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Abstract: Object: In order to improve the oral bioavailability of Salvia miltiorrhiza extract (ESM), S. miltiorrhiza phos-
pholipid complex (ESM-PC) was prepared by solvent evaporation. The relative proportions of Salvianolic acid B (Sal 
B) and Tanshinone IIA (Tan IIA) were investigated using the combination percentage as the standard. The physical 
and chemical properties of the phospholipid complex were studied by ultraviolet spectroscopy and infrared absorp-
tion. Solubility, octanol-water partition coefficient, dissolution rate and in vivo pharmacokinetics were also investi-
gated. Results: ESM-PC with a drug to phospholipid ratio of 1:1 was successfully prepared in methanol at 50°C for 
1 h. The determined combination percentage was 55.25% ± 1.04%. Ultraviolet absorption and Fourier transform 
infrared spectroscopy confirmed the formation of ESM-PC. Relative to ESM, the solubility, octanol-water partition 
coefficient and in vitro dissolution rate of ESM-PC were improved to varying degrees in a pH-dependent manner. 
After intragastric administration in rats, the bioavailabilities of Sal B and Tan IIA in ESM-PC were 4.91- and 2.49-fold 
higher than those in ESM. Conclusion: The oral absorption of Sal B and Tan IIA were significantly improved using 
ESM-PC, mainly due to increased solubility and dissolution rate.

Keywords: Salvia miltiorrhiza extract, phospholipid complex, physicochemical properties, pharmacokinetics, 
microdialysis

Introduction

Salvia miltiorrhiza Bge. (Danshen) is a perenni-
al herb that is used as a bulk commodity in 
Traditional Chinese Medicine [1]. The dried root 
and rhizome of Danshen are the most common-
ly used TCM in the clinic. The traditionally 
described effects of Danshen are removing sta-
sis and relieving pain, cooling blood and invigo-
rating circulation, nourishing blood and tran-
quilizing the mind [2]. Danshen has been used 
extensively in the clinic, primarily in the follow-
ing areas [3-8]: (1) treatment of cardiovascular 
diseases. For example, Danshen injections 
dilate coronary arteries and increase coronary 
blood flow, which is used to prevent and treat 
cardiovascular diseases; (2) treatment of ner-
vous system diseases. For example, compound 
Danshen injections have been shown to reduce 

ischemia and hypoxia in brain cells and improve 
microcirculation; (3) treatment of digestive sys-
tem diseases. Analysis has shown that Danshen 
improves microcirculation in the liver and pro-
motes mucus secretion in the gastric mucosa. 
It is used to treat conditions including icteric 
hepatitis, cirrhosis, chronic gastritis and gastric 
ulcers [9]; (4) prevention of respiratory diseas-
es. Compound Danshen tablets enhance resis-
tance to upper respiratory tract infections and 
Danshen injections have been used to treat 
asthmatic bronchitis.

Danshen tablets are included in the 2015 edi-
tion of the Chinese Pharmacopoeia [10]. They 
have significant curative effects in the treat-
ment of coronary heart disease, myocardial 
infarction and angina pectoris [11]. The active 
components of Danshen responsible for its 
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therapeutic effects are divided into water-solu-
ble (Sal B) and fat-soluble (Tan IIA) (Figure 1) 
fractions [12, 13]. The poor water solubility of 
Tan IIA adversely affects oral absorption, result-
ing in a low bioavailability of 3.5% [14, 15]. The 
oral bioavailability of Sal B is only 2.3%, which 
seriously restricts its efficacy. Enhancing the 
oral bioavailability of active ingredients is one 
of the important aspects in modern research 
on Traditional Chinese Medicine [16]. To 
address the problems of low bioavailability and 
unreliable efficacies of TCM preparations, new 
dosage forms are needed to improve their clini-
cal utilities. These problems have become a 
hot topic and challenging area of research for 
Chinese medicinal preparations [17].

Phospholipid complex (PC) is a drug-loading 
system first discovered by the Italian scholar, 
Bombardelli. It is formed by the interaction of 
drugs and phospholipids through intermolecu-
lar forces in a proton transfer solvent. The com-
plex enhances drug solubility and facilitates 
absorption through the cell membrane [18]. To 
date, a variety of phospholipid complex prod-
ucts have been marketed globally [19, 20]. It 
has been reported that Ginkgo biloba extract 
phospholipid complex can be used for cardio-
vascular protection and as an anti-aging agent. 
Grape seed phospholipid complex can be used 
to prevent heart disease. Blueberry extract 
phospholipid complex is an antioxidant and 
improves vascular elasticity. Phospholipid com-
plexes are also used in various formulations, 

thermore, oral bioavailability was increased by 
97% and the complex exhibited sustained 
release characteristics. Ye studied the mecha-
nism of gastrointestinal absorption and phar-
macokinetics of baicalin-phospholipid complex 
in rats after oral administration [23]. The results 
showed that absorption of baicalin-phospholip-
id complex was about two-fold higher than that 
of baicalin. The plasma AUC value was nearly 3 
times higher, the brain AUC value was nearly 
1.5 times higher, and the oral bioavailability 
was nearly 4 times higher than that of baicalin.

