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Abstract
This review was based on a literature search of PubMed and Scielo databases using the keywords "quercetin, rutin, isoquercitrin, isoquercitin (IQ), Q3G, bioavailability, flavonols and favonoids, and cancer” and combinations of all the words. We collected relevant scientific publications from 1990 to 2015 about the absorption, bioavailability, chemoprevention activity, and treatment effects as well as the underlying anticancer mechanisms of isoquercitin. Flavonoids are a group of polyphenolic compounds widely distributed throughout the plant kingdom. The subclass of flavonols receives special attention owing to their health benefits. The main components of this class are quercetin, rutin, and IQ, which is a flavonoid and although mostly found as a glycoside, is an aglycone (lacks a glycoside side chain). This compound presents similar therapeutic profiles to quercetin but with superior bioavailability, resulting in increased efficacy compared to the aglycone form. IQ has therapeutic applications owing to its wide range of pharmacological effects including antioxidant, antiproliferative, anti-inflammatory, anti-hypertensive, and anti-diabetic. The protective effects of IQ in cancer may be due to actions on lipid peroxidation. In addition, the antitumor effect of IQ and its underlying mechanism are related to interactions with Wnt signaling pathway, mixed-lineage protein kinase 3 (MLK3), mitogen-activated protein kinase (MAPK), apoptotic pathways, as well proinflammatory protein signaling. This review contributed to clarifying the mechanisms of absorption, metabolism, and actions of IQ and isoquercitrin in cancer.
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[bookmark: _GoBack]Core tip: Flavonoids have gained a great deal of attention over the years, and their health benefits are the focus of the new research studies. This review contributed to clarifying the mechanisms of absorption and metabolism of isoquercitin, as well as emphasizing its chemopreventive and therapeutics effects in cancer. Overall, we presented a hypothesis of the underlying mechanisms of this biocompound in cancer.
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INTRODUCTION
Flavonoids, which are widely distributed throughout the plant kingdom, are commonly found in fruits and vegetables. In addition, they are an accessible alternative preventive therapy or supplement for the treatment of numerous diseases. The importance of flavonoids is even more evident in developing countries where the technological challenges often hinder access to modern medicines and limit their therapeutic effectiveness[1].
Flavonoids are a group of polyphenolic compounds and as a part of the human diet, they have very low toxicity in addition to various beneficial health effects[2]. Among the numerous groups of flavonoids, the flavonols have recently been the focus of special attention for their potential actions on different organic reactions and biological pathways. Structurally, flavonols have one hydroxyl (OH) group on the third carbon (C3) and one carbonyl group (C=O) on the fourth carbon (C4) of the C ring (Figure 1)[2,3].
The best-known flavonols are (1) quercetin, an aglycone molecule widely found in nature; (2) rutin, a hydrophilic molecule; and (3) isoquercitin (IQ), a naturally occurring glycoside of quercetin also known as hirsutrin, isoquercetrin, quercetin-3-glucoside (Q3G), quercetin-3-O-β-D-glucoside (Figure 2). The molecular formula and molar mass of IQ are C21H20O12 and 464.38 g/mol, respectively. IQ is also sometimes called isoquercetin, which is a nearly identical quercetin-3-monoglucoside. Although they are technically different because isoquercetin has a pyranose ring whereas IQ has a furanose ring, functionally, the two molecules are indistinguishable. Published literature often considers them to be the same compound and uses the names interchangeably, as is the case in this present review. In addition, quercetin and IQ differ in their structure, bioavailability, absorption, and biological actions[2,4]. 
The absorption of flavonoids in the small intestine is limited owing to their molecular weight and hydrophilicity of their glycosides. Naturally occurring quercetin compounds are mainly glycosides such as IQ and are commonly found in plants and the human diet. Glycosides are not easily absorbed in the digestive tract, and most of their absorption occurs after transformation to the aglycone form[2]. 
IQ can be obtained by enzymatic hydrolysis of rutin with hesperedinase (produced by Penicillium sp), which has α-l-ramnosidase activity when applied at 58 °C for 30 min, and removes the rhamnose radical of the rutin molecule (Figure 2). Enzymatically modified IQ is the product of this procedure and consists of a mixture that includes Q3G, Q4G, rutin, and other small metabolites[5-7].
Recent in vitro and in vivo studies with flavonols, particularly IQ, have demonstrated their potential activities including antioxidants, anti-inflammatory, anti-allergic, and antiproliferative among other effects[2,7]. This review contributed to clarifying the absorption, bioavailability, and chemopreventive effects of IQ as well as its use in the treatment of cancer. In addition, we present a hypothesis of the underlying anticancer mechanism of this biocompound.

