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Quantitation of Silibinin, a Putative Cancer Chemopreventive
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Plasma by High-Performance Liquid Chromatography and
Identification of Possible Metabolites
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Silibinin has recently received attention as a potential cancer chemopreventive agent because of its
antiproliferative and anticarcinogenic effects. A simple and specific reversed-phase high-performance
liquid chromatography method was developed and validated for the quantitation of silibinin in human
plasma. Sample preparation involved simple protein precipitation, and separation was achieved on
a Waters Atlantis C1g column with flow rate of 1.0 mL/min at 40 °C and UV detection at 290 nm.
Silibinin was detected as two peaks corresponding to trans-diastereoisomers. The peak area was
linear over the investigated concentration range (0—5000 ng/mL). The limits of detection were 2 and
1 ng/mL for the two diastereoisomers (d1 and d2), with a recovery of 53—58%. This method was
utilized to detect silibinin in plasma of colorectal patients after 7 days of treatment with silipide (silibinin
formulated with phosphatidyl choline).
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INTRODUCTION
Silymarin, a mixture of flavonolignans extracted from the
seeds, fruits, and leaves of milk thisti8ilybum marianum HO 0.
has been used traditionally for the treatment of hepatic disorders
such as acute viral hepatitis (1), alcoholic liver disease3)_2,
and death cap mushroom poisonid. (Silymarin consists of OH O

silibinin (34%), isosilibinin (26%), silydianin (20%), silycristin
(20%), and traces of taxifolin (5). Silibinin exists as two trans-
diastereoisomer$j (Figure 1). The names silybinin, silibinin,
silibin, or silybin have been used interchangeably; here, the term
“silibinin” will be used throughout.

In recent years, silibinin has received much attention regarding
its antiproliferative and anticarcinogenic effects in a variety of OH ©
neoplasias as reflected in experiments with cancer cell lihes ( Figure 1. Molecular structure of the trans-diastereoisomers of silibinin
8) and in rodents9, 10). Silibinin has previously been shown (1) showing the chiral centers (*) and apigenin (interal standard) (2).
to have low oral bioavailabilityX1). Therefore, a formulation

(Silipide) combining silibinin with phosphatidyl choline at a equires the development of a robust analytical technique for

molar ratio has been developed to increase its absorpt®n (s identification and quantitation in biological matrices. Previ-

Silipide is well-tolerated in both animal models and healthy qs)y, Martinelli et al. {4) described a high-performance liquid

human volunteers1@, 13). Clinical development of silibinin chromatography (HPLC) method for silibinin using normal-

phase solid extraction columnggrt-butylmethylether as the

Lo e SSSPONence shoul e aesese TbA0/LG 223 eluent, andhexanefethanol ss the mabile phase. This method
T Leicester Royal Infirmary. did not separate silibinin diastereoisomers, antiexane is

*The Leicester General Hospital. known to be toxic {5, 16). In 1993, Mascher et al.l7)
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published a semivalidated HPLC method that, for the first time, phase B): 5% at O min, 30% at 5 min, 50% at 20 min, 60% at 25 min,
separated the two diastereoisomers of silibinin, but this methodand 95% at 30 min and held at 95% for 5 min. Quantitation of silibinin
employed a mobile phase composed of 0.02 M perchloric acid, Was accomplished by reference to a calibration curve of silibinin peak
which is a powerful oxidizing agent and as such raises safety 2@ r_atio (silibinin d_l or d2 to internal standard apigenin) plotted against
concerns for large-scale use in the laboratory. The purpose ofS!Pinin concentration. . o

this study was to develop a safe, simple, and robust reversed- Identification of Silibinin and Metabolites by Liquid Chroma-

