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Modern analytical methods used to study the pharmacokinetics of quercetin and other flavonols, i.e., biologi-

cally active compounds that exhibit various therapeutic properties, were reviewed. The preparation of biologi-

cal fluids and tissues for analysis, chromatography conditions, and mass spectrometric detection for various

flavonols as the aglycons and glycosides and their metabolites were discussed. Quantitative analyses of

flavonol concentrations in biological samples and their mass spectrometric identification in in vitro and in vivo

studies during tests with pure compounds and multi-constituent plant extracts were presented as typical exam-

ples.
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Flavonols are a subclass of flavonoids, a varied and

broad class of polyphenolic compounds that includes the

flavonol quercetin, one of the most widely distributed and

studied representatives. These compounds were well known

over 100 years ago as plant pigments. However, the discov-

ery in the 1990s of the antioxidant properties of flavonoids

stimulated renewed interest in them. They are capable of

neutralizing free radicals, which is responsible for their vari-

ous therapeutic properties [1, 2].

A pharmacokinetic (PK) study in vivo in humans and ex-

perimental animals, i.e., absorption, distribution, metabo-

lism, and elimination, is a necessary component of the evalu-

ation of the mechanisms of possible therapeutic or toxic ac-

tion of a biologically active compound. The PK parameters

of drug candidates are related to the effectiveness and admin-

istration mode in order to establish the optimum concentra-

tions.

The properties of quercetin and other flavonols were

briefly characterized and the development in the last decade

of methods for determining the concentrations and identify-

ing flavonols in biological media during PK studies were

discussed in the review.

Structure, properties and natural sources of flavonols

Flavonoids are secondary plant metabolites and share

common biosynthetic pathways. They are responsible for the

color of fruits and leaves. Surface tissues of plants are espe-

cially rich in them [3]. They are involved in the photosynthe-

sis, proliferation, and death (through apoptosis) of plant

cells. It is assumed that the main biological role of flavonoids

is to protect plants from aggressive environmental factors

(UV radiation, infectious agents).

The variety of flavonoids is explained by the fact that

most of them occur in plants as O- or C-glycosides. The

aglycon is a 15-carbon skeleton, the principal elements of

which are two aromatic rings joined by a pyran ring. The last

determines to which subclass one flavonoid or another be-

longs. The classification includes the subclasses flavones,

flavonols, flavanones (catechins), anthocyanidins, isoflavo-

nes, and flavanonols [4].
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Quercetin belongs to the flavonol subclass (Fig. 1),

which comprises compounds with a hydroxyl in the third po-

sition and a C2=C3 double bond, and contains hydroxyls in

the 3, 5, 7, 3�, and 4� positions. Other flavonol representatives

are kaempferol (hydroxyls in the 3, 5, 7, and 4� positions),

myricetin (hydroxyls in the 3, 5, 7, 3�, 4�, and 5� positions),

morin (hydroxyls in the 3, 5, 7, 2�, 4� positions), fisetin (hy-

droxyls in the 3, 7, 3�, and 4� positions), etc. [5]. One of the

hydroxyls can be methylated or acetylated. The O-methyl

quercetin derivatives include rhamnetin (7-position),

isorhamnetin (3�-position), azaleatin (5-position), and

tamarixetin (4�-position); an O-methyl kaempferol derivative

is kaempferide (4�-position).

Flavonol glycosides (Table 1) differ in the position, type,

and number of bonded glycosides. O-Glycosides are usually

bonded through the 3- or 7-hydroxyls; C-glycosides, to the 6-

or 8-C atom. The carbohydrate residues are most often

rhamnose, glucose, and arabinose [6].

Flavonols occur in many food products. These include

onion, broccoli, tea, red wine, olive oil, grapefruit, various

berries (cranberry, strawberry, blueberry, etc.). It is thought

that the daily requirement in the central European diet is

20 – 35 mg [7]. The flavonols quercetin and kaempferol

were observed in the medicinal plants Azadirachta indica,

Cannabis sativa (cultivated hemp), and Desmodium

canadense; flavonol glycosides, in Bauhinia monandra,

Ginkgo biloba, Acalypha indica, Betula pendula (silver

birch), etc. [8 – 10].

The ability to bind directly to free radicals to form less

reactive compounds is the principal mechanism of flavonoid

antioxidant activity. The following structural elements of

quercetin are considered to be most important for antiradical

activity [8]: 1) two OH groups in the C3�- and C4�-positions;

2) a C2=C3 double bond together with a C4 carbonyl, which

is required to delocalize the unpaired electron from ring B;

and 3) C3-OH and C5-OH groups together with a carbonyl.