METHODS
This study was based on literature published between the years 1990 and 2015, found in online databases such as Scielo and Pubmed. We used search terms including “quercetin, rutin, isoquercitrin, isoquercitin, Q3G, bioavailability, flavonols, flavonoids, and cancer” as well as a combination of all the terms.

ABSORPTION OF IQ
Several studies have attempted to elucidate the pathway of IQ intestinal absorption. Thus far, the most widely accepted hypothesis involves lactase phlorizin hydrolase (LPH) as the major step[8,9,10], and sodium-dependent glucose transporter 1 (SGLT1) as a second step. LPH is an extracellular enzyme localized on the outer surface of the small intestinal brush-border membrane (BBM)[10,11]. When IQ is ingested, it is first hydrolyzed in the small intestine by the lactase domain of LPH, releasing the quercetin aglycone[12,13], which then passively diffuses to the enterocity throughout the BBM (apical surface). The deglycosylation of IQ leads to a higher concentration of the aglycone at the apical enterocyte membrane, thereby increasing the rate of absorption[9]. A small amount of IQ is transported by the SGLT1[8] present in the BBM of the small intestine, thereby transporting the intact glycoside into the cell[14]. In enterocytes, cytosolic β-glycosidase (CBG) hydrolyzes the intact IQ, which is then transported via the SGLT1 route, into the quercetin aglycone. Quercetin and other flavonoids are substrates for uridine diphosphate-glucuronosyltransferases (UDP-GT) in the human intestine[14]. UDP-GT glucuronidates the quercetin aglycone into quercetin glucuronides (conjugated quercetin metabolites) and then it finally reaches the bloodstream[4,9] (Figure 3). 
Intact quercetin glucoside is not detected in the plasma and portal blood[10] even shortly after consumption because the quercetin glucuronides are the main metabolites[14]. Lactase supplementation increases the hydrolysis and thereby the bioavailability of IQ and hence, may be a useful strategy to improve the metabolism and absorption of IQ[9]. The strategy might be especially useful in lactose-intolerant individuals with a diminished capacity to achieve this hydrolytic action[9]. A fat-enriched diet enhances quercetin-3-O-glucoside bioavailability, which might be owing to improved solubility and enhanced absorption of the lipophilic quercetin aglycone via lipid micelles, as well as delayed elimination of quercetin from the plasma owing to a prolonged enterohepatic circulation [12]. It is important to note that following the enzymatic hydrolysis by hesperidinase, rutin is mainly bioconverted into Q3G[4,7,8,10-12], thereby increasing the absorption [15] and bioavailability[16].

BIOAVAILABILITY OF IQ
Bioavailability is a measure of the extent to which a therapeutically active drug reaches the systemic circulation and is available at the site of action. Some studies have attempted to elucidate the bioavailability of IQ (Table 1); however, we were, unfortunately, unable to access these studies while other aspects were not found in the literature such as drug specificity (the availability at different sites of action or excretion data). Nevertheless, peak plasma time (first and maximum) was found in some studies, which are described in Table 1.

