
S

T
d
L

A
J
a

T
b

c

d

a

A
R
A
A

K
D
i
E
A
L
H

1

o
t
t
t
l
fi
d
w
a

1
h

Journal of Chromatography B, 902 (2012) 151– 156

Contents lists available at SciVerse ScienceDirect

Journal  of  Chromatography  B

j ourna l ho me  page: www.elsev ier .com/ locate /chromb

hort  communication

he  bioanalysis  of  the  major  Echinacea  purpurea  constituents
odeca-2E,4E,8Z,10E/Z-tetraenoic  acid  isobutylamides  in  human  plasma  using
C–MS/MS

ndrew  K.L.  Goeya,∗,  Hilde  Rosingb,  Irma  Meijermanc,  Rolf  W.  Sparidansa, Jan  H.M.  Schellensa,d,
os  H.  Beijnena,b

Utrecht University, Faculty of Science, Department of Pharmaceutical Sciences, Division of Pharmacoepidemiology & Clinical Pharmacology, Universiteitsweg 99, 3584 CG Utrecht,
he  Netherlands
Slotervaart Hospital/The Netherlands Cancer Institute, Department of Pharmacy & Pharmacology, Louwesweg 6, 1066 EC Amsterdam, The Netherlands
Utrecht University, Faculty of Science, Department of Pharmaceutical Sciences, Division of Pharmacology, Universiteitsweg 99, 3584 CG Utrecht, The Netherlands
The Netherlands Cancer Institute, Department of Medical Oncology, Division of Clinical Pharmacology, Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 13 January 2012
ccepted 17 June 2012
vailable online 26 June 2012

eywords:
odeca-2E,4E,8Z,10E/Z-tetraenoic acid

sobutylamides
chinacea purpurea
lkylamide
C–MS/MS

a  b  s  t  r  a  c  t

Alkylamides  are  a  group  of active  components  of the  widely  used  herb  Echinacea  purpurea  (E.  purpurea),
which  have  immunostimulatory  and  anti-inflammatory  effects.  For  the  most  abundant  alkylamides,
dodeca-2E,4E,8Z,10E/Z-tetraenoic  acid  isobutylamides  (DTAI),  an  LC–MS/MS  assay  has  been  developed
and validated  for  quantification  in  human  plasma.  This  assay  will  be used  to support  a  clinical  interaction
study  with  E. purpurea.  A 300  �L  plasma  aliquot  underwent  liquid–liquid  extraction  with  diethylether-
n-hexane  (50:50,  v/v).  After  evaporization  and  reconstitution  in  100  �L  of  acetonitrile–water  (50:50,  v/v)
20 �L of  sample  were  injected  into  the  HPLC  system.  Chromatographic  separation  was  achieved  with  a
Polaris  3 C18-A  column  (50  mm  × 2 mm  ID, particle  size  3  �m),  a flow  rate  of  0.3  mL/min  and  isocratic
elution  with  acetonitrile–water  (50:50,  v/v)  containing  0.1%  formic  acid  during  the  first  5 min.  Hereafter,
gradient  elution  was  applied  for  0.5  min,  followed  by restoration  of  the initial  isocratic  conditions.  The
uman plasma total  run  time  was  7.5  min.  The  assay  was  validated  over  a  concentration  range  from  0.01  to  50  ng/mL
for  DTAI,  with  a  lower  limit  of quantification  of  0.01 ng/mL.  Validation  results  show  that  DTAI  can  be
accurately  and  precisely  quantified  in  human  plasma.  DTAI  also demonstrated  to  be chemically  stable
under relevant  conditions.  Finally,  the  applicability  of this  assay  has  been  successfully  demonstrated  by
measuring  the  plasma  concentration  of  DTAI  in  patients  after  ingestion  of  a  commercial  extract  of  E.
purpurea.

© 2012 Elsevier B.V. All rights reserved.
. Introduction

Nowadays, Echinacea purpurea (E. purpurea) is one of the most
ften used herbal medicines. Alkylamides, caffeic acid deriva-
ives, polysaccharides and glycoproteins are considered to be
he components responsible for E. purpurea’s immunostimula-
ory and anti-inflammatory effects [1]. For alkylamides, the main
ipophilic constituents, seventeen compounds have been identi-

ed in E. purpurea [2].  The main alkylamides are the isomeric
odeca-2E,4E,8Z,10E/Z-tetraenoic acid isobutylamides (DTAI) [3],
hich are likely to cross the intestinal barrier [4].  Oral bioavail-

bility of DTAI has been demonstrated in rats [5] and humans

∗ Corresponding author. Tel.: +31 6 20250137; fax: +31 30 2539166.
E-mail address: A.K.L.Goey@uu.nl (A.K.L. Goey).