Furthermore, flavonols, especially quercetin, readily

form complexes with iron, which can explain the altered ac-

tivity of many Fe-containing enzymes after reaction with

quercetin [11]. Thus, quercetin structural features (several

electron-donating groups) mediate both the pronounced anti-

oxidant activity and the ability to influence the synthesis and

activity of various enzymes, in particular, to inhibit inflam-

mation mediators.

Flavonols exhibit various therapeutic effects [12] includ-

ing anti-inflammatory, neuroprotective, anti-atherosclerotic,

anticarcinogenic, and others. The anti-inflammatory effect is

one of the principal ones and induces other effects.

Analytical methods for biological samples from PK studies

of flavonols

The properties and structures of flavonoids have been

studied for over 70 years. Such interest is fully understand-

able considering their broad spectra of biological activity.

The number of publications focused on the analysis of plant

and animal biological matrices in order to identify and deter-

mine quantitatively the contents of flavonoids and their met-

abolic products increased in parallel with the discovery of

new pharmacological properties in various representatives of

this compound class [13].

Input data for calculating the PK parameters (absolute

and relative bioavailability, maximum concentration and

time to reach it, clearance, elimination half-life) are the con-

centration of the compound and/or its metabolite that are

measured at various time points in one biological fluid or an-

other or tissue. The main analytical method for studying PK

that provides sufficient sensitivity and selectivity for analyz-

ing complicated biological matrices has been for the last de-

cade liquid chromatography, i.e., high-performance (HPLC)

and ultra-performance (UPLC) liquid chromatography; for

the last 10 – 15 years, a hybrid method combining chroma-

tography and mass spectrometry [14].

Sample preparation. The first step in biological sample

analysis is sample preparation. The principal biological ma-

trix for studying PK in vivo in animals and man is blood

plasma and less often urine. In some instances, the contents

of the test drugs in liver, kidneys, brain, stomach, etc. must

be determined. The matrix in in vitro studies can be culture

medium containing cells (hepatocytes, microsomes, intesti-

nal epithelial cells) or biomolecules (proteins, DNA).

Three main sample preparation methods are used before

injection into the chromatographic system. These are precipi-
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Fig. 1. General structural formula of flavonols.
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Fig. 2. HPLC chromatogram of human plasma 1 h after administra-

tion of green tea: quercetin (after enzymatic hydrolysis of conju-

gates) (1), internal standard (2). Electrochemical detector, see Ta-

ble 2 for other conditions [24].



tation of proteins (PP), liquid—liquid extraction (LLE), and

solid-phase extraction (SPE) [15]. The PP method uses dena-

turation by a solvent and is universal and simple. The solvent

(MeOH, MeCN) is added. The mixture is stirred vigorously

on a vortex stirrer and centrifuged. Then, the supernatant is

either injected immediately into the instrument or concen-

trated further by evaporation and dissolution in another sol-

vent with a composition close to the eluent in the subsequent

analysis. The PP gives satisfactory results in most instances

for routine analyses. The degree of flavonol extraction is

~75% (Table 2) [16 – 19]. The version involving precipita-

tion by an inorganic compound that was used before [20]

(HClO
4
, 115% degree of extraction) is encountered ex-

tremely rarely.

LLE is based on the distribution of molecules between

immiscible liquids and is carried out by approximately the

same scheme. The extractant for quercetin and related com-

pounds is primarily EtOAc, which is acidified with ascorbic

acid, HCl, or other acids in order to stabilize the constituents.

The EtOAc evaporation step and dissolution in a solvent

with a composition similar to the chromatography eluent is

essential [21 – 25]. The extract from LLE is usually purer

than that from PP. The degree of extraction is about 70%.

SPE is based on adsorption on a solid sorbent in chro-

matographic mode. It gives an even purer extract. However,

it is more labor-intensive because is usually includes several

sequential elutions of the sorbent with aqueous organic sol-

vents. These are 1) conditioning; 2) sample deposition; 3)

elution of interfering constituents by a weak solvent; and 4)

elution of the desired constituents by a strong solvent, e.g.,

MeOH. Sorbents based on C18 are used most often. The pro-

cess can be carried out on cheap short columns packed with

sorbent (cartridges) and in 96-well plates. Rat serum was

prepared on Oasis HLB cartridges during screening of

bioactive constituents from Moutan Cortex plant preparation,

which contained flavonols among others [26]. Sep-Pak C18

cartridges were used to prepare rat urine samples for analysis

after oral administration of cranberry extract, which con-

tained quercetin, kaempferol, quercetin glycosides, and other

flavonoids [19].

SPE is often used as a secondary and additional purifica-

tion step, e.g., after preliminary ultrafiltration [27]. Three

isoflavonoid glycosides were determined in rat plasma after

oral administration of Astragalus mongholicus extract [28].

Plasma proteins were first precipitated by MeOH. Then, the

supernatant was purified over a SPE cartridge.

