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Brain aging and neurodegenerative diseases share the hallmarks of slow and progressive
loss of neuronal cells. Flavonoids, a subgroup of polyphenols, are broadly present in food
and beverage and numerous studies have suggested that it could be useful for preventing
or treating neurodegenerative diseases in humans. Dihydromyricetin (DHM) is one of the
main flavonoids of some Asian medicinal plants that are used to treat diverse illness. The
effects of DHM have been studied in different in vitro systems of oxidative damage and
neuroinflammation, as well as in animal models of several neurodegenerative diseases,
such as Alzheimer’s disease, Parkinson’s disease, and Huntington’s disease. Here we
analyzed the most important effects of DHM, including its antioxidant, anti-inflammatory;,
and neuroprotective effects, as well as its ability to restore GABA neurotransmission and
improve motor and cognitive behavior. We propose new areas of research that might
contribute to a better understanding of the mechanism of action of this flavonoid, which
could help develop a new therapy for aging and age-related brain diseases.

Keywords: dihydromyricetin, ampelopsin, aging, neurodegenerative diseases, Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease

INTRODUCTION

Aging is a major risk factor for developing brain illnesses such as Alzheimer’s disease (AD) (Lindsay
et al,, 2002; Katz et al., 2012), Parkinson’s disease (PD) (Collier et al., 2011), and other age-related
dementias (Lopez-Valdés and Martinez-Coria, 2016), as well as cerebrovascular disorders (Choi
etal., 1998). These diseases share pathophysiological mechanisms with aging such as oxidative stress
and chronic inflammation.

Dihydromyricetin (DHM), also known as ampeloptin, rac-ampelopsin, and ampelopsin,
is a flavonoid isolated mainly from Japanese raisin trees (Hovenia dulcis Thum) and Chinese
Rattan tea [Ampelopsis grossedentata (Hand.-Mazz.) W.T.Wang]. These plants have been used
for a long time in Asian traditional medicine to treat different health problems (Hyun et al,,
2010; Kou and Chen, 2012). DHM is one of the main flavonoids found in the Japanese raisin
tree and Chinese Rattan tea, together with myricetin and quercetin (Zhang et al., 2007; Hyun
et al., 2010).
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In the few past decades, scientific knowledge about the
effects of DHM has increased considerably. This molecule has
a wide range of positive effects, including anti-oxidative, anti-
inflammatory and neuroprotective properties, and has been
shown to cause motor and memory improvements, all of which
can help treat dysfunctions associated with brain aging and some
neurodegenerative diseases such as AD and PD.

This work summarizes and analyzes the current scientific
information on the pharmacology of DHM, with a particular
focus on the pathological processes of age-related brain diseases
and on animal models of these diseases. We suggest some areas
of research in which this compound could be shown to beneficial
effects on human aging and age-related diseases.

DHM Structure, Pharmacokinetics and
Toxicity

Dihydromyricetin ~ (2R,3R)-3,5,7-trihydroxy-2-(3,4,5-  trihy
droxyphenyl)-2,3-dihydrochromen-4-one is a flavanonol, a
subgroup of flavonoids (PubChem CID: 161557 and
ChEBI: 28429). This subgroup is a class of secondary
plant metabolites that perform many physiological functions in
plants as antioxidants, pigments, etc. (Tsao, 2010).

The pharmacokinetic parameters of DHM have so far been
identified in rats after oral administration, the results indicating
that DHM is poorly absorbed into the bloodstream, with a
bioavailability of only 4.02%. Furthermore, the time required
for it reaches peak plasma concentration is 2.67 h after oral
administration at a dose of 20 mg/kg (Liu et al., 2017). A recent
in vitro study using the human intestinal Caco-2 cell model, a
common tool used to predict, in vivo, the absorption of drugs
in humans, showed that the uptake and transport of DHM
occurs mainly through a passive diffusion mechanism, which
can partially explain the low bioavailability of DHM after oral
administration (Xiang et al., 2018).

After ingestion by animals, some DHM is metabolized in
the gastrointestinal tract and liver, and the rest is absorbed
into the bloodstream and is widely distributed throughout the
body, including the heart, lungs, kidney, etc., even crossing the
blood-brain barrier and spreading through brain tissue (Fan
etal., 2017). DHM is completely excreted in urine and feces after
12 h. Seven to eight DHM metabolites have been identified in
urine, feces, and blood (Fan et al., 2017), all of them produced by
common metabolic routes such as dihydroxylation, methylation,
glucuronidation, reduction, and isomerization (Zhang et al,
2007; Fan et al., 2017). Whether these metabolites have any
pharmacologic effect is still unknown.

