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Abstract

A selective and sensitive method for the simultaneous determination of hypericin and hyperforin—the two main active ingredients of St.
John’s Wort (SJW) extract—in human plasma depending on liquid/liquid-extraction and LC/MS/MS detection has been developed, validated
after specifying the stability of the photosensitive hypericin in plasma samples during light exposure and applied to samples of a patient.
After extraction with ethyl acetatehexane in the darkness, sample extracts were chromatographed isocratically within 6 min on a Kromasil
RP-18 column. The analytes were detected with tandem mass spectrometry in the selected reaction monitoring mode using an electrospray
ion source. The limit of quantification was 0.05 ng/mL for hypericin and 0.035 ng/mL for hyperforin. The accuracy of the method varied
between 101.9 and 114.2% and the precision ranged from 4.7 to 15.4% (S.D., batch-to-batch) for both analytes. The method was linear at least
between 0.05 and 10 ng/mL for hypericin and between 0.035 and 100 ng/mL for hyperforin. Using this method hypericin and hyperforin were
determined successfully in a patient over seven days following discontinuation of exposure with therapeutic doses of St. John’s Wort extract.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of hypericin and hyperforif9,10]. However, thus far the
concentration—effect relationship of the inducing compounds
St. John’s Wort (SJW), a widely used medicinal plant, of SJW has not been characterised in vivo. It is therefore un-
is an effective treatment of mild to moderate depression known what concentrations are actually required to prompt
[1]. It may, however, cause substantial changes of doseinduction and whether pharmacokinetic variability may ex-
requirements of co-administered drugs and thus promptplain differences in the extent of induction. The effect of an
therapeutic failure of, e.g. oral contraceptiy2sor the im- enzyme inducer including SJW is concentration-dependent
munosuppressant cyclosporing3 because two of its ma-  [6,7], may evolve at rather low plasma concentratifify,
jor constituents (hypericin, hyperforjd]) may act as potent  and, as shown for antiepileptic drugs, may persist even when
inducers of the efflux transporter P-glycoprotein as well as only subtherapeutic concentrations are pregent 2] After
the drug metabolising cytochrome P450 isozymes CYP3A4, discontinuation of SJW induction is maintained for several
CYP2C9, and CYP1A-7]. days[13] compatible with the interpretation that also in the
Interindividual variability of the enzyme-inducing effect case of hypericin and hyperforin subtherapeutic plasma con-
of SJW is large[8] as is the pharmacokinetic variability centrations are sufficient to maintain induction.
After repeated administration of 900 mg/d SJW extract
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(30.1-71.4hY9]. In contrast hyperforin peak plasma con- male patient. She was admitted to internal medicine because
centrations after repeated administration of 900 mg/d SJW of an acute state of exhaustion, suffered from depression, ar-
extract containing 5% hyperforin were 24622.3 ng/mL terial hypertension, mild heart failure, and osteoporosis, and
(meant= S.E.M.) and its elimination half-life was 1121 h indicated to have been exposed to SJW (two tablets per day
[10]. of Jarsiff containing 300 mg SJW dry extract) up to the day
Extrapolated from its pharmacokinetics, the expected of admission. Blood sampling tubes (MonovéMéNH,*-
plasma concentrations 5 days after discontinuation of SJW heparinate, Sarstedt, Nuembrecht, Germany) were protected
are in the range of 1 ng/mL for hypericin and 0.1 ng/mL for from light using brown coloured transport sample containers
hyperforin. Taking further into account that the concentra- (Ref. no. 78/898.300, Sarstedt, Nuembrecht, Germany) im-
tions of these two components in commercially available dry mediately after blood sampling. Collected tubes were cen-
extracts are highly variab[@4], an even lower limit of quan-  trifuged and the plasma was directly transferred into the
tification (LOQ) of 0.5 ng/mL for hypericin and 0.05ng/mL  freezer to store at20°C until analysis.
for hyperforin may be required for their quantification.
It was thus the objective of this study to develop a most 5 5 Materials
sensitive method suited to evaluate the concentration—effect
relationship_of the two inducing ingredients and to apply the  paterence compounds hypericin potassium salt (E-
assay to patient plasma samples drawn over several days aftefn6/20396, purity >90%) and hyperforin 2-aminoisobutanol
discontinuation of SJW. , , salt (HY-453, purity >98%) were generous gifts from Dr.
_ Several analytical methods depending on h.|gh—pressureWi”mar Schwabe (Karlsruhe, Germanyjig. 1A and B). Al
liquid chromatography (HPLC) coupled to ultraviolet or flu- - a4ents and solvents used for the chromatographic, spectro-
orescence detection have been described for hypericin an%copic, and sample procedures were of analytical or higher