ANTIOXIDANT AND CHEMOPREVENTIVE EFFECTS OF IQ IN CANCER
The antioxidant effect is the best-described property of phenolic compounds[1]. Antioxidant effect is based on the ability of certain molecules to retard or inhibit oxidative damage, which is responsible for cell dysfunction as well as the onset of various health problems such as cardiovascular diseases, neurodegenerative diseases, autoimmune disorders, diabetes, and cancer. It is well established that one of the mechanisms for cancer development is oxidative stress and therefore, the chemopreventive effects of IQ could be attributed to its antioxidant and oxidative damage preventive activities. 
The role of antioxidants is to block oxidative reactions induced by highly reactive oxidant molecules that damage other molecules by capturing electrons and modifying the chemical structure. These damaging molecules are the so-called free radicals or reactive oxygen species (ROS). The antioxidant properties of substances such as vitamins, minerals, enzymes, plant pigments, and other natural compounds protect the membrane and other components of the cellular structure.
IQ exerts antioxidative effects by inhibiting lipid peroxidation via interference with enzyme activity (xanthine oxidase), chelation of redox-active metals, increased absorption of vitamin C, and direct scavenging of ROS such as singlet oxygen, hydroxyl, peroxyl, peroxynitrite, and superoxide radicals [1,2,7,26,27].
In vitro studies comparing the antioxidant effect of flavonols (glycosides and aglycones) confirmed that their protective efficacy against lipid peroxidation reaction were mediated by free radical-scavenging activities[3,7]. However, it has been reported that these substances may also be cytotoxic and damage the cell membrane (mainly erythrocytes) in the presence of ROS, and thereby become extremely harmful to living organisms themselves[28]. Boligon et al[29] disagreed with this study and, therefore, analyzed the protective effects of flavonoids against chromosome damage induced by hydrogen peroxide (H2O2) n human lymphocytes. They concluded that flavonoids decreased the chromosomal damage by reducing the oxidative stress. Furthermore, Razavi et al[30] showed that Q3G has cytotoxic and antibacterial effects that are lower than its antioxidant potential, which justifies its application as a pharmacological agent to protect against ROS responsible for exacerbating tissue damage.
In vitro studies comparing the antioxidative effects of quercetin, IQ, and other quercetin glycosides in liposomal phospholipid suspensions also demonstrated that the quercetin aglycone is a more efficient antioxidant than its glycoside[7,31,32]. This result should not reduce the credibility of IQ as an antioxidant compound since quercetin (aglycone) is not the dominant form in nature and has an inferior bioavailability to Q3G [2,33].
In 2004, Murota et al[34] measured the antioxidant activity of IQ, Q3G, and Q4G against ion-induced lipid peroxidation of rat intestinal mucosa. Q4G showed higher inhibition of lipid peroxidation than the other compounds did, although Q3G possessed a greater ion chelation capacity. 
The protective effects of IQ against lipid peroxidation have been demonstrated several times. This action is mediated by numerous mechanisms including the following: Protecting the cell membrane by inhibiting LDH efflux[35]; maintaining erythrocyte deformability, which plays an essential role in circulatory system by preventing vascular diseases[36]; accumulating in the arterial wall and preventing hyperlipidemia[37]; inhibiting fatty acid formation resulting from lipid peroxidation[38]; protecting neural cells against oxidative stress induced by H2O2 by decreasing lipid peroxidation and increasing cellular cholesterol concentrations[39]; reducing glutathione depletion and decreasing catalase and glutathione peroxidase 1 (GPx-1) activities[40]; ROS and nitrite-scavenging activities[41]; and by regulating the oxidative complex NADPH and NO production[42], lipid-lowering activities in hepatocytes[43], induction of apolipoprotein A-I gene expression[44], and free radical scavenging[45-65].

IQ AND CANCER TREATMENT
[bookmark: OLE_LINK1]An alternative strategy for reducing the risk of cancer is a dietary modification. Although phytochemicals naturally occur as complex mixtures, little information is available regarding possible additive, synergistic, or antagonistic interactions among these compounds. The cytotoxicity of quercetin, hyperoside (quercetin 3-O-galactoside), IQ (quercetin 3-O-glucoside), quercitrin (quercetin 3-O-rhamnoside), and spiraeoside (quercetin 4'-O-glucoside) were compared in vitro using cancer cell viability assays. The results indicate that IQ is a promising drug candidate for cancer therapy because its glycosylation conferred more advantageous pharmacological changes than quercetin had[66]. 
Amado et al[67] described the action of flavonoids on the Wnt signaling pathway, which plays an important role in the control of cellular differentiation, proliferation, and death as well as organogenesis and homeostasis in adults. The cancers most commonly associated with this pathway are colorectal[68], melanoma, hepatocellular carcinoma, gastric carcinoma, glioblastoma, leukemia, and breast cancers[67]. The main component of this pathway is β-catenin protein, which mainly functions to induce nuclear transcription. In the absence of Wnt ligands, β-catenin is phosphorylated by various enzyme complexes, and is able to bond with the ubiquitin-proteasome complex, which degrades it. However, in the presence of Wnt ligands, a cascade of reactions stabilizes cytoplasmic β-catenin, which can then translocate to the nucleus and mediate the stimulation of transcription factors. Numerous have studies demonstrate that inappropriate regulation and activation of this pathway is related to various diseases including cancer. The antiproliferative activity of flavonoids is related to their ability to modulate the activity of Wnt signaling at different levels. Thus, each flavonoid acts at different levels of the pathway making its actions specific against tumor cell lines. IQ for example, acts directly by inhibiting the nuclear translocation of β-catenin protein and exhibits significant anti-proliferative effects on glioblastoma cells[68].
DNA topoisomerases are important targets for cancer chemotherapy. Extracts of Helichrysum pamphylicum considerably inhibited the mammalian type I DNA topoisomerase activity in a dose-dependent manner and this effect might be correlated with the antioxidant capacity of the plant[69]. There are few studies on the carcinogenicity induced by IQ. Studies in F344/DuCrj rats to evaluate the potential carcinogenicity of enzymatically modified IQ showed no apparent effects on the development of kidney neoplasms, hyperplasias, chronic nephropathy, or mammary fibroadenomas[70]. 
The first report we found in PubMed on IQ and cancer was published in the year 2000. It was about the protective effects of flavonoid glycosides (quercitrin-3-glucoside and isrhamnetin-4-glicoside) against an anion meal. The study showed that increases in flavonoid plasma levels were associated with high resistance of lymphocyte DNA to strand breakage[71]. After this paper, some other in vivo and in vitro reports were published with conflicting results. The antiproliferative activities of quercetin derivatives and rutin were compared using different cancer cell lines and the results demonstrated that IQ had more potent antiproliferative effects than the other flavonoids did, especially in colon, breast, and hepatocellular cancers[72]. Similar studies demonstrated that hydrolyzed rutin, which is obtained following the enzymatic hydrolysis of rutin by an hesperidinase and mainly composed of IQ (70%), exerted markedly potent antiproliferative effect in vitro compared to the effects of quercetin and rutin in various cancer cell lines including ovarian adenocarcinoma (OVCAR-3), breast adenocarcinoma (MCF-7), and glioma (U-251). It is suggested that the most potent antiproliferative effect induced by IQ mixtures might be related to its specific glucose transport carrier SGLT-1[7].
There are some studies about effect of flavonoids on specific cancer, see as following content.