Although there have been few DHM toxicity studies,
some important information has already been obtained. For
example, the lethal dose 50% for oral administration in mice
is >5 g/kg (Zhou and Zhou, 1996). At concentrations ranging
from 150 mg/kg (500 mmol/L) to 1.5 g/kg (5,000 mmol/L),
DHM did not cause any acute toxicity or had significant side
effects on mice (Zhang et al., 2014), which suggests that DHM
has very low toxicity (OECD, 2001a; OECD, 2001b); however,
more in vitro and in vivo tests are needed to establish reliable
safety limits.

Since low bioavailability limits the pharmacologic value,
several research groups have been made diverse preparations
with better solubility or permeability, mainly tested on the
in vitro studies. For example, microemulsion (Solanki et al.,
2012), nanoparticles (Ameen et al,, 2018), soluble cocrystals
(Wang et al., 2016), nanoencapsulation (Dalcin et al, 2019),
and solid dispersions and inclusion complex (Ruan et al,
2005). Additionally, Zhao et al. (2019) showed that a nanoscale
DHM-phospholipid complex significantly increased oral
bioavailability in rats. All these developments can improves the
oral bioavailability and facilitate their possibly use against brain
aging and neurodegenerative diseases.

Anti-Oxidative Effects of DHM (In Vitro
Models)

Oxidative damage to cells is a common and important part of the
pathology of many diseases such as AD, PD, Huntington’s disease
(HD), and aging (Lépez-Otin et al,, 2013; Singh et al., 2019). The
molecules responsible for oxidative damage, known as reactive
oxygen species (ROS) and reactive nitrogen species (RNS), are
mainly produced by the mitochondrial respiratory chain. Several
in vitro studies have shown that DHM inhibits lipid-peroxidation
(He et al., 2003a; He et al., 2003b; Zhang et al., 2003; Yang et al.,
2009), which suggest that DHM can protect cell membrane
lipids against the damage induced by an excess of ROS and RNS.
Moreover, DHM may reduce oxidative damage to cells through
different mechanisms such as direct radical-scavenging and Fe2-
chelation (Li et al., 2016), as well as by increasing the enzymatic
activity of superoxide dismutase (SOD), which mainly catalyzes
the dismutation of superoxide anion (O2e-) to molecular
oxygen (Mu et al, 2016; Song et al., 2017). Moreover, DHM
also exerts antioxidant effects by activating phosphatidylinositol
3-kinase (PI3K/Akt) and modulating the nuclear transcription
factor-erythroid 2-related factor 2 (Nrf2), which participates in
the induction of genes encoding detoxifying and antioxidant
enzymes (Luo et al, 2017; Hu et al, 2018). Another study
suggests that DHM modulate AMP-activated protein kinase
to cause inhibition of the oxidative stress response (Jiang et al.,
2014). Taking all the above into account, DHM seems to reduce
the oxidative stress by modulating several molecules of this
signaling pathway.

Anti-Inflammatory Effects of DHM (In Vitro
Models)

Although some aspects of the anti-inflammatory effect of
DHM are still unknown, some in vitro studies have shown that
it decreases the production of different molecules that are part
of the pro-inflammatory cascade, such as interleukin IL-1p
and IL-6, the tumor necrosis factor-alpha (TNF-a) and nitric
oxide (Qi et al.,, 2012; Hou et al., 2015), while also increasing
the production of anti-inflammatory IL-10. Moreover, DHM
downregulates the expression of TNF-a by inhibiting nuclear
factor-kappa B (NF-kB), a protein complex that controls
cytokine production and is involved in many processes,
including inflammation and apoptosis (Tang et al., 2016).
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Moreover, another research found that DHM decrease
dysfunction (tube formation and migration) of Human
Umbilical Vein Endothelial Cells (HUVECs) Culture, induced
by TNE- a through repressing miR-21 expression (Yang et al.,
2018), a microRNA which increased expression was observed
in human atherosclerosis (Raitoharju et al., 2011).

Effects of DHM in Animal Models of Aging

A common model for the study of aging is the D-galactose-
induced aging rats, produced by the chronic administration of
D-galactose (D-gal), which causes mitochondrial dysfunction
and increases apoptosis, inflammation and oxidative stress in
the brain. These animals show alterations such as poor immune
response, a shortened lifespan, and learning and memory deficits
(Shwe et al., 2018). In this animal model, DHM has been shown
to cause a significant reduction astrogliosis, apoptosis and
dysfunctional autophagy in neurons of the hippocampus through
the up-regulation of sirtuin 1 (SIRT1) and p53/p21, and the
down-regulation of the mammalian target of rapamycin (mTOR)
in a miR-34a-dependent manner (Kou et al., 2016). These results
suggest that DHM ameliorate cognitive impairments and aging
by modulate excessive apoptosis and dysfunctional autophagy of
hippocampal neurons, and astrogliosis.

