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Abstract: Vine tea, a Chinese herbal medicine, is widely used in traditional Asian 15 

medicine to treat common health problems. Dihydromyricetin is the main functional 16 

flavonoid compound extracted from vine tea. In recent years, preclinical studies have 17 

focused on the potential beneficial effects of dihydromyricetin, including glucose 18 

metabolism regulation, lipid metabolism regulation, neuroprotection, and anti-tumor 19 

effects. In addition, DMY may play a role in cardiovascular disease by resisting 20 

oxidative stress and participating in the regulation of inflammation. This review is the 21 

first review that summaries the applications of dihydromyricetin in cardiovascular 22 

diseases, including atherosclerosis, myocardial infarction, myocardial hypertrophy, 23 

and diabetic cardiomyopathy. We also clarified the underlying mechanisms and 24 

signaling pathways involved in the above process. The aim of this review is to 25 

provide a better understanding and quick overview for future researches of 26 

dihydromyricetin in the field of cardiovascular diseases, and more detailed and robust 27 

researches are needed for evaluation and reference. 28 

Keywords: Dihydromyricetin, Cardiovascular disease, Atherosclerosis, Myocardial 29 

infarction, Myocardial hypertrophy  30 
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1 Introduction 33 

Vine tea (Ampelopsis grossedentata [Hand.-Mazz.] W.T. Wang), a Chinese herbal 34 

medicine, is widely used in traditional Asian medicine to treat common health problems 35 

such as fever and cough[1]. Dihydromyricetin (DMY), myricetin, and quercetin are the 36 

main functional flavonoid compounds extracted from vine tea[2]. DMY comprises over 37 

30% of the dry weight of the leaves and stems of vine tea[3].(2R,3R)-3,5,7-Trihydroxy-38 

2-(3,4,5-trihydroxyphenyl)-2,3-dihydrochromen-4-one is the chemical name of DMY. 39 

The chemical structure of DMY was shown in Figure1. The pharmacological effects, 40 

such as anti-inflammatory and anti-oxidation, underlie the potential clinical 41 

applications of DMY, including glucose metabolism regulation, lipid metabolism 42 

regulation, neuroprotection, antitumour effects, and cardiovascular protection[4]. 43 

Emerging preclinical researches have focused on the beneficial effects of DMY in a 44 

variety of cardiovascular diseases, including atherosclerosis (AS), myocardial 45 

infarction, myocardial hypertrophy, and diabetic cardiomyopathy (DCM). This review 46 

will summarize the pharmacological properties and the effects of DMY on 47 

cardiovascular diseases. 48 

2 Pharmacological properties and toxic effects                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            49 

The molecular weight of DYM is 320.25, and the pKA is 7.38±0.60. DMY possesses 50 

two kinds of enantiomers, including dextroisomer and laevoisomer[5]. DMY is soluble 51 

in ethanol and DMSO. Solubility of DMY in water is 0.2 mg/ml at 25°C and 0.9 mg/ml 52 

at 37°C[6]. Hydroxypropyl-β-cyclodextrin, PVP K30, and PEG6000 help to enhance 53 

the water-solubility of dihydromyricetin[7]. In addition, enzyme-acylated product of 54 

dihydromyricetin improves its lipid-solubility[5].  55 

Tong and colleagues reported that DMY was partially absorbed by oral 56 

administration[8]. After oral administration at a dose of 100 mg/kg in rats, DMY rapidly 57 

distributed into stomach, small intestine, heart, liver, spleen, lung, kidney, and brain, 58 

with the highest concentration in gastrointestinal tract[9]. Liquid chromatography-mass 59 

spectrometry analysis showed the maximum serum concentration (Cmax) was 21.63 ± 60 

3.62 ng/mL at approximately 2.67 h after oral administration at a dose of 20 mg/kg, and 61 

the drug half-life (t1/2) was 3.70 ± 0.99 h correspondingly[8]. Researchers used the 62 
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human intestinal Caco-2 cell model to predict the absorption properties of DMY and 63 

found that passive diffusion mechanism conducted the uptake and transport process, 64 

which might partially give explanation to the relative low administration bioavailability 65 

of DMY when taken orally. Time, concentration, pH, and efflux transporters may affect 66 

its uptake and transport processes[10].  67 

As for the intravenous use, DMY reached Cmax of 165.67 ± 16.35 ng/mL at a dose of 2 68 

mg/kg for intravenous administration, and t1/2 was 2.05 ± 0.52 h correspondingly for 69 

rats[8]. In another study, mice were administered with 50 mg/kg DMY by 70 

intraperitoneal injection or oral gavage. After 15 minutes, DMY could be detected in 71 

serum and brain tissue[1]. The calculated effective permeability coefficient (Peff) is an 72 

important parameter that determines the rate and degree of drug absorption in vivo. Peff 73 

of DMY was calculated to be (1.84 ± 0.37) × 10-6 cm/s[5]. 74 

DMY could be metabolized and eliminated in the intestinal tract[8], and it's metabolites 75 

could be eliminated through the digestive and urinary systems within 12 hours. 76 

Metabolites with different retention time have been identified in urine, feces and 77 

plasma[1]. DMY could be degraded by a variety of digestive enzymes[11]. The stability 78 

of the gastrointestinal environment and transport proteins influenced the metabolic rate 79 

of DMY, which meant that bioavailability of DMY could be influenced by 80 

gastrointestinal pH[12]. Some proteins might modulate the intake and transport of DMY. 81 

Inhibition of multidrug resistance protein 2 with probenecid and inhibition of breast 82 

cancer resistance (BCRP) protein with Ko143 resulted in the significant uptake of 83 

DMY[10]. Besides, five metabolic pathways of DMY have been proposed, including 84 

dehydroxylation, methylation, glucuronidation, sulfation and reduction[13]. 85 

Since the low solubility, short half-life period, and instability limit clinical applications 86 

of DMY, different complex formulations and delivery systems have been used to 87 

improve the bioavailability of DMY, such as microemulsions, inclusion complexes, 88 

nanoencapsulation, soluble cocrystals, and phospholipid complexes[2, 14]. 89 

The toxic effect of plant flavonoids could be an important issue for its further clinical 90 

applications, but few studies have raised concerns to the adverse effects of DMY. 91 

Currently toxicological studies indicated that DMY is safe. Nanoencapsulation-loaded 92 
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DMY maintained its antioxidant capacity in peripheral blood mononuclear cells at the 93 

concentration of 150 μM[15]. Continuous administration showed little influence on 94 

metabolism and development for rats[16, 17]. In a subacute toxicity assessment for 95 

rats, mortality, food and water consumption, body weight changes, and absolute organ 96 

weights were observed. Herbal mixture extracts complex rich in DMY exhibited little 97 

toxicological signs for rats. The content of DMY in herbal mixture was 362.7 ± 12.5 98 

mg/g and the administration dose of herbal mixture was 1998mg/kg, and the 99 

maximum tolerated dose in rats is 5-10 g/kg [18]. In another toxicity assessment 100 

research of DMY, no liver toxicity or kidney toxicity was observed, as well as blood 101 

cell damage[19]. DMY has been reported to show little cytotoxicity to normal 102 

hepatocytes[20]. Additional animal and clinical trials are needed to further evaluate 103 

the safety of DMY in human.  104 

DMY can inhibit the increase of body weight and fat mass, preventing non-alcoholic 105 

fatty liver disease in mice[1]. In rats, DMY supplementation did not affect appetite 106 

and energy intake, suggesting that weight loss was related to changes in 107 

metabolism[18]. DMY administration decreased the triglycerides (TG) and low-108 

density lipoprotein cholesterol (LDL-C) contents in mouse serum[2]. A study of 109 

hamsters also showed that DMY attenuated the high-fat-induced increase in body 110 

weight, liver lipid deposition, serum triglycerides and total cholesterol levels[3]. 111 

