Available online at www.sciencedirect.com

sc|ENCE@DIHEcT® IOURNALOF
CHROMATOGRAPHY B

Journal of Chromatography B, 831 (2006) 163—-168

www.clsevier.com/locate/chromb

lon-pair reversed-phase HPLC: Assay validation of sodium
tanshinone IlA sulfonate in mouse plasma

S.J. Mad, S.X. Holt?*, Z. Liang?, Y.Q. Bi?, Y. Wu?, H. Li®, H. Jin?

aNo. 17, Section 3, Renmin Nan Road, West China School of Pharmacy, Sichuan University, Chengdu 610041, PR China
b Department of Hematology, People’s Hospital of Sichuan Province, Chengdu 610072, PR China

Received 21 August 2005; accepted 30 November 2005
Available online 10 January 2006

Abstract

Sodium tanshinone 1A sulfonate (STS), a hydrophilic ionic substance, is used as a cardiovascular drug. An ion-pair reversed-phase hi
performance liquid chromatography (IP-RP-HPLC) method for the determination of STS in mouse plasma was initially developed. The ass
involved a rapid and simple extraction process and subsequent detection at 271 nm. The retention time for STS was 7.5 min. Based on extre
STS standard mouse plasma at 1.5,10 anddifnl, the assay precision were 2.7, 2.1 and 1.7% with a mean accuracy of 96.7, 98.5 and 99.4%
respectively. At plasma concentration of 1.5, 50 an@.ghnl, the mean recovery of STS were 93.1, 96.3 and 97.5%. The limit of detection (LOD)
and limit of quantification (LOQ) for STS was Oug/ml and 0.5.g/ml, respectively. Linear responses were observed over a wide concentration
range (0.5-10Q.g/ml) for STS in mouse plasma. STS can be detected after intravenous administration. This method was performed for the fi
time in pharmacokinetic studies of STS in the mouse.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction has a broad range of pharmaceutical effects such as restraining
adriamycin-induced lipid peroxidation, attenuating hypertrophy
Tanshinone lIA, which is isolated from the rootSflvia mil- induced by angiotensin Il in cultured neonatal rat cardiac cells,

tiorrhiza, is effective in the treatment of myocardial infarction protects againstischemia-reperfusion injury through an electron
and angina pectoris. The clinical use of tanshinone 1A is limitedtransfer reaction in rat heart mitochondria by forming reactive
by its poor water solubility. Sodium tanshinone IlA sulfonate oxygen radicals, et¢5—10]. The molecular structure of STS is
(STS or DS-201) is a water-soluble derivative of tanshinondllustrated inFig. 1
IIA. STSis a cardioprotective substance and may exert a benefi- However, an assay for STS using HPLC has not been previ-
cial effect on the clinically important vascular endothelifih ~ ously reported. The lack of in vivo quantitative research for STS
In China, STS injections have been used successfully to treg@rompted us to develop a reliable assay for the determination of
patients with coronary artery disease and angina pectoris f@TS in plasma. STS, a hydrophilic ionic substance, would disso-
more than 30 years. Patients administered with STS have exhibiate in aqueous solution and is particularly difficult to analyse
ited significant improvements with respect to subjective clini-using RP-HPLC since it demonstrates poor retention on tradi-
cal symptoms, objective clinical signs, and electrocardiograntional Cig columns. The purpose of this study is to establish
parameters. Clinical evidence has shown that STS increasassimple, practical, ion-pair reversed-phase HPLC method for
coronary blood flow and alleviates cardiac metabolic disorthe assay of STS, and to subsequently determine STS in mouse
ders[2—-4]. In addition, extensive research has shown that ST®lasma. According to the molecular structure and physicochem-
ical characteristics of STS, tetrabutylammonium hydroxide was
added to the mobile phase as a cation agent, anion pair composed
Abbreviations: STS, sodium tanshinone IIA sulfonate of STS an_d tetrgbutylammonium_ hydro?(ide was formed and the
* Corresponding author. Tel.: +86 28 85501070; fax: +86 28 85501070.  resultant ion pair was more easily retained on the @lumn,
E-mail address: xinba456@yahoo.com.cn (S.X. Hou). which resulted in a prolonged retention time for STS. Herein,
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0 2.3. Sample preparation

o) Seven hundred microliters of methanol was added to300
\ of plasma sample. The obtained solution was vortexed for 10 min
SO3Na and centrifuged at 10,000¢ for 2 min to remove any protein
and the resultant supernatant was used in the assay.

