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Flavonols are polyphenols found ubiquitously in 
plants and plant-products. Flavonols, particularly 
quercetin, are potent antioxidants in vitro and their 
intake has been associated inversely with the incidence 
of coronary heart disease. The aim of this study was to 
investigate the accumulation in plasma and excretion 
in urine of flavonol glucosides following ingestion of 
lightly fried onions. Five healthy volunteers followed a 
low-flavonoid diet for 3 days. On day 4, after an 
overnight fast, subjects were given 300 g of lightly fried 
yellow onions which contain conjugates of quercetin 
and isorhamnetin, including quercetin-3,4~-diO-fl - 
glucoside, isorhamnetin-4'-O-fl-glucoside and querce- 
tin-4'-O-fl-glucoside. Blood collection was carried out 
at 0rain, 0.5, 1.0, 1.5, 2, 3, 4, 5 and 24h after the 
supplement. In addition, subjects collected all their 
urine for 24h following the onion supplement. Iso- 
rhamnetin-4'-O-fl-glucoside and quercetin-4'-O-fl-glu- 
coside accumulated in plasma with maximum levels, 
defined as proportion of intake, of 10.7 4-2.6% and 
0.13 4- 0.03% respectively. The time of the quercetin-4'- 
glucoside peak plasma concentration was 1.3 + 0.2h 
after the ingestion of onions while a value of 1.8 4- 0.7 h 

was obtained for isorhamnetin-4~-glucoside. Excretion 
in urine, as a proportion of intake, was 17.4 4- 8.3% for 
isorhamnetin-4P-O-fl-glucoside and 0.24-0.1% for 
quercetin-41-O-fl-glucoside. Possible reasons for the 
accumulation and excretion of isorhamnetin-4'-gluco- 
side in proportionally much higher amounts than 
quercetin-41-glucoside are discussed. It is concluded 
that flavonols are absorbed into the bloodstream as 
glucosides and minor structural differences affect 
markedly both the level of accumulation and the extent 
to which the conjugates are excreted. 

Keywords: Flavonol conjugates, quercetin-4'-O-/J-glucoside, 
isorhamnetin-4'-O-fl-glucoside, accumulation in plasma, 
excretion in urine 

I N T R O D U C T I O N  

Flavonoids  are po lyphenols  wi th  w i d e s p r e a d  

occurrence in plants  and  p lan t -der ived  foods. 

* Corresponding author. Tel.: (44) 141-330-4613. Fax: (44) 141-330-4447. E-mail: a.crozier@bio.gla.ac.uk. 

257 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
9/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



258 A.A. AZIZ et al. 

They have been  linked with various biological 
effects in humans  including maintenance of 
capillary wall  integrity and capillary resistance, 
besides having several clinically relevant 
ant i - inf lammatory and anti-allergic properties.  [1] 

Flavonols, such as quercetin (I, Figure 1), myr-  
icetin (II), isorhamnetin (III) and kaempferol  
(IV), and the flavones apigenin (V) and luteolin 
(VI), are the most  commonly  s tudied dietary 
flavonoids. They are normally present  in fruits, 

OH 

OH 0 

Quercetin (I) 

HO.t o  °s 
T Y OH OHO 
Kampferol (IV) 

OH 

HO 0 ~ ~ 0  OH 

OH 0 [ 

OHT-~H HO'~H 

Quercetin-3-O-~rufinoside (VII) 

OH 

~" ~" "OH 
OHO 

Myricefin (lI) 

H O ~  OH 

OHO 

Apigenin (V) 

OH 

OH 

Quercelin-3,4'--diO-lS-glucoside (VIII) 

OCH 3 
°H 

T "If"-OH 
OH O 

Isorh-~-efin (HI) 

OH 

H O ~  OH 

OH 0 

Luteolin Orl) 

OH 

OH 0 H~ 
OH 

Querce~-4'-O-~-gluco~ide (IX) 

OH 
1 

HO O. ~-..0~ .~J~) ] 
I O 

~o~ ~= ~ ~ ~.O~_ol 
. ~  y ~"-OH ~H ~[ 
~r~H OHO 

OH 

Quercetin-7,4'-diO-l~glucoside (X) 

OH 

HO 0~~0 OH 
OHO [ 

OH 
Quercefin-3-O-~glucoside (XI) 