- L tography/Mass Spectrometry (LC/MS). LC/MS analysis was per-
phase HPLC method validated for detection in human plasmaformed using an API2000 mass spectrometer (Applied Biosystems,

and suitable for use in the further clinical development of \yarrington, United Kingdom) with sample delivery via an 1100 series

silibinin. HPLC instrument (Agilent Technologies UK Ltd., South Queensferry,
United Kingdom). The HPLC separation used was essentially as
MATERIALS AND METHODS described above with the following modifications: 150 mn2.1 mm

i.d., 3um Atlantis column with 20 mmx 2.1 mm i.d. guard column
Compounds and Biomatrices.Silibinin (CAS 22888-70-6) and  and the flow rate reduced to 30Q./min to allow direct injection in
apigenin (CAS 520-36-5) were purchased from Sigma-Aldrich (Poole, the mass spectrometer without the need for eluant splitting. Mass
United Kingdom). Silibinin was-98% pure and consisted of a racemic  spectrometric analyses were performed in negative mode under the
mixture of two diastereoisomers. Silipide (IdB 1016: a 1:1 molar ratio following conditions: declustering potentiat121 V; focusing poten-
of silibinin and phosphatidylcholine, i.e., 40% of silibinin and 60% of  tial, —300 V; entrance potentiat; 10 V; collision energy exit potential,
phosphatidylcholine by weight) was supplied by Indena s.p.a (Milan, —20 V; ion spray voltage;-4500 V; and temperature, 50C. Silibinin
Italy). Human plasma was obtained from the National Blood Transfu- was identified by a Q1 multiple ion scan looking atz 481
sion Centre (Sheffield, United KingdgmPlasma samples were also (M — H™).
obtained from colorectal cancer patients receiving silipide capsules
(containing 480 mg of silibinin) three times a day for 7 days prior to  pe=gy TS AND DISCUSSION
surgery. The Leicestershire Local Research Ethics Committee authorized
the investigation of silibinin bioavailability in colorectal cancer patients. Validation of Silibinin Extraction. The method described
Patients gave informed consent prior to the commencement of the study.here resolves the two diastereoisomers of silibinin into two
Extraction of Silibinin from Human Plasma. Pooled human baseline-separated chromatographic peaks at retention times 21.2
plasma was stored at80 °C and thawed at room temperature priorto  gnd 21.7 min, which were arbitrarily assigned as silibinin d1
use. Silibinin stock solutions were prepared in methanol. Dilutions were a4 sjlibinin d2, respectively (Figure 2). Plasma spiked with
made using 70% aqueous methanol containing 5% acetic acid. Humang;ininin yielded calibration curves that were linear over the
plasma samples spiked with silibinin{8 «g/mL) were analyzed in observed range (65 ug/mL). Silibinin d1 was characterized

triplicate and incorporated an internal standard (apigenin) added at a . ; o
final concentration of 500 ng/mL. The samples were vortexed at high- by the calibration equatiory[= (0.0005+ 0.0001)x— (0.0166

speed setting for at least 20 s prior to adding 3 mL of ice-cold methanol = 0-0196), silibinin d2 byy = (0.0005+ 0.0001)x— (0.0271

to precipitate the proteins. Efficient protein precipitation was achieved = 0.0232)] (meant SD of n = 6). The mean correlation

by keeping samples at20 °C for 30 min. Samples were centrifuged ~ coefficient ¢2) for the interday analysis was consistently above

(6000gfor 20 min), and the supernatant was removed and transferred 0.995 (n= 6).

to fresh plastic tubes and dried under a constant stream of nitrogen. Recovery of silibinin d1 and d2 from pooled plasma samples

Residues were reconstituted in 10 of mobile phase B followed by and precision and accuracy was estimated at four concentrations

a final 13000g centrifugation at 4°C, and the supernatant was (2500, 250, 50, and 25 ng/mL). Recovery was-53% (Table

transferred to vials prior to HPLC analysis (&Q injection volume). 1). The precision determined at each concentration level as
Blood from colorectal cancer patients was collected into heparinized eflected by the coefficient of variation (CV) did not exceed

tubes before treatment and 2 h after the final dose. Plasma was isolate 5%. Accuracy was within 15% for silibinin d1 at all concentra-

immediately by centrifugation and stored -a80 °C until analysis. . N .
Samples were thawed to room temperature, aptl §100 ug/mL) of tions and silibinin d2 for concentrations 52500 ng/mL

apigenin (internal standard) was added to patient plasma #8395 (Table 1). o _
Silibinin was extracted as described above. The LODs of silibinin d1 and d2 were determined by

