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ABSTRACT 

Flavonoids are one of the major dietary polyphenols and have a variety of chemical structures. They are considered 

as functional food factors to have physiological effects to prevent various diseases. Dietary flavonoid aglycons are 

taken up are and converted to their corresponding conjugated metabolites by phase II enzymes in the enterocyte. 

The bioavailability of flavonoids affects their physiological function. Recently, we found dietary flavonoids are 

absorbed not only via the portal vein but also via the intestinal lymphatic pathways. 

Most of dietary nutrients are absorbed in the small intestine, and the intestinal lymphatic system is generally used 

to absorb lipids and lipophilic vitamins as the form of chylomicrons. In the case of lipophilic drugs, the lymphatic 

transport pathway makes the medicine avoid the first-pass metabolism in the liver and deliver the drugs as a more 

active form to the target tissues. In this review, the several reports on the lymphatic transport of flavonoids are 

summarized, mainly in the cause of quercetin and its derivatives. In addition, the potential of physiological 

importance of lymphatic flavonoid absorption will be discussed. 
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INTRODUCTION 

Flavonoids are one of the major phytochemicals in the 

diet and have attracted much attention to potentially 

prevent various diseases related to oxidative stress, 

such as atherosclerosis and coronary heart disease [1-

4], as well as metabolic syndrome [5]. It is known that 

the bioavailability of flavonoids is an important factor 

determining their physiological functions in the body. 

Flavonoids are present mainly in the form of 

glycosides in plant foods. After hydrolysis, their 

aglycone enters the intestinal epithelial cells and is 

metabolized by the phase II enzymes producing the 

corresponding conjugated metabolites [6, 7]. Following 

the intestinal conjugation, absorbed flavonoids are 

transported to either the portal vein or the lacteals. 

Most of the flavonoid studies focus on the metabolites 

in the plasma [8-11], while the potential of the 

lymphatic transport of dietary flavonoids has not been 

investigated until recently. 

The small intestine is the primary tissue to absorb 

most dietary nutrients [12]. Carbohydrates are 

hydrolyzed with -amylases, derived from the salivary 

gland and the pancreas, and several -glucosidases at 

the intestinal mucosa, resulting in glucose, galactose 

and fructose as the absorbable monomers. Proteins are 

hydrolyzed by pepsin in the stomach, trypsin and other 

proteinases secreted from the pancreas, and finally free 

amino acids and small peptides are produced. These 

digestive products are hydrophilic and cross the 

intestinal epithelial monolayers via suitable 

membranous transporters, and in turn, they are 

transported into the blood capillaries under the 

epithelial layers as monosaccharides and amino acids, 

consequently reaching to the portal vein. In the case of 

dietary lipids, the lipophilic digestive products by 

various lipases, mainly secreted from the pancreas, are 

mixed with bile salts in the intestinal lumen to form the 

mixed micelle to make the hydrophobic molecules 

across the aqueous phase toward the intestinal mucosa. 

The major digestive products are free fatty acids and 

they are mostly resynthesized as triacylglycerol (TAG) 

and incorporated into the chylomicrons in the 

enterocyte. Chylomicrons are lipoprotein particles 

containing TAGs, phospholipids, cholesterol esters and 

fat-soluble vitamins with apolipoprotein B-48. 

Chylomicrons are transported into lymphatic capillaries 

called lacteals, and further through intestinal or 

mesenteric collecting lymphatic vessels to the thoracic 

duct. Chylomicrons finally flow into the systemic blood 

circulation via thoracic vein. 

Recently, we found that dietary flavonoids are also 

transported into the lymph [13-15], although the 

mechanism and its physiological role are not clear. In 

this article, the general concept of the lymph transport 

of dietary components is summarized, and the potential 

of dietary flavonoid absorption pathway into the lymph 

is discussed. 

 

Lymph as the absorption pathway of dietary lipids and 

lipophilic molecules 

Lymphatic system in the intestine: The lymphatic 

system is a network of vessels in which the lymph fluid 

flows throughout the body [16]. Excess water effluxed 

from the blood vessel becomes the interstitial fluid, and 

is collected in the lymphatic vessel, eventually returning 

to the vein. This allows blood to maintain the volume 

and the levels of its component during circulation. Also, 

it is well known that the lymph system is essential in the 

immunological defense system, although such aspects 

are not described in this article. 

