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Abstract
A rapid high performance liquid chromatography (HPLC) method for the determination of sodium tanshinone 

IIA sulfonate (STS) in rat plasma is developed and validated. Sample preparation is accomplished through protein 
precipitation with methanol. The analyte and internal standard tanshinone I sulfonate are separated on an Agilent 
Extend C18 analytical column, using a mixture of methanol and triethylamine (0.1) (60:40, v/v) as the mobile phase. 
The low limit of quantification is 0.2 μg/mL, and the method is linear over the concentration range of 0.2-50 μg/mL 
for STS. The within- and between-run precisions (RSD) are within 5.8, mean extraction yields are always higher 
than 93.40, and it proves to be stable during all sample storing, preparation and analytic procedures. The method is 
successfully applied to a pharmacokinetic study after an intravenous administration of STS to rats at a dose of 6 mg/
kg and pharmacokinetics is described by a three-compartment open model. 
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Introduction
Tanshinone IIA is the main lipophilic component of Salvia 

miltiorrhiza (Danshen, in China), a widely used Chinese herbal medicine. 
Tanshinone IIA possesses a variety of pharmacological activities such as 
protection against myocardial ischemia, anti-inflammatory, antioxidant, 
protective effects on hepatic fibrosis, antitumor and neuroprotective 
activity [1-7]. But due to its poor water solubility, the clinical use 
of Tanshinone IIA is limited. After salification procedure, we got 
tanshinone IIA sulfonate (STS), a water-soluble derivative of tanshinone 
IIA, which also has a broad range of pharmaceutical effects [8-12]. The 
chemical structure of STS is illustrated in Figure 1.

STS quantification in plasma samples is required for pharmacokinetic 
studies. However, few articles dealing with its determination in 
biological samples have been reported. A high performance liquid 
chromatography (HPLC) method with ultraviolet (UV) detector were 
described to the assay of STS in mouse plasma, but the existing assays 
required mobile phase containing ion-paired reagents to reduce the 
peak tailing and improve the peak shape [13]. The use of ion-paired 
agents resulted in prolonged column equilibration time and complex 
mobile phase preparation. Another method with gradient elution also 
need more preparation time [14]. Especially, those HPLC methods used 
at least 0.4 mL of blood for the determination of STS and this amount of 
blood was too much for rats and was not suitable for the assay of STS in 
plasma during the pharmacokinetic study. 

Recently, the liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) method was developed to determined the concentrations 
of STS in rat plasma, but the method required LC-MS/MS equipment 
which might not be available in many laboratories [15-17]. The cost of 
experiment is more expensive, while there are more factors affecting 
the determination than the HPLC method. In this study, we report 
here a simple and sensitive HPLC method with ultraviolet detector for 
the determination of STS in rat plasma. The mobile phase composed 
of methanol and triethylamine (0.1) (60:40, v/v), without addition of 
ion-pairing agents. The peaks of STS and the IS were neat, symmetric 
and well separated. With UV detector, the analysis of STS in rat plasma 
could be achieved using only 0.1 mL of blood. 

The sample pre-treatment procedure was different from the ones 
reported in the literature. Ethyl acetate was added without hydrochloric 
acid and the organic layer was removed to get rid of the liposoluble 
impurities. Then good extraction yields of STS were accomplished 
through protein precipitation procedure with methanol. The sample 
that has got rid of the liposoluble impurities was neater than the ones 
dealt with protein precipitation directly. It could protect the column and 
instrument effectively. The mean extraction yields were always higher 
than 93.40, which was much higher than the Liquid-liquid extraction 
described in the LC-MS/MS method [15-17]. The LOQ was 0.2 μg/mL, 
which was totally sensitive enough for the pharmacokinetic studies 
after intravenous administration of STS to rats at a dose of 6 mg/kg.

Figure 1: Chemical structure of STS.
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Experimental
Materials and reagents

Authentic standard of STS (98.1 purity) and sodium tanshinone I 
sulfonate (98.5 purity, the internal standard, IS) were purchased from 
the National Institute for the Control of Pharmaceutical and Biological 
Products (Beijing, PR China). Methanol (HPLC-grade) was purchased 
from Tedia Company (Fairfield, USA). Triethylamine, ethyl acetate, 
phosphonic acid were all of analytical grade and purchased from 
Shanghai Lingfeng Chemical Reagent Co., Ltd. (Shanghai, China). 