2.4. High-performance liquid chromatographic apparatus
and chromatographic conditions

The HPLC system consisted of a variable UV detector
model SPD-10Avp UV-vis (Shimadzu, Japan), a single pump
Fig. 1. Molecular structure of sodium tanshinone IIA sulfonate. model LC-10ATvp (Shimadzu, Japan) and an integrator model
(N2000 work station, Zhejiang University), was used for data
we report an assay for STS using HPLC, and the application cicquisition and processing. The mobile phase consisted of
this method for the first time in pharmacokinetic studies of STSmethanol/water/10% tetrabutylammonium hydroxide solution
(68/30.5/1.5, viviv), was filtered (0.48m) and degassed prior

2. Materials and methods to use. The mobile phase was then pumped through the system at
a rate of 1.0 ml/min. Twenty microliters of sample solution was
2.1. Materials and reagents then injected onto the column. The chromatograph run required

10 min for completion. The ultraviolet (UV)-spectra of STS in

Tanshinone 1A was isolated from the root®fmiltiorrhiza the mobile phase was obtained using a UV-2450 spectropho-
and STS was prepared from tanshinone IIA, according to theometer (Shimadzu, Japan) with a wavelength of 271 nm, where
method of Chien et a[11]. Its structure was identified by com- the UV absorption of STS reached its maximum during the
paring the obtained spectrum with observations reported preanobile phase. Separation was achieved a3&ith a Diamon-
viously [12]. Authentic standards of STS were purchased fromsil C,g column (4.6x 150 mm with a SuM pore size) (Dikma).
the National Institute for Control of Pharmaceutical and Biolog-A pre-column treatment of the same constituents was employed.
ical Products (Beijing, China). Purity of the authentic standards\ll chromatograms obtained were evaluated by peak area mea-
was determined at 226, 253 and 271 nm respectively, using theirement. The calibration curve was plotted with peak areas
HPLC method developed in this study. The average purity ohgainst concentration. The data demonstrated a linear function
the authentic standards was calculated as 98.6%, using the afea STS according to the equation:
normalization method. Compared with the authentic standards
the purity of the self-prepared STS was calibrated as 99.3%),/ =a+bX
when the same HPLC method was employed and the detectiafhereY is the peak are& is the value of sample concentration
wavelength was set at 271 nm. The STS injection (5 mg/ml) wagug/ml), a is the intercept and is the slope.
purchased from First Biochemistry Pharmaceutical Factory of
Shanghai, China. Ten percent tetrabutylammonium hydroxide.5. Stability
solution was obtained from Shanghai Chemical Reagent Co.,
Ltd. All chemicals and solvents were of analytical or HPLC  The quality control (QC) samples were assayed under five dif-
grade. All standard solutions and mobile phases were prepargdrent conditions to assess the stability of STS in mouse plasma.

using double distilled water. One set of QC samples was stored at room temperature (approx-
imately 22—-25C) for 24 h. The stability of the sample at room

2.2. Calibration standards and quality controls (QC) temperature was evaluated by comparing the assay results of the

samples stored QC samples with that of the freshly thawed QC samples.

Another set of QC samples was subjected to three freeze-thaw

STS stock solution was prepared by dissolving 25 mg STS irycles and was then assayed to evaluate freeze-thaw stability of
double distilled water to a final concentration of LQ@ml. The ~ STSin mouse plasma. Long-term stability was studied by assay-
stock solution was stored a20°C and broughtto roomtemper- ing samples that had been stored-&0°C for a certain period
ature before use. The standard stock solution was diluted withf time. STS was considered stable under storage conditions if
blank mouse plasma to yield the calibration standard solutionthe assayed percent recovery was found to be 90-110% of the
of 0.5, 5, 10, 20, 50, 75 and 1Q@/ml. The QC samples were nominal initial concentration.
prepared at the target concentrations of approximately 0.5, 1.5,
5, 10, 50 and 75.g/ml in blank mouse plasma. A target amount 2.6. Application of the method
of STS was weighed separately to prepare the stock solution for
the QC samples. The QC samples were then divided intq100-  Kunming male mice (19-22 g) were administered STS intra-
aliquots in tightly closed microtubes and kept frozer-80°C  venously at a dose of 50 mg/kg via the tail veinQ(2 ml STS
until required. injection). The mice were then sacrificed at 5, 10, 15, 30 min, 1,
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2,4, 8 and 12 h after injection. The blood samples were rapidlyable 2 _
collected and the plasma was separated by centrifugation arfefiraction recovery of STS in mouse plasma

