberine has shown good results in the treatment of AD, and it can treat neurodegenerative problems as well as neuroinflammation. Berberine is an effective botanical ingredient in the treatment of various neurodegenerative diseases, such as AD. Berberine confines extracellular amyloid plaques and intracellular NFTs. Berberine also has lipid-lowering and hypoglycemic abilities and can inhibit oxidative stress and neuroinflammation in AD; therefore, berberine might be used as a protective agent against atherosclerosis and AD.
AD is a neurodegenerative disease characterized by Aβ plaques, NFTs and neuronal cell death. Active Aβ accumulation accelerates senile plaque formation and interferes with ER function. Changes induced by Aβ accumulation stimulate the unfolded protein response (UPR), which can trigger neuronal apoptosis. The activation of the protein kinase RNA-like endoplasmic reticulum kinase (PERK) is stress-dependent and increases the phosphorylation of eukaryotic translation initiation factor-2α (eIF2α). eIF2α promotes the synthesis of BACE1, which in turn promotes Aβ production and subsequent neuronal apoptosis. Liang et al. (2021) found that berberine treatment inhibited the translation of BACE1 mediated by PERK/eIF2α signaling, thereby reducing Aβ production and resulting in neuronal apoptosis. In addition, berberine may have neuroprotective effects by reducing ER stress and oxidative stress, demonstrating the potential of berberine in the treatment of AD.
In 3×Tg-AD model mice, berberine inhibits Aβ production, attenuates tau hyperphosphorylation, and significantly improves spatial learning and memory retention. In addition, berberine reduces tau levels through the autophagy pathway. Berberine enhances autophagic activity through the PI3K/beclin-1 pathway, thereby promoting autophagic clearance of tau. Berberine can alleviate cognitive decline by simultaneously targeting tau hyperphosphorylation and autophagic clearance of tau in AD mice (Chen Y. et al., 2020). In an AD and type 2 diabetes mellitus (T2DM) combined rat model, berberine alleviated the memory impairment of model rats; restored nerve cell arrangement disorder and neuron damage; improved terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL)-positive cells; and reversed the increase in fasting blood glucose, TG, TC and glycosylated serum protein. In addition, berberine could protect neurons by inhibiting the ER stress pathway and thereby may have some beneficial action in the prevention and treatment of AD and T2DM (Xuan et al., 2020).
Berberine promoted the formation of cerebral microvessels. The new blood vessels promoted by berberine had a complete structure and function, promoted the recovery of CBF, and had neuroprotective effects on 3×Tg-AD mice (Ye et al., 2021).
Alzheimer’s-like disease was orally induced in rats with a mixture of aluminum, cadmium, and fluoride for 3 months, followed by treatment with berberine for another month. Berberine significantly improved cognitive behavior in the MWM test and protected against heavy-metal-induced memory impairment. Berberine inhibited AChE, COX-2 and TACE; downregulated the expression of AChE in brain tissue; and inhibited AChE activity. In addition, berberine induced the production of the antioxidant Aβ40 and inhibited the formation of Aβ42, which is responsible for the aggregation of Aβ plaques (Hussien et al., 2018). In recent years, various mechanisms of the actions of berberine on AD have been gradually discovered and reported, including the inhibition of Aβ deposition, the inhibition of cholinesterase and monoamine oxidase, and the delay of the occurrence of neuroinflammation and oxidative stress (Gao and Chu, 2017). In AD model rats injected with D-gal combined with Aβ25-35, berberine improved learning and memory, and its mechanism was related to the reduction in GSK3β and p-tau protein expression in the rat hippocampus (Zhou L. et al., 2020).
Ligusticum chuanxiong
Ligusticum chuanxiong: The dried rhizome of Ligusticum chuanxiong Hort., Ligusticum chuanxiong is warm in nature and sweet in taste, and it has the effects of promoting blood circulation, activating qi, dispelling rheumatism and relieving pain. Ligusticum chuanxiong mainly contains alkaloids, volatile oils, phenols and visfatin. Ligustrazine is an alkaloid extracted from Ligusticum chuanxiong. Ligustrazine dilates blood vessels, improves cerebral ischemia and protects neurons, and it has been clinically used to treat cerebrovascular diseases. A study found that the number of NEP-positive cells in the hippocampus of D-gal/AlCl3 mice in the ligustrazine group was significantly higher than that of mice in the control group, which indicated that ligustrazine could increase the expression of NEP, promote the clearance of Aβ, and thus play a role in the prevention and treatment of AD (Liu Z. et al., 2016).
Hyperhomocysteinemia (Hhcy) is an independent risk factor for AD. Hhcy can cause memory impairment through AD-like tau and Aβ pathology in the hippocampus. Lustrazine significantly attenuated Hhcy-induced tau hyperphosphorylation and Aβ accumulation in the Hhcy rat model (Zhang Q. et al., 2021).
In 3xTg-AD and APP/PS1-AD mice, ligustrazine significantly improved the learning and memory ability of these two kinds of AD transgenic mice, reduced Aβ and p-tau levels, altered the seahorse proteome and reduced AD pathology (Huang et al., 2021).
Ligustrazine inhibited the molecular events of mitochondrial dysfunction and mitochondrial apoptosis by enhancing Nrf2/GCLc/GSH and inhibiting the HIF1α/NOX2/ROS pathway, thereby protecting against CoCl2-induced neurotoxicity in PC12 cells and rats (Guan et al., 2015).
Huperzia serrata
Huperzia serrata: The whole herbs of Huperziaserrata (Thunb.) Trev. [Lycopodiumserratum Thunb.]. HupA is a huperzine alkaloid derived from the Chinese herbal medicine Huperzia serrata. HupA has multiple targets and can competitively inhibit AChE activity and reduce neuronal cell death. In addition, HupA was shown to protect neuronal cells against the oxidative stress induced by Aβ, a protein kinase C inhibitor, and free-radical-induced apoptosis. Along with Ach, butyrylcholinesterase is also a part of the cholinesterase system and is expressed in neurons and glial cells. Clinical studies have found that butyrylcholinesterase also plays an important role in senile plaques and NFTs in AD patients. A double-blind study involving 50 AD patients and 50 healthy individuals found significant improvements in cognition and task switching ability after HupA treatment (Gul et al., 2019). Studies have shown that huperzine A is superior to placebo in improving the memory quotient and the score of MMSE in patients with mild cognitive impairment and has a low incidence of adverse reactions, which has good clinical safety. Similarly, huperzine A could significantly improve the memory, cognitive function and self-care ability of vascular dementia patients, which was statistically significant compared with the control group and was less affected by publication bias. Huperzine A has side effects, but the symptoms are mild, which generally does not affect the continued administration of the drug (Hu et al., 2018).
In addition to the symptomatic cognitive-enhancing effects through the inhibition of AChE, a recent study suggested that HupA had a “noncholinergic” effect on AD. HupA activated α-secretase cleavage and downregulated β/γ-secretase, enhanced BDNF/TrkB signaling and the PI3K/Akt and PI3K/TrkB/mTOR pathways, and combated Aβ-induced oxidative damage and mitochondrial dysfunction while reducing IL-1β, IL-6, TNF-α and NF-kB signaling to protect neuronal function. Moreover, HupA could restore Fe2+ homeostasis in the brain. These findings further support that HupA may significantly slow the neuronal death process (Friedli and Inestrosa, 2021).
A clinical trial showed that Huperzia serrata extract could also improve memory functions, reduce visual hallucinations and night talking, and ameliorate activities of daily living, verbal communication, scowling and the disappearance of unhygienic behavior (Tabira and Kawamura, 2018).
Polygonum cuspidatum
Polygonum cuspidatum: The dried rhizome and root of Polygonum cuspidatum Sieb. et Zucc. Physion8-O-β-glucopyranoside (PSG) isolated from Polygonum cuspidatum can significantly enhance the learning and memory ability of rats with Aβ1-40-induced dementia through lateral ventricle injection, which may be related to increasing the levels of Ach, 5-HT, NE, and DA in the hippocampus; reducing the content of Aβ; and upregulating the expression of drebrin (Xu et al., 2015). The alcohol extract of Polygonum cuspidatum may reduce the Aβ level in the brains of AD model mice through the AMPK/PGC-1α/BDNF/TRKB signaling pathway, thereby improving their learning and memory ability (Zhang et al., 2019).
Gardenia
Gardenia is the dry ripe fruit of Gardenia jasminoides Ellis. Geniposide is an iridoid glycoside that is mainly found in the dry and ripe fruit of Gardenia jasminoides Ellis. Pharmaceutical studies have confirmed that in addition to antipyretic, analgesic and anti-inflammatory effects, geniposide can also have some effect on neurodegenerative diseases, such as PD. Possible molecular mechanisms by which geniposide protects the brain from AD pathological damage are reducing amyloid plaques, inhibiting tau phosphorylation, preventing memory impairment and synaptic loss, reducing oxidative stress and chronic inflammatory responses, and promoting neurite outgrowth through the glucagon-like peptide-1 receptor (GLP-1R) signaling pathway (Liu et al., 2015). In addition, geniposide is a water-soluble small-molecule drug that can pass through the BBB with a high permeability; therefore, theoretically, geniposide has a better effect on CNS diseases. Geniposide has a protective effect on Aβ25-35-induced neuronal damage and significantly improves cognitive and behavioral abilities in AD rats. The mechanism of action of geniposide may be related to the activation of the ERK1/2-Nrf2 signaling pathway (Xiang et al., 2018).
Gardenia essential oil aromatherapy can reduce the body weight and anxiety of APP/PS1 mice, increase their exploration ability, inhibit fat accumulation, improve APP/PS1, and improve exercise tolerance and hindlimb blood flow velocity in rats. (Chen Z. et al., 2020)
Geniposide has been proven to significantly reduce cerebral infarct size and alleviate neuronal damage and necrosis by inhibiting inflammatory signals, including NLRP3, TNF-α, IL-6, and IL-1β. Activation of the PI3K/Akt and Wnt/catenin pathways is also involved in neuronal protection. In the treatment of AD, geniposide increases autophagy and inhibits apoptosis by regulating the function of mTOR. Geniposide has also been shown to be a GLP-1R agonist that reduces amyloid plaques and inhibits oxidative stress to alleviate memory impairment and synaptic loss (Zhang W. et al., 2021).
Polygala
