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Spinosin is the major eŠective single constituent in the traditional Chinese herb Semen Ziziphi Spinosae, which is
used for sedation and hypnosis. For the further use of spinosin in treating insomnia, the pharmacokinetics and tissue
distribution of spinosin after intravenous administration to rats was investigated. An HPLC method with an ODS
column (250 mm×4.6 mm, i.d.) and a mobile phase of acetonitrile-water-acetic acid (23：77：1) was used for the de-
termination of spinosin in the plasma and tissues of rats. Vanillin was used as an internal standard, and spinosin was de-
tected at 334 nm. The calibration curve of spinosin in plasma showed good linearity over the concentration range of 1
300 mg/ml, and the quantitation of limit of plasma was 1 mg/ml. The linear range of concentrations of spinosin in the
heart, spleen, stomach, lung, testis, brain, and intestine was 0.140 mg/ml and the quantitation limit was 0.1 mg/ml. The
linear range of concentrations of spinosin in the liver and kidney was 1150 mg/ml, and the quantitation limit was 1 mg/
ml. The correlation coe‹cients of all calibration curves were between 0.9939 and 0.9980. The intra and interrun preci-
sion for all samples was less than 11.0％. The time-concentration curve of spinosin after the intravenous administra-
tion of a single dose of 20 mg/kg to rats corresponded to the two-compartment model. The main pharmacokinetic
parameters T0.5a, T0.5b, CLs, AUC0T, and Vc were 6.66 min, 51.5 min, 1.42 l･min－1, 2.83 mg･min･ml－1, and 14.0 l･
kg－1, respectively. At 20 min, a concentration peak occurred in liver and brain tissues. The highest level of spinosin oc-
curred in the liver, followed by the spleen and kidney. The lowest level of spinosin appeared in the testis, followed by the
brain. Spinosin was not detected in smooth and skeletal muscle. After intravenous administration, the drug was dis-
tributed extensively and transferred quickly in rats in vivo.
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INTRODUCTION

Traditional Chinese medicine (TCM) is based on
natural therapeutic agents used under the guidance of
the theory of TCM theory and has played an in-
dispensable role in the prevention and treatment of
disease in China. Suanzaoren (Semen Ziziphi Spino-
sae) is one famous TCM herb for treating
insomnia.1,2) It has been o‹cially listed in the Chinese
Pharmacopoeia (2005).2) Suanzaoren contains a
series of saponins and ‰avones. Spinosin (Fig. 1(a),
one ‰avone-C-glycoside) is one of the major active
components in Suanzaoren. It has been widely report-
ed that it plays an important role in sedation and
hypnosis.3－6) Our previous research also conˆrmed
that spinosin was one therapeutic component in the
TCM preparation Suanzaoren decoction (containing
ˆve Chinese herbs with sedation and hypnosis

eŠects), and it showed perfect correlation with phar-
macologic activities in inhibiting spontaneous motion
and extending the sleeping duration of mice induced
by pentobarbital sodium (super threshold dose).7,8)

Spinosin almost showed no adverse eŠects in animal
toxicity experiments.7) It has been selected as a mark-
er compound for quality control in Suanzaoren or
other TCM preparations containing spinosin.911)

However, in vitro study on eŠective constituents
alone is not su‹cient for promoting the development
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and modernization of TCM. In vivo study, such as
pharmacokinetic studies of active ingredients in
Chinese herbs, will have considerable impact on illus-
trating their mechanism of action and supplying
research information for clinical use. The reverse-
phase HPLC method for the determination of spino-
sin in the plasma of rats after the oral administration
of Suanzaoren decoction was developed in our previ-
ous research.12,13) It has also been found that spinosin
as a single agent was poorly absorbed by rats after
oral administration.7) The pharmacokinetic behavior
and tissue distribution of spinosin as a single com-
pound after intravenous administration in rats has
not been reported elsewhere. To support preclinical
pharmacokinetic studies and make better use of this
natural compound and TCM preparations containing
spinosin, we studied the pharmacokinetics and tissue
distribution of spinosin for the ˆrst time.

