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In the present study, over a period of 8 days 12 mg/kg/d quercetin aglycone and 18 mg/kg/d isoquercitrin
were orally given to rats, respectively. Four hours after administration, plasma samples were taken as well
as tissue samples of liver, lung, heart, kidney and the brain sections hippocampus, cerebellum, striatum,
cortex and the remaining brain. A HPLC-FD method with in-line post-column complexation was employed
to quantify the quercetin metabolites (QM) in plasma and tissues. Compared to the quercetin gavage the
isoquercitrin gavage consistently produced higher levels of QM in tissues (double to five-fold) as well as
in plasma (double to three-fold). In body tissues, the highest amounts of QM were observed in the lung.
In brain tissue, the highest levels of QM were found in the cerebellum, while the striatum contained the
lowest levels of QM. In conclusion, this study clearly demonstrates that orally given isoquercitrin leads to
higher levels in plasma and in all investigated tissue than quercetin aglycone.

1. Introduction

Flavonols with the quercetin structure are widely distributed
throughout the plant kingdom and many herbal pharmaceutical
products contain quercetin flavonols (QF) as active ingredients.
However, the pharmacological profile of QF is not completely
understood, and there are many studies dealing with different
pharmacological effects of QF. Most of these studies focused
on the antioxidant activities and researched the radical oxygen
species (ROS) scavenging activities (Hanasaki et al. 1994; van
Acker et al. 1995; Heijnen et al. 2001; Boots et al. 2008a) or
anti-inflammatory effects (Read 1995; Manjeet K, Ghosh 1999;
Bureau et al. 2008a; Boots et al. 2008b; Boots et al. 2009).
Furthermore, QF showed in vivo hepatoprotective and antifi-
brotic effects against liver injury in the dimethylnitrosamine
(DMN)-induced hepatic fibrosis model (Lee et al. 2003), antimi-
crobial activity (Cushnie and Lamb 2005), antihypertensive
effects (Duarte et al. 2001; Perez-Vizcaino et al. 2009; Edwards
et al. 2007), immunomodulatory effects (Orsolić et al. 2004),
and inhibited platelet aggregation, secretion and platelet proco-
agulant activity in vitro (Bucki et al. 2003). – In addition, it is
also reported that QF show antidepressant activities (Anjaneyulu
et al. 2003; Butterweck et al. 2000, 2004; Nöldner, Schötz 2002;
Paulke et al. 2008), as well as anti-dementive properties (Rangel-
Ordóñez et al. 2010; Ramassamy 2006; Tchantchou et al. 2009).
Although the mechanisms of action remain unknown, several
herbal extracts used in rational phytotherapy are nevertheless
standardisized on the QF content (e.g., St. John’s wort extract
or Ginkgo biloba extract). Overviews of the potentials and phar-
macological effects of QF is given by Bischoff (2008), Boots
et al. (2008a) and Murakami et al. (2008).

QF pharmacokinetics is complex: QF are subject to a distinc-
tive multiple step metabolism starting in the intestine during
absorption. This first step pre-metabolism is caused by intesti-
nal bacteria and depends on the nature, amount and position of
glycosidic sugar moieties present in the digestates. However,
much about these gastrointestinal processes remains unknown,
and even the precise mechanism of absorption of QF is still
under discussion (Nait Chabane et al. 2009; Cermak et al. 2003;
Walle et al. 2000; Ader et al. 2001; Cermak et al. 2003; Day et al.
1998). After absorption the quercetin aglycone is glucuronidated
by the intestinal brush border cells (BBC) and transported into
the plasma. Further hepatic metabolism follows, leading to gen-
eration of glucuronidated, methylated and sulphurated forms
of quercetin (Spencer et al. 1999; Day et al. 2001; O’Leary
et al. 2003). Therefore, it is likely that in vivo, no native QF or
free quercetin are available in plasma after oral administration,
and QF are bioavailable only as metabolites (Day et al. 2001;
O’Leary et al. 2003; Graefe et al. 2001; Erlund et al. 1999;
Morand et al. 2000; Paganga, Rice-Evans 1997).
Figure 1 gives a short example about the metabolic pathway of
QF and the structure of the metabolites.
Several pharmacokinetic studies of the bioavailability of differ-
ent QF in plasma have been conducted (Ader et al. 2000; Cermak
et al. 2003; Erlund et al. 2000; Graefe et al. 2001; Hollman
et al. 1996; Manach et al. 1997; Olthof et al. 2000), and taken
together these studies suggest that the bioavailability of gluco-
sylated QF is superior compared to non-glucosylated forms or
the quercetin aglycone. To elucidate these findings more deeply
and to examine the role of QF in mental disorders, our group
investigated plasma levels and bioavailabilities of isoquercitrin,
pure quercetin and QF standardized herbal extracts (St. John’s
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Fig. 1: Metabolic pathway of QF

