
A high-performance liquid chromatography method with 
solid-phase extraction is introduced for the determination of
geniposide in rat urine after oral administration of Yin-Zhi-Ku
decoction. Geniposide and an internal standard (paeoniflorin) 
are extracted from urine using Strata cartridges. Analysis of 
the extract is then performed on a reversed-phase C18 column 
using acetonitrile–water (14:86, v/v) as eluting solvent system. 
UV detection is set at 238 nm. The calibration curve for 
geniposide is linear (r = 0.9996) in the concentration range of
2.0–240 µg/mL. Both intra- and interday precision of the 
geniposide are determined, and their relative standard deviation
does not exceed 10%. The validated method is successfully 
applied to determine geniposide from rat urine after oral
administration of Yin-Zhi-Ku decoction.

Introduction

Traditional Chinese medicine (TCM) is the natural therapeutic
material used under the guidance of the theory of traditional
Chinese medical science and has been applied by TCM practi-
tioners for thousands of years. It is used mostly in combination,
in which the composite formulae will produce a synergistic effect
or antagonistic action. This medical approach has played an
important role in the prevention and treatment of diseases.

Yin-Zhi-Ku (YZK) decoction has been used to treat hepatitis
and has produced a favorable effect. The formula consists of
Herba Artemisiae Scopariae, Fructus Gardeniae, and Radix
Sophorae Flavescentis (2:1:1, w/w/w). Geniposide (Figure 1), a
water-soluble iridoid glycoside purified from gardenia fruit, has
been reported to treat hepatic and inflammatory conditions (1,2).

Thus, geniposide can be used as one of the marker compounds to
characterize the YZK. High-performance liquid chromatography
(HPLC) (3–6) and thin-layer chromatography (7) are the two
major methods that have been used for the determination of geni-
poside contained in medicinal preparations. The quantitative
studies on geniposide in biosamples have been reported (8,9).
However, there have been no studies on the excretion of genipo-
side. This paper describes a simple solid-phase extraction
(SPE)–HPLC method for the determination of geniposide in rat
urine after oral administration of the YZK decoction.

Experimental

Materials and reagents
Yin Chen (Artemisia scoparia Waldst. et Kit.), Zhi Zi (Gardenia

jasminoides Ellis), and Ku Shen (Sophora flavescens Ait) were
purchased from Yang He Tang Pharmcetical Co. Ltd. (Shanghai,
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Figure 1. The chemical structure of geniposide.
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China). The herbal materials were extracted twice by refluxing in
water (1:8, g/mL) for 1 h, and the water extract was concentrated
and lyophilized. The dried powder was stored at 4°C prior to use.

Geniposide and the internal standard, paeoniflorin, were pur-
chased from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China).
Acetonitrile and methanol were of HPLC grade (Fisher, Leics,
U.K.). In-house triple-distilled water from silica glass equipment
was always used.

HPLC conditions
The HPLC system consisted of a Waters 600E pump (Milford,

MA), Waters 2487 UV–vis detector set at 238 nm, 20-µL injection
loop, LC workstation for data collection, and Diamonsil C18
reversed-phase column (5 µm, 200 × 4.6 mm), which was pro-
tected by RP18 (5 µm) guard column (Dikma, Beijing, China).
The mobile phase was water–acetoniltrile (86:14, v/v) filtered
through a 0.45-µm Milipore filter (Billerica, MA) and degassed
prior to use. The flow rate was 1 mL/min.

Content of geniposide in YZK
To calculate the administered dose of geniposide, its content in

YZK decoction was calculated first, and the lyophilized extract of
YZK was dissolved in distilled water and diluted to a concentra-
tion of 0.5 mg/mL. The mixture was centrifuged at 2500 rpm for
10 min, and the supernatant solution was obtained. Then, 20 µL
of this solution was injected into the HPLC system for analysis.
The content of geniposide in the lyophilized extract of YZK was
determined, from the peak area ratios using the equation for
linear regression obtained from the calibration curve, to be
0.98%.

SPE procedure
Cartridges with 3-mL capacity (Strata, Phenomenex, Torrance,

CA) and liquid phase C18 chemically bound to silica gel (200 mg)
were applied to isolate geniposide from rat urine. The columns
were conditioned before use by means of 3 mL methanol and then 
3 mL triple distilled water. Rat urine with geniposide and paeoni-
florin (1 mL) was transferred into an SPE column cartridge.
Columns with absorbed geniposide were purified by two amounts
of 3 mL distilled water. The compounds were washed with 4 mL
of 60% methanol under low vacuum. The resulting solution was
evaporated to dryness at 40°C in vacuo. The evaporated residue
was dissolved in 1 mL of mobile phase, and 20 µL of the solution
was injected into the HPLC for analysis.

Calibration procedure
Stock solutions of geniposide and paeoniflorin were prepared

with triple-distilled water. Geniposide was prepared at concentra-
tions of 20, 100, 200, 400, 800, 1600, and 2400 µg/mL and paeoni-
florin at 30 µg/mL. Then, 100 µL of each solution was added
together to blank rat urine so that the resulting urine contained
2.0, 10, 20, 40, 80, 160, and 240 µg/mL geniposide and 3.0 µg/mL
paeoniflorin. The serum was then processed according to the SPE
procedure specified previously. The limit of quantitation (LOQ) in
serum was defined as the lowest concentration on the calibration
curve for which assay precision [relative standard deviation
(RSD)] was lower than 10%.