The important role of the lymph system in the 

nutritional aspect is the absorption pathway of dietary 

lipids [17, 18]. Dietary lipids absorbed in the small 

intestine are taken up into the lymph vessels of the 

intestine as chylomicrons and transported to the vein 

through the thoracic duct. The villus of the small 
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intestine possess both lymphatic and blood vessels 

inside and therefore dietary components that are 

absorbed across the small intestinal epithelium enter 

either lymphatic or blood capillaries. The lacteals are 

blunt-ended thin-walled lymphatic capillaries that are 

located in the middle of each villus. Chylomicrons are 

too large to enter the blood capillaries and transfer to 

the intestinal lymphatic capillaries called the lacteals, 

since the endothelial structure of the lacteals are 

significantly more permeable than the blood capillaries 

[17]. Chylomicrons are thought to reach the lacteal 

lumen by paracellular transport through the open 

intercellular junctions between lymphatic endothelial 

cells, whereas the transcellular transport mechanism 

has also been described [19].  

 

Intestinal absorption mechanism of dietary lipids: 

Dietary fat is predominantly in the form of TAG. Dietary 

TAG is composed of various FAs esterified to a glycerol 

backbone. TAG is water insoluble and must be digested 

to be transferred across the aqueous fluid in the 

intestinal lumen to reach the intestinal epithelium for 

absorption. Dietary fat is digested in the beginning in 

the stomach with gastric lipases (and partly lingual 

lipase) to hydrolyze TAG to form mostly diacylglycerol 

(DAG) and free fatty acids [20]. Gastric lipase from 

human infants is reported to favor TAG with middle-

chain fatty acids and considered physiologically 

significant in newborns [21]. In the intestinal lumen, 

DAG and the rest of TAG are further hydrolyzed by 

pancreatic lipase. Pancreatic lipase possesses positional 

specificity against sn-1 and -3 positions of glycerol and 

forms 2-monoacylglycerol (2-MAG) and free fatty acids. 

In the case of phospholipids, which consist of 

approximately 5% of dietary lipids, pancreatic 

phospholipase A2 is the main digestive enzyme to 

produce a free fatty acid and 1-acyl-lysophospholipid 

[22]. Cholesterol in the diet is often esterified with a 

long-chain fatty acid, and such ester bond is hydrolyzed 

with carboxyl ester lipase secreted from the pancreas 

[23]. Although carboxyl ester lipase was used as an 

enzyme to hydrolyze dietary retinyl esters, it has been 

found that pancreatic lipase is the main digestive 

enzyme for vitamin A ester [24]. 

The lipophilic digestive products are mixed with 

bile salts to form the mixed micelle, resulting in 

hydrophobic molecules that can diffuse the aqueous 

phase on the surface of the intestinal epithelium called 

the unstirred water layer. The mixed micelle has a 

hydrophilic outer surface with bile salts and 

phospholipids and a hydrophobic center. 2-MAG from 

lipolysis is solubilized within the center of the micelle 

because of its water-insolubility together with relatively 

hydrophobic fatty acids, cholesterol, and lipophilic 

vitamins. Mixed micelle presents the lipolytic products 

to the apical surface of the enterocyte. When the 

concentrations of the digestive products in the 

unstirred water layer fall below the critical micellar 

concentration, each monomer leaves the aggregation 

and diffuses toward the enterocyte. Classically, fatty 

acids and other lipophilic compounds are thought to 

enter the cell only via simple diffusion due to their 

affinity to the cellular membrane. Currently, several 

membranous proteins have been found as candidates 

of transporters for fatty acids [25-27], cholesterol [28], 

and fat-soluble vitamins [29-32]. 

Once in the enterocyte, the 2-MAG and FA migrate 

to the endoplasmic reticulum (ER). In the smooth ER, 2-

MAG and CoA-activated fatty acids (acyl-CoA) 

molecules are re-esterified to form TAG, which is called 

a MAG pathway predominantly used in the enterocyte. 