570-0232/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.jchromb.2012.06.022
[6–9]. Pharmacologically, DTAI have immunomodulatory and anti-
inflammatory actions [3,10,11], that are presumably mediated by
binding to cannabinoid receptors [12].

This article focuses on the quantitative analysis of DTAI in
human plasma using liquid chromatography coupled with tandem
mass spectrometry (LC–MS/MS). The presented assay will be used
to support a clinical study in which the potential pharmacokinetic
interaction between E. purpurea extract and the anticancer drug
docetaxel will be studied. In this clinical study plasma levels will
be monitored to assess the adherence of E. purpurea intake by the
patients and the pharmacokinetics of DTAI.

Previously, few bioanalytical assays for DTAI in human plasma
or serum have been published [6–9]. Matthias et al. developed an

assay for the quantification of eight alkylamides, including DTAI,
in human plasma [6].  Drawbacks of this assay, however, are the
large amount of solvents used during solid-phase extraction (SPE)
and a run time of 23 min. Also, the single ion monitoring (SIM,

dx.doi.org/10.1016/j.jchromb.2012.06.022
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:A.K.L.Goey@uu.nl
dx.doi.org/10.1016/j.jchromb.2012.06.022
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C–MS) mode used in this assay is not as specific as tandem mass
pectrometry (LC–MS/MS).

Sensitive quantitative assays for DTAI in human plasma or serum
ith a lower limit of quantification (LLQ) down to 0.008 ng/mL have

een developed by Woelkart et al. [7–9]. However, large sample
olumes of up to 16 mL  plasma [9] and long run times of 20 min
ere required for these assays [7–9]. Regarding practical issues

uch as patient convenience and time efficiency, a faster assay
equiring less sample volume was desirable for application in our
linical study. Therefore, our objectives were to develop a sensitive
alidated assay according to the FDA guidelines on Bioanalytical
ethod Validation [13], which would require less sample volume

nd a shorter run time.

. Materials and methods

.1. Reagents and chemicals

DTAI (C16H25NO, mixture of 2E,4E,8Z,10Z and 2E,4E,8Z,10E
somers) was purchased from Phytolab GmbH & Co. KG
Vestenbergsgreuth, Germany). The internal standard benzanilide
C13H11NO) originated from Acros Organics (Leicestershire, UK).
ocetaxel (C43H53NO14) and dexamethasone (C22H29FO5) were
urchased from Sigma–Aldrich (St. Louis, MO,  USA). LC–MS
rade water, methanol and n-hexane of HPLC quality, acetoni-
rile of HPLC-S gradient grade quality and analytical grade diethyl
ther stabilized with 2,6-di-tert-butyl-4-methylphenol (BHT) were
btained from Biosolve (Valkenswaard, The Netherlands). Formic
cid was purchased from Merck (Darmstadt, Germany). Blank,
rug-free human plasma, containing lithium-heparin as anti-
oagulant, was obtained from Sera Laboratories International Ltd.
Haywards Heath, UK). E. purpurea drops originated from A.
ogel (Echinaforce®, batch 08K0302, Biohorma BV, Elburg, The
etherlands) and were labeled to contain 95% aerial parts and 5%

oots of E. purpurea (contents of DTAI and other alkylamides not
pecified).

.2. Liquid chromatography

The LC–MS/MS equipment consisted of a DGU-14A degasser, a
TO-10Avp column oven, a Sil-HTc autosampler, two LC10-ADvp-�
umps (all from Shimadzu, Kyoto, Japan). Sample injections (20 �L)
ere made on a Polaris 3 C18-A column (50 mm × 2 mm ID, parti-

le size 3 �m,  Varian, Middelburg, The Netherlands) with a Polaris
 C18-A pre-column (10 mm × 2 mm ID, particle size 3 �m,  Varian).
he column temperature was maintained at 40 ◦C and the autosam-
ler was set at 15 ◦C. Mobile phase A consisted of water, containing
.2% formic acid, and mobile phase B consisted of acetonitrile. The
ow rate was 0.3 mL/min and the total run time was 7.5 min. Dur-

ng the first 5 min  of the run, isocratic elution was applied with 50%
. From 5.01 until 5.5 min, the eluent composition was changed to
0% B. Hereafter, the isocratic system of 50% B was restored until
he end of the run at 7.5 min.

