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Abstract: Diabetes mellitus (DM) is a group of multifactorial metabolic disorders characterized by 
chronic high blood glucose levels. It is often the result of impaired insulin secretion or insulin 
resistance.This article discusses the improvement of isoquercitrin on diabetes and its associated 
complications, including type 2 diabetes, hepatic gluconeogenesis, and diabetic neuropathy. We 
reviewed the published related papers in detail, analyzed the pathogenesis of diabetes from the 
perspective of its pathogenesis, and showed how isoquercitrin affects its key signaling pathways by 
regulating the levels of related factors, and ultimately improves the role of diabetes and its related 
complications. 
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1. Introduction  

Globally, more than one in 10 adults are now living with diabetes. Moreover, there is a growing list 
of countries where one-in-five or even more of the adult population has diabetes. In 2021, the global 
prevalence of diabetes in people aged 20-79 is estimated to be 10.5% (536.6 million people), rising to 
12.2% (783.2 million people) in 2045[1]. In addition, these statistics have been slowly increasing over 
the past few decades.Reducing the damage caused by diabetes has become a popular topic. It has 
become the primary goal of diabetes prevention or treatment to effectively prevent the onset of diabetes, 
control the progression of diabetes, improve the health of people around the world, and find new ways 
to improve insulin resistance and insulin sensitivity. 

Recently, there has been increasing interest in hypoglycemic drugs derived from natural products, 
especially from plants, including natural flavonoids. Flavonoids are natural phenolic compounds which 
are widely distributed in plants. They have broad biological activities and their potential role in treating 
diabetes has been extensively studied [2].Studies have demonstrated hypoglycemic effects of flavonoids 
in various experimental models and treatments [3-5]. There is also evidence of inhibition of vitamin C 
and glucose transport and absorption [6].Isoquercitrin, the most abundant monomer glucoside of the 
natural flavonoid quercetin, holds promise for diabetes treatment and prevention. Isoquercetin was 
isolated for the first time by Douglas et al. from the seed pods of the Canadian Bauhinia [7]. In China, 
isoquercitrin is one of the major active ingredients in various medicinal herbs, such as Bidens pilosula, 
Huangkui, Apocynaceae asiatica, and Vitex negundo.According to the comprehensive research on the 
biological activity of isoquercitrin, in addition to lowering blood sugar, isoquercitrin also has 
anti-inflammatory, antioxidant, anti-virus, anti-tumor, anti-arteriosclerosis, blood pressure lowering and 
other biological activities.Therefore, isoquercitrin has become a breakthrough in researching and 
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developing natural drugs for diabetes. In order to lay a theoretical foundation for the follow-up research 
and development of isoquercitrin, this article reviewed the relevant role of isoquercitrin in diabetes and 
its complications and fully understood the research and development progress of isoquercitrin. 

2. Isoquercitrin and diabetes 

2.1. Isoquercitrin and type 2 diabetes 

Type 2 diabetes mellitus (T2DM) has become an epidemic disease, and the pathogenesis of T2DM 
is still unclear. It has been reported that insulin insensitivity is an early phenomenon, partly related to 
obesity, but before the development of pancreatic hyperglycemia, pancreatic cell function progressively 
decreases over time.Several related mechanisms have been proposed, including an increase in 
unesterified fatty acids, mitochondrial dysfunction in inflammation, adiposity, and insulin resistance, 
and amyloid protein formation in glycotoxicity, adiposity, and cellular disorders [8]. It is reported that 
isoquercitrin regulates blood glucose and lipids, improves pancreatic islet function, and suggests that 
isoquercitrin can be used to treat type 2 diabetes [9].From a molecular structural point of view, studies 
have shown that the flavonoid molecule isoquercetin forms a new complex with alpha-glucosidase, 
indicating that isoquercetin may act as an alpha-glucosidase inhibitor used to control glycemic control 
[10]. 