Tissues are the most complicated matrix to prepare. Not

only plasma but also liver and kidney tissues and stomach

contents and tissues of rats were analyzed during a detailed

study of quercetin metabolism [29]. GI tract tissues were

rinsed and homogenized in MeOH and phosphate buffer

(1:1, 0.1 M, pH 7.0) with added diethyldithiocarbamate anti-

oxidant (20 mM). The homogenate was extracted (3�) with

this solution. The three supernatants after centrifugation

were combined and evaporated in vacuo. The remaining

aqueous solution was extracted with EtOAc and purified by

SPE over C18 Sep cartridges using MeOH. The MeOH and

EtOAc fractions were combined and evaporated to 500 �L.

The sample preparation requirements can be relaxed be-

cause of the more selective detection of tandem mass spec-

trometry (see below). Rat urinary bladder tissue was frozen

in liquid N
2
, homogenized, and extracted once with

H
2
O:MeOH (20:80) with HOAc (0.1%) [19]. Analysis of the

supernatant detected non-conjugated quercetin and

isorhamnetin after prolonged administration of cranberry ex-

tract although these components were not observed in the

urine.

Chromatography. The next step required to obtain an

analysis is good chromatographic separation of the desired

constituents [30]. Primarily C18 reversed-phase sorbents are

used for analytical determination of flavonols and other

polyphenol compounds. Table 2 presents the commercial

names of the sorbents that were used by various researchers.

They all were C18 sorbents although their properties could

vary somewhat. In several instances, in particular during de-

termination of flavonol metabolites, more polar phases are
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Fig. 4. Analysis of rat serum 45 min after administration of Moutan

Cortex extract [26]. See Table 2 for the conditions.



recommended. Thus, a mixture of metabolites of four con-

stituents (quercetin, rutin, isoquercitrin, and taxifolin), which

was obtained by incubation in vitro with two types of human

and rat hepatocytes as a cell suspension or primary culture,

was separated [31]. Better results were obtained over silica

gel chemically modified with cyanopropyl or phenyl groups

than over a sorbent modified with C8 or C18 groups. Typical

HPLC analysis conditions were column length 50 – 250 mm,

diameter 2 or 4.6 mm, sorbent of standard size 5 or 3 �m,

aqueous organic eluent (MeOH, MeCN) with added formic

acid (0.1%) with a mass spectrometric detector or HOAc or

PA if a diode-matrix detector was used (Table 2). If one or

two known compounds are analyzed, then isocratic elution

(with a constant solvent composition) is sufficient.

Figures 2 and 3 show HPLC chromatograms of human

and rat plasma, respectively. The former was from adminis-

tering tea, which contains quercetin, to a volunteer; the latter,

after oral administration of H. japonicum extract, which con-

tains bioflavonoids. The analyses took 30 – 40 min for quan-

titative determination in the first instance of one constituent;

in the second, two (data published in 2004 and 2008).

Gradient elution with the content of the organic compo-

nent varying over broad values was used to analyze mixtures

of compounds with highly different polarities (plant pharma-

ceutical preparations, food products) or to determine differ-

ent metabolites [27]. The HPLC analysis time could reach

120 min [29].

Recently, HPLC methods are gradually being supplanted

by the next generation of chromatographic methods, UPLC,

which are performed over columns of finer sorbents

(1.7 �m). As a result, the efficiency, sensitivity, and time of

the chromatographic analysis are improved. However, the

back-pressure to eluent flow increases simultaneously. For

this reason, solvent delivery systems (pumps) with increased

working pressures (>1000 atm, HPLC maximum pressure is

400 atm) are required.

The new capabilities of UPLC (in combination with

mass spectrometric detection) are being applied to the analy-

sis of food and drug plant raw material containing flavonoids

and biological fluids and tissues containing constituents of

this raw material after assimilation into the organism. Thus,

constituents from complex mixtures of plant drugs in biolog-

ical samples were identified using the separating power of

UPLC systems. The analysis time was reduced by 3 – 5

times and was 10 – 15 min [19, 26, 32].

Figure 4 shows a UPLC chromatogram with a QqTOF

mass detector. Rat serum was analyzed after oral administra-

tion of Moutan Cortex extract. A total of 46 individual peaks

including the flavonols quercetin, kaempferol, and others

were recorded during 18 min of analysis. Of these, 16 were

identified as starting constituents in the raw-material extract;

7, as their metabolites.

