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Abstract

Background: Extracts of milk thistle, Silybum marianum (L.) Gaertn., are used as dietary supplements for their
hepatoprotective, anti-inflammatory, and anti-tumor activities.

Objective: An assay based on UHPLC-MS/MS was developed and validated for the quantitative analysis of six major milk
thistle flavonolignans extracted from human serum.

Methods: Ethyl acetate containing 0.1% formic acid was used to extract flavonolignans from human serum. A 10-min UHPLC-

MS/MS method using selected reaction ion monitoring was developed for measuring extracts for silybin A, silybin B,

isosilybin A, isosilybin B, silychristin, and silydianin.

Results: The quantitative method was validated with respect to selectivity, specificity, accuracy, linearity, precision, LOD, and
LLOQ. Extraction efficiency for the quality control standards at LLOQ, low, medium, and high concentrations ranged

between 81% and 109%, and the calibration curves were linear (R? > 0.997) for all flavonolignans. The method precision was
determined using coefficients of variation, which were <15%. The method accuracy was assessed using percent relative

error which was <15%.

Conclusions: The UHPLC-MS/MS assay is fast, precise, sensitive, selective, accurate, and useful for the analysis of milk thistle

flavonolignans in human serum.

Highlights: The UHPLC-MS/MS assay is suitable for rapid quantitative analysis of milk thistle flavonolignans in human

serum.

Milk thistle (Silypbum marianum (L.) Gaertn.) is an annual or
biennial plant indigenous to Europe and the Mediterranean be-
longing to the daisy family (Asteraceae). Silymarin, which is a
mixture of flavonolignans and their precursor flavonoids, is the
main component of extracts of milk thistle seeds (1). Milk thistle
and silymarin are widely used as dietary supplements due to
their anti-inflammatory and anti-tumor activities (2-4) as well
as hepatoprotective effects (5).

Defatted lipophilic extracts from the seeds/fruits of milk
thistle contain flavonoids and flavonolignans such as silybin A,
silybin B, isosilybin A, isosilybin B, silydianin, and silychristin

(Figure 1). The silybins and isosilybins are isomers (6), and the
silybins have been reported to be more abundant than isosily-
bins in the seed extract (7). Although many clinical trials of milk
thistle have been carried out (for example, >50 studies are listed
on ClinicalTrials.gov using milk thistle or silymarin), many have
suffered from inadequately standardized test materials (8). This
limitation leads to inconsistent results due to variable or irre-
producible levels of silymarin constituents, each of which might
have different pharmacological activities. Such lack of stan-
dardization leads to inconsistent or unknown dosages which
may affect the validity of conclusions drawn from the clinical
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Figure 1. Structures of milk thistle flavonolignans and d4-daidzein (internal standard) used in the study.

studies (9, 10). A validated method for the measurement of milk
thistle flavonolignans in test materials and human serum is
necessary to support pharmacokinetic analyses and to enable
accurate correlation between pharmacological concentrations
of individual compounds and the observed in vivo effects. A val-
idated analytical standardization method for milk thistle
flavonolignans (silymarin) may be used to ensure product
consistency and clinical study reproducibility.

Previous analytical methods to measure flavonolignans in
milk thistle dietary supplements have utilized HPLC-UV,
UHPLC-UV, capillary electrophoresis-UV, HPLC-MS, and UHPLC-
MS/MS. Each of these published methods has limitations that
can be overcome by using an appropriately validated UHPLC-
MS/MS assay. For example, Quaglia, et al. (11) used HPLC and
capillary electrophoresis to measure flavonoids in dried fruits of
milk thistle but could not separate the diastereomers of silybin
and isosilybin. The HPLC-MS method of Lee, et al. (6) used
low-resolution single-stage mass spectrometry on a triple
quadrupole mass spectrometry instead of tandem mass spec-
trometry with selected reaction monitoring. Wang, et al. (12)
used UHPLC-MS/MS and Liu, et al. (13) used UHPLC-UV for the
rapid separation (<10min) and detection of 6 major flavonoli-
gnans from milk thistle (Figure 1), but neither method was
quantitative.

