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Abstract

Flavonoids with the quercetin structure are widely distributed throughout the plant kingdom. Some effects such as their anti-oxidative a
radical scavenging capacities are broadly discussed in literature. Furthermoret/gamieum flavonoids show activity in depression-relevant
animal model assays. So far, only one study concerning the pharmacokinetic préfilpeofcum perforatum (St. John’s wort, SJW) flavonoids
has been reported, but no data concerning their bioavailability in the CNS is on-hand. Thus, we developed a method for the quantificatior
quercetin, tamarixetin and isorhamnetin, both metabolites of quercetin, in very low concentrations in the rat brain in order to investigage the abi
of flavonoids to cross the blood—brain barrier. The brain samples for analysis were taken 4 h after feeding an oral dose of an alcoholic SJW ext
or pure isoquercitrin. We found the presence of quercetin and isorhamnetin/tamarixetin after feeding a SJW extract at 7 ng/g brain and 35r
brain, respectively. In addition, we examined blood plasma taken from the same rats to correlate plasma and brain levels. The plasma levels
350 ng/mL for quercetin and 1006 ng/mL for isorhamnetin/tamarixetin after intake of SJW extract.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction Fig. 1), with quercetin as aglycone, represent up to 8% of the dry
SJW extract and some of them show pharmacologically inter-
Extracts of the perennial plafiypericum perforatum L., esting effects in vitro and/or in vivo.

known as St. John’s wort (SJW), are well known for treating Singh et al.[14] found a potential correlation between
mild to moderate depressidi—3]. The importance of alco- quercetin content and a catecholandirmethyl-transferase
holic SJW extract is reflected by the amount of the drug sold. IfCOMT)/monoaminoxidase (MAO)-inhibition. In addition,
2003, the daily doses of SIW preparation sold in Germany waButterweck et al[15] reported that isolated flavonoids signif-
89.9 millions[4], and in the USA the volume of sales of SJW icantly reduce the immobility time in the forced swim test,
preparations during 2001 was USD $24 milligg}. The phar- a sensitive depression animal model. Noeldner et al. con-
macologically active ingredients of SJW are the phloroglucinoffirmed these findings by screening different constituents of SJW
derivatives hyperforin and adhyperforin, the naphthodianthronesxtract in this tes{16]. Furthermore, he found a correlation
hypericin and pseudohypericin, the flavonoids hyperoside, rutihetween the rutin content and the antidepressant activity of SIW
quercitrin, isoquercitrin and biapigenin and the tanning agenéxtract[17].
procyanidin. Published data strongly indicate that, beside hyper- Pharmacokinetic investigations in humans as well as in ani-
forin, hypericins and some flavonoids contribute to the antidemals showed that the intact flavonoids are not detectable in
pressant effect of the extrddt,6—13] Flavonol glycosides (see plasma after oral administration. Absorption mechanism and
metabolism are still not completely understood, but seem to
be similar for all SJW flavon-glycosides, i.e. deglycosilation
* Corresponding author. Fax: +49 6979829352. in the small intestine and, after absorption, glucuronidation of
E-mail address: wurglics@pharmchem.uni-frankfurt.de (M. Wurglics). the quercetin aglycone. Methylation in positiond 4 in the
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Fig. 1. Important quercetin flavonoids Hypericum perforatum.

liver is possible and leads to isorhamnetin and tamarixetin. Fuby Dr. Willmar Schwabe Arzneimittel, Karlsruhe. Methanol

thermore, some sulphate conjugates can be found in humarade HPLC, acetic acid (100%) and hydrochloric acid 30%

and animal plasma. Based on these findings, it seems unlike(fBuprapure) were purchased from Merck, Darmstadt. Acetoni-

that either intact flavonol glucosides or free aglycones appedrile grade HPLC from Fisher Scientific, Loughborough, UK.

in plasma or tissue, but their numerous metabolites should b&hloracetic acid (99%), sodium chloroacetate (98%), tris buffer

presen{18,19] (99.9%) and ethanol grade HPLC were purchased from Sigma-
For the determination of flavonoids in plasma, many HPLCAIdrich, Taufkirchenjert-butylhydroquinone (HPLC) and iso-

methods are described in literature. Among them, HPLC methguercitrin (HPLC) from Fluka, Steinheim; aluminium nitrate

ods with electrochemic#l 8,20—24] mass spectrometric (MS) nonahydrate (p.a.) from Acros, Geel, Belgium; isorhamnetin and

[25—-27] and fluorescence detectid@8—-30] show adequate tamarixetin (HPLC) from Roth, Karlsruhe. Water was purified

sensitivity. HPLC-UV-vis methods have also been reportedy a Milli-Q system (Millipore, Bredford, MA).