wort and Ginkgo biloba) in brain tissue, in former studies.
Again, the glucosylated quercetin showed the best bioavailabil-
ity (Paulke et al. 2008, 2006; Paulke 2007; Rangel-Ordóñez
et al. 2010). Beyond these pharmacokinetic investigations in
plasma and brain tissue, two studies deal with the distribution
pattern of orally given quercetin in body tissue (Bieger et al.
2008; de Boer et al. 2005). Nevertheless, until now no system-
atic comparison of the bioavailability of glucosylated and pure
quercetin in different body tissues has been published. To fill
this gap and to complete our investigations, in the present study
we compared the levels of orally administered isoquercitrin and
quercetin aglycone in plasma, body tissues and different brain
sections.

2. Investigations and results

Over a period of 8 days, 12 mg/kg/d quercetin and 18 mg/kg/d
isoquercitrin were orally administered to 9 rats, respectively.
Four hours after the last gavage the animals were killed and
samples were collected. To facilitate anlysis, the plasma and
tissue samples were hydrolyzed using hydrochloric acid prior
to the HPLC separation. This procedure reduced the number of
metabolites to the three aglycone types: quercetin, isorhamnetin

and tamarixetin (Hollman et al. 1996). Subsequently, we sepa-
rated quercetin from isorhamnetin and tamarixetin (these two
analytes coelute) (Paulke et al. 2006, 2008).
In Table 1 body tissue, brain and plasma levels of QM 4 h
after the last oral administration of quercetin and isoquercitrin
are summarised. The most pronounced differences between
quercetin and isoquercitrin uptake were observed in the liver,
whereas in heart tissue the concentration ratios were more equal
to plasma. In Fig. 2, body tissue levels of QM are given. Both
quercetin and isoquercitrin gavage led to measurable evels of
quercetin and isorhamnetin/tamarixetin in all analysed tissue.
However, isorhamnetin/tamarixetin type metabolites seemed to
be more dominant than the quercetin type metabolites. The high-
est amounts of QM were found in lung tissue.
Table 2 gives the ratio of the concentrations in tissue com-
pared to plasma. In Fig. 3 we present the amounts of QM in
brain ordered by different brain sections. After quercetin gavage,
quantifiable amounts of quercetin were only found in the cere-
bellum, whereas no quercetin was detected in the hippocampus,
striatum, cortex and the rest of the brain. After administra-
tion of isoquercitrin, quercetin was found to be concentrated
predominantly in the cerebellum. No quercetin was detected
in the hippocampus and the striatum. Isorhamnetin/tamarixetin
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Table 1: Body tissue, brain and plasma levels (± standard deviation) of QM 4 h after the last oral administration of quercetin and
isorhamnetin

Quercetin Isoquercitrin

Tissue (n = 9) Quercetin (ng/g) Isorhamnetin/tamarixetin (ng/g) Quercetin (ng/g) Isorhamnetin/tamarixetin (ng/g)