In response to the AOAC International call for a single-
laboratory method validation for quantification of flavonoli-
gnans in milk thistle dietary supplements, Mudge, et al. (14)
reported a HPLC-UV method for all six flavonolignans. Although
appropriately validated, this method utilized a 37-min HPLC
method instead of faster UHPLC separation and used UV for
quantification instead of tandem mass spectrometric detection.
We developed and validated a faster, more sensitive, and
more selective UHPLC-MS/MS approach that is suitable for the
measurement of milk thistle flavonolignans in human serum.

Although there have been several methods reported for the
measurement of milk thistle flavonolignans in dietary supple-
ments, there are few quantitative methods for these com-
pounds in human serum or plasma. In a rare example, Brinda,
et al. (15) used HPLC-MS/MS to measure six silymarin active
compounds extracted from human plasma. Although validated,
this method required 30min per chromatographic separation,
and each flavonolignan peak was over 1 min wide. Our new
UHPLC-MS/MS method uses a 10 min separation with sharper
chromatographic peaks and greater sensitivity for the measure-
ment of all 6 major milk thistle flavonolignans in human
serum.

Methods
Materials and Reagents

Silychristin and silydianin (> 98.0% purity) were purchased
from ApexBio (Boston, MA, USA), silybin B, isosilybin A and iso-
silybin B (> 98.0% purity) were purchased from Sigma Aldrich
(St. Louis, MO, USA), silybin A (50:50 mixture of silybin A and B),
and d4-daidzein (> 99.0% purity) were purchased from Cayman
Chemicals (Ann Arbor, MI, USA). HPLC-MS grade acetonitrile,
methanol, and formic acid were purchased from Thermo Fisher
Scientific (Waltham, MA, USA). Ultrapure water was prepared
using a Milli-Q water purification system (Millipore, MA, USA).
All other reagents and solvents were reagent grade or better
and were purchased from VWR (Visalia, CA, USA).

Separation of Silybin A and Silybin B

Silybin A was prepared from a 50:50 (w/w) mixture of silybins A
and B using a method adapted from Kim, et al. (16). Briefly, sily-
bin A was separated from silybin B using a Waters (Milford, MA,
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USA) Delta 600 preparative HPLC system equipped with a photo-
diode detector and a Phenomenex (Torrance, CA, USA)
Ultremex Csg column (250 x 10 mm, 5pum). The isocratic mobile
phase contained methanol/water (50:50; v/v) at a flow rate of
3mL/min. The injection volume was 50 L, and UV absorbance
detection was monitored at 286 nm. Silybin A eluted at 14 min,
and the retention time of silybin B was 16 min. Peaks corre-
sponding to silybin A collected from multiple injections were
combined, evaporated to dryness using a rotary evaporator, and
then lyophilized to give a white powder. Identification of silybin
A was confirmed using high-resolution mass spectrometry as
described below.

Preparation of Calibration Standards, Quality Controls,
and Internal Standards

Stock solutions of milk thistle flavonolignan standards (1 mg/
mlL) in methanol were prepared, aliquoted, and stored at -20°C
until use. The working solutions for the calibration standards
were prepared by diluting the stock solutions with methanol/
water (50:50, v/v). Quality control (QC) standards at LLOQ, low,
medium and high concentrations in methanol/water (50:50; v/v)
were prepared from 1 mg/mL stock solutions. Standard working
solutions (20 uL) of varying concentrations of the milk thistle fla-
vonolignans were spiked into human serum for use as stand-
ards. The final concentration of each calibration curve standard
is shown in Table 1.

A stock solution of the internal standard ds-daidzein (1 mg/
mlL) was prepared by dissolving an accurately weighed sample
in dimethylsulfoxide. The stock was diluted with methanol/wa-
ter (50:50, v/v) to obtain a working solution of 125ng/mL.
Because stable isotopically labeled flavonolignans were unavail-
able, ds-daidzein was used as the internal standard due to its
similar solubility and extraction efficiency.