There is another pathway, called a phosphatidic acid 

pathway, to synthesize TAG from acyl-CoA and 

glycerophosphate. TAGs are consequently incorporated 

into the chylomicrons, along with other lipophilic 

compounds. 
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Chylomicrons are lipoprotein particles that are 

synthesized in the enterocyte after lipid intake, with a 

hydrophilic outer surface consisting of phospholipids 

and apolipoproteins, and a hydrophobic core of TAG, 

cholesterol esters and other lipophilic molecules. They 

consist of approximately 80 to 90% TAG, 7 to 9% 

phospholipids, 1 to 5% cholesterol and its ester, and 2% 

proteins, mainly apolipoproteins B-48 (apo B-48) with 

A-I, A-IV and C. 

TAG resynthesized in the smooth endoplasmic 

reticulum is incorporated into a lipid droplet coated 

with cholesterol, phospholipid, and apolipoproteins. 

Small particles containing apo B-48 and small amount 

of lipids are produced in the rough ER. This particle 

combines with TAG-rich particles from smooth ER, 

forming prechylomicrons. This particle is further 

processed in the Golgi apparatus to form the mature 

chylomicron, added apo A-I and A-IV. Finally, it is 

released by the enterocyte through exocytosis. Apo C is 

later added from HDL in the circulation. Detailed 

mechanisms of the chylomicron assembly and its 

transport to the lymph are found in other excellent 

reviews [17, 18, 33-36]. 

 

The role of lymphatic transport in absorption of 

lipophilic molecules: Lymphatic transport also plays an 

important role in the oral bioavailability of a number of 

highly lipophilic drugs and other xenobiotics [36]. 

Fatty acids with chain lengths of 14 or greater are 

more highly lymphatically transported, whereas middle 

and short chain fatty acids are primarily absorbed via 

the portal blood [37]. Therefore, long chain fatty acids 

and long chain TAGs more effectively support lymphatic 

drug transport compared to shorter chain fatty acids 

and their TAGs [38, 39]. Phosphatidylcholine (PC) and 

its digestion product, lysophosphatidylcholine (LPC) act 

as a surfactant in the mixed micelle in the intestinal 

lumen and thus enhance the absorption of lipophilic 

molecules. For example, LPC has been shown to 

enhance the intestinal absorption of carotenoids and 

the hydrolysis of PC is necessary to enhance the 

absorption of carotenoids [40-42]. Furthermore, it has 

been suggested that LPC uptake into the enterocyte is 

essential to assemble the chylomicron in the 

enterocyte [43], which is an important step to absorb 

the lipophilic molecules. 

Due to the unique anatomy and physiology of the 

lymphatics, intestinal lymphatic drug transport can 

provide many advantages over drug absorption via the 

portal blood [36]. Absorption from the lymph is 

generally known as a route to avoid detoxification 

metabolism in the liver. Metabolites with a low degree 

of conjugation show a relatively high activity. Drugs that 

are absorbed via the intestinal lymphatic system are 

essentially protected from hepatic first-pass 

metabolism since the mesenteric lymph enters the 

systemic circulation directly. Also, drug transport via 

the intestinal lymph may result in the direct drug 

exposure to the lymphatics and a changed mode of 

delivery to the systemic circulation and the peripheral 

tissues. 

 

Lymphatic absorption pathway of dietary flavonoids 

General aspect of dietary flavonoid absorption: The 

absorption and metabolism of dietary flavonoids have 

been studied more and more actively in recent years, 

and the plasma profile after their consumption has 

been widely investigated [8-11, 44]. Among various 

flavonoids, quercetin is one of the major molecules in 

plant foods and its bioavailability has been well 

investigated. Quercetin is found as its various glycosides 

such as quercetin 3-O-glucoside (Q3G or isoquercitrin), 

quercetin 4′-O-glucoside (Q4′G), quercetin 3,4′-O-

diglucoside (Q3,4′G), and rutin (quercetin 3-O-

rutinoside) in vegetables and fruits. The chemical 

structures of flavonoids featured in this article are 
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found in Figure 1. Most flavonoid glycosides are not 

absorbed directly, and deglycosylation is an essential 

step [6]. Flavonoid glycosides are hydrolyzed to their 

corresponding aglycone either by lactase-phlorizin 

hydrolase (LPH) existing in the intestinal mucosa [45, 

46] or intestinal bacteria. Monoglucosides such as Q4'G 

are partly taken up via sodium glucose co-transporter 

type 1 (SGLT-1) [47], and then converted into aglycones 

by cytosolic β-glucosidase (CBG) [48, 49]. However, the 

glucosides taken up directly are easily excreted to the 

luminal side via MRP2 protein [50].  