.3. Mass spectrometry

The Finnigan TSQ Quantum Discovery Max  triple quadrupole
ass spectrometer (Thermo Fischer Scientific, Waltham, MA,  USA)
ith electrospray ionization (ESI) operated in the positive ion mode
ith both quadrupoles set at 0.7 full width at half maximum

FWHM, unit resolution) and with dwell times of 200 ms.  For DTAI,
he mass transitions from m/z 248 to 167 were optimized and for

enzanilide, responses from m/z 198 to 105 were monitored. The
ptimized collision energies were −17 V for DTAI and −20 V for
enzanilide. Tube lens voltages were 124 V for DTAI and 101 V for
enzanilide. Further, spray voltage was set at 4500 V with an ion
r. B 902 (2012) 151– 156

tube temperature of 210 ◦C. Nitrogen sheath, ion sweep and auxil-
iary gasses were set at 49, 2.0 and 14 arbitrary units, respectively.
Finally, the up-front collision-induced dissociation (CID) was set
off and argon collision gas pressure was set at 1.8 mTorr. For data
acquisition and processing, Xcalibur software (version 1.4, Thermo
Fisher Scientific) was  used.

2.4. Preparation of stock and working solutions

Two stock solutions of DTAI (1.0 mg/mL) from two indepen-
dent weightings were prepared in methanol. One stock solution
was used for the preparation of calibration standards (CS), and the
other solution was used to prepare quality control (QC) samples.
For preparation of CS and QC working solutions, stock solutions
were diluted with acetonitrile–water (50:50, v/v). For the internal
standard, a stock solution of benzanilide in methanol (1 mg/mL)
was diluted with acetonitrile–water (50:50, v/v) to obtain a final
working solution of 100 ng/mL benzanilide.

All stock solutions were stored at −80 ◦C until use, while the
working solutions were used immediately after preparation.

2.5. Preparation of CS and QC samples

CS samples were prepared freshly by spiking CS working solu-
tions to human plasma. Two calibration curves were validated: one
curve for low DTAI concentrations (0.01–0.05 ng/mL) and another
curve for higher DTAI levels (0.05–50 ng/mL). The ‘low DTAI’ curve
consisted of CS with concentrations of 0.01, 0.02, 0.03, 0.04 and
0.05 ng/mL, while the ‘high DTAI’ curve included concentrations of
0.05, 0.1, 1, 5, 25 and 50 ng/mL DTAI. For each validation run, these
standards were prepared and analyzed in duplicate.

QC samples for the ‘low DTAI’ curve had concentrations of 0.02
(low), 0.03 (mid) and 0.04 (high) ng/mL DTAI. For the ‘high DTAI’
curve QC samples were prepared in concentrations of 0.05 (LLQ),
0.15 (low), 5 (mid), 40 (high) and 250 (>upper limit of quantifica-
tion) ng/mL DTAI. The QC sample with 250 ng/mL DTAI was  used
for a dilution test above the upper limit of quantification (ULQ). QC
samples, prepared in batches, were stored at −30 ◦C until analysis.

2.6. Sample preparation

To 300 �L plasma samples, 50 �L of the internal standard
benzanilide (100 ng/mL) was  added in a 2.0 mL  polypropylene reac-
tion tube. After vortex-mixing, LLE was  performed with 1.6 mL
diethyl ether/n-hexane (50:50, v/v). Subsequently, the samples
were shaken with a rotary-mixer for 10 min  at 50 rpm. After cen-
trifugation for 10 min  at 13,500 rpm (4 ◦C), the samples were stored
at −30 ◦C for 60 min. Next, the organic layer was decanted into
another 2.0 mL  polypropylene reaction tube and evaporated under
a stream of nitrogen at 40 ◦C. The dry extract was reconstituted in
100 �L of acetonitrile–water (50:50, v/v). After vortex-mixing, the
solution was centrifuged for 10 min  at 13,500 rpm (4 ◦C). Finally, the
clear supernatant was transferred into a 250 �L glass insert placed
in an autosampler vial.