Extraction of Milk Thistle Flavonolignans from Human
Serum

Human serum (100 uL) was mixed with 80 uL internal standard
working solution in a 1.5 mL microcentrifuge tube. The flavono-
lignan standards at varying concentrations (20pL) were then
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added. Four volumes (800 uL) of ethyl acetate containing 0.1%
formic acid was added, and the mixture was vortexed for 2 min
followed by centrifugation for 30 min at 18 000xg and 4°C. The
organic layer was transferred to a clean centrifuge tube, dried
under vacuum and reconstituted in 200 pL of mobile phase for
UHPLC-MS/MS analysis.

High-Resolution UHPLC-MS and MS/MS of Milk Thistle
Flavonolignan Standards

High-resolution mass spectra and tandem mass spectra of all
flavonolignan standards and ds-daidzein internal standard
were obtained using a Shimadzu (Kyoto, Japan) 9030 Q-ToF tan-
dem mass spectrometer equipped with a Shimadzu Nexera
UHPLC system. The electrospray ionization interface tempera-
ture was 300°C, and the voltage was -3.5kV for negative ion
mode. The heat block and desolvation line temperatures were
400°C and 250°C, respectively. Nitrogen was used as a drying
gas at a flow rate of 10L/min, for nebulization at 3L/min and as
a heating gas at 10L/min. Mass spectra and product ion tandem
mass spectra were acquired every 100 ms over the scan range of
m/z 70-700. Product ion tandem mass spectra were obtained us-
ing a collision energy of 35V with an energy spread of 17V. A 5-
pL aliquot was injected into the UHPLC-MS for quantitative
analysis.

UHPLC-MS/MS Quantitative Analysis

Aliquots (5uL) of each milk thistle sample were analyzed by us-
ing UHPLC-MS/MS. Chromatographic separation of the milk
thistle flavonolignans was carried out using a Shimadzu Nexera
UHPLC system fitted with a Waters Acquity UPLC BEH C;g col-
umn (1.7 ym, 130 A, 2.1 mm x 50 mm). The column oven temper-
ature was 40°C and the autosampler was 10°C. The mobile
phase consisted of a gradient from water (A) to methanol (B),
each containing 0.01% formic acid, as follows: 40% B for 2 min,
40-45% from 2-4.5min; 45% B from 4.5-5.5min; 45-50% B from
5.5-6.0min; 50-55% B from 6.0-6.5min; 55-60% B from 6.5-
6.6 min; and 60-65% B from 6.6-8.0 min. The column was equili-
brated at the initial condition of 40% B for 2min prior to the
next injection. The total UHPLC-MS/MS cycle for the separation

Table 1. UHPLC retention times (RT), negative ion electrospray MS/MS selected reaction monitoring (SRM) transitions, collision energies (CE),
and concentrations (ng/mL) of standards spiked into blank human serum for calibration curves®

Spiked concentrations (ng/mkL)

Analyte RT (min) SRM transition m/z CE (V) (1) (2) (3) (4) (5) (6) (7) 8) 9) (10) (12)

Silychristin 1.9 481 — 125 29 1.2 2 4 8 16 32 64 128 256 512 1024
481 — 325 22

Silydianin 2.4 481 — 179 26 1.2 2 4 8 16 32 64 128 256 512 1024
481 — 125 31

Silybin A 5.1 481 — 125 28 0.4 2 4 8 16 32 64 128 256 512 1024
481 — 301 21

Silybin B 5.5 481 — 125 29 0.4 2 4 8 16 32 64 128 256 512 1024
481 — 301 21

Isosilybin A 6.9 481 — 125 29 0.4 2 4 8 16 32 64 128 256 512 1024
481 — 453 20

Isosilybin B 7.2 481 — 125 27 0.4 2 4 8 16 32 64 128 256 512 1024
481 — 453 19

d4-Daidzein 3.6 257 — 212 31
257 — 136 39

#The first SRM transition of each milk thistle flavonolignan was used as the quantifier while the second SRM transition was used as a qualifier in the UHPLC-MS/MS

assay.
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of milk thistle flavonolignans was 10min. The flow rate was
0.35mL/min.