 

 

Fig. 1 Chemical structures of flavonoids 

Representative molecules with different modifications are 

shown. 

Considerable flavonoids have an affinity to the cell 

membrane and favor the oil-water interface [51, 52]. 

The aglycone produced after digestion is generally 

thought to enter the enterocyte via simple diffusion 

pathway, whereas several membranous proteins are 

reported as candidates for certain flavonoid molecules 

[53, 54]. The aglycone in the enterocyte is then 

metabolized by the intracellular phase II enzymes, such 

as UDP-glucuronosyltransferase (UGT), sulfotransferase 

(SULT), and catechol-O-methyltransferase (COMT) [55]. 

In the small intestine of a rat, uridine-5′-diphosphate-

glucuronosyltransferases (UGT) is considered as a major 

enzyme that conjugates flavonoids with glucuronic acid 

[55, 56]. In humans, both UGT and SULT are considered 

to contribute to the production of monoglucuronides 

and sulfates [8, 55].  

Other flavonoid glycosides to have diglycoside or 

monoglycoside other than glucose attached are 

transferred to the distal intestine and assimilated by the 

intestinal microbiota. They hydrolyze various flavonoid 

aglycone and further catabolize them to yield degraded 

phenolic acids and reduced catabolites [57]. The 

epithelial cells in the colon can absorb the aglycones 

and their catabolites, and produce their phase II 

conjugated metabolites within the cell [56].  

The intestinal metabolites are further metabolized 

in the liver and undergo multiple conjugation [8]. These 

metabolites are partly excreted via the bile from the 

liver to the small intestinal lumen [58]. The conjugated 

metabolites excreted in the small intestine are 

deconjugated by the action of intestinal bacteria and 

are again absorbed from the large intestine, which is 

termed as the enterohepatic circulation. The 

enterohepatic circulation is considered to contribute to 

the prolongation of the retention time in the body and 

the increase in the accumulated amount [58, 59]. Most 

various metabolites circulate in blood as highly water-

soluble conjugates and are eventually excreted in urine. 
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Lymphatic transport of quercetin and its glycosides: As 

mentioned above, the gastrointestinal lymph generally 

plays an important role in the absorption of dietary 

lipids and other lipophilic compounds. However, little is 

known about the significance of the lymphatic pathway 

in the absorption of amphiphilic dietary compounds. 

We have reported for the first time that quercetin 

was partly transported into the thoracic lymph as its 

conjugated metabolites after administration of its 

aglycone in a study of unanesthetized thoracic lymph-

cannulated rats in 2005 [13]. The intestinal lymph 

systems following the lacteals are gathered to form a 

larger collecting lymph duct and reach the thoracic 

lymph duct, and thus, the thoracic lymph-cannulated 

rat model is widely used for estimating the absorption 

of various lipids and other lipophilic compounds [39, 

60-62]. Cannulation surgery is performed under 

anesthesia the day before the sample administration 

and the rats are conscious during experiment. In our 

first report [13], quercetin aglycone was administered 

as propylene glycol mixture into the stomach of rats. 

Quercetin were rapidly absorbed and reached maximal 

levels in the lymph within 30 min. Interestingly, the 

lymphatic quercetin was mostly detected in hydrophilic 

conjugated forms. The intact aglycone that is more 

hydrophobic only detected within 1 h after 

administration, and its levels were much lower than the 

conjugated metabolites. Methylated conjugate 

metabolites were also detected, but did not show the 

apparent absorption peak.  

We further investigated the lymphatic transport of 

Q3G and compared it to quercetin aglycone [15]. The 

total concentration of quercetin in the lymph (obtained 

after deconjugation treatment) was about four times 

lower than that in the plasma after administration of 

both Q3G and the aglycone, and not significantly 

different between two groups. Moreover, quercetin 

aglycone was detected only in the lymph of a few of rats 

at 0.5 h after administration of Q3G and the aglycone. 