In order to address the low oral bioavailability of 
the main medicinal components in Danshen 
tablets, this study applied phospholipid com-
plex technology to prepare ESM-PC and assess 
its basic properties and pharmacokinetics. The 
mechanism by which the phospholipid complex 
enhanced fat solubility and bioavailability of 
ESM was also investigated.

Materials and methods

Materials

Sal B (batch number: 111562-201313) and 
Tan IIA (batch number: 110766-201520) were 
purchased from China Food and Drug Control 
Institute (Beijing, China). Danshen was pur-
chased from Xi’an Shengxing Pieces Co. Ltd. 
(Xi’an, China). Soy phospholipids (95%) were 
purchased from Shanghai Taiwei Co. Ltd. 
(Shanghai, China). Purified water was pur-
chased from Wahaha Group Co. Ltd. (Hangzhou, 

Figure 1. Structures of Tan IIA and Sal B.

such as capsules, gels, gran-
ules, and emulsions. In addi-
tion, phospholipid complexes 
are widely used in cosmetics 
and health care products.

Significant achievements have 
been reported on improving 
the fat solubility of drugs and 
enhancing drug absorption 
[21]. Zhu studied the prepa- 
ration, physicochemical prop-
erties and bioavailability of 
magnolol phosphatidylcholine 
complex [22]. Those results 
showed that the main phar-
macokinetic parameters Cmax, 
Tmax, area under the curve 
(AUC) and mean residence 
time (MRT) were significantly 
changed in the complex. Fur- 
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China). Methanol and acetonitrile were of HPLC 
grade, and all other chemical reagents 
employed in the experiments were of analytical 
grade.

Preparation of ESM-PC

Chromatographic separations were achieved 
by reverse phase high performance liquid chro-
matography (RP-HPLC, Waters 2695 separa-
tion module, Waters Co., MA, USA) using a C18 
column (250 × 4.6 mm, 5 µm i.d.; Thermo 
Fisher Scientific Inc., USA). The mobile phase 
was formic acid solution (0.02 M): acetonitrile 
at a flow rate of 1 mL/min in isocratic mode. Sal 
B and Tan IIA were detected at 275 nm (λmax) 
using an ultraviolet (UV) detector.

Preparation of Danshen tablet extract

ESM was prepared according to the prepara-
tion method described for Danshen tablets in 
the 2015 Chinese pharmacopoeia [10]. A spe-
cific amount of S. miltiorrhiza Bge. was weighed 
and treated with 8 volumes of 90% ethanol 
solution. The mixture was heated at reflux for 
1.5 h and then filtered. The retained solids 
were boiled in water for 1.5 h to obtain a decoc-
tion. The combined ethanol and aqueous 
extracts were then concentrated in a water 
bath (60°C). The concentrate was dried under 
reduced pressure to a dry powder and stored in 
a desiccator.

Preparation process of ESM-PC

Factors including reaction solvent, tempera-
ture, drug to phospholipid ratio, concentration 
and time were investigated.

ESM and phospholipids were combined by sol-
vent evaporation at a mass ratio of 1:1 in meth-
anol. The mixture was kept at 50°C for 1 h with 
magnetic stirring. The resultant solution was 
evaporated under reduced pressure. Petroleum 
ether was added to dissolve the phospholipids 
and ESM-PC, and the mixture was filtered. The 
filtrate was evaporated, and the residue was 
then dried and crushed in a mortar. The 
obtained ESM-PC was stored at room tem- 
perature.

ESM-PC combination percentage

The combination percentage of ESM-PC was 
determined as follows. An appropriate amount 
of the phospholipid complex was weighed and 

dissolved in methanol. After filtration through a 
0.22 μm microporous membrane, the content 
of Sal B in the ESM-PC was determined accord-
ing to the content determination method. The 
combination percentage of ESM-PC was 
obtained using the following equation: 

combienation percentage = m
m
2
1  × 100%

Where “m1” is the content of Sal B in the ESM-
PC, and “m2” is the content of Sal B in the ESM.

Characterization of ESM-PC

Ultraviolet absorption spectroscopy

Samples of ESM, ESM-PC, phospholipid, physi-
cal mixture, Sal B, and Tan IIA were dissolved  
in methanol to prepare solutions of known  
concentration and then scanned over a wave-
length range of 200-400 nm using a Shimadzu 
UV-2550 spectrophotometer (Shimadzu, Kyoto, 
Japan).