stored at—20°C until required. The STS plasma levels in the Time (day) Added Found n Recovery (%) Mean recovery
samples were determined using the above-mentioned method. (rg/ml)  (ng/ml) (%)
The concentration d.ate, at eaeh time poi_nt, represented the 15 1.38-013 3 92.0+86  93.1+8.0@=9)
meant standard deviation obtained from five mice. Pharma-= 15  1.40£012 3 93.3£80
cokinetic parameters were calculated using a non-linear fitting 15 141011 3 94.0+£73
program. 1 50 478+ 082 3 956+ 1.6 96.3+ 1.8 (2=9)
2 50 482+ 091 3 96.4+ 1.8
3. Results and discussion 3 50 485+ 096 3 97.0£20
1 75 72.8+4 129 3 97.0+4 1.7 97.5+ 1.7 (@=9)
3.1. Linearity, limit of detection, precision and accuracy 2 75 731+ 126 3 974+ 17
3 75 73.6+ 1.34 3 981+ 1.8

The linear regression equation for STS mouse plasma concen-
trationwasy = 11381 + 86652, with a correlation coefficient]
0f 0.9995 (=7). The calibration curves were found to be linear
for STS in the concentration range 0.5-1agml. The limit of

mean recoveries of STS from mouse plasma at concentrations of
1.5,50 and 7g/ml were 93.1, 96.3 and 97.5, respectively. The

quantification (LOQ) in mouse plasma for STS was0géml recovery results of STS at different concentrations are presented

The limit of detection value (LOD) in mouse plasma for sts'" Table 2
was 0.1ug/ml, calculated as the amount of the injected sample,
which resulted in a signal-to-noise ration of 3. 3.3. Sample stability

Inter-assay precision was determined by analysing five cali- )
bration curves with quality control samples on 5 different days, STS appeared stable in mouse plasifable 3shows the
The intra-assay precision was determined by analysing six repl|ong-term stability of STS in QC samples. Compared with the-
cates of quality control samples extracted on the same day. THg€tical STS concentrations of 0.5, 1.5, 5, 50 ang.ganl, the

results of inter-day and intra-day precision and accuracy for ST§0Ncentrations assayed before and after the samples stored at
in mouse plasma are presentedable 1 —20°C for 5, 15 and 30 days showed no tendency to decrease

with time. These data indicate that STS in mouse plasma was
stable for at least 30 days when stored frozer-20°C, and
for 24 h when maintained at room temperature (22225 STS

To determine STS recovery in plasma, mouse plasma sample‘@s_ alse stable following three freeze-thaw cycles. STS concen-
were spiked with STS to achieve a final concentration of 1.5, sdrations in the QC samples after 24 h room temperature storage

and 75ug/ml. The mouse plasma samples were then extracteghowed no apparent degradation: the final concentrations were

with methanol. Nine samples were analysed for each concentrg2-9-100.6% of the initial valueSgble 3. STS extracted from
ouse plasma samples during the mobile phase, was also stable

tion. The recovery was calculated by comparing the peak areds
of STS, extracted from mouse plasma samples, with STS soldOr at 1éast 24 h at room temperature.
tions at the same concentrations. The analysis was performed

on 3 consecutive days, each day the analysis was performed fé# Chromatography

three replicates at the concentration levels mentioned above. The
Acceptable chromatographic results were obtained with the

3.2. Recovery

Table 1 extracts of the plasma sample. Typical chromatograms obtained
Assay precision and accuracy of STS in mouse plasma from blank plasma, blank plasma spiked withi2fml STS
STS nominal STS measured  R.S.D2 (%) Accuracy (%) n and a plasma sample at 15 min after injection are shown in
concentration concentration Fig. 2 Under chromatographic conditions described previously,
(rg/ml) (ng/mi) the retention time of STS was 7.5 min, and the corresponding
Inter-day assay peak was baseline resolved. The blank plasma chromatogram
0.5 0.46+ 0.030 6.5 92.0 6 clearly demonstrated that no apparent interferences occurred.
15 1.424 0.06 4.2 94.7 6 Tanshinone IIA is a hydrophobic compound, which is simple
ég ?1‘97.21 (1):22 2;’ g;j g to assay using HPLC. There have been many reports on the in
75 7291 18 o5 976 g Vitro and in vivo determination of tanshinone I[A3-15] STS

is an ionic substance, which is difficult to retain on g€ol-

Intra-day assa . . . L .
Y Y umn. Itis well recognised that dissociation is the usual behavior