hy_perforin in_ differe_nt biological matrices such_ as plasma, quality and were purchased from E. Merck (Darmstadt, Ger-
urine, and blister fluid10,15-19] The most sensitive meth- many).

ods described LOQ values of 0.2 ng/mL for hyperifd7]

and 1.0ng/mL for hyperforif10] for the determination

in serum or plasma. Two LC/MS/MS methods for the de-
termination of hypericin and hyperforin in biological ma-
trices have been publishdd0,21] However, Pirker et al.
[20] used the mass spectrometer only for identification pur-
poses whereas the quantification was done with the fluo-
rescence signal and the data of Piperopoulos ef2al}

2.3. Standard solutions, calibration, and quality control
samples (QC)

Hypericin and hyperforin were separately weighed into
a volumetric flask (10 mL) considering the differences of
the purities of hypericin and hyperforin. From each of these

represented MS/MS results of naphthodianthrones in plantSelutions aliquots were pipetted into a separate flask and
extracts. diluted. From this analyte solution separate dilutions were

In commercial dried extracts and capsules of SJW the pho- prepared yielding final concentrations of 10 6.75, 3.50, 0.95,
tostability of hypericin and hyperforin is limitdd6,22] This 0.35, 0.050, and 0.0035 ng/mL for hypericin and 100, 67.5,
fact is also important for the handling of plasma samples. we 320, 9.50, 3.50, 0.50, and 0.035 ng/mL for hyperforin when

therefore verified the stability of the drug in plasma samples 9-5 ML plasma were spiked with 28 of these solutions.
exposed to sunlight. The lowest calibration point for hypericin at 0.0035 ng/mL

This paper describes anew rapid method for the quantifica- was not used to establish the calibration curve. The diluent for

tion of low hypericin and hyperforin concentrations in human all calibration solutions was a mixture of acetonitrile/water
plasma considering procedures for sample handling which (3/1, vIv).

avoid the degradation of the compounds by light. In contrast ~ Quality control samples of hypericin and hyperforin were
to all previously published methods this method is more than prepared as calibration samples but with different weighing

20-fold more sensitive than the most sensitive method for thus leading to final concentrations in plasma of 6.26, 3.25,
hyperforin[10] and four-fold more sensitive than the most and 0-14 ng/mL for hypericinand 66.5, 34.5, and 1.48 ng/mL

sensitive fluorescence method for hyperidi]. for hyperforin.

2.4, Sample preparation
2. Patient, materials, and methods
The complete sample preparation was done in a darkened
2.1. Patient room to avoid degradation of the analytes by lift#]. Five
milliliters of ethyl acetatai-hexane (7/3, v/v) was added to
After approval of the study protocol by the Ethics Commit- the plasma samples (0.5 mL) and shaken overhead for 10 min.
tee of the Medical Faculty of Heidelberg and obtaining writ- After centrifugation at 200& g (10 min) the organic layer
ten informed consent, we have collected plasma samples onwas separated and evaporated to dryness by a gentle stream
days 1, 3, and 7 of hospitalisation of an obese 72-year old fe- of nitrogen at 40C. Reconstitution of the extract was done
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Fig. 1. (A) Tandem mass spectrum (daughter ion scan) of the hypericin parantzié03 performed with ESI (negative mode) and CID at 62 V using Ar at
4.8 mbar and chemical structures and codes of hypericin. (B) Tandem mass spectrum (daughter ion scan) of the hyperforimga&38 merformed with
ESI (negative mode) and CID at 40V using Ar at 4.8 mbar and chemical structures and codes of hyperforin.

by addition of 20QuL acetonitrile/water (3/1, v/v) and instru-

mental analysis was performed within 8 h.