Effects of DHM in Animal Models of AD

A few years ago we published a study (Liang et al., 2014)
about the chronic effects of DHM in two different transgenic
mouse models of AD (TG2576 and TG-SwDI). We used 20
months-old male animals divided into transgenic and control
groups. The animals were treated with 2mg/Kg/day during 3
months and we analyzed the effects of DHM on their behavior
and pathology. The results showed that chronic treatment
with DHM improves memory, decreases the accumulation of
AP1-40 and AP1-42 (markers for AD), and restores Gamma-
Aminobutyric Acid (GABA) neurotransmission and the
levels of gephyrin, an anchor protein for the postsynaptic
GABAA receptor. These results suggest that chronic
treatment with DHM improves cognitive deficits, reverses
the progressive accumulation of AP peptides, and restores
GABAergic transmission and functional synapses. Recently,
Feng et al. (2018) used another Alzheimer’s mouse model,
termed APP/PS1 double-transgenic, in which the mouse/
human amyloid precursor protein and the mutant human
presenilin-1 are overexpressed. They showed that DHM
treatment also improves memory and decreases the number
of activated microglia and the NLRP3 inflammasome, the
activation of which plays an important role in chronic brain
neuroinflammation (Heneka et al., 2018). Another recent
study (Sun et al., 2019) done in an AD rat model induced
by intracerebroventricular injection of AP1-42, found that
DHM (100 and 200 mg/kg for 21 days) improves learning and
memory, decreased hippocampal neuronal apoptosis, IL-1p,
IL-6, and TNF-a in serum and hippocampus and changes in
different proteins such as decreased pro-apoptotic Bax and
NF-kB and increased anti-apoptotic Bcl-2, pAMPK, AMPK,

and SIRT1, suggesting that beneficial effects of DHM are
mediated by up-regulation of AMPK/SIRT1 pathway.

Effects of DHM in Animal Models of PD

A common animal model of PD is based on the administration
of the protoxicant MPTP (1-methyl-4-phenyl-1, 2, 3,
6-tetrahydropyridine) for several days. After MPTP crosses
the blood-brain barrier, it is metabolized by glial cells, which
produce and release the toxic metabolite MPP+(1-methyl-
4-phenylpyridinium ion), which is selectively transported
into dopaminergic neurons of the substantia nigra pars
compacta, where it reduces ATP production and increases the
production of ROS (Blandini and Armentero, 2012). Recently,
Ren et al. (2017) used the MPTP animal model of PD to study
the effects of DHM and found that the administration of
DHM for thirteen days (tree days before the start of MPTP,
seven days during MPTP administration and three days after
the end of MTPT) significantly decreased dopaminergic
neuronal loss and motor impairments (evaluated using the
climbing pole and rotarod tests) by a mechanism that involves
the inhibition of ROS production as well as a reduction in the
production of the toxicant MPP+ through the inhibition of
glycogen synthase kinase-3B (GSK-3p), the activity of which
is associated with dopaminergic neuronal death caused by
MPTP and by the neuroinflammation process associated with
PD (Golpich et al., 2015).

Effects of DHM in Animal Models of HD

In a 3-NP rat model of HD, treatment with DHM (10mg/kg/
day for five consecutive days) reduced significantly the initial
and total time in the balance beam task, the hang time in the
grip-strength test, and escape latency and time in the target
quadrant in the Morris water-maze test, all together suggest
that DHM reduced motor, learning, and memory impairments.
Moreover, DHM increased the striatal metabolic rate, and
reduced oxidative stress and apoptosis. The mechanisms
behind these effects include the down-regulation of the
pro-apoptotic Bax protein and the up-regulation of the anti-
apoptotic Bcl-2 protein, increased SOD activity and decreased
Malondialdehyde, a final product of polyunsaturated fatty
acids peroxidation (Mu et al., 2016).

Last Considerations

Itis worthwhile to note, that DHM it is not the only flavanonol that
has been studied as a potential neuroprotective agent. Taxifolin,
also known as Dihydroquercetin or Distylin (PubChem CID:
439533), shows neuroprotective effects such as reduction of Ap1-
40 and AP1-42 formation, improves cognition in a transgenic
mouse model of cerebral amyloid angiopathy and in AD mouse
model induced by injection of AP1-42 on the hippocampus
(Davis et al., 2004; Sato et al., 2013; Saito et al., 2017; Wang et al.,
2018). Although, DHM and Taxifolin have a similar molecular
structure and they share some activation pathways (e.g. BDNF
and SIRT1) more research is needed to establish a structure-
activity relationship of flavanonols.
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FIGURE 1 | Pleiotropic effects of DHM. Aging, AD, HD and PD have several dysfunctional responses such as oxidative stress, chronic inflammation, apoptosis, and
autophagy impairment. DHM counteract these alterations by modulate specific molecules (showed inside the boxes) that are part of those pathways.
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Conclusions and Future Prospects