Moreover, DMY reduced fasting blood glucose and delayed the onset of 112 

hyperglycemia by 4 weeks in rats[4]. DMY reduced the fasting blood glucose, serum 113 

insulin, and glycated hemoglobin levels and the insulin resistance index in mice. In 114 

the oral glucose tolerance test (OGTT), mice demonstrated a significant suppressed of 115 

elevated plasma glucose levels 30, 60, 120, and 180 min after the ingestion of a single 116 

high dose of glucose[5]. According to a double-blind clinical trial, adult nonalcoholic 117 

fatty liver disease patients took dihydromyricetin twice daily for three months. The 118 

serum levels of glucose and the homeostasis model assessment of insulin resistance 119 

(HOMA-IR) index were significantly decreased in the dihydromyricetin group 120 

compared with the placebo group[6]. DMY was found to increase glucose uptake and 121 

decrease adipogenesis in mouse fibroblast 3T3-L1 cells[7]. It is a shortcoming that 122 
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most studies remain in the animal or cell experimental stage, and further investigation 123 

should be carried out. 124 

3 Protective effects of DMY 125 

3.1 Antioxidative effects 126 

Oxidative stress is involved in the pathological process of cardiovascular diseases. 127 

During the oxidative process, the formation of ROS and their immediate interaction 128 

with other substances is increased. When the respiratory chain complexes are 129 

dysfunctional, ROS production is simultaneously increased and pathological process is 130 

accelerated[21].  131 

Antioxidant stress is one of the main strategies for the treatment of cardiovascular 132 

diseases[22]. DMY could affect the formation of free radicals in the respiratory chain 133 

and accelerated their elimination, leading to the reduction of intracellular 134 

malondialdehyde (MDA). In lipopolysaccharide (LPS)-induced sepsis rat model, DMY 135 

decreased the serum level of nitric oxide (NO) and MDA, and eventually ameliorated 136 

the impaired contractility of the rat aorta [23]. In the meanwhile, in 2,2′-azobis (2-137 

amidinopropane) dihydrochloride (AAPH)-induced oxidative stress damage of human 138 

erythrocytes model DMY treatment significantly increased the level of superoxide 139 

dismutase (SOD), which catalysed the removal preocess of superoxide anion 140 

radicals[24]. The oxidative-stress prevention effect of DMY has also been demonstrated 141 

in mouse brain tissue. DMY could improve Pb-induced cognitive functional 142 

impairment by decreasing the levels of lipid peroxidation and protein carbonyl and 143 

increasing the activities of SOD and catalase [25]. 144 

In addition, DMY might participate in the activation of genes that regulate detoxifying 145 

and antioxidant enzymes. Mitochondrial oxidative stress, as well as the decreased 146 

mitochondrial DNA (mtDNA) copy number, leads to mtDNA damage, which indicating 147 

serious mitochondrial dysfunction[26]. Sirtuin 3 (SIRT3), a mitochondrial enzyme, 148 

participates in metabolism and the oxidative stress response[27]. Hou et al reported that 149 

the protective effect of DMY was mediated by mitochondrial apoptotic pathways[28]. 150 

DMY enhanced SIRT3 protein expression as well as mtDNA copy number in thoracic 151 

aorta of diabetic mice. Knocking out SIRT3 abolished the positive effects of DMY on 152 
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mitochondrial function, which indicated that DMY improved endothelial dysfunction 153 

via oxidative stress inhibition in a SIRT3-dependent manner[29]. Moreover, SIRT3-154 

mediated Atg4b deacetylation following DMY treatment induced cell autophagy, 155 

suggesting that SIRT3 and Atg4b were involved in DMY-induced benefits[26].  156 

DMY regulates several proteins that have been reported to be involved in antioxidative 157 

response as well. Oxidized low-density lipoprotein (Ox-LDL) injured human umbilical 158 

vein endothelial cells (HUVECs) were treated with DMY, resulting in the activation of 159 

protein kinase B(Akt) and extracellular regulated protein kinases 1/2 (Erk1/2), as well 160 

as the upregulation of antioxidant enzymes and antiapoptotic proteins, including 161 

cysteinyl aspartate specific proteinase-3(caspase-3), B-cell lymphoma 2 (Bcl-2) and 162 

Bcl-2-associated X protein (Bax) [30].Besides,  Zhang reported that DMY could 163 

promote the expression of phosphorylated forkhead box O3 (FoxO3) and Akt, and 164 

modulate the nuclear localization of FoxO3, thereby protecting HUVECs from 165 

oxidative stress[31]. DMY inhibited cell apoptosis, lipid accumulation and oxidative 166 

stress in cellular model of steatosis by suppressing the expression of peroxisome 167 

proliferators-activated receptors-γ (PPAR-γ) and the phosphorylation of Akt[25], and 168 

promoted the phosphorylation of adenosine 5‘-monophosphate-activated protein kinase 169 

(AMPK)[32]. 170 

In conclusion, DMY play a role in various cardiovascular diseases and other diseases 171 

by regulating key products of oxidative stress, mitochondrial antioxidant enzymes and 172 

oxidative stress-related proteins. Further research is needed to expand the application 173 

range of DMY. 174 

3.2 Anti-inflammatory effects 175 

Inflammatory process is the common feature of cardiovascular disorders. Some in vivo 176 

and in vitro studies have shown that DMY participated in the regulation of 177 

inflammation, implying potential medicinal value of DMY in immune-related and 178 

inflammation-related diseases. However, the anti-inflammatory mechanism of DMY 179 

remains unclear. According to existing studies, it can be explained from two aspects, 180 

including inflammatory cells and inflammatory cytokines  181 

DMY might contribute to immune regulation by affecting macrophage polarization. M1 182 
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macrophages are involved in the pro-inflammatory response while M2 macrophages 183 

are responsible for immune regulation and resolution of inflammation[33]. Atomic 184 

force microscope scanning proved that DMY prevented morphological change and 185 

membrane alterations of RAW 264.7 macrophages caused by LPS stimulation, 186 

suppressed M1 macrophage activation. In addition, DMY inhibits lipid accumulation 187 

in macrophages and promotes cholesterol excretion. So, DMY could prevent ox-LDL 188 

induced the transformation of macrophages into foam cells[34]. 189 

During the macrophage polarization process, cyclooxygenase-2 (COX-2) protein 190 

expression and p65 phosphorylation were inhibited by DMY[35], and inhibition of 191 

COX-2 enzyme contribute to anti-inflammatory effects in cardiovascular diseases[33]. 192 

Cox-2 was usually upregulated at inflammatory sites and catalyzed the initial step of 193 

arachidonic acid metabolism and prostaglandin synthesis. COX‐2 active products are 194 

involved in hemodynamics and blood pressure, thromboresistance, pain and 195 

inflammation[36]. Abdolahi also confirmed that COX-2 expression were suppressed by 196 

DMY in a dose-dependent manner in vivo, showing the potent anti-inflammatory effect 197 

of DMY[37].  198 

On the other hand, the inflammation suppression roles of DMY may be related with its 199 

effects on regulating inflammatory factors. DMY inhibited the activation of nuclear 200 

factor-kappa B (NF-κB) /the toll-like receptor 4/myeloid differentiation primary 201 

response gene 88/ nuclear factor-kappa B (TLR4/MyD88/NF-κB) pathway[38], and 202 

subsequently inhibiting the expression of proinflammatory factors, such as tumor 203 

necrosis factor-α(TNF-α), interleukin-1β(IL-1β), IL-6 and IL-18[39]. Inflammation 204 

index such as IL-2 and IL-6 were modulated by DMY in hippocampal neurons[40].  205 

