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Abstract

A sensitive and selective LC-MS—MS method has been developed and validated for the determination of cryptotanshinone (CTS) and its ac
metabolite tanshinone Il A (TS Il A) in rat plasma using fenofibrate (FOFB) as internal standard. Liquid—liquid extraction was used for samp
preparation. Chromatographic separation was achieved on a Waters symmetry ODS column using methanol and water (85:15) as mobile
delivered at 1.0 mL/min. LC-MS—MS analysis was carried out on a Finnigan LC-TSQ Quantum mass spectrometer using atmospheric pres:
chemical ionization (APCI) and positive multiple reaction monitoring. lons monitored w&r297.0— 251.0 for CTSm/z 295.0— 249.0 for
TSI A, andm/z 361.1— 233.0 for FOFB with argon at a pressure of 0.2 Pa and collision energy of 25 eV for collision-induced dissociation (CID).
The assay was linear over the range 0.1-20 ng/mL for CTS and 0.2-15ng/mL for TS Il A. The average recoveries of CTS and TS Il A from 1
plasma were 93.7 and 94.7%, respectively. The established method has been applied in a pharmacokinetic study of CTS in rats.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sensitive and specific enough for their pharmacokinetic study at
the recommended therapeutic doses.
Salvia miltiorrhiza Bunge, a well-known traditional Chinese In this paper a new LC-MS—MS method was established for

medicinal herb, has attracted particular attention from medicingbharmacokinetic study of CTS and its metabolite. The method
chemists and clinicians for its reputed therapeutic effects in thevas fully validated and successfully applied to the plasma phar-
treatment of coronary heart and cerebrovascular diseases as walacokinetic study of CTS and TS Il A in rats after oral admin-
as neurasthenic insomnia, 2]. Compounds with antibacterial, istration of CTS.
anti-neoplastic, anti-fungal, anti-inflammatory and anti-platelet
aggregation activities have been isolated from this medicinat, Experimental
herb[3-8]. The major active components of the herb are diter-
penoid tanshinones, including cryptotanshinone ((Hi&,1A) 2.1. Chemicals and solvents
and tanshinone lIA (TS Il AFig. 1B). Early studies showed that
CTS could be metabolized to TS Il A in viy§-10] Reference substances of CTS (Lot #852-9903) and TS II
Earlier publication has described a method for analysisy (Lot #110766—200314) were purchased from the National
of CTS and TS Il A in biological samples by using high- |nstitute for the Control of Pharmaceutical and Biologi-
performance liquid chromatography (HPLC) and UV detectioncal Products (Beijing, China). CTS for rat pharmacokinetic
with the LODs for both CTS and TS II A were 25ng/mL study was obtained from Sino-herb Bio-technology Co. Ltd.
[11]. Because the diterpenoid tanshinones have low systemii'an, China). Fenofibrate (FOFBsig. 1C) was provided by
bioavailability by oral administration, the reported method is notxuzhou Enhua Pharmaceutical group Co. Ltd. (Xuzhou, China).
Methanol (HPLC grade) was obtained from Merck KGaA (Darm
stadt, German) an@rz-butyl methyl ether was of HPLC grade
* Corresponding author. Tel.: +86 25 8327 1090; fax: +86 25 8327 1090. {rom Tedia Company (Fairfield, USA). Water was prepared with
E-mail address: hangtji@cpu.edu.cn (T.J. Hang). double distillation.
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0 Separation conditions were as follows: auto-sample tempera-
CHs o _ >
ture, 4°C; column temperature, 3@€; sample injection vol-
O, ume, 2QuL. The analysis was isocratic at 1.0 mL/min flow with
methanol-water (85:15) as mobile phase.
The atmospheric pressure chemical ionization source (APCI)
0] was used as interface. The mass spectrometer was operated
in the positive ion multiple reaction monitoring (MRM) mode
with the discharge current set at @.8. Vaporizer tempera-
ture was 500C, nitrogen sheath and auxiliary gas were set at
HiC  CHa 2.07x 10° Paand 3.45 10* Pa, respectively. The heated capil-
(A) lary temperature was set at 350. The collision energy of 25 eV
was used with argon at a pressure of 0.2 Pa for collision-induced
0 dissociation (CID). The total run time for a LC-MS—-MS anal-
ysis was 12.5 min. The flow was directed to mass spectrometer
O 5.5 min after the start of the run.

2.4. Rat plasma pharmacokinetic study design

All studies in animals were in accordance with the guidelines
of the Committee on the Care and Use of Laboratory Animals of
the Institute of Laboratory Animal Resources of Jiangsu, China.

