
The dried root of Salvia miltiorrhiza (Chinese name: Dan-
shen) listed in the Chinese Pharmacopoeia (CP) is widely
used traditional Chinese medicine to treat coronary heart dis-
ease, cerebrovascular disease, hepatocirrhosis and against
bacteria. The chemical constituents of Salvia miltiorrhiza
have been studied extensively and well documented.1) More
than 30 diterpenoid quinone pigments, particularly known 
as tanshinones have been isolated and identified from 
Danshen.2—4) Tanshinone I, tanshinone IIA, and cryptotan-
shinone are the main abietane-type diterpense contained in
Danshen. The pharmacological tests revealed that tanshi-
nones can dilate coronary arteries, increase coronary flow
and protect the myocardium against ischaemia. Some of
them have also been used to treat neurasthenic insomnia. In
addition, tanshinones have attracted particular attention be-
cause they exhibit significant antibacterial, antioxidant, and
antitumor activities.5) And among them, the most abundant
and structurally representative bioactive component in the
fraction is tanshinone IIA (TS IIA) (Fig. 1).6) Then TS IIA is
selected as the marker component for the quality control of
Danshen and Fufang Danshen tablet in the Chinese Pharma-
copoeia (2005). However, TS IIA’s bioavailability is very low,
which results in difficulties in its gastrointestinal formula-
tion.

Cyclodextrins are cyclic oligosaccharides, containing at
least 6 d-(�)-glucopyranose units attached by a-1,4-linkage.

b-Cyclodextrin appears to be the best natural cyclodextrin
due to its cavity size, efficient drug complexation, availability
in pure form, and relatively low cost.7) Natural cyclodextrins
can be modified to improve the low aqueous solubility. One
of the pharmaceutically important cyclodextrin derivatives 
is 2-hydroxypropyl-b-cyclodextrin (HP-b-CD), which has
greater solubilizing capacity and improved safety feature
than the parent compound.8,9) More and more studies also ap-
plied HP-b-CD to improve the solubility, dissolution rate and
the oral bioavailability of drugs.10—13)

The present study is to find the absorptive rate-limiting
step of TS IIA via investigating its absorption behavior and
to gain a reasonable explanation for the cause leading to low
oral bioavailability. Thereafter, we prepared complexation of
TS IIA with HP-b-CD by coevaporation and characterized
them by differential scanning calorimetry (DSC) and X-ray
diffractometry (XRD). The absorption properties of TS IIA
from its inclusion complex in rats were investigated. We
hope that this research could establish a base for investigat-
ing the absorption of the complexation of TS IIA with HP-b-
CD in vivo and finding an optimum pharmaceutical carrier
for developing the oral preparation of TS IIA.

MATERIALS AND METHODS

Materials TS IIA (98.63% C19H18O3 MW�294.3) was
purchased from Sichuan Huakang Medicine Raw Material
Factory, and TS IIA standard was purchased from the Na-
tional Institute for the Control of Biological and Pharmaceu-
tical Drugs (P. R. China). HP-b-CD (average MW�1450),
degree of substitution (DS)�0.8, was purchased from Sigma
Chemicals Corporation.

Methanol (Fisher) was of HPLC grade. The water was
double-distilled. All other reagents and solvents used in this
experiment were of the highest purity commercially avail-
able. All water used was purified by ion exchange and re-
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Fig. 1. Chemical Structure of TS IIA



moval of organic material using the Elgat Maxima (Bucks,
U.K.) water purification system.

Animals Male Sprague-Dawley rats weighting 220—
250 g were purchased from Laboratory Animal Center of
Sichuan University, Sichuan, China. All experiments were
approved by the Sichuan University Medical Research Ethi-
cal Committee for Animal Experiments. Prior to the experi-
ments, the rats were housed in a temperature and humidity
controlled room (23 °C, 55% air humidity, 12-h light cycle)
with free access to water and standard rat chow. The rats
were acclimated for at least 5 d and fasted overnight before
the experiments.

HPLC Analysis The HPLC measurements were carried
out by using a Shimadzu assembly equipped with a LC-10AT
model pump, a SPD-LC10A model UV–VIS detector and
CTO-10A model column oven. The mobile phase used was
methanol : water (85 : 15); the flow rate was 1.0 ml ·min�1;
the detection wavelength was 270 nm; the column tempera-
ture was 30 °C. Mobile phase was filtered through a type HA,
0.45 mm membrane filter (Millipore Corporation) and deaer-
ated under reduced pressure.