OH 

HO O. ~ . o . ~ O H  
.~o~ ~,~ ,I 
s~% O~H0 ~°" 

Quercetin-7-O-~-glucoside (XII) 

OCH 3 

OH 0 tlO~a~f 
OH 

L~orham~n-4'-O-~-~Juco~de (xm) 

FIGURE 1 

H O , ~ f O H  

"r " f  "OH 
OH 0 

Morin (xIv) 
Structures of flavonols, flavones and flavonol conjugates. 
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ABSORPTION AND EXCRETION OF CONJUGATED ONION FLAVONOLS 259 

vegetables and teas as sugar conjugates although 
many red wines can contain significant amounts 
of free as well as conjugated quercetin and 
myricetin. [2-sl 

Recent evidence has strongly supported their 
antioxidative role and their protection against 
LDL oxidation, [6'71 a process in the pathogenesis 
of atherosclerosis. Quercetin, which in conju- 
gated forms is commonly present in fruits and 
vegetables in high concentrations, [2-41 possesses 
strong antioxidative properties. [8'91 Several epi- 
demiological studies have shown an association 
between increased intakes of flavonols and lower 
incidence of coronary heart disease. 11°'11] Based 
on estimates from diet questionnaires and the 
composition of key foods, the average intake of all 
flavonols has been estimated at 23 m g / d  in the 
Netherlands diet with tea and onions being the 
major sources at 48% and 29% of total intake 
respectively. [111 

The absorption and metabolism of individual 
flavonols in man is however still poorly under- 
stood. Attempts to investigate their absorption 
have shown conflicting results. Previously, it was 
speculated that only free flavonols were absorbed 
and not the glycosides due to their conjugation to 
sugar molecules, t121 However, recent research has 
detected the presence of rutin (quercetin-3-O-fl- 
rutinoside, VII) in human plasma [131 while data 
obtained with ileostomy patients has been inter- 
preted as indicating that conjugated forms of quer- 
cetin may be better absorbed than the aglycone, t141 

Especially high concentrations of flavonols 
are found in Onions [31 in the form of quercetin- 
3,4 ~-diO-fl-glucoside (quercetin-3,4 ~-diglucoside) 
(VIII) and quercetin4~-O-fl-glucoside (querce- 
tin4~-glucoside) (IX), as well as smaller amounts 
of quercetin-7,4'-diO-fl-glucoside (X), quercetin- 
3-O-fl-glucoside (quercetin-3-glucoside) (XI), 
quercetin-7-O-fl-glucoside (XII) and isorhamne- 
tin-4 t-O-fl-glucoside (isorhamnetin4'-glucoside) 
(XIII). tls] Onions, therefore, represent useful 
material for absorption studies as recently devel- 
oped HPLC techniques I~61 with post-column 
derivatization I171 can be used to quantify the 

overall levels of free and conjugated quercetin 
and isorhamnetin. This sensitive and selective 
method of analysis can also be used to monitor 
trace levels of quercetin4'-glucoside and iso- 
rhamnetin4'-glucoside in body fluids and, as 
such, facilitates more detailed studies on the 
absorption of flavonol conjugates than has pre- 
viously been achieved. These developments raise 
interesting possibilities as the identification of 
flavonol conjugates that are readily absorbed 
would open up the opportunity of providing 
advice not only on flavonol-rich fruits and 
vegetables but on foods that contain antioxidant 
flavonol conjugates, which when consumed will 
accumulate in the blood stream in elevated 
concentrations. 

The aim of this present study was to investigate 
the extent of accumulation of flavonols in plasma 
and their excretion in urine after a meal of lightly 
fried onions and to establish whether any of the 
different flavonol conjugates present in the die- 
tary supplement were absorbed without under- 
going structural modifications. 