Liver 186.2 ± 42.0 322.8 ± 90.5 930.2 ± 325.0 1 248.5 ± 486.0
Lung 428.8 ± 154.3 1 015.7 ± 224.0 1 303.5 ± 481.3 2 164.0 ± 704.8
Heart 165.0 ± 42.9 526.0 ± 212.9 374.8 ± 67.4 925.3 ± 209.5
Kidney 214.0 ± 63.9 377.2 ± 155.4 848.8 ± 277.2 1 200.0 ± 338.0
Brain (n = 9)
Hippocampus 0 34.3 ± 25.8 0 78.5 ± 44.7
Cerebellum 26.3 ± 6.4 104.7 ± 18.4 96.1 ± 44.7 194.7 ± 65.1
Striatum 0 14.6 ± 8.3 0 33.2 ± 14.5
Cortex 0 78.8 ± 20.0 34.9 ± 11.9 106.9 ± 22.4
Rest brain 0 54.1 ± 20.5 34.8 ± 11.8 97.4 ± 16.9
Plasma* (n = 9) 1 682.1 ± 456.6 2 173.0 ± 575.8 3 385.5 ± 1290.8 6 131.6 ± 2448.5

* amounts in ng/mL

Fig. 2: QM levels (± standard deviation) in tissues after consumption of 12 mg/kg/d quercetin (A) or 18 mg/kg/d isoquercitrin (B)

were quantified after gavage with both quercetin and iso-
quercitrin. Again, isoquercitrin gavage led to higher levels of
the metabolites, especially in the cerebellum. In Table 3, the
ratio of the concentrations in brain tissue compared to plasma is
presented.
In the control group (flavonoid-free feed, n = 4), no QM could
be detected in either the plasma or in body or brain tissue.

3. Discussion

In recent years, many pharmacokinetic data of different QF or
QF-enriched herbal extracts have been published. Researchers
have heretofore focused mainly on plasma pharmacokinetics
(Ader et al. 2000; Cermak et al. 2003; Erlund et al. 2000;
Graefe et al. 2001; Hollman et al. 1996; Manach et al. 1997;
Olthof et al. 2000; Morand et al. 2000), and have consistently
found that orally administered quercetin monoglucosides lead to
higher QM levels than orally administered quercetin aglycone.
We confirmed these findings, as we found two- to three-fold
concentrations of quercetin metabolites in the plasma after iso-
quercitrin intake. Therefore, we agree with the conclusions of
Cermak et al. (2003), i.e., that quercetin monoglucosides (e.g.,
isoquercitrin), are transported actively into the intestinal brush
border cells, whereas the quercetin aglycone is able to cross the
brush border cell membrane only via passive diffusion.
Compared to the administration of quercetin aglycone, iso-
quercitrin gavage led to higher QM levels in body tissues as
well. This effect was surprisingly more pronounced than in
plasma: two- to five-fold concentrations were observed after
isoquercitrin intake. However, the reason for the discrepancy
between the tissue absorption of QM from isoquercitrin and QM

from quercetin aglycone is unclear. Additional studies will be
necessary to elucidate this question. Nevertheless, the tissue dis-
tribution of QM in both the quercetin and the isoquercitrin intake
groups showed a comparable pattern. Highest tissue levels were
found in lung after the isoquercitrin and the quercetin gavage,
whereas lowest concentrations of QM were found in heart tis-
sue. These findings concur with those of de Boer et al. (2005),
who reported a similar distribution pattern of QM after quercetin
intake. The apparent affinity of QM for lung tissue is notewor-
thy, as beneficial health effects of QM have been reported in
patients suffering from sarcoidosis (Boots et al. 2009). Addi-
tional research will be required to clarify these findings, as the
tissue distribution pattern of QM seems to depend strongly on the
animal species (de Boer et al. 2005; Bieger et al. 2008). Further-
more, the exact distribution pattern of each single QM cannot
be stated, as the employed analytical method only differed
between methylated and non-methylated QM. Hence, further