Preparation of Solid Complexes All the complexes as
well as physical mixture were prepared with 1 : 1 molar ra-
tios. The weights taken for 1 : 1 ratio were 1.06 g of the TS
IIA and 5.37 g of HP-b-CD.

The inclusion complex (IC) between the TS IIA and HP-
b-CD was prepared by freeze-drying method. The required
stoichiometric amount of the TS IIA was added, under mag-
netic stirring, to an aqueous solution of HP-b-CD. After 1 h
at 30 °C of agitation, the resulting solution was subjected to a
process of lyophilization in a freeze-dryer (Lyph-lock 6 appa-
ratus, Labconco) for 3 d.

The physical mixture (PM) of the TS IIA and HP-b-CD
was in the same weight ratio of the inclusion complex and
prepared by simple mechanical mixing.

Differential Scanning Calorimetry (DSC) Approxi-
mately 5 mg of the TS IIA, HP-b-CD and inclusion com-
plexes were subjected to DSC analysis, using a SEIKO EXS-
TAR6000 TGIDTA6300. Alumina was used as a reference
material and the scanning rate was 10.00 °C ·min�1, with the
scanning temperature range of 50 and 400 °C.

X-Ray Diffractometry (XRD) Powder X-ray diffraction
patterns were obtained from a Philips MRD diffractometer.
Samples were irradiated with monochromatized Cu/C radia-
tion and analyzed between 2q angles of 5 and 75° at a scan
rate of 1 min�1. Duplicate determinations were made for each
of the samples.

In Situ Rat Intestinal Perfusion Experiment. Composi-
tion of Perfusion Solutions Freshly prepared Krebs bicar-
bonate Ringer (KR) buffer was prepared with 114.3 mM

NaCl, 4.2 mM KCl, 24.9 mM NaHCO3, 12.2 mM glucose, 1.2
mM MgCl2, 1.25 mM CaCl2, 1.65 mM Na2HPO4 and 0.3 mM

NaH2PO4, and adjusted to pH 7.4 with carbogen (95%
O2�5% CO2) bubbling.14)

In addition, in this experiment, the phenolsulfonphthalein
(psp) was added into the blank KR buffer to act as a nonab-
sorbable marker to help identify any transfer of water into or
out of the intestine and to monitor the structural integrity of
the intestinal segment.15)

Recirculating Intestinal Perfusion of Rats: Experimen-
tal Setup The rats were anaesthetized by intraperitoneal

administration of sodium pentobarbital solution (40
mg ·kg�1). To maintain normal body temperature, the rats
were placed under a surgical lamp. The temperature was
measured in the segment and was found to be between 36
and 37 °C. The abdominal cavity was cut opened with a mid-
line incision and upper small intestine was isolated. Intestinal
(10 cm) segments were inserted by an inlet cannula and tied-
off at the duodenum (2 cm from the pyloric sphincter), the je-
junum (just distal to the ligament of Treitz) or the ileum (im-
mediately proximal to the cecum).16) Initially, the intestinal
segment was rinsed with isotonic saline (37 °C) until the out-
let solution was clear. The preparation time took approxi-
mately 15 min. The cannula was then connected to two plas-
tic tubes that were connected to a constant-flow pump (HL-2,
XiangShan Lid., China).17—19) As soon as the experiment
began, the perfused intestinal segment was repositioned in
the abdominal cavity, unimpeded axial flow was maintained,
and the abdominal incision closed with wound clips. The re-
circulation fluid flowed into the segment at a rate of
1.0 ml ·min�1. Each perfusion experiment lasted for 120 min,
and 0.5 ml perfusion was quantitatively taken at 15 min inter-
vals. Then the equal volume of fresh blank psp KR buffer
was added into the recirculation fluid. The samples were fil-
tered through 0.45 mm membrane filters. The first 20% of the
filtrate was discarded, and then the total concentration of the
TS IIA in the subsequent filtrate was analyzed by HPLC.
Each experiment was replicated on 6 rats.

Intestinal Absorption Study Protocol. Comparison of
the Absorption Behavior of Free and Complexed TS IIA
Uncomplexed and complexed TS IIA dispersed in KR buffer,
equivalent to 5 mg ·ml�1 of TS IIA, were used as perfusate I
and perfusate II. The intestinal behavior of free and com-
plexed TS IIA was comparatively studied at the whole small
intestine. The results were calculated and fitted via the fol-
lowing both mathematical models.