Fourier transform infrared (FT-IR) spectroscopy

Potassium bromide (KBr) was ground through a 
sieve and dried at 120°C for more than 4 h. 
Infrared (IR) spectroscopic analyses of ESM, 
ESM-PC, phospholipid and physical mixture 
were performed using a Nicolet 640-IR spec-
trophotometer (Agilent, Waltham, MA, USA). 
Measurements were conducted in convention-
al transmission mode with KBr pellets, and the 
background spectrum was collected under 
identical conditions. Spectra were recorded in 
the range of 400-4000 cm-1.

In vitro studies

Chromatographic separations were achieved 
by RP-HPLC (Waters 2695 separation module, 
Waters Co., MA, USA) using a C18 column (250 
× 4.6 mm, 5 µm i.d.; Thermo Fisher Scientific 
Inc.). The mobile phase was formic acid solu-
tion (0.02 M):acetonitrile at a flow rate of 1 mL/
min in isocratic mode. Sal B and Tan IIA were 
detected at 275 nm (λmax) using an ultraviolet 
detector.

Solubility

ESM (300 mg), ESM-PC (600 mg) and physical 
mixture (900 mg) were separately added to 
phosphate buffer solutions (1.5 mL) at differ-
ent pH values (2.0, 5.0, 5.8, 6.8, 7.0, 7.6 and 
8.0). The samples were vortexed, shaken for 24 



Phospholipid complex for improved bioavailability

9773 Int J Clin Exp Med 2019;12(8):9770-9781

h at 37°C in a water bath oscillator and then 
centrifuged at 3000 rpm for 10 min. The con-
centrations of Sal B and Tan IIA in the superna-
tant were determined by HPLC.

Octanol-water partition coefficient

An appropriate amount of n-octanol was added 
to an equal volume of deionized water. The mix-
ture was then separated completely, and the 
two phases were collected separately. Ap- 
propriate amounts of ESM and ESM-PC were 
added to the n-octanol solution. The concentra-
tion of the ESM in n-octanol solution was 1.0, 
0.5, 1.0, 1.5 and 2.0 mg/mL. The n-octanol 
solution (2 mL) was mixed with 2 mL of the 
aqueous phase or phosphate buffer (pH = 2.0, 
5.0, 5.8, 6.8, 7.0, 7.6 and 8.0), and ESM or 
ESM-PC was equilibrated between the two 
phases by shaking at 37°C for 12 h.

The prepared samples were centrifuged and 
then 500 μL water and octanol solution were 
diluted separately. The octanol-water partition 
coefficients of the two components in ESM or 
ESM-PC were calculated based on their con-
centrations in the two phases [24]. The concen-
trations of Sal B and Tan IIA in the supernatant 
were determined by HPLC.

Dissolution study

Appropriate amounts of ESM and ESM-PC were 
weighed and placed in a capsule for testing 
[25]. The dissolution media were HCl (0.1 
mol/L) and pepsin (artificial intestinal juice), 
phosphate buffer (0.1 mol/L) and trypsin (artifi-
cial gastric juice) and water. The paddle was 
rotated at 100 rpm and the temperature of the 
dissolution medium was maintained at 37°C. 
Samples (2 mL) were taken at predetermined 
intervals (10, 20, 30, 40, 60, 90, 150 and 180 
min) and replaced with the same volume of 
dielectric solution. Samples were analyzed by 
HPLC after filtration through a 0.22 µm micro-
porous membrane. All assays were performed 
six times.

Pharmacokinetic study of ESM and ESM-PC in 
SD rats by the microdialysis technique

Instruments and UPLC-MS/MS conditions

The LC-MS system consisted of a 20A HPLC 
system and Q-trap 4500 mass spectrometer. 
The data were collected using Analysis 1.6.2 
software. Tan IIA and its internal standard, 

diphenhydramine, were scanned by electro-
spray ion source (ESI) in positive ion detection 
mode. Sal B and its internal standard, bergenin, 
were scanned in negative ion detection mode. 
The mass spectrometry conditions were opti-
mized and included the following parameters: 
multi-reaction ion detection mode (MRM); spray 
voltage of 4.5 kV; capillary temperature of 
550°C; auxiliary gas (nitrogen) pressure of 50 
psi; and a collision gas (argon) pressure of 6 
psi.

Chromatographic separation was achieved on 
a Hypersil GOLD column (100 × 2.1 mm, 1.9 
µm) at 40°C. The mobile phase consisted of 
acetonitrile containing 0.2% formic acid with a 
gradient elution starting at 5% acetonitrile and 
progressing linearly to 30% acetonitrile over 3 
min then to 70% acetonitrile from 3-6 min. The 
gradient was increased to 90% acetonitrile at 
6.1 min, returning to 5% at 9.1 min. The flow 
rate was 0.3 mL/min and the total analysis 
time was 10 min. Sample solution (5 μL) was 
injected using a process to wash the outer wall 
of the sample needle after each injection.