MATERIALS AND METHODS 

Study Design 

Five healthy volunteers (4 females, 1 male), mean 
age 29.4 y (range: 23-37 y), who were not On any 
medication and were non-smokers, participated 
in this study and gave their written consent. The 
subjects followed a low-flavonol diet for 3 d a y s  
prior to each experiment and fasted overnight 
before being fed 300 g of lightly fried onions. 
Venous blood samples were collected immedi- 
ately prior to the consumption of the onions and 
at 0.5, 1, 1.5, 2, 3, 4, 5 and 24 h after completing 
the meal. A 10 ml blood sample was collected at 
each time point into heparinised tubes which 
were centrifuged immediately at 3000 x g at 0°C 
for 10m in after which plasma was separated 
and stored at -80°C prior to analysis. In addition, 
urine samples were collected between 0-6, 6-12 
and 12-24h after the meal. The urine samples 
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were stored in a cooler on ice in plastic bottles 
from which aliquots were taken and stored at 
-80°C prior to analysis. This study protocol was 
approved by the University of Glasgow Human 
Ethics Committee for Non-Clinical Research. 

Preparation of Onions 

After the removal of the dry outer scales, yellow 
onions (Safeway plc., 373 Bytes Road, Glasgow 
G12, UK) were chopped into slices, lightly fried 
in olive oil before 300 g samples were eaten by 
volunteers. An earlier study showed that much 
more extensive frying of onions resulted in only 
a 21% loss of flavonols. [2] Triplicate samples of 
fried onions were taken from each feeding 
experiments for quantitative analysis of their 
flavonol content. 

Optimization of acidic conditions for the 
hydrolysis of flavonol conjugates in a range of 
plant tissues has been described by Hertog 
et al. I181 following an earlier detailed study by 
Harborne [19] on the release of free flavonols by 
acid and enzymic hydrolyses. It has been re- 
ported that this procedure cleaves not only 
flavonol glucosides but also quercetin glucuro- 
nide and sulphate conjugates. [20"21] Ill the present 
investigation, preliminary screening was carried 
out to ascertain the most effective acid hydro- 
lysis conditions for the samples under study. As 
a result, samples of plasma (600 ~tl), urine (750 ~l) 
and fried onions (20 mg lyophilised tissue) were 
hydrolysed at 90°C for either 2 h (urine and fried 
onions) o r 3  h (plasma) in a 3-ml glass V-vial 
containing 2ml  1.2M HC1 in 50% aqueous 
methanol and 20 mM sodium diethyldithiocarba- 
mate as an antioxidant. With onion samples, 5~tg 
of morin (XIV) was also added as an internal 
standard. The presence of a peak with a retention 
time very close to that of morin in some urine 
and plasma samples precluded the use of morin 
as an internal standard with these fluids. A 
teflon-coated magnetic stirrer was placed in the 
vial which was sealed tightly with a PTFE-faced 
septum prior to heating in a Reacti-Therm 

Heating/Stirring Module (Pierce, Rockford, IL, 
USA). Extract aliquots of 100111, taken both 
before and after acid hydrolysis, were made up 
to 250 ~l with distilled water adjusted to pH 2.5 
with trifluoroacetic acid and filtered through 
a 0.2 ~m Anopore filter (Whatman, Maidstone, 
Kent, UK), prior to the analysis of 100 ~tl volumes 
(1/50th aliquot of total sample) by gradient 
elution reversed phase HPLC. Because of the 
presence of precipitated proteins, prior to being 
filtered, plasma samples were centrifuged for 
5min at 5000 x g at 4°C, after which 1/50th 
aliquots were analysed by HPLC. 

High Performance Liquid 
Chromatography and Post-Column 
Derivatization 

Samples were analysed using a Shimadzu 
(Kyoto, Japan) LC-10A series automated liquid 
chromatograph comprising a SCL-10A system 
controller, two LC-10A pumps, a SIL-10A auto 
injector with sample cooler, a CTO-10A column 
oven and SPD-10A UV-VIS detector and an 
RF-10A fluorimeter linked to Reeve Analytical 
(Glasgow, UK) 2700 data handling system. 
Reversed phase separations were carried out at 
40°C using a 150 x 3.0 mm i.d., 4 ~m Genesis ClS 
cartridge column fitted with a 10 x 4.0mm i.d. 
C18 Genesis guard cartridge in an integrated 
holder (Jones Chromatography, Mid-Glamorgan, 
UK). The mobile phase was a 25m in, 15-40% 
gradient of acetonitrile in water adjusted to pH 
2.5 with trifluoroacetic acid, eluted at a flow rate 
of 0.5 ml/min.  Column eluent was first directed 
to the SPD-10A absorbance monitor operating at 
365 nm, [161 after which post-column derivatiza- 
tion was achieved by the addition of methanolic, 
aluminium nitrate containing 7.5% glacial acetic 
acid, as described by Hollman et al. [171 and 
pumped at a flow rate of 0.5 ml /min  by a pulse- 
free Model 9802 precision mixer/splitter (Reeve 
Analytical). The mixture was directed to a 
RF-10A fluorimeter and fluorescent flavonol 
complexes detected at excitation 420nm and 
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ABSORPTION AND EXCRETION OF CONJUGATED ONION FLAVONOLS 261 