The Intestinal Absorption of Complexed TS IIA
Complexed TS IIA of three different concentrations from
low to high (50, 100, 150 mg ·ml�1) were prepared. The ab-
sorption parameters of TS IIA at each concentration in the
three intestinal segments (duodenum, jejunum, ileum) were
tested by the in situ method. Information on the absorption
of TS IIA in rat intestinal could be obtained from the absorp-
tive rate constant (Ka), apparent permeability coefficient
(Papp) and absorptive fraction in unit time (P%).

Data Analysis The absorption rate of oral administra-
tion depended on the rate-limiting step in the drug dissolu-
tion and in the drug mucosal permeability.

When the rate-limiting step is drug dissolution, the drug
absorption follows a nonlinear kinetics. The time course for
the concentration of drug in the intestinal absorption can be
estimated from the Michaelis–Menten expression20):

(1)

Where Vmax is the maximum rate of absorption and Km is
the Michaelis constant. �dC/dt is the rate of absorption.

The rate of change in perfusate solution concentration, to-
gether with the drug concentration at the midpoint of each
sampling period, Cm, can be incorporated into a number of
expressions to solve for Vmax and Km. From the Eq. 1 the fol-
lowing typical expression can be derived:
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(2)

When the rate-limiting step is drug mucosal permeability,
the time course for the concentration of drug in the intestinal
absorption can be estimated from the Fick’s equation21):

(3)

where, �dC/dt is absorptive rate, D is the permeability coef-
ficient in membrane, k is the distribution coefficient, A is the
surface area of the absorbing membrane, h is the thickness of
the absorbing membrane, (C�Cb) represents the concentra-
tion difference of the drug diffusion direction, i.e., concentra-
tion difference between absorbing membrane thickness (be-
tween inside and outside of membrane).

When C is much greater than Cb and Ka is equal to DkA/h,
from the Eq. 3 the following equation can be derived:

(4)

Where, Ka is the absorptive rate constant, Eq. 4 can be inte-
grated, then be written in a form which includes concentra-
tion at time 0 and concentration at any given time t. At time
0, concentration is the initial concentration. Thus, Eq. 4 be-
comes

ln Ct�ln C0�Kat (5)

There are two kinds of methods to assess the absorptive
rate-limiting step.22) One of which is to choose the model
with the larger correlation coefficient, another assessment is
to utilize the maximum R2 method. The equation expression
is:

(6)

Where, yi is the actuality value, ŷi is the computed value ob-
tained by the two Eqs. 2 and 5. The model with the larger R2

value indicates to accord with the actual state.

RESULTS AND DISCUSSION

Determination of TS IIA Content determination for 
TS IIA was carried by HPLC by in ethanol ranging from 
0.023 to 5.65 mg ·ml�1 was A�1.5519�105C�1110.22 (r2�
0.9999). Precision assay showed the average of the relative
standard deviations (RSD) within 1 d was 1.7% and intraday
was 2.2%. The mean recovery was 98.39�3.68% (n�3).

The regression equation for TS IIA concentration in per-
fusate versus response of peak area ranging from 0.050 
to 2.01 mg ·ml�1 was A�1.1312�105C�333.09 (r2�0.9998).
From the obtained analytical parameters it can be concluded
that the method fulfils analytical requirements with an 
adequate repeatability (�2%). The mean recovery was
100.87�5.45% (n�3).

Characterization of Solid Complexes Figure 2 showed
the DSC thermograms of TS IIA and HP-b-CD correspond-
ing binary systems. The thermogram of the TS IIA revealed