Q3G was also detected in the lymph from all rats 0.5 h 

after administration of Q3G and the aglycone, and it 

was detected at slightly higher levels after Q3G 

administration than after the aglycone administration, 

although the difference was not significant (p=0.058). 

This data suggests that only small amounts of the intact 

aglycone and the glucoside are absorbed right after 

administration and transported directly into the lymph 

after administration of the aglycone and Q3G, whereas 

the majority of the absorbed quercetin is extensively 

metabolized in the enterocyte. Even if the aglycone was 

transported via the portal vein, the hepatocyte would 

rapidly metabolize it and would not pass through the 

liver without conjugation. Interestingly, Q3G appeared 

in the lymph after administering the aglycone as well as 

Q3G itself. There is a report that shows microsomes 

from the liver, kidney, and intestinal mucosa were able 

to catalyze the formation of glucoside conjugates of bile 

salt [63], although glucosidic Q metabolites were only 

found in the urine but not in the plasma [8]. Thus, our 

data suggests that the glucoside conjugates might be 

produced in the small intestine and only transported in 

the lymph because the lymphatic system is used to 

maintain the body’s fluid by removing dispensable 

products from the interstitial tissue.  

Chen et al. [64] reported the lymphatic transport 

of intact quercetin and its glycoside rutin in rats. They 

found that the lymphatic concentration of quercetin 

aglycone was higher than in the plasma. In the case of 

rutin, the dose of 10 times higher than quercetin 

resulted in the appearance of rutin itself in the lymph, 

and the level was similar to that of the plasma. Although 

the metabolites were not determined and the whole 

profile of their absorption were not clarified in the study, 

it is suggested that more hydrophobic aglycone could 

be predominantly transported into the lymph. 
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The localization of quercetin metabolites in the lymph: 

In general, highly lipophilic drugs (typically with log P > 

5) are easily incorporated into developing chylomicrons 

in the enterocyte and access to the intestinal lymph [36]. 

Log P is generally defined as the logarithm of the 

partition coefficient in octanol/water suspension at a 

defined temperature. The flavonoid aglycone produced 

after the hydrolysis of sugar moieties in the digestive 

tract becomes less hydrophilic and insoluble in water 

compared to its glycosidic forms, confirmed by Rothwell 

et al. [65] Quercetin aglycone has a log P value of 

around 1.8 [66] while its glycosides and the conjugate 

metabolites produced in the body show smaller log P 

[51] (Table 1). Therefore, it is not likely that the 

flavonoids could be incorporated into the chylomicrons' 

formation. 

Quercetin absorption is known to be enhanced 

when it is co-administered with lipids [67-70]. When 

quercetin was mixed with long-chain fatty acid TAG 

(soybean oil) and administered to the duodenum of 

lymph-cannulated rats, the lymph transport of 

quercetin metabolites was significantly promoted along 

with an increase in lymph triglyceride, compared to co-

administration of triglycerides of medium-chain fatty 

acids [14]. Acceleration of absorption was also 

accompanied by an increase in blood flavonoid 

concentration. Interestingly, quercetin metabolites in 

lymph were not associated with chylomicron. The 

lymph obtained after quercetin administration together 

with soybean oil was centrifuged and the chylomicron 

was removed using its very low density. The 

concentrations of quercetin metabolites in the whole 

lymph and in the chylomicron removed fluid were 

almost the same, indicating that quercetin metabolites 

are solubilized in the lymph fluid but not as a part of 

chylomicrons. This observation is in accordance with 

our human trial data that most of quercetin metabolites 

in human plasma localized in the lipoprotein deprived 

fraction in which serum albumin is the major 

component [71]. 