emission 485 nm. The limit of detection at A365 nm 

was < 5 ng and linear 5-250 ng calibration curves 
were obtained for morin, myricetin, quercetin, 
kaempferol, isorhamnetin, quercetin-3,4'-diglu- 
coside, quercetin-4'-glucoside and isorhamnetin- 
4'-glucoside. The fluorescence intensity of the 
individual flavonoid derivatives varied, how- 
ever, 0.1-100ng linear calibration curves were 
obtained for morin, myricetin, quercetin, kaemp- 
ferol, isorhamnetin, quercetin-4'-glucoside and 
isorhamnetin-4'-glucoside. 

Estimates of Free and Conjugated 
Flavonol Levels 

Free flavonols were detected in the unhydrolysed 
samples while the hydrolysed samples contained 
free flavonols as well as aglycones released by 
cleavage of conjugated flavonols. Conjugated 
flavonol levels were estimated by subtracting 
the amounts found in the unhydrolysed samples 
from that detected after acid hydrolysis. With 
each analysis the flavonol content of hydrolysed 
onion samples was corrected for sample hand- 
ling/hydrolysis losses on the basis of the re- 
covery of the morin internal standard, which 
typically was ca. > 90%. This provided estimates 
of overall levels of free and conjugated quercetin 
and isorhamnetin. In addition, the availability of 
standards of quercetin-3,4'-diglucoside, querce- 
tin-4'-glucoside and isorhamnetin-4'-glucoside, 
enabled the presence of these compounds to be 
investigated in unhydrolysed samples of onion, 
plasma and urine. 

Reference Compounds 

Apigenin, kaempferol, morin, myricetin and 
quercetin were purchased from Sigma Chemicals 
(Poole, Dorset, UK). Isorhamnetin and quercetin- 
3-glucoside were obtained from Apin Chemicals 
(Abingdon, Oxford, UK). Quercetin-3,4'-digluco- 
side, quercetin-4'-glucoside and isorhamnetin- 
4'-glucoside were generously provided by 

Dr T. Tsushida, National Food Research Insti- 
tute, Ibaraki, Japan. 

RESULTS 

Flavonols in Fried Onions 

HPLC provided an effective separation of the 
flavonol standards with quercetin-3,4'-di- 
glucoside, quercetin-3-glucoside, quercetin-4'- 
glucoside, isorhamnetin-4'-glucoside, morin, 
quercetin, kaempferol and isorhamnetin being 
detected with an absorbance monitor operating at 
365 nm (Figure 2A). The subsequent formation of 
fluorescent complexes by a postcolumn reaction 
with aluminium nitrate facilitated the detection 
of trace levels of all these compounds with the 
exception of quercetin-3-glucoside and querce- 
tin-3,4'-diglucoside (Figure 2B). Typical traces 
obtained when these procedures were used to 
analyse unhydrolysed fried onion extracts are 
illustrated in Figure 2C and D. Peaks that co- 
chromatographed with quercetin-3,4'-digluco- 
side, quercetin-4'-glucoside, the morin internal 
standard and trace levels of isorhamnetin-4'- 
glucoside were detected at A36snm (Figure 2C) 
while fluorescent postcolumn derivatization 
traces contained peaks corresponding to the 
4'-glucosides of quercetin and isorhamnetin 
together with small amounts of quercetin and 
kaempferol (Figure 2D). 