Polygala is the dried root of Polygalactaceae Polygalatenuifolia Willd. or Polygalasibirica L. Polygala is a drug used to improve memory and cognitive function. Polygala has the effects of calming nerves, benefiting intelligence, relieving depression and so on. Polygala mainly contains triterpenoid saponins, ketones, oligosaccharide esters and other compounds. Polygala and its components have anti-Aβ, tau protein regulatory, anti-inflammatory, antioxidant, and antiapoptotic effects. Polygala can inhibit the development of brain neuron degeneration in multiple ways and may be effective in the prevention and treatment of AD (Li X. et al., 2022). A study found that in an AD model induced by Aβ1-40, Polygala significantly protected against the reduction in the number of neurons, plaque deposition and neuronal apoptosis in the brain tissue by improving the function of the ubiquitin–proteasome pathway in the hippocampus, counteracting Aβ neurotoxicity and improving AD memory impairment (Sun et al., 2013). Polygala can increase the expression of O-linked β-N-acetylglucosamine (O-GlcNAc) to a certain extent, regulate the balance between protein kinase and phosphatase in an AD rat model, and return the phosphorylation of tau protein to a normal physiological state (Chen et al., 2013). Polgala saponins can reduce the expression of Taup-Ser2 protein and PKA in AD model rats, increase the expression of PP2A protein, reduce the hyperphosphorylation of the Ser396 site of tau protein in brain neurons of AD rats, and protect nerve cells from Aβ1-40 toxicity (Chen et al., 2015).Polygala powder can inhibit the phosphorylation of tau protein in the hippocampal CA1 region of model rats in which AD is induced by Aβ1-40, and its mechanism is related to the regulation of the PI3K/AKT/GSK-3β signaling pathway (Xie P. et al., 2020). Polygala saponins can upregulate the expression of PSD-95 in the hippocampus of AD mice and improve cognitive impairment, which may be achieved by reducing Aβ deposition and the hyperphosphorylation of tau protein (Wang Z. et al., 2020). It has also been confirmed that polygala saponins have potential benefits in the treatment of learning and memory deficits in APP/PS1 transgenic AD mice, and their effects may be related to the reversal of AD pathology-induced neuronal apoptosis (Wang L. et al., 2019).
In 5XFAD transgenic AD model mice, Polygala radix extract can inhibit neuronal endocytosis and prevent axonal degeneration and memory impairment; in cultured neurons, Polygala radix extract can prevent Aβ-induced collapse of axonal growth cones and axonal growth cone atrophy and prevent the Aβ-induced endocytosis of cultured neuronal growth cones (Kuboyama et al., 2017).
Bergamot
Bergamot is the dried fruit of Citrusmedica L. var. sarcodactylis Swingle. The application of aromatherapy in AD has become a research hotspot among scholars. Bergamot essential oil (BEO), one of the most common essential oils, is composed of volatile aromatic terpenes and oxygenated derivatives such as linalool, and previous studies have demonstrated the neuroprotective and anti-inflammatory properties of BEO (Scuteri et al., 2019).The inhalation of BEO for 21 days alleviated the cognitive behavioral impairment of AD mice and reduced Aβ content and AChE activity in the hippocampus and cortex in D-gal- and aluminum-trichloride-treated AD mice (Hu et al., 2022).
Rhodiola
Rhodiola is the dried root and rhizome of Rhodiola rosea Rhodiola (Hook. f. et Thoms.) H. ohba, a plant of the Crassulaceae family. With the continuous development of and improvements in scientific research technology, a large number of studies have been carried out on the chemical constituents of Rhodiola. The main pharmacologically active components isolated from various Rhodiola species are salidroside (Sal) and its aglycone (tyrosol), rhodopsin, pyridine and rhodiola. Among them, Sal is a phenolic glycoside compound that is the main active ingredient extracted from Rhodiola. This can effectively reduce the deposition of Aβ1-42 and neuroinflammation in the brains of AD mice and improve cognitive decline during aging, thereby exerting neuronal protection. In an in vitro model of PC12 cell injury induced by D-gal and nigericin, Sal reversed TLR4, MyD88, NF-κB, P-NF-κB, NLRP3, and ASC and cleaved Caspase-1 and increased the protein expression of cleaved GSDMD, IL-1β and IL-18. The mechanism may be through inhibition of the TLR4/NF-κB/NLRP3/Caspase-1 signaling pathway. In animal models of AD induced by Aβ1-42 and D-gal/AlCl3, Sal can improve AD by inhibiting pyroptosis, reducing tau phosphorylation, and reducing Aβ accumulation (Cai et al., 2021).
Sal effectively attenuates hippocampal-dependent memory impairment in SAMP8 mice, possibly by modulating the gut-microbiota-brain axis and inflammation in the peripheral circulation and CNS. The relevant mechanisms of action include significantly reducing toxic Aβ1-42 deposition; activating microglia in the brain; reducing the levels of the proinflammatory factors IL-1β, IL-6 and TNF-α; improving gut barrier integrity and the gut microbiota; reversing the ratio of Bacteroides to Firmicutes; eliminating Clostridium and Streptococcus, which may be associated with cognitive deficit; and reducing the levels of proinflammatory cytokines in the peripheral circulation, especially IL-1α, IL-6, IL-17A, and IL-12 (Xie Z. et al., 2020).
Sal improved the motor activity of APP/PS1; reduced soluble and insoluble Aβ levels; and increased the expression of PSD95, NMDAR1 and calmodulin-dependent protein kinase II. Phosphatidyl inosine PI3K/Akt/mTOR signaling was upregulated. These results suggest that Sal may protect APP/PS1 mice from neuronal synapse damage (Wang H. et al., 2020).
Acorus tatarinowii
Acorus tatarinowii is the dried rhizome of Acorus tatarinowii Schott, a plant of the Araceae family. According to reports, Acorus tatarinowii can repair the synaptic structure and improve learning and memory by inhibiting the overexpression of APP, reducing the production of Aβ, and reducing Aβ damage to neurons and synaptic structures (Zhang et al., 2014).
β-Asarone (BAS) is the main component of Acorus tatarinowii, and it has an important effect on the CNS. BAS can inhibit Aβ, which may be achieved by promoting autophagy in AD cell models (Wang N. et al., 2019). The neuroprotective effects of BAS were investigated in the APP/PS1 double-transgenic mouse model and NG108 cells, and it was found that BAS antagonized Aβ neurotoxicity in vivo, improved the learning and memory abilities of APP/PS1 mice, and increased synaptophysin and glutamate receptor 1 expression in vitro and in vivo (Liu S. J. et al., 2016). The study found that after 30 days of BAS intervention, BAS effectively promoted the mitotic phagocytosis mediated by PTEN-induced kinase 1 and Parkin RBRE3 ubiquitin protein ligase and improved the learning and memory ability of rats in which AD was induced by Aβ1-42 (Han et al., 2020). BAS reduced neuronal apoptosis and Aβ deposition in the cerebral cortex and hippocampus and downregulated Aβ1-42 levels, improving memory deficits in APP/PS1 double-transgenic AD model mice (Yang et al., 2016).
BAS reduced the number of senile plaques and autophagosomes in the hippocampus of APP/PS1 double-transgenic mice, and it reduced the expression of Aβ40, Aβ42, and APP, which have neuroprotective effects and inhibit autophagy (Deng et al., 2020). BAS reduced the levels of AChE and Aβ42 and inhibited Beclin-1-dependent autophagy through the PI3K/Akt/mTOR pathway, thereby improving the learning and memory abilities of APP/PS1 transgenic mice (Deng et al., 2016).
In Aβ-stimulated PC12 cells, BAS improved cell viability and reduced cell damage and apoptosis. BAS also reduced ROS and MDA levels; increased SOD, CAT and GSH-PX levels; improved mitochondrial membrane potential; and exerted neuroprotective effects by regulating the P13K/Akt/Nrf2 signaling pathway (Meng et al., 2021).
Gastrodia elata
Gastrodia elata is the dried tuber of Gastrodia elata Bl. Gastrodia elata is a commonly used TCM for the treatment of cerebrovascular diseases, and Gastrodia elata extract or its active components have physiological and health-promoting functions, including antitumor, memory-improving, and neuroprotective activities. Gastrodia elata may prevent AD by modulating the proteolytic process of APP, thereby driving nonamyloidogenic pathways, and Gastrodia elata may be a promising adjuvant therapy for AD (Heese, 2020). In an AD rat model established by bilateral hippocampal injection of Aβ25-35, after 52 days of Gastrodia elata intervention, the spatial memory of the model rats was significantly improved, and the number of amyloid deposits in the rat hippocampus was significantly reduced; the medial septal nucleus (medial septum, MS) and the expression of ChAT in the hippocampus were significantly increased; and the activity of AChE in the prefrontal cortex, medial septum, and hippocampus was significantly decreased, indicating that long-term administration of Gastrodia elata has therapeutic potential for AD (Huang et al., 2013). In scopolamine-induced memory impairment, rat model studies have demonstrated that Gastrodia elata may potentially ameliorate the learning and memory deficits and/or cognitive impairment caused by neuronal cell death (Park et al., 2015).
Gastrodin is a phenolic glycoside and the main bioactive component of Gastrodia elata. The pharmacological properties of gastrodin have been extensively studied since its identification in 1978. Gastrodin has a wide range of beneficial effects on CNS diseases, and its mechanisms of action include the modulation of neurotransmitters, antioxidants, and anti-inflammatory factors; the inhibition of microglial activation; the modulation of mitochondrial cascades; and the upregulation of neurotrophins (Liu Y. et al., 2018). In an AD mouse model (Tg2576 mice), gastrodin significantly attenuated Aβ deposition and glial cell activation in the brains of these transgenic mice, suggesting that gastrodin can exert neuroprotective effects through anti-inflammatory and antiamyloidogenic effects (Hu et al., 2014). In a rat model of VD induced by bilateral common carotid artery occlusion, gastrodin treatment inhibited the deposition of Aβ plaques by reducing the level of p-tau in the hippocampus, thereby improving cognitive deficits in VD rats (Shi et al., 2020).
Lycium barbarum
Lycium barbarum is the dry ripe fruit of Lycium barbarum L., a plant of the Solanaceae family. Lycium barbarum has historically been used as a natural antioxidant and antiaging product.