Table 2: Percentaged concentrations of QM in body tissue
compared to plasma after quercetin or isoquercitrin
gavage

Quercetin Isoquercitrin

Quercetin Isorhamnetin/tamarixetin Quercetin Isorhamnetin/tamarixetin

Liver 11% 15% 27% 20%
Lung 26% 47% 39% 35%
Heart 10% 24% 11% 15%
Kidney 13% 17% 25% 20%
Plasma 100% 100% 100% 100%
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Fig. 3: QM levels (± standard deviation) in brain after consumption of 12 mg/kg/d quercetin (A) or 18 mg/kg/d isoquercitrin (B)

research employing e.g. mass-spectrometry technique will be
necessary to elucidate the significance of each single QM more
deeply.
In brain tissue, QM levels were much lower than in body tis-
sue. Again, isoquercitrin gavage produced higher concentration
levels, and two- to three-fold levels were found. After both
quercetin and isoquercitrin gavage, predominant levels of QM
were found in the cerebellum. However, the role of QM in the
cerebellum remains unclear. Further, distinct levels of QM were
found in cortex and the rest of the brain after isoquercitrin gav-
age. This may partly explain the antidepressant properties of
QM, as the frontal cortex plays a dominant role in pathophysi-
ology of depression (Koenigs and Grafman 2009a, b; Koenigs
et al. 2008).
In conclusion, our results strongly suggest that the bioavail-
ability of QM can be enhanced using isoquercitrin as QM
source. Consequently, the pharmacological activity of quercetin-
containing phytopharmaceuticals is expected to be highly
affected by the presence or absence of the glycoside moeity.
Thus, to enhance the pharmacological effectiveness, QF extracts
should contain, or be enriched with, isoquercitrin. Furthermore,
to avoid variability in pharmacological activity, QF-based herbal
extracts should be standardised to the content of isoquercitrin.

4. Experimental

4.1. Chemicals

Quercetin (HPLC grade) and isorhamnetin (HPLC grade), methanol (gra-
dient grade), and acetonitril (gradient grade) were delivered by Roth,
Karlsruhe. Isoquercitrin (HPLC grade) and tert.-butylhydroquinone (HPLC)
were purchased from Fluka, Steinheim. Chloracetic acid 99%, sodium
chloroacetate 98%, tris buffer 99.9% and ethanol (gradient grade) were pur-
chased from Sigma-Aldrich, Taufkirchen. Aluminium nitrate nonahydrate
(p.a.) was delivered by Acros, Geel, Belgium. Acetic acid 100% (p.a.) and
hydrochloric acid 30% (suprapure) were purchased from Merck, Darmstadt.
Water was purified by a Milli-Q system (Millipore, Bredford, MA).

Table 3: Concentrations of QM in brain tissue compared to
plasma after quercetin or isoquercitrin gavage

Quercetin Isoquercitrin

Quercetin Isorhamnetin/tamarixetin Quercetin Isorhamnetin/tamarixetin

Hippocampus — 2% — 1%
Cerebellum 2% 5% 3% 3%
Striatum — 1% — 1%
Cortex — 4% 1% 2%
Rest brain — 2% 1% 2%
Plasma 100% 100% 100% 100%