2.1.1. Isoquercitrin and obesity 

Insulin resistance refers to a pathological state in which insulin secretion is normal or even above 
normal, but the patient's body is insensitive to insulin action, so the secreted insulin cannot regulate the 
body's blood glucose to normal levels. It is considered the main mechanism in T2DM.Based on current 
genetic evidence, β-catenin is a particularly important regulator of fat formation [11]. Small molecules 
that regulate the Wnt/β-catenin pathway may control obesity-related fat production.Growing evidence 
suggests that high sugar levels can activate the Wnt/β-catenin pathway. Through the research of 
Kahkashan Resham, et al, it was shown that diabetes hyperglycemia can increase the binding of Wnt 
ligand to curl receptor and co receptor LRP5/6, which in turn increases β-catenin expression [12]. 
Isoquercetin can specifically block the Wnt pathway, prevent the differentiation of 3T3-L1 
preadipocytes into adipocytes, and thus combat obesity.Therefore, Isoquercitrin has a certain significant 
role in preventing and treating obesity, reducing the occurrence of insulin resistance and diabetes risk. 

2.1.2. Isoquercitrin and oxidative stress 

Oxidative stress (OS) is a state of imbalance between oxidative and antioxidant effects in the body. 
When cellular redox balance is disturbed, oxidative stress results in damage to cell membranes and key 
biomolecules including DNA, proteins, and lipids [13-15]. In addition, it was demonstrated that oxidative 
stress impairs insulin secretion and insulin function in diabetes[16-17]. Reported molecular pathways 
involved in diabetic oxidative stress include: (1) the glucose oxidation pathway (glycolysis); (2) the 
advanced glycation end product (AGE) pathway; (3) the diacylglycerol formation and PKC activation 
pathway; (4) the hexosamine pathway; (5) the polyols pathway; and (6) the insulin signaling pathway. 
In treating oxidative stress, Fe2+ chelation has become a method to treat many diseases related to 
reactive oxygen species (ROS) [18]. In an analysis based on an oxidative damage model of mesenchymal 
stem cells (MSCs), isoquercetin as a cell protective agent may indirectly or directly participate in the 
scavenging of ROS and protect MSCs from ROS-induced oxidative damage. The 6"-OH group in 
isoquercitrin enhances Fe2+ chelating ability, reduces its hydrogen donating ability by steric hindrance 
or H-bonding, and increases its protection against ROS-induced oxidative damage [19]. Meanwhile, 
isoquercitrin has been shown to reduce hyperglycemia and oxidative stress by regulating several genes 
in the Nrf2 pathway that inhibit oxidative stress, as demonstrated by Muthukumaran et al [20]. Nrf2 
regulates redox, protein and metabolic balance and is a central and multitasking regulator. A number of 
antioxidant genes and proteins involved in managing oxidative stress are regulated by this pathway [21]. 
However, its potent inhibitory effect on oxidative stress cannot be overlooked, and isoquercitrin offers 
greater development space for the treatment of oxidative stress-related diseases in the future. 

2.1.3. Isoquercitrin and inflammatory factors 

Inflammation is the body's defensive response to stimuli. It's most often manifested as redness, 
swelling, heat, pain, and dysfunction. It can be inflammation caused by infection or inflammation 
caused by noninfection. IL-8, IL-6, IL-1, as well as the inflammatory mediator NO are known products 
or effectors of the immune system [22]. They can directly inhibit insulin action in insulin targets such as 
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liver, muscle and adipocytes via paracrine pathways [23-24]. Through endocrine effects, these tissue 
cytokines can also be released into the systemic circulation, where they can cause insulin resistance.By 
decreasing the expression levels of key insulin signaling molecules, cytokines can also inhibit insulin 
action through transcriptional mechanisms [25]. Population-based studies show [26] that inflammatory 
markers are closely related to metabolic disorders, obesity and atherosclerosis, and inflammation is 
considered the "common ground" between these conditions and type 2 diabetes.Quercitrin's 
anti-inflammatory effects have long been confirmed. However, later studies found that it and its 
glycosides act to inhibit inflammatory cells that produce inflammatory mediators. Its anti-inflammatory 
effects are thought to target neutrophils and monocytes [27]. The anti-inflammatory mechanism of 
isoquerctin was further investigated by decreasing the production of TNF-alpha, NO, iNOS and COX-2. 
All of the above evidence indicates that isoquercitrin has anti-inflammatory effects and to some extent 
reduces the development of diabetes. 