In this review, we showed that DHM has a wide range of
beneficial effects, both in vitro and in vivo models of human
diseases, including anti-oxidative, anti-inflammatory and
neuroprotective properties (Figure 1), restoration of GABA
neurotransmission, and improvements in motor and cognitive
behavior, which suggests that this compound may be useful
for treating human aging and neurodegenerative diseases.
However, further research is required to assess the clinical
potential of DHM. For example: several studies have indicated
that DHM is absorbed in the gastrointestinal tract, crosses the
blood-brain barrier and does not have toxic effects, suggesting
that it could exert positive effects on the brain without risk of
toxicity; however, more pharmacokinetic studies are required
to provide more robust evidence. Although we have a good
understanding of some of the effects of DHM on cells found
outside of the brain, we still do not understand completely the
basic mechanisms of neuroprotection and neuroplasticity of
DHM in neurons and glial cells, particularly in microglia and
astrocytes, which play a very important role in the homeostatic
maintenance of the brain. Besides this, senescent cells are also
always presentin aging and neurodegenerative diseases, and we
need to know whether DHM can modulate cellular senescence
and the inducers of this process. Anti-inflammatory effects of

DHM have been broadly studied, mainly in vitro and in vivo
models, and a clinical trial has shown some similar results.
A randomized, double-blind, placebo-controlled trial in
humans showed a significant decrease in seric TNF-a after 12
weeks of consuming 600 mg of DHM per day (Chen et al,
2015), supporting the idea that DHM has positive effects on
human health.

AUTHOR CONTRIBUTIONS

Conceptualization, HM-C and HEL-V. Writing original draft
preparation, HM-C, HEL-V, MM-R, and IA-C. Writing review
and editing, HM-C, HEL-V, MM-R, and IA-C. Supervision,
HEL-V and HM-C.

FUNDING

This project was supported by a grant from the Secretaria de
Educacién, Ciencia, Tecnologia e Innovacién de la Ciudad de
México SECITI/042/2018 (INGER-DI-CRECITES-002-2018
to IA-C) “Red Colaborativa de Investigaciéon Traslacional
para el Envejecimiento Saludable de la Ciudad de México
(RECITES)”.

Frontiers in Pharmacology | www.frontiersin.org

November 2019 | Volume 10 | Article 1334


https://www.frontiersin.org/journals/pharmacology/
http://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Martinez-Coria et al.

Effects of Dihydromyricetin in Brain Disorders

REFERENCES

Ameen, E, AlYahya, S. A., Bakhrebah, M. A, Nassar, M. S., and Aljuraifani, A.
(2018). Flavonoid dihydromyricetin-mediated silver nanoparticles as potential
nanomedicine for biomedical treatment of infections caused by opportunistic
fungal pathogens. Res. Chem. Intermed. 44, 5063-5073. doi: 10.1007/
s11164-018-3409-x

Blandini, F, and Armentero, M.-T. (2012). Animal models of Parkinson’s disease.
FEBS J. 279, 1156-1166. doi: 10.1111/j.1742-4658.2012.08491.x

Chen, S., Zhao, X., Wan, J., Ran, L., Qin, Y., Wang, X., etal. (2015). Dihydromyricetin
improves glucose and lipid metabolism and exerts anti-inflammatory effects in
nonalcoholic fatty liver disease: A randomized controlled trial. Pharmacol. Res.
99, 74-81. doi: 10.1016/j.phrs.2015.05.009

Choi, J. Y., Morris, J. C., and Hsu, C. Y. (1998). Aging and cerebrovascular disease.
Neurol. Clin. 16, 687-711. doi: 10.1016/S0733-8619(05)70089-X

Collier, T. J., Kanaan, N. M., and Kordower, J. H. (2011). Ageing as a primary risk
factor for Parkinson’s disease: evidence from studies of non-human primates.
Nat. Rev. Neurosci. 12, 359-366. doi: 10.1038/nrn3039

Dalcin, A. J. E, Vizzotto, B. S., Bochi, G. V., Guarda, N. S., Nascimento, K.,
Sagrillo, M. R,, etal. (2019). Nanoencapsulation of the flavonoid dihydromyricetin
protectsagainst the genotoxicity and cytotoxicity induced by cationic nanocapsules.
Colloids Surf. B Biointerfaces 173, 798-805. doi: 10.1016/j.colsurfb.2018.10.066