Multiple in vitro and in vivo aging models were used to demonstrate the ability of Lycium barbarum polysaccharide (LBP) to reduce oxidative stress, restore mitochondrial function, alleviate DNA damage and prevent cellular aging. The findings from these studies suggest that LBP attenuates the accumulation of senescent cells and suppresses senescence-associated secretory phenotypes by reducing the levels of proinflammatory cytokines such as interleukin-1β and matrix-degrading enzymes such as MMP-1 and MMP-13 (Ni et al., 2021). LBP has the ability to protect neurons from Aβ peptide neurotoxicity. LBP has neuroprotective effects on cortical neurons exposed to homocysteine (Ho et al., 2010). LBP can reduce Aβ levels and improve cognitive function in APP/PS1 transgenic mice. LBP1 enhances neurogenesis and restores synaptic dysfunction in the hippocampal CA3-CA1 pathway, as shown by BrdU/NeuN double labeling, and in vitro cellular analysis findings suggest that LBP1 may affect Aβ processing (Zhou Y. et al., 2020). Recently, studies have demonstrated that in 3xTg-AD mice, Lycium barbarum extract can maintain synaptic stability in the retina by reducing oxidative stress and intracellular calcium influx. Therefore, Lycium barbarum extract may act as a neuroprotective agent for AD by preserving synapses (Liu et al., 2021). The function and molecular mechanism of Lycium barbarum extract in AD were investigated in transgenic C. elegans strain CL 2006. Lycium barbarum extract had a high antioxidant capacity and effectively delayed Aβ-induced paralysis in the CL2006 strain. Lycium barbarum extract inhibits the production of excessive ROS by inducing the protein skinhead-1 (SKN-1)-mediated antioxidant system, thereby inhibiting the production of Aβ and inhibiting mitochondrial damage. Importantly, LBP reduces Aβ levels by inducing follitropin receptor-mediated activation of the mitochondrial UPR (Meng et al., 2022). Another study found that wolfberry extract treatment significantly improved learning and memory deficits in 3xTg-AD mice, significantly reduced Aβ deposition in 3xTg-AD mice, increased NeuN-positive cells, and upregulated the expression of BDNF and TrkB (Ye et al., 2015). In APP/PS1 mice, fruitless Lycium barbarum sprout extract also shows potential for the treatment of AD; it could significantly inhibit Aβ fibrillation, decompose the formed Aβ fibers, reduce Aβ oligomer levels and Aβ-induced neurotoxicity, and attenuate oxidative stress in vitro (Liu S. Y. et al., 2018).
Cistanche deserticola
Cistanche deserticola is the dry, scaly, leafy, succulent stem of Cistanche deserticola Y. C. Ma or Cistanche tubulosa (Schenk) Wight.
Long-term administration of D-gal to mice results in cognitive decline, gut microbial dysbiosis, peripheral inflammation, and oxidative stress. In this model of age-related cognitive decline, Cistanche deserticola polysaccharide (CDPS) improved cognitive function in D-gal-treated mice by restoring gut microbial homeostasis, thereby reducing oxidative stress and peripheral inflammation. The beneficial effects of CDPS in these aging model mice were abrogated by immunosuppression with antibiotics or cyclophosphamide. Serum metabolomic analysis showed that the levels of creatinine, valine, L-methionine, o-toluidine, N-ethylaniline, uric acid, and proline were altered in aging model mice, but CDPS could restore them. CDPS improves cognitive function by restoring the homeostasis of the gut-microbiota-brain axis, thereby alleviating amino acid imbalance, peripheral inflammation, and oxidative stress in D-gal-treated mice. Thus, CDPS shows therapeutic potential for patients with memory and learning disabilities, especially those associated with gut microbiome dysbiosis (Gao et al., 2021).
Acteoside (verbenoside), one of the main active phenethyl glycosides of Cistanche deserticola, is known to have antioxidant and neuroprotective activities, and herbs containing acteoside can be used to enhance memory. Acteoside shortened the latency and decreased the number of errors in a step test; significantly increased hippocampal neurons and Nissl bodies; and reduced nitric oxide content, nitric oxide synthase activity and caspase-3 protein expression in D-gal- and aluminum-trichloride-treated mice (Peng et al., 2015).
CONCLUSION
In summary, the pathogenesis of AD has not been systematically clarified thus far, and the possible pathogenic factors of AD are diverse. In this review, it has been shown that dialectical treatment of AD with TCMs with complex and diverse components has achieved unexpected special curative effects. However, the following aspects need to be further improved: TCMs, especially TCM compounds, have complex components. At present, there is no systematic explanation of which drugs or components are working, and it is more difficult to clarify their action mechanisms and compatibility laws in modern terms. Second, there are some clinical data from observational studies and reference-controlled or add-on treatment studies, and only for a few treatments has clinical efficacy been demonstrated by randomized, placebo-controlled trials. Recent research has mostly been in the form of experimental research or sporadic clinical research reports, and the clinical efficacy indicators of TCMs need to be improved. There are great differences between TCM and Western medicine in diagnosis, the choice of therapeutic drugs and the determination of curative effect. How to introduce effective ancient and tested prescriptions of TCM for the clinical treatment of AD to Western medical workers is a difficult problem that urgently needs to be overcome. Only by finding the ideal combination point of the two medical systems can it be possible for the systems to work together to overcome the difficulties of AD.
AUTHOR CONTRIBUTIONS
WT: conceptualization and writing—original draft preparation. LQ and XH: writing—reviewing and editing. ZT: writing—reviewing and editing and supervision.
FUNDING
This study is supported by the National Natural Science Foundation of China [grant number 22077091] and Key discipline construction project of traditional Chinese medicine pharmacology in Sichuan Province [grant number 2020ZDXK01].
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Bae, H. J., Sowndhararajan, K., Park, H. B., Kim, S. Y., Kim, S., Kim, D. H., et al. (2019). Danshensu attenuates scopolamine and amyloid-β-induced cognitive impairments through the activation of PKA-CREB signaling in mice. Neurochem. Int. 131, 104537. doi:10.1016/j.neuint.2019.104537
 Baum, L., Lam, C. W., Cheung, S. K., Kwok, T., Lui, V., Tsoh, J., et al. (2008). Six-month randomized, placebo-controlled, double-blind, pilot clinical trial of curcumin in patients with Alzheimer disease. J. Clin. Psychopharmacol. 28 (1), 110–113. doi:10.1097/jcp.0b013e318160862c
 Behl, T., Kaur, I., Sehgal, A., Singh, S., Sharma, N., Makeen, H. A., et al. (2022). "Aducanumab" making a comeback in Alzheimer's disease: An old wine in a new bottle. Biomed. Pharmacother. 148, 112746. doi:10.1016/j.biopha.2022.112746
 Cai, Y., Chai, Y., Fu, Y., Wang, Y., Zhang, Y., Zhang, X., et al. (2021). Salidroside ameliorates Alzheimer's disease by targeting NLRP3 inflammasome-mediated pyroptosis. Front. Aging Neurosci. 13, 809433. doi:10.3389/fnagi.2021.809433
 Cao, G., Su, P., Zhang, S., Guo, L., Zhang, H., Liang, Y., et al. (2016). Ginsenoside Re reduces Aβ production by activating PPARγ to inhibit BACE1 in N2a/APP695 cells. Eur. J. Pharmacol. 793, 101–108. doi:10.1016/j.ejphar.2016.11.006
 Chen, C. (2017). Effect of long-term administration of stilbene glycoside on APP/PS1 double transgenic mice and its pharmacological mechanism [D]. capital medical university. 
 Chen, Q., Chen, Y., Ye, H., Yu, J., Shi, Q., and Huang, Y. (2015). The mechanism of tenuigenin for eliminating waste product accumulation in cerebral neurons of Alzheimer’s disease rats via ubiquitin-proteasome pathway. Chin. J. Integr. Traditional West. Med. 35, 327–332. doi:10.7661/CJIM.2015.03.0327
 Chen, Y., Chen, Y., Liang, Y., Chen, H., Ji, X., and Huang, M. (2020a). Berberine mitigates cognitive decline in an Alzheimer's Disease Mouse Model by targeting both tau hyperphosphorylation and autophagic clearance. Biomed. Pharmacother. 121, 109670. doi:10.1016/j.biopha.2019.109670
 Chen, Y., Huang, X., Chen, W., and Wang, N. (2013). Effects of Polygala tenuifolia saponins on tau protein phosphorylation and O-GlcNAc glycosylation in PC12 cells. Tianjin J. Traditional Chin. Med. 30, 40–42. doi:10.11656/j.issn.1672-1519.2013.01.14
 Chen, Z., Zhang, Q., He, F., Zhang, C., Gu, R., and Zhao, K. (2020b). Effects of Gardenia essential oil aromatherapy on exercise and anxiety in Alzheimer's disease double transgenic mice. J. Beijing Univ. Traditional Chin. Med. 43, 569–574. doi:10.3969/j.issn.1006-2157.2020.07.008
 Cheng, Y., Tian, Y., and Ning, J. (2014). Clinical study on the treatment of vascular dementia with phlegm and blood stasis blocking collaterals with DianKuangMengxing Decoction. Acta Chin. Med. 29, 409–410. doi:10.16368/j.issn.1674-8999.2014.03.024
 Choi, S. H., Lee, R., Nam, S. M., Kim, D. G., Kim, H. C., et al. (2021). Ginseng gintonin, aging societies, and geriatric brain diseases. Integr. Med. Res. 10 (1), 100450. doi:10.1016/j.imr.2020.100450
 Chong, C. M., Su, H., Lu, J. J., and Wang, Y. (2019). The effects of bioactive components from the rhizome of Salvia miltiorrhiza (Danshen) on the characteristics of Alzheimer's disease. Chin. Med. 14, 19. doi:10.1186/s13020-019-0242-0
 Chou, S., Wang, Z., Li, G., Zhao, S., Yuan, J., and Zeng, J. (2014). Effects of Salvia miltiorrhiza on learning and memory and acetylcholinesterase content in brain and serum of AD model mice. Laboratory Animal Sci. 31, 11–13+31. doi:10.3969/j.issn.1006-6179.2014.04.003
 Chou, W., Song, S., Lu, H., and Deng, X. (2019). Effect of electroacupuncture combined with modified Buyang Huanwu Decoction on mild to moderate vascular dementia and its effect on serum NGF and BDNF. Guangming J. Chin. Med. 34, 2696–2699. doi:10.3969/j.issn.1003-8914.2019.17.042
 Chu, J., Zhang, L., Ye, C., and Zhao, L. (2008). Effects of epimedium flavanoids on synapse related protein in brains of dementia transgenic mice. National Medical Journal of China , 31–35. doi:10.3321/j.issn:0376-2491.2008.01.010
 Chu, S., Gu, J., Feng, L., Liu, J., Zhang, M., Jia, X., et al. (2014). Ginsenoside Rg5 improves cognitive dysfunction and beta-amyloid deposition in STZ-induced memory impaired rats via attenuating neuroinflammatory responses. Int. Immunopharmacol. 19 (2), 317–326. doi:10.1016/j.intimp.2014.01.018
 Cui, J. (2021). Clinical study on Tongqiao Huoxue Decoction Combined with acupuncture in the treatment of qi stagnation and blood stasis syndrome of Alzheimer's disease. New Chin. Med. 53 (01), 27–30. 
 Cui, Y., Wang, Y., Zhao, D., Feng, X., Zhang, L., and Liu, C. (2018). Loganin prevents BV-2 microglia cells from Aβ1-42 -induced inflammation via regulating TLR4/TRAF6/NF-κB axis. Cell. Biol. Int. 42 (12), 1632–1642. doi:10.1002/cbin.11060
 Deng, M., Huang, L., Ning, B., Wang, N., Zhang, Q., Zhu, C., et al. (2016). β-asarone improves learning and memory and reduces Acetyl Cholinesterase and Beta-amyloid 42 levels in APP/PS1 transgenic mice by regulating Beclin-1-dependent autophagy. Brain Res. 1652, 188–194. doi:10.1016/j.brainres.2016.10.008
 Deng, M., Huang, L., and Zhong, X. (2020). β‑asarone modulates Beclin‑1, LC3 and p62 expression to attenuate Aβ40 and Aβ42 levels in APP/PS1 transgenic mice with Alzheimer's disease. Mol. Med. Rep. 21 (5), 2095–2102. doi:10.3892/mmr.2020.11026