Fibrosarcoma cancer
The inhibitory effects of Salicornia herbacea on matrix metalloproteinase (MMP)-9 and 2 were evaluated in a human fibrosarcoma cell line (HT1080). The study suggested that the flavonoid glycosides in this plant have potential value as natural chemopreventive agents[73].

Prostatic cancer 
Polyphenols purified from the Brazilian aroeira plant (Schinus terebinthifolius, Raddi), which contain IQ, induced apoptotic and autophagic cell death of an androgen-insensitive DU145 human prostatic carcinoma cell line[74]. 

Pancreatic cancer
Recently in 2015, in vivo and in vitro studies investigated the effect of IQ on the progression of pancreatic cancer. In vitro, IQ inhibited proliferation, promoted apoptosis, and induced cell cycle arrest in the G1 phase in pancreatic cancer cells. IQ activated caspase-3, 8, and 9 and reduced the mitochondrial membrane potential. In addition, IQ inhibited the expression level of the δ opioid receptor; however, it had no effect on the κ and µ opioid receptors. Furthermore, IQ inhibited the phosphorylation of extracellular signal-regulated kinase (ERK) and promoted the phosphorylation of c-Jun N-terminal kinase (JuNK). In vivo, IQ inhibited xenograft growth in nude mice[75]. 

Breast cancer
In 2005, Matysik et al[76] showed that Calendulae officinalis flos (Asteraceae), which contains IQ, had two biological effects in human skin fibroblast (HSF) and human breast cancer cells (T47D). Extracts at concentrations above 25 µg/mL, stimulated cell proliferation and cellular metabolism by increasing mitochondrial activity. However, concentrations higher than 75 µg/mL were cytotoxic[76]. Yang and Liu[77] assessed the synergistic effects of Q3G and apple extract in breast cancer cells. They proved that this combination significantly increased the antiproliferative activity against the growth of MCF-7 cells in vitro, compared to the effects of each compound alone. The antiproliferative activity of the apple extracts and Q3G combination was assessed by measuring the inhibition of MCF-7 human breast cancer cell proliferation, and the results demonstrated a synergistic effect against cell proliferation[77]. 

Cerebral cancer
Q3G pretreatment elevated both the expression and activation of sterol regulatory element-binding protein-2 (SREBP-2) and protected SH-SY5Y cells against H2O2-induced oxidative stress in neuroblastoma/SH-SY5Y cells. This data suggested a novel mechanism involving SREBP-2-mediated sterol synthesis that decreases lipid peroxidation by maintaining membrane integrity in the presence of oxidative stress[40]. 
IQ isolated from the aerial parts of Hyptis fasciculata was evaluated based on its ability to interfere with glioblastoma cell growth and the results suggested that beta-catenin-mediated signaling may be involved in the antiproliferative activity of IQ[78]. 