an endothermic peak at 219.0 °C, corresponding to its melt-
ing point. The thermogram of HP-b-CD showed a very broad
endothermic effect, which attained a maximum around
100 °C and 50 °C, due to the dehydration effect. The thermo-
gram of PM still demonstrated the melting point of the TS
IIA at 218.6 °C, indicating that an inclusion complex could
not be obtained by simply blending the drug and HP-b-CD.
The complete disappearance of the TS IIA endothermic peak
was observed for the complex, indicating that the TS IIA was
incorporated in the HP-b-CD cavity. Further evidence of in-
clusion complex formation was observed from X-ray powder
diffractograms. Figure 3 showed the X-ray diffractograms of
the TS IIA, HP-b-CD and corresponding complexes. The
diffraction pattern of the TS IIA displayed crystallinity,
which was shown by the sharp peaks, whereas HP-b-CD was
amorphous in the solid state. The diffraction pattern of PM
system was found to be the simple sum of the TS IIA and
HP-b-CD. The diffractogram of IC did not exhibit peaks cor-
responding to the TS IIA and was practically identical to
those of the amorphous HP-b-CD. Thus, the X-ray diffrac-
tion analysis confirmed the DSC results: the diffraction peaks
relevant to crystalline TS IIA were no longer detectable in
the inclusion complex, and the reduction of the degree of
crystallinity of the drug could be taken as an indication of
complexation. The complex system displayed diffuse diffrac-
tion pattern (identical to that of HP-b-CD without drug
peaks), indicating the entirely amorphous nature of TS IIA in
the complex.23,24)
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Fig. 2. DSC Thermograms of (a) TS IIA, (b) HP-b-CD, (c) Physical Mix-
ture (PM), and (d) Inclusion Complex (IC)



Comparison of the Absorption Behavior of Free and
Complexed TS IIA The upper boundary of the concentra-
tion range (5 mg ·ml�1) was limited because of the low aque-
ous solubility of free TS IIA. In 2 h in situ rat intestinal per-
fusion experiments, the average remaining concentration val-
ues of TS IIA in the perfusate I, II were showed in Table 1.
Fitting the data in the table by the above two models, the cor-
relation coefficients and the R2 of the regression equations
were showed in Table 2. The results indicated the absorption
process of the uncomplexed TS IIA was consistent with the
first model and dissolution was the absorptive rate-limiting
step, however, the absorption process of the inclusion com-
plex was more suitable to the second model and the absorp-
tive rate-limiting step was the intestine membrane perme-
ation process. In fact, some reports indicated that CDs had
been investigated the interaction between CDs with intestinal
membrane and demonstrated the mechanism of the enhance-
ment of intestinal absorption of drugs.25,26) Sharma et al.
came to the conclusion that perturbation of intestinal mem-
brane by b-CD as well as HP-b-CD would result into release
of proteins from enterocytes into the lumen. This was due to

extraction of lipoidal constituents by phenomenon of inclu-
sion complex formation leading to disorder in membrane
lipid and/or interacting with hydrophilic domains of mem-
brane. This maybe resulted in increased permeability across
intestinal membrane and showed the potential to improve
oral delivery.

The Absorption Parameters of the Complexed TS IIA
According to the absorption process, which fits the Fick’s
formula, the absorption parameter Ka was calculated by Eq.
5. In the usual way, the calculating method of the absorptive
fraction in unit time (P%) was quantified using Eq. 7.

(7)

Where C0 is the initial TS IIA concentration in perfusate, V0

is the initial volume of perfusate. Ct is the final TS IIA con-
centration in perfusate; Vt is the final volume of perfusate. t is
the time of circulation of perfusate.

Intestinal permeability, directly reflecting the interactions
of the molecule with the tissue was affected by the physio-
logical properties of the tissue as well as the physicochemical
properties of the transported compound. Thus, permeability
measurement is important to predict absorption of a com-
pound. Apparent permeability coefficient (Papp) was calcu-
lated according to the Eq. 8

(8)

Where Ka is the absorption rate constant according to the
second model, A is the area of exposed tissue and 3600 rep-
resents 3600 seconds per hour.

In 2 h in situ intestinal perfusion experiments, after the ad-
ministrations of three concentrations of complexed TS IIA in
each small intestinal tissue, including duodenum, jejunum
and ileum, the average parameters were listed in Table 3.
Complexed TS IIA exhibited an intestinal permeability rang-
ing from 3.16�10�5 cm · s�1 in the duodenum (50 mg ·ml�1)
to 4.11�10�5 cm · s�1 in the jejunum (100 mg ·ml�1). A one-
way ANOVA test was used to assess significant difference
between Papp values for TS IIA in different concentrations at
each segment. Statistical analysis results showed the TS IIA
permeability had no significant difference regardless of in 
the proximal, mean and distal segments when the initial 
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Fig. 3. X-Ray Diffractograms of (a) TS IIA, (b) HP-b-CD, (c) Physical
Mixture (PM), and (d) Inclusion Complex (IC)