The UHPLC system was coupled to a Shimadzu LCMS-8060
triple quadruple mass spectrometry equipped with electrospray
operating in negative ion mode. Nitrogen was used as drying
gas at a flow rate of 5L/min and for nebulization at 3L/min. The
interface and desolvation line temperatures were 400°C and
300°C, respectively. The milk thistle flavonolignans were mea-
sured using collision-induced dissociation with selected reac-
tion monitoring (SRM). The SRM dwell time for each transition
was 15 ms, and the collision gas pressure was 230kPa. Data ac-
quisition, integration, and linear standard curve fitting were
carried out using Shimadzu Lab Solutions software (version 5.7).
The coefficients of variation and relative errors were calculated
using Microsoft Excel software (Seattle, WA, USA).

Validation of the UHPLC-MS/MS Analytical Method

Analytical method validation was performed following the U.S.
FDA guidelines for bioanalytical method validation (17) and
AOAC single-laboratory validation of chemical methods for die-
tary supplements and botanicals (18). The method was vali-
dated for recovery, matrix effect, selectivity, specificity,
sensitivity, linearity, limit of detection (LOD), lower limit of
quantitation (LLOQ), upper limit of quantitation (ULOQ), preci-
sion, accuracy, and stability. The method recovery was deter-
mined by comparing the peak areas obtained from blank
human serum samples spiked prior to extraction with the peak
areas obtained from spiked post-extraction serum samples.
Matrix effects were assessed using six different batches of blank
human serum. Briefly, a sample of each blank human serum
batch was extracted with ethyl acetate (contained 0.1% formic
acid) as described above and spiked with QC standards at low
and high concentrations. Internal standard solution was added,
and the solvent was removed under vacuum. Separately, QC
standards at low and high concentrations in neat solution
(methanol/water, 50:50; v/v) were mixed with 4 volumes of acid-
ified ethyl acetate and processed similarly to the spiked
samples.

Selectivity and specificity were evaluated by comparing re-
tention times and ratios of SRM MS/MS responses (quantifier
and qualifier signals) of standards in neat solution with stand-
ards spiked into blank human serum. Sensitivity and linearity
were assessed by plotting the area ratio of the standard peak to
that of internal standard versus the theoretical concentration of
the standard. The LOD was determined using signal-to-noise ra-
tio between 3 and 5. The LLOQ was defined as the lowest
amount of analyte that could be determined in a sample with
sufficient signal-to-noise ratio between 5 and 10. The ULOQ was
defined as the highest concentration of analyte where the rela-
tionship between the MS signal and the concentration was
linear, which was determined by the coefficient of determina-
tion (R?).

The interday and intraday precision and accuracy were
determined by calculating the coefficient of variation (CV) and
relative error (RE), respectively, of spiked QC standards in serum
matrix at LLOQ, low, medium, and high concentrations. The
stability of the milk thistle flavonolignans was determined by
analyzing QC samples at low, medium, and high concentra-
tions. The autosampler stability was assessed by re-analyzing
the processed samples 24 h after the first injection. The freeze-
thaw stability was determined for each QC level in serum that
had been stored at —20°C for 36 h and thawed at room tempera-
ture. When completely thawed, aliquots were measured by

UHPLC-MS/MS, and the remaining samples were re-frozen for at
least 12h. The freeze-thaw cycle was then repeated. The com-
pounds were considered stable when the difference between
the freshly prepared samples and those tested for stability was
<15%.

