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The  purpose  of  this  study  was  to  develop  and  validate  a high-performance  liquid
chromatographic–tandem  mass  spectrometric  (LC–MS/MS)  method  for analysis  of the  deacetyl
mycoepoxydiene  in  rat  plasma.  The  analyte  and  internal  standard  (I.S.),  benorilate,  were  extracted  from
rat plasma  by  precipitation  protein  and  separated  on a C18 column  using  acetonitrile–0.5%  formic  acid  as
mobile  phase.  Detection  was  performed  using  a turbo-spray  ionization  source  and  mass  spectrometric
eacetyl mycoepoxydiene
C–MS/MS
harmacokinetics
at
lasma

positive  multi-reaction-monitoring-mode  (+MRM)  at an ion voltage  of  +4800  V.  The assay  was  linear
over  the  concentration  range  5–5000  ng/mL  with  the  lowest  limit  of quantification  (LLOQ)  of  5 ng/mL.
The  method  also  afforded  satisfactory  results  in  terms  of the  sensitivity,  specificity,  precision  (intra-
and  inter-day,  RSD  < 5.8%),  accuracy,  recovery  as  well  as the stability  of the analyte  under  various
conditions.  The  method  was  successfully  applied  to  a  preclinical  pharmacokinetic  study  in  rats  after  a
single  intravenous  administration  of deacetyl  mycoepoxydiene  10  mg/kg.
. Introduction

Deacetyl mycoepoxydiene (5-hydroxy-6-(8-methyl-9-oxa-
icyclo[4.2.1] nona-2,4-dien-7-yl)-5, 6-dihydropyran-2-one) is a
ovel antitumor agent extracted from a marine endophytic fungi
homopsis sp. A123. It was first isolated in 2003 [1–5]. Appropriate
nalytical method is an urgent need to study its pharmacokinetics
n vivo. The HPLC–UV approach for content determination has also
een applied to a purity study of deacetyl mycoepoxydiene [6].
owever, this method was not sensitive enough for pharmacoki-
etic studies of deacetyl mycoepoxydiene. LC/MS spectrometry
ased techniques are now the mainstay for such pharmacokinetic
tudies because of sensitivity, selectivity, speed and cost effec-
iveness [7].  To the best of our knowledge, there was  no entirely
alidated HPLC–MS/MS method reported in the literature for
uantification of deacetyl mycoepoxydiene in biological samples.
his paper reports on a rapid and sensitive LC–MS/MS method for

he determination of deacetyl mycoepoxydiene in rat plasma using
enorilate as internal standard (I.S.). The method employs simple
ample preparation and is completed in a run time of only 4 min.

∗ Corresponding author. Tel.: +86 531 88380319; fax: +86 531 88380371.
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The method was successfully applied to a pharmacokinetic study
of deacetyl mycoepoxydiene after intravenous administration in
rats.

2. Experimental

2.1. Chemicals and reagents

Deacetyl mycoepoxydiene and benorilate were kindly supplied
by Y.M. Shen (College of Chemistry and Chemical Engineering of
Xiamen University, Xiamen, PR China), Benorilate (internal stan-
dard, I.S.) was purchased from the National Institute for the Control
of Pharmaceutical and Biological Products (Beijing, China), Formic
acid (TEDIA, TEDIA company, Inc., USA), methanol and acetonitrile
(DIMA Technology Inc., USA) were HPLC-grade. Distilled water was
prepared from deionized water. All other chemicals and solvents
were analytical grade and used as received. Blank rat plasma was
prepared in laboratory animal center of Shandong University.

2.2. LC–MS/MS conditions
The HPLC–MS/MS system consisted of an Agilent 1100 series
binary pump (Agilent Technologies, Palo Alto, CA, USA), an auto
sampler connected to and an API 4000 mass spectrometer (Applied
Biosystems Sciex, Ont., Canada) using a turbo-spray ionization

dx.doi.org/10.1016/j.jchromb.2011.06.044
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
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ource (ESI). The instrument was interfaced to a computer running
pplied Biosystems Analyst version 1.4.2 software.