 Ding, C., Jiang, Q., Wang, X., and Dong, L. (2017). Protective effect of effective parts of Buyang Huanwu Decoction on global cerebral ischemia injury and its mechanism of antioxidation and apoptosis. Pharmacol. Clin. Chin. Materia Medica 33, 2–7. doi:10.13412/j.cnki.zyyl.2017.04.001
 Ding, R. R., Chen, W., Guo, C. Y., Liao, W. T., Yang, X., Liao, F. E., et al. (2018). Dangguishaoyao-San attenuates LPS-induced neuroinflammation via the TLRs/NF-κB signaling pathway. Biomed. Pharmacother. 105, 187–194. doi:10.1016/j.biopha.2018.05.108
 Dong, X., Du, H., Han, Z., Wang, M., and Wang, C. (2012). Effects of Huanglian Jiedu Decoction on SOD activity, MDA content, Ⅰ-κB and NF-κB protein expression in senile dementia rats. Chin. Archives Traditional Chin. Med. 30, 1730–1732. doi:10.13193/j.archtcm.2012.08.36.dongx.037
 Dong, X., Wang, Y., Jia, P., Liu, B., and Zhu, J. (2020). To explore the neuroprotective effect and mechanism of Buyang Huanwu Decoction on AD model mice based on inflammatory response. Res. Pract. Chin. Med. 34, 15–18. doi:10.13728/j.1673-6427.2020.04.004
 Dou, J., Chen, H., Liu, L., Xie, N., Hu, S., Li, X., et al. (2019). Effect of modified Huanglian Wendan Decoction on inflammatory response in vascular dementia rats. Chin. Pat. Med. 41, 1702–1705. doi:10.3969/j.issn.1001-1528.2019.07.043
 Dou, J., Qi, S., and Zhang, X. (2021). Effect of modified Huanglian Wendan Decoction on inflammatory response in vascular dementia model rats. World Chin. Med. 16, 1417–1421. doi:10.3969/j.issn.1673-7202.2021.09.012
 Du, Q., Peng, C., Wan, F., and Xie, X. (2015). Study on the material basis of antibacterial effect of Huanglian Jiedu Decoction. Lishizhen Med. Materia Medica Res. 26, 1316–1318. doi:10.3969/j.issn.1008-0805.2015.06.013
 Durairajan, S. S. K., Iyaswamy, A., Shetty, S. G., Kammella, A. K., Malampati, S., Shang, W., et al. (2017). A modified formulation of Huanglian-Jie-Du-Tang reduces memory impairments and β-amyloid plaques in a triple transgenic mouse model of Alzheimer's disease. Sci. Rep. 7 (1), 6238. doi:10.1038/s41598-017-06217-9
 Eisvand, F., Razavi, B. M., and Hosseinzadeh, H. (2020). The effects of ginkgo biloba on metabolic syndrome: A review. Phytother. Res. 34 (8), 1798–1811. doi:10.1002/ptr.6646
 Elsabagh, S., Hartley, D. E., Ali, O., Williamson, E. M., and File, S. E. (2005). Differential cognitive effects of Ginkgo biloba after acute and chronic treatment in healthy young volunteers. Psychopharmacol. Berl. 179 (2), 437–446. doi:10.1007/s00213-005-2206-6
 Fang, L. (2021). Effect of Tongqiao Huoxue Decoction and acupoint application as auxiliary Western medicine on patients with vascular dementia and its effect on serum neurotransmitters. Henan Med. Res. 30, 4540–4542. doi:10.3969/j.issn.1004-437X.2021.24.039
 Fei, H., Zhou, J. B., Du, H., Han, Y., Li, B., and Piao, Y. (2014). Effects of Buyang Huanwu Decoction on learning and memory and hippocampal β amyloid precursor protein in Alzheimer's disease mice. Chin. J. Exp. Traditional Med. Formulae 20, 125–128. doi:10.13422/j.cnki.syfjx.2014200125
 Feng, C. Z., Cao, L., Luo, D., Ju, L. S., Yang, J. J., Xu, X. Y., et al. (2019). Dendrobium polysaccharides attenuate cognitive impairment in senescence-accelerated mouse prone 8 mice via modulation of microglial activation. Brain Res. 1704, 1–10. doi:10.1016/j.brainres.2018.09.030
 Feng, P. (2015). Effect of Huanglian Jiedu Decoction on the gene expression of amyloid precursor protein in the brain of APP/PS1 double transgenic Alzheimer's disease model mice. Asia-Pacific Tradit. Med. 11, 14–16. doi:10.11954/ytctyy.201524006
 Friedli, M. J., and Inestrosa, N. C. (2021). Huperzine A and its neuroprotective molecular signaling in Alzheimer's disease. Molecules 26 (21), 6531. doi:10.3390/molecules26216531
 Fu, X., Wang, Q., Wang, Z., Kuang, H., and Jiang, P. (2016). Danggui-Shaoyao-San: New hope for Alzheimer's disease. Aging Dis. 7 (4), 502–513. doi:10.14336/AD.2015.1220
 Gao, Y., Li, B., Liu, H., Tian, Y., Gu, C., Du, X., et al. (2021). Cistanche deserticola polysaccharides alleviate cognitive decline in aging model mice by restoring the gut microbiota-brain axis. Aging 13 (11), 15320–15335. doi:10.18632/aging.203090
 Gao, Z., and Chu, M. (2017). Research progress of berberine in the treatment of Alzheimer's disease. E-Journal Transl. Med. 4, 7–11. doi:10.3969/j.issn.2095-6894.2017.11.002
 Gauthier, S., and Schlaefke, S. (2014). Efficacy and tolerability of ginkgo biloba extract EGb 761® in dementia: A systematic review and meta-analysis of randomized placebo-controlled trials. Clin. Interv. Aging 9, 2065–2077. doi:10.2147/CIA.S72728
 Ge, Z., Wang, X., Li, F., Wang, N., and Xu, D. (2015a). Effects of Tongqiao Huoxue Decoction on learning and memory function and intracellular calcium concentration of hippocampal neurons in rats with vascular dementia. Chin. Pharm. J. 50, 671–675. doi:10.11669/cpj.2015.08.004
 Ge, Z., Wang, X., Yu, J., Huang, Z., and Xu, D. (2015b). Effect of tongqiao Huoxue decoction on hemorheology in rats with vascular dementia. Chin. Tradit. Pat. Med. 37, 1641–1646. doi:10.3969/j.issn.1001-1528.2015.08.002
 Guan, D., Su, Y., Li, Y., Wu, C., Meng, Y., Peng, X., et al. (2015). Tetramethylpyrazine inhibits CoCl2 -induced neurotoxicity through enhancement of Nrf2/GCLc/GSH and suppression of HIF1α/NOX2/ROS pathways. J. Neurochem. 134 (3), 551–565. doi:10.1111/jnc.13161
 Gul, A., Bakht, J., and Mehmood, F. (2019). Huperzine-A response to cognitive impairment and task switching deficits in patients with Alzheimer's disease. J. Chin. Med. Assoc. 82 (1), 40–43. doi:10.1016/j.jcma.2018.07.004
 Guo, D. (2019). Clinical observation on 42 cases of Alzheimer's disease treated with DianKuangMengXing Decoction. Mod. Med. Health Res. Electron. J. 3 (01), 41–42. 
 Guo, Z-P., Huang, M-N., Liu, A-Q., Yuan, Y. J., Zhao, J. B., and Mei, X. F. (2015). Buyang Huanwu decoction up-regulates Notch1 gene expression in injured spinal cord. Neural Regen. Res. 10 (08), 1321–1323. doi:10.4103/1673-5374.162767
 Han, J., Oh, J. P., Yoo, M., Cui, C. H., Jeon, B. M., Kim, S. C., et al. (2019). Minor ginsenoside F1 improves memory in APP/PS1 mice. Mol. Brain 12 (1), 77. doi:10.1186/s13041-019-0495-7
 Han, Y., Huang, C., Fang, Q., Liu, Q., Nan, K., Xiang, F., et al. (2018). Effects of curcumin on learning and memory and hippocampal inflammatory signal pathway in APP/PS1 double transgenic mice. J. Wenzhou Med. Univ. 48, 157–161. doi:10.3969/j.issn.2095-9400.2018.03.001
 Han, Y., Wang, N., Kang, J., and Fang, Y. (2020). β-Asarone improves learning and memory in Aβ1-42-induced Alzheimer's disease rats by regulating PINK1-Parkin-mediated mitophagy. Metab. Brain Dis. 35 (7), 1109–1117. doi:10.1007/s11011-020-00587-2
 Hashiguchi, M., Ohta, Y., Shimizu, M., Maruyama, J., and Mochizuki, M. (2015). Meta-analysis of the efficacy and safety of Ginkgo biloba extract for the treatment of dementia. J. Pharm. Health Care Sci. 1, 14. doi:10.1186/s40780-015-0014-7
 He, H., Li, Z., Qu, H., and Ma, C. (2008). Effects of Danggui Shaoyao San on the number of the pyramidal cells in hippocampal CA1 area and dentate gyrus of SAMP-8 mice. Anat. Res. 30, 358–359+384. doi:10.3969/j.issn.1671-0770.2008.05.011
 Heese, K. (2020). Gastrodia elata blume (tianma): Hope for brain aging and dementia. Evid. Based. Complement. Altern. Med. 2020, 8870148. doi:10.1155/2020/8870148
 Heo, J. H., Lee, S. T., Chu, K., Oh, M. J., Park, H. J., Shim, J. Y., et al. (2008). An open-label trial of Korean red ginseng as an adjuvant treatment for cognitive impairment in patients with Alzheimer's disease. Eur. J. Neurol. 15 (8), 865–868. doi:10.1111/j.1468-1331.2008.02157.x
 Heo, J. H., Lee, S. T., Chu, K., Oh, M. J., Park, H. J., Shim, J. Y., et al. (2012). Heat-processed ginseng enhances the cognitive function in patients with moderately severe Alzheimer's disease. Nutr. Neurosci. 15 (6), 278–282. doi:10.1179/1476830512Y.0000000027
 Heo, J. H., Park, M. H., and Lee, J. H. (2016). Effect of Korean red ginseng on cognitive function and quantitative eeg in patients with Alzheimer's disease: A preliminary study. J. Altern. Complement. Med. 22 (4), 280–285. doi:10.1089/acm.2015.0265
 Ho, Y. S., Yu, M. S., Yang, X. F., So, K. F., Yuen, W. H., and Chang, R. C. C. (2010). Neuroprotective effects of polysaccharides from wolfberry, the fruits of Lycium barbarum, against homocysteine-induced toxicity in rat cortical neurons. J. Alzheimers Dis. 19 (3), 813–827. doi:10.3233/JAD-2010-1280
 Hu, F., Xie, J., Wang, Q., Yang, Y., and Chen, M. (2018). Meta analysis of efficacy and safety of huperzine A in the treatment of vascular dementia. Chin. Tradit. Pat. Med. 40, 1222–1226. doi:10.3969/j.issn.1001-1528.2018.05.050
 Hu, H., Ren, J., Li, X., Pan, S., and Fan, G. (2022). Neuroprotective effect of bergamot essential oil on Alzheimer's disease mice. J. Huazhong Agric. Univ. 41, 229–237. doi:10.13300/j.cnki.hnlkxb.2022.01.023
 Hu, Y., Li, C., and Shen, W. (2014). Gastrodin alleviates memory deficits and reduces neuropathology in a mouse model of Alzheimer's disease. Neuropathology 34 (4), 370–377. doi:10.1111/neup.12115
 Hu, Z. Y., Liu, G., Cheng, X. R., Huang, Y., Yang, S., Qiao, S. Y., et al. (2012). JD-30, an active fraction extracted from Danggui-Shaoyao-San, decreases β-amyloid content and deposition, improves LTP reduction and prevents spatial cognition impairment in SAMP8 mice. Exp. Gerontol. 47 (1), 14–22. doi:10.1016/j.exger.2011.09.009
 Huang, G. B., Zhao, T., Muna, S. S., Jin, H. M., Park, J. I., Jo, K. S., et al. (2013). Therapeutic potential of Gastrodia elata Blume for the treatment of Alzheimer's disease. Neural Regen. Res. 8 (12), 1061–1070. doi:10.3969/j.issn.1673-5374.2013.12.001
 Huang, J., Wang, X., Xie, L., Wu, M., Zhao, W., Zhang, Y., et al. (2020). Extract of Danggui-Shaoyao-San ameliorates cognition deficits by regulating DHA metabolism in APP/PS1 mice. J. Ethnopharmacol. 253, 112673. doi:10.1016/j.jep.2020.112673
 Huang, S. Y., Jeng, C., Kao, S. C., Yu, J. J. H., and Liu, D. Z. (2004). Improved haemorrheological properties by Ginkgo biloba extract (Egb 761) in type 2 diabetes mellitus complicated with retinopathy. Clin. Nutr. 23 (4), 615–621. doi:10.1016/j.clnu.2003.10.010
 Huang, W., Li, H., Zhou, L., and Chen, X. (2015). Study on plasma nitric oxide level of acetylcholine and hemorheological indexes in patients with vascular dementia. Laboratory Med. Clin. 12, 2076–2077. doi:10.3969/j.issn.1672-9455.2015.14.043
 Huang, X., Yang, J., Huang, X., Zhang, Z., Liu, J., Zou, L., et al. (2021). Tetramethylpyrazine improves cognitive impairment and modifies the hippocampal proteome in two mouse models of Alzheimer's disease. Front. Cell. Dev. Biol. 9, 632843. doi:10.3389/fcell.2021.632843
 Hussien, H. M., Abd-Elmegied, A., Ghareeb, D. A., Hafez, H. S., Ahmed, H. E. A., and El-Moneam, N. A. (2018). Neuroprotective effect of berberine against environmental heavy metals-induced neurotoxicity and Alzheimer's-like disease in rats. Food Chem. Toxicol. 111, 432–444. doi:10.1016/j.fct.2017.11.025
 Iadecola, C. (2013). The pathobiology of vascular dementia. Neuron 80 (4), 844–866. doi:10.1016/j.neuron.2013.10.008