MATERIALS AND METHODS

Chemicals and Materials Spinosin was supplied
by Shenyang Pharmaceutical University (98.8％ puri-
ty); vanillin (Fig. 1(b)) used as an internal standard
(IS) was supplied by Tianxin Chemistry Develop-
ment Center (Tianjin, China). Methanol and
acetonitrile were of chromatographic grade, and gla-
cial acetic acid was of analytical grade from Beijing
Yili Chemical Product Co. (Beijing, China). DMSO
and heparin were purchased from Solon Industries
(Solon, OH, USA) and Aoboxing Bio-technology
Co. (Beijing, China), respectively. Healthy Wistar
rats (male, 180±20 g; certiˆcate number 0068704)
were supplied by the Experimental Animal Institute
of the Medical Science Academy of China.

Chromatographic Conditions A Hypersil C18

(5 mm, 250×4.6 mm, i.d.) analytical column from
Elite Co. (Dalian, China) was used. As the mobile
phase, a binary mixture of acetonitrile-water (23：
77, v/v) containing 1％ glacial acetic acid was deliv-
ered via a P230 pump (Elite Co.) in isocratic mode
at a ‰ow rate of 0.8 ml/min. The DAD230 (Elite
Co.) detector was set at 334 nm and all measurements
were performed at room temperature. An EC2000
workstation was used for data acquisition.

Animal Treatment Each rat (n＝5) was ad-
ministered a single intravenous dose of 20 mg/kg of
spinosin solution (spinosin was ˆrst dissolved in
DMSO and then diluted to the ˆnal concentration
with 0.9％ saline solution, the amount of DMSO was

less than 0.5％ of the total volume). Blood samples
(0.5 ml) were collected after 0, 2, 5, 10, 15, 30, 45,
60, 120, and 240 min and then transferred into
heparinized tubes. All the samples were centrifuged
for 10 min at 3000 g and stored at －70°C before use.

After blood collection, major tissue samples
(brain, heart, liver, spleen, lung, kidney, stomach, in-
testine, smooth muscle, skeletal muscle, testis) at 5,
20, and 60 min were rapidly collected and placed in
normal saline solution to remove blood, then blotted
on ˆlter paper. All the tissue samples were weighed
andhomogenized in methanol (two-fold tissueweight)
at 0°C using an FJ2000 homogenizer (Biaoben
Model Factory, Shanghai, China). Tissue homo-
genates were centrifuged for 15 min at 3500 g and the
supernatants were stored at －70 °C until use.

Extraction Procedure To 300 ml plasma or 400
ml of tissue homogenate, 100 ml of IS solution (0.025
mg/ml) and 600 or 800 ml acetonitrile (for plasma
and tissue samples, respectively) were added. Each
tube was mixed thoroughly by vortexing for 90 s. Af-
ter centrifugation for 15 min at 3500 g, the super-
natant was transferred into clean labeled test tubes
and evaporated to dryness at room temperature under
a stream of nitrogen. The residuals were reconstituted
in 100 ml of the mobile phase with vortexing for 90 s
and the centrifugation procedure was repeated.
Fifteen microliters of aliquot was injected onto the
chromatographic column.

RESULTS AND DISCUSSION

Speciˆcity Under the RPHPLC conditions
used, spinosin and IS were eluted at 5.6 and 9.7 min,
respectively. Typical chromatograms of blank plas-
ma, blank plasma spiked with spinosin and IS, and
rat plasma sample after intravenous administration of
spinosin a shown in Fig. 2. Good separation of IS and
spinosin was achieved under the chromatographic
conditions. The resolution between spinosin and IS
was greater than 1.5. Simple protein precipitation
with acetonitrile was su‹cient to isolate the analytes
from the biological matrix without any interfering en-
dogenous peaks.

Calibration and Validation DiŠerent amounts
of spinosin and 100 ml of IS were added to 300 ml of
blank plasma or 400 ml of tissue homogenate to ob-
tain the spiked samples with the ˆnal concentration
ranges shown in Table 1. The samples were then
treated with the above extraction procedures and ana-
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Fig. 2. RP-HPLC Chromatograms of Blank Plasma (a),
Blank Plasma Spiked with Spinosin (4.0 mg/ml) and IS
(0.025 mg/ml) (b), and Plasma Sample (45 min) after In-
travenous Administration of Spinosin (c). 1: spinosin, 2: IS.