2.7. Validation procedures

A full validation of the assay in human heparinized plasma was

performed according to the current FDA guidelines on Bioanalyt-
ical Method Validation [13]. Parameters that were validated were
linearity, accuracy, precision, recovery, matrix effect, specificity,
selectivity, and stability.
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ig. 1. Representative chromatograms of a blank human plasma sample (A1 and
r = 3.2 min; B2, internal standard benzanilide, tr = 1.3 min). Representative chrom
btained 30 min  after intake of 20 oral drops of Echinaforce® extract.

.8. Pharmacokinetic application

The applicability of the present assay was assessed in three can-
er patients of the clinical interaction study with E. purpurea and
ocetaxel. The clinical study had been approved by the Medical
thics Committee of the Antoni van Leeuwenhoek Hospital – The
etherlands Cancer Institute and all patients gave written informed
onsent. The cancer patients ingested 20 drops of a commercial
xtract of E. purpurea (A. Vogel Echinaforce®, batch 08K0302, Bio-
orma BV, Elburg, The Netherlands) three times daily for fourteen
ays. After the last ingestion in the morning of day 15, blood sam-
les for pharmacokinetics of DTAI were drawn at t = 0, 30, 60 and
20 min.

. Results and discussion

.1. Mass spectrometry
The protonated molecule of DTAI at m/z 248 was  used to gen-
rate a product ion spectrum (Supplemental Fig. 1A). For selected
eaction monitoring (SRM), the most abundant product ion (m/z
nd of a human plasma sample spiked at the level of 0.05 ng/mL DTAI (A2, DTAI,
ms of DTAI (C1) and the internal standard benzanilide (C2) in a patient sample

167) was  selected and the collision conditions were optimized.
The conditions of m/z 198–105 were optimized for monitoring the
internal standard benzanilide (Supplemental Fig. 1B). MS/MS  prod-
uct ion spectra and the proposed fragmentation patterns of DTAI
and benzanilide are depicted in Supplemental Fig. 1A and B.

3.2. Chromatography

Chromatographic conditions were adopted from our previ-
ously validated LC–MS/MS assay for undeca-2-ene-8,10-diynoic
acid isobutylamide (UDAI) [14]. At first, an isocratic elution (A:B
(50:50, v/v)) at a flow rate of 0.3 mL/min was applied for 5 min.
After observing an increasing noise in the MS/MS  signal after mul-
tiple injections, a gradient was  introduced after each injection by
rapidly increasing % B from 50 to 90% within 30 s followed by stabi-
lization at 50% B for 2 min. Consequently, the noise was significantly
reduced.
In accordance with other bioanalytical assays for DTAI [7–9],
the 2E,4E,8Z,10Z and 2E,4E,8Z,10E isomers were not separated in
the present assay. Thus, peak areas of DTAI represent the sum of
both isomers.
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Representative chromatograms of a double blank sample, a
uman plasma sample spiked at 0.05 ng/mL DTAI and a patient
lasma sample obtained 30 min  after ingestion of Echinaforce®

xtract are given in Fig. 1.

.3. Sample pre-treatment

LLE was performed with 1.6 mL  diethyl ether/n-hexane (50:50,
/v). The composition of the organic phase was optimized in our
revious UDAI assay [14], in which the highest overall recovery
as found for diethyl ether/n-hexane (50:50, v/v). With a small
lasma volume of 300 �L, high and reproducible overall recoveries
87.7%, range 80.4–95.5%) were found for DTAI after LLE with 1.6 mL
f organic phase and reconstitution in 100 �L acetonitrile–water
50:50, v/v).

.4. Validation

.4.1. Linearity
For DTAI concentrations ranging from 0.01 to 0.05 ng/mL

nd from 0.05 to 50 ng/mL, linearity was assessed by prepa-
ation and analysis of duplicate CS samples in three separate
uns. The assay was linear over both concentration ranges
or DTAI in human plasma. Using least-squares linear regres-
ion (area ratio versus the concentration 1/X2), the lowest
otal bias and the most constant bias across the range were
btained. The average regression parameters of the linear
egression functions (n = 3) for the low and high calibration
ange were y = −0.0000905(±0.0000198) + 0.0171(±0.0040) × x
r2 = 0.9781(±0.007937)) and y = 0.000375(±0.000469) + 0.0497
±0.0174) × x (r2 = 0.9887(±0.0071784)), respectively.