2.5. Stability of hypericin with and without sunlight

exposure

and 8 h. This procedure simulated a worst-case scenario when
the sample preparation will be processed at a bench exposed
to sunlight. In parallel, samples with the same concentra-
tion were standing at room temperature for 3 h but protected
from sunlight by tightly enwrapping the sample vessels with
aluminium foil. Subsequently all samples were extracted as

Plasma samples were spiked to a hypericin concentrationdescribed before. The chromatographic procedure and quan-
of 30 ng/mL and exposed to sunlight (at room temperature tification of the drug was done with an HPLC/fluorescence
in glass vessels behind the laboratory window) for 0, 1, 2, 4, method described by Bauer et §9]. This fluorescence
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method was validated before starting of the development of ing were analysed. From these values accuracy and precision
the LC/MS/MS method, but was not sensitive and selective of the method were calculated.
enough to determine hypericin and hyperforin concentrations  The robustness of the method was verified using the accu-

when applied to samples of a clinical stU@g]. racy of all QC samples and the deviation of retention times for
hypericin and hyperforin of all QC samples measured within
2.6. Instrumental analysis parameters the validation proceduraé& 3 batches) and within the deter-

mination of study samples frof23] (n=4 batches). These
The HPLC system consisted of a quaternary LC pump seven batches were measured within 3 weeks.

(TSP Model P4000, Thermo Electron, Dreieich, Germany)
with degasser and a sample cooling @ autosampler (TSP
Model AS3000) with integrated column heater. Injectionvol- 3 Results and discussion
ume was 2@.L. For isocratic chromatographic separation at
40°C a Kromasil Gg column 100 A 3am, 70 mmx 2 mm 3.1. Sample preparation
i.d. with integrated guard column was used. The eluent (25%
AIT5% B) consisted of 0.1% (by volume) aqueous aceticacid | jquid/liquid extraction with ethyl acetatehexane (7/3,
including 5 mM ammonium acetate (A) and acetonitrile (B). ) was chosen for a fast and easy sample preparation. The
The flow rate was 0.4 mL/min and was introduced without gried residue from 0.5 mL samples was reconstituted with
splitting into the electrospray ion source (ESI) of a triple- 200, acetonitrile/water (3/1, viv) yielding recoveries from
stage quadrupole mass spectrometer (Finnigan TSQ 700Qyasma for hypericin of 37% at 3.25 and 6.26 ng/mL, which
with API-2 ion source and performance kit, Thermo Electron, \as in accordance to Pirker et #0]. The corresponding

Dreieich, Germany). ESI interface parameters were as fol- recoveries for hyperforin were 63 and 68% at concentrations
lows: middle position, spray voltage4.5 kV, sheath gas (Y of 34.5 and 66.5 ng/mL.

60 psi, aux gas (Y 20 scales, capillary heater temperature
350°C. The voltages responsible for the spray focus (heated
capillary, skimmer lens, lens L11) were optimised. For this 3.2. Stability of hypericin in plasma samples

purpose aqueous solutions of pure hypericin (0.1 mg/mL)

and hyperforin (0.1 mg/mL) were introduced continuously Hypericin and hyperforin are sensitive to light with hy-
into the LC eluent via a syringe pump (ap.b/min). The pericin being the more sensitive compouj2®]. In order
intensity of the M — H]~ ion was monitored and adjusted to evaluate the stability of hypericin which is important for
to maximum. In the full scan MS mode 1.20kV multiplier sample handling in clinical studies spiked plasma samples
voltage was chosen. Selected reaction monitoring (SRM) were exposed to direct sunlight. Under these conditions the
measurements were performed at 1.63 kV multiplier voltage. degradation of hypericin followed first order kinetics with
MS/MS transitions monitored in the negative ion mode were a degradation constakg of 0.387 ! corresponding to a
m/z 503.0— m/z 405.0 for hypericin andn/z 535.1— m/z half-life of 1.8 h. Within 8 h, more than 90% of hypericin is
382.9 for hyperforin. The parameters influencing these tran- degraded. In contrast, the hypericin concentration in light-
sitions were optimised: the Ar pressure in the collision protected sample vials remained unchanged over a period of
guadrupole g2 was set to 4.8 mbar, the collision energy (CID- 3 h (Fig. 2), which was selected as a presumed maximum
voltage) on g2 was adjusted to 62 and 40V for hypericin duration for pre-analytical sample handling.