Table 1. Standard Curves, Correlation Coe‹cients and
Linear Range of Spinosin in Biological Samples

Sample Standard curve R2 Linear range
(mg/ml)

Plasma Y＝0.00664＋0.0693C 0.9980 1―300

Brain Y＝0.00132＋0.0824C 0.9981 0.1―40

Heart Y＝0.0680＋0.0992C 0.9977 0.1―40

Liver Y＝0.1786＋0.093C 0.9940 1―150
Spleen Y＝0.0780＋0.0389C 0.9939 0.1―40

Lung Y＝0.00162＋0.1803C 0.9994 0.1―40

Kidney Y＝0.00355＋0.0897C 0.9947 1―150

Stomach Y＝0.1769＋0.0917C 0.9960 0.1―40
Intestine Y＝0.01582＋0.2357C 0.9985 0.1―40

Testis Y＝0.00156＋0.1863C 0.9980 0.1―40
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lyzed. The linear regression of the curve for the peak
area ratio (Y) versus concentration (C) was plotted
for each type of sample. The R 2 values for the stand-
ard curves are also listed in Table 1. The calibration
curve of spinosin in plasma showed good linearity
over the concentration range of 1300 mg/ml. The
linear range of concentrations for spinosin in the
heart, spleen, stomach, lung, testis, brain, and intes-
tine was 0.140 mg/ml, and that in the liver and kid-
ney was 1150 mg/ml. All coe‹cients of correlation
were between 0.9939 and 0.9980.

Quality control samples (1, 40, and 300 mg/ml for
plasma; 0.1, 4, and 40 mg/ml for heart, spleen,

stomach, lung, testis, brain, and intestine tissues; 1,
25, and 150 mg/ml for liver and kidney tissues) were
processed to evaluate the accuracy and precision of
the assay. Six replicate quality control samples of ev-
ery tissue and plasma sample at each concentration
were analyzed in a single sequence for within-day as-
sessment. For between-day assessment, six replicate
quality control samples of every tissue and plasma
sample at each concentration were analyzed with
standards on three occasions. The accuracy of the as-
say was determined by calculating the percentage of
deviation of the observed concentrations from the
nominal concentrations (relative error, RE％). The
accuracy was less than 8.6％ for the analyte. The pre-
cision of the assay was determined by calculating the
relative standard deviation. The intra- and interrun
precision for all samples was less than 11.0％ (data
not shown). The recovery rates of spinosin from the
spiked plasma or tissue samples were calculated using
diŠerent quality control samples. Recovery was calcu-
lated by comparing the observed concentrations with
the spiked concentrations. The mean recovery for all
samples was greater than 96.8％. The limit of quanti-
tation was deˆned as the lowest drug concentration
that can be determined with an RE and precision
(relative standard deviation) of less than 20％. The
limit of quantitation in plasma was 1 mg/ml. The limit
of quantitation in the heart, spleen, stomach, lung,
testis, brain, and intestine tissues was 0.1 mg/ml. For
liver and kidney tissues, the limit of quantitation was
1 mg/ml. The limit of quantitation for all samples was
su‹cient for pharmacokinetic and tissue distribution
studies.

The stability of spinosin in rat plasma and tissues
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Table 2. Time-concentration Curve Data of Spinosin

Time points
(min)

Concentration
(mg/ml)

Time points
(min)

Concentration
(mg/ml)

0 0

2 252.7±6.1
5 183.2±8.4

10 122.9±1.0

15 55.6±8.7

30 37.6±4.8

45 13.8±1.5
60 7.67±0.34

120 3.06±1.0

240 1.21±0.11

Table 3. Pharmacokinetic Parameters of Spinosin after Intravenous Administration to
Rats (n＝5, Mean±S.D.)

Parameters Parameters

a (min－1) 0.104±0.0091

b (min－1) 0.0139±0.0023

T0.5a (min) 6.66±0.576
T0.5b (min) 51.5±11.7

AUC0～T (mg･min･ml－1) 2.83±0.412

K21 (min－1) 0.101±0.0033

K10 (min－1) 0.0982±0.0070

K12 (min－1) 0.00841±0.0017
Vc (L･Kg－1) 14.0±1.50

CLs (L･min－1) 1.42±0.201

Table 4. Distribution of Spinosin in Tissues after Intravenous
Administration to Rats (n＝5, Mean±S.D.)