 Itoh, T., Michijiri, S., Murai, S., Saito, H., NaKamura, K., Itsukaichi, O., et al. (1996). Regulatory effect of danggui-shaoyao-san on central cholinergic nervous system dysfunction in mice. Am. J. Chin. Med. 24 (3-4), 205–217. doi:10.1142/S0192415X9600027X
 Jabir, N. R., Khan, F. R., and Tabrez, S. (2018). Cholinesterase targeting by polyphenols: A therapeutic approach for the treatment of Alzheimer's disease. CNS Neurosci. Ther. 24 (9), 753–762. doi:10.1111/cns.12971
 Jiang, B. (2010). Experimental study of Buyang Huanwu Decoction Capsule on NF-κB signal regulation and astrocyte related protein expression in AD Rats. D, Heilongjiang University of traditional Chinese Medicine. 
 Jiang, S., Yang, L., Xu, Y., and Yu, L. (2008). Effects of Epimedium Flavonoids on Learning and Memory Function and Bcl-2, Bax Protein Expression in Dementia Model Rats. China Journal of Modern Medicine 18, 3429–3432. doi:10.3969/j.issn.1005-8982.2008.23.010
 Jin, J., Wang, H., Hua, X., Chen, D., Huang, C., and Chen, Z. (2019). An outline for the pharmacological effect of icariin in the nervous system. Eur. J. Pharmacol. 842, 20–32. doi:10.1016/j.ejphar.2018.10.006
 Jin, Z., Yu, T., Liang, M., Qu, M., Zhong, Y., and Shi, Q. (2021). Effect of Tongqiao Huoxue Decoction Combined with butylphthalide on serum S100β、HMGB1、sICAM-1、CXCL12、Lp-PLA_2 in elderly patients with chronic cerebral ischemia. J. Chin. Med. Mater. , 1242–1246. doi:10.13863/j.issn1001-4454.2021.05.039
 Kandiah, N., Ong, P. A., Yuda, T., Ng, L. L., Mamun, K., Merchant, R. A., et al. (2019). Treatment of dementia and mild cognitive impairment with or without cerebrovascular disease: Expert consensus on the use of Ginkgo biloba extract, EGb 761®. CNS Neurosci. Ther. 25 (2), 288–298. doi:10.1111/cns.13095
 Kim, H. J., Jung, S. W., Kim, S. Y., Cho, I. H., Rhim, H., et al. (2018). Panax ginseng as an adjuvant treatment for Alzheimer's disease. J. Ginseng Res. 42 (4), 401–411. doi:10.1016/j.jgr.2017.12.008
 Kong, L., and Sun, J. (2009). 50 cases of senile dementia treated with modified DianKuangMengXing Decoction. China Med. Her. 6, 131. doi:10.3969/j.issn.1673-7210.2009.16.080
 Kuboyama, T., Hirotsu, K., Arai, T., Yamasaki, H., and Tohda, C. (2017). Polygalae radix extract prevents axonal degeneration and memory deficits in a transgenic mouse model of Alzheimer's disease. Front. Pharmacol. 8, 805. doi:10.3389/fphar.2017.00805
 Lane, C. A., Hardy, J., and Schott, J. M. (2018). Alzheimer's disease. Eur. J. Neurol. 25 (1), 59–70. doi:10.1111/ene.13439
 Li, C., Hu, H., Zhou, D., and Li, S. (2014). Research Progress on inhibition of β amyloid deposition and toxicity by traditional Chinese medicine and its active components. Chin. J. Inf. Traditional Chin. Med. 21, 130–133. doi:10.3969/j.issn.1005-5304.2014.11.047
 Li, D. D., Zheng, C. Q., Zhang, F., and Shi, J. S. (2022a). Potential neuroprotection by Dendrobium nobile Lindl alkaloid in Alzheimer's disease models. Neural Regen. Res. 17, 972–977. doi:10.4103/1673-5374.324824
 Li, J., Gao, W., Lu, G., Tang, J., Zhang, H., and Qian, T. (2010a). Effect of Buyang Huanwu Decoction on GluR1 protein and mRNA expression in hippocampus of vascular dementia rats. Chin. J. Pathophysiol. 26 (05), 901–906. doi:10.3969/j.issn.1000-4718.2010.05.014
 Li, J., Hu, X., Wang, Q., Zi, L., and Chen, Y. (2019a). Clinical observation of modified Tongqiao Huoxue Decoction Combined with "Huiyang nine acupuncture" in the treatment of cognitive impairment after stroke. Chin. J. Exp. Traditional Med. Formulae 25, 75–80. doi:10.13422/j.cnki.syfjx.20190431
 Li, J., Huang, Q., Chen, J., Qi, H., Liu, J., Chen, Z., et al. (2021). Neuroprotective potentials of Panax ginseng against Alzheimer's disease: A review of preclinical and clinical evidences. Front. Pharmacol. 12, 688490. doi:10.3389/fphar.2021.688490
 Li, J., Wen, P. Y., Li, W. W., and Zhou, J. (2015). Upregulation effects of Tanshinone IIA on the expressions of NeuN, Nissl body, and IκB and downregulation effects on the expressions of GFAP and NF-κB in the brain tissues of rat models of Alzheimer's disease. Neuroreport 26 (13), 758–766. doi:10.1097/WNR.0000000000000419
 Li, L., Xue, Z., Chen, L., Chen, X., Wang, H., and Wang, X. (2017a). Puerarin suppression of Aβ1-42-induced primary cortical neuron death is largely dependent on ERβ. Brain Res. 1657, 87–94. doi:10.1016/j.brainres.2016.11.023
 Li, L., Zhu, X., Li, J., Lai, S., and Huang, Z. (2013). Effect of stilbene glycoside on the expression of APP mRNA and PS1 mRNA in SAMP8 mice. Chin. J. Exp. Traditional Med. Formulae 19, 240–243. doi:10.13422/j.cnki.syfjx.2013.01.073
 Li, L. R., Sethi, G., Zhang, X., Liu, C. L., Huang, Y., Liu, Q., et al. (2022b). The neuroprotective effects of icariin on ageing, various neurological, neuropsychiatric disorders, and brain injury induced by radiation exposure. Aging (Albany NY) 14 (3), 1562–1588. doi:10.18632/aging.203893
 Li, S., An, H., and Zhang, W. (2010b). Effects of Danggui Shaoyao Powder on behavior and neuropeptide content of hippocampus in mice with vascular dementia. J. Liaoning Univ. Traditional Chin. Med. 12, 49–51. doi:10.13194/j.jlunivtcm.2010.09.51.lishy.065
 Li, W., Zhang, X., Ji, H., and Su, R. (2019b). Effect of modified yiqi congming decoction on cytokines in hippocampus of VD rats. Cardiovasc. Dis. Electron. J. Integr. Traditional Chin. West. Med. 7, 148–149. doi:10.16282/j.cnki.cn11-9336/r.2019.21.115
 Li, X., Chen, S., Chen, W., Song, J., and Zhang, Y. (2022c). Research Progress on chemical constituents of Polygala tenuifolia and its prevention and treatment of Alzheimer's disease. Chin. Pharm. J. 57, 15–23. doi:10.11669/cpj.2022.01.003
 Li, X., Wu, T., Liu, M., and Zhao, W. (2019c). Anti vascular dementia mechanism of Danggui Shaoyao Powder through PI3K/Akt signaling pathway. Traditional Chin. Drug Res. Clin. Pharmacol. 30, 289–295. doi:10.19378/j.issn.1003-9783.2019.03.004
 Li, Y., Liu, Q., and Holscher, C. (2016). Therapeutic potential of genipin in central neurodegenerative diseases. CNS Drugs 27 (07), 889–897. doi:10.1007/s40263-016-0369-9
 Li, Y., Wu, X., Zhang, K., Su, L., and Sun, Y. X. (2017). Research progress of tanshinone Ⅱ a in the prevention and treatment of Alzheimer's disease. Life Sci. Res. 21, 59–63. doi:10.16605/j.cnki.1007-7847.2017.01.012
 Li, Z., Yang, Q., and Mu, C. (2021). Intervention effect and mechanism of tanshinone extract on Alzheimer's disease model rats. J. Bengbu Med. Coll. 46, 1659–1663. doi:10.13898/j.cnki.issn.1000-2200.2021.12.004
 Liang, Y., Ye, C., Chen, Y., Diao, S., and Huang, M. (2021). Berberine improves behavioral and cognitive deficits in a mouse model of Alzheimer's disease via regulation of β-amyloid production and endoplasmic reticulum stress. ACS Chem. Neurosci. 12 (11), 1894–1904. doi:10.1021/acschemneuro.0c00808
 Lin, L., Li, C., Zhang, D., Yuan, M., Chen, C. H., and Li, M. (2020). Synergic effects of Berberine and Curcumin on improving cognitive function in an Alzheimer's disease mouse model. Neurochem. Res. 45 (5), 1130–1141. doi:10.1007/s11064-020-02992-6
 Liu, B., Huang, B., Liu, J., and Shi, J. S. (2020). Dendrobium nobile Lindl alkaloid and metformin ameliorate cognitive dysfunction in senescence-accelerated mice via suppression of endoplasmic reticulum stress. Brain Res. 1741, 146871. doi:10.1016/j.brainres.2020.146871
 Liu, B., Liu, G., Wang, Y., Yao, Y., Wang, G., Lei, X., et al. (2019a). Protective effect of buyang Huanwu decoction on neurovascular unit in Alzheimer's disease cell model via inflammation and RAGE/LRP1 pathway. Med. Sci. Monit. 25, 7813–7825. doi:10.12659/MSM.917020
 Liu, J., Baum, L., Yu, S., Lin, Y., Xiong, G., Chang, R. C. C., et al. (2021). Preservation of retinal function through synaptic stabilization in Alzheimer's disease model mouse retina by Lycium barbarum extracts. Front. Aging Neurosci. 13, 788798. doi:10.3389/fnagi.2021.788798
 Liu, J., Wang, L. N., and Tian, J. Z. (2012). Recognition of dementia in ancient China. Neurobiol. Aging 33 (12), 2948.e2911–2943. doi:10.1016/j.neurobiolaging.2012.06.019
 Liu, N. (2016a). Therapeutic effect of Huanglian Jiedu decoction combined with Tianwang Buxin Dan on senile dementia of heart liver yin deficiency type. Mod. J. Integr. Traditional Chin. West. Med. 25, 1271–1273. doi:10.3969/j.issn.1008-8849.2016.12.006
 Liu, S. J., Yang, C., Zhang, Y., Su, R. Y., Chen, J. L., Jiao, M. M., et al. (2016b). Neuroprotective effect of β-asarone against Alzheimer's disease: Regulation of synaptic plasticity by increased expression of SYP and GluR1. Drug Des. devel. Ther. 10, 1461–1469. doi:10.2147/DDDT.S93559
 Liu, S. Y., Lu, S., Yu, X. L., Yang, S. G., Liu, W., Liu, X. M., et al. (2018a). Fruitless wolfberry-sprout extract rescued cognitive deficits and attenuated neuropathology in Alzheimer's disease transgenic mice. Curr. Alzheimer Res. 15, 856–868. doi:10.2174/1567205015666180404160625
 Liu, W., Li, G., Hölscher, C., and Li, L. (2015). Neuroprotective effects of geniposide on Alzheimer's disease pathology. Rev. Neurosci. 26 (4), 371–383. doi:10.1515/revneuro-2015-0005
 Liu, Y., Du, T., Zhang, W., Lu, W., Peng, Z., Huang, S., et al. (2019b). Modified huang-lian-jie-du decoction ameliorates Aβ synaptotoxicity in a murine model of Alzheimer's disease. Oxid. Med. Cell. Longev. 2019, 8340192. doi:10.1155/2019/8340192
 Liu, Y., Gao, J., Peng, M., Meng, H., Cai, P., et al. (2018b). A review on central nervous system effects of gastrodin. Front. Pharmacol. 9, 24. doi:10.3389/fphar.2018.00024
 Liu, Z., Zhang, P., Yong, G., and Zhang, T. (2016b). Effect of Ligustrazine on the expression of APP and NEP in the brain of AD model mice. Heilongjiang Med. Pharm. 39, 8–9. doi:10.3969/j.issn.1008-0104.2016.03.004
 Luo, X., Zhang, B., Ding, Y., Wang, C., Luo, Q., and Tan, R. (2022). Mechanism of Twenty five flavor coral pill improving Alzheimer's disease mice via Akt/mTOR/GSK-3 β signal pathway. China J. Chin. Materia Medica , 47, 1–11. doi:10.19540/j.cnki.cjcmm.20220127.701
 Ma, D., Huang, R., Guo, K., Zhao, Z., Wei, W., Gu, L., et al. (2021a). Cornel iridoid glycoside protects against STAT1-dependent synapse and memory deficits by increasing N-Methyl-D-aspartate receptor expression in a tau transgenic mice. Front. Aging Neurosci. 13, 671206. doi:10.3389/fnagi.2021.671206
 Ma, D., Li, Y., Zhu, Y., Wei, W., Zhang, L., and Li, Y. (2021b). Cornel Iridoid Glycoside Ameliorated Alzheimer's Disease-Like Pathologies and Necroptosis through RIPK1/MLKL Pathway in Young and Aged SAMP8 Mice. Evid. Based. Complement. Altern. Med. 2021, 9920962. doi:10.1155/2021/9920962
 Ma, D., Zhao, L., Zhang, L., Li, Y., Zhang, L, and Li, L. (2021c). Icariin promotes survival, proliferation, and differentiation of neural stem cells in vitro and in a rat model of Alzheimer's disease. Stem Cells Int.2021, 9974625. doi:10.1155/2021/9974625
 Ma, D. L., Luo, Y., Huang, R., Zhao, Z. R., Zhang, L., Li, Y. L., et al. (2020). Cornel iridoid glycoside suppresses hyperactivity phenotype in rTg4510 mice through reducing tau pathology and improving synaptic dysfunction. Curr. Med. Sci. 40 (6), 1031–1039. doi:10.1007/s11596-020-2284-z