Deacetyl mycoepoxydiene and I.S. was separated on a Venusil
BP C18 column (5 �m,  150 mm × 2.1 mm I.D., Agela. Science Inc.,
SA) through a 4 mm × 3 mm precolumn (Security Guard C18 car-

ridge, Phenomenex, Inc.) maintained 35 ◦C. The mobile phase
onsisted of acetonitrile–0.5% formic acid (50:50, v/v) (pH = 2.5) and
as set at a flow rate of 0.3 mL/min.

The detector was operated at unit resolution in the pos-
tive multiple-reaction monitoring-mode (+MRM) mode using
he transitions of the protonated molecular ions of deacetyl

ycoepoxydiene (249.2 m/z; 145.1 m/z), I.S. (314.3 m/z; 272.2 m/z).
S parameters were optimized by syringe pump infusing of stan-

ard solution containing analyte and I.S. Optimized parameters
ere as follows: curtain gas, gas1 and gas2 (nitrogen) was  15,

0 and 40 psi respectively; dwell time was 200 ms;  source tem-
erature was 500 ◦C; ion spray voltage was 4800 V. Declustering
otential and collision energy were 45 V and 15 V for deacetyl
ycoepoxydiene, while 65 V and 11 V for I.S.

.3. Preparation of calibration standards and quality control
amples

A stock solution of deacetyl mycoepoxydiene was prepared in
ethanol at a concentration of 1.0 mg/mL. Standard solutions (20,

00, 500, 2000, 5000, 10,000, 20,000 ng/mL) were prepared by
erial dilution of the stock solution with methanol–water (50:50,
/v). Low, medium and high concentration quality control (QC)
olutions (50, 5000, 16,000 ng/mL) were prepared in the similar
ay. The stock solution of I.S. (1.0 mg/mL) was also prepared in
ethanol and then diluted with methanol–water (50:50, v/v) to a

nal concentration of 100 ng/mL. All solutions were stored at 4 ◦C
nd used within one month after preparation. Calibration standards
nd QC samples were prepared by adding 25 �L standard and 25 �L
.S. or QC solution to 100 �L blank rat plasma.

.4. Sample preparation

An aliquot (100 �L) of rat plasma was transferred to a 2.0 mL
ppendorf tube, 25 �L methanol–water (50:50, v/v) or 25 �L stan-
ard of deacetyl mycoepoxydiene and 25 �L I.S. solutions were
dded. The mixture was vortexes for 30 s, and then added 200 �L
cetonitrile. After vortex-mixed for 1 min, the mixture was  cen-
rifuged at 12,000 rpm for 10 min  at room temperature. Then the
upernatant was transferred to an auto sampler vial and 5 �L was
njected into the HPLC–MS/MS system.

.5. Method validation

Three independent calibration curves and five replicates of QC
amples (12.5, 1250, 4000 ng/mL, respectively) were analyzed on
hree different days. Linearity was analyzed by weighted least-
quares linear regression (1/x2) of calibration curves based on peak
rea ratios of analyte to I.S., y = ax + b (x = concentration).

Intra- and inter-day precision (as relative standard deviation,
.S.D.) and accuracy (as relative error, R.E.) were based on assay of
ve replicates of QC samples analyzed on three consecutive days
se independently calibration curves.

The LLOQ was defined as the lowest concentration in the cali-
ration curve at which both precision and accuracy were less than
r equal to 20%, and signal/noise (S/N) >10.
Recovery of deacetyl mycoepoxydiene was determined by com-
aring peak areas of QC samples with peak areas of corresponding
oncentration QC solutions dissolved in the supernatant of the pro-
essed blank rat plasma.
r. B 880 (2012) 1– 5

The matrix effects were evaluated by comparing the peak areas
of deacetyl mycoepoxydiene of corresponding concentration QC
solutions dissolved in the supernatant of the processed blank rat
plasma with those of the standard solutions, which were prepared
in the same way as QC samples except water substituted for drug
free rat plasma.

Stability of deacetyl mycoepoxydiene was established by analy-
sis of five replicates of QC samples under the following conditions:
Storage at room temperature for 6 h; processed samples in auto
sampler vials for 6 h; storage for 7 and 30 days at −20 ◦C; two
freeze–thaw cycles.

Validation of the method was performed according to the Chi-
nese guidelines on pharmacokinetics testing in animals [8].