2.2. Isoquercitrin and gluconeogenesis in the liver 

Glycogenesis is the process of converting various non-sugars (lactic acid, glycogenic amino acids, 
glycerol, etc.) into glucose. However, the liver is the main source of gluconeogenesis, and renal 
gluconeogenesis is only one tenth of liver gluconeogenesis [28]. During fasting, noncarbohydrate sources 
of glucose and glycogen provide glucose to starving tissues through hepatic gluconeogenesis to 
maintain glycemia. Impaired cell function, insulin resistance, and increased glucagon secretion promote 
increased hepatic gluconeogenesis, leading to increased hepatic glucose output and impaired hepatic 
glucose control, followed by hyperglycemia [29-30]. The key to the treatment of diabetes is to reduce the 
occurrence of abnormal activity of hepatic glucose abnormalities. 

Gluconeogenesis relies on PEPCK, fructose-1, 6-diphosphatase, and glucose-6-phosphatase 
(G6Pase) to avoid irreversible glycolytic reactions. The time required to transcribe the two rate-limiting 
enzymes, PEPCK and G6Pase, determines the rate of hepatic gluconeogenesis [31]. Transcription of 
PEPCKs and G6Pase genes is regulated by multiple factors and cytokines, and one of its key ways is to 
change activity of different metabolic factors by activating adenosine activated protein kinase (AMPK). 
Experimental studies have shown that AMPK activation inhibits gluconeogenesis, endogenous glucose 
output, and fasting glucose [32]. After phosphorylating threonine 172 (Thr172), AMPK may suppress the 
effective expression of gluconeogenic enzymes and associated transcription factors, thereby inhibiting 
the occurrence of gluconeogenic reactions in the liver and lowering glucose [33].Based on this, Zhou et 
al. found that isoquercitrin can enhance phosphorylating AMPK. In subsequent studies, Xie Xiuying et 
al. experimentally demonstrated the effects of okra alcohol isoquercitrin on hepatocyte gluconeogenesis, 
PEPCK, and G6Pase [34]. Isoquercitrin can promote the regulation of AMPK phosphorylation in 
hepatocytes, significantly reduce PEPCK and G6Pase expression, and verify this effect is 
dose-dependent. 

In addition, studies have shown [35] that isoquercitrin inhibits gluconeogenesis in liver cells and 
promotes AMPK α Thr172 and TORC2 Ser171 are phosphorylated and act in a similar way to 
metformin. TORC2 is a regulatory protein of the transcription factor cyclic adenosine responsive 
element binding protein (CREB) in the nucleus of the liver. Upon AMPK activation, TORC2 is 
phosphorylated and cytoplasmically sequestered, leading to decreased CREB transcription and 
inhibition of PEPCK and G6Pase expression, controlling hepatic gluconeogenesis [36]. Overexpressing 
TORC2 Serl71 was reported to increase the expression of genes coding for enzymes involved in 
gluconeogenesis and liver glucose output [37]. Therefore, promoting TORC2 Serl71 phosphorylation 
may become a targeted therapy for inhibiting liver glucose. Metformin, a common clinical 
antihyperglycemic agent, also reduces hepatic glucose production through a similar AMPK pathway 
activation mechanism. AMPK inactivation and elevation of fasting plasma glucose were observed [38]. 
Metformin does not improve glycemia in LKB1 knockout mice. This suggests that LKB1 is also an 
important target for the inhibition of hepatic gluconeogenesis. Recent studies have found that 
isoquercitrin can pass through LKB1-AMPKα pathway to inhibit liver gluconeogenesis [39], experiment 
found its total AMPKα . There was no significant change in gene level, whereas isoquercitrin was 
mainly regulated at the protein level through AMPK regulation of LKB1. 
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3. Isoquercitrin and complications of diabetes mellitus 