HoC CHs Sprague—pawley rats (259199, half mgle and half femalg)
(B) were provided by the experimental animal center of Nanjing
Medical University. The rats were fasted 12 h before adminis-
Cl O COOC3zH7 tration of drug with free access to water. Oral doses of 5.7 mg/kg
for CTS were administered in adequate volumes of CTS suspen-
HaC Ha sion of 0.57 mg/mL in 1.0% Tween 80. Blood samples (0.5 mL)
were collected from the ophthalmic venous plexus in 1.0 mL
heparinized Ependroff tubes before dosing and at 5, 10, 15, 20,
0 30, 40, 60, 120, 240, 360, 480, 720, and 1440 min post-dose.
(C) Plasma was separated by centrifugation and storee2@tC
until analysis. Aliquots of 0.2 mL plasma samples were pro-
cessed and analyzed for CTS and its major metabolite TS Il A
concentrations.

Fig. 1. Chemical structures of CTS (A), TS Il A (B) and FOFB (C, internal
standard).

2.5. Blanks and plasma standards for validation
2.2. Standards
) Blank rat plasma was extracted and analyzed for the assess-
_Standard stock solution of CTS, TS Il A, and FOFB eachyant of potential interferences with endogenous substances.
with the known concentration of 1 mg/mL were accurately pre~p,o apparent response at the retention time of CTS, TS Il A,
pared in methanol. The stock solutions were diluted stepwisg.q FOEB was compared to the lower limit of quantification.

with methanol to form less concentrated working stanglards o, prepare plasma standards for validation, the blank plasma
20, 200, and 1000 ng/mL for CTS and TS Il A, respectively. A 5 m| y was spiked with known concentrations of CTS and

100 ng/mL solution for internal standard (FOFB) was also P'eTs |1 A, and then followed by internal standard. The stan-

pared in methanol. The stock solutions were stored in refrigeradard curves consisted of samples containing 0.1, 0.5, 1.0, 2.0,

tor at 4°C as these compounds are unstable at room temperatuggy 10 and 20 ng/mL of CTS, and 0.2, 0.4, 1.0, 2.0, 4.0, 10

when exposed to light. and 15ng/mL of TS Il A, respectively. To determine the pre-
cision, accuracy and recovery of the assay and to evaluate the

2.3. Instrumentation and conditions stability of the compounds after three cycles of freeze—thaw,
control standards were prepared at the concentration of 1.0,

The LC-MS-MS system consists of a Surveyor LC pump5.0 and 20ng/mL for CTS, 0.4, 2.0 and 10ng/mL for TS

a Surveyor auto-sampler, a TSQ Quantum Ultra AM triple-Il A.

quadrupole tandem mass spectrometer, and Xcalibur 2.1 soft-

ware for data acquisition and analysis (Thermo Finnigan, Saf.6. Sample preparation

Jose, USA). The separation was performed on a Waters Sym-

metry ODS column (4.6 mm 250 mm, 5.um, Waters, Mil- Sample preparation was carried out under subdued light.

ford, USA) preceded by an ODS guard column (2 mfhmm).  Blood samples collected in heparinized Ependroff tubes were
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immediately centrifuged at 3500¢ force for 10 min. The 050224cry-1_0502241403074#1316RT:5,00AV: 1NL:2.30E5

resulting supernatant plasma was separated and an aligquot ¢ ;" '0% P T IEER I a0000

0.2mL was mixed with 4Q.L of a 100 ng/mL FOFB solu- it J 7 .

tion in methanol and 0.3 mL of saline solution. The aqueous 80; e L

phase was vortex-mixed with 3 mL aofrr-butyl methyl ether § - o

for 3 min. After phase separation by centrifugation, an aliquot § od o T il

of 2.5 mL of the organic layer was taken and evaporated to dry- 3 = ! R iz 251

ness under a gentle stream of nitrogen flow &t@0The residue 5 o i

was reconstituted with 1Q0L of mobile phase and keptincold £ “°- *

and shaded auto-sampler and an aliquot ofiR@vas injected £ *3

into the LC-MS-MS system. 202 2
Ll 7

3. Result and discussion 0 ST B! Y] Y F—
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3.1. Mass spectral analysis 050224ketone2a-1#961-1006RT:3.87-4.06AV :46NL:4.64E6
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Diterpenoid tanshinones are much more easily and positively
ionized in atmospheric pressure chemical ionization (APCI)
source than in electron spray ionization (ESI) source due to their 2
weak polarity and strong lipophilicity. Therefore, APCI source
was used as interface. Multiple reaction monitoring (MRM) ]
afforded by tandem mass spectrometry has great advantage i ¢ ° i
reducing interference and enhancing sensitivity over the selectecg “° | e
ion monitoring (SIM). MRM was set for the detection of CTS, TS = 0]
Il A and FOFB in this study. The full product scan mass spectra 2 |
of CTS, TS Il A, and FOFB and their fragmentation schemes of 101 w J\L d 1l |J *
product ions from the parent ions [M + Hare shown irFig. 2, 0 100 120 140 150 180 200 220 240 260 250 300 320 340
respectively. B) m/z