Animals

Male Sprague-Dawley (SD) rats (220 ± 30 g) 
were obtained from the Chengdu Da Shuo 
Biological Co., Ltd. Rats were fasted for 24 h 
before the experiment and were given free 
access to water. Twelve animals were divided 
randomly into two groups (n = 6 each), including 
those dosed with ESM (53.9 mg/100 g) or 
ESM-PC (1:1, 107.8 mg/100 g). ESM-PC was 
dissolved in sodium carboxymethyl cellulose 
solution. The gastric irrigator was inserted 
along the angle of the rat mouth, entering the 
oesophagus from the tongue surface along the 
upper jaw. The drug solution was injected, fol-
lowed by dialysate after 10 min. The jugular 
vein was isolated, the blood probe implanted, 
and the dialysate was collected after 0.5 h. 
Blood samples were collected at predeter-
mined time points (0.08, 0.17, 0.25, 0.42, 0.58, 
0.75, 0.92, 1.25, 1.58, 1.92, 2.42, 2.92, 3.42, 
3.92, 4.92, 5.92, 7.92, 9.92 and 11.92 h). The 
research was approved by the Ethical 
Committee of Shaanxi University of Chinese 
Medicine.

UPLC-MS/MS method validation

Selectivity: Bergenin and diphenhydramine we- 
re precisely weighed and dissolved in Ringer’s 
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test solution to 100 mL as internal standard 
reserve solution. The internal standard stock 
solution was diluted to obtain mass concentra-
tions of 12.5 μg/L and 0.000675 μg/L, respec-
tively. The microdialysis probe was implanted 
into the jugular vein of the rat and perfused 
with 2 μl·min-1 of blank Ringer’s solution to 
obtain a rat blank dialysate. Sal B, Tan IIA, inter-
nal standard bergenin and diphenhydramine 
were added to the blank dialysate and blank 
dialysate, and the 90-minute sample was 
administered to the rats to examine the speci-
ficity. The sample was added with the internal 
standard solution, vortex-mixed and then anal-
ysed. The microdialysis probe was implanted 
into the jugular vein of the rat, and blank dialy-
sate was obtained by perfusing with blank 
Ringer solution at 2.0 μL/min. The blank dialy-
sate and blank dialysate containing Sal B, Tan 
IIA, and the internal standards bergenin and 
diphenhydramine were administered intragas-
trically to the rats. The specificity of the method 
was investigated.

Linearity, precision, stability, matrix effect: A 
series of Sal B reference solutions contai- 
ning 39.06, 78.13, 156.25, 312.50, 625.00, 
1250.00 and 2500.00 μg/L were prepared by 
dissolving Sal B standard in Ringer reagent. 
Similarly, solutions of Tan IIA containing 0.39, 
0.78, 1.56, 6.25, 12.50, 25.00 and 50.00 μg/L 
were prepared. Calibration curves were con-
structed by analysing known concentrations in 
standard plasma.

Sal B (10 μL) and Tan IIA (10 μL) were accurate-
ly measured and then bergenin (10 μL) and 
diphenhydramine (10 μL) were added, followed 
by rat plasma. Quality control (QC) samples of 
Tan IIA and Sal B were prepared at concentra-
tions of 78.13, 312.50, 1250.00 μg/L and 
0.39, 1.56, 12.50 μg/L, respectively. Three 
batches of Sal B and Tan II A were analysed 6 
times a day for 3 consecutive days and the RSD 

The blank plasma of rats was taken to prepare 
three quality control samples of high, medium 
and low concentrations, each taking 30 μL, 
adding internal standard, and mixing the sam-
ples. Then 10% methanol solution was used to 
prepare the same concentration of reference 
solution, each taking 30 μL, adding internal 
standard, mixing sample analysis. Five sa- 
mples were measured in parallel for each 
concentration.

In vivo recovery: After the microdialysis probes 
had been implanted into the jugular veins of 
normal rats, Ringer solutions containing Sal B 
and Tan IIA at low, middle and high concentra-
tions (78.13, 312.50, 1250.00 μg/L and 0.75, 
3.13, 6.25 μg/L) were perfused into the probes. 
The rats were perfused with 2 μL/min for 2 h. 
The dialysate was collected every other 10 min 
and the concentrations of Sal B and Tan IIA in 
the samples were determined. The in vivo 
recovery rate was calculated.

Pharmacokinetic analysis

The concentration of free drug should be cor-
rected according to the in vivo recovery, so the 
concentration of free drug in the blood is the 
ratio of the sample concentration (Cdialysate) to 
the recovery rate (RL). Drug concentration-time 
curves for Sal B and Tan IIA were obtained by 
determining blood concentration and sampling 
the midpoint time of dialysate in each group. 
The pharmacokinetic parameters for Sal B and 
Tan IIA were estimated by non-compartmental 
modelling using DAS 3.2.8 software.