At all concentration levels, deviations of measured from nominal
oncentrations were between −14.9% and 14.7%. Thus, FDA accep-
ance criteria (±20% deviation from nominal concentration for LLQ
nd ±15% for other concentrations) were met.

.4.2. Accuracy and precision
Accuracy and precision of the lower level calibration curve

0.01–0.05 ng/mL) were validated by analysis of QC samples with
TAI concentrations of 0.02, 0.03 and 0.04 ng/mL (five replicates
er concentration level in three analytical runs).

For the higher level calibration curve (0.05–50 ng/mL), accuracy
nd precision of the assay were determined by analyzing five repli-
ates of QC samples of DTAI spiked at 0.05, 0.15, 5 and 40 ng/mL
TAI in three analytical runs.

Assay performance data for DTAI in human plasma are sum-
arized in Table 1. With a within-day inaccuracy ≤ ±14.0% and a

etween-day inaccuracy within ±8.40% for all concentrations, the
equired inaccuracy criterion of ±15% (±20% for LLQ) was  met  [13].

ithin-day and between-day precisions, represented by the coef-
cient of variation (CV%), did not exceed the required criterion of
15% (±20% for LLQ) [13].

Further, a QC sample >ULQ (250 ng/mL) can be diluted 10 and
00 times in human plasma with acceptable inaccuracy (≤15%) and
recision (≤15%).

.4.3. Recovery and matrix effect
Based on the mean peak areas of DTAI and benzanilide, the mean
atrix effect was 101% (range 96.8–106.9%) for DTAI and 92.7%
range 85.5–99.2%) for benzanilide. Mean LLE recovery was  86.7%
range 83.1–89.3%) for DTAI and 84.0% (range 81.0–88.5%) for ben-
anilide, and mean total recovery was 87.7% (range 80.4–95.5%) and
7.7% (range 75.7–81.8%) for DTAI and benzanilide, respectively.
hese results were found to be reproducible and acceptable.
Fig. 2. Plasma concentration–time curves of DTAI in three patients after oral admin-
istration of 20 drops of Echinaforce® extract. The dotted line indicates the LLQ of
0.01 ng/mL.

3.4.4. Specificity and selectivity
Potential interference between the analyte and endogenous

matrix components was investigated by analyzing a double blank
and a sample with 0.05 ng/mL DTAI for six individual batches blank
human plasma. The six double blank batches did not contain co-
eluting peaks >20% of the analyte peak area at 0.05 ng/mL DTAI,
or co-eluting peaks >5% of the area of the internal standard. In the
six batches spiked at 0.05 ng/mL DTAI, deviations from the nominal
concentrations were between −12.5 and −2.36% for DTAI and were
approved.

To assess potential interference between the internal standard
and analyte, blank samples spiked separately with analyte (at the
ULQ) and internal standard were processed and analyzed. Eventu-
ally, no cross-analyte/internal standard interference was  observed,
as no co-eluting peaks of DTAI and benzanilide were detected.

Assessment of potential interference of co-medication (doc-
etaxel and dexamethasone) revealed no co-eluting peaks >20%
of the DTAI peak area at 0.05 ng/mL or >5% of the benzanilide
peak area in double-blank plasma samples containing only doc-
etaxel (5000 ng/mL) or dexamethasone (200 ng/mL). Furthermore,
the accuracy of plasma samples containing 0.05 ng/mL DTAI were
also within accepted ranges in the presence of docetaxel or dexam-
ethasone. Thus, no interference of co-medication was observed.

3.4.5. Stability
The stability data for DTAI are summarized in Table 2. Stabil-

ity data regarding the internal standard benzanilide have been
described previously by our group [14].

Table 2 shows that a stock solution of DTAI was stable for at
least 18 h at ambient temperatures and after storage for 3 months
at −80 ◦C.

Stability of DTAI in human plasma has been demonstrated at
ambient temperatures for at least 18 h, at −30 ◦C for up to 3 months
and for at least three freeze (−30 ◦C)/thaw cycles.