Davis, J., Xu, E, Deane, R., Romanov, G., Previti, M. L., Zeigler, K., et al. (2004).
Early-onset and robust cerebral microvascular accumulation of amyloid beta-
protein in transgenic mice expressing low levels of a vasculotropic Dutch/Iowa
mutant form of amyloid beta-protein precursor. J. Biol. Chem. 279, 20296
20306. doi: 10.1074/jbc.M312946200

Fan, L., Tong, Q., Dong, W., Yang, G., Hou, X., Xiong, W,, et al. (2017). Tissue
Distribution, Excretion, and Metabolic Profile of Dihydromyricetin, a Flavonoid
from Vine Tea (Ampelopsis grossedentata) after Oral Administration in Rats. J.
Agric. Food Chem. 65, 4597-4604. doi: 10.1021/acs.jafc.7b01155

Feng, J., Wang, J., Du, Y., Liu, Y., Zhang, W., Chen, J., et al. (2018). Dihydromyricetin
inhibits microglial activation and neuroinflammation by suppressing NLRP3
inflammasome activation in APP/PSI transgenic mice. CNS Neurosci. Ther. 24,
1207-1218. doi: 10.1111/cns.12983

Golpich, M., Amini, E., Hemmati, F, Ibrahim, N. M., Rahmani, B.,
Mohamed, Z., et al. (2015). Glycogen synthase kinase-3 beta (GSK-3p)
signaling: Implications for Parkinson’s disease. Pharmacol. Res. 97, 16-26.
doi: 10.1016/j.phrs.2015.03.010

He, G., Du, E, Yang, W,, Pei, G., and Zhu, Y. (2003a). Effects of tengcha flavonoids
on scavenging oxygen free radicals and inhibiting lipid-peroxidation. Zhong
Yao Cai Zhongyaocai J. Chin. Med. Mater. 26, 338-340.

He, G., Yang, W,, Pei, G., Zhu, Y., and Du, E (2003b). Studies on the effect of
dihydromyricetin on antilipid-peroxidation. Zhongguo Zhong Yao Za Zhi
Zhongguo Zhongyao Zazhi China J. Chin. Mater. Med. 28, 1188-1190.

Heneka, M. T., McManus, R. M., and Latz, E. (2018). Inflammasome signalling in
brain function and neurodegenerative disease. Nat. Rev. Neurosci. 19, 610-621.
doi: 10.1038/s41583-018-0055-7

Hou, X. L., Tong, Q., Wang, W. Q,, Shi, C. Y,, Xiong, W., Chen, J., et al. (2015).
Suppression of inflammatory responses by dihydromyricetin, a flavonoid
from ampelopsis grossedentata, via inhibiting the activation of NF-kB and
MAPK Signaling Pathways. J. Nat. Prod. 78, 1689-1696. doi: 10.1021/acs.
jnatprod.5b00275

Hu, Q, Zhang, T, Yi, L., Zhou, X., and Mi, M. (2018). Dihydromyricetin inhibits
NLRP3 inflammasome-dependent pyroptosis by activating the Nrf2 signaling
pathway in vascular endothelial cells. BioFactors Oxf. Engl. 44, 123-136. doi:
10.1002/biof.1395

Hyun, T., Eom, S., Yu, C., and Roitsch, T. (2010). Hovenia dulcis - An Asian
Traditional Herb. Planta Med. 76, 943-949. doi: 10.1055/5-0030-1249776

Jiang, B., Le, L., Pan, H., Hu, K., Xu, L., and Xiao, P. (2014). Dihydromyricetin
ameliorates the oxidative stress response induced by methylglyoxal via the
AMPK/GLUT4 signaling pathway in PC12 cells. Brain Res. Bull. 109, 117-126.
doi: 10.1016/j.brainresbull.2014.10.010

Katz, M. J., Lipton, R. B, Hall, C. B., Zimmerman, M. E., Sanders, A. E., Verghese,
J., et al. (2012). Age-specific and sex-specific prevalence and incidence of
mild cognitive impairment, dementia, and Alzheimer dementia in blacks and
whites: a report from the Einstein Aging Study. Alzheimer Dis. Assoc. Disord.
26, 335-343. doi: 10.1097/WAD.0b013e31823dbcfc

Kou, X., and Chen, N. (2012). Pharmacological potential of ampelopsin in Rattan
tea. Food Sci. Hum. Wellness 1, 14-18. doi: 10.1016/j.fshw.2012.08.001

Kou, X, Liu, X, Chen, X,, Li, ], Yang, X., Fan, ], etal. (2016). Ampelopsin attenuates
brain aging of D-gal-induced rats through miR-34a-mediated SIRT1/mTOR
signal pathway. Oncotarget 7, 74484-74495. doi: 10.18632/oncotarget.12811