Lymphoproliferative cancer
Abnormal Savda Munziq (ASMq) is an herbal preparation used in Traditional Uighur Medicine for the treatment and prevention of diabetes, cardiovascular diseases, chronic asthma, and cancer. IQ and other flavonoids were identified as constituents of the preparation. The compound demonstrated antiproliferative activity in leukemia HL-60 cells[79]. 
Flavonoids (quercetin, quercitrin, IQ, and rutin) isolated from the leaves of Scutia buxifolia were evaluated against chromosomal damage induced by H₂O₂ in human lymphocytes and the result demonstrated that quercetin, IQ, and rutin recovered the mitotic index and chromosomal instability more than quercitrin did after treatment with H₂O₂[30]. 
Studies intended to evaluate the plant-associated quercetin glycosides and human phase II quercetin metabolites, actually found by analyzing human biological fluids that following the consumption of quercetin containing foods, these compounds can interact with the estrogen receptors (ER). It showed that IQ displays ERα- and ERβ-dependent estrogenic activity, and the results correlated with the protective activity of diets rich in quercetin glycosides[79]. 

Colon cancer
In 2002, Salucci et al[80] suggested that the antioxidant activity of flavonoids was not involved in their inhibition of the growth of colon adenocarcinoma cells (Caco2). They concluded that IQ is a promising antioxidant agent but that it did not inhibit Caco2 cellular growth[80]. 
In 2005, Kern et al[81] reported a perspective on the antiproliferative effect and demonstrated the potent EGFR-inhibitory properties of polyphenol-rich apple juice extract in adenocarcinoma colon in vitro model (HT29)[81]. 
Another study suggested that the beneficial effects of red wine on human health were attributable to the flavonoid content, which channeled the body metabolism towards O-methylation to yield compounds with potential protective effects against cancer[82]. 
In vivo assays in Xenopus embryos, a functional model of canonical Wnt signaling studies, and in vitro models were used to demonstrate the inhibitory effect of IQ on Wnt/β-catenin. The flavonoid was shown to act downstream of the translocation of β-catenin to the nuclei. IQ affects Xenopus axis establishment, reverses the double axes and LiCl hyperdorsalization phenotype, and reduces Xnr3 expression. IQ showed antitumoral effects on colon cancer cells (SW480, DLD-1, and HCT116) whereas it exerted no significant effect on non-tumor colon cells (IEC-18), suggesting a specific effect on tumor cells in vitro[83]. 