Further, stability of DTAI in the final extract and reinjection
reproducibility was  confirmed after storage for 24 h at 15 ◦C.

3.5. Application of the method
The plasma concentration–time curves of three patients are
shown in Fig. 2. DTAI could be quantified in all plasma samples
and therefore, it is expected that the described assay can be suc-
cessfully applied in support of the intended clinical interaction
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Table 1
Assay performance data for DTAI (n = 15 per concentration level).

Run Nominal concentration (ng/mL) Mean measured concentration (ng/mL) Inaccuracy (%) Precision (%) No. of replicates

1 0.0200 0.0197 −1.66 15.0 5
2 0.0200 0.0180 −10.1 14.6 5
3 0.0200 0.0199 −0.407 13.6 5
Between-day 0.0200 0.0192 −4.05 13.6 15

1  0.0300 0.0301 0.237 9.95 5
2  0.0300 0.0323 7.64 14.0 5
3  0.0300 0.0289 −3.69 8.59 5
Between-day 0.0300 0.0304 1.40 11.1 15

1 0.0400  0.0453 13.4 6.41 5
2 0.0400 0.0410 2.50 7.33 5
3  0.0400 0.0411 2.67 12.1 5
Between-day 0.0400 0.0425 6.17 9.23 15

1  0.0500 0.0570 14.0 3.28 5
2 0.0500 0.0566 13.2 6.20 5
3 0.0500 0.0490 −2.00 5.20 5
Between-day 0.0500 0.0542 8.40 8.15 15

1  0.150 0.150 0.133 9.30 5
2 0.150 0.141 −5.87 1.69 5
3  0.150 0.143 −4.93 3.89 5
Between-day 0.150 0.145 −3.56 6.08 15

1  5.00 4.48 −10.4 6.66 5
2 5.00  5.30 5.92 4.51 5
3  5.00 5.00 −0.116 2.09 5
Between-day 5.00 4.92 −1.55 8.02 15

1  40.0 35.7 −10.7 6.61 5
2  40.0 40.6 1.54 11.7 5
3  40.0 37.5 −6.34 2.80 5
Between-day 40.0 37.9 −5.18 9.09 15

Table 2
Stability data for DTAI.

Conditions Matrix Initial conc.
(ng/mL)

Mean measured
conc. (ng/mL)

Dev (%) CV (%)

Ambient, 18 h Methanol 1.00 × 106 9.66 × 105 −3.38 3.69
−80 ◦C, 3 months Methanol 1.00 × 106 1.02 × 106 2.02 9.29
Ambient, 18 h Plasma 0.150

40.0
0.150
38.4

−0.113
−4.08

0.408
1.97

−30 ◦C, 3 months Plasma 0.150
40.0

0.158
39.3

5.41
−1.64

2.80
3.41

3 freeze (−30 ◦C)/thaw cycles Plasma 0.150
40.0

0.153
41.4

1.89
3.40

8.40
4.25

Processed sample stability (15 ◦C, 24 h) Final extract 0.150
40.0

0.142
38.4

−5.52
−3.93

6.99
3.17

◦
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Reinjection reproducibility (15 C, 24 h) Final extract 0.150
5.00
40.0

tudy. For all three patients the plasma concentration–time curves
howed a similar time course with a maximum plasma concentra-
ion of DTAI achieved at 1 h after ingestion. The measured plasma
oncentrations were all in the calibration range (0.01–50 ng/mL),
ith 0.181 ng/mL as the maximum and 0.012 ng/mL as the lowest

btained DTAI plasma concentration.

. Conclusions

In this paper, the development, validation and application of a
C–MS/MS assay for the quantification of DTAI in human plasma
ave been described. Compared to previously published bioanalyt-

cal assays for DTAI in human matrix [6–9], this assay requires the

owest sample volume (300 �L plasma) and has the shortest run
ime (7.5 min). Furthermore, with an LLQ of 0.01 ng/mL this is the

ost sensitive assay for DTAI that has been validated according to
he FDA guidelines on Bioanalytical Method Validation [13]. Finally,
0.149
4.95
38.1

−0.959
−1.11
−4.65

6.61
1.61
3.17

the applicability of the present assay has been demonstrated in
three patients for the intended clinical study.
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