Quantitative estimates of quercetin-3,4'-diglu- 
coside, quercetin-4'glucoside, isorhamnetin-4'- 
glucoside, quercetin and kaempferol in the five 
lightly fried onion meals fed to human volun- 
teers are presented in Table I. The variation in 
flavonol levels between the different samples of 
onions, which were purchased over a six-month 
period, is in keeping with previous observa- 
tions. [21 In all instances, however, quercetin-3,4'- 
diglucoside and quercetin-4'-glucoside were the 
major flavonols present together with much 
lower levels of isorhamnetin-4'-glucoside, quer- 
cetin and kaempferol. 
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Standards 
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FIGURE 2 Gradient reverse phase HPLC analysis of fla- 
vonols. Column: 150x3.0mm i.d. 4-~m Genesis C18 car- 
tridge column with a 10 x 4.0mm 4-~m Genesis C18 guard 
cartridge. Mobile phase: 25min gradient of 15--40% aceto- 
nitrile in water containing 0.1% trifluoroacetic acid. Flow 
rate: 0.5 ml/min.  Detector: absorbance monitor operating at 
365nm and, after on-line post-column reaction with metha- 
nolic aluminium nitrate, a fluorimeter operating at excita-  
t ion  420nm and emission 485nm. Samples: (A) 150ng of 
(1) quercetin-3,4'-diglucoside, (2) quercetin-3-glucoside, 
(3) quercetin-4'-glucoside, (4) isorhamnetin-4'-glucoside, 
(5) morin, (6) quercetin, (7) kaempferol and (8) isorhamne- 
tin with detection at A365m; (B) as A but with post-column 
derivatization and fluorescence detection; (C) aliquot of an 
unhydrolysed extract of lightly fried onions, with detection 
at A36snm; (D) as C but with post-column derivatization 
and fluorescence detection; (E) unhydrolysed 12B! aliquot 
of plasma collected immediately prior to the consumption 
of 300g of lightly fried onions, with post-column derivati- 
zation and fuorescence detection; (bO as  E but plasma 
collected 1.5h after eating fried onions. Numbers indicate 
peaks that co-chromatograph with standards listed for 
sample A. 

Analysis of Flavonols in Plasma 

Typical HPLC postcolumn derivatization traces 
of plasma collected at 0 and 1.5h after the 
ingestion of onions are illustrated in Figure 2E 
and F. The 0 h sample of plasma contained only 
very minor fluorescent components. Plasma 
collected at 1.5h after eating 300g of onions 
contained isorhamnetin4'-glucoside in far larger 
amounts than quercetin-4'-glucoside which was 
present in only trace quantities as a shoulder on 
an impurity (Figure 2F)despite being found in 
onions in much larger amounts than the iso- 
rhamnetin conjugate (Figure 2C and D, Table I). In 
some plasma samples quercetin (Figure 2F), 
kaempferol and isorhamnetin were also found 
but in trace amounts very close to the limit of 
detection. The major onion flavonol, quercetin- 
3,4'-diglucoside, does not fluoresce following the 
postcolumn derivatization (see Figure 2C and D) 
and it was not detected with an absorbance 
monitor operating at 365 nm in any of the plasma 
samples that were analysed (data not shown). 
This does not necessarily mean it was not present 
in levels broadly comparable to quercetin-4'- 
glucoside because the limit of detection at 
A365~m for the quercetin-3,4'-diglucoside was 
500ng/ml while postcolumn derivatization 
enabled quercetin-4'-glucoside to be monitored 
at concentrations as low as 10 ng/ml. 

In all instances, identifications of quercetin-4 ~- 
glucoside, isorhamnetin-4'-glucoside, quercetin, 
kaempferol and isorhamnetin were confirmed by 
co-chromatography with standards. The slight 
band broadening that is apparent in the 1.5 h 
plasma sample illustrated in Figure 2F, compared 
to the standards (Figure 2B) and onion extract 
(Figure 2D), was observed frequently when 
unhydrolysed plasma was analysed. This prob- 
ably is a consequence of the presence of residual 
proteins in the sample. 

Accumulation of Flavonols in Plasma 

The onions were well accepted and tolerated by 
the human volunteers and no adverse effects 
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Conjugated quercetin Quercetin-4'-glucoside Isorhamnetin-4'-glucoside 
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FIGURE 3 Concentration of conjugated quercetin, quercetin-4'-glucoside and isorhamnetin-4'-glucoside in plasma collected 
from five human volunteers after the ingestion of 300 g of lightly fried onions. Data expressed as percentage of the intake 
based on flavonol content of onions-4-S.E. (n = 5) and calculated on the basis of 3000 ml of plasma per person. 
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were reported. The five subjects followed a low- 
flavonol diet for three clays before being fed 
fried onions. The time course profiles of the 
appearance of quercetin-4'-glucoside, conjugated 
quercetin and isorharmnetin-4'-glucoside in the 
plasma are presented in Figure 3. As the 
amounts  of flavonols in the onions consumed 
varied (see Table I), flavonol levels in the plasma 
are expressed as percent of the amoun t  ingested. 
For the sake of clarity, data  on the intermittent  
appearance of trace quantities of quercetin, 
kaempferol,  isorhamnetin and conjugated 
kaempferol are not included. 