and hyperforin, respectively. The resolution on the parent
quadrupole gl was slightly decreased in order to increase the
sensitivity. 40+

=
b
o

y=24.144 ¢ 03871x

2.7. Validation of the analytical method 7 30 T s
E 2 2
Analytical method validation was performed in accor- E g o
dance to the recommendations published by the U.S. Food £ 20 :&
and Drug Administration (FDA)[24,25] Accuracy was 5 i ' ‘ i .
calculated on the basis of the quotient of the averaged mea- I& - szposur:m sunliﬁght i ¢

surements and the nominal value and expressed in percent.
Precision was defined as the ratio of the standard devia-
tion and the mean calculated value in percent. These values o
are given within-batch and batch-to-batch. For this purpose
analytical batchesn(=3) each containing seven calibration
samples, 18 qua“ty control samples atthree different Concen'Fig. 2. Stability of hypericin in spiked plasma samples during exposure to

trations, six quality control samples for LOQ, and six samples suniight (mear: S.D.,n=3 samples). Open symbols: samples exposed to
of blank plasma from different individuals for specificity test-  sunlight. Solid symbols: samples protected from sunlight.

T

Time [h]
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Fig. 3. LC/MS/MS-chromatograms of human plasma extracts. (A) Blank plasma. (B) Spiked plasma at 0.05 ng/mL hypericin and 0.5 ng/mL hyperforin. (C)
Patient plasma containing 0.40 ng/mL hypericin and 16.6 ng/mL hyperforin. Upper traces: hypericin>583500, CID 62 V. Lower traces: hyperforin,
535.1— 382.9, CID 40 V.
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Table 1
Results of the QC samples of the analytical method validatieri3(batchesn = 6 replicates within each batch)
Batch number Hypericin Hyperforin
0.14 3.28 6.26% 1.48 34.5 66.5"
Within batch
1 Mean (ng/mL) 012 315 558 164 365 647
Precision (% CV) Z 7.9 113 49 4.3 43
2 Mean (ng/mL) 015 358 7.03 170 377 727
Precision (% CV) 14 43 57 41 97 31
3 Mean (ng/mL) o6 379 696 172 388 737
Precision (% CV) 18 86 83 42 6.1 26

Batch-to-batch

Mean (ng/mL) 014 351 652 169 377 704
Precision (% CV) 15 103 131 47 71 6.7
Accuracy (%) 1019 1080 1041 1142 1093 1059

a Adjusted concentration (ng/mL).

3.3. Performance and validation of the analytical idation batchesTable 9. The correlation coefficients4)
method from the calibration curves of the validation batches were
at least 0.995 or higher for both compounds. The robust-

The HPLC parameters were optimised for the fast de- ness expressed in the overall accuracy of the QC samples
tection of hypericin and hyperforin with mass spectrome- from seven analytical batches, which were measured within 3
try by choosing a short and narrow reversed phase HPLCeeks showed accuracies varying between 89.9 and 114.2%.
column. The solvent system, which contained only volatile The retention times of hypericin and hyperforin taken from
compounds, was reduced to the specific requirements of thegalibration and QC samples of seven analytical batches were
ESI source. IrFig. 3A and B selected blank and spiked blank 1,63 min+-3.3% (hypericin) and 4.20 mit 2.6% (hyper-
chromatograms as well as a real plasma saniite 8C) are forin).
shown: The high amount of acetonitrile in the eluent (75%)  This assay was first developed using an internal stan-
was adjusted for an elution of hypericin and hyperforin within dard (Ro-31-8959/048, Roche Products Limited, Hertford-
5min and resulted in short chromatograms (6 min) with max- shire, England), which is a compound normally used for
imum peak half widths of 30s. Additionally this led to a the HPLC/UV determination of saquinavir in biological ma-
fast elution of interfering compounds preventing contamina- trices. This compound showed extraction recoveries similar
tion of the analytical column. Using selective and sensitive to hyperforin and can easily used under these LC and ESI-
tandem mass spectrometric detection no matrix interferencenegative parameters. However this analysis revealed repro-
was observed in the blank plasma of six different individ- ducible extraction recoveries making the obligatory use of an
uals. In general, co-eluting matrix is able to influence the internal standard dispensable.
ionisation process (ion suppression) and to contaminate the
heated capillary, resulting in higher variation particularly at
the lower limit of quantification (LOQ). Both were not the 3-4. Application of the method to samples of a single
case and no increase of the ESI spray current was measuredlatient
which can be observed when suppressing ions or matrix com-
pounds co-elute with the analytes. The LOQ for hypericin ~ The hyperforin concentration on days 1, 3, and 7 of hos-
was 0.05 ng/mL and for hyperforin 0.035 ng/mL with an ac- pitalisation of the patient was 902, 235, and 16.6 ng/mL, re-
curacy of 20%. The signal-to-noise ratio at LOQ was at least SPectively. The corresponding hypericin concentrations were
5:1. Without cleaning of the heated capillary more than hun- 2.55, 1.17, and 0.40 ng/mL (séey. 3C) resulting in an esti-
dred measurements were possib|e_ mated half-life of Sllghtly more than 2 dayS.