Results and Discussion
Selection of Milk Thistle Flavonolignans

The six flavonolignans selected for study are the main constitu-
ents of silymarin extract from milk thistle seeds and are antiox-
idants with pharmacological activity (19). These flavonolignans
are constitutional isomers, with the molecular formula
CasHp,0q9 (Figure 1). Thermodynamic and pK, studies have
identified the hydroxyl groups at positions 7 and 20 as the sites
of radical based oxidation in polar and non-polar solvents, re-
spectively (20, 21), and these groups are involved in the antioxi-
dant mechanisms of silymarin (21, 22). Silybin A was purchased
as a mixture of silybin A and B and was separated through pre-
parative HPLC to afford > 98% pure silybin A (Supplemental
Figure S1). All other flavonolignan standards were purchased as
single compounds and were determined to have purities of
> 98%.

Extraction of Milk Thistle Flavonolignans from Human
Serum

Flavonolignan extraction efficiency and sample clean-up was
carried out using a combination of protein precipitation and lig-
uid extraction using acidified ethyl acetate and was compared
with protein precipitation using acetonitrile. The addition of
formic acid-enabled protein precipitation while the flavonoli-
gnans were extracted into the ethyl acetate layer. In addition to
efficient sample clean-up and short sample preparation time (<
2h), higher flavonolignan recoveries were obtained using acidi-
fied ethyl acetate than when using acetonitrile (see Matrix
effects and recovery below and Supplemental Table S1).

UHPLC-MS/MS Method Optimization

Different chromatographic columns were tested for their effect
on peak shape and separation. These included Phenomenex
Luna Omega C;3 UHPLC (1.6pm, 100A, 21mm x 50mm)
(Torrance, CA), Advanced Chromatography Technologies
(Aberdeen, Scotland) ACE Super C;g UHPLC (1.7 pm, 90 A, 2.1mm
x 100mm), and Waters Acquity UPLC BEH Cyg (1.7 um, 1304,
2.1 x 50mm) (Milford, MA) column. Each column was tested us-
ing different mobile phase compositions including 0.1% formic
acid in water (aqueous phase) and acetonitrile or methanol
(organic phase). The Waters Acquity UPLC column was selected
for all subsequent experiments because it provided the best
separation for all milk thistle flavonolignan standards and the
d4-daidzein internal standard.

Chromatographic separation of the analytes was optimized
by evaluating different mobile phase compositions and various
additives. Gradient separations were evaluated using 10mM
ammonium formate, 10 mM ammonium acetate, or formic acid
(0.01% or 0.1%) in water as mobile phase A, and methanol or
acetonitrile were compared as mobile phase B. Rapid separation
(< 8min) of all analytes (Figure 2) was achieved without carry-
over between analyses using a linear gradient consisting of
0.01% formic acid in water and 0.01% formic acid in methanol at
a flow rate of 0.35 mL/min.
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Negative ion electrospray produced better signal-to-noise for
each flavonolignan than did positive ion mode. For tandem
mass spectrometric optimization, the two most abundant frag-
ments of each deprotonated milk thistle flavonolignan were
chosen for selected reaction monitoring (SRM) transitions, and
the collision-induced dissociation energies were adjusted to
produce maximum SRM signals. The most abundant product
ion for each flavonolignan was used as the quantifier SRM tran-
sition while the second most abundant product ion was used as
the qualifier SRM transition. The SRM transitions and their cor-
responding collision energies are detailed in Table 1.

Validation of UHPLC-MS/MS Method

(a) Matrix effects and recovery

Blank serum samples were extracted, spiked with standards,
and analyzed for potential peak suppression or enhancement
by endogenous matrix components. The percent matrix effects
for all flavonolignan analytes and d4-daidzein internal standard
assessed at 5ng/mL (low QC) and 1000 ng/mL (high QC) indicate
that ion suppression or ion enhancement was < 15% in 6 differ-
ent human serum batches which is within the guidelines rec-
ommended by the FDA. The extraction recovery studies were
performed at LLOQ, low, medium, and high QC concentrations,
and the peak areas of the serum samples spiked with the stand-
ards pre- and post-extraction were compared. The extraction ef-
ficiencies for all the milk thistle flavonolignans at the different
QC concentrations were between 81% and 109% (Table 2).