 Maione, F., Piccolo, M., De Vita, S., Chini, M. G., Cristiano, C., De Caro, C., et al. (2018). Down regulation of pro-inflammatory pathways by tanshinone IIA and cryptotanshinone in a non-genetic mouse model of Alzheimer's disease. Pharmacol. Res. 129, 482–490. doi:10.1016/j.phrs.2017.11.018
 Mei, Z., Tan, X., Liu, S., and Huang, H. H. (2016). [Puerarin alleviates cognitive impairment and tau hyperphosphorylation in APP/PS1 transgenic mice]. China J. Chin. Materia Medica 41 (17), 3285–3289. doi:10.4268/cjcmm20161727
 Meng, J., Lv, Z., Guo, M., Sun, C., Li, X., Jiang, Z., et al. (2022). A Lycium barbarum extract inhibits β-amyloid toxicity by activating the antioxidant system and mtUPR in a Caenorhabditis elegans model of Alzheimer's disease. Faseb J. 36 (2), e22156. doi:10.1096/fj.202101116RR
 Meng, M., Zhang, L., Ai, D., Wu, H., and Peng, W. (2021). β-Asarone ameliorates β-amyloid-induced neurotoxicity in PC12 cells by activating P13K/Akt/Nrf2 signaling pathway. Front. Pharmacol. 12, 659955. doi:10.3389/fphar.2021.659955
 Ni, J., Au, M., Kong, H., Wang, X., and Wen, C. (2021). Lycium barbarum polysaccharides in ageing and its potential use for prevention and treatment of osteoarthritis: A systematic review. BMC Complement. Med. Ther. 21 (1), 212. doi:10.1186/s12906-021-03385-0
 Nie, J., Tian, Y., Zhang, Y., Lu, Y. L., Li, L. S., and Shi, J. S. (2016). Dendrobium alkaloids prevent Aβ25-35-induced neuronal and synaptic loss via promoting neurotrophic factors expression in mice. PeerJ 4, e2739. doi:10.7717/peerj.2739
 Nie, L., He, K., Xie, F., Xiao, S., Li, S., Xu, J., et al. (2021). Loganin substantially ameliorates molecular deficits, pathologies and cognitive impairment in a mouse model of Alzheimer's disease. Aging 13 (20), 23739–23756. doi:10.18632/aging.203646
 Pan, R., Cai, J., Zhan, L., Guo, Y., Huang, R. Y., Li, X., et al. (2017). Buyang Huanwu decoction facilitates neurorehabilitation through an improvement of synaptic plasticity in cerebral ischemic rats. BMC Complement. Altern. Med. 17 (1), 173. doi:10.1186/s12906-017-1680-9
 Park, Y. M., Lee, B. G., Park, S. H., Oh, H. G., Kang, Y. G., Kim, O. J., et al. (2015). Prolonged oral administration of Gastrodia elata extract improves spatial learning and memory of scopolamine-treated rats. Lab. Anim. Res. 31 (2), 69–77. doi:10.5625/lar.2015.31.2.69
 Peng, X. M., Gao, L., Huo, S. X., Liu, X. M., and Yan, M. (2015). The mechanism of memory enhancement of acteoside (verbascoside) in the senescent mouse model induced by a combination of D-gal and AlCl3. Phytother. Res. 29 (8), 1137–1144. doi:10.1002/ptr.5358
 Peng, Y., Bai, X., Li, T., Lan, X., and Shui, L. (2018). Effects of Jiawei Yiqi Congming Decoction on behavior and monoamine neurotransmitters in cortex of rats with vascular dementia. Henan Tradit. Chin. Med. 38, 1829–1832. doi:10.16367/j.issn.1003-5028.2018.12.0486
 Peng, Y., Cui, H., Feng, S., Sun, J., and Yu, Y. (2012). Screening of active components of Huanglian Jiedu Decoction for the protection of nerve cells. Chin. J. Exp. Traditional Med. Formulae 18, 203–207. doi:10.13422/j.cnki.syfjx.2012.16.040
 Pluta, R., Furmaga-Jabłońska, W., Januszewski, S., and Czuczwar, S. J. (2022). Post-ischemic brain neurodegeneration in the form of Alzheimer's disease proteinopathy: Possible therapeutic role of curcumin. Nutrients 14 (2), 248. doi:10.3390/nu14020248
 Po, H., Bo, L., Yuhong, G., Shuo, F., Jiang, H., Qingquan, H., et al. (2019). Systematic evaluation and meta-analysis of the efficacy and safety of huperzine A in the treatment of patients with mild cognitive impairment. China Journal of Chinese Materia Medica 44, 582–588. doi:10.19540/j.cnki.cjcmm.20180925.008
 Qiu, X., Chen, G., Mei, G., Wang, T., and Wang, K. (2011a). Effects of Huanglian Jiedu Decoction on free radical metabolism and the contents of IL-6 and IL-1beta in brain tissue of APP/PS1 double transgenic Alzheimer's disease mice. Stroke Nerv. Dis. 18, 72–74. doi:10.3969/j.issn.1007-0478.2011.02.002
 Qiu, X., Chen, G., Wang, T., Feng, P., Mei, G., and Wang, Y. (2011b). Effects of Huanglian Jiedu Decoction on free radical metabolism and hippocampal pathomorphology in APP/PS1 double transgenic Alzheimer's disease mice. Chinese Journal of Integrated Traditional and Western Medicine 31, 1379–1382. doi:10.3969/j.issn.1007-0478.2011.02.002
 Raz, L., Knoefel, J., and Bhaskar, K. (2016). The neuropathology and cerebrovascular mechanisms of dementia. J. Cereb. Blood Flow. Metab. 36 (1), 172–186. doi:10.1038/jcbfm.2015.164
 Razgonova, M. P., Veselov, V. V., Zakharenko, A. M., Golokhvast, K. S., Nosyrev, A. E., Cravotto, G., et al. (2019). Panax ginseng components and the pathogenesis of Alzheimer's disease (Review). Mol. Med. Rep. 19 (4), 2975–2998. doi:10.3892/mmr.2019.9972
 Ringman, J. M., Frautschy, S. A., Teng, E., Begum, A. N., Bardens, J., Beigi, M., et al. (2012). Oral curcumin for Alzheimer's disease: Tolerability and efficacy in a 24-week randomized, double blind, placebo-controlled study. Alzheimers Res. Ther. 4 (5), 43. doi:10.1186/alzrt146
 Robinson, N., Grabowski, P., and Rehman, I. (2018). Alzheimer's disease pathogenesis: Is there a role for folate?. Mech. Ageing Dev. 174, 86–94. doi:10.1016/j.mad.2017.10.001
 Scheltens, P., De Strooper, B., Kivipelto, M., Holstege, H., Chetelat, G., Teunissen, C. E., et al. (2021). Alzheimer's disease. Lancet 397 (10284), 1577–1590. doi:10.1016/S0140-6736(20)32205-4
 Schneider, L. S., Dekosky, S. T., Farlow, M. R., Tariot, P. N., Hoerr, R., and Kieser, M. (2005). A randomized, double-blind, placebo-controlled trial of two doses of Ginkgo biloba extract in dementia of the Alzheimer's type. Curr. Alzheimer Res. 2 (5), 541–551. doi:10.2174/156720505774932287
 Scuteri, D., Rombolà, L., Morrone, L. A., Bagetta, G., Sakurada, S., Sakurada, T., et al. (2019). Neuropharmacology of the neuropsychiatric symptoms of dementia and role of pain: Essential oil of bergamot as a novel therapeutic approach. Int. J. Mol. Sci. 20 (13), E3327. doi:10.3390/ijms20133327
 Shabbir, U., Rubab, M., Tyagi, A., and Oh, D. H. (2020). Curcumin and its derivatives as theranostic agents in Alzheimer's disease: The implication of nanotechnology. Int. J. Mol. Sci. 22 (1), E196. doi:10.3390/ijms22010196
 Shao, W., Huang, B., Pan, X., Zhang, Z., and Chen, G. (2012). Clinical observation of Huanglian Jiedu decoction combined with huperzine A tablets in the treatment of senile dementia. Hubei J. Traditional Chin. Med. 34, 11–12. doi:10.3969/j.issn.1000-0704.2012.09.006
 Shen, L., Han, B., Geng, Y., Wang, J., Wang, Z., and Wang, M. (2017). Amelioration of cognitive impairments in APPswe/PS1dE9 mice is associated with metabolites alteration induced by total salvianolic acid. PLoS One 12 (3), e0174763. doi:10.1371/journal.pone.0174763
 Sheng, C., Xu, P., Zhou, K., Deng, D., Zhang, C., and Wang, Z. (2017). Icariin attenuates synaptic and cognitive deficits in an aβ(1-42)-induced rat model of Alzheimer's disease. Biomed. Res. Int. 2017, 7464872. doi:10.1155/2017/7464872
 Shi, R., Zheng, C. B., Wang, H., Rao, Q., Du, T., Bai, C., et al. (2020). Gastrodin alleviates vascular dementia in a 2-VO-vascular dementia rat model by altering amyloid and tau levels. Pharmacology 105 (7-8), 386–396. doi:10.1159/000504056
 Shin, K., Guo, H., Cha, Y., Ban, Y. H., Seo, D. W., Choi, Y., et al. (2016). Cereboost™, an American ginseng extract, improves cognitive function via up-regulation of choline acetyltransferase expression and neuroprotection. Regul. Toxicol. Pharmacol. 78, 53–58. doi:10.1016/j.yrtph.2016.04.006
 Silvestro, S., Valeri, A., and Mazzon, E. (2022). Aducanumab and its effects on tau pathology: Is this the turning point of amyloid hypothesis?. Int. J. Mol. Sci. 23 (4), 2011. doi:10.3390/ijms23042011
 Sun, J., Wang, C., Li, Z., and Jia, J. (2009). Study on the Chemical Constituents of Epimedium Total Flavonoids Against Alzheimer's Disease. Modern Chinese Medicine 11, 23–26. doi:10.13313/j.issn.1673-4890.2009.08.007
 Sun, L., Liu, L., Zhu, H., Zhu, B., and Zhang, Q. (2017). Study on the mechanism of Huanglian Jiedu Decoction in the treatment of Alzheimer's disease based on network pharmacology. Acta Pharmaceutica Sinica 52, 1268–1275. doi:10.16438/j.0513-4870.2017-0144
 Sun, X., Zhong, L., Shi, Z., Ma, H., and Xu, Z. (2013). Effects of Polygala tenuifolia on ubiquitin and catabolic enzymes in Alzheimer's disease model rats. Chin. J. Trauma Disabil. Med. 21 (10), 463–464. 
 Syed, Y. Y. (2020). Sodium oligomannate: First approval. Drugs 80 (4), 441–444. doi:10.1007/s40265-020-01268-1
 Tabira, T., and Kawamura, N. (2018). A study of a supplement containing huperzine A and curcumin in dementia patients and individuals with mild cognitive impairment. J. Alzheimers Dis. 63 (1), 75–78. doi:10.3233/JAD-171154
 Tan, M. S., Yu, J. T., Tan, C. C., Wang, H. F., Meng, X. F., Wang, C., et al. (2015). Efficacy and adverse effects of ginkgo biloba for cognitive impairment and dementia: A systematic review and meta-analysis. J. Alzheimers Dis. 43 (2), 589–603. doi:10.3233/JAD-140837
 Tang, J., Gao, W., Qian, T., and Zhang, H. (2013). Effect of BYHWD on LTP and the mRNA expression of ERK2 and CaMKIIβ in hippocampal CA1 regions of VD rats. J. Apoplexy Nerv. Dis. 30, 11–14. doi:10.19845/j.cnki.zfysjjbzz.2013.01.004
 Tang, M., and Taghibiglou, C. (2017). The mechanisms of action of curcumin in Alzheimer's disease. J. Alzheimers Dis. 58 (4), 1003–1016. doi:10.3233/JAD-170188
 Vaz, M., and Silvestre, S. (2020). Alzheimer's disease: Recent treatment strategies. Eur. J. Pharmacol. 887, 173554. doi:10.1016/j.ejphar.2020.173554
 Wang, C., Zhang, X., Teng, Z., Zhang, T., and Li, Y. (2014). Downregulation of PI3K/Akt/mTOR signaling pathway in curcumin-induced autophagy in APP/PS1 double transgenic mice. Eur. J. Pharmacol. 740, 312–320. doi:10.1016/j.ejphar.2014.06.051
 Wang, H., Li, Q., Sun, S., and Chen, S. (2020a). Neuroprotective effects of salidroside in a mouse model of Alzheimer's disease. Cell. Mol. Neurobiol. 40 (7), 1133–1142. doi:10.1007/s10571-020-00801-w
 Wang, L., Jin, G. F., Yu, H. H., Lu, X. H., Zou, Z. H., Liang, J. Q., et al. (2019a). Protective effects of tenuifolin isolated from Polygala tenuifolia Willd roots on neuronal apoptosis and learning and memory deficits in mice with Alzheimer's disease. Food Funct. 10 (11), 7453–7460. doi:10.1039/c9fo00994a
 Wang, N., Wang, H., Li, L., Li, Y., and Zhang, R. (2019b). β-Asarone inhibits amyloid-β by promoting autophagy in a cell model of Alzheimer's disease. Front. Pharmacol. 10, 1529. doi:10.3389/fphar.2019.01529
 Wang, X., Ge, Z., Huang, Z., and Xu, D. (2015). Effect of Tongqiao Huoxue Decoction on the contents of acetylcholinesterase and choline acetyltransferase in hippocampus of rats with vascular dementia. Chin. J. New Drugs 24, 204–207. 
 Wang, Y. (2021). Clinical treatment progress of acupuncture and moxibustion combined with Huanglian Jiedu Decoction on patients with Alzheimer's disease. Xinjiang J. Traditional Chin. Med. 39, 117–119. 
 Wang, Y., Zhou, C., Ren, H., Zhang, J., and Guo, X. (2021). Effects of electroacupuncture combined with Jiawei Buyang Huanwu Decoction on memory behavior, serum BDNF, VEGF and expression of neuron apoptosis related molecules in patients with vascular dementia. Chin. Archives Traditional Chin. Med. 40, 1–11. doi:10.13193/j.issn.1673-7717.2022.05.020