0.5 0.46+ 0.028 6.1 92.0 6 o ) : X

15 1.46+ 0.04 27 96.7 g oOfionic substances in aqueous solution. Polar chromatographic
10 9.85+ 0.21 2.1 98.5 6 column, ion suppression (the careful adjustment of the mobile
50 49.7+ 0.86 17 99.4 6  phase pH to result in a non-ionized analyte) and ion-pair chro-
75 73.4+ 1.21 1.6 97.2 6

matography should be considered to assay ionic substances.
2 R.S.D. =relative standard deviation. We attempted to utilize the polar chromatographic column
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Table 3
Stability of STS in different storage conditions in mouse plasma
STS nominal Storage condition STS measured R.S.D. (%)
concentration concentratiof
(ng/ml) (ng/ml)
Stored at below-20°C
0.50 Odaysi{=6) 0.49+ 0.030 (100) 6.1
15 1.48+ 0.062 (100) 4.2
5.0 4.95+ 0.17 (100) 34
50.0 49.6+ 1.12 (100) 2.2
75.0 74.6 + 1.84 (100) 25
0.50 5daysi{=6) 0.47+ 0.028 (95.9) 6.0
15 1.51+ 0.058 (102.0) 3.8
5.0 4.92+ 0.19 (99.4) 3.9
50.0 49.8 + 1.15 (100.4) 2.3
75.0 74.2+ 1.92 (99.5) 2.6
0.50 15days(=6) 0.45+ 0.032 (91.8) 7.1
15 1.46 4+ 0.064 (98.6) 4.4
5.0 4.89+ 0.21 (98.8) 4.3
50.0 49.4+ 1.08 (99.6) 2.2
75.0 73.8+ 2.14 (98.9) 2.9
0.50 30days(=6) 0.46+ 0.030 (93.9) 6.5
15 1.44+ 0.061 (97.3) 4.2
5.0 4.80+ 0.14 (97.0) 29
50.0 50.8+ 1.14 (102.4) 2.2
75.0 74.8+ 1.71 (100.3) 2.3
After 24 h at room temperature € 6)
0.50 0.47 £ 0.021 (95.9) 4.4
15 1.47 &+ 0.045 (99.3) 3.0
5.0 4.86+ 0.17 (98.2) 35
50.0 49.9+ 1.23(100.6) 25
75.0 74.1+ 1.81(99.3) 24
After three freeze-thaw cycles € 6)
0.50 0.47 £+ 0.025 (95.9) 5.2
15 1.45+ 0.048 (98.0) 3.3
5.0 5.12+ 0.18 (103.4) 35
50.0 48.8+ 1.18(98.4) 24
75.0 73.5+ 1.68(98.4) 2.3

@ Value are mear: S.D. with percentage of initial assay concentration in parentheses.

(Kromasil KR100-5NH), however, STS was notretained during model with a distribution and elimination half-life of 8 min and
the various mobile phases. Furthermore, when h@@masil) 4.5 h, respectively. The plasma concentration of STS was higher
and Gg columns (Diamonsil) were selected, and the pH valughan LOQ at 1h post injection; however, it remained unde-
of different eluting solutions consisting of methanol and watertectable at 2 h and thereafter. The details of the pharmacokinetic
were adjusted to 2.5-6.0 with phosphoric acid, respectively, STStudy will be described in a further publication.

was not retained. Therefore, we attempted to assay STS using the

ion-pair HPLC method. When the pH of the mobile phase coms . Robustness of method

posed of methanol/water (70/30, v/v), was adjusted to 7.5-8.0

by triethylamine or tetrabutylammonium hydroxide, STS could ~ The results regarding the robustness of this method showed
be retained and separated with an appropriate retention time afght the chromatographic patterns were not significantly changed
satisfactory peak shape. Following elaborate adjustment for thgnen different solvent sources and a different HPLC sys-
composition of eluting solutions, the optimal mobile phase wagem (HP 1100, Agilent) were used. Identical chromatograms

decided as described herein. were achieved when different analytical columns (Kromagil C
column and Diamonsil ¢ column) were used. In addition,
3.5. Application of the method this method allowed variation in analytical parameters such as

methanol content in the mobile phase, adjusted5§o0, 10%
Fig. 3shows the pharmacokinetic profile of STS in the plasmaetrabutylammonium hydroxide solution content in the mobile
of Kunming mice following i.v. administration. The drug disap- phase adjusted to 0.5-1.7%, and column temperature adjusted
pears from the plasma according to a two compartment opeto 20—40°C.
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Fig. 2. Typical chromatograms obtained from HPLC analysis of six different individuals. Chromatograms of (A) extracted blank mice plasméhibypatalgram
obtained from HPLC analysis of mouse plasma. Chromatogram of (B) extracted blank mouse plasma spikeggyiti $0S. Typical chromatogram obtained
from HPLC analysis of mouse plasma. Chromatogram of (C) extracted mouse plasma sample at 15 min after the i.v. treatment with 50 mg/kg of STS.
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in clinical samples and other biological fluid samples following