[23,26,27,31-34]Hollman et al[29,30,35]published a robust The animal study was accredited by Regierungsigiium

and practicable methodology for quercetin analysis in plasm&arlsruhe (accreditation number 35-9185.82/740/97). The ani-

using fluorescence detection; the LOD of 5 ng/mL is, howevermals were male NMRI-rats weighing 212-250g from the

not sensitive enough for brain analysis. Based on the work dfreeder Janvier, Le Genest, France. They were maintained under

Hollman, we have developed a HPLC method to detect quercetistandardised housing conditions (Z1, 60% relative humidity,

as well as isorhamnetin and tamarixetin in low concentrationgight from 6:00 to 18:00) for a period of at least 5 days prior

in rat plasma and brains. Before analysis, the brain and plasmnia the start of the experiment. The animals received a standard

samples undergo an acidic hydrolysis in order to transform thélavonol-free diet and water ad libitum.

metabolites into their agylca quercetin, isorhamnetin and tamar-

ixetin. Fluorescence detection with a post-column complexation

with aluminium nitrate resulted in a LOD of 0.4ng/mL for 2.2. Sample collection

quercetin and 0.05ng/mL for isorhamnetin/tamarixetin. With

this method it was for the first time possible to investigate the The animal assay was performed by Dr. Willmar Schwabe

ability of SJW flavonoids to cross the blood—brain barrier in inArzneimittel, Karlsruhe. Extract and isoquercitrin suspensions
vivo animal assays. were made in 0.2% agar gel and administered to the animals

via pharyngeal tube. Dosage of the extract was 1600 mg/kg, the
dosage of the isoquercitrin was 100 mg/kg. Blood and brain sam-

2. Experimental ples were taken 4 h after feeding. The brain, separated from the
brain stem, was carefully washed with ice cold tris buffer (5 mM,
2.1. Reagents, chemicals and animals pH 7.4), weighed and homogenized using a Potter-S, Braun

(I mL buffer/100mg brain). Blood samples were collected
SIJW extract (containing 1.35% isoquercitrin, 0.38%directly into a Li-Heparin-Monovette (Fa. Sarstedt) containing
quercitrin, 3.26% rutin, 1.83% hyperoside all calculated asl6 |.E. heparin/mL blood. The homogenates and the blood were
rutin), isoquercitrin and the flavon-free fodder were providedstored for approximately 12 h at20°C before analysis.
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2.3. Sample preparation 3. Results and discussion

Brain and blood samples were defrosted slowly. Six hundred Former studies showed that in vivo only traces of uncon-
microlitres of the brain homogenate were mixed with 00 jugated quercetin19,27,36] or intact quercetin glucosides
methanol, 40Q.L rers-butyl hydroquinone (TBHQ) solution [18,20,36,37]re presentin animal or human plasma and tissue.
(5 mg/mL in methanol) and 4Q0L concentrated HCI. The reac- Nearly all quercetin in plasma is either glucuronidated, sul-
tion mixture was vortexed for 20s. Blood samples were cenphated and/or methylatg#l8,22,26,27and numerous metabo-
trifuged in order to get the plasma, and theny®0of plasma lites are detectable. In order to ease the analytical approach, the
were mixed with 120@.L of methanol. This mixture was vor- plasma and brain samples were treated for acid hydrolysis using
texed for 20s and 400L of TBHQ solution (5mg/mL in  hydrochloric acid, prior to the HPLC separation. This proce-
methanol) and 40QL HCI were added. The mixture was vor- dure reduced the number of metabolites to the three aglycons
texed again for 20s. The vials were sealed tightly with capsguercetin, isorhamnetin and tamarixetin. We separate quercetin
inserted into a preheated aluminium block (Liebisch, Bielefeld)}rom isorhamnetin and tamarixetin (these two analytes coelute)
at 90°C for 2 h, allowed to cool, centrifuged at 37@Q for  with a PEG column.