Tissue
Concentration (mg/g)

5 min 20 min 60 min

Brain 3.49±0.27 5.93±0.10 nd

Heart 42.85±0.81 30.97±1.77 7.32±0.74

Liver 133.4±9.69 220.3±4.37 62.12±4.52
Spleen 122.3±6.98 29.86±5.22 4.17±0.13

Lung 5.60±0.29 4.88±0.45 1.68±0.14

Kidney 174.1±6.35 90.82±3.29 51.03±6.30

Stomach 26.96±0.84 13.30±0.43 6.30±0.85
Intestine 15.27±0.67 10.68±0.86 7.76±2.59

Testis 2.84±0.29 2.64±0.28 1.57±0.10

Smooth muscle nd nd nd

Skeletal muscle nd nd nd
Plasma(mg/ml) 183.1±8.35 37.64±4.85 1.97±0.36

nd: not detected.
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was determined through three freeze-thaw cycles in
corresponding quality control samples. The percent-
age of deviation from the concentration observed was
less than 6.4％. The results of the stability experi-
ments indicated that spinosin is stable in rat plasma
and tissues.

Pharmacokinetics in Plasma The concentra-
tion of spinosin in rat plasma was plotted against time
(Table 2). Akaike's Information Criteria (AIC)
values and pharmacokinetic parameters were calcu-
lated using 3P97 pharmacokinetic program software
(Chinese Society of Mathematical Pharmacology).
The AIC values of spinosin after intravenous ad-
ministration were 11.3 and －3.1 for the one- and
two-compartment models, respectively, when the
weighting factor was selected as 1/c2 (the reciprocal
of the square of the spinosin concentration). Accord-
ing to the minimum AIC, the time-concentration
curve of spinosin after intravenous administration of
a single dose of 20 mg/kg to rats corresponded to the
two-compartment model. The pharmacokinetic
parameters are listed in Table 3. The parameters
showed that spinosin was distributed and cleared
quickly in rats after intravenous administration.

Metabolites of spinosin in plasma or tissues were
analyzed using the LCMSMS method after the col-
lected samples were prepared with the solid-phase ex-
traction method. Detectable methyl-, hydroxyl-, N-
oxide, or conjugated metabolites of spinosin such as

sulphate, glucoside, and glucoronide metabolites
were not found in collected samples.

Distribution in Tissues The biodistribution of
spinosin in the brain, heart, liver, spleen, lung, kid-
ney, stomach, intestine, smooth muscle, skeletal mus-
cle, and testis of rats was determined using the assay
method described above. The results are shown in Ta-
ble 4. After intravenous administration, the drug was
distributed extensively in rats in vivo and accumu-
lated in the liver and kidney. The highest level of
spinosin appeared in the liver, followed by the spleen
and kidney. The lowest level of spinosin appeared in
the testis. Drug levels in the liver, kidney, and spleen
were markedly higher than those in the testis, lung,
and brain. Spinosin was not detected in smooth and
skeletal muscles. A low drug level was found in the
brain, which indicated that spinosin passes through
the blood-brain barrier. After 45 min, spinosin was
not detected in the brain under the present analytical
conditions. The peak concentration of spinosin in
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liver and brain tissues was found at 20 min and then
began to decline with time, while the concentration of
spinosin in other tissues continued to decrease with
time.

The sedative and hypnotic eŠects of spinosin are
closely related to its concentration in the brain (3.49
and 5.93 mg/g at 5 min and 20 min, respectively).
The pharmacokinetic study showed that spinosin ac-
cumulates quickly in the brain ˆrst and then begins to
decrease. These results indicate that spinosin exhibits
rapid pharmacologic eŠects after intravenous ad-
ministration in spite of low drug levels. These ˆndings
were also supported by previous research, which
showed that spinosin inhibits spontaneous motion
and sleeping duration after intravenous administra-
tion to rats within 30 min.5)

CONCLUSION

After intravenous administration of spinosin at a
single dose of 20 mg/kg to rats, the time-concentra-
tion curve corresponded to the two-compartment
model. Spinosin shows substantial penetration into
most tissues and organs. The results of this study are
helpful for the systematic assessment of the disposi-
tion of spinosin in vivo and understanding its phar-
macokinetic behavior.
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