Results

Preparation of ESM-PC

In this study, solvent evaporation was used  
to prepare ESM-PC. The Sal B content in the 
ESM-PC was determined according to the con-
tent determination method. This method avoids 

Table 1. Combination percentages at different reaction tem-
peratures

Drug to phospholipid ratio
Combination percentage (%)

40°C 50°C 60°C
1:0.5 30.77 ± 1.02 31.66 ± 1.24 30.29 ± 1.95
1:1 51.57 ± 2.17 56.67 ± 2.31 54.72 ± 2.07
1:1.5 43.80 ± 1.68 59.12 ± 1.36 51.82 ± 1.54
1:2 52.93 ± 1.46 70.64 ± 1.81 49.70 ± 1.21

values (%) in rat plasma were 
calculated.

The QC samples of Sal B and Tan 
IIA were analysed after storage at 
4°C for 24 h, at room tempera-
ture for 24 h, at -20°C for 30  
days and after three freeze-thaw 
cycles to determine stability and 
RSD.
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the influence of adsorption by the filter paper 
on the measurement and enables calculation 
of the combination percentage of various com-
ponents in the ESM-PC. Factors including re- 
action solvent, temperature, drug to phospho-
lipid ratio, concentration and time were in- 
vestigated.

The optimum temperature and concentration 
conditions were studied using drug to phospho-
lipid ratios of 1:0.5, 1:1, 1:1.5 and 1:2. The 
results show that the combination percentage 
in all four complexes was higher when the reac-
tion temperature was 50°C (Table 1, Figure 
2A).

The combination percentage gradually increa- 
sed and tended towards a plateau as the reac-
tion concentration was increased to 5.0 mg/
mL. Thus, the reaction concentration was set at 
5.0 mg/mL (Table 2, Figure 2B).

The strong hygroscopicity of the phospholipids 
affected the stability of the complex as the pro-
portion of phospholipids was increased. The 
stability of the drugs will also be affected, which 
is undesirable for production and storage. The 
results showed that at drug to phospholipid 
ratios of 1:0.5, 1:1, 1:1.5, 1:2, the combination 
percentages were 32.56% ± 0.67%, 55.25% ± 
1.04%, 56.86% ± 1.38% and 69.09% ± 1.31%, 
respectively. The drug to phospholipid ratio was 
therefore set to 1:1. The optimum conditions 
for the reaction solvent and time were investi-
gated when the drug to phospholipid ratio was 
1:1. The combination percentage was used as 
a reference indicator. In the present study, four 
organic solvents with different dielectric con-
stants were explored, including methanol, ethyl 
acetate, chloroform, and anhydrous ethanol. 
The combination percentages in these solvents 
were 52.40% ± 1.58%, 26.66% ± 2.04%, 
47.32% ± 1.81% and 20.46% ± 2.17%, respec-
tively. The combination percentage was highest 
in methanol, which was chosen as the reaction 
solvent. In addition, the reaction time was also 
studied. The combination percentages at 0.5, 
1.0 and 1.5 h were 40.16% ± 1.62%, 53.72% ± 
2.08% and 55.12% ± 2.23%, respectively. The 
combination percentage of Sal B in ESM-PC 
reached a comparatively high value when the 
reaction time was 1 h.

ESM and phospholipids were combined by sol-
vent evaporation at a mass ratio of 1:1 in meth-
anol. The mixture was kept at 50°C for 1 h with 
magnetic stirring. Three batches of phospho-
lipid complexes were prepared according to the 
above preparation process for verification 
experiments. The resulting combination per-
centage was 55.25% ± 1.04%.

Characterization of ESM-PC

Ultraviolet absorption spectroscopy

The results from UV spectroscopy indicated 
that there were no absorption peaks for soy-
bean lecithin at wavelengths of 200-400 nm. 
The absorption spectra of the physical mixture 
and ESM-PC were the same shape, and both 
had large absorptions at 206, 275, and 286 
nm. The spectrum of Sal B standard had large 
absorptions at 206 and 286 nm, and that of 
Tan IIA had a large absorption at 275 nm. These 
observations suggested that there were no 
changes in the chromogenic structures of Sal B 
or Tan IIA in the ESM-PC.

Figure 2. A. Combination percentages of Sal B from 
ESM-PC at different drug:phospholipid ratios and 
temperatures (n = 3). B. Combination percentages 
of Sal B from ESM-PC at different drug:phospholipid 
ratios and concentrations (n = 3).
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peak shapes and intensities were changed at 
2800 and 1700 cm-1 in the spectrum of ESM-
PC. This suggested that some functional groups 
in the structure of ESM interacted with func-
tional groups in the soybean lecithin molecule 
during phospholipid complexation. However, 
the basic chemical structures of Sal B, Tan IIA 
and soybean lecithin in ESM-PC were 
unchanged. The ESM-PC is not a new com-
pound, nor a simple mixture, but a new state of 
bonding.