10 min and then the supernatant was transferred to the HPLC In order to detect the analytes at low concentrations, a post

system for the separation. column complexation with aluminium nitrate was achieved
using a reaction coil. These complexes provoke an intensive
2.4. Quantitation and standards fluorescence signal. The advantage of this method is the use of

an isocratic run over a short time with a satisfying peak reso-

A stock solution of quercetin and isorhamnetin was usedution and width (even though we injected 20D in a primary
as external standard and quality control. Standard curves weflow of 1 mL/min).
obtained at two levels (1-30 and 0.4—1 ng/mL) for quercetin and
at three levels (1-50, 0.4-1 and 0.05-0.5 ng/mL) for isorham3. 1. Specificity and limit of quantitation
netin. Standard solutions were prepared directly before the
preparation of brain and blood. Standard solutions contain Specificity of the method was verified by comparing the
100g/mL of TBHQ and 20% HCI. Methanol 50% was used aschromatograms of six blank brain samples before and after
a solvent for quercetin, and ethanol 50% for isorhamnetin. Aspiking with quercetin and isorhamnetin. In brain and plasma
quality control sample to monitor the reliability of the method blanks, no signal at the retention times of these flavonoids was
we used pure methanol, blank brain samples, blank plasmdetected.
samples, quercetin in methanol in the concentrations 0.4, 0.5, The lowest concentration of the analyte measured with
0.6, 0.7, 0.8, 0.9, 1, 10, 20, 40 and 50ng/mL and isorhamacceptable precision (relative standard deviatioh0%) is
netin in methanol in the concentrations 1, 2, 3, 5 and 20 ng/mLdefined as lower limit of quantification (LLOQ). The LLOQs
Quality controls with quercetin and isorhamnetin containwere 0.4 and 0.05 ng/mL for quercetin and isorhamnetin, respec-
100pg/mL TBHQ and 20% HCI. Quality control vials were tively.
mixed randomly with the vials containing the brain and plasma
samples. 3.2. Linearity, precision and accuracy

2.5. Chromatographic instrumentation and conditions Linearity and precision were proven comparing the slope and
the correlation coefficient of four calibration curves on four

HPLC analysis was carried out in a Varian ProStar instrudifferent days. Good linearity for the assayf % 0.998) was

ment (Varian, Walnut Creek, USA). Seventy percent acefound over the investigated calibration range of 0.4—30 ng/mL

tonitrile/methanol (100/380) (Phase A) and 30% chloracetidor quercetin and 0.05-50 ng/mL for isorhamnetin. The relative

acid—sodium chloracetate buffer pH 2.5 (Phase B) at a flovetandard deviations of the slopes of the four calibration curves

rate of 1 mL/min were used as mobile phases. Solvents wengere below 6%.

degassed by an on-line degasser of the ProStar System. The col-The intra-day precision and accuracy as well as the inter-day

umn used was a DiscovétyHS PEG 5.m, 15cmx 0.46cm  precision and accuracy were proven by comparing three differ-

(Supelco, Taufkirchen) protected by a Discof®myuard col-  entspiked brain samples 4). The values were situated within

umn 5um, 2 cmx 0.4 cm. The column effluent was mixed with the range of the calibration curve. Intra- and inter-day precision

aluminium nitrate 1.5M in methanol containing 7.5% glacial and accuracy were found acceptable, with relative standard devi-

acetic acid at a flow rate of 0.4 mL/min using. A mixing T- ations lower than 15%T@ble J).

adapter made of CTFE and a PTFE reaction coil (5 th5 mm

i.d.) were used for mixing, so that quercetin, isorhamnetin and.3. Recovery and stability

tamarixetin-aluminium complexes were formed. The aluminium

nitrate solution was purged with a Knauer HPLC-Pumpe 64. The Recovery of quercetin and isorhamnetin from brain and

fluorescence of the resulting complexes was measured at 485 rptasma was determined using a spiked solution of isorhamnetin

using a Varian ProStar 363 fluorescence detector with excitatioim ethanol and isoquercitrin in methanek 6) at 6 ng/mL, com-

wavelength set at 422 nm. pared with brain and plasma blanks. Recovery was measured
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Table 1 Table 2
Values of the inter- and intra-day precision and accuracy assay Values of the recovery of quercetin and isorhamnetin
Nominal Intra-day ¢ =4) Inter-day (=8) Original content R.S.D. (%) Recovery (%)
concentration (ng/mL)
(ng/mL) R.S.D. (%) Bias (%) R.S.D. (%) Bias (%)
Quercetin from 7.5 (day 1) 0.73 82.39
3 10.12 -162 9.18 —4.62 plasma ¢ = 6) 6.7 (day 2) 1.52 83.91
Quercetin 125 0.43 0.1 0.87 —-0.42
25.8 1.63 329  4.23 0.44  Mean 82.79
50 4.44 1.92  3.37 0.74  Mean 87.95
Isorhamnetin from 8.94 (day 1) 2.12 98.06
plasma g = 6) 8.54 (day 2) 1.17 100.24
with isorhamnetin and isoquercitrin on two different days tomean 99.15
demonstrate mt_er—d.ay reproduqblhty. Isoquer_cnrln Was Useq. amnetin from  8.62 (day 1) 248 66.98
to simulate the in vivo metabolites of quercetin. Recovery of prain (= 6) 11.05 (day 2) 2.42 68.79
quercetin and isorhamnetin from brain and plasma on both day; 67.88