Liver cancer
In 2008, a study in F344 rats demonstrated the chemopreventive potential of food additives containing IQ against liver carcinogenesis[84]. Similarly, H. fasciculata and IQ, which was identified in this species, showed activity as 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavengers, suggesting their antioxidant potential in human cancer[85]. 
Flavonoids are also foreign compounds (xenobiotics), which can potentially modulate the activity of cytochrome P450s (CYPs), the xenobiotic-metabolizing enzymes involved in the activation and detoxification of food and environmental carcinogens. In 2009, a study investigated the effects of model glycosylated and deglycosylated flavonoids IQ and rutin, respectively, on CYPs in the rat liver. The study demonstrated their differential effects on CYP expression, suggesting a possible increase in the risk of cancer development in humans and the danger associated with the consumption of these compounds in large quantities[86]. 
 To clarify whether enzymatically modified IQ or melatonin supplementation reduces the oxidative stress-mediated hepatocellular tumor-promoting effect of oxfendazole, a benzimidazole, anthelmintic study was conducted in male rats. They were administered a single intraperitoneal injection of N-diethylnitrosamine and fed a diet containing oxfendazole with or without EMIQ or MLT in drinking water. It was concluded that co-administration of EMIQ or MLT suppressed the hepatocellular tumor-promoting activity of oxfendazole by decreasing ROS production via activation of CYPs[5]. 
In the same year, another study suggested that co-administration of enzymatically modified IQ suppresses the hepatocellular tumor-promoting activity of the synthetic flavonoid derivative β-naphthoflavone (BNF) in rats by the anti-inflammatory effects of enzymatically modified IQ. In addition, the combination was shown to restore the cellular redox balance altered by BNF. The study compared the antiproliferative effects of EMIQ against the pro-oxidative and pro-tumor potential of the synthetic flavonoid derivative (BNF) in rat liver tissues. BNF is responsible for the maintenance of oxidative stress via production of ROS and activation of CYPs through the aryl hydrocarbon receptor (AhR). The results showed that the oxidative activity of BNF contributed to the formation of liver pre-neoplastic lesions while EMIQ demonstrated a protective effect by reducing the by reducing glutathione S-transferase P (GST-P)-positive cellular foci and cyclooxygenase (COX)-2 production. In addition, it suppressed encoding genes for proteins such as glutathione S-transferase mu 1 (GSTM1, drugs metabolizing enzyme), serpine1, COX-2, and nuclear factor kappa-light-chain-enhancer of activated B cells (Nf-kB), which are enzymes involved in inflammatory processes[87]. 
BNF is a strong inducer of CYP1A enzymes and exerts liver tumor-promoting activity through the enhancement of oxidative stress responses in rats. In 2011, a study investigated the role of the tissue environment surrounding hepatocellular preneoplastic lesions in the early tumor promotion stage induced by BNF in rats, using enzymatically modified IQ as an antioxidative chemopreventive agent. The results showed that most of the changes induced by BNF had disappeared after or were suppressed by IQ treatment, as well as the inhibition of tumor promotion. IQ also suppressed the transcription of tumor necrosis factor (TNF) induced by BNF. This observation suggested that BNF-induced oxidative stress causes single liver cell toxicity. This action further facilitated subsequent concomitant apoptosis and regeneration involving inflammatory responses including TNFα-signaling, which contributed to tumor promotion. In rat tissue, EMIQ reduces proinflammatory proteins (TNF-α) expression and cell cycle regulation molecules (Cdc20 and Cdkn2b)[88]. 
Enzymatically modified IQ suppressed the liver tumor-promoting activity of phenobarbital by inhibiting nuclear translocation of constitutive active/androstane receptor (CAR), and not by suppressing oxidative stress in rats. Morita et al[90] investigated the action of EMIQ in an experimental model of liver tumor induced by phenobarbital, a sedative and antiepileptic drug. The phenobarbital increased oxidative stress with the formation of ROS and activation of CAR. The group treated with EMIQ showed a significant decrease in oxidative stress markers in addition to inhibition of MAPK and CAR pathways, confirming the antioxidant and antiproliferative actions of this molecule[89,90]. 
A study investigated the effects of enzymatically modified IQ on preneoplastic liver cell lesions induced by thioacetamide promotion in a hepatocarcinogenesis rat model. The results suggested that thioacetamide (TAA)-induced tumor promotion involves activation of hepatic macrophages that produce proinflammatory factors. IQ may suppress the TAA-induced tumor-promoting activity by an anti-inflammatory mechanism mediated by suppressing the activation of these macrophages[92]. In addition, it may suppress tumor-promoting activity differentially between the inside and outside of GST-P(+) foci[91]. 
TAA induces oxidative stress and hepatocarcinogenicity in rats and downregulates p16 (Ink4a), which is associated with intraexonic hypermethylation in hepatocellular proliferative lesions. A study investigated the contribution of cell cycle aberrations associated with early hepatocarcinogenic processes induced by TAA using antioxidants, enzymatically modified IQ, and α-lipoic acid in a rat hepatocarcinogenesis model. The results suggested that downregulation of p16 (Ink4a) may allow the selective proliferation of preneoplastic cells promoted by TAA. However, antioxidants did not counteract this gene control. Moreover, effective suppression of TAA-induced cellular population changes within preneoplastic lesions by antioxidants, may reflect the facilitation of cell cycling and accumulation of DNA damage[92]. This damage activates cell cycle checkpoints, leading to G2 and M phase arrest at the early stages of the hepatocarcinogenesis promoted by TAA[92]. 
In 2014, Huang et al[93] investigated the impact of IQ from Bidens bipinnata L. extract on the progression of liver cancer in vitro and in vivo. IQ was shown to strongly inhibit proliferation, promote apoptosis, and induce G1 phase cell cycle arrest in human liver cancer cells. Additionally, IQ activated caspase-3, -8 and -9 while it inhibited expression levels of ERK and p38MAPK protein phosphorylation, promoted the phosphorylation of c-Jun N-terminal kinase (JuNK), and reduced the expression level of protein kinase C (PKC) in human liver cancer cells. Furthermore, in vivo experiments showed that IQs also significantly inhibited the growth of transplanted tumors in nude mice. The authors concluded that the molecular mechanism of IQ might be closely associated with the MAPK and PKC signaling pathways[93]. 
A study investigated the protective effect of bilberry extracts (BBE) and enzymatically modified IQ on the hepatocarcinogenic process involving oxidative stress responses. The study used a two-stage hepatocarcinogenesis model in N-diethylnitrosamine-induced and piperonyl butoxide (PBO)-induced rats. They examined the modifying effect of co-administration of bilberry extracts and IQ on the liver tissue environment. Specifically, they determined their effects on oxidative stress responses, cell proliferation, and apoptosis. In addition, they also examined phosphatase and tensin homolog (PTEN)/Akt and transforming growth factor (TGF)-β/Smad signaling and evaluated the effects of all these phenomenon on the induction mechanism of preneoplastic lesions during early stages of hepatocellular tumor promotion. Their results suggested that PBO-induced tumor promotion potentiates PTEN/Akt and disrupts TGF-β/Smad signaling pathways, and is not related to oxidative stress responses. However, this promotion was suppressed by co-treatment with bilberry extracts and IQ, which suppressed the proliferation activity of preneoplastic liver cells[94]. 