The plasma flavonol profiles show some varia- 
tion among the 5 subjects (Figure 3). The 0 h 
plasma from subject 1 contained 6 . 8 n g / m l  of 
conjugated quercetin. No flavonols were detected 
in the other four 0 h plasma samples. Subjects 2 
and  3 exhibited similar profiles with a rapid 
increase of flavonol levels after onion consump- 
tion followed by  a rapid decline in their concen- 
tration. On the other hand,  flavonols in subjects 
1, 4 and 5 appeared to have a second peak 
concentration later on in the time course of the 
experiment and had a slower decline in flavonol 
content than subjects 2 and 3. Overall, the 
absorption of flavonols was moderate ly  rapid 
wi th  peak plasma concentrations being reached 
in the five subjects at times ranging from 0.5- 
4.0 h after ingestion of fried onions, a l though in 
most  instances a figure of 1.0-2.0 h was typical 
(Table II). 

It is notable that compared with  the levels 
present in the ingested onions, isorhamnetin '4 ' -  

glucoside accumulated in plasma in amounts  
ca. 10 times greater than conjugated quercetin 
and 50-fold more than quercetin-4'-glucoside. 
This was evident with all five subjects (Figure 3). 
The level of flavonol accumulation, as a percen- 
tage of the amount  ingested, varied somewhat  
between the five subjects. With subjects 2 and  3, 
the peak isorhamnetin-4'-glucoside level was ca. 
16% and that of quercetin-4'-glucoside ca. 0.2-0.4 
% while the equivalent figures for subject 5 were 
ca. 5 % and ca. 0.1% respectively. 

The mean values for the key features of 
flavonol accumulation in plasma is presented in 
Table II. A peak concentration of 452 + 100 n g / m l  
was obtained for the overall level of quercetin 
conjugates while with quercetin-4 '-glucoside it 
was 4 5 +  11 n g / ml ,  which is less than 10% of 
the total quercetin conjugate concentration. The 
mean max imum concentration of isorhamnetin- 
4'-glucoside was 370±91 n g / m l  which when  
expressed as a proportion of intake from the 
onions is 10.7+2.6% compared to values of 
0.13 + 0.03% and 0.97 + 0.21% from quercetin-4'- 
glucoside and quercetin conjugates, respectively. 
After 24 h, the levels of all the flavonols in the 
plasma had declined markedly, and  they were 
either undetectable or present in trace levels 
(Figure 3). 

Urinary Excretion of Flavonols 

Isorhamnetin-4'-glucoside showed a higher 
percentage excretion at 17.4 + 8.3% as compared 
to quercetin-4'-glucoside wi th  a percentage 

TABLE II Mean values + standard error of key features of flavonol conjugate accumulation in plasma following the con- 
sumption of 300g of lightly fried onions by five subjects, n.d. - not detected 

Flavonol Intake Peak plasma T£me of peak Peak plasma concentration 
concentration plasma concentration as a proportion of intake* 

Conjugated quercetin 

Quercetin-4'-glucoside 

Isorhamnetin-4'-glucoside 

139 + 25 mg 452 + 100 ng/ml 1.9 4- 0.6 h 0.97 4- 0.21% 
(411 4- 74 ~moles) (1.34 4- 0.30 pM) 

102 4- 22 mg 45 4-11 ng/ml 1.3 4- 0.2 h 0.13 4- 0.03% 
(197 + 43 ~moles) (0.09 + 0.02 IxM) 

10.5 4.1.5 mg 370 4. 91 ng/ml 1.8 4- 0.7 h 10.7 4- 2.6% 
(21 4- 3 Bmoles) (0.75 + 0.18 pM) 