(b) Selectivity and specificity

The SRM chromatograms of extracted blank serum did not
show any peaks corresponding to the flavonolignans or internal
standard. Additionally, there were no peaks observed at the
same retention times as the standards, which indicated that
there was no endogenous substance in the blank human serum
interfering in the analysis of flavonolignans. These results show

80000 Isosilybin A Isosilybin B
60000 d,-Daidzein Silybin B
Silybin A
40000
Silydianin

20000 SilychriM

0

10 20 30 40 50 60 70 80

Retention time (min)

SRM MS/MS response

Figure 2. UHPLC-MS/MS chromatogram of milk thistle flavonolignan standards
(8 ng/mL) spiked into blank human serum. d4-Daidzein was used as an internal
standard.

that the UHPLC-MS/MS assay was selective and specific for the
intended milk thistle flavonolignan analysis.

(c) Sensitivity and linearity

The UHPLC-MS/MS assay showed a linear response from 0.4-
1024 ng/mL for silybin A, silybin B, isosilybin A and isosilybin B,
and from 1.2-1024 ng/mL for silychrisin and silydianin. The cor-
relation coefficients were > 0997 for all the analytes
(Supplemental Figures S2-S7). The limits of detection were
0.07 ng/mL for silybin A, silybin B, isosilybin A and isosilybin B,
and were 0.4ng/mL for silychristin and silydianin, while the
lower limits of quantitation ranged from 04— 1.2ng/mL
(Table 3). Therefore, the UHPLC-MS/MS assay showed excellent
sensitivity as well as a wide dynamic range, which would be
suitable for analyses of human serum from clinical pharmaco-
kinetics studies requiring measurements over a wide range of
concentrations.

(d) Accuracy and precision

The accuracy (%RE) and precision (%CV) of the analytical
method were determined using QC samples at LLOQ, low, me-
dium, and high concentrations in at least 5 replicates for intra-
day and 12 replicates for interday assays. At the LLOQ of the
flavonolignans, the intraday accuracy ranged between 1.20 and
9.75% with precision in the range of 7.56 to 10.0%. The interday
accuracy ranged from 0.396 to 8.96%, and the precision range
was 7.23 t014.6% (Table 3). Overall, the interday and intraday
precision for all QC concentrations were found to be within ac-
ceptable limits (< 15% CV) as indicated in the U.S FDA guidelines
for analytical method development (17). The interday and intra-
day accuracies for all flavonolignans at all QC concentrations
were < 15%, which was also within the acceptable range defined
by the FDA guidelines (17). These results demonstrate that the
UHPLC-MS/MS assay for the milk thistle flavonolignan analyzed
in this study was reproducible and reliable.

(e) Stability

The stabilities of milk thistle flavonolignans at low and high QC
concentrations were investigated under different conditions (in-
cluding autosampler temperature and repeated freeze thaw
cycles). The stability in the autosampler at 10°C for 24 h ranged
from 93 to 110% for low QC concentration compounds and 80 to
95% at high QC concentrations (Table 4). Repeated freeze thaw
cycles did not significantly affect the stability of the analytes.
The stability data suggest that accurate results would be
obtained by analyzing the samples within 24 h after extraction.