ANTITUMOR MECHANISMS OF IQ 	
The antitumor effect of IQ and its underlying mechanism of action remain unclear. However, based on literature reports it is possible to speculate on some likely mechanisms and create a plausible hypothesis. MAPK is a protein kinase family involved in various cell processes, and the most notable act attributed to these kinases involves cell proliferation and apoptosis signaling. Currently, three sub-families of MAPK have been discovered including ERK, JuNK/MAPK, and p38 MAPK and they each have their specific cellular targets and action sites. The activation of cell adhesion recognition sites is extremely important in the molecular adhesion of both extracellular membranes and nuclear structures. Cell adhesion recognition is mostly associated with catenin-cadherin complexes and play an important role in adhesion and pathway signaling. Numerous extracellular stimuli activate MAPK pathways, generating a chain of reactions leading to intracellular remodeling and biochemical cascades. These pathways have been associated with several diseases including cancer[89,90,93]. 
Mutations in the MLK3 gene were first described in gastric and colorectal cancer[95], and the oncogenic effect was related to invasive induction of tumor cells. The study evaluated signaling pathways underlying the effect of MLK3 gene. It described new Wnt pathway regulation mechanisms, which may be responsible for the induction of colorectal cancer invasion related to MLK3 mutations. A reasonable hypothesis for the IQ antitumor mechanism would be the involvement of signaling pathways mediating its modulation of Wnt signaling[75], which would reaffirm data presented by other studies[68,78]. The Wnt pathway in turn, is related to the p53 pathway (via apoptosis), and published literature has demonstrated its mediation of the apoptosis-inducing action of IQ[74]. The induction of apoptosis may be related to caspases, inhibition of ERK phosphorylation, and promotion of JuNK phosphorylation[75]. Another possibility with the apoptotic pathway would be an association with the GST-P(+) foci. IQ facilitates the apoptosis of preneoplastic cells by upregulating DR5. Outside the GST-P(+) foci, IQ suppresses apoptosis of non-transformed liver cells[91]. 
In addition, other possible signaling interactions of IQ could involve changes in the reduction of proinflammatory proteins such as TNF-α and other cytokines such as TGF-β[88]. It is evident that numerous mechanisms are possible mediators of the actions of IQ. Therefore, further studies are crucial to clarify the specific mechanism underlying the anticancer effects of IQ, which currently remain unclear.