Recovery
The recovery for geniposide at concentrations of 10, 80, and 160

µg/mL was calculated. The first group consisted of five 1-mL
urine samples, each spiked with 100 µL of 100 µg/mL geniposide
standard solution and 100 µL of 30 µg/mL internal standard solu-
tion, which contained 10 µg/mL of geniposide and 3.0 µg/mL of
the internal standard in the end. The samples were processed
according to the previously mentioned SPE procedure. The
second group consisted of five urine samples with internal stan-
dard only, and geniposide was added into the eluting solution
after the SPE procedure. Recoveries were calculated as the area
ratio of geniposide to internal standard from the spiked samples
and unextracted standard solution. The recovery for 80 and 160
µg/mL of geniposide were calculated in the same manner.

Animal, drug administration, and urine sampling
Male Sprague-Dawley rats (200–220 g) were obtained from the

Laboratory Animal Center of Shanghai Institute of Materia
Medica, Shanghai Institutes for Biological Sciences, Chinese
Academy of Science (Shanghai, China). They were kept in an
environmentally controlled breeding room for 3 days before
starting the experiments. They were fed with standard laboratory
food and water ad libitum and fasted overnight before the test.

An aqueous solution of YZK was orally administrated to rats at
a dose of 310 mg/kg of geniposide and held in metabolic cages
that allowed for the collection of urine samples. Urine samples
were collected for a 96-h period after dosing. As soon as the col-
lection was finished, the urine was centrifuged at 3500 rpm for 10
min at 10°C, and the supernatant was separated and stored in
polypropylene tubes at –20°C prior to analysis. 

Results and Discussion

Selectivity
Figure 2 shows the chromatograms obtained following the

analysis of drug-free urine, drug-free urine spiked with genipo-
side and internal standard, and urine sample collected between 12
and 24 h after oral administration of the YZK decoction. The
retention times of geniposide and internal standard were 9.76 and
17.27 min, respectively, and no interfering peaks were detected.
This indicated the selectivity of the elaborated procedure was sat-
isfactory.

Calibration curve
The calibration curve was prepared for geniposide in the range

of 2.0 to 240 µg/mL, which covered the levels following the
administration of a single dose of 310 mg/kg geniposide. The
standard curve was described by the following equation:

y = 0.5968x – 0.0764 Eq. 1

where r = 0.9996, y is the peak area, x is the concentration, and r
the correlation coefficient. The LOQ in serum was defined as the
lowest concentration on the standard curve for which the assay
precision was reflected by RSD ≤ 10%, and it amounted to 2.0
µg/mL. 

 



Recovery and reproducibility
The recoveries for geniposide from rat urine were 

93.8%, 92.1%, and 93.2% at the concentrations of 10, 80, and 
160 µg/mL, respectively (Table I). The intra- and interday accura-
cies were estimated, and the studied concentrations (20, 
40, 80, 160 µg/mL) were lower than 10%, as indicated by 

the respective values of RSD (Table II). This shows that 
the method was quite precise. Moreover, the small difference 
(≤ 10%) noted between added levels and the estimated concen-
trations have documented an appropriate accuracy of the elabo-
rated method.
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Table I. Recovery of Geniposide from Rat Urine*

Spiked concentration (µg/mL) %Recovery ± SD† Average (%)

10 93.8 ± 2.1
80 92.1 ± 2.3 93.0

160 93.2 ± 2.2

* n = 5.
† Standard deviation.

Table II. Intra- and Interday Precision and Accuracy of
Geniposide in Rat Urine

Concentration 
Concentration measured Accuracy RSD†

added (µg/mL) (µg/mL) ± SD* (%) (%)

Intraday reproducibility (n = 5)
20 20.48 ± 0.47 102.43 2.03
40 39.83 ± 0.22 99.57 0.56
80 78.98 ± 0.62 98.72 0.78

160 162.19 ± 1.82 101.37 1.12

Interday reproducibility (n = 5)
20 20.70 ± 0.44 103.51 2.13
40 40.01 ± 0.41 100.02 1.02
80 78.50 ± 0.89 98.12 1.14

160 159.30 ± 2.09 99.56 1.31

* Standard deviation.
† Relative standard deviation.

Figure 3. Profile of cumulative excretion of geniposide into urine after oral
administration of the YZK decoction.

Figure 2. Typical chromatograms for the determination of geniposide in urine
samples: blank urine sample (A); urine sample spiked with geniposide (G) and
internal standard (S) (B); and urine sample collected between 12 and 24 h
after oral administration of the YZK decoction (C).



Determination of geniposide in urine
Urine samples from rats were collected at 2, 6, 8, 12, 24, 36, 48,

60, 72, 84, and 96 h after oral administration of the YZK decoc-
tion. Figure 3 shows the cumulative urinary excretion of genipo-
side. The cumulative urinary excretion of geniposide was 2.46 ±
0.05 of the administered dose. The maximum excretion of geni-
poside into urine was observed 2 h after dosing. This study indi-
cated that geniposide was quickly excreted into urine. Previous
studies showed that geniposide had a low blood distribution and
low bioavailability (9). The current results were consistent with
this. On the other hand, other mechanisms may have caused this
result, such as geniposide may have been poorly absorbed in the
stomach and intestines and it may have been quickly and mainly
excreted through the kidneys in an intact form. Therefore, fur-
ther experiments should be done to answer these questions. 

Conclusion

Application of an SPE method has permitted the determination
of geniposide with relatively high recovery of extraction (> 90%)
and elimination of the nonpolar interfering impurities. The
designed procedure fulfils the validation requirements and could
be applied for in vivo studies.
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