4.2. Animal Study

Male Wistar rats (Crl:Wi) (n = 9; 350–450 g) (Charles River, Sulzbach,
Germany), housed under standard conditions (25 ◦C; 12 h light cycle) were
treated with a daily dose of quercetin (12 mg/kg b.wt., freshly prepared
in 0.2% (w/v) agarose gel, Merck Darmstadt, Germany) or isoquercitrin
(18 mg/kg b.wt., freshly prepared in 0.2% (w/v) agarose gel, Merck Darm-
stadt, Germany) by oral gavage (pharyngal tube) for 8 days, respectively.
Free access to water and flavonoid-free feed (C1000 Altromin, Lage,
Germany) was provided and rats were weighed for dose adjustment. 4 con-
trol rats received the same volume of pure vehicle (0.2% (w/v) agarose
gel) based on body weight. At the end of the study, rats received the last
treatment 4 h prior to tissue extraction. After decapitation the brain, liver,
kidneys, lung and heart were removed, carefully washed with ice cold tris-
buffer (5 mM, pH 7.4), weighed and homogenized using a Potter-S, Braun
(1 mL buffer/100 mg tissue). Before the homogenization of the brain, the
brain stem was discarded and hippocampus, cerebellum, cortex and stria-
tum were dissected and immediately snap-frozen in liquid nitrogen. All
samples were stored for approximately 12 h at −20 ◦C before analysis. The
blood samples were collected from the trunk immediately after decapita-
tion and transferred to tubes containing 16 I.E. heparin/mL blood to avoid
coagulation. They were centrifuged at 2000× g for 10 min to obtain the
plasma fractions, which were then stored at −20 ◦C until analysis. All
experiments were carried out according to the European Communities Coun-
cil Directive (86/609/EEC) by individuals with appropriate training and
experience.

4.3. Sample preparation

Tissue, brain and blood samples were defrosted slowly. 200 �L heart, lung
and kidney homogenate, respectively, were mixed with 1000 �L methanol,
400 �L tert.-butyl hydroquinone (TBHQ) solution (5 mg/mL in methanol)
and 400 �L HCl (conc.). The reaction mixture was vortexed for 20 s. For the
liver 150 �L of the homogenate were mixed with 1050 �L methanol, 400 �L
TBHQ solution (5 mg/mL in methanol) and 400 �L HCl (conc.). The reac-
tion mixture was vortexed for 20 s. The tissue homogenates were centrifuged
at 107 x g for 10 s and the centrifugate was used for further preparation. The
brain homogenates were prepared as follows: 600 �L of the homogenates
each were mixed with 600 �L methanol, 400 �L TBHQ solution (5 mg/mL
in methanol) and 400 �L HCl (conc.). The reaction mixture was vortexed
for 20 s. 30 �L plasma were mixed with 1200 �L of methanol. This mixture
was vortexed for 20 s, and 400 �L of TBHQ solution (5 mg/mL in methanol)
and 400 �L HCl (conc.) were added. The mixture was vortexed again for
20 s. The vials were sealed tightly with caps, inserted into a preheated alu-
minium block (Liebisch, Bielefeld) at 90 ◦C for 2 h, allowed to cool and
centrifuged at 3700 g for 10 min. The supernatant was then transferred to
the HPLC system for the separation.

4.4. Quantitation and standards

A stock solution of quercetin and isorhamnetin was used as external stan-
dard and quality control. Standard curves were obtained at two levels: 1–30
and 0.4–1 ng/mL for quercetin and 1–30 and 0.05–1 ng/mL for isorham-
netin. Standard solutions were prepared directly before the preparation of
tissue, brain and blood. Standard solutions contain 100 �g/mL of TBHQ
and 20% HCl (conc.). Aqueous methanol (50% v/v) was used as a solvent
for quercetin, and aqueous ethanol (50% v/v) for isorhamnetin. To monitor
the reliability of the method, pure methanol as well as quercetin in aqueous
methanol (50% v/v) in the concentrations 0.65, 1 and 15 ng/mL and isorham-
netin in aqueous ethanol (50% v/v) in the concentrations 0.65, 1.5, 15 and 25
ng/mL were used as quality control samples. Quality controls with quercetin
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and isorhamnetin contained 100 �g/mL TBHQ and 20% HCl. The quality
control vials were mixed randomly with the vials containing the tissue, brain
and plasma samples.

4.5. Chromatographic instrumentation and conditions

The analytical method employed is well established and, with variations,
commonly used in QF analytics (Hertog et al. 1992; Hollman et al. 1996,
1997; Rangel-Ordóñez et al. 2010; Paulke et al. 2008, 2006). For chromato-
graphic instrumentation and conditions see Paulke et al. (2006).
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