soF appropriate adjustments.
%, 40
= References
Cl>) 30 F
c#'; [1] TW. Wu, L.H. Zeng, K.P. Fung, J. Wu, H. Pang, A.A. Grey, R.D.
£ Weisel, J.Y. Wang, Biochem. Pharmacol. 46 (1993) 2327.
c_ué 201 [2] Shanghai cooperative group for the study of Tanshinone IIA, J. Tradit.
= Chin. Med. 4 (1984) 20.
'c?) 10k [3] Shanghai cooperative group for the study of Danshen 201, Chin. Med.

Rep. 1 (1978) 37.
[4] W. Chen, Y. Dong, C. Wang, G. Ting. Acta Pharmacol. Sin. 14 (1979)
0 20 40 60 80 100 120 217. _
Time(min) [5] G.Y. Zhou, B.L. Zhao, J.W. Hou, G.E. Ma, W.J. Xin, Pharmacol. Res.
40 (1999) 487.
Fig. 3. STS plasma concentrations vs. time profile after an i.v. administration of (6] K. Takahashi, X.S. Ouyang, K. Komatsu, N. Nakamura, M. Hattori, A.
50 mg/kg of drug. Each point represented the mean of the concentration obtained  Baba, J. Azuma, Biochem. Pharmacol. 64 (2002) 745.

from five mice. Bars are S.D.; not visible when smaller than symbols. [7] G.Y. Zhou, W. Jiang, Y. Zhao, G.G. Ma, W.J. Xin, J.J. Yin, B.L. Zhao,
Biochem. Pharmacol. 65 (2003) 51.

[8] K.Y. Jiang, C.G. Ruan, Z.L. Gu, W.Y. Zhou, C.Y. Guo, Zhongguo Yao
Li Xue Bao 19 (1998) 47.

) ) ) [9] J. Zhang, X.R. Zeng, Y. Yang, Z.F. Liu, Y. Guo, J. He, W. Zhou, J.
We have developed and validated an ion-pair RP-HPLC  Luzhou. Med. Coll. 23 (2000) 177.

method with UV detection for the determination of STS. This[10] L.M. Zhu, Q.T. Zeng, Y.B. Feng, Chin. J. Cardiac Pacing Electrophysiol.

report described the procedure to determine STS in mouse _ 19 (2005) 138.

. . . [11] M.K. Chien, P.T. Yong, W.H. Ku, X. Chen, H.T. Chen, H.C. Yeh, Acta
plasma. The method showed great linearity and had a hlg[n Chim. Sin. 36 (1978) 199,

degree of selectivity, sensitivity, precision and accuracy. STH2] G. Honda, Y. Koezuka, M. Tabata, Chem. Pharm. Bull. (Tokyo) 36
was assayed with an appropriate retention time, if the described (1988) 40s.

chromatographic condition was used. It should be noted that thi$3] M. Xue, Y. Cui, H.Q. Wang, Y.J. Luo, B. Zhang, Z.T. Zhou, Acta Pharm.
method is relatively practical because of the simple extraction _ Sin- 34 (1999) 81. _
procedure and short retention time of STS. This method has beélﬁl] SHaLr'nli’ ?'gﬂé (Zzhoez)rlg’ ZJiSZhang’ W.J. Gao, H. Chang, S.J. Tan, Chin.
applied successfully for the first time in pharmacokinetic studie$ys) L. chen, J.H. zhu, Y.Q. Li, W.Y. Liu, Chin. J. Pharm. Anal. 24 (2004)

of STS. Therefore, this method could also be used to assay STS 137.

4. Conclusion



	Ion-pair reversed-phase HPLC: Assay validation of sodium tanshinone IIA sulfonate in mouse plasma
	Introduction
	Materials and methods
	Materials and reagents
	Calibration standards and quality controls (QC) samples
	Sample preparation
	High-performance liquid chromatographic apparatus and chromatographic conditions
	Stability
	Application of the method

	Results and discussion
	Linearity, limit of detection, precision and accuracy
	Recovery
	Sample stability
	Chromatography
	Application of the method
	Robustness of method

	Conclusion
	References