Li, X, Liu, J,, Lin, J., Wang, T., Huang, ], Lin, Y., et al. (2016). Protective Effects
of Dihydromyricetin against «OH-Induced Mesenchymal Stem Cells
Damage and Mechanistic Chemistry. Mol. Basel Switz. 21, 604. doi: 10.3390/
molecules21050604

Liang, J., Lopez-Valdés, H. E., Martinez-Coria, H., Lindemeyer, A. K., Shen, Y.,
Shao, X. M, et al. (2014). Dihydromyricetin ameliorates behavioral deficits and
reverses neuropathology of transgenic mouse models of Alzheimer’s disease.
Neurochem. Res. 39, 1171-1181. doi: 10.1007/s11064-014-1304-4

Lindsay, J., Laurin, D., Verreault, R., Hébert, R., Helliwell, B., Hill, G. B., et al.
(2002). Risk factors for Alzheimer’s disease: a prospective analysis from the
Canadian Study of Health and Aging. Am. J. Epidemiol. 156, 445-453. doi:
10.1093/aje/kwf074

Liu, L., Yin, X., Wang, X., and Li, X. (2017). Determination of dihydromyricetin
in rat plasma by LC-MS/MS and its application to a pharmacokinetic study.
Pharm. Biol. 55, 657-662. doi: 10.1080/13880209.2016.1266669

Loépez-Otin, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G. (2013).
The hallmarks of aging. Cell 153, 1194-1217. doi: 10.1016/j.cell.2013.05.039

Lopez-Valdés, H. E., and Martinez-Coria, H. (2016). The Role of
Neuroinflammation in Age-Related Dementias. Rev. Investig. Clin. Organo
Hosp. Enfermedades Nutr. 68, 40-48.

Luo, Y, Lu, S., Dong, X., Xu, L., Sun, G., and Sun, X. (2017). Dihydromyricetin
protects human umbilical vein endothelial cells from injury through ERK and
Akt mediated Nrf2/HO-1 signaling pathway. Apoptosis Int. J. Program. Cell
Death 22, 1013-1024. doi: 10.1007/s10495-017-1381-3

Muy, S, Li, Y, Liu, B., Wang, W,, Chen, S., Wu, ], et al. (2016). Dihydromyricetin
Ameliorates 3NP-induced Behavioral Deficits and Striatal Injury in Rats. J.
Mol. Neurosci. MN 60, 267-275. doi: 10.1007/s12031-016-0801-0

OECD. (2001a). Guidance Document on Acute oral Toxicity Testing: Organisation
for Economic Co-operation and Development (OECD) Paris (FR); 2001;
Report No.: ENV/JM/MONO(2001)4.

OECD. (2001b). Guideline for the Testing of Chemicals: Acute Oral Toxicity—
Up-and Down Procedure (TG 425): Organisation for Economic Co-operation
and Development (OECD) Paris (FR); 2001; adopted: 21st September 1998;
revised method adopted: 17th December 2001.

Qj, S., Xin, Y, Guo, Y., Diao, Y., Kou, X., Luo, L., et al. (2012). Ampelopsin reduces
endotoxic inflammation via repressing ROS-mediated activation of PI3K/Akt/
NF-«B signaling pathways. Int. Immunopharmacol. 12, 278-287. doi: 10.1016/j.
intimp.2011.12.001

Raitoharju, E., Lyytikdinen, L.-P., Levula, M., Oksala, N., Mennander, A.,
Tarkka, M., et al. (2011). miR-21, miR-210, miR-34a, and miR-146a/b are
up-regulated in human atherosclerotic plaques in the Tampere Vascular Study.
Atherosclerosis 219, 211-217. doi: 10.1016/j.atherosclerosis.2011.07.020

Ren, Z., Zhao, Y., Cao, T.,, and Zhen, X. (2017). Erratum: Dihydromyricetin
protects neurons in an MPTP-induced model of Parkinson’s disease by
suppressing glycogen synthase kinase-3 beta activity. Acta Pharmacol. Sin. 38,
733. doi: 10.1038/aps.2017.40

Ruan, L.-P, Yu, B.-Y,, Fu, G.-M.,, and Zhu, D. (2005). Improving the solubility of
ampelopsin by solid dispersions and inclusion complexes. J. Pharm. Biomed.
Anal. 38, 457-464. doi: 10.1016/j.jpba.2005.01.030

Saito, S., Yamamoto, Y., Maki, T., Hattori, Y., Ito, H., Mizuno, K., et al. (2017).
Taxifolin inhibits amyloid-B oligomer formation and fully restores vascular
integrity and memory in cerebral amyloid angiopathy. Acta Neuropathol.
Commun. 5, 26. doi: 10.1186/s40478-017-0429-5