Quercetin has a coplanar conformation and has a 

strong affinity to the oil-water interface. Such 

characteristics are kept even if the aglycone is 

conjugated with sugars. Shirai et al. [72] measured the 

affinity of quercetin and its related compounds to the 

large unilamellar liposomal membranes prepared with 

egg yolk lecithins. Quercetin aglycone showed the 

binding ability to the liposomes, and its affinity was 

intermediate between that of lipophilic  -tocopherol 

and that of hydrophilic ascorbic acid. The affinities to 

the liposome of Q3G and quercetin 3-O-glucuronide 

were lower than those of its aglycone, but significantly 

higher than that of ascorbic acid. This observation 

means that the glucoside and the glucuronide of 

quercetin are less lipophilic than its aglycone but 

possess significant affinity to the lipid membrane (Table 

1). Thus, it is more likely that quercetin in the lymph 

may be weakly associated with the chylomicrons at the 

interface, although this point needs further 

investigation. 

 

Table 1. Lipophilicity and the affinity to the liposomal 

membrane of quercetin and its related compounds. 

 Log P Affinity to the 

liposomal 

membrane 

Quercetin 1.82a,b 0.95f 

Quercetin 3-O-

glucoside 

0.69a, 

0.76 b 

0.37f 

Quercetin 3-O-

glucuronide 

-2.1c 0.36f 

-Tocopherol 12.2d 1.0f 

Ascorbic acid -1.85e 0f 

aThe values are calculated from the data of the partition 

coefficient in octanol/water reported in [66]. 
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bThe values are referred from [65]. 

cThe values are calculated from the data of the partition 

coefficient in octanol/water reported in [51]. 

dThe values are obtained from the PubChem database,  

[https://pubchem.ncbi.nlm.nih.gov/compount/21163#sectio

n=Octanol-Water-Partition-Coefficient&fullscreen=true], 

retrieved June 15, 2020. 

e The values are obtained from the PubChem database,  

[https://pubchem.ncbi.nlm.nih.gov/compount/54670067#se

ction=Octanol-Water-Partition-Coefficient&fullscreen=true], 

retrieved June 15, 2020. 

fThe values are calculated from the data reported in [51] as 

following: 

[Concentration in the initial suspension] – ([Concentration in 

the filtrate after ultrafiltration of liposome suspension] / 

[Concentration in the initial suspension]). 

 

Chemical structure of quercetin metabolites in the 

lymph: In earlier studies, the bioavailability of 

flavonoids was investigated by measuring the total 

amounts of quercetin in the lymph and in the plasma 

after deconjugation treatment [13, 14, 71]. Today, it is 

well recognized that the physiological function of 

dietary flavonoids largely depends on the chemical 

structure of their metabolites in the body. Thus, the 

analysis of the chemical structure of flavonoid 

metabolites in the plasma and in the urine has been 

widely performed using LC-MS/MS [8, 11]. Compared 

with such metabolome studies in the plasma and in the 

urine, the lymphatic profile of flavonoids remains to be 

determined. We first reported the metabolites of 

quercetin in the lymph and in the plasma after 

administering Q3G and its aglycone [15]. In the lymph, 

we found both primary conjugated metabolites 

produced in the small intestine which may transfer 

directly to the lymph, and the secondary conjugated 

metabolites produced in the liver, the latter may have 

been transferred from the peripheral circulation (Table 

2). 

    Multiple conjugates that are produced in the 

hepatocyte appeared in the lymph later than in the 

plasma and constituted a relatively large portion at 

later time points, suggesting that hepatic metabolites 

are transferred from the peripheral plasma to the 

lymph circulation. 

This observation is in good agreement with the 

previous report by Labrid [73]. [14C]-labeled diosmin,    

 

Table 2. Quercetin metabolites detected in the lymph and in the plasm of thoracic lymph-cannulated rats. 

 Differences between the levels in the lymph and the plasma at Tmax 

in the lymph 

 Q3G administration Aglycone administration 

Tmax in the lymph = 0.5 h after administration 

Quercetin monoglucuronides P<0.05 P<0.05 

Isorhamnetin monoglucuronides P<0.05 N.S. 

Quercetin monosulfates P<0.05 N.S. 

Isorhamnetin monosulfates P<0.05 P<0.05 

Tmax in the lymph = 1.0 h after administration 

Quercetin diglucuronides N.S. P<0.05 

Isorhamnetin diglucuronides N.S. P<0.05 

When the differences are significant, the plasma levels are higher than the lymph levels. N.S., not significant (p>0.05). The 

original results are found in [15]
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which is a major component of Daflon® 500 mg, was 

administered by intravenous injection to the 

anesthetized dogs and rats with thoracic duct fistula, 

and the radioactivity was detected in the lymph 

showing the blood-to-lymph transfer of this flavonoid. 