Table 1. The Remaining Concentration of TS IIA (mg ·ml�1) in Two Perfusates at Each Time Interval

Time (h) 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

Perfusate I 4.98�0.14 4.53�0.22 4.09�0.31 3.66�0.09 3.24�0.51 2.83�0.36 2.43�0.19 2.05�0.21 1.69�0.16
Perfusate II 4.97�2.17 3.44�1.27 2.89�0.94 1.73�0.78 1.39�0.44 1.03�0.21 0.89�0.26 0.78�0.23 0.28�0.13

Table 2. Stimulated Results in Accordance with Two Mathematical Mod-
els

Correlative index Fitting index
Sample

Model 1 Model 2 Model 1 Model 2

Perfusate I 0.9954 0.9862 0.9999 0.9988
Perfusate II 0.4319 0.9837 0.7380 0.9723

Model 1 represents the relationship of remaining concentration of TS IIA and time is
calculated via the Michaelis–Menten mathematical model. Model 2 represents their re-
lationship is calculated via the Fick’s equation.



perfusion solution concentration increased from 50 to
150 mg ·ml�1 (p�0.05). The data suggested that the absorp-
tion process of TS IIA from the inclusion complex was linear
for the range of perfused concentration. The ways of drug ab-
sorbed from gastrointestinal tract into system circulation usu-
ally can be divided as passive transport, facilitated diffusion
and active transport.27) Unlike the active process, the passive
diffusion of a compound through the intestinal cell mem-
brane was driven by the concentration gradient from the in-
testinal lumen to the blood supply with a constant permeabil-
ity coefficient. In this study, varying the donor concentration
of TS IIA did not lead to a significant statistical deviation in
the permeability coefficient at various intestinal segments,
which indicated the absorption processes of TS IIA had no
saturation phenomenon. This suggested that a passive diffu-
sion process might not be excluded for transport of TS IIA
from the complex through the intestinal membrane. The sta-
tistical test of Papp at the same concentration in different seg-
ments was performed the same as above. Comparisons across
the different segments showed that the permeability at
100 mg ·ml�1 was higher in the jejunum compared with the
other segments, but did not reach statistical significance
(p�0.05). In the other concentration, the permeability of TS
IIA was not apparently influenced by the perfusion section
studied. The results indicated that the absorption of TS IIA
had not the specific site in the small intestine.

Intestinal absorption is a complex process where not all
underlying mechanisms are fully understood, though the in
situ technique provides the advantages of experimental con-
trol (e.g. compound concentration, pH, osmolality), ability to
study regional differences, and an intact intestinal blood sup-
ply and innervations of the animal.28) Several factors, such
as, intestinal disease, surgery and the choice of anaesthetic
might influence the absorption parameters. For instance, it
was recently reported that surgery and anaesthetics might
cause anoxia and decease in intestinal blood flow, motility
and energy supply, which consequent decreases of both pas-
sive and active transport.17) Therefore, it is likely that no sin-
gle experimental method will be ideal to study absorption
process and that maximum information will often require

corroborative evidence from more than one method.29) Fur-
ther studies on the human Caco-2 cells (the human colon car-
cinoma cells) and in vivo animal experiments are in progress
to verify the present results.30) The correlations are being es-
tablished with data generated from the in situ rat perfusion
and the Caco-2 culture model.
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Table 3. Absorption Parameters of TS IIA from Its Complex at a Series of
Concentration in Three Tested Intestinal Segments

TS IIA 
Complexed TS IIA

Intestinal 
concentration

segment
(mg ·ml�1)

Papp, 
�10�5 cm · s�1 Ka/h

�1 P%/h�1

Duodenum 50 3.16�0.52 1.37�0.27 56.63�12.55
100 3.32�1.06 1.43�0.46 59.30�17.41
150 3.63�0.61 1.57�0.26 64.47�11.12

Jejunum 50 3.27�0.71 1.41�0.31 58.09�13.37
100 4.11�0.87 1.77�0.36 70.23�14.76
150 3.54�0.73 1.53�0.37 61.54�16.28

Ileum 50 3.37�0.54 1.45�0.23 59.75�10.54
100 3.76�0.74 1.63�0.32 67.89�13.71
150 3.25�1.11 1.40�0.47 57.71�18.93