was obtained with a relative standard deviation lower than 15%

(Table 2.
Stability of quercetin and isorhamnetin in the HPLC injection

medium was tested at room temperature for 48 h, stability 08.4. Application in brain and blood samples

isoguercitrin and isorhamnetin in brain was tested 20°C for

14 days at three standard level of concentration (low, medium, After validation was completed, the suitability of the

high). Stability of quercetin flavonoids in plasma is evidenced byapproach for the determination of quercetin and isorham-
literature[20,37]. Stability of quercetin in the HPLC injection netin/tamarixetin in rat plasma and brain after an oral dose of
medium was 31 h, whereas isorhamnetin was stable for 48 h. IBJW extract or pure isoquercitrin was tested. One rat received
the brain matrix, isoquercitrin as isorhamnetin did not degradd.600 mg/kg SJW extract, containing about 100 mg flavonoids,

within 14 days when stored at20°C (Table 3.

another rat 100 mg/kg isoquercitrin. Samples were taken 4h

s (B
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Fig. 2. HPLC chromatograms of brain and plasma samples 4 h after feeding of isoquercitrin (C and D, respectively) and SJW extract (E and F,)eSpectively

B correspond to brain and plasma blanks.



A. Paulke et al. / J. Chromatogr. B 832 (2006) 109-113 113

Table 3 [3] K. Linde, L. Knuppel, Phytomedicine 12 (2005) 148.
Values of the stability of the analytes under different conditions [4] D. Paffrath, U. Schwabe, Arzneiverordnungsreport 2003, Springer,
- Berlin, 2003, p. 738.
R.S.D. (% Bias (% ’ '
Content SD. (%) las (%) [5] G.T.S.F. Capasso, G. Grandolini, Phytotherapy, Springer, Berlin,
(ng/mL) 2003
Stability of quercetin in the HPLC 20 1.6 —3.48 [6] J.H. Keller, M. Karas, W.E. Muller, D.A. Volmer, G.P. Eckert, M.A.
injection medium for 31 hi(=2)? Tawab, H.H. Blume, T. Dingermann, M. Schubert-Zsilavecz, Anal.
1 9.48 —23.6 Chem. 75 (2003) 6084.
Stability of isorhamnetin in the HPLC 3 7.99 19.2 [7] D.A.G. Laakmann, M. Kieser, Phytomedicine 5 (1998) 435.
injection medium for 48 hi(=3) 10 2.6 —-0.71 [8] S.C.G. Laakmann, T. Baghai, M. Kieser, Pharmacopsychiatry (Supple-
30 2.38 0.93 ment) 31 (1998) 54.
[9] A. Singer, M. Wonnemann, W.E. Muller, J. Pharmacol. Exp. Ther. 290
. . - 18 9.08 —16.18
Long term stability of isorhamnetin in 165 5 66 934 (1999) 1363.
brain at—20°C for 14 days £ = 3) ' ’ e [10] M. Wonnemann, A. Singer, W.E. Muller, Neuropsychopharmacology 23
50 3.56 4.59
(2000) 188.
L @ tability of itrin i 3 8.62 —-7.55 [11] G.P. Eckert, J.H. Keller, C. Jourdan, M. Karas, D.A. \Volmer,
Oggaisg?jzzolcl: ¥0(: izot;q:ir’cél_rg)m 12.5 4.46 -7.92 M. Schubert-Zsilavecz, W.E. Muller, Neurosci. Lett. 367 (2004)
ySa= 25.8 4.16 ~361 139.
— - — - - [12] S. Schulte-Lobbert, G. Holoubek, W.E. Muller, M. Schubert-Zsilavecz,
aThe stability of quercetin under the conditions used is proved by literf8tite M. Wurglics, J. Pharm. Pharmacol. 56 (2004) 813.
so we looked after the stability for only one concentration finding the propertiesin] N.A. Butterweck, Veronika, PharmuZ, Sonderdruck 32, 2003.
approved. [14] A. Singh, P.S. Naidu, S.K. Kulkarni, Pharmacology 68 (2003) 81.