Besides, a growing number of studies have focused on the inhibitory effect of DMY on 206 

the nucleotide-binding domain leucine-rich repeat and pyrin domain containing 207 

receptor 3 (NLRP3) inflammasome[41], which is a critical component of the innate 208 

immune system. NLRP3 mediates caspase-1 activation and the secretion of 209 

proinflammatory cytokines IL-1β/IL-18 in response to cellular damage. DMY was 210 

reported to reduce microglia‐mediated neuroinflammation by suppressing NLRP3 211 

inflammasome activation[42]. In an acute lung injury (ALI) model, the role of DMY 212 
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has also been verified. DMY protects against ALI by inhibiting NLRP3 inflammasome 213 

activation and subsequent pyroptosis[23]. Studies on the anti-inflammatory effect of 214 

DMY have mainly focused on the observations and summaries of the phenomenon, and 215 

more in-depth mechanistic explorations still needs to be performed.  216 

4 Application of DMY in cardiovascular diseases 217 

4.1 Atherosclerosis 218 

AS is a chronic inflammatory disease of the blood vessels, characterized by 219 

atherosclerotic lesion formation. DMY might be a potential therapeutic for the 220 

treatment of atherosclerosis, which has been shown to inhibit atherosclerotic plaque 221 

formation and maintain plaque stability in vivo and in vitro. The mechanisms of DMY 222 

against AS might include antioxidant, regulation of lipid metabolism, and regulation of 223 

pyroptosis. 224 

Endothelial dysfunction is a risk factor for the development of AS. Endothelial nitric 225 

oxide synthase (eNOS) catalyses the formation of NO, inhibiting vascular sclerosis and 226 

maintaining vascular homeostasis[43]. DMY acted as a potential therapeutic adjuvant 227 

for endothelial dysfunction. Yang’s research team revealed that DMY attenuated TNF-228 

α induced endothelial dysfunction mediated by decreasing the expression of 229 

microRNA-21 and increasing eNOS/NO expression, as evidenced by increased tube 230 

formation and migration and increased NO concentration[44]. In apolipoprotein E-231 

deficient (Apoe-/-) mice, DMY treatment significantly inhibited atherosclerotic lesion 232 

formation and increased nitric oxide (NO) production and improves lipid 233 

metabolism[44, 45]. However, overexpression of microRNA-21 can significantly 234 

inhibit the cardiovascular protective effect of DMY and increase the circulating lipid 235 

level. 236 

Ox-LDL accumulation contributes to the formation of atherosclerotic lesions. DMY 237 

provided cytoprotective effects by suppressing ox-LDL-induced endothelial cell 238 

apoptosis and caspase-3 activation. Moreover, DMY ameliorated mitochondrial 239 

dysfunction and inhibited ROS generation in ox-LDL injured HUVEC model. Nuclear 240 

transcription factor-erythroid 2-related factor 2/heme oxygenase-1 (Nrf2/HO-1) 241 

signalling pathway was activated during this process, and antioxidant enzymes and anti-242 
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apoptotic proteins were up-regulated [30]. In LDL receptor deficient mice fed with high 243 

fat diet, the effects of DMY were further studied. DMY increased the expression of 244 

cholesterol-regulating proteins (PPAR-α, liver X receptor-α and adenosine triphosphate 245 

(ATP)binding cassette subfamily A member 1), reduced IL-6 and TNF-α expression, 246 

and prevented hepatic and aortic inflammation. Therefore, DMY inhibited AS lesion 247 

formation and favoured features of plaque stability[46].  248 

In addition, regulation of pyroptosis might contribute to the protective effects of DMY. 249 

Pyroptosis is a recently discovered type of programmed cell death, which participates 250 

in the pathological process of AS. This process is accompanied by the release of a large 251 

amount of proinflammatory factors [47, 48]. Caspase-1 plays a key role during 252 

pyroptosis. Hyperlipidaemia induced the production of cholesterol crystal and 253 

promoted atherogenesis[49], while caspase-1 promoted endothelial cell activation and 254 

monocyte recruitment to the arterial intima in hyperlipidaemia[50, 51]. DMY pre-255 

treatment inhibited palmitic acid-induced pyroptotic cell death by increasing cell 256 

viability and eliminating caspase-1 cleavage and subsequent IL-1β maturation. As a 257 

result, the percentage of propidium iodide (PI) positive cells was decreased, indicating 258 

the loss of plasma membrane integrity[52]. Emerging evidence indicated that DMY can 259 

mediate vascular endothelial cell pyroptosis through pathways we mentioned above, 260 

including the Nrf2 signalling pathway and NLRP3 signalling pathway[30, 52].   261 

4.2 Myocardial infarction and ischaemia-reperfusion injury 262 

Myocardial ischaemia/reperfusion (I/R) injury refers to the aggravated metabolic 263 

dysfunctions and structural damages when blood flow is restored after myocardial 264 

ischemia and reperfusion. Due to calcium overload, free radical production, and 265 

inflammatory cell infiltration, blood supply reperfusion can cause severe damage to the 266 

ischaemic myocardium, even result in arrhythmia and enlarged infarct size[53]. In 267 

general, research model of I/R injury can be induced by left anterior descending 268 

coronary artery occlusion in animal models and hypoxia/reoxygenation (H/R) injury in 269 

cardiomyocytes in vitro [54, 55]. DMY was reported to have beneficial effects against 270 

I/R dysfunction. In this part, we summarized beneficial effects of DMY against I/R 271 

injury, and we focused on the effects of DMY on myocardial dysfunction and 272 
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mitochondrial dysfunction.   273 

Myocardial dysfunction is one of the manifestations during myocardial infarction. Liu 274 

and colleagues demonstrated that DMY had cardioprotective effects by decreasing I/R-275 

induced apoptosis and necrosis. In a rat I/R model, the S-T segment elevation was 276 

diminished and myocardial infarct size was decreased by pretreatment with DMY 277 

(150 mg/kg). In this study, PI3K/Akt and hypoxia inducible factor-1α (HIF-1α) played 278 

crucial protective effects.  PI3K inhibitor LY294002 effectively inhibited the protective 279 

effects of DMY against I/R-induced injury[56].Besides, Dong Wang reported that DMY 280 

significantly improved the recovery of left ventricular developed pressure and 281 

maximum up/down rate of left ventricular pressure in vitro model of cold cardioplegia 282 

in isolated working rat hearts[57]. The present study provided preliminary evidence that 283 

DMY may have potential clinical applications in cardiac transplantation. Mitochondrial 284 

dysfunction can be considered one of the major mechanisms in the pathogenesis of I/R 285 

injury[58]. Mitochondrial functional impairments lead to loss of myocyte during the 286 

acute ischemic stage, as well as the decline of surviving myocytes during the subacute 287 

and chronic stages. Mitochondrial dysfunction was alleviated by DMY treatment. The 288 

mitochondrial injury was alleviated after DMY treatment, and DMY resulted in an 289 

increase in mitochondrial membrane potential in response to the H/R in cardiomyocytes. 290 

The above beneficial function of DMY might be associated with the upregulation of 291 