In vitro studies

Solubility

The solubilities of Sal B and Tan IIA in ESM, 
ESM-PC and physical mixture (PM) formula-
tions are summarized in Figure 4. The solubili-
ties of Sal B and Tan IIA varied slowly in the 
range of pH 2.0-5.8 and then increased from 
pH 5.8 to pH 6.8. The solubility of Sal B in ESM-
PC was greatest (20.76 mg/L) at pH 8. Sal B is 
soluble in water, ethanol and methanol, and 

Table 2. Combination percentages at different concentrations

drug to phospholipid ratio
combination percentage (%)

2.5 mg·mL-1 5.0 mg·mL-1 8.0 mg·mL-1

1:0.5 13.64 ± 1.17 27.96 ± 1.03 29.67 ± 1.64
1:1 28.92 ± 1.35 53.09 ± 1.27 51.97 ± 1.96
1:1.5 37.82 ± 1.90 56.02 ± 1.31 50.21 ± 2.13
1:2 53.20 ± 2.17 69.00 ± 1.66 59.31 ± 1.75

Figure 3. FT-IR spectra of Tan IIA, Sal B, ESM, physical mixture of ESM, ESM-
PC and soybean lecithin.

FT-IR spectroscopy

The FT-IR spectra are shown 
in Figure 3. The characteristic 
absorption peaks for ESM 
were 3418 cm-1 (-OH), 1659 
cm-1 (C = O), 1169 cm-1 (C-O), 
and benzene ring vibrations 
near 1513 cm-1. In the phos-
pholipid spectrum a hydroxyl 
stretching band at 3380 cm-1, 
C-H stretching of long fatty 
acid chains at 2924 and 2855 
cm-1, a carbonyl stretching 
band at 1738 cm-1, a P=O 
stretching band at 1241 cm-1, 
a P-O-C stretching band near 
1124 cm-1, and N+ (CH3)3 
stretching at 969 cm-1 were 
observed.

The infrared spectrum of the 
physical mixture had several 
characteristic absorption pe- 
aks for ESM and soybean leci-
thin, corresponding to the 
superposition of the main 
peaks from ESM and soybean 
lecithin spectra, indicating 
that there was no interaction 
between the mixture of ESM 
and phospholipid. Compared 
with the spectrum of ESM, 

Figure 4. Equilibrium solubilities of Sal B (A) and Tan 
IIA (B) from ESM and ESM-PC. Data are expressed as 
mean ± SEM (n = 3).
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has two carboxyl groups that form salts and are 
easily ionized under alkaline conditions. Tan IIA 
is soluble in ethanol, acetone, ether, benzene 
and other organic solvents, but only slightly 
soluble in water. The solubility of Tan IIA in ESM-
PC was greatest (10.35 mg/L) at pH 7. The sol-
ubility of ESM was significantly improved in 
phosphate buffer after phospholipid modifica-
tion, suggesting that in vivo drug absorption 
would be facilitated.

Octanol-water partition coefficient experiment

The octanol-water partition coefficients (log P) 
for ESM and ESM-PC are shown in Figure 5. The 
octanol-water partition coefficient of Sal B has 
a normal distribution over a range of pH and 
reached a maximum at pH 6.8. The octanol-
water partition coefficient of Tan IIA changes 
has the highest point in the range of pH. In 
water, the log P values of Sal B and Tan IIA in 
ESM were 0.018 and 0.522, respectively. 
Compared with the values in ESM, the octanol-
water partition coefficients of Sal B and Tan IIA 
were higher in ESM-PC with values of 0.385 
and 1.033, respectively. These results indicate 
that phospholipids enhance the fat-solubility of 
these components from ESM.

Dissolution study

The dissolution profiles of Sal B and Tan IIA 
from ESM and ESM-PC are shown in Figure 6. 
Sal B dissolved more rapidly from ESM than 
from ESM-PC when the pH was simulated gas-
tric juice (pH 2) and intestinal juice (pH 6.8). 
After approximately 30 min, the dissolution 
from ESM-PC became more rapid and reached 

80% at equilibrium after 90 min. This indicated 
that dissolution of Sal B from ESM-PC was slow-
er than that from ESM, providing a sustained 
release and long-acting effect. In gastric juice 
(pH 2), the dissolution of Tan IIA from ESM-PC 
was slower than that from ESM. The dissolution 
rate from ESM-PC was significantly higher than 
that from ESM at pH 6.8 and aqueous intesti-
nal liquid. The results showed that the phos-
pholipid complex improved the dissolution of 
Tan IIA and Sal B from ESM.

Pharmacokinetics in rats

UPLC-MS/MS method validation [26]

Selectivity: Baseline noise in the blank dialy-
sate was low. No endogenous interference was 
observed at the retention times of Sal B, Tan IIA 
or their internal standards.