Detection. All flavonoid aglycons absorb well UV radia-

tion. Therefore, spectrophotometric or diode-matrix detec-

tors provide good sensitivity. These were for a long time the

most common methods for quantitation. However, they are

still sometimes used if the analytical requirements are not too

high, e.g., the determination of one or two constituents or

several at detectable concentrations. For example, the mutual

influence of quercetin and kaempferol on transport through

cellular membranes in vitro was examined [7]. The detection

limit of 50 ng/mL for a UV detector was adequate for the

problem. A diode-matrix detector was used to study in vitro

the permeability of pig skin stratum corneum for quercetin,

rutin, and other flavonoids [35].

A lower detection limit of 1.5 pg (recalculated as

15 mg/mL of sample) was reached with electrochemical de-

tection using the redox properties of the phenolic compounds

[24]. Figure 2 shows a chromatogram of blood plasma from

volunteers who drank green tea after enzymatic hydrolysis of

glucuronides and quercetin sulfates.

However, the sensitivity and selectivity of the usual de-

tection methods are often insufficient. The composition of

biological samples can vary. Certain constituents can inter-

fere with the determination of the principal compounds. This

is especially applicable to bioflavonoids because plant raw

material containing them contains a large amount of varied

chemical compounds [36, 37]. It often becomes necessary to

determine immediately low therapeutic concentrations of

several minor constituents. Metabolites, the concentrations

of which are less than the starting compounds, are especially

difficult to identify.

LC-MS is capable of double selectivity and specificity

for this type of analysis. Analyte molecules in the solvent

stream from the chromatography column are ionized in the
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device source. The resulting ions are directed into the mass

analyzer operating under high vacuum [30]. Flavonoids are

usually ionized well to form negative molecular ions [M –

H]
–
. Positive-ion mode for [M + H]

+
is used only for a few

derivatives [20, 33].

Electrospray sources are used most often because of their

high stability and efficiency. The effect of the mobile-phase

composition, namely the formic acid content in it, on the effi-

ciency of forming negative ions by electrospray was studied

using quercetin and kaempferol as examples [21]. It was

found that the sensitivity for detecting the constituents (triple

quadrupole in MRM mode) was directly related to their

ionizability and increased several times for acid concentra-

tion 0.001%, i.e., two orders of magnitude less than the usual

value of 0.1%. In other work [38], the ionization conditions

in sources from various equipment manufacturers were com-

pared. The apparatus conditions in addition to the formic

acid concentration were found to affect the sensitivity for

flavonols and lactones in blood plasma. It was shown that

ascorbic acid added to stabilize the samples interfered.

The ions pass from the source into the mass analyzer,

where they are separated according to m/z values, where m is

the mass of the ion and z, its charge. The most important of

existing analyzers for biological samples are the quadrupole

(Q), time-of-flight (TOF), and ion trap (IT) [30]. The ana-

lyzer can record all produced ions (scanning) or only single

ones (selective ion monitoring, SIM), for which the selected

ions are detected with higher sensitivity than for scanning.

Figure 5 shows chromatograms from analyses of rat

small-intestine tissue using a diode-matrix detector and ion

trap in [M – H]
–

negative-ion SIM mode for quercetin (301

Da) and its sulfate (381 Da). The mass spectrometric detec-

tion allowed peaks to be identified and the selectivity to be

increased although the sensitivity was not increased very sig-

nificantly.

Tandem mass spectrometry (MS/MS) represented a fur-

ther advancement of mass spectrometric detection. Such de-

tectors contain not one but two sequentially connected mass

analyzers with an ion-fragmentation chamber between them.

The triple quadrupole (two quadrupoles and a co-impact

chamber, QqQ), quadrupole with ion trap (QqIT), and

quadrupole with time-of-flight (QqTOF) analyzer are the

most important for analysis of biological samples. Ions are

separated in both analyzers. This allows special recording

modes to be used, including scanning of fragment ions. It is

used to identify and determine ion structures.

The so-called multiple reaction monitoring (MRM)

mode, which is performed in MS/MS triple quadrupole de-

tectors, records fragment ions in the second analyzer that are

formed from certain (in the first analyzer) parent molecular

ions. Double selectivity, for the parent ion and its daughter

fragment, occurs under these conditions. This enables lower
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detection limits of 1 ng/mL and lower to be obtained in rou-

tine analyses while satisfying the requirements for precision

and accuracy. Analysis in MRM mode has been for 20 years

and remains today the “gold standard” for quantitative analy-

sis of biological samples.

Quantitative analysis by LC-MS/MS

Examples of the use of MRM modes for quantitative

analysis of pure substances and flavonols are numerous and

varied. For example, culture liquids were analyzed in in vitro

studies of flavonol transport through cell membranes (mutual

influence of the components [17]). Animal and human plas-

mas were analyzed in preclinical and clinical PK studies, re-

spectively, including for various administration pathways

[18, 20] and also for new synthetic flavonols [33].