SIRT3[59].  292 

In addition, irisin is a myokine reducing endothelial damage by inhibiting inflammation 293 

and oxidative stress in the early phase of post-myocardial infarction[60]. Oral 294 

administration of DMY (100 mg/kg/d) could promote irisin secretion and increased 295 

serum irisin concentration 1.9-fold compared to sedentary rats, resulting in 296 

improvement of cardiac remodeling in myocardial infarction rats, and the heart rate 297 

variability domains increased back to normal. However, the reason why DMY 298 

promoted irisin secretory was not clearly clarified[61].  299 

In the mouse carotid artery ligation model, intraperitoneal injection of DMY (40 mg/kg) 300 

every 2 days significantly protect vascular by attenuating injury-induced carotid artery 301 

neointimal formation two weeks after surgery. DMY promoted smooth muscle cell 302 
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differentiation and inhibited its proliferation and migration via induction of nuclear 303 

receptor 4A subfamily member (TR3), which mediated SMC phenotypic switch [62].  304 

4.3 Cardiac hypertrophy 305 

Hypertrophic growth of cardiomyocytes is an adaptive and reversible response to 306 

haemodynamic stress. Cardiac hypertrophy refers to an irreversible form of 307 

pathological hypertrophy caused by chronic stress overload. Hypertension and valvular 308 

disease are the most common causes of cardiac hypertrophy. Cardiac hypertrophy is 309 

characterized by an excessive increase in ventricular dimensions, accompanied by 310 

myocardial dysfunction and fibrosis[63, 64]. Increased myocardial oxygen 311 

consumption in the hypertrophic myocardium leads to multiple cardiovascular 312 

accidents, such as arrhythmia and myocardial infarction. Inflammation, oxidative stress, 313 

and humoral stimuli have been found to induce cardiomyocyte hypertrophy and 314 

pathological remodelling[65]. Transverse aortic constriction surgery (TAC) could be 315 

applied to generate an animal model of myocardial hypertrophy induced by pressure 316 

overload[66]. The current study found that DMY can attenuate myocardial hypertrophy 317 

in vitro and in vivo via oxidative stress inhibition. 318 

Intragastric administration of DMY (250 mg/kg/day) decreased interventricular septum 319 

and left ventricular posterior wall thickness, reduced the cardiomyocyte cross-sectional 320 

areas and the cardiac index of cardiac hypertrophy model after TAC. In Ang II-induced 321 

cardiomyocyte hypertrophy model, DMY treatment can reduce expression of ROS and 322 

MDA in mRNA level and increase SOD activity, indicating that oxidative stress was 323 

inhibited during this process[67]. 324 

Neonatal rat cardiomyocytes incubated with angiotensin II (100 nM) for 24h could be 325 

used as a model of cardiomyocyte hypertrophy in vitro. DMY administration enhances 326 

the SIRT3 pathway in cellular model, as measured by SIRT3 activity in the 327 

myocardium[68].  328 

4.4 Diabetic cardiomyopathy 329 

DCM was first observed in 1972 in four patients with diabetic glomerulosclerosis who 330 

suffered from congestive heart failure and arrhythmia without obvious coronary arterial 331 

and valvular disease, neither congenital heart disease or hypertension[69]. Diabetic 332 
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patients have a high prevalence of DCM and high mortality due to heart failure. DCM 333 

causes cardiac microvascular disease, myocardial metabolic disorder, and myocardial 334 

fibrosis, leading to left ventricular hypertrophy and cardiac dysfunction, and eventually 335 

develops into congestive heart failure[70, 71]. According to present researches, DMY 336 

may act on DCM by regulating glucose uptake, insulin metabolism, insulin resistance 337 

in skeletal muscle, and mitochondrial autophagy. 338 

DMY participated in the regulation of glucose metabolism. AMPK is a key regulator 339 

involved in energy sensing to the metabolic manipulation. AMPK modulation has 340 

shown beneficial effects against diabetes and cardiovascular complications. AMPK 341 

signalling pathway maintains the normal function of mitochondria and energy 342 

homeostasis[72]. In the diabetic encephalopathy model, DMY protected PC12 cells 343 

against apoptosis and glucose metabolism disorders by restraining the hyperactivation 344 

of phospho-AMPK and normalizing the translocation of glucose transporter protein 4 345 

(GLUT4), resulting in the rebalance in glucose uptake[73].   346 

In the meanwhile, DMY played a role in the regulation of insulin resistance as well. 347 

According to a study of rats with HFD-induced insulin resistance, DMY promoted the 348 

phosphorylation of AMPK, which significantly increased insulin-independent glucose 349 

uptake and the maintenance of glucose homeostasis[74]. Shi and colleagues reported 350 

that DMY induced insulin sensitivity improvement and activated insulin signalling in 351 

skeletal muscle in vitro and in vivo. DMY increased the glucose uptake capacity in 352 

palmitate-treated L6 myotubes under insulin stimulation. The beneficial effects of 353 

DMY in skeletal muscle insulin resistance might be associated with the autophagy 354 

induction and the up-regulation of AMPK[75, 76].  355 

For peripheral tissues, muscle tissue is the main component in which insulin regulates 356 

glucose uptake. Insulin resistance in skeletal muscle participates in the onset of type 2 357 

diabetes. The ratio of the fast-twitch fibres and slow-twitch fibres in skeletal muscle 358 

plays a regulatory role in insulin resistance[77, 78]. Slow-twitch fibres exhibit a 359 

stronger capacity for glucose transport and homeostasis maintenance than fast-twitch 360 

fibres[79]. Folliculin (FLCN) and folliculin-interacting protein 1 (FNIP1) regulated the 361 

differentiation of muscle fibre types[80]. It was reported that treating obese mice with 362 
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DMY increased the proportion of slow-twitch fibres and improved insulin resistance. 363 

In vitro experiments using mouse skeletal muscle C2C12 myoblast cells showed that 364 

palmitate treatment decreased the expression of slow-twitch fibre and enhanced insulin 365 

resistance, concomitant with increases in FLCN/FNIP1 expression and decreases in 366 

peroxlsome proliferator—activated receptor-γ coactlvator—1α(PGC-1α) expression. 367 

These effects could be suppressed by knockdown of FLCN or DMY administration[81]. 368 

Activated mitochondrial autophagy might participate in the protection process against 369 

diabetes-related myocardial damage. As an important response mechanism by which 370 

cells respond to changes in internal and external environments, autophagy degrades and 371 

clears damaged organelles and misfolded proteins, thereby stabilizing cellular 372 

morphology and structure[82]. DMY might be engaged in the autophagy process in a 373 

regulated manner. DMY decreased the expression of miR-34a and abrogated the 374 

impairment in autophagy in high glucose-induced cardiomyocytes and in the heart 375 

tissue from diabetic mice. Moreover, DMY reduced the myocardial fibrosis and 376 

collagen deposition, and reorganized the collagen network[83]. DMY administration 377 

restored the LC3 ΙΙ/LC3 Ι ratio, as well as the expression of Beclin1 and autophagy 378 

related 7(Atg7) in the hearts of diabetic mice[84]. Besides, DMY treatment enhanced 379 

the phosphorylation of AMPK and unc-51 like kinase 1(ULK1) in diabetic mice. It was 380 

confirmed that AMPK promoted autophagy by activating ULK1 through 381 

phosphorylation of Ser 317 and Ser 777[85]. Taken together, DMY might prevent 382 

cardiac dysfunction in diabetic mice by restoring autophagy through AMPK/ULK1 383 

activation, and this phenomenon have been confirmed by Shi’s research team[76]. 384 

 385 

5 Summary and prospects 386 

In this review, we summarized the beneficial effects of DMY in cardiovascular diseases, 387 

including antioxidant stress, anti-inflammatory, and cardioprotective effects (Figure 1). 388 