The MRM transitions selected for the detection of CTS, TS osozzafenobti#1226-130RT:4.55-4.8AV:76NL:2.63E
Il A and FOFB areml/z 297— mlz 251, mlz 295— mlz 249, L
andml/z 361.1— mlz 233, respectively. The discharge current, , g0
vaporizer temperature, nitrogen sheath gas, the heated capillar% 80
temperature, and the collision energy were selected to optimize€ 70

elative Abundance

COOCH7
{

o }
specificity and sensitivity for the detection. 2 gg

£ 40 o
3.2. Separation and specificity D a0 ez

o 360.8

20 -
Typical chromatograms are shownfiy. 3. Observed reten- 10 - “

. . . i 242 8 AE05U3R10
tion times were 8..2, 9.2 and 11.2 min for CTS', FOFBand TS I 15 i s i e s i . i
A, respectively, with a total run time of 12.5 min. Blank plasma (C) m/z

was tested for endogenous in'Ferferean-:-. A represen_tz_ative Chrl(—)i-g. 2. Structures and product ion spectra of CTS (A), TS Il A (B) and FOFB
matogram of the plasma blank is showtirig. 3A. No additional 0.

peaks due to endogenous substances were observed that would

interfere with the detection of compounds of interésgy. 3B ¢ velv. Th
shows the chromatograms of calibration standard containing®/ML) range of 0.1-20 and 0.2-15ng/mL, respectively. The
5.0 ng/ml of CTS, 4.0 ng/mL of TS Il A and 20 ng/ml of FOFB Pical calibration curve for CTS ig=0.0294%"+0.00633, the

in plasma. A typical chromatogram of plasma sample is Shoquorrelation coefficient was 0.999. The typical calibration curve
in Fig. 3C which was collected 10 min after oral administration 1°F TS 1 Ais ¥'=0.0407C"+0.01149, the correlation coefficient

of CTS (5.7 mg/kg) to a rat and the corresponding concentral/as 0.999. LOQ 0f 0.1 ng/mL for CTS and 0.2ng/mL for TS Il

tion of CTS and TS Il A was found to be 1.2 and 3.2ng/mL,A were determined accqrdlng to FDA gwdelmgs as a coptrql
respectively. value where the R.S.D. is <15% and analyte signal-to-noise is

>3,

3.3. Linearity and limit of quantitation
3.4. Recovery
Calibration curves were calculated using peak area ratjos (
for both CTS and TS Il A to FOFB. Calibration curves for CTS  The mean absolute recoveries were measured at three differ-
and TS Il A in plasma were linear in the concentrati@n ( ent concentration levels for both CTS (1.0, 5.0 and 20 ng/mL)
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and TS Il A (0.4, 2.0 and 10ng/mL) in triplicate by dividing Table 1
the areas found for the spiked plasma samples with that of thgecovery for CTS and TS Il A

corresponding pure control. The mean recoveries for CTS anghalyte CTS
TSI Awere 93.7% (% CV 6.9) and 94.7% (% CV 4.1), respec-

BLANK-plasma

RT: 0.00-12.50

TSIIA FOFB

SpikedC (ng/ml) 1.0 50 20 04 20 10 20

Mean foundC 0.99 460 17.6 0.37 1.92 9.7 115
(ng/ml) z=5)
CV (%) 6.3 3.0 55 3.3 4.8 3.2 6.4