*Calculated on the basis of 3000 ml plasma/person. 
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TABLE UI Mean values 4- standard error for the excretion of flavonol conjugates in urine following the consumption of 
300g of lightly fried onions by five subjects, n.d. - not detected 

Flavonol Intake Excretion period Total excreted as a 
proportion of intake 

0-6 h 6-12 h 12-24 h 

Conjugated quercetin 

Quercetin-4'-glucoside 

Isorhamnetin-4 '-glucoside 

139±25mg 661+281~g 348+ 184 ~g 66±29~g 
(411.4- 74 Im~oles) (1.9 4- 0.8 lanoles) (1.0 4- 0.5 ~moles) (0.2 4- 0.1 gmoles) 

1024-22mg 100 ±271~g 65 4-431~g 4.84-2.6 ~g 
(197-4- 43 ~moles) (0.2 .4- 0.05 gmoles) (0.1 + 0.08 gmoles) (0.01.4- 0.005 ~xnoles) 

10.4+1.5mg 1175 ± 482/~g 6204-374~g 234-15gg 
(21 4- 3 gmoles) (2.4 4-1.0 ~moles) (1.2 .4- 0.7 panoles) (0.05 .4- 0.03 gmoles) 

0.8 + 0.4% 

0.2±0.1% 

17.4 .4- 8.3% 

excretion of 0.2 + 0.1% (Table III). Approximately 
62% of the cumulative excretion was reached in 
the first collection period (0-6 h). Urine samples 
from the last collection period (12-24h) con- 
tained, on average, 3% of the total daily output  
of the flavonols, indicating that the peak of 
urinary flavonol excretion lay well within the 
12 h period. Quercetin conjugates in the hydro- 
lysed samples showed a percentage of excretion 
of 0.8% which was four times the percentage 
excretion of quercetin-4r-glucoside. 

DISCUSSION 

Although the literature contains much informa- 
tion on the seemingly low levels of absorption of 
the aglycone quercetin in a variety of rat test 
systems, there are few studies on the absorption 
of flavonol conjugates, the typical constituents of 
foods, by humans. Hollman and co-workers have 
investigated the absorption of quercetin gluco- 
sides by humans with an ileostom3a I14I The 
subjects were fed either quercetin glucoside-rich 
onions, rutin or free quercetin, after which the 
flavonol content of ileostomy effluent and urine 
were monitored over a 13h period. In vitro 

incubations of the three sources of flavonols with 
gastrointestinal fluids showed minimal degrada- 
tion and extremely low levels of flavonols were 
excreted in urine. After corrections for sample 
handling losses and low level degradation in the 
ileostomy bag, absorption was estimated by 

subtracting the flavonol content of the ileostomy 
effluent from the oral intake. This albeit indirect 
procedure, indicated surprisingly high levels of 
absorption, 52% of onion quercetin glycosides, 
17% for rutin and 24% for quercetin. Subse- 
quently, the same group, who  analysed samples 
only after acid hydrolysis, which does not allow 
distinction between free and conjugated querce- 
tin pools, monitored flavonol levels in plasma 
after the ingestion of onions. [2°] The time course 
profiles obtained with two volunteers were 
similar to those obtained in the present s tudy 
(Figure 3), as was the peak quercetin (free plus 
conjugated) plasma concentration of 196 ng/ml.  
This is equivalent to ca. 0.9% of the flavonol 
content of the ingested onion flavonols and 
comparable to figures in Table II. These low 
plasma concentrations imply that quercetin/ 
quercetin conjugates, if they are absorbed into 
the bloodstream in the quantities reported by  
Hollman eta/ . ,  I14] are being rapidly metabolised 
and /o r  removed from the bloodstream, presum- 
ably by the liver. 