The extraction method for plasma was validated for various extraction from spiked plasma. The LOD for silibinin d1 was 3
parameters. Linearity was assessed for each diastereoisomer by ng/mL, and for silibinin d2, the LOD was 2 ng/mL. LOQs for
regression using Microsoft Excel 2002 software. Recovery was assessedailibinin d1 and d2 in human plasma were found to be 7 and 5
by comparison of silibinin isomers extracted from spiked plasma (- ng/mL, respectively. The CV for LOQ is within the acceptable
6) with nonextracted standard solutions in methance(6). Precision limits of the FDA method validation guideline4§).
and accuracy for silibinin diastereoisomers (d1 and d2) were determined Silibinins d1 and d2 were stable for at least 1 month &€4

at four concentrations (2500, 250, 50, and 25 ng/mL). The limits of in the dark when kept in methanol. The stability of silibinin

detection (LOD) and quantification (LOQ) were estimated as the d api inin h | | d followi |
concentrations of silibinin diastereoisomers that generate a signal-to- 210 @pigenin in human plasma was evaluated following sample

noise ratio of three and seven, respectively. storage at-20 and—80 °C for 24 h. Both silibinins d1 and d2
HPLC Analysis of Silibininin in Human Plasma. Chromatographic ~ Were stable when kept at20 and—80 °C after three freeze
separation was accomplished using 150 mr.6 mm i.d., 3um, Cig thaw cycles (Table 2).

Atlantis column (Waters, Elstree, United Kingdom) in combination with Determination of Silibinin in Human Plasma from Pa-

a 20 mmx 4.6 mm i.d., 5um guard column at 46C. The Atlantis tients Receiving Oral Silipide. Silibinin was successfully
stationary phase was chosen for this analysis due to its ability to run at detected at quantifiable levels in the plasma of colorectal cancer
high aqueous concentrations and to separate the diastereoisomers ghatients receiving oral silipiddsigure 2 shows typical HPLC
silibinin. The HPLC system consisted of a Varian ProStar 230 Pump, chromatograms of plasma obtained from a colorectal cancer
ProStar 410 autosampler, and a 310 UV/vis detector at 290 nm (Varian patient before and after consumption of silipide capsules, at 1440
Analytical Instruments, Oxford, United Kingdom). The collected data mg silibinin per day in three divided doses for 7 days F;eaks at

were analyzed using Star LC Workstation software version 5.5. Mobile . . - . .
phase A consisted of glacial acetic acid and distilled water at a ratio of 21-1 @nd 21.7 min were identified as silibinin diastereoisomers

1:19 (pH unaltered-2.4). Mobile phase B contained glacial acetic acid Py cochromatography with authentic standard. These peaks were

and methanol (1:19 v/v). The flow rate was 1.0 mL/min, the total run absent from plasma samples taken from the patient before
time was 35 min, and the gradient employed was as follows (mobile silipide ingestion Figure 2D). Several peaks appeared in
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Figure 2. Separation and identification of silibinin diastereoisomers in human plasma. Silibinin d1 and d2 (peaks 1 and 2, respectively) in methanol (A)
spiked in human plasma (C) and in plasma obtained from a colorectal cancer patient after a 7 day treatment of silipide capsules (containing 480 mg of
silibinin three times daily) (E). Blank pooled human plasma (B) and plasma from patient prior to initiating silipide treatment (D) demonstrate the absence
of any coeluting peaks (* indicates the internal standard, apigenin).

6) for Extraction and Measurement of Silibinin Diastereoisomers from Human Plasma

silibinin concn recovery recovered concn accuracy? coefficient of
diastereoisomer (ng/mL) (%) (mean + SD) (% + SD) variation RSD (%)
dl 25 58+8 29.04 +4.08 93.6+6.2 14.04
d2 25 55+7 27.44 £3.29 75.3%6.3 11.98
d1 50 56 + 4 55.61 +3.83 97.4+6.9 6.89
d2 50 53+7 54.41+2.15 85.8+4.1 4.02
dl 250 54+6 270.6 £32.2 106.7 £12.1 11.92
d2 250 55%6 275.6 +28.7 106.3+114 11.40
d1 2500 55+ 6 2598 + 272 100.0 £ 10.5 10.48
d2 2500 55+5 2732 £ 255 1135+ 10.6 9.32
an==6.