Besides, the main results of the in vivo studies have been provided in Table 1. These 389 

research results show the great clinical potentiality of DMY in the treatment of 390 

cardiovascular diseases. More detailed and robust research is needed for evaluation and 391 

reference. For example, research on the pharmacokinetics, toxicology, and safety of 392 
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DMY remains insufficient, and approaches to ameliorate the short half-life, poor 393 

bioavailability and low aqueous solubility are needed. Although we have a basic 394 

understanding of the protective effects of DMY on cells, DMY is not efficiently 395 

absorbed orally, so it is necessary to improve the method to ensure the pharmacological 396 

effects of Vine tea (that is taken orally) in vivo. And the in-depth mechanisms by which 397 

DMY protects the cardiovascular system have not been systematically and clearly 398 

confirmed. In addition, clinical trials for DMY, especially the randomized, double-blind, 399 

placebo-controlled trial, are still lacking, and safety analyses in the human body need 400 

further verification. 401 

6 References 402 

1. Fan L, Tong Q, Dong W, Yang G, Hou X, Xiong W, Shi C, Fang J, Wang W. 403 

Tissue Distribution, Excretion, and Metabolic Profile of Dihydromyricetin, a 404 

Flavonoid from Vine Tea (Ampelopsis grossedentata) after Oral Administration 405 

in Rats. J Agric Food Chem. 2017;65(23):4597-4604. 406 

2. Liu D, Mao Y, Ding L, Zeng X A. Dihydromyricetin: A review on identification 407 

and quantification methods, biological activities, chemical stability, metabolism 408 

and approaches to enhance its bioavailability. Trends Food Sci Technol. 409 

2019;91:586-597. 410 

3. Ye L, Wang H, Duncan S E, Eigel W N, O'Keefe S F. Antioxidant activities of 411 

Vine Tea (Ampelopsis grossedentata) extract and its major component 412 

dihydromyricetin in soybean oil and cooked ground beef. Food Chem. 413 

2015;172:416-22. 414 

4. Tong H, Zhang X, Tan L, Jin R, Huang S, Li X. Multitarget and promising role 415 

of dihydromyricetin in the treatment of metabolic diseases. Eur J Pharmacol. 416 

2020;870:172888. 417 

5. Liu L, Yin X, Wang X, Li X. Determination of dihydromyricetin in rat plasma 418 

by LC-MS/MS and its application to a pharmacokinetic study. Pharm Biol. 419 

2017;55(1):657-662. 420 

6. Ruan L P, Yu B Y, Fu G M, Zhu D N. Improving the solubility of ampelopsin 421 

by solid dispersions and inclusion complexes. J Pharm Biomed Anal. 422 

2005;38(3):457-464. 423 

7. Cao S L, Deng X, Xu P, Huang Z X, Zhou J, Li X H, Zong M H, Lou W Y. 424 

Highly Efficient Enzymatic Acylation of Dihydromyricetin by the Immobilized 425 

Lipase with Deep Eutectic Solvents as Cosolvent. J Agric Food Chem. 426 

2017;65(10):2084-2088. 427 

8. Tong Q, Hou X, Fang J, Wang W, Xiong W, Liu X, Xie X, Shi C. Determination 428 

of dihydromyricetin in rat plasma by LC-MS/MS and its application to a 429 

pharmacokinetic study. J Pharm Biomed Anal. 2015;114:455-61. 430 

9. Carry E, Kshatriya D, Silva J, Davies D L, Yuan B, Wu Q, Patel H, Park E R, 431 



16 

 

Gilleran J, Hao L, Roberge J, Bello N T, Simon J E. Identification of 432 

Dihydromyricetin and Metabolites in Serum and Brain Associated with Acute 433 

Anti-Ethanol Intoxicating Effects in Mice. Int J Mol Sci. 2021;22(14). 434 

10. Xiang D, Fan L, Hou X L, Xiong W, Shi C Y, Wang W Q, Fang J G. Uptake and 435 

Transport Mechanism of Dihydromyricetin Across Human Intestinal Caco-2 436 

Cells. J Food Sci. 2018;83(7):1941-1947. 437 

11. Bostikova Z, Moserova M, Pavek P, Stiborova M, Hodek P. Role of 438 

dihydromyricetin in cytochrome P450-mediated metabolism and carcinogen 439 

activation. Neuro Endocrinol Lett. 2015;36 Suppl 1:46-52. 440 

12. Xiang D, Wang C G, Wang W Q, Shi C Y, Xiong W, Wang M D, Fang J G. 441 

Gastrointestinal stability of dihydromyricetin, myricetin, and myricitrin: an in 442 

vitro investigation. Int J Food Sci Nutr. 2017;68(6):704-711. 443 

13. Zhang Y, Que S, Yang X, Wang B, Qiao L, Zhao Y. Isolation and identification 444 

of metabolites from dihydromyricetin. Magn Reson Chem. 2007;45(11):909-16. 445 

14. Lawrence M JRees G D. Microemulsion-based media as novel drug delivery 446 

systems. Adv Drug Deliv Rev. 2000;45(1):89-121. 447 

15. Dalcin A J F, Vizzotto B S, Bochi G V, Guarda N S, Nascimento K, Sagrillo M 448 

R, Moresco R N, Schuch A P, Ourique A F, Gomes P. Nanoencapsulation of the 449 

flavonoid dihydromyricetin protects against the genotoxicity and cytotoxicity 450 

induced by cationic nanocapsules. Colloids Surf B Biointerfaces. 451 

2019;173:798-805. 452 

16. Gao J, Shi N, Guo H, Gao J, Tang X, Yuan S, Qian J, Wen B. UPLC-Q-TOF/MS-453 

Based Metabolomics Approach to Reveal the Hepatotoxicity of Emodin and 454 

Detoxification of Dihydromyricetin. ACS Omega. 2021;6(8):5348-5358. 455 

17. Liang J, Shen Y, Shao X M, Scott M B, Ly E, Wong S, Nguyen A, Tan K, Kwon 456 

B, Olsen R W, Spigelman I. Dihydromyricetin prevents fetal alcohol exposure-457 

induced behavioral and physiological deficits: the roles of GABAA receptors in 458 

adolescence. Neurochem Res. 2014;39(6):1147-61. 459 

18. Chien M Y, Yang C M, Lin Y T, Chen C H. Dihydromyricetin-rich herbal 460 

mixture extracts as a potential prescription for treatment of metabolic syndrome 461 

in rats fed a high-fat diet and subacute toxicity assessment in rats. J Tradit 462 

Complement Med. 2019;9(3):221-226. 463 

19. Chen S H, Zhao X L, Wan J, Ran L, Qin Y, Wang X F, Gao Y X, Shu F R, Zhang 464 

Y, Liu P, Zhang Q Y, Zhu J D, Mi M T. Dihydromyricetin improves glucose and 465 

lipid metabolism and exerts anti-inflammatory effects in nonalcoholic fatty liver 466 

disease: A randomized controlled trial. Pharmacol Res. 2015;99:74-81. 467 

20. Liu J, Shu Y, Zhang Q Y, Liu B, Xia J, Qiu M N, Miao H L, Li M Y, Zhu R Z. 468 

Dihydromyricetin induces apoptosis and inhibits proliferation in hepatocellular 469 

carcinoma cells. Oncol Lett. 2014;8(4):1645-1651. 470 

21. Cogliati S, Lorenzi I, Rigoni G, Caicci F, Soriano M E. Regulation of 471 

Mitochondrial Electron Transport Chain Assembly. J Mol Biol. 472 

2018;430(24):4849-4873. 473 

22. Senoner TDichtl W. Oxidative Stress in Cardiovascular Diseases: Still a 474 

Therapeutic Target? Nutrients. 2019;11(9). 475 



17 

 