2.6. Pharmacokinetic study

Six rats (3 males and 3 females, Laboratory Animal Center of
Shandong University, Jinan, PR China), weight 200–250 g, were
involved in the pharmacokinetic study approved by the Institu-
tional Animal Ethics Committee of Shandong University. After a
12 h fast, all rats were administered a single dose of deacetyl
mycoepoxydiene (10 mg/kg) by the intravenous routes. Blood sam-
ples (approximately 0.4 mL) were collected into heparinized tubes
before the dose and at 0.03, 0.08, 0.25, 0.50, 0.75, 1.0, 2.0, 4.0, 6.0,
8.0 h after the dose. Rat plasma was prepared by centrifugation at
3000 rpm for 10 min  and stored at −20 ◦C until analysis.

3. Results and discussion

3.1. LC/MS/MS conditions

The LC–MS/MS operation parameters for determination of
deacetyl mycoepoxydiene and I.S. were carefully optimized. Beno-
rilate was selected as the I.S. because its chromatographic behavior
and extraction efficiency were similar to those of analyte. Both
analyte and I.S. responded best to the positive ionization mode,
with the protonated molecular ions [M+H]+ as the major species.
Product ion spectra of deacetyl mycoepoxydiene and I.S. were
shown in Fig. 1. The MRM  acquisitions were performed at unit
resolution using the transition 249.2 → 145.1 m/z  for deacetyl
mycoepoxydiene and 314.3 → 272.2 m/z for I.S. respectively. The
transition 249.2 → 145.1 m/z was  used for quantification of deacetyl
mycoepoxydiene because of its stabilized ions response and no
endogenous interference. The mass parameters were optimized by
observing the maximum response obtained for the product ions.

Furthermore, the mobile phase system was  optimized through
several trials to achieve satisfactory chromatographic behavior and
the ionization responses of deacetyl mycoepoxydiene and I.S. The
ionization of deacetyl mycoepoxydiene and I.S. was affected by
the composition of mobile phase. In the preliminary experiments,
methanol, acetonitrile, ammonium acetate and formic acid in var-
ious proportions were tested. Acetonitrile, rather than methanol,
was chosen as the organic modifier because it lead to the good
peak shape of deacetyl mycoepoxydiene and satisfactory retention
time. When ammonium acetate was added in the mobile phase,
the response of the analyte was distinctly decreased. Both the ana-
lyte and IS were found to have higher response and better peak
shapes in the mobile phase containing 0.5% formic acid. Finally, in
terms of peak shape, retention time and sensitivity, we  employed
acetonitrile–0.5% formic acid (50:50, v/v), as the mobile phase.
3.2. Assay validation

The representative chromatograms of blank rat plasma (Fig. 2A),
blank rat plasma spiked with deacetyl mycoepoxydiene at the
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Fig. 1. Full-scan product ion spectra of [M+H]+ for (A) deacetyl mycoepoxydiene and (B) benorilate.

Fig. 2. Representative MRM  chromatograms of (A) blank plasma; (B) plasma spiked with deacetyl mycoepoxydiene at lower limit of quantitation (5 ng/mL) and (C) a study
sample containing deacetylmycoepoxydiene. Peak I, deacetyl mycoepoxydiene; Peak II, benorilate.
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Table 1
The matrix effects, recovery, precision and accuracy of the assay method.

Concentration (ng/mL) Matrix effects (n = 5) Absolute recovery (n = 5) Intra-day (n = 5) Inter-day (n = 15)

Mean (%) RSD (%) Mean (%) RSD (%) Precision RSD (%) Accuracy (bias %) Precision (RSD %) Accuracy (bias %)

12.5 95.6 3.6 85.4 2.7 3.0 4.3 1.7 12.0
1250  98.7 0.9 84.7 1.0 4.5 −4.9 2.0 9.4
4000 95.5 1.7 84.3 1.2 5.8 6.5 3.0 −6.7

Table 2
Stability of deacetyl mycoepoxydiene in rat plasma under various conditions at three QC levels (n = 5).