However, most recent analyses have been connected

with studies of bioavailability and other PK parameters of bi-

ologically active flavonols ingested with food products and

plant medicinal preparations such as traditional Chinese

medicines. Methods for simultaneous quantitative analysis of

biological fluids containing many components of plant raw

material including flavonol aglycons (quercetin, kaempferol)

and glycosides (rutin, quercitrin, etc.) were developed. Thus,

quercetin and kaempferol concentrations were determined in

dog plasma after oral administration of Tian-Bao-Ning cap-

sules (based on Gingko biloba) [21]; quercetin, after admin-

istration of Feng-Liao-Chang-Wei-Kang granules [39];

quercetin, kaempferol, rutin, isoquercitrin, isorhamnetin, and

astragalin, after oral administration of raspberry leaf extract

[37]; and quercetin, kaempferol, rutin, and other constituents

after administration of Fructus sophorae fruit [40].

A method for quantitative analysis of two flavonols

(quercetin and kaempferol) and three phenolic acids

(oleanolic, p-coumaric, and ferulic) in rat plasma was re-

ported [25]. The method was used to study the PK of com-

pounds after oral administration of Oldenlandia diffusa ex-

tract. Figure 6a and 6b show mass spectra of the fragmenta-

tion of negative molecular ions [M – H]
–

of quercetin and

kaempferol; Fig. 6c and 6d, MRM chromatograms of rat

plasma 45 min after oral administration of the extract. The

MRM transitions 300.9 > 151.0 and 284.8 > 184.9 were se-

lected for the quantitative analysis. Interference from other

sample components was minimal in this mode. The lower

limit of quantitation in plasma was 0.5 ng/mL.

All quantitative analytical methods used for PK studies

were completely validated. Calibration curves were con-

structed in the required concentration range. The specificity,

sample stability, precision, accuracy (better than 15%), and

degree of extraction during sample preparation were deter-
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TABLE 1. Bioflavonols and Their Glycosides

Aglycon Glycosides

Quercetin Hyperoside, quercitrin, isoquercitrin, rutin,

spireoside, troxerutin

Kaempferol Astragalin, kaempferitrin, robinin,

amurensin

Kaempferide Icariin

Myricetin Myricitrin

Rhamnetin Xanthrorhamnin

Azaleatin Azalein
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TABLE 2. Flavonol Determination Methods for Studying Pharmacokinetics and Metabolism

Anal. goal/substance,

raw matl./pathway

Matrix/extraction

method

Constituents

determined

Anal. system/ detection/

meas. range

Sorbent, fraction/column size/

mobile phase
Ref./year

PK/green tea/food Human plasma/hydroly-

sis, EtOAc + AA

Quercetin Semi-micro

HPLC/electrochem./1.5 – 7

50 pg or 15 – 7500 ng/mL

Capcell Pak C18,

3 �m/150 � 1.0 mm/MeOH-0.5%

PA, 4:6

[24]/2004

Metabolism, PK/PS/oral Rat tissues and

plasma/(see text)

Quercetin and 17 me-

tabolites

HPLC-UV (365 nm) - IT
–

Synergy RP-Max,

4 �m/250 � 4.6 mm/MeOH-1%

FA, Gradient 5 – 40% MeOH

[29]/2006

PK/PS/oral Human plasma/6%

HClO4 in H2O

Troxerutin HPLC-QqQ+/MRM

743.2 > 435.0/0.03 – 4 ng/

mL

Synergi Fusion RP,

4 �m/100 � 2 mm/MeCN-0.01%

FA, 20:80

[20]/2006

PK/Ginkgo biloba cap-

sules/oral

Dog

plasma/EtOAc + HCl,

MeCN

Quercetin,

Kaempferol

HPLC-QqQ
–
/MRM

301 > 151, 285 > 187/LDL

1.3 pg

Gemini C18,

5 �m/50 � 2.0 mm/MeCN-0.001%

FA (A) (5:495, pH 3.78)

MeCN-0.001% FA (B) (450:50 pH

3.83) gradient 30 – 70% B

[21]/2007

PK/ Hypericum

japonicum extract/oral

Rat

plasma/EtOAc:i-PrOH

(95:5)

Quercitrin,

Isoquercitrin

HPLC-UV/350 nm/50 – 50

00 ng/mL

Luna C18,

5 �m/250 � 4.6 mm/MeCN-0.5%

HOAc, 17:83

[22]/2007

Binding const./Lonicera

japonica/in vitro

DNA solu-

tion/ultrafiltration + SP

E C18

Quercetin-3-O-glycosi

de, Rutin, Luteo-

lin-7-O-glucoside

HPLC-MS
+/–

Zorbax Extend C18,

5 �m/250 � 4.6 mm/0.4% HOAc

— MeCN, gradient 10.5 – 100%

MeCN

[27]/2008

Metabolism/PS, on-

ion/intragastric and

food

Rat and human

plasma/MeOH

Quercetin HPLC-UV/370 nm and IT

(identification)