23. Peng J, Zhang J, Zhang L, Tian Y, Li Y, Qiao L. Dihydromyricetin improves 476 

vascular hyporesponsiveness in experimental sepsis via attenuating the over-477 

excited MaxiK and KATP channels. Pharm Biol. 2018;56(1):344-350. 478 

24. Liao W, Ning Z, Ma L, Yin X, Wei Q, Yuan E, Yang J, Ren J. Recrystallization 479 

of dihydromyricetin from Ampelopsis grossedentata and its anti-oxidant 480 

activity evaluation. Rejuvenation Res. 2014;17(5):422-9. 481 

25. Liu C M, Yang W, Ma J Q, Yang H X, Feng Z J, Sun J M, Cheng C, Jiang H. 482 

Dihydromyricetin Inhibits Lead-Induced Cognitive Impairments and 483 

Inflammation by the Adenosine 5'-Monophosphate-Activated Protein Kinase 484 

Pathway in Mice. J Agric Food Chem. 2018;66(30):7975-7982. 485 

26. Huang L, Zeng X, Li B, Wang C, Zhou M, Lang H, Yi L, Mi M. 486 

Dihydromyricetin attenuates palmitic acid-induced oxidative stress by 487 

promoting autophagy via SIRT3-ATG4B signaling in hepatocytes. Nutr Metab 488 

(Lond). 2021;18(1):83. 489 

27. He X, Zeng H, Chen J X. Emerging role of SIRT3 in endothelial metabolism, 490 

angiogenesis, and cardiovascular disease. J Cell Physiol. 2019;234(3):2252-491 

2265. 492 

28. Hou X, Tong Q, Wang W, Xiong W, Shi C, Fang J. Dihydromyricetin protects 493 

endothelial cells from hydrogen peroxide-induced oxidative stress damage by 494 

regulating mitochondrial pathways. Life Sci. 2015;130:38-46. 495 

29. Hua Y Y, Zhang Y, Gong W W, Ding Y, Shen J R, Li H, Chen Y, Meng G L. 496 

Dihydromyricetin Improves Endothelial Dysfunction in Diabetic Mice via 497 

Oxidative Stress Inhibition in a SIRT3-Dependent Manner. Int J Mol Sci. 498 

2020;21(18). 499 

30. Luo Y, Lu S, Dong X, Xu L, Sun G, Sun X. Dihydromyricetin protects human 500 

umbilical vein endothelial cells from injury through ERK and Akt mediated 501 

Nrf2/HO-1 signaling pathway. Apoptosis. 2017;22(8):1013-1024. 502 

31. Zhang X, Wang L, Peng L, Tian X, Qiu X, Cao H, Yang Q, Liao R, Yan F. 503 

Dihydromyricetin protects HUVECs of oxidative damage induced by sodium 504 

nitroprusside through activating PI3K/Akt/FoxO3a signalling pathway. J Cell 505 

Mol Med. 2019;23(7):4829-4838. 506 

32. Xie C, Chen Z, Zhang C, Xu X, Jin J, Zhan W, Han T, Wang J. Dihydromyricetin 507 

ameliorates oleic acid-induced lipid accumulation in L02 and HepG2 cells by 508 

inhibiting lipogenesis and oxidative stress. Life Sci. 2016;157:131-139. 509 

33. Soto-Heredero G, Gomez de Las Heras M M, Gabande-Rodriguez E, Oller J, 510 

Mittelbrunn M. Glycolysis - a key player in the inflammatory response. FEBS 511 

J. 2020;287(16):3350-3369. 512 

34. Zeng Y, Peng Y, Tang K, Wang Y Q, Zhao Z Y, Wei X Y, Xu X L. 513 

Dihydromyricetin ameliorates foam cell formation via LXRα-ABCA1/ABCG1-514 

dependent cholesterol efflux in macrophages. Biomed Pharmacother. 515 

2018;101:543-552. 516 

35. Wang R, Pi J, Su X, Liu J, Zeng X, Wong I, Huang L, Zhou H, Cai J, Li T, Liu 517 

L. Dihydromyricetin suppresses inflammatory responses in vitro and in vivo 518 

through inhibition of IKKbeta activity in macrophages. Scanning. 519 



18 

 

2016;38(6):901-912. 520 

36. Patrono C. Cardiovascular effects of cyclooxygenase-2 inhibitors: a 521 

mechanistic and clinical perspective. Br J Clin Pharmacol. 2016;82(4):957-64. 522 

37. Abdolahi M, Jafarieh A, Sarraf P, Sedighiyan M, Yousefi A, Tafakhori A, 523 

Abdollahi H, Salehinia F, Djalali M. The Neuromodulatory Effects of omega-3 524 

Fatty Acids and Nano-Curcumin on the COX-2/ iNOS Network in Migraines: 525 

A Clinical Trial Study from Gene Expression to Clinical Symptoms. Endocr 526 

Metab Immune Disord Drug Targets. 2019;19(6):874-884. 527 

38. Hou X L, Tong Q, Wang W Q, Shi C Y, Xiong W, Chen J, Liu X, Fang J G. 528 

Suppression of Inflammatory Responses by Dihydromyricetin, a Flavonoid 529 

from Ampelopsis grossedentata, via Inhibiting the Activation of NF-kappaB and 530 

MAPK Signaling Pathways. J Nat Prod. 2015;78(7):1689-96. 531 

39. Wang Y C, Liu Q X, Zheng Q, Liu T, Xu X E, Liu X H, Gao W, Bai X J, Li Z 532 

F. Dihydromyricetin Alleviates Sepsis-Induced Acute Lung Injury through 533 

Inhibiting NLRP3 Inflammasome-Dependent Pyroptosis in Mice Model. 534 

Inflammation. 2019;42(4):1301-1310. 535 

40. Qian J, Wang X, Cao J, Zhang W, Lu C, Chen X. Dihydromyricetin attenuates 536 

D-galactose-induced brain aging of mice via inhibiting oxidative stress and 537 

neuroinflammation. Neurosci Lett. 2021;756:135963. 538 

41. Feng J, Wang J X, Du Y H, Liu Y, Zhang W, Chen J F, Liu Y J, Zheng M, Wang 539 

K J, He G Q. Dihydromyricetin inhibits microglial activation and 540 

neuroinflammation by suppressing NLRP3 inflammasome activation in 541 

APP/PS1 transgenic mice. CNS Neurosci Ther. 2018;24(12):1207-1218. 542 

42. Liu H, Xiang H, Zhao S, Sang H, Lv F, Chen R, Shu Z, Chen A F, Chen S, Lu 543 

H. Vildagliptin improves high glucose-induced endothelial mitochondrial 544 

dysfunction via inhibiting mitochondrial fission. J Cell Mol Med. 545 

2019;23(2):798-810. 546 

43. Forstermann USessa W C. Nitric oxide synthases: regulation and function. Eur 547 

Heart J. 2012;33(7):829-37, 837a-837d. 548 

44. Yang D, Tan S, Yang Z, Jiang P, Qin C, Yuan Q, Dang R, Yao X, Qu J, Lu Q, 549 

Xu P, Zhang B, Xiang D, Chen L. Dihydromyricetin Attenuates TNF-alpha-550 

Induced Endothelial Dysfunction through miR-21-Mediated 551 

DDAH1/ADMA/NO Signal Pathway. Biomed Res Int. 2018;2018:1047810. 552 

45. Yang D, Yang Z, Chen L, Kuang D, Zou Y, Li J, Deng X, Luo S, Luo J, He J, 553 

Yan M, He G, Deng Y, Li R, Yuan Q, Zhou Y, Jiang P, Tan S. Dihydromyricetin 554 

increases endothelial nitric oxide production and inhibits atherosclerosis 555 

through microRNA-21 in apolipoprotein E-deficient mice. J Cell Mol Med. 556 

2020;24(10):5911-5925. 557 

46. Liu T T, Zeng Y, Tang K, Chen X, Zhang W, Xu X L. Dihydromyricetin 558 

ameliorates atherosclerosis in LDL receptor deficient mice. Atherosclerosis. 559 

2017;262:39-50. 560 

47. Jia C, Chen H, Zhang J, Zhou K, Zhuge Y, Niu C, Qiu J, Rong X, Shi Z, Xiao 561 

J, Shi Y, Chu M. Role of pyroptosis in cardiovascular diseases. Int 562 

Immunopharmacol. 2019;67:311-318. 563 



19 

 