The analytical method validation was performed with
three analytical batches according[&%,25] with the fol-
lowing results: Within-batch precision for hypericin (data 4. Conclusion
for hyperforin are in parentheses) ranged between 2.7 and
14.3% (2.6-9.7%) (S.D.). The overall precision=(18) This LC/MS/MS assay combined with liquid/liquid ex-
was 15.4% (4.7%) in the low, 10.3% (7.1%) in the mid- traction is highly sensitive, precise, and fast for the determi-
dle, and 13.1% (6.7%) in the high quality control samples. nation of hypericin and hyperforin in human plasma sam-
The overall accuracy of the QC-samples ranged betweenples. Care must be taken during sample preparation, which
101.9% (105.9%) and 108.0% (114.2%) in the three val- must be done in the darkness because hypericin is sensitive
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to sunlight. The method is calibrated and validated in the [5] L. Henderson, Q.Y. Yue, C. Bergquist, B. Gerden, P. Arlett, Br. J.
concentration range of therapeutic interest. Applying (1) the Clin. Pharmacol. 54 (2002) 349. _ )
results of the pharmacokinetic studies of Kerb efgl.and [6] L.B. Moore, B. Goodwin, S.A. Jones, G.B. Wisely, C.J. Serabjit-

Biber et al.[10], who both used a SJW dose effective for ggggi ;nglw'nson’ J.L. Collions, S.A. Kliewer, PNAS USA 97

treatment of mild to moderate depressidh, and (2) the [7] M.D. Perloff, L.L. von Moltke, E. Stormer, R.I. Shaker, D.J. Green-
LOQ-values of our method, hypericin may be detected up to blatt, Br. J. Pharmacol. 134 (2001) 1601.
about 12 days and hyperforin about 5 days after discontinu- [8] K. Sugimoto, M. Ohmori, S. Tsuruoka, K. Nishiki, A. Kawaguchi,
ation of SJW. To cover such a long time period is important K- Harada, M. Arakawa, K. Sakamoto, M. Masada, I. Miyamori, A.
because the induced state following SJW discontinuation has o, - mura Clin. Pharmacol. Ther. 70 (2001) 518.

9 ) . [9] R. Kerb, J. Brockndller, B. Staffeldt, M. Ploch, I. Roots, Antimicrob.
been shown to last 2 weeks or even longer in patients treated ~ agents Chemother. 40 (1996) 2087.
with cyclosporine A[3,13]. This suggests that even small [10] A. Biber, H. Fischer, A. Romer, S.S. Chatterjee, Pharmacopsychiatry
and possibly subtherapeutic concentrations of SJW ingredi- 31 (Suppl. 1) (1998) 36. _
ents are capable of maintaining enzyme induction. It further [11] D-E. Price, A. Mehta, B.K. Park, A. Hay, M.P. Feely, Br. J. Clin.