 Wang, Z., Cui, X., Zhou, G., Sun, H., and Tang, L. (2020b). Mechanism of Polygala tenuifolia saponins in improving cognitive impairment in APP/PS1 transgenic mice. Med. J. Chin. People's Liberation Army 45, 398–404. doi:10.11855/j.issn.0577-7402.2020.04.09
 Wei, B., Lu, C., Liu, G., and Dun, L. (2018). Effects of Tongqiao Huoxue Decoction on learning and memory ability and hippocampal synaptic plasticity in rats with vascular dementia. J. Liaoning Univ. Traditional Chin. Med. 20, 28–31. doi:10.13194/j.issn.1673-842x.2018.07.008
 Wu, L., Tong, T., Wan, S., Yan, T., Ren, F., Bi, K., et al. (2017). Protective effects of puerarin against Aβ 1-42-induced learning and memory impairments in mice. Planta Med. 83 (3-04), 224–231. doi:10.1055/s-0042-111521
 Wu, W., He, X., Xie, S., Li, B., Chen, J., Qu, Y., et al. (2020). Protective effects of Huang-Lian-Jie-Du-Tang against Aβ25-35-induced memory deficits and oxidative stress in rats. J. Int. Med. Res. 48 (3), 300060519893859. doi:10.1177/0300060519893859
 Xiang, S., Xu, S., Xiao, H., Yang, F., Huang, Y., and Che, A. (2018). Geniposide exerts neuroprotective effect on Aβ25-35 induced Alzheimer's disease rat model through ERK1/2-nrf2 pathway. Acta Med. Univ. Sci. Technol. Huazhong 47, 27–32+37. doi:10.3870/j.issn.1672-0741.2018.01.005
 Xie, P., Hao, Y., Guo, J., Yu, J., and Li, B. (2020a). Study on yuanzhisan regulating tau protein phosphorylation in Alzheimer's disease rats based on PI3K/Akt/GSK-3β pathway. Chin. Archives Traditional Chin. Med. 38, 167–170+280-286. doi:10.13193/j.issn.1673-7717.2020.11.041
 Xie, Z., Lu, H., Yang, S., Zeng, Y., Li, W., Wang, L., et al. (2020b). Salidroside attenuates cognitive dysfunction in senescence-accelerated mouse prone 8 (SAMP8) mice and modulates inflammation of the gut-brain Axis. Front. Pharmacol. 11, 568423. doi:10.3389/fphar.2020.568423
 Xing, S. H., Zhu, C. X., Zhang, R., and An, L. (2014). Huperzine a in the treatment of Alzheimer's disease and vascular dementia: A meta-analysis. Evid. Based. Complement. Altern. Med. 2014, 363985. doi:10.1155/2014/363985
 Xu, K., and Hu, G. (2019). Effects of Ginkgo biloba extract on cognitive function and hemorheological parameters in elderly patients with vascular dementia. Med. Sci. J. Central South China 47, 621–624. doi:10.15972/j.cnki.43-1509/r.2019.06.015
 Xu, N. G., Xiao, Z. J., Zou, T., and Huang, Z. L. (2015). Ameliorative effects of physcion 8-O-β-glucopyranoside isolated from Polygonum cuspidatum on learning and memory in dementia rats induced by Aβ1-40. Pharm. Biol. 53 (11), 1632–1638. doi:10.3109/13880209.2014.997251
 Xu, R., Wang, X., and Zhou, B. (2020). Effects of Ginkgo biloba extract on memory and expression of GAT1 and CREB in rats with vascular dementia. Chin. J. Laboratory Diagnosis 24, 295–298. doi:10.3969/j.issn.1007-4287.2020.02.033
 Xuan, W. T., Wang, H., Zhou, P., Ye, T., Gao, H. W., Ye, S., et al. (2020). Berberine ameliorates rats model of combined Alzheimer's disease and type 2 diabetes mellitus via the suppression of endoplasmic reticulum stress. 3 Biotech. 10 (8), 359. doi:10.1007/s13205-020-02354-7
 Yang, C., Bao, X., Zhang, L., Li, Y., and Li, L. (2020a). Cornel iridoid glycoside ameliorates cognitive deficits in APP/PS1/tau triple transgenic mice by attenuating amyloid-beta, tau hyperphosphorylation and neurotrophic dysfunction. Ann. Transl. Med. 8 (6), 328. doi:10.21037/atm.2020.02.138
 Yang, C., Li, X., Mo, Y., Liu, S., Zhao, L., Ma, X., et al. (2016). β-Asarone mitigates amyloidosis and downregulates RAGE in a transgenic mouse model of Alzheimer's disease. Cell. Mol. Neurobiol. 36 (1), 121–130. doi:10.1007/s10571-015-0226-2
 Yang, C., Mo, Y. S., Chen, H. F., Huang, Y. H., Li, S. L., Wang, H., et al. (2021). The effects of Danggui-Shaoyao-San on neuronal degeneration and amyloidosis in mouse and its molecular mechanism for the treatment of Alzheimer's disease. J. Integr. Neurosci. 20 (2), 255–264. doi:10.31083/j.jin2002025
 Yang, S., Li, J., Ning, W., Liu, X., Xu, Y., and Liu, Y. (2013). Effects of Ginkgo biloba extract on neuronal apoptosis and phosphorylated p38 MAPK expression in hippocampal CA1 region of vascular dementia rats. Chin. J. Brain Dis. Rehabilitation(Electronic Ed. 3, 389–393. doi:10.3877/cma.j.issn.2095-123X.2013.06.008
 Yang, Y., Li, S., Huang, H., Lv, J., Chen, S., Pires Dias, A. C., et al. (2020). Comparison of the protective effects of ginsenosides Rb1 and Rg1 on improving cognitive deficits in SAMP8 mice based on anti-neuroinflammation mechanism. Front. Pharmacol. 11, 834. doi:10.3389/fphar.2020.00834
 Yao, Y., Chen, X., Bao, Y., and Wu, Y. (2017). Puerarin inhibits β‑amyloid peptide 1‑42‑induced tau hyperphosphorylation via the Wnt/β‑catenin signaling pathway. Mol. Med. Rep. 16 (6), 9081–9085. doi:10.3892/mmr.2017.7702
 Ye, C., Liang, Y., Chen, Y., Xiong, Y., She, Y., Zhong, X., et al. (2021). Berberine improves cognitive impairment by simultaneously impacting cerebral blood flow and β-amyloid accumulation in an APP/tau/PS1 mouse model of Alzheimer's disease. Cells 10 (5), 1161. doi:10.3390/cells10051161
 Ye, M., Moon, J., Yang, J., Hwa Lim, H., Bin Hong, S., Shim, I., et al. (2015). The standardized Lycium chinense fruit extract protects against Alzheimer's disease in 3xTg-AD mice. J. Ethnopharmacol. 172, 85–90. doi:10.1016/j.jep.2015.06.026
 Yu, X., Dong, R., Cao, L., Wang, Y., Gao, H., Geng, F., et al. (2017). Effect of buyang Huanwu decoction on Alzheimer's disease mice and its mechanism. Mod. Traditional Chin. Med. Materia Medica-World Sci. Technol. 19, 1846–1850. doi:10.11842/wst.2017.11.014
 Zeng, K. W., Ko, H., Yang, H. O., and Wang, X. M. (2010). Icariin attenuates β-amyloid-induced neurotoxicity by inhibition of tau protein hyperphosphorylation in PC12 cells. Neuropharmacology 59 (6), 542–550. doi:10.1016/j.neuropharm.2010.07.020
 Zeng, L., Yin, C., Liu, Y., He, L., Yan, L., and Gong, Q. (2017). Icariside II down - regulates protein level of APP, Aβ1 - 42 , RAGE and suppres- ses inflammatory response in APP/PS1 transgenic mice. J. Zunyi Med. Univ. 40, 22–26. doi:10.14169/j.cnki.zunyixuebao.2017.0004
 Zhang, B. Y., Luo, X. M., Ding, Y., Yang, B., Que, H. Y., Tan, R., et al. (2022). Mechanism of Tibetan medicine Ershiwuwei Shanhu Pills on scopolamine-induced learning and memory impairment in mice based on Keap1/Nrf2/HO-1 signaling pathway. Zhongguo Zhong Yao Za Zhi. 47 (8), 2082–2089. China Journal of Chinese Materia Medica. doi:10.19540/j.cnki.cjcmm.20220207.701
 Zhang, C., Guo, J., Chen, Y., Yan, R., Wang, Q., Yu, X., et al. (2014). Effects of Acorus tatarinowii active components on APP and synaptic ultrastructure in double transgenic mice. Traditional Chin. Drug Res. Clin. Pharmacol. 25, 18–23. 
 Zhang, E., Yin, Z., Qi, Y., Qian, J., and Zhang, Z. (2019). Effect of alcohol extract of Polygonum cuspidatum on Alzheimer's disease model mice. Chin. Tradit. Pat. Med. 41, 2770–2773. doi:10.3969/j.issn.1001-1528.2019.11.042
 Zhang, L., Wang, Y., Zhu, Y., Cai, Q., Chan, P., Ueda, K., et al. (2008). Semi-quantitative analysis of alpha-synuclein in subcellular pools of rat brain neurons: An immunogold electron microscopic study using a C-terminal specific monoclonal antibody. Brain Res. 01, 40–52. doi:10.1016/j.brainres.2008.08.067
 Zhang, M., Li, F., Zhang, W., Wu, Q., and Shi, J. (2016a). Effect of total alkaloids of Dendrobium nobile on Aβ content in hippocampus of rats induced by Aβ (25-35). J. Zunyi Med. Univ. 39, 18–21. doi:10.14169/j.cnki.zunyixuebao.2016.0005
 Zhang, Q., Wang, J., Zhu, L., Jiang, S. J., Liu, J., Wang, L. X., et al. (2021a). Ligustrazine attenuates hyperhomocysteinemia-induced alzheimer-like pathologies in rats. Curr. Med. Sci. 41 (3), 548–554. doi:10.1007/s11596-021-2379-1
 Zhang, W., Zhang, F., Hu, Q., Xiao, X., Ou, L., Chen, Y., et al. (2021b). The emerging possibility of the use of geniposide in the treatment of cerebral diseases: A review. Chin. Med. 16 (1), 86. doi:10.1186/s13020-021-00486-3
 Zhang, W., Zhang, M., Wu, Q., et al. (2022b). Dendrobium nobile lindl Alkaloids ameliorate aβ25-35-induced synaptic deficits by targeting wnt/β-catenin pathway in Alzheimer's disease models. J. Alzheimers Dis. 86 (1), 297–313. doi:10.3233/JAD-215433
 Zhang, X. Z., Qian, S. S., Zhang, Y. J., and Wang, R. Q. (2016b). Salvia miltiorrhiza: A source for anti-alzheimer's disease drugs. Pharm. Biol. 54 (1), 18–24. doi:10.3109/13880209.2015.1027408
 Zhang, Y., Liu, S., Zhang, L., and Tian, T. (2012). Effects of active components of kidney tonifying traditional Chinese medicine on the expression of app and PS1 genes in hippocampus of SAMP8 mice. Tianjin J. Traditional Chin. Med. 29, 59–61. 
 Zhang, Y., Pi, Z., Song, F., and Liu, Z. (2016). Ginsenosides attenuate d-galactose- and AlCl3-inducedspatial memory impairment by restoring the dysfunction of the neurotransmitter systems in the rat model of Alzheimer's disease. J. Ethnopharmacol. 194, 188–195. doi:10.1016/j.jep.2016.09.007
 Zhao, S. S., Yang, W. N., Jin, H., Ma, K. g., and Feng, G. f. (2015). Puerarin attenuates learning and memory impairments and inhibits oxidative stress in STZ-induced SAD mice. Neurotoxicology 51, 166–171. doi:10.1016/j.neuro.2015.10.010
 Zhen, W., and Liu, S. (2006). Treatment of 60 cases of vascular dementia with huanglian wendan decoction combined with acupuncture. Shaanxi J. Traditional Chin. Med. , 175–176. doi:10.3969/j.issn.1000-7369.2006.02.030
 Zheng, X. W., Shan, C. S., Xu, Q. Q., Wang, Y., Shi, Y. H., Wang, Y., et al. (2018). Buyang Huanwu decoction targets SIRT1/VEGF pathway to promote angiogenesis after cerebral ischemia/reperfusion injury. Front. Neurosci. 12, 911. doi:10.3389/fnins.2018.00911
 Zhou, J., Dong, X., Ma, Q., Jin, X., and Zhang, Z. (2020a). Effects of berberine on learning and memory function and the expression of GSK3β and p-tau protein in hippocampus of Alzheimer's disease rats. Glob. Tradit. Chin. Med. 13, 8–12. doi:10.3969/j.issn.1674-1749.2020.01.002
 Zhou, L., Huang, Y., Xie, H., and Mei, X. (2018). Buyang Huanwu Tang improves denervation-dependent muscle atrophy by increasing ANGPTL4, and increases NF-κB and MURF1 levels. Mol. Med. Rep. 17 (3), 3674–3680. doi:10.3892/mmr.2017.8306
 Zhou, Y., Duan, Y., Huang, S., Zhou, X., Zhou, L., Hu, T., et al. (2020b). Polysaccharides from Lycium barbarum ameliorate amyloid pathology and cognitive functions in APP/PS1 transgenic mice. Int. J. Biol. Macromol. 144, 1004–1012. doi:10.1016/j.ijbiomac.2019.09.177
 Zhu, Y., Wu, Y., Fang, X., Wang, L., Yuan, Y., Chen, J., et al. (2019). Enhanced functional properties of biopolymer film incorporated with curcurmin-loaded mesoporous silica nanoparticles for food packaging. Food Chem. 25 (02), 139–145. doi:10.1016/j.foodchem.2019.03.010
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Tan, Qi, Hu and Tan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Research progress in traditional Chinese medicine in the treatment of Alzheimer’s disease and related dementias		Introduction