48. Zhaolin Z, Guohua L, Shiyuan W, Zuo W. Role of pyroptosis in cardiovascular 564 

disease. Cell Prolif. 2019;52(2):e12563. 565 

49. Baumer Y, McCurdy S, Weatherby T M, Mehta N N, Halbherr S, Halbherr P, 566 

Yamazaki N, Boisvert W A. Hyperlipidemia-induced cholesterol crystal 567 

production by endothelial cells promotes atherogenesis. Nat Commun. 568 

2017;8(1):1129. 569 

50. Cheng Y C, Sheen J M, Hu W L, Hung Y C. Polyphenols and Oxidative Stress 570 

in Atherosclerosis-Related Ischemic Heart Disease and Stroke. Oxid Med Cell 571 

Longev. 2017;2017:8526438. 572 

51. Theodorou KBoon R A. Endothelial Cell Metabolism in Atherosclerosis. Front 573 

Cell Dev Biol. 2018;6:82. 574 

52. Hu Q, Zhang T, Yi L, Zhou X, Mi M. Dihydromyricetin inhibits NLRP3 575 

inflammasome-dependent pyroptosis by activating the Nrf2 signaling pathway 576 

in vascular endothelial cells. Biofactors. 2018;44(2):123-136. 577 

53. Neri M, Riezzo I, Pascale N, Pomara C, Turillazzi E. Ischemia/Reperfusion 578 

Injury following Acute Myocardial Infarction: A Critical Issue for Clinicians 579 

and Forensic Pathologists. Mediators Inflamm. 2017;2017:7018393. 580 

54. Olivari D, De Giorgio D, Staszewsky L I, Fumagalli F, Boccardo A, Novelli D, 581 

Manfredi M, Babini G, Luciani A, Ruggeri L, Magliocca A, Zani D D, Masson 582 

S, Belloli A, Pravettoni D, Maiocchi G, Latini R, Ristagno G. Searching for 583 

Preclinical Models of Acute Decompensated Heart Failure: a Concise Narrative 584 

Overview and a Novel Swine Model. Cardiovasc Drugs Ther. 2020. 585 

55. Solevag A L, Schmolzer G M, Cheung P Y. Hypoxia - Reoxygenation in 586 

neonatal cardiac arrest: Results from experimental models. Semin Fetal 587 

Neonatal Med. 2020;25(2):101085. 588 

56. Liu S, Ai Q, Feng K, Li Y, Liu X. The cardioprotective effect of 589 

dihydromyricetin prevents ischemia-reperfusion-induced apoptosis in vivo and 590 

in vitro via the PI3K/Akt and HIF-1alpha signaling pathways. Apoptosis. 591 

2016;21(12):1366-1385. 592 

57. Wang D, Zhang X J, Qu D X, Han J C, Meng F Q, Xu M L, Zheng Q S. 593 

Astragalin and dihydromyricetin as adjuncts to histidine-tryptophan-594 

ketoglutarate cardioplegia enhances protection during cardioplegic arrest. Mol 595 

Med Report. 2018;18(3):2929-2936. 596 

58. Forini F, Nicolini G, Iervasi G. Mitochondria as key targets of cardioprotection 597 

in cardiac ischemic disease: role of thyroid hormone triiodothyronine. Int J Mol 598 

Sci. 2015;16(3):6312-36. 599 

59. Wei L, Sun X, Qi X, Zhang Y, Li Y, Xu Y. Dihydromyricetin Ameliorates 600 

Cardiac Ischemia/Reperfusion Injury through Sirt3 Activation. Biomed Res Int. 601 

2019;2019:6803943. 602 

60. Ho M YWang C Y. Role of Irisin in Myocardial Infarction, Heart Failure, and 603 

Cardiac Hypertrophy. Cells. 2021;10(8). 604 

61. Hassaan P S, Nassar S Z, Issa Y, Zahran N. Irisin vs. Treadmill Exercise in Post 605 

Myocardial Infarction Cardiac Rehabilitation in Rats. Arch Med Res. 606 

2019;50(2):44-54. 607 



20 

 

62. Huang B, Li Y, Yao Y, Shu W, Chen M. Dihydromyricetin from ampelopsis 608 

grossedentata protects against vascular neointimal formation via induction of 609 