hasises the importance of having a method at hand tha Pharmacol. 22 (1986) 744.
?mp " p 9 . f12] G.D. Anderson, B.E. Gidal, J.A. Messenheimer, F.G. Gilliam,
is more sensitive than the currently available fluorescence  gpjlepsy Res. 49 (2002) 211.
methods. [13] A. Mandelbaum, F. Pertzborn, M. Martin-Facklam, M. Wiesel,
In conclusion, we have developed a sensitive method  Nephrol. Dial. Transplant. 15 (2000) 1473. _
suited to evaluate the concentration—effect relationship of the[14] M- Wurglics, K. Westerhoff, A. Kaunzinger, A. Wilke, A. Baumeis-
. L . . . ter, J. Dressman, M. Schubert-Zsilavecz, J. Am. Pharm. Assoc. 41

twoinducing ingredients of SJW in human plasma. This assay (2001) 560
!’eaChed the demands of a clinical styag] in which secret ~ [15] B. Staffeldt, R. Kerb, J. Brockiiler, M. Ploch, 1. Roots, J. Geriatr.
intake of SJW had to be proven after several days resulting  Psychiatry Neurol. 7 (Suppl. 1) (1994) 47.

in plasma concentrations around 0.1 ng/mL for hypericin and [16] L. Liebes, Y. Mazur, D. Freeman, D. Lavie, G. Lavie, N. Kudler, et

hyperforin. al., Anal. Biochem. 195 (1991) 7. .
[17] C.M. Schempp, B. Winghofer, M. Langheinrich, E. Schopf,
J.C. Simon, Skin Pharmacol. Appl. Skin Physiol. 12 (1999)
299.
Acknowledgement [18] J.D. Chi, M. Franklin, J. Chromatogr. B 724 (1999) 195.

[19] S. Bauer, E. Stormer, H.J. Graubaum, |. Roots, J. Chromatogr. B
This work was supported by grant #01EC9902 from the 765 (2001) 29.

German Ministry of Education and Research (BMBF). [20] R. Pirker, C.W. Huck, G.K. Bonn, J. Chromatogr. B 777 (2002) 147.
[21] G. Piperopoulos, R. Lotz, A. Wixforth, T. Schmierer, K.P. Zeller, J.

Chromatogr. B 695 (1997) 309.
[22] A.R. Bilia, M.C. Bergonzi, F. Morgenni, G. Mazzi, F.F. Vincieri, Int.

References J. Pharm. 213 (2001) 199.
[23] M. Martin-Facklam, K. Rieger, K.-D. Riedel, J. Burhenne, I. Walter-
[1] B. Gaster, J. Holroyd, Arch. Intern. Med. 160 (2000) 152. Sack, W.E. Haefeli, Br. J. Clin. Pharmacol. 58 (2004) 437.
[2] A. Pfrunder, M. Schiesser, S. Gerber, M. Haschke, J. Bitzer, J. [24] V.P. Shah, K.K. Midha, J.W.A. Findlay, et al., Pharm. Res. 17 (2000)
Drewe, Br. J. Clin. Pharmacol. 56 (2003) 683. 1551.
[3] S. Bauer, E. Sirmer, A. Johne, H. Kiger, K. Budde, H.-H. Neu- [25] Guidance for Industry, Bioanalytical Method Validation, U.S. Depart-
mayer, |. Roots, I. Mai, Br. J. Clin. Pharmacol. 55 (2003) 203. ment of Health and Human Services, Food and Drug Administration,

[4] J. Barnes, L.A. Anderson, J.D. Phillipson, J. Pharm. Pharmacol. 53 May 2001, available from: URLhttp://www.fda.gov/cder/guidance/
(2001) 583. 4252fnl.htm(accessed June 24, 2004).


http://www.fda.gov/cder/guidance/4252fnl.htm
http://www.fda.gov/cder/guidance/4252fnl.htm

	Simultaneous determination of hypericin and hyperforin in human plasma with liquid chromatography-tandem mass spectrometry
	Introduction
	Patient, materials, and methods
	Patient
	Materials
	Standard solutions, calibration, and quality control samples (QC)
	Sample preparation
	Stability of hypericin with and without sunlight exposure
	Instrumental analysis parameters
	Validation of the analytical method

	Results and discussion
	Sample preparation
	Stability of hypericin in plasma samples
	Performance and validation of the analytical method
	Application of the method to samples of a single patient

	Conclusion
	Acknowledgement
	References