Table 2. Stability of Silibinin Diastereoisomers in Spiked Plasma after
Three Freeze—Thaw Cycles

silibinin diastereoisomer
concentration (ng/mL)

25 50 2500
peak peak peak
area RSD area RSD area RSD
diasterioisomer  storage  ratio® (%) rato? (%) ratio® (%)

d1 immediate  0.056 5.669 0.125 16.224 7.206 1.988
d2 (t=0) 0075 2365 0.140 8592 8.013 1.947
d1 -20°C 0035 5612 0118 6.067 6.960 0.582
d2 0.060 11.191 0.114 8613 7.637 0.367
d1 _80°C 0062 2212 0111 4693 6.990 3.380
d2 0069 7270 0116 7.791 7.863 2.391

@Peak area ratio of silibinin diastereoisomer to the internal standard apigenin.

are the same peaks as seen by HPLC. Vanolz/alues were
scanned for in multiple ion scan mode corresponding to probable
phase | and phase Il metabolites. Of these, only the following
showed peaks of significant intensityn/z 657 (monoglucu-
ronide) 13.1, 15.6, 16.4, and 17.8 min{z833 (diglucuronide)
10.8 min;m/z561 (monosulfate) 17.0, 17.8, and 18.8 min; and
m/z737 (glucuronide sulfate) 9.1 and 11.0 min. There was also
some evidence for the presence OFdesmethyl silibinin
glucuronide (m/643) and silibinin triglucuronide (m/z008).
Although several methods have been developed for the
analysis of silibinin in human plasma, to the best of our
knowledge, no simple, fully validated method suitable for
clinical evaluation of silibinin and its metabolites has yet been
published. Here, we describe a simple method utilizing plasma
protein precipitation and robust, precise, and reproducible
reverse-phase HPLC to separate silibinin diastereocisomers with
LOD and LOQ comparable with, or better than, previously

postdose plasma samples that may be attributable to silibinin Published HPLC-UV detection methods (147, 20). Rickling
metabolites (e.g., at retention times 15.3, 16.2, 17.7, 18.3, andet al. (21) published a LOD for silibinin diastereoisomers of

19.2 min).

Identification of Silibinin and Possible Metabolites in
Human Plasma from Patients Receiving Oral Silipide.

0.25 ng/mL, which are superior to those quoted here; however,
this level of sensitivity was achieved by using electrochemical
detection and column switching, whereas our method has the

Plasma obtained from patients was investigated by LC/MS in advantage of employing simple UV/vis detection at 290 nm and

Q1 scan moden{/z 100—900) as described previousht9).
Peaks in the mass chromatogram at 20.8 and 21.5 mim (

without the need for column switching. Other techniques have
required the use of less common constituents of mobile phases

481) were identified as the two diastereoisomers of silibinin, such as dioxane and perchlorate for separatibh 17). A
corroborated by coelution with authentic standard, and thesepublished method looking at the glucuronidation of silibinin
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using bovine liver microsomes22) was not optimized for (10)
human plasma nor was it optimized for the various phase | and
Il metabolites likely to be present in humans taking silibinin.
The method described in this paper was used to separate
silibinin and its metabolites in a patient who had received
silibinin at a dose of 480 mg, three times daily oral dose for 7
days in a clinical pilot study (Figure 2). The results of the
clinical study (19) suggests that silibinin is orally bioavailable
and present in the systemic circulation at clearly quantifiable
concentrations. The peaks eluting before silibinirFigure 2
suggest the presence of silibinin conjugates. Consistent with
this observation, silibinin conjugates have been putatively (13)
identified (19) using this method, the validation for which is
described here. This method seems highly suitable for the
development of silibinin as a cancer chemopreventive agent in
humans.
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