Sato, M., Murakami, K., Uno, M., Nakagawa, Y., Katayama, S., Akagi, K., et al.
(2013). Site-specific inhibitory mechanism for amyloid p42 aggregation by
catechol-type flavonoids targeting the Lys residues. J. Biol. Chem. 288, 23212—
23224. doi: 10.1074/jbc.M113.464222

Shwe, T., Pratchayasakul, W., Chattipakorn, N., and Chattipakorn, S. C. (2018).
Role of D-galactose-induced brain aging and its potential used for therapeutic
interventions. Exp. Gerontol. 101, 13-36. doi: 10.1016/j.exger.2017.10.029

Singh, A., Kukreti, R., Saso, L., and Kukreti, S. (2019). Oxidative Stress: A Key
Modulator in Neurodegenerative Diseases. Mol. Basel Switz. 24, 1583. doi:
10.3390/molecules24081583

Frontiers in Pharmacology | www.frontiersin.org

November 2019 | Volume 10 | Article 1334


https://doi.org/10.1007/s11164-018-3409-x
https://doi.org/10.1007/s11164-018-3409-x
https://doi.org/10.1111/j.1742-4658.2012.08491.x
https://doi.org/10.1016/j.phrs.2015.05.009
https://doi.org/1016/S0733-8619(05)70089-X
https://doi.org/10.1038/nrn3039
https://doi.org/10.1016/j.colsurfb.2018.10.066
https://doi.org/10.1074/jbc.M312946200
https://doi.org/10.1021/acs.jafc.7b01155
https://doi.org/10.1111/cns.12983
https://doi.org/10.1016/j.phrs.2015.03.010
https://doi.org/10.1038/s41583-018-0055-7
https://doi.org/10.1021/acs.jnatprod.5b00275
https://doi.org/10.1021/acs.jnatprod.5b00275
https://doi.org/10.1002/biof.1395
https://doi.org/10.1055/s-0030-1249776
https://doi.org/10.1016/j.brainresbull.2014.10.010
https://doi.org/10.1097/WAD.0b013e31823dbcfc
https://doi.org/10.1016/j.fshw.2012.08.001
https://doi.org/10.18632/oncotarget.12811
https://doi.org/10.3390/molecules21050604
https://doi.org/10.3390/molecules21050604
https://doi.org/10.1007/s11064-014-1304-4
https://doi.org/10.1093/aje/kwf074
https://doi.org/10.1080/13880209.2016.1266669
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1007/s10495-017-1381-3
https://doi.org/10.1007/s12031-016-0801-0
https://doi.org/10.1016/j.intimp.2011.12.001
https://doi.org/10.1016/j.intimp.2011.12.001
https://doi.org/10.1016/j.atherosclerosis.2011.07.020
https://doi.org/10.1038/aps.2017.40
https://doi.org/10.1016/j.jpba.2005.01.030
https://doi.org/10.1186/s40478-017-0429-5
https://doi.org/10.1074/jbc.M113.464222
https://doi.org/10.1016/j.exger.2017.10.029
https://doi.org/10.3390/molecules24081583
https://www.frontiersin.org/journals/pharmacology/
http://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Martinez-Coria et al.

Effects of Dihydromyricetin in Brain Disorders

Solanki, S. S., Sarkar, B., and Dhanwani, R. K. (2012). Microemulsion drug
delivery system: for bioavailability enhancement of ampelopsin. ISRN Pharm.
2012, 108164. doi: 10.5402/2012/108164

Song, Q. Liu, L., Yu, J., Zhang, J., Xu, M., Sun, L., et al. (2017). Dihydromyricetin
attenuated Ang II induced cardiac fibroblasts proliferation related to
inhibitory of oxidative stress. Eur. J. Pharmacol. 807, 159-167. doi: 10.1016/j.
ejphar.2017.04.014

Sun, P, Yin, J.-B,, Liu, L.-H., Guo, J., Wang, S.-H., Qu, C.-H.,, et al. (2019).
Protective role of Dihydromyricetin in Alzheimer’s disease rat model associated
with activating AMPK/SIRT1 signaling pathway. Biosci. Rep. 39. doi: 10.1042/
BSR20180902

Tang,N.,Ma, J., Wang, K. S.,Mi, C., Lv, Y., Piao, L. X., etal. (2016). Dihydromyricetin
suppresses TNF-a-induced NF-kB activation and target gene expression. Mol.
Cell. Biochem. 422, 11-20. doi: 10.1007/s11010-016-2799-6

Tsao, R. (2010). Chemistry and Biochemistry of Dietary Polyphenols. Nutrients 2,
1231-1246. doi: 10.3390/nu2121231

Wang, C., Tong, Q., Hou, X,, Hu, S., Fang, J., and Sun, C. C. (2016). Enhancing
Bioavailability of Dihydromyricetin through Inhibiting Precipitation of Soluble
Cocrystals by a Crystallization Inhibitor. Cryst. Growth Des. 16, 5030-5039.
doi: 10.1021/acs.cgd.6b00591