TSK gel

ODS/150 � 4.6 mm/MeCN-0.5%

PA, Gradient 15 – 40% MeCN

[16]/2009

Caco2 transport/PS and

St. John’s wort ex-

tract/in vitro

Hank’s solution Rutin, Hyperoside,

Isoquercitrin,

Kaempferol-rutinosid

e

UPLC-QqQ
–
/MRM

609.0 > 300.8, E = 49 eV

463.3 > 300.8, E = 33 eV

463.3 > 300.3, E = 35 eV

267.1 > 252.1 E = 49 eV

Diamonsil C18,

1.7 �m/50 � 2.1 mm/MeCN-0.1%

FA Gradient 10 – 90% MeCN

[32]/2010

Transport/PS/in vitro Hepatocyte

lysate/MeOH

Quercetin,

Kaempferol

HPLC-QqQ
–
/MRM,

E = 30 eV, 1 – 500 ng/mL

XTerra MS C18,

3.5 �m/150 � 2.1 mm/MeCN-0.1%

FA, 50:50

[17]/2011

Metabolism/cranberry

conc./in vitro and

intragastric

Rat

plasma/MeOH + HOAc

, urine/SPE C18

Quercetin,

Isorhamnetin,

kaempferol,

Myricetin, Total 7

flavonoids and 13 me-

tabolites

UPLC-QqQ
–
/MRM

301 > 151 315 > 151

285 > 185 317 > 179

Fusion C18,

1.8 �m/150 � 2.1 mm/(0.1% FA â

MeCN) — 0.1% FA Gradient

5 – 100% MeCN

[19]/2011

PK/Oldenlandia diffusa

extract/oral

Rat plasma/EtOAc,

MeOH

Quercetin,

Kaempferol, 3 pheno-

lic acids

UPLC-QqQ
–
/MRM

300.9151.0, E = 27 eV

284.8 > 184.9, E = 38 eV

0.5 – 50 ng/mL

Gemini C18,

5 �m/50 � 2.0 mm/0.01%

FA-MeOH-MeCN Gradient

82:8:10 – 5:5:90

[25]/2012

PK, metabolism/PS

(synthesis)/in vitro and

intragastric

Mouse tissues and

plasma, hepatocytes

3�,4�,5�-trimethoxyflav

onol, metabolites

HPLC-QqQ
+
/MRM Gemini C18,

3 �m/150 � 4.6 mm/100 mM

NH4Ac-MeOH, 31:69, pH = 5.1

[33]/2012

Metabolism/PS/in vitro Buffer, intest. bacte-

ria/EtOAc, MeOH

Isoquercitrin, 2 me-

tabolites

UPLC-QqTOF
–

Syncronis C18,

1.7 �m/100 � 2.1 mm/0.1% FA —

(0.1% FA MeCN) Gradient

10 – 90% MeCN

[34]/2012

Transport through cor-

nea/PS

Pig skin/MeOH + AA

(0.2 g/L) in H2O

Quercetin, Rutin, To-

tal 6 flavonoids

HPLC-UV/254 nm/0.35 �g

/mL, 0.2 �g/mL

Synergi 4U Hydro RP,

4 �m/150 � 4.6 mm/2% HOAc —

(0.5% HOAc MeCN) Gradient

5 – 100% MeCN

[35]/2013



mined [20, 25, 37, 40]. Special attention was paid to con-

firming that matrix effects (effect of ballast endogenous con-

stituents on the results) were not important and to selecting

an internal standard (a compound with a structure close to

that of the analyte or the same molecule labeled with a stable

isotope) required for the quantitative measurements.

Identification in biological samples of starting plant raw

material constituents and their metabolites

UV detection and single-stage mass spectrometers have

rather limited capabilities for identifying compounds. NMR

spectroscopy is attractive for reliable identification and

structure elucidation, for example, for identifying 14

quercetin phase II mono- and mixed conjugates in in vitro

metabolic studies [41].

The metabolism of quercetin and kaempferol in rat

hepatocyte culture was the subject of one of the first studies

(2002) where LC-MS was used to establish flavonol metabo-

lites [42]. It was shown that both compounds were almost

completely metabolized after incubation. Four quercetin

glucuronides and two kaempferol glucuronides were de-

tected. It was found that the same compounds were formed

during incubation with hepatocytes as during incubation with

the UDP-glucuronosyltransferase isoform UGT1A9. Also,

plasma from volunteers after administration of capsules with

G. biloba, a plant rich in flavonol glycosides, was analyzed.

Glycosides and not glucuronides of quercetin and

kaempferol were observed, i.e., it was confirmed that unal-

tered flavonol glycosides were absorbed without cleaving

them to the aglycons.