Thus, dietary flavonoids can reach the lymph 

circulation through two steps: direct transport from the 

intestine, and then the circulating flavonoid 

metabolites transfer from blood to the lymph (Fig. 2). 

 

 

 

Fig. 2 Putative intestinal absorption pathway of dietary 

flavonoids. 

Flavonoid glycosides are taken up into the enterocyte 

after hydrolysis of sugar moiety and are converted into 

the conjugated metabolites. The intestinal metabolites 

are transported either via the portal vein or via the 

intestinal lymph duct. The former pathway brings the 

metabolites into the liver and the secondary 

metabolism occurs. The latter pathway leads the 

intestinal metabolites directly into the systemic 

circulation. The hepatic secondary metabolites are 

transported into the systemic circulation, and are 

possibly transferred into the peripheral lymphatic 

system. C, conjugation group; Gly, glycosidic moiety; Fl, 

flavonoid aglycone.  

Interestingly, the profile patterns of the 

conjugated metabolites after Q3G and the aglycone 

administration were different in the lymph and in the 

plasma [15]. When Q3G was administered, the 

deglycosylation step by lactase-phlorizin hydrolase 

yielded its aglycone gradually, and the rate of the 

uptake into the enterocyte may modulate the 

selectivity of metabolic pathways between UGT and 

SULT and in turn the favorable transport direction 

between toward the lacteals and the blood capillary.   

 

Factors affecting lymphatic transport of dietary 

flavonoid: Similarly to lipophilic drugs, the type of co-

administrated lipids affects the lymphatic transport of 

flavonoids. In our study, soybean oil is better than 

middle-chain fatty acyl TAG at enhancing the quercetin 

absorption [14]. Makino et al. also reported similar 

results, and further showed that high-fat diet exposure 

prior to quercetin administration showed additional 

enhancing effect [74]. 

Several groups use the nanoemulsion particle to 

enhance the medicinal flavonoid absorption. Puerarin 

is the 8-C-glucoside of daidzein and found in Pueraria 

labota, called "kuzu" in Japan. This plant medicine is 

traditional used in Chinese medicine and is expected to 

prevent stroke. Flavonoid C-glycoside is known to be 

poorly absorbed in the gastrointestinal tract. The 

potential for microemulsion drug delivery systems of a 

poorly water-soluble drug, puerarin, were investigated 

in anesthetized lymph-cannulated rats [75, 76]. Zhou et 

al. used anesthetized lymph-cannulated rats to 

compared to non-lymph-cannulated rats [76]. Their 

results showed that nanoemulsion, especially lipid-

based nanosuspension, effectively enhances the 

bioavailability of puerarin, mainly via lymphatic 

transport. 
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The other experimental system is used to estimate 

the possibility of the lymphatic transport of flavonoids. 

Xu et al. suggest that nanoemulsion of baicalin 

(baicalain 7-O-glucuronide) was absorbed more than 

simple suspension using the chylomicron flow blocking 

model [77]. In another case, using human Caco-2 cells, 

it was shown that 5-hydroxy-6,7,8,3′,4′-

pentamethoxylflavone (5-HPMF) were taken up more 

with oleic acid than the control to enhance the 

incorporation into chylomicron [78]. 

Polymethoxyflavonoid shows relatively high 

lipophilicity among flavonoids and is more likely to be a 

component of chylomicron, although Caco-2 cells  

can synthesize chylomicron much less than in vivo 

enterocyte.   

Prenylated flavonoids possess a C5 isoprenyl unit 

in a diphenylpropane structure, and the prenylation 

increases the lipophilicity of flavonoids. Mukai et al. 