Wang, Y., Wang, Q., Bao, X, Ding, Y., Shentu, J., Cui, W,, et al. (2018). Taxifolin
prevents p-amyloid-induced impairments of synaptic formation and deficits
of memory via the inhibition of cytosolic phospholipase A2/prostaglandin E2
content. Metab. Brain Dis. 33, 1069-1079. doi: 10.1007/s11011-018-0207-5

Xiang, D.,Fan, L., Hou, X.-L., Xiong, W., Shi, C.- Y., Wang, W.-Q., etal. (2018). Uptake
and Transport Mechanism of Dihydromyricetin Across Human Intestinal
Caco-2 Cells. J. Food Sci. 83, 1941-1947. doi: 10.1111/1750-3841.14112

Yang, D., Tan, S., Yang, Z., Jiang, P, Qin, C., Yuan, Q., et al. (2018).
Dihydromyricetin attenuates TNF-a-induced endothelial dysfunction through
miR-21-mediated DDAH1/ADMA/NO signal pathway. BioMed. Res. Int. 2018.
doi: 10.1155/2018/1047810

Yang, J.-G., Liu, B.-G., Liang, G.-Z., and Ning, Z.-X. (2009). Structure-
activity relationship of flavonoids active against lard oil oxidation based
on quantum chemical analysis. Mol. Basel Switz. 14, 46-52. doi: 10.3390/
molecules14010046

Zhang, Q, Liu, J., Liu, B., Xia, ., Chen, N., Chen, X,, et al. (2014). Dihydromyricetin
promotes hepatocellular carcinoma regression via a p53 activation-dependent
mechanism. Sci. Rep. 4, 4628. doi: 10.1038/srep04628

Zhang, Y., Ning, Z., Yang, S., and Wu, H. (2003). Antioxidation properties and
mechanism of action of dihydromyricetin from Ampelopsis grossedentata. Yao
Xue Xue Bao 38, 241-244.

Zhang, Y., Que, S., Yang, X., Wang, B., Qiao, L., and Zhao, Y. (2007). Isolation and
identification of metabolites from dihydromyricetin. Magn. Reson. Chem. MRC
45, 909-916. doi: 10.1002/mrc.2051

Zhao, X., Shi, C., Zhou, X,, Lin, T., Gong, Y., Yin, M., et al. (2019). Preparation
of a nanoscale dihydromyricetin-phospholipid complex to improve the
bioavailability: in vitro and in vivo evaluations. Eur. J. Pharm. Sci. Off. J. Eur.
Fed. Pharm. Sci. 138, 104994. doi: 10.1016/j.ejps.2019.104994

Zhou, T, and Zhou, X. (1996). Isolation, structure determination and pharmacological
activity of flavanonol from ampelopsis grossedentata. Chin. Pharm. J. 458-461.

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 © 2019 Martinez-Coria, Mendoza-Rojas, Arrieta-Cruz and Lopez-Valdés.
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.

Frontiers in Pharmacology | www.frontiersin.org

November 2019 | Volume 10 | Article 1334


https://doi.org/10.5402/2012/108164
https://doi.org/10.1016/j.ejphar.2017.04.014
https://doi.org/10.1016/j.ejphar.2017.04.014
https://doi.org/10.1042/BSR20180902
https://doi.org/10.1042/BSR20180902
https://doi.org/10.1007/s11010-016-2799-6
https://doi.org/10.3390/nu2121231
https://doi.org/10.1021/acs.cgd.6b00591
https://doi.org/10.1007/s11011-018-0207-5
https://doi.org/10.1111/1750-3841.14112
https://doi.org/10.1155/2018/1047810
https://doi.org/10.3390/molecules14010046
https://doi.org/10.3390/molecules14010046
https://doi.org/10.1038/srep04628
https://doi.org/10.1002/mrc.2051
https://doi.org/10.1016/j.ejps.2019.104994
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology/
http://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Preclinical Research of Dihydromyricetin for Brain Aging and Neurodegenerative Diseases

	﻿Introduction

	﻿DHM Structure, Pharmacokinetics and Toxicity

	﻿Anti-Oxidative Effects of DHM (In Vitro Models)

	﻿Anti-Inflammatory Effects of DHM (In Vitro Models)

	﻿Effects of DHM in Animal Models of Aging

	﻿Effects of DHM in Animal Models of AD

	﻿Effects of DHM in Animal Models of PD

	﻿Effects of DHM in Animal Models of HD

	﻿Last Considerations

	﻿Conclusions and Future Prospects


	﻿Author Contributions

	﻿Funding

	References