[15] V. Butterweck, G. Jurgenliemk, A. Nahrstedt, H. Winterhoff, Planta Med.
after feeding and showed brain-levels of 35ng/g (ng/g brain) 66 (2000) 3. _ _ S
quercetin and 7 ng/g isorhamnetin/tamarixetin for SIW extradf6] M. Noldner, Behandlung von depressiven Patienten in defichen

) . . " Praxis — Stellenwert hanniskraut, 2001.
and 119ng/g quercetin and 72ng/g isorhamnetin/tamarixetip , MGl aneKen;"cirot\fgé?nZnﬁfdr%‘;’(zggz) 577

for isoquercitrin. For plasma, the quercetin and isorhamyig) g.u. Graefe, J. Wittig, S. Mueller, AK. Riethling, B. Uehleke, B.
netin/tamarixetin levels were 6726 and 2279 ng/mL, respec- Drewelow, H. Pforte, G. Jacobasch, H. Derendorf, M. Veit, J. Clin.

tively, after intake of isoquercitrin, and 1006 and 350ng/mL  Pharmacol. 41 (2001) 492.

after intake of SJW extract (Sﬁﬁg 2)' [19] R. Cermak, S. Landgraf, S WoIffran_w,_J. Nutr. 133 (2003) 2802.
[20] I. Erlund, G. Alfthan, H. Siren, K. Ariniemi, A. Aro, J. Chromatogr. B

. Biomed. Sci. Appl. 727 (1999) 179.
4. Conclusion [21] W. Andlauer, C. Stumpf, P. Furst, Biochem. Pharmacol. 62 (2001)
369.
SJW extracts are complex mixtures of different constituents22] C. Manach, C. Morand, V. Crespy, C. Demigne, O. Texier, F. Regerat,

Published data indicate that sufficient amounts of hyperforin, _ g- ,\Ijemesyj FE‘?S; '-eJ“- ;26 (1|998) 33Jl-A < Food Chem. 48 (2000
hypericins and flavonoids are necessary for the pharmacologF-! cagg SO S KUMPLIANER, . AgHe. Foof Fhem. (2000)

cal activity and clinical efficacy of the extract. In order to achieveppg) a L. sesink, K.A. O'Leary, P.C. Hollman, J. Nutr. 131 (2001) 1938.
an antidepressive effect, it is important that these compounds aj#s] S. Hakkinen, S. Auriola, J. Chromatogr. A 829 (1998) 91.

able to cross the blood-brain barrier. So far, the CNS bioavail26] K.A. O'Leary, A.J. Day, PW. Needs, F.A. Mellon, N.M. O'Brien, G.
ability of hyperforin in vivo has been demonstra{é38]. We Williamson, Biochem. Pharmacal. 65 (2003) 479.

. . . 7] J. Wittig, M. Herderich, E.U. Graefe, M. Veit, J. Chromatogr. B Biomed.
were, for the first time, able to demonstrate that metabolites cﬁz Sci. Appl. 753 (2001) 237.

SJW flavonoids also reach the CNS of a rodent after an oral doggs) p. Ader, A. Wessmann, S. Wolffram, Free Radic. Biol. Med. 28 (2000)
of SJW extract. However, the absorption mechanism as well as  1056.
the molecular mode of action of the flavonoids in the antidepred29] P.C. Hollman, M. vd Gaag, M.J. Mengelers, J.M. van Trijp, J.H. de

sant therapy still remain unclear and have to be investigated in _ Vries. M.B. Katan, Free Radic. Biol. Med. 21 (1996) 703.
further studies [30] P.C. Hollman, J.M. van Trijp, M.N. Buysman, Anal. Chem. 68 (1996)

3511.
[31] M.G.L. Hertog, P.C. Hollman, P. Venema Dini, J. Agric. Food Chem.
Acknowledgements 40 (1992) 1591.
[32] K. Ishii, T. Furuta, Y. Kasuya, J. Chromatogr. B Anal. Technol. Biomed.

. - Life Sci. 794 (2003) 49.
The authors thank Dr. Willmar Schwabe Arzneimittel for the 33] C. Manach, C. Morand, C. Demigne, O. Texier, . Regerat, C. Remesy,

gratifying cooperation especially for providing rats, extract an FEBS Lett. 409 (1997) 12.
isoquercitrin. The technical assistance by Jessica Zitzkowski {84] G. Paganga, C.A. Rice-Evans, FEBS Lett. 401 (1997) 78.
gratefully acknowledged. [35] P.C. Hollman, J.M. van Trijp, M.N. Buysman, M.S. van der Gaag, M.J.
Mengelers, J.H. de Vries, M.B. Katan, FEBS Lett. 418 (1997) 152.
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