Linearity: The Sal B and Tan IIA standard curves 
in plasma samples were linear over the concen-
tration ranges of 39.06-2500.00 μg/L and 
0.39-50.00 μg/L, respectively. The regression 
equations for Sal B and Tan IIA were Y = 
0.8103X + 12.921 (R2 = 0.9986) and Y = 
159.36X + 172.42 (R2 = 0.9991).

Precision: The intra- and inter-day precision 
data for Sal B and Tan IIA are summarized in 
Table 3. The intra- and inter-day precisions for 
Sal B were < 3.25% and < 3.96%, respectively. 

Figure 5. Octanol-water partition coefficients of Sal 
B and Tan IIA from ESM and ESM-PC. Data are ex-
pressed as mean ± SD (n = 3).

Figure 6. Dissolution profiles of Sal B (A) and Tan IIA 
(B) from ESM and ESM-PC. Data are expressed as 
mean ± SD (n = 6).
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The intra- and inter-day precisions for Tan IIA 
were < 2.53% and < 4.10%, respectively.

Stability, matrix effect: The results indicated 
that Sal B and Tan IIA were stable in plasma at 
-20°C for 30 days, at 4°C for 24 h and at room 
temperature for 24 h. The stability of the sam-
ples was decreased after three freeze-thaw 
cycles [27]. No significant matrix effect was 
observed for Sal B or Tan IIA (Table 4). Stability 
test data for Sal B and Tan IIA in rat plasma 
under different conditions are shown in Table 
5.

In vivo recovery: During the sampling period, 
the recovery rate of the probe was stable, with 
an RSD of < 3%. The results showed that there 
was no significant difference in the recovery 
rate at the perfusion concentration, and that 
the method was suitable for pharmacokinetics 
study of extracts and their phospholipid com-
plexes in vivo.

Application of the method in oral bioavailability 
experiments: The mean plasma concentration-
time (c-t) curves for Sal B and Tan IIA are pre-
sented in Figure 7. Compared with ESM, the 
pharmacokinetic characteristics of Sal B and 
Tan IIA were enhanced in ESM-PC. As expected, 

Discussion

Most Traditional Chinese medicines have been 
used in clinical practice for thousands of years. 
Modern research has found that many of these 
medicines have clear pharmacological activi-
ties and clinical efficacy. Some of the active 
ingredients have received significant scientific 
attention worldwide. Oral preparations of 
Traditional Chinese medicines are widely used 
because of their safety and convenience, espe-
cially in the treatment of chronic diseases that 
require long-term use of drugs. Flavonoids, trit-
erpenoids, saponins, lactones and other active 
components are characterized by poor fat solu-
bility, high polarity or high molecular weight. 
These properties lead to poor oral absorption 
and low bioavailability, thus, affecting their clin-
ical application. Modification of these drugs is 
therefore necessary to improve the solubility of 
poorly soluble drugs and promote the permea-
bility of drugs through biofilms. Ultimately, the 
goal is to improve the oral bioavailability of 
drugs [28, 29].

The fat-soluble component of ESM is the terpe-
noid Tan IIA, which has potential therapeutic 
effects in the prevention and treatment of car-
diovascular and cerebrovascular diseases [30, 
31]. The water-soluble component is the pheno-

Table 3. Precision and matrix effect for Sal B and Tan IIA in rat 
plasma (n = 5)

Compound Concentration 
(μg·L-1)

Intra-day 
RSD (%)

Intre-day 
RSD (%)

Matrix effect (%, 
mean ± SD)

Sal B 78.13 4.17 4.82 92.25 ± 3.05
312.50 3.25 4.71 87.19 ± 2.19

1250.00 3.51 3.96 96.57 ± 4.71
Tan IIA 0.39 4.97 4.57 85.25 ± 4.39

1.56 3.12 4.25 93.96 ± 5.28
12.50 2.53 4.10 113.50 ± 4.19

Table 4. Stability of Sal B and Tan IIA in rat plasma (n = 5)

Compound Concentration 
(μg·L-1)