Stock solutions of the analyte and the IS (1 mg/mL) were prepared by 
dissolving suitable amounts of each reference compound in methanol, 
stored at 4°C. A series of standard working solutions and internal 
standard working solution (50 μg/mL) were obtained by diluting 
stock solutions with methanol. The quality control (QC) samples were 
separately prepared in blank plasma at the concentrations of 0.5, 5 and 
40 μg/mL for STS, respectively.

Instrument and chromatographic conditions
All analysis were performed on an Agilent HPLC system (Series 

1200, Agilent, USA) which equipped with a 1200 quaternary pump, 
a vacuum degasser, an autosampler, a controller module and a UV 
detector set at 271 nm. The chromatography data were recorded and 
processed with Chemstation software. Separations were obtained on an 
Agilent Extend C18 column (4.6 mm × 150 mm, 5 µm) kept at 25°C. 
A pre-column treatment of the same constituents was employed. The 
mobile phase was a mixture of methanol and triethylamine (0.1) (60:40, 
v/v), and the pH was adjusted to 3.5 with phosphonic acid. The flow rate 
was 1 mL/min and the injection volume was 20 μL.

Sample preparation
Briefly, to an aliquot of 100 μL of plasma sample in a disposable 

Eppendorf tube, 10 μL of the internal standard working solution (50 μg/
mL) was added and mixed vigorously. Then 200 μL of ethyl acetate was 
added and vortex-mixed for 1 min, followed by centrifugation at 16000 
rpm for 5 min. After the upper organic layer was removed, to get rid of 
the liposoluble impurities, 200 μL of methanol was added and vortex- 
mixed for 1 min in order to get rid of the protein and then the sample 
was centrifuged at 16000 rpm for 5 min. The resultant supernatant was 
used in the assay. 

Method validation
Selectivity: Blank plasma samples from six different rats were 

subjected to the sample preparation procedure and injected into 
the HPLC. The resulting chromatograms were checked for possible 
interference from endogenous compounds. 

Calibration Curves
Aliquots of 10 μL of analyte standard solutions (prepared daily) 

at eight different concentrations and 10 μL of the IS at a constant 
concentration (50 μg/mL) were added to 100 μL of blank plasma. The 
resulting mixture was subjected to the previously described sample 
preparation procedure and injected into the HPLC. The procedure was 
carried out in triplicate for each concentration. The analyte/IS peak area 
ratios (pure numbers) obtained were plotted against the corresponding 
concentrations of the analytes (expressed as μg/mL) and the calibration 
curves was set up by means of the least square method. The limit of 
quantification (LOQ) was defined as the lowest concentration at which 
both precision and accuracy were less than or equal to 20 with the ratio 
of signal-to-noise more than 10 (S/N>10). 

Extraction yield (absolute recovery)

The procedure was the same as that described under “Calibration 
Curve” above, except the points were at three different concentrations 
(0.5, 5, 40 μg/mL, n=5). The analyte/IS peak area ratios were compared 
to those obtained by injecting standard solutions at the same theoretical 
concentrations and the extraction yield values were calculated.

Precision and accuracy

The assays described under “Extraction yield” were repeated five 
times within the same day to obtain within-run precision and five 
times over three different days to obtain between-run precision, both 
expressed as RSD values. The accuracy was also assessed by determining 
QC samples at three concentration levels and expressed by (mean 
observed concentration) / (spiked concentration) ×100.

Stability

The stability of STS in rat plasma was investigated by analyzing QC 
samples at concentrations of 0.5, 5 and 40 μg/mL at room temperature 
(approximately 25-28 °C) for 8h and for three freeze- thaw cycles at 
-20°C. Stability of the processed sample was determined by keeping the 
samples in an autosampler at 4°C for 24 h.

Application to Pharmacokinetics Study of STS
Six Sprague-Dawley rats (180 g to 220 g) were administered 

intravenously with STS at a dose of 6 mg/kg (dissolved in glucose 
parenteral solution (5, w/v). About 0.25 mL of blood via the angular 
oculi vein was collected into a heparinized tube at pre-dosing, and at 
1, 3, 6, 10, 15, 20, 25, 30, 40, 60 min after administration. After the 
blood was centrifuged at 3500 rpm for 5 min, the plasma was rapidly 
collected and stored at -20°C until analysis. Pharmacokinetic analysis of 
STS concentration in rat plasma samples were performed using Drug 
and Statistic (DAS) version 2.0 pharmacokinetic software (Shanghai 
University of T.C.M, China).