Conclusions

A method based on UHPLC-MS/MS for the quantitative analysis
of milk thistle flavonolignans was developed and validated

Table 2. Percent recovery of spiked milk thistle flavonolignan standards in blank human serum matrix

Concentration (ng/mL)

Analyte LLOQ Recovery % Low Recovery % Medium Recovery % High Recovery %
Silychristin 1.2 81.1 5 94.0 50 93.4 1000 97.7
Silydianin 12 97.5 5 91.2 50 93.3 1000 96.2
Silybin A 0.4 83.6 1.2 97.5 50 97.0 1000 102
Silybin B 0.4 83.1 1.2 103 50 96.3 1000 102
Isosilybin A 0.4 85.2 1.2 98.4 50 91.0 1000 98.2
Isosilybin B 0.4 109 1.2 97.7 50 91.3 1000 97.9
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Table 3. Calibration curve linear range, the coefficient of determination (R?), accuracy, and precision for the UHPLC-MS/MS assay of six milk

thistle flavonolignans

Intraday (n=5)

Interday (n=12)

Theoretical Measured Accuracy  Precision Measured Accuracy  Precision
Analyte Linear range (ng/mlL) R? QC(ng/mL) QC (ng/mL) RE (%) CV (%) QC (ng/mL) RE (%) CV (%)
Silychristin 1.2-1024 0.9999 1.2 1.23 26 9.9 1.19 0.743 10.4
5 4.91 1.75 6.78 5.04 0.875 8.23
50 50.6 1.28 5.6 50.2 0.37 7.8
1000 1022 22 248 1029 291 4.79
Silydianin 1.2-1024 0.9968 1.2 1.16 3.28 7.56 1.09 8.96 10.5
5 5.03 0.54 2.05 4.97 0.577 5.46
50 525 4.98 4.99 53.5 7.04 8.49
1000 1010 0.962 2.74 1005 0.481 5.82
Silybin A 0.4-1024 0.9995 0.4 0.439 9.75 10.1 0.424 6.08 12.4
5 5.06 1.14 351 5.29 5.83 5.05
50 55.7 11.5 3.8 55.9 11.9 6.21
1000 993 0.724 3.23 955 4.51 4.16
Silybin B 0.4-1024 0.9995 0.4 0.39 2.55 8.35 0.402 0.396 7.23
5 5.04 0.824 5.22 5.03 0.662 6.25
50 53.3 6.52 3.69 53.5 7 5.28
1000 1023 2.34 3.14 980 1.97 7.03
Isosilybin A 0.4-1024 0.9999 0.4 0.39 2.55 8.72 0.398 0.396 14.6
5 5.74 14.9 8.17 5.63 12.6 8
50 56 12.1 6.05 57.3 14.5 6.77
1000 1004 0.36 2.36 1025 251 3.45
Isosilybin B 0.4-1024 0.9998 0.4 0.395 1.2 8.58 0.402 0.521 8.89
5 5.55 11 4.54 5.58 11.6 6.18
50 53.9 7.78 5.79 56.3 12.7 5.83
1000 1004 0.364 1.78 1005 0.457 3.31

Table 4. Stability of milk thistle flavonolignans during storage and handling, measured using UHPLC-MS/MS

Stability (%) - 5 ng/mL

Stability (%) — 1000 ng/mL

Freeze-Thaw cycle

Freeze-Thaw cycle

Analyte

(n=3) 24h 1 2 24h 1 2
Silychristin 104 = 4 110 =5 834 +32 80.3 59 879 *+57 88.4+9.1
Silydianin 110 £ 8 108 £ 6 75.1+9.6 94.0 + 6.7 87.2+51 86.7 = 9.1
Silybin A 99.3 +4.3 106 = 7 949 = 5.1 88.2+4.2 91.1+54 98.2 = 8.3
Silybin B 934 +5.8 97.1+8.8 959+ 13 914 +44 929 +4.7 983=*+77
Isosilybin A 98.6 = 5.0 104 £ 2 105 £ 2 91.1+47 94.0 +4.8 100 £ 7
Isosilybin B 101 =5 102 =5 103 =5 94.8 = 6.3 97.1+32 105+ 6
using human serum. The assay is accurate, reproducible and References

free from matrix interference. The assay is also sensitive,
precise and accurate and has a wide linear range of milk thistle
flavonolignans concentrations.

Supplemental Information

Supplemental information is available on the J. AOAC Int.
website.
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