Metabolic transformation pathways of pure flavonol

were established not only during research on in vitro models,

animal and human hepatocytes [33, 41, 42] and bacterial me-

dium [34], but also in vivo using experimental animals

[16, 19] and man [16, 43]. Not only plasma and urine but

also internal tissues from the GI tract, liver, kidneys, etc.

were analyzed in the animal experiments [29].

Quercetin metabolism in rats was compared for different

administration pathways, intragastric and with food [16].

HPLC-UV analysis detected a greater variety of metabolites

after intragastric injection than after ingestion with food.

Subsequent analysis of the isolated fractions on an ion-trap

mass spectrometer identified three metabolites from their

MS
2

and MS
3

fragmentation spectra. These were

methylquercetin sulfoglucuronide, quercetin

sulfoglucuronide, and methylquercetin sulfate.

Researchers turn their attention to more complicated

problems of studying multi-constituent plant raw material as

data accumulate on the metabolism of pure compounds

[26, 44]. As a rule, the composition of the administered mix-

ture, e.g., medicinal plant extract, is established in the first

stage. Only then are the confirmed starting constituents and

resulting metabolites identified in plasma or another matrix.

In general, the identification and structure elucidation of

flavonoids is a separate problem to which considerable effort

is applied [13, 45].

Metabolites of cranberry polyphenols were determined

by analyzing rat plasma in a triple-quadrupole mass spec-

trometer [19]. MRM-data of synthesized standards of pro-

posed metabolites (characteristic pairs of parent—daughter

ions were found and the analytical conditions were opti-

mized) were obtained first in order to identify the metabo-

lites. Then, experimental samples were analyzed under the

same conditions (Fig. 7). Quercetin, 3�-O-methylquercetin

(isorhamnetin), myricetin, kaempferol, and 13 conjugates of

quercetin and methylquercetin with glucuronic acid were de-

tected in animal urine. Quercetin was not detected in plasma

although quercetin and isorhamnetin were found in the

MeOH extract of urinary bladder tissue after multiple admin-

istrations of cranberry extract. This suggested that this raw

material could be used to inhibit carcinogenesis in the uri-

nary bladder.

The previous example showed that compounds can be

identified by low-resolution mass spectrometers, which in-

cludes the triple quadrupole. However, the studies are

lengthy and labor-intensive because the proposed metabo-

lites must be synthesized and the parameters for recording
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Anal. goal/substance,

raw matl./pathway

Matrix/extraction

method

Constituents

determined

Anal. system/ detection/

meas. range

Sorbent, fraction/column size/

mobile phase
Ref./year

PK/PS/oral, i.v. Rat plasma/MeOH Quercetin-3-O-�-D-gl

ucopyranosyl(4�1)-�

-L-rhamnoside

UPLC-QqQ
–
/MRM

609.351 > 300.077/1.5 –

74 ng/mL

Acquity BEH C18,

1.7 �m/100 � 2.1 mm/MeCN —

0.1% FA Gradient 20 – 30%

MeCN

[18]/2013

Identification and me-

tabolism/Moutan Cor-

tex extract/oral

Rat serum/PA/SPE

Oasis HLB

Quercetin,

Kaempferol,

Isorhamnetin, total 23

constituents

UPLC-QqTOF– AcquiryHSS T3,

1.7 �m/100 � 2.1 mm/0.1% FA —

(0.1% FA MeCN) Gradient

1 – 100% MeCN

[63]/2013

Note. PK, pharmacokinetics; PS, pure substance;
–(+)

, negative- (positive-) ion mode; E, fragmentation energy in MRM mode (eV); EtOAc,

ethylacetate; MeCN, acetonitrile; MeOH, methanol; NH
4
Ac, ammonium acetate, FA, formic acid, HOAc, acetic acid, AA, ascorbic acid; PA,

phosphoric acid (percent acid in aqueous solution if not otherwise specified); LDL, lower detection limit.

TABLE 2. (Continued)



each constituent must be established. Furthermore, it was re-

ported that false-positive results can be obtained [46].

Tandem high-resolution mass spectrometers (HRMS) of

the QqTOF type, which have a time-of-flight analyzer as a

second stage, can expand significantly the ability to identify

compounds. (High resolution is considered a ratio of ion

mass to its spectral line width at half-height of >10,000.)

Mass in HRMS can be measured to an accuracy of four to

five decimal places. This enables the elemental formula of an

ion to be determined highly accurately. Thus, assumptions

about the structures of unknown metabolites can be made

from a single exact-mass analysis of the molecular ion and

its fragments. Metabolic studies are becoming routine.