Results and Discussion
Choice of the chromatographic conditions

It is critical to optimize chromatographic conditions to obtain 
good selectivity, high sensitivity, quick speed and symmetrical peak 
shape. Since STS is a hydrophilic ionic substance and weak acid, we 
added triethylamine to the mobile phase and adjusted the pH with 
phosphonic acid to reduce the peak tailing and improve the peak shape. 
We tried pH 7.0, 5.0, 4.0, 3.5 and 3.0, and found that when pH was 
adjusted to 3.5, the retention times are appropriate and the peaks are 
neat, symmetric and well separated.

Development of the Sample Pre-Treatment Procedure
STS was a water-soluble derivative of tanshinone IIA, designed 

to extend the clinical application of tanshinone IIA. In the literature, 
protein precipitation was used commonly due to the high polarity of 
STS, which was simple and fast [13].

In some other study, liquid-liquid extraction (LLE) method 
was used as the sample pre-treatment procedure [15]. Before LLE, 
hydrochloric acid was added to adjust the pH appropriately in order 
to change STS to tanshinone IIA. Tanshinone IIA possesses higher 
lipophilicity than STS, and it was supposed to be extracted by the organic 
solvent. After LLE, the organic layer was transferred and evaporated to 
dryness, which took more steps and was time-consuming, compared 
with protein precipitation. Meanwhile, as we know, besides targeted 
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drugs, LLE may extract numerous interfering substances from blood 
or plasma, like triglycerides (TG). It has been found, TG levels in whole 
blood noticeably influence the drug recovery to variable extents, when 
using LLE as the sample pretreatment method [18].

In this study, LLE was tested firstly for the sample pre-treatment. 
Ethyl acetate was added to plasma sample and the upper organic layer 
was transferred and evaporated to dryness under nitrogen gas at 40°C. 
The residue was reconstituted with mobile phase and injected into the 
HPLC system. The chromatogram showed that neither analytes or the 
IS was extracted by ethyl acetate. So ethyl acetate was used without 
addition of hydrochloric acid to get rid of the liposoluble impurities. 
LLE was then followed by protein precipitation procedure, and different 
solvents have been tried. The results showed that, after treated with 
acetone, there were interferences in the samples. After treated with 
ethanol, the shape of the peak was not good. Methanol and acetonitrile 
both showed good results, and considering acetonitrile was more toxic, 
we chose methanol as the precipitation solvent.

Thus, both protein precipitation and LLE were utilized in this 
study. This sample pre-treatment method had several advantages with 
respect to the previously published method which also used protein 
precipitation for the measurement of STS. The procedure provided 
certain improvement on sensitivity and reliability. Meanwhile, getting 
rid of the liposoluble impurities by LLE would make the sample neater 
than the one dealt with protein precipitation directly, and it could also 
protect the column and instrument effectively from the contamination 
of the impurities. So the sample pre-treatment procedure of this study 
may provide a new method to extract water-soluble drugs from plasma 
sample. 

Figure 2A reports the chromatogram of six blank plasma samples, 
while Figure 2B reports the chromatogram of blank plasma sample 
spiked with a known amount of STS and the IS. Figure 2C reports 
the chromatogram of rat plasma sample at 6 min after intravenous 
administration with 6 mg/kg of STS. No interference can be detected 
near the retention times of the compounds of interest; furthermore, 
peak shapes and resolution are good.

Method Validation
Selectivity was evaluated by injecting into the HPLC six blank 

plasma samples and there were no peaks from endogenous compounds 
observed at the retention times of the analyte and the IS. Therefore, the 
method has demonstrated to be selective.

Eight-point calibration curves were set up over the concentration 

range of 0.2-50 μg/mL. Good linearity (r2 = 0.9999) was obtained, with 
a limit of quantitation of 0.2 μg/mL. The linearity equation was: y=0.169 
x+ 0.039, where x is the STS concentration, expressed as μg/mL, and y is 
the STS/IS peak area ratio (a pure number).

Extraction yield (absolute recovery) was assessed by determining 
QC samples at three concentration levels (0.5, 5, 40 μg/mL). The results 
of these assays are reported in Table 1. Mean extraction yields were 
always higher than 93.40. 