4 h, room 
temperature

24 h, 
4°C

30 d, 
-20°C

freeze-thaw 
cycles

RSD (%) RSD (%) RSD (%) RSD (%)
Sal B 78.13 4.27 2.14 1.27 5.61

312.50 3.52 2.58 2.39 6.17
1250.00 4.36 2.07 1.85 5.06

Tan IIA 0.39 3.19 1.96 1.07 7.06
1.56 2.55 1.72 1.53 6.82

12.50 3.24 1.03 1.29 6.17

plasma concentrations of Sal B 
and Tan IIA from ESM-PC were 
much higher than those from 
ESM at 0.75 and 0.96 h. 
Interestingly, the four curves 
are characterized by a rapid 
increase and slow decrease 
with a single peak. The phar- 
macokinetic parameters are 
shown in Table 6. The Tmax and 
MRT of ESM-PC were higher 
than those of ESM, indicating 
that the drug had a longer 
retention time in vivo and exhib-
ited sustained release. The Cmax 
of Sal B and Tan IIA increased 
from 1723.31 and 43.06 μg/L 
after dosing with ESM to 
4724.01 and 118.32 μg/L after 
dosing with ESM-PC, respec-
tively. The bioavailabilities of 
Sal B and Tan IIA from ESM-PC 
were 4.91 and 2.49 times high-
er, respectively, than those 
from ESM.
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lic acid Sal B, which plays significant roles as an 
antithrombotic, anti-platelet aggregation and in 
cell protection [12, 32, 33]. According to the lit-
erature, the oral bioavailabilities of Sal B and 
Tan II A are relatively low [34, 35]. These drugs 
therefore have poor oral absorption, which 
affects their clinical efficacy. As a new drug 
delivery system, phospholipid complexation is 
increasingly used in Traditional Chinese medi-
cine preparations and is regarded as a major 
breakthrough in traditional medicine research. 
Compared to ESM, ESM-PC has different physi-
cal and chemical properties, biological charac-
teristics and pharmacological activities. The 
complex enhances the pharmacological action 
and improves the bioavailability of the compo-
nent drugs. The complex can also delay the 
release of drug into the body and provide a sus-
tained release effect. In addition, drug irritation 
and adverse reactions are effectively reduced 

[36-38]. In this study, Sal B and Tan IIA from 
Danshen were used as research indicators to 
determine the basic properties and pharmaco-
kinetic behaviours of ESM and ESM-PC.

The ultraviolet and infrared spectroscopic char-
acteristics of ESM, ESM-PC, phospholipid and 
physical mixture were studied. The ultraviolet 
and infrared absorption spectra showed that 
the chromophore structures of Sal B and Tan IIA 
were unchanged after the formation of the 
complex. There were no new infrared absorp-
tion peaks, but a new binding state was formed. 
The equilibrium solubilities, octanol-water par-
tition coefficients and in vitro dissolution rates 
from ESM and ESM-PC were assayed in phos-
phate buffer and n-octanol solution while vary-
ing the pH. 

This study found that equilibrium solubility from 
ESM-PC was increased significantly compared 
to that from ESM, and it was pH-dependent in 
the physiological range. The octanol-water par-
tition coefficients of Sal B and Tan IIA in ESM-
PC were 21.39 times and 19.1 times of those 
in ESM, respectively. Different pH media affect-
ed the dissolution rate of ESM-PC and ESM, 
and the dissolution rate of ESM-PC was higher 
than that of ESM. An LC-MS/MS method was 
established and combined with a haemodialy-
sis sampling technique for analysis of Sal B and 
Tan IIA in vivo. This method is effective for the 
determination of the in vivo profiles of Sal B and 
Tan IIA, greatly improving the analytical accu-
racy and reducing the damage to experimental 
animals. Suspensions of ESM and ESM-PC 
were administered intragastrically in rats. The 
main pharmacokinetic parameters of ESM-PC 
were significantly changed compared with ESM, 
exhibiting slow-release characteristics. The bio-
availabilities of Sal B and Tan IIA from ESM-PC 
were 4.91 and 2.49 times of those from ESM, 
respectively. Thus, we can conclude that ESM-
PC significantly improves the absorption of 
ESM, which provides a basis for the clinical 

Table 5. In vivo recovery for analysis of Sal B and Tan IIA in rat plasma (n = 5)

Type of probe
Sal B Tan IIA

C (μg·L-1) RL (%) Mean (%) RSD (%) C (μg·L-1) RL (%) Mean (%) RSD (%)
Blood probe 78.13 29.37 ± 1.17 28.66 ± 1.34 1.20 0.75 19.80 ± 1.27 20.27 ± 1.29 2.61

312.50 28.64 ± 0.94 3.13 20.16 ± 0.82
1250.00 27.97 ± 1.91 6.25 20.84 ± 1.78

Figure 7. Plasma concentration-time profiles of Sal 
B (A) and Tan IIA (B) after oral administration of ESM 
and ESM-PC. Data are expressed as mean ± SD (n 
= 5).
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application of the new preparation. This may be 
useful for further development of oral prepara-
tions of ESM.

Conclusion

In this study, ESM-PC with a 1:1 mass ratio was 
prepared by solvent evaporation and character-
ized by UV and FT-IR spectroscopy. The solubili-
ties and dissolution rates of Sal B and Tan II A 
were significantly increased from ESM-PC com-
pared with ESM. Their oral bioavailabilities in 
rats were also improved. The drug phospholipid 
complexation technique has potential to 
improve the bioavailabilities of poorly soluble 
compounds.
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