Overall recovery 98.6 92.0 88.0 91.7 96.0 96.5 57.7

(%)
100 o m/z295.0- 249.0
* s 3
§ 3 Table 2
g = b M N e Intra- and inter-day precision and accuracy for CTS
5 100 o 251, -
é 3 mz297.0251.0 SpikedC (ng/ml) 1.0 5.0 20
,G%J > g | Intra-day run
= 0 = st N, Mean foundC (ng/ml) (2 =5) 0.94 5.19 19.80
O 100 = m/z361.15233.0 S.D. 0.05 0.34 0.89
3 Coaod CV (%) 5.4 6.5 45
50 E Moat P gl WM Wy Accuracy (%) —6.5 38 -1.0
O S I e o ey s N B e e s Inter-day run
0 2 4 6 8 10 12 Mean foundC (ng/ml) (2=5) 0.97 5.18 19.82
(A) Time (min) S.D. 0.04 0.29 0.65
CV (%) 45 5.5 3.3
re-method-52 Accuracy (%) -2.6 35 —-0.9
RT: 0.00 - 12.50
_ RT: 11.22 . .
" 100 3 m/z205.0-249.0 tively. The mean recovery for internal standard was 57.7% (%
}3 50 3 CV 6.4). The data of recovery obtained are showifable 1
§ = J No significant matrix effect was observed for the analytes in the
é 100 5 miz297.05251.0 B OE plasma samples.
< =
e 50 E ..
= 0 = B o o 3.5. Accuracy and precision
S 1005 meast 142380 A
CE = A= B
50 Plasma control samples (0.2mL) of 1.0, 5.0 and 20 ng/mL
0 3 JJ \ for CTS or 0.4, 2.0 and 10 ng/mL for TS Il A were analyzed for
S T ST A ST S accuracy and precision. The data obtained for CTS and TS I
(B) Time (min) A are shown irTables 2 and 3respectively. The data obtained
ey both for CTS and TS Il A were within the acceptable limits to
meet the guidelines for bioanalytical methods.
RT: 0.00-12.51
. - o o
100 5 2206052400 AT:11.22 3.6. Storage stability at —20°C, freeze—thaw stability
2 = . . .
@ = = Plasma samples spiked with known concentrations of 1.0,
s o - S 5.0 and 20 ng/mL for CTS, or 0.4, 2.0 and 10 ng/mL for TS Il
g 100 7 mz297.05251.0 0
o =]
< 50 Table 3
.§ o = ‘ J Intra- and inter-day precision and accuracy for TS Il A
= B RT: 9.20
& 100 7 m/z361.1-5233.0 l SpikedC (ng/ml) 0.4 2.0 10
50 - | Intra-day run
03 I} X Mean foundC (ng/ml) (» =5) 0.36 191 10.4
T T [ T 11 T T T vrrprirrrrryrt S.D. 0.03 0.03 0.11
0 2 4 8 8 10 12
(€) Time (min) CV (%) 9.6 1.6 1.1
Accuracy (%) -10.9 —-4.4 4.3
Fig. 3. Rep_re_sentative chromatograms: (A) bla_mk plasma; (B) calibration Star!'nter-day run
dard contaln_lng 5.0ng/ml of CTStg(=8.21 mlr_l), _4.0 ng/mL of TS Il A Mean foundC (ng/ml) (1= 5) 0.37 1.91 10.2
(tr =11.22 min) and 20 ng/ml of FOFBK=9.24 min) in plasma; (C) rat plasma SD. 0.03 0.10 0.23
sample taken 10 min after oral administration of CTS 5.7 mg/kg, the concentra- -y, (%) 8.2 53 22
tion of CTS ¢r=8.17 min) and its metabolite TS Il Af=11.22 min) were Accuracy (%) 80 _486 1.8

found to be 1.2 and 3.2 ng/ml, respectively.
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12.0 e was 30 min for both CTS and TS Il A. The result indicated

Z 100 " that CTS was absorbed and metabolized to TS Il A rapidly in

£ N —=—T5| A

= rat.

E 8.0

g 60 4. Conclusion

§ 40

g 20 A sensitive and selective LC-MS—MS method was developed
' for pharmacokinetic study of CTS and its metabolite in rats. The
0.0

w  E0¢ g0 @ T —TE i 1 assay uses F_OFB asinternal standard, the extractlon_ procedl_,lre is

simple allowing large sample throughput to be applied to clin-

ical pharmacokinetic studies of CTS and TS Il A. The assay

Fig. 4. Mean plasma concentration-time profiles of CTS and TS Il A after oralhas been validated, and the results of validation have shown

administration of CTS 5.7 mg/kg in rats. that the method is sensitive, accurate and reproducible. This
LC—MS-MS method requires only 0.2 mL of plasma, with the

A, respectively were stored at20°C and analyzed at regular |imit of detection being 0.1 ng/mL for CTS and 0.2 ng/mL for TS

intervals to evaluate and establish the long-term storage condit A, which is superior to other analytical methods and essential
tions and stability. The freeze thaw (in 3¢ water bath) stability  for pharmacokinetic studies.

was determined for samples that underwent three freeze—thaw
cycles. Standard calibration curve was freshly prepared on thReferences
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