The results of the precision and accuracy assays are reported in 
Table 2. RSD values were 2.6 or less for within-run precision and 5.8 or 
less for between-run precision. Mean recovery values also were always 
higher than 87.67. Thus, the results demonstrated that the values were 
within the acceptable range and the method was accurate and precise. 

Results of the stability evaluation are shown in detail in Table 3. The 
results indicated that the analytes were stable in the autosampler for at 

Figure 2: Typical chromatograms obtained from HPLC analysis of six different rats. (A) Chromatogram of blank rat plasma; (B) Chromatogram of blank mouse plasma 
spiked with 5 μg/mL STS and IS; (C) Chromatogram of rat plasma sample at 6 min after intravenous administration of STS at a dose of 6 mg/kg.

Spiked 
(μg/mL)

Recovery (%)
(mean ± SD) RSD (%)

0.5 99.49 ± 4.75 4.8
5 95.60 ± 1.60 1.7
40 93.40 ± 2.35 2.5

Table 1: Extraction recovery of STS in rat plasma (n=5).

Spiked 
(μg/mL)

Found
(mean ± SD, μg/mL) RSD (%) Accuracy (%)

within-run 
0.5 0.44 ± 0.011 2.6 87.67
5 5.05 ± 0.088 1.7 100.95
40 39.78 ± 1.01 2.5 99.45
between-run 
0.5 0.45 ± 0.026 5.8 90.04
5 5.19 ± 0.21 4.0 103.85
40 40.79 ± 1.44 3.5 101.98

Table 2: Within- and between-run precision and accuracy for the measurement of 
STS in rat plasma (n=5).

Spiked Found (mean ± SD, μg/mL)

(μg/mL)
Freeze–thaw for three 

cycles
Room temperature 

for 8 h Autosampler for 24h
0.5 0.43 ± 0.01 0.56 ± 0.10 0.54 ± 0.08
5 5.22 ± 0.07 4.93 ± 0.18 4.91 ± 0.12
40 39.39 ± 1.39 39.28 ± 1.40 40.37 ± 1.40

Table 3: Stability test of STS during the storing and preparation procedures (n=5).
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least 24 h. STS in rat plasma was stable after three freeze–thaw cycles 
and STS in plasma extract was stable at room temperature for 8 h.

Pharmacokinetic Analysis
The validated methods have been successfully applied to 

pharmacokinetic studies of STS in rat plasma after intravenous 
administration. Mean plasma concentration-time curve of STS, 
after intravenous administration at a dosage of 6 mg/kg to six rats is 
shown in Figure 3. Pharmacokinetics could be described by a three-
compartment open model using Drug and Statistic (DAS) version 2.0 
pharmacokinetic software and the main pharmacokinetic parameters 
are shown in Table 4. 

Conclusion
The HPLC method presented here for the analysis of STS was 

feasible and rapid. The protein precipitation offered a fast sample 
preparation protocol compared to liquid-liquid extraction [14]. 
Sample pre-treatment was simple and gave good extraction yields and 
satisfactory precision. The chromatographic conditions were simpler 
and the LOQ was lower than the previously reported ion-pair reversed-
phase HPLC method [13]. And the method was successfully applied to 
the pharmacokinetic studies after intravenous administration of STS to 
rats at a dose of 6 mg/kg.
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Figure 3: Plasma concentrations versus time profile after an intravenous 
administration of STS at a dose of 6 mg/kg.

Parameters Mean SD
Cmax (μg/mL) 28.07 7.52
t1/2α (min) 0.55 0.17
t1/2β (min) 3.33 0.69
t1/2γ (min) 26.57 24.10
V1 (l/kg) 0.083 0.046
CL (L/min/kg) 0.041 0.009
AUC(0-60)(mg•min/L) 115.10 20.49
AUC(0-∞)(mg•min/L) 121.36 25.70

Cmax: the maximum plasma concentration; t1/2α: Half-life of rapid distribution 
phase; t1/2β: half-life of slow distribution phase; t1/2γ: half-life of elimination phase; 
V1: apparent volumes of distribution of the central compartments; CL: total body 
clearance; AUC: area under the plasma concentration vs. time curve.
Table 4: Pharmacokinetic parameters of STS followed after a single intravenous 
administration of STS at a dose of 6 mg/kg (n = 6).
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