		TCM prescription		Dian Kuang Meng Xing decoction

		Huanglian Wendan decoction

		Tongqiao Huoxue decoction

		Yi Qi Cong Ming decoction

		Huanglian Jiedu decoction

		Twenty-five flavor coral pills

		Danggui Shaoyao powder

		Buyang Huanwu decoction





		Single TCMs and their active ingredients		Salvia miltiorrhiza

		Ginkgo biloba

		Fructose Corni

		Epimedium

		Turmeric

		Pueraria lobata

		Ginseng

		American ginseng

		Dendrobium

		Polygonum multiflorum

		Coptis chinensis

		Ligusticum chuanxiong

		Huperzia serrata

		Polygonum cuspidatum

		Gardenia

		Polygala

		Bergamot

		Rhodiola

		Acorus tatarinowii

		Gastrodia elata

		Lycium barbarum

		Cistanche deserticola





		Conclusion

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-13-921794-t001.jpg
Herbal
formula

Dian Kuang
Meng Xing
decoction

Huanglian
Wendan
decoction

Tonggiao
Huoxue
decoction

Yi Qi Cong
Ming decoction

Huanglian
Jiedu decoction

Twenty-five
flavor coral pills

Danggui
Shaoyao
powder

Buyang
Huanwu
decoction

Ingredients

Radix Paeoniae Rubra, Semen
Persicae, Radix Bupleurum, Rhizoma
Cyperi, Pericarpium Citri
Reticulatae, Pinellia Ternata, Cortex
Mori, Fructus Perillae, Pericarpium
Arecae, Akebiae Caulis, and Radix
Glycyrrhizae

rhizoma pinelliae, pericarpium citri
reticulatae, poria, radix astragali,
semen cassia, ruizoma coptidis,
caulis bambusae in taenie, radix
puerariae, radix et rhizoma salviae
miltiorrhizae, radix glycyrrhizae

Radix Paeoniae Rubra, Ligusticum
chuanxiong, semen persicae, Flos
Carthami, Moschus

Radix Astragali, ginseng, Radix
Pueraria, Fructus Viticis, Radix
Paconiae Alba, Cortex Phellodendri,
Rhizoma Cimicifugae and roasted
licorice

Coptidis rhizome, Scutellariae radix,
Phellodendri chinensis cortex, and
Gardeniae fructus

coral, pearl, concha margaritifera,
Fructus chebulae, Flos carthami,
Pyrethrum tatsienense, Acorus
calamus L., moschus and Radix
aucklandiae

Radix Angelicae Sinensis, Chinese
herbaceous peony, Rhizoma
Chuanxiong, Rhizoma Atractylods,
Rhizoma Alismatis and Poria cocos

astragalus membranaceus; Angelica
sinensis tai; radix paconiae rubra, the
root of common peony; the rhizome
of chuanxiong; earthworm; peach
kernel and safflower (Carthamus)

Possible mechanism

Anti-inflammatory and inhibiting IL-1p,
TNF-a and COX-2; Antioxidant and

improve the activities of CAT, GSH-Px
and SOD, and reduce the level of MDA

Anti-inflammatory, antioxidant and
improve the blood rheological effects;
Reduce neuronal loss, improved neuro pl
asticity and synaptic remodeling. Reduce
the activity of AChE and increase the
acitivity of ChAT and the levels of Ach,
serotonin, and DA

Regulate the content of DA, serotonin, and
norepinephrine; Inhibiting the expression
of IL-6, TNF-a, IL-1p and the
inflammatory response in the
hippocampus

Anti-inflammation--downregulate the
level of IL-6, NF-KkB, and antioxidant;
Inhibit the production of Ap and the
hyperphosphorylation of tau protein and
prevented the degeneration of
hippocampal nerve cells; Increase the
levels of Ach, NE, 5-HT, Upregulate NGF
and IGE-1 in the cerebral cortex and
hippocampus

Reduce p-tau protein, MDA; Increased the
levels of SOD, CAT, and T-AOC; Reduce
neuron loss

Improve the central cholinergic nervous
system, improve the function of
dopaminergic, adrenergic, 5-HT; Decrease
the deposition of AB, regulate the
expression of the neuropeptides CGRP,
ET-1 and SS in hippocampa, Anti-
inflammatory, antioxidant activities

Inhibit the inflammatory response: reduce
the expression of IL-1p, TNF-a and IL-1;
inhibited the vascular endothelial
inflammation and reduce neuronal
apoptosis; Reduced the levels of APP, -
APP, and AB, inhibited the formation of
senile plaques; Improve nerve recovery
and growth, and synaptic regeneration and
plasticity

Major findings

Improve the daily activity ability,
neurological ability, quality of life,
cognitive function and the MMSE
score of patients in AD

Improve the MMSE score;
Improve the learning and memory
impairment

Improve the cognitive ability, daily
living ability, learning and
memory ability, the MMSE

and ADL

Improve learning and memory
ability

Improve learning and memory
disorders

Improve the decline in learning
and memory ability; have a
protective effect on scopolamine-
induced learning and memory
impairment

Improve learning and memory
ability, alleviated cognitive deficits

Improve learning and memory
ability and cognitive and
behavioral function
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Main active ingredients

Diterpenoid quinones; hydrophilic
phenolic acids; Danshensu;
Tanshinones Salvianolic acid

Terpene lactones (bilobalide and
ginkgolides A, B, and C); flavone
glycosides (isorhamnetin, quercetin,
and kaempferol)

Fructus Comi iridoid glycoside;
iridoid glycoside (Loganin)

Icariin Icariside IT

Curcumin

Ginsenosides; Gintonin

Dendrobium nobile total alkaloids
Dendrobium officinale
polysaccharide

Berberine

Ligustrazine

HupA

Physion8-O-B-glucopyranoside

Geniposide

salidroside (Sal), aglycone (tyrosol),

rhodopsin, pyridine

p-Asarone

Gastrodin

Lycium barbarum polysaccharide

Acteoside

Possible mechanism

Downregulating the expression of B-
secretase and increasing the activity of a-
secretase and decrease the production of
A, inhibition of abnormal
phosphorylation of tau protein;
Antioxidant, antiapoptotic and anti-
inflammatory effects and AChE inhibitory
activity; inhibit the proliferation of
astrocytes

Dilating cerebral blood vessels, increasing
CBF, and preventing thrombosis; Increase
the expression of synaptophysin in the
hippocampus; Reduce the loss of neurons
and apical dendrites in the hippocampal
CAl area and increase synaptic
connections

Antiapoptotic, anti-inflammatory;
Reducing A content and tau
hyperphosphorylation; Increasing
neurotrophic factors

Anti-neurotoxicity, anti-inflammatory and
reduced COX-2 and TNF-a; Antioxidant;
Inhibit the activity of y-secretase and
downregulate the expression of the

PS1 gene; inhibits the expression of APP
and BACE-1 and decrease the production
of Ap1-42

Inhibits the formation of AP plaques and
promotes their breakdown, attenuates tau
hyperphosphorylation and enhances tau
clearance. Binds copper, lowers cholesterol,
modulates microglial activity, inhibits
AChE, modulates insulin signaling and acts
an antioxidant; reduces apoptosis,
neuroinflammation, and glutamate
neurotoxicity, exerted neuroprotective
effects

Neuroprotective effect; Reduce the level of
Ap and tau protein hyperphosphorylation;
Decrease the levels of BDNF, AChE and
GSK3p in the hippocampus and cerebral
cortex.

Antioxidant; Inhibiting Ap aggregation
and tau hyperphosphorylation, preventing
neuroinflammation and apoptosis,
increasing neurotrophic factor secretion,
and improving mitochondrial dysfunction;
Increase the levels of gamma-aminobutyric
acid, Ach, and DA, and decrease the levels
of glutamate and aspartate in the
hippocampus and cerebral cortex

Decrease the level of amyloid plaques and
tau protein hyperphosphorylation,
Inhibiting neuroinflammation and
neuronal apoptosis, activating autophagy,
and enhancing synaptic connections;
protecting synaptic integrity; reduce the
loss of neurons and Niss! bodies in the
hippocampus and cortex

Reducing ER stress and oxidative stress;
Reducing A production and tau levels

Dilates blood vessels, improves cerebral
ischemia and protects neurons; Increase
the expression of NEP, promote the
clearance of A, decrease tau
hyperphosphorylation and A
accumulation; Inhibit mitochondrial
dysfunction and apoptosis

Combated oxidative damage and
mitochondrial dysfunction; Competitively
inhibit the activity of AChE and reduce

neuronal cell death; Activated a-secretase
cleavage and downregulated B/y-secretase

Increasing the levels of Ach, 5-HT, NE, and
DA in the hippocampus; Reducing the
content of AP and upregulating the
expression of drebrin

Reducing amyloid plaques, inhibiting tau
phosphorylation, preventing memory
impairment and synaptic loss. Reducing
oxidative stress and chronic inflammatory
responses, and promoting neurite
outgrowth

Decrease the levels of AB and tau protein;
Anti-inflammatory, antioxidant, and
antiapoptotic effects

Reduce the deposition of AB1-42 and
neuroinflammation; Inhibiting pyroptosis,
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