Storage conditions Parameter QC concentration (ng/mL)

12.5 1250 4000

In rat plasma at room temperature for 6 h Calculated concentration (ng/mL) 12.5 1280 4078
RDS (%) 2.2 4.7 8.2

In  processed samples at room temperature for 6 h Calculated concentration (ng/mL) 13.3 1296 4180
RDS (%) 7.5 8.4 4.1

In  rat plasma after one freeze-thaw Calculated concentration (ng/mL) 12.4 1144 3778
cycles RDS (%) 6.4 5.9 5.7
In  rat plasma after two freeze-thaw cycles Calculated concentration (ng/mL) 4.6 724 2130

RDS (%) 17.9 6.1 4.7
In  rat plasma for 7 days at −20 ◦C Calculated concentration (ng/mL) 11.5 1204 3914

RDS  (%) 3.6 4.5 6.0
◦ centration (ng/mL) 13.1 1090 3586

4.8 0.9 5.0
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Table 3
The pharmacokinetic parameters (mean ± S.D.) of deacetyl mycoepoxydiene In rats
following intravenous administration at dose of 10 mg/kg (n = 6).

Parameters Mean ± S.D.

CMax (�g/L) 4726.67 ± 312.52
TMax (h) 0.06 ± 0.03
t1/2 (h) 2.09 ± 0.68
AUC0–t (�g h/L) 3376.27 ± 544.46
AUC0–∞ (�g h/L) 3420.60 ± 541.76
In  rat plasma for 30 days at −20 C Calculated con
RDS  (%) 

LOQ of 5 ng/mL and I.S. (Fig. 2B) and a male rat plasma sam-
le at 0.5 h after a single intravenous administration of 2.26 mg
10 mg/Kg weight) of deacetyl mycoepoxydiene (Fig. 2C) mean that
o endogenous interferences were present at the retention times of
.7 min  (deacetyl mycoepoxydiene) and the 3.2 min  (I.S.). The run
ime was only 4 min.

The standard curves showed good linearity over the concentra-
ion range of 5–5000 ng/mL with an LLOQ of 5.0 ng/mL for deacetyl

ycoepoxydiene in rat plasma. A typical 1/x2 weighted linear
egression equation was y = 0.000261x + 0.00177, r = 0.9969.

The intra-day and inter-day precision (RSD%, n = 5) for deacetyl
ycoepoxydiene were satisfactory at the three concentrations

tudied.
The absolute recoveries of deacetyl mycoepoxydiene from the

at plasma at the three concentrations were about 85%.
In terms of matrix effects, the ratios of the peak responses for

eacetyl mycoepoxydiene were 95.6%, 98.7%, and 95.5% at 12.5,
250, and 4000 ng/mL, respectively. The results indicated that co-
luting endogenous substances hardly inhibited the ionization of
eacetyl mycoepoxydiene, and the ion suppression from rat plasma

atrix was consistent for this analytical method and would not

nterfere with the measurement of deacetyl mycoepoxydiene. Data
n precision, accuracy, matrix effects and recovery are shown in
able 1.

Fig. 3. Mean (±S.D.) plasma concentration-time curve of deacetyl mycoep
CLZ/F (L/h/kg) 2.99 ± 0.51
VZ/F (L/kg) 9.11 ± 3.38

Table 2 summarizes all the results of stability of deacetyl
mycoepoxydiene in rat plasma. From the results, freeze–thaw sta-
bility of deacetyl mycoepoxydiene in rat plasma was found an issue
in relation to more than two  cycles.

3.3. Pharmacokinetic study

The method was able to detect deacetyl mycoepoxydi-

ene in rat plasma for 8 h after intravenous administration
of deacetyl mycoepoxydiene at a dose of 10 mg/kg. The rat
plasma concentration–time profiles are shown in Fig. 3 and
pharmacokinetic parameters are listed in Table 3. Our  results

oxydiene after intravenous administration 10 mg/kg to rats (n = 6).
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ndicate that peak concentration of deacetyl mycoepoxydiene
as in the range 4320–4980 ng/mL after dosing. Further stud-

es of the absorption, distribution, metabolism and excretion of
eacetyl mycoepoxydiene in rat and dog are underway in our

aboratory.

. Conclusions

In the study, a HPLC–MS/MS method was developed and val-
dated for the determination of deacetyl mycoepoxydiene in rat
lasma. The method was  rapid, selective and highly sensitive with

 LLOQ of 5 ng/mL for deacetyl mycoepoxydiene after the rat plasma
rotein was simply removed by acetonitrile precipitation. The

ethod has been successfully applied to a preclinical pharmacoki-

etic study following intravenous administration to rats. This is the
rst report of the use of LC–MS/MS to evaluate the pharmacokinet-

cs of deacetyl mycoepoxydiene.
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