CONCLUSION
Flavonoids have gained a great deal of attention over the years, and their health benefits are the focus of the new research studies. Flavonoids, which are widely distributed throughout the plant kingdom, commonly occur in fruits and vegetables. Therefore, these compounds are an accessible alternative to conventional therapies in the prevention or supplementation of treatments for numerous diseases. Flavonoids are particularly important in developing countries where the technological challenges often hinder access to modern medicines, limiting their therapeutic effectiveness[1,2,27].
This review contributed to clarifying the mechanisms of absorption and metabolism of IQ, as well as highlighting the possible mechanisms of its various physiological effect. In addition, we corroborated its wide therapeutic applicability and stressed the importance of further studies to elucidate its specific anticancer mechanisms.
Based on our findings, the flavonoid IQ possesses adequate bioavailability and inhibits the pathogenesis of various diseases and, therefore, warrants further study to enhance the understanding of its beneficial actions. In addition, further studies would facilitate the discovery of new therapeutic applications and highlight the essential contribution of IQ to ensuring a more balanced diet, which would contribute to a healthier lifestyle. Further studies on the metabolism of flavonoids, their actions, and effects of their metabolites in various tissues are necessary to facilitate their development and better application in clinical management.
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Figure 1 Basic structure of Flavonols. Flavonols have one hydroxyl (OH) group on the third carbon (C3) and one carbonyl group (C=O) on the fourth carbon (C4) of the C ring [2]2.
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Figure 2 Enzymatic hydrolysis of rutin and formation of isoquercitin. The rutin (Quercitin-3-rytinoside) is a hydrophilic molecule and isoquercitin (Quercitin-3-glucoside), a naturally occurring glycoside of quercetin also known as isoquercetrin. Isoquercetrin can be obtained by enzymatic hydrolysis of rutin with hesperedinase, which has α-l-ramnosidase activity and removes the rhamnose radical of the rutin molecule.
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Figure 3 Accepted hypothesis pathway of isoquercitin intestinal absorption. The most widely accepted hypothesis of IQ intestinal absorption involves lactase phlorizin hydrolase (LPH) as the major step, and sodium-dependent glucose transporter 1 (SGLT1) as a second step. LPH is an extracellular enzyme localized on the outer surface of the small intestinal brush-border membrane (BBM). When Q3G is ingested, it is first hydrolyzed in the small intestine by the lactase domain of LPH, releasing the quercetin aglycone, which then passively diffuses to the enterocity throughout the apical surface. The deglycosylation of Q3G leads to a higher concentration of the aglycone at the apical enterocyte membrane, thereby increasing the rate of absorption. A small amount of Q3G is transported by the SGLT1 present in the apical surface of the small intestine, thereby transporting the intact glycoside into the cell. In enterocytes, cytosolic β-glycosidase (CBG) hydrolyzes the intact Q3G, which is then transported via the SGLT1 route, into the quercetin aglycone. UDP-GT glucuronidates the quercetin aglycone into quercetin glucuronides (conjugated quercetin metabolites and then it finally reaches the bloodstream.

Table 1 Studies performed to elucidate bioavailability of isoquercitin and time to attain peak plasma time
	Author and Year
	Animal
	Ingestion form
	Compound
	Peak plasma time
(min)
	Half-life of excretion
(min)

	
	
	
	
	First
	Maximum
	

	Olthof et al[15], 2000
	Human
	Pure compound
	Isoquercitin
	-
	37 ± 12
	1110 ± 48

	Chang et al[17], 2005
	Rat
	Pure compound
	Isoquercitin
	-
	10
	-

	Lesser et al[18], 2006
	Pig
	Standard diet
	Quercitin (standard)
	± 30
	95
	-

	
	
	
	Quercitin (high fat content)
	
	65
	

	Lan et al[19], 2007
	Rat
	Pure compound
	Quercitin
	-
	114-294
	-

	Krogholm et al[20], 2010
	Human
	“Juice mix”
	Quercitin
	-
	216 ± 96
	-

	Berger et al[21], 2012
	Cow
	Standard diet
	Quercitin
	-
	30.0 ± 0.0
	-

	Gohlke et al[22], 2013
	Cow
	Standard diet
	Quercitin
	60-90
	About 115
	-

	Cermak et al[23], 2003
	Pig
	Standard diet (supplemented)
	Isoquercitin (standard)
	< 60
	210
	-

	
	
	
	Isoquercitin (high fat content)
	> 90
	30
	

	
	
	
	Quercitin
	-
	120
	-

	Lesser et al[12], 2004
	Pig
	Diet
	Isoquercitin (3%)
	30
	70 ± 7.9
	-

	
	
	(different % of fat)
	-32%
	
	45.0 ± 7.9
	

	
	
	
	Quercitin (3%)
	-
	102.9 ± 8.0
	-

	
	
	
	-32%
	
	51.4 ± 8.0
	

	Wiczkowski et al[24], 2008
	Human
	Shallot flesh
	Isoquercitin
	15
	13980 ± 30
	-

	
	
	Dry shallot skin
	Quercitin
	15
	16680 ± 9
	-

	Reinboth et al [16], 2010
	Dog
	Standard diet (supplemented)
	Isoquercitin
	48
	246
	-

	
	
	
	Quercitin
	72
	234
	-

	Lee et al[25], 2012
	Human
	Mixture of apple peel and onion powder enriched applesauce
	Isoquercitin
	-
	144 ± 90
	-

	
	
	
	+
	
	
	

	
	
	
	Quercitin
	-
	144 ± 90
	-
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