In the present study, it has been demonstrated 
for the first time that the onion flavonol gluco- 
sides, quercetin-4'-glucoside and isorhamnetin- 
4'-glucoside accumulate in the bloodstream and 
are excreted in urine without seemingly under- 
going structural modification. The main flavonol 
in onions, quercetin-3,4'-diglucoside, was not 
detected in body fluids but  this is likely to be a 
consequence of the relative lack of sensitivity of 
the HPLC detection systems for this conjugate. 
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The level of quercetin released from conjugated 
forms by acid hydrolysis, although low, was 
invariably several-fold higher than the concen- 
tration of quercetin-4~-glucoside in both plasma 
and urine (Tables II and UI). This may be due to 
the presence of metabolites such as quercetin 
glucuronide and sulphate conjugates, which re- 
lease free quercetin when acid hydrolysed, |2°' 211 
as would trace levels of quercetin-3,4~-digluco - 
side, which may also have been present. However, 
when compared to the levels present in 
the ingested onions, it is evident that isorham- 
netin-4'-glucoside accumulated in both plasma 
and urine in proportionally far higher amounts 
than quercetin4'-glucoside and other quercetin 
conjugates (Tables II and III). Further study is 
required to determine whether this is due to more 
effective absorption of the isorhamnetin conju- 
gate or whe the r  it is a consequence of the 
absorbed quercetin conjugates being removed 
from the bloodstream more rapidly than iso- 
rhamnetin-4~-glucoside. There is, however, an 
alternative possibility that at least part of the 
isorhamnetin-4'-glucoside pool is formed by 
3'-O-methylation of quercetin-4 ~-glucoside. Iso- 
rhamnetin is one of a number of metabolites that 
appear in the bile of rats after oral intake of 
quercetin. I221 

After the consumption of onions, flavonols 
accumulated rapidly in plasma with peak con- 
centrations being reached within 1-2h in most 
instances (Table II, Figure 3). This observation 
agrees with previous findings by Hollman et al. I2°l 
discussed above and implies that absorption of 
flavonol conjugates occurs primarily from the 
stomach and /o r  the small intestine. The varia- 
tion in the profile of absorption of the subjects 
(Figure 3) may be due to the differences in their 
intestinal physiology which influence the extent 
of flavonol absorption or alternatively they could 
be a consequence of different rates of metabo- 
lism/sequestration of the absorbed conjugates. 
Interestingly the mean peak plasma concentra- 
tions for conjugated quercetin and isorhamnetin- 
4'-glucoside (Table ]I) are both in excess of the 

levels of fl-carotene that are typically found in 
human plasma, t231 

In their reports on the absorption of flavonols 
derived from onions and other vegetables, the 
Dutch group fitted data on flavonol levels in 
plasma and urine into a two-open compartment 
model using the equation C(t)= Ae-kt+ Be-~t+ 
Ce-~t. [241 The different parameters calculated 
from the equation were used to estimate the 
half-lives of the absorption, distribution and 
elimination phases and the bioavailability of total 
quercetin was calculated by comparing the areas 
under the percentage flavonoI ingested-time 
curve. I2°'211 Application of this model to the data 
obtained in the present study produced similar 
figures for the half-lives of the absorption and 
distribution phases and a shorter value for the 
elimination phase (data not shown). The validity 
of such extrapolations is, however, open to 
question. Although the figures for isorhamne- 
tin-4'-glucoside were higher, the peak quercetin 
levels detected in plasma and urine were low, 
ca. 1% of the amounts in the ingested onions. 
Homeostasis of plasma flavonol pools is almost 
certainly in a state of flux because of the 
combined effects of transport through the gut 
wall into the bloodstream and removal by 
sequestration, metabolism and excretion. In the 
circumstances, figures obtained from the two- 
open compartment model are likely to be of little 
value until much more is known about the 
underlying physiological and metabolic events. 

Information regarding the mechanism of 
absorption of flavonols are still not well under- 
stood. It has been postulated that the Na +- 
glucose co-transport system may play a role in 
flavonol absorption. I2sJ This co-transport system 
is involved in the transport of glucose across the 
intestinal wall I261 and since the present study has 
provided unequivocal evidence for the absorp- 
tion of the flavonol glucosides, the possible 
involvement of this method of transport merits 
investigation. 

In conclusion, this study has shown that 
following the ingestion of lightly fried onions, 
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there is a proportionally higher accumulation of 
isorhamnetin-4'-glucoside than quercetin conju- 
gates, including quercetin-3,4'-diglucoside and 
quercetin-4'-glucoside, in plasma and urine of 
humans. This is likely to be a consequence of 
either preferential absorption of isorhamnetin-4'- 
glucoside or, a post-absorption conversion of 
quercetin-4'-glucoside to isorhamnetin4'-glu- 
coside via 3'-O-methylation. Distinguishing 
between these processes and clarification of the 
mechanisms involved requires further detailed 
metabolic studies. 
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