3.1. Isoquercitrin and diabetic neuropathies 

Diabetes neuropathy is a disease of the peripheral nervous system. It affects the somatic and 
autonomic components of the nervous system. Diabetic neuropathies are one of the most common 
chronic complications of diabetes. The incidence rate in patients with type 1 diabetes is approximately 
54%-59%. The incidence rate in patients with type 2 diabetes is approximately 45% [40-41]. It has been 
found that isoquercitrin can largely ameliorate streptozotocin (STZ)-induced apoptosis, mitochondrial 
dysfunction and oxidative stress, promote the differentiation and neurite outgrowth of N2a cells, and 
protect hippocampal neurons from STZ-induced neurotoxicity.Finally, it has been proposed that 
isoquercitrin is one of the flavonoid compounds that has the best anti-cytotoxic activity 
[42].Neuroinflammation is also associated with abnormal Wnt signaling. The Wnt signaling protein has 
been shown to be important in the development of neurons and can trigger neuropathic pain in 
hyperglycemia [43]. Recently, it has been reported [44] that isoquercitrin can reduce the abnormal 
expression of Wnt target proteins (c-myc and MMP2), which leads to behavioral pain and attenuates 
neurological parameters in diabetic neuropathy mice. 

3.2. Isoquercitrin and nonalcoholic fatty liver disease 

Nonalcoholic fatty liver disease (NAFLD) is a clinicopathologic syndrome considered one of the 
most common causes of liver damage, including steatosis [45]. Alterations in hepatic metabolism lead to 
excessive production of sugars and lipids, which promote the development of glucose intolerance and 
dyslipidemia, inducing T2DM. T2DM has become a powerful predictor of NAFLD, and more than 70% 
of diabetic patients suffer from NAFLD [46]. In some studies, isoquercitrin has a protective effect on 
liver injury in type 2 diabetic rats, and the ALT and AST of mice in the isoquercitrin-treated group are 
significantly decreased. Coincidentally, other studies have shown that isoquercitrin can activate the 
AMPK and TGF-β signaling pathways to improve lipid accumulation, reduce inflammation and 
oxidative stress, and thereby ameliorate NAFLD. 

3.3. Isoquercitrin and Cancer 

With nearly one-sixth of all deaths, cancer is the second leading cause of death worldwide. 
Approximately 9.6 million people will die from cancer in the year 2018. Diabetes is strongly associated 
with developing cancer. The risk of cancer is 20% higher in diabetic patients than in healthy individuals 
[47]. Studies suggest that hyperglycemia may lead to tumor proliferation and invasion [48]. According to 
the report [49], hyperglycemia or diabetes-induced cancer cell proliferation occurs indirectly through: (1) 
insulin and insulin-like growth factor 1 (IGF-1), (2) leptin/adiponectin secretion, (3) inflammatory 
response, (4) reactive oxygen species (ROS) production, (5) immune abnormalities (platelet activation). 
Isoquercitrin was confirmed to reduce the viability and colony growth of cancer cells and to activate 
apoptotic pathways in cancer cells. In one study, HepG2 and Huh7 human liver cancer cells were 
exposed to isoquercitrin and autophagy and cell apoptosis were examined. Finally, it was confirmed 
that isoquercitrin can induce apoptosis and autophagy of liver cancer cells through the 
AMPK/mTOR/p70S6K signaling pathway [50]. 

Due to its ability to induce autophagy and apoptosis in cancer cells, it was reported to be a potential 
chemopreventive therapy for melanoma cells. Studies have shown that isoquercitrin inhibits the 
survival of SK melanoma cells and enhances mitochondrial apoptosis through activation of 
caspase-dependent and -independent pathways and downregulation of PI3K/AKT pathway. The results 
of a phase II clinical trial, in addition to demonstrating that plasma PDI may be a viable therapeutic 
target for anticoagulation therapy in cancer populations considered to be at high risk for thrombosis and 
hemorrhage, also confirmed that isoquercitrin inhibited PDI activity and significantly reduced plasma 
D-dimer levels, soluble P-selectin, and thrombin production [51]. 

4. Conclusions 

Although there is more and more promising evidence that isoquercitrin plays a very significant role 
in diabetes and its complications, which provides a new direction for treating and preventing diabetes, 
considering that most studies are conducted in vitro and in vivo, more human clinical trials are needed 
to determine the real potential of isoquercitrin in treating diabetes and its related diseases. Finally, 
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through this review, we may conclude that isoquercitrine shows promise as a new treatment for 
diabetes and its complications, with great potential for delaying the progression of diabetes 
complications and improving the clinical value of patients' quality of life. 
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