TR3. Eur J Pharmacol. 2018;838:23-31. 610 

63. Nakamura MSadoshima J. Mechanisms of physiological and pathological 611 

cardiac hypertrophy. Nat Rev Cardiol. 2018;15(7):387-407. 612 

64. Shimizu IMinamino T. Physiological and pathological cardiac hypertrophy. J 613 

Mol Cell Cardiol. 2016;97:245-62. 614 

65. Liu X, Shi G P, Guo J. Innate Immune Cells in Pressure Overload-Induced 615 

Cardiac Hypertrophy and Remodeling. Front Cell Dev Biol. 2021;9:659666. 616 

66. Yoo J, Chepurko V, Hajjar R J, Jeong D. Conventional Method of Transverse 617 

Aortic Constriction in Mice. Methods Mol Biol. 2018;1816:183-193. 618 

67. Meng G, Yang S, Chen Y, Yao W, Zhu H, Zhang W. Attenuating effects of 619 

dihydromyricetin on angiotensin II-induced rat cardiomyocyte hypertrophy 620 

related to antioxidative activity in a NO-dependent manner. Pharm Biol. 621 

2015;53(6):904-12. 622 

68. Chen Y, Luo H Q, Sun L L, Xu M T, Yu J, Liu L L, Zhang J Y, Wang Y Q, Wang 623 

H X, Bao X F, Meng G L. Dihydromyricetin Attenuates Myocardial 624 

Hypertrophy Induced by Transverse Aortic Constriction via Oxidative Stress 625 

Inhibition and SIRT3 Pathway Enhancement. Int J Mol Sci. 2018;19(9). 626 

69. Rubler S, Dlugash J, Yuceoglu Y Z, Kumral T, Branwood A W, Grishman A. 627 

New type of cardiomyopathy associated with diabetic glomerulosclerosis. Am 628 

J Cardiol. 1972;30(6):595-602. 629 

70. Jia G, Hill M A, Sowers J R. Diabetic Cardiomyopathy: An Update of 630 

Mechanisms Contributing to This Clinical Entity. Circ Res. 2018;122(4):624-631 

638. 632 

71. Riehle CBauersachs J. Of mice and men: models and mechanisms of diabetic 633 

cardiomyopathy. Basic Res Cardiol. 2018;114(1):2. 634 

72. Madhavi Y V, Gaikwad N, Yerra V G, Kalvala A K, Nanduri S, Kumar A. 635 

Targeting AMPK in Diabetes and Diabetic Complications: Energy Homeostasis, 636 

Autophagy and Mitochondrial Health. Curr Med Chem. 2019;26(27):5207-637 

5229. 638 

73. Jiang B, Le L, Pan H, Hu K, Xu L, Xiao P. Dihydromyricetin ameliorates the 639 

oxidative stress response induced by methylglyoxal via the AMPK/GLUT4 640 

signaling pathway in PC12 cells. Brain Res Bull. 2014;109:117-26. 641 

74. Le L, Jiang B, Wan W, Zhai W, Xu L, Hu K, Xiao P. Metabolomics reveals the 642 

protective of Dihydromyricetin on glucose homeostasis by enhancing insulin 643 

sensitivity. Sci Rep. 2016;6:36184. 644 

75. Shi L, Zhang T, Zhou Y, Zeng X, Ran L, Zhang Q, Zhu J, Mi M. 645 

Dihydromyricetin improves skeletal muscle insulin sensitivity by inducing 646 

autophagy via the AMPK-PGC-1alpha-Sirt3 signaling pathway. Endocrine. 647 

2015;50(2):378-89. 648 

76. Shi L, Zhang T, Liang X, Hu Q, Huang J, Zhou Y, Chen M, Zhang Q, Zhu J, Mi 649 

M. Dihydromyricetin improves skeletal muscle insulin resistance by inducing 650 

autophagy via the AMPK signaling pathway. Mol Cell Endocrinol. 651 



21 

 

2015;409:92-102. 652 

77. Stuart C A, McCurry M P, Marino A, South M A, Howell M E, Layne A S, 653 

Ramsey M W, Stone M H. Slow-twitch fiber proportion in skeletal muscle 654 

correlates with insulin responsiveness. J Clin Endocrinol Metab. 655 

2013;98(5):2027-36. 656 

78. Schiaffino SReggiani C. Fiber types in mammalian skeletal muscles. Physiol 657 

Rev. 2011;91(4):1447-531. 658 

79. Albers P H, Pedersen A J, Birk J B, Kristensen D E, Vind B F, Baba O, Nohr J, 659 

Hojlund K, Wojtaszewski J F. Human muscle fiber type-specific insulin 660 

signaling: impact of obesity and type 2 diabetes. Diabetes. 2015;64(2):485-97. 661 

80. Reyes N L, Banks G B, Tsang M, Margineantu D, Gu H, Djukovic D, Chan J, 662 

Torres M, Liggitt H D, Hirenallur S D, Hockenbery D M, Raftery D, Iritani B 663 

M. Fnip1 regulates skeletal muscle fiber type specification, fatigue resistance, 664 

and susceptibility to muscular dystrophy. Proc Natl Acad Sci U S A. 665 

2015;112(2):424-9. 666 

81. Zhou Q, Gu Y, Lang H, Wang X, Chen K, Gong X, Zhou M, Ran L, Zhu J, Mi 667 

M. Dihydromyricetin prevents obesity-induced slow-twitch-fiber reduction 668 

partially via FLCN/FNIP1/AMPK pathway. Biochim Biophys Acta Mol Basis 669 

Dis. 2017;1863(6):1282-1291. 670 

82. Shibutani S T, Saitoh T, Nowag H, Munz C, Yoshimori T. Autophagy and 671 

autophagy-related proteins in the immune system. Nat Immunol. 672 

2015;16(10):1014-24. 673 

83. Ni T, Lin N, Lu W, Sun Z, Lin H, Chi J, Guo H. Dihydromyricetin Prevents 674 

Diabetic Cardiomyopathy via miR-34a Suppression by Activating Autophagy. 675 

Cardiovasc Drugs Ther. 2020;34(3):291-301. 676 

84. Tan M, Jiang B, Wang H, Ouyang W, Chen X, Wang T, Dong D, Yi S, Yi J, 677 

Huang Y, Tang M, Xiao Y, Jiang Z, Zhou W. Dihydromyricetin induced lncRNA 678 

MALAT1-TFEB-dependent autophagic cell death in cutaneous squamous cell 679 

carcinoma. J Cancer. 2019;10(18):4245-4255. 680 

85. Kim J, Kundu M, Viollet B, Guan K L. AMPK and mTOR regulate autophagy 681 

through direct phosphorylation of Ulk1. Nat Cell Biol. 2011;13(2):132-41. 682 

 683 

  684 



22 

 

Table 1: Main results of in vivo trials of DMY efficacy. 685 
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Clinical 

disease 

Experimental 

models 

Route, dose 

and time of 

administration 

Main findings Ref 

Sepsis 

Sprague-Dawley 

(SD) rats induced 

by 

lipopolysaccharide 

(LPS) 

intravenous 

injection,  

5 μg/kg/d, 

7 days 

DMY administration 

ameliorated LPS-induced 

vascular 

hyporesponsiveness and 

DMY decreased the serum 

concentrations of 

cytokines and oxidative 

stress. 

 

23 

Atherosc

lerosis 

Apoe-/- mice on a 

1.25% high 

cholesterol diet 

intragastric 

gavage, 

50 mg/kg/d, 

12 weeks 

DMY treatment 

significantly inhibited 

atherosclerotic lesion 

formation, 

proinflammatory gene 

expression by increasing 

NO production and 

improving endothelial 

function in Apoe-/- mice. 

 

45 

Atherosc

lerosis 

High Fat Diet fed 

LDLr-/- mice 

intragastric 

gavage, 250 or 

500 mg/kg/d, 

8 weeks  

DMY inhibited 

atherosclerotic lesion 

formation, favoured 

features of plaque 

stability, aortic 

inflammation and 

oxidative stress in HFD-

fed LDLr−/− mice. 

 

46 

Myocard

ial 

ischemia

-

reperfusi

on injury 

rats treated with the 

surgery of 

ligation the Left 

anterior descending 

coronary artery 

intragastric 

gavage, 150 

mg/kg/d, 

7 days 

DMY had 

cardioprotective effects 

against I/R-induced 

oxidative stress and 

apoptosis, and enhanced 

antioxidant capacity in 

cardiac tissues. 

 

56 

Myocard

ial 

infarctio

n 

rats induced by 

subcutaneous 

injection of 

isoproterenol  

intragastric 

gavage, 100 

mg/kg/d,  

8 weeks 

DMY improved heart 

function and the course of 

wound healing by 

stimulating irisin 

secretion in post MI rats. 

Exercise training was 

superior to DMY in 

improving hemodynamic 

parameters. 
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 688 

Figure legend 689 

Figure 1. The chemical structure and beneficial effects of DMY in cardiovascular 690 

diseases. 691 

 692 

Injury-

induced 

vascular 

diseases 

ligation-induced 

carotid artery 

neointimal 

formation in mice 

intraperitoneal 

injection, 

40,100 or 

300 mg/kg, per 

two days  

up to 10 week 

Ligation-induced carotid 

artery neointimal 

formation and 

inflammatory in mice 

could be significantly 

attenuated by DMY 

treatment which can lead 

to expression of TR3.   

 

62 

Myocard

ial 

Hypertro

phy 

Transverse aortic 

constriction (TAC) 

induced myocardial 

hypertrophy mice 

intragastric 

gavage, 250 

mg/kg/d, 

2 weeks 

DMY improved 

myocardial structure and 

reduced cardiomyocyte 

cross-sectional area and 

cardiac index by 

suppressing the 

hypertrophic genes 

expression in mice after 

TAC. 

 

68 

Diabetic 

Cardiom

yopathy 

Diabetes mice with  

intraperitoneal 

injection of 

streptozotocin 

intragastric 

gavage, 

100 mg/kg/d, 

13 weeks 

DMY ameliorated cardiac 

function by rescuing 

impaired autophagy 

through miR-34a 

suppression in diabetic 

mice. 
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