[79] reported the bioavailability of 8-prenyl quercetin 

(8-PQ). Administrated 8-PQ was detected with 

deconjugation treatment in the plasma of mice as well 

as in the lymph of unanesthetized lymph-cannulated 

rats. Prenylation significantly enhanced the cellular 

uptake by increasing the lipophilicity and attenuated 

efflux from the cell, suggesting that prenylation 

enhances the accumulation of quercetin in tissue, 

although the apparent absorption from the intestine 

was lower than non-prenylated quercetin. The Cmax and 

AUC both in the plasma and the lymph was higher after 

quercetin administration than 8-PQ administration. 

However, the difference of the levels between the 

plasma and the lymph was smaller with 8-PQ than 

quercetin, suggesting that prenylation was effective in 

enhancing the lymphatic transport. 

 

Potential roles of the lymphatic transport of dietary 

flavonoids: Lymphatic transport in the intestine is the 

essential pathway of dietary lipid absorption, and it 

provides some advantages to lipophilic drugs, such as 

avoiding the first-pass metabolism in the liver and 

modifying distribution to peripheral tissues. The 

conjugated metabolites generally show lower activity 

than their aglycones, and the activation mechanism by 

converting the glucuronide to the corresponding 

aglycone by the b-glucuronidase secreted at the target 

site of inflammation has been reported [80-82]. The 

presence of intact aglycone in the lymph, even though 

its level is very low, may have the potential that more 

active aglycone would be delivered to the target tissues. 

Moreover, there are many studies that indicate the 

effect of flavonoids on the immune system [83-85], and 

indicate intestinal lymphatic transport may play an 

important role in the delivery of flavonoids to the lymph 

nodes and lymphocytes.  

In 1936, Szent-Gyorgi et al. first claimed that citrus 

flavonoids (hesperidin and rutin) reduced capillary 

fragility and permeability in human blood vessels [86]. 

At present, it is generally considered that flavonoids 

exert their action on the vascular endothelium. Daflon® 

500 mg is a flavonoid medicine (diosmin 90% + 

hesperidin 10%) that is used to alleviate perivascular 

edema. Using the thoracic lymph fistula of a dog, the 

effect of Daflon® 500 mg was investigated [73]. 

Intravenous injection of Daflon® 500 mg enhanced the 

lymphatic flow, and diosmin (or its metabolites) was 

detected in the lymph circulation. The activity of 

flavonoids against the perivascular edema could be 

exerted via the lymphatic circulation. 

At present, to the best of my knowledge, the 

lymphatic transport of dietary flavonoids has not been 

the region of interest in any human trial. Research 

progress in this field would be expected.  

 

CONCLUSION 

Understanding of the mechanism of action of dietary 

flavonoids has been increasing with the progress of 
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their bioavailability research. We have reported that 

the lymph transport is the alternative absorption 

pathway of quercetin in the intestine. The chemical 

structure of quercetin in the lymph is mainly its 

conjugated metabolites, which are highly hydrophilic. 

The lymphatic transport was significantly promoted 

with the long-chain TAG co-administration along with 

an increase in lymph triglyceride, compared to co-

administration of medium-chain TAG. Interestingly, 

quercetin metabolites are solubilized in the lymph fluid 

but not incorporated into the chylomicrons.  

In the lymph, we found both primary conjugated 

metabolites produced in the small intestine which may 

transfer directly to the lymph, and the secondary 

conjugated metabolites produced in the liver, the latter 

may have been transferred from the peripheral 

circulation. These findings will be useful to clarify the 

mechanism of action of dietary flavonoids as functional 

food factors as well as exploring the new flavonoid 

compounds for novel medicinal drugs.  

The physiological role of these lymphatic 

metabolites is unknown at present. From our results, it 

is not likely to protect the chylomicron from oxidation, 

the postulated mechanism of anti-atherosclerosis to 

prevent the LDL oxidation. The potential to deliver less 

conjugated molecules to the target tissues will be the 

next step to be clarified, such as the effect against 

edema and on the immune system. 

At present, we only investigated the conjugated 

metabolites of flavonoids. However, recent interest has 

moved to the ring-fission catabolites that are generated 

by the intestinal microbiota [57]. The metabolomic 

analysis on such catabolites has been performed but 

only for in the plasma and in the urine [8-10]. Further 

investigation is necessary to estimate the catabolic 

molecules produced by the intestinal microbiota and 

their absorption pathway. 
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