A method using HRMS of the QqTOF type was devel-

oped to study the metabolism of several flavonols including

quercetin, rutin, isoquercitrin, and taxifolin. The studies were

conducted in vitro using human and rat hepatocyte models as

both primary cultures and suspensions [29]. Phase I and II

metabolites were identified using elemental analyses. Fur-

thermore, fragmentation patterns and UV absorption spectra

were used. It was shown that methylated flavonols and their

glucuronides were formed preferentially. Quercetin and

taxifolin were transformed more than rutin and isoquercitrin

glycosides.

HRMS was used to identify the active constituents re-

sponsible for the therapeutic activity of Hibiscus sabdariffa

[44]. The composition of the enriched aqueous plant extract

was studied first. Then, the amount of one constituent

(quercetin) or a group of compounds (quercetin and

kaempferol derivatives) administered to laboratory rats was

calculated. The constituents present in the rat plasma after

intragastric injection were characterized and analyzed quan-

titatively. A total of 17 polyphenols (phenolic acids and

flavonols) were detected. Of these, 11 were metabolites, in-

cluding kaempferol and quercetin glucuronides (Table 3).

The elimination half-lives of the flavonol glucuronides were

greater than those of the acids. Also, the antioxidant activity

of the plasma was measured after administration of the ex-

tract. It was hypothesized that the flavonols themselves were

responsible for the inhibition of LPO in cell membranes and

the antioxidant activity of the plant extract.

A UPLC-QqTOF system was used to identify

isoquercitrin (quercetin 3-D-glucoside) metabolites that were

formed during incubation with a mixture of human intestinal

bacteria [32]. The mixture was extracted with EtOAc and

then analyzed using gradient elution (0.1% formic acid and

MeCN with the MeCN concentration varying from 10 to

90% during a 10-min analysis cycle). Five metabolites and

the starting compound were detected. Exact-mass measure-

ments and the structure of the starting compound suggested

the metabolic pathway was hydrolysis (for form quercetin),

acetylation and dehydroxylation of quercitrin (quercetin

glycoside), and hydroxylation and hydroxymethylation of

quercetin.

The traditional Chinese medicine Moutan Cortex, the

root extract of Paeonia suffruticosa Andrews, was studied

[23]. A high-throughput method was developed to screen

constituents in rat serum after oral administration of the ex-

tract. The analytical system included a fast automated UPLC

chromatographic method, exact-mass determination of nega-

tive fragment ions in a HRMS (QqTOF), and computer pro-

cessing of the data using MetaboLynx
TM

software. Analysis

of the plant extract characterized 41 of 46 recorded peaks

(Fig. 4), including flavonols and other polyphenolic com-

pounds. A total of 23 peaks were identified in serum. Of

these, 16 were starting raw material constituents; 7, metabo-

lites. It was hoped that the proposed simple and sensitive

method for screening and identifying bioactive constituents
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TABLE 3. PK Parameters for Several Constituents of Enriched Hibiscus sabdariffa Extract and Their Metabolites [44]

Starting compounds

and metabolites (m)

Injected dose,

�M
1

Maximum content in

plasma,
2

nM

Cmax,

�M

tmax,

min

t1/2,

min

Quercetin 6.9 24.4 1.57 60 81.5

Quercetin derivatives 16.8

Kaempferol derivatives 2.0

Quercetin diglucuronide 1 (m) 11.1 0.71
3

> 120 –
4

Quercetin diglucuronide 2 (m) 3.6 0.23
3

> 120 –
4

Quercetin diglucuronide 3 (m) 14.4 0.92 60 70.7

Quercetin diglucuronide 4 (m) 11.4 0.73 60 433.2

Quercetin glucuronide 1 (m) 33.9 2.17
3

> 120 –
4

Quercetin glucuronide 2 (m) 12.4 0.79 20 80.6

Methylquercetin (m) 13.7 0.88
3

> 120 –
4

Kaempferol (m) 12.7 0.81 > 120 –
4

Kaempferol glucuronide 1 (m) 4.2 0.27 60 43.3

Kaempferol glucuronide 2 (m) 11.4 0.73 > 120 –
4

1
Injected amount calculated from preliminary determination of substance concentration in injected extract;

2
calculated at t

max
from average

plasma content of 60 �m/kg (6% of body mass);
3

t
max

not determined because C
max

not reached;
4

t
1/2

not determined because curve did not

decay.



could be used to develop new drugs based on any complex

plant raw material.

Thus, hybrid LC-MS/MS has become the dominant rou-

tine method for analyzing biological samples. More and

more attention is being paid to processes related to adminis-

tration of a multi-constituent plant raw material containing

this class of compounds and other biologically active com-

pounds as data on the PK and metabolism of pure com-

pounds accumulates. Methods are being improved by using

UPLC and tandem HRMS as a general trend for increasing

the analytical sensitivity and selectivity.
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