
INTRODUCTION

Gardenia is a popular ornamental shrub that can be found

worldwide. The fruits of Fructus gardeniae is widely used as a

traditional Chinese medicine (TCM) in many Asian countries

for its antiphlogistic, cholaneresis, sedative and antipyretic

effects1,2. The major effective constituents of Gardenia fruits

are iridoid glycosides, flavonoids, crocetins, etc.3,4. Gardenia

extracts have antiviral activities against Herpes Simplex

Virus-1 and Parainfluenza Virus-1 in vivo and in vitro5,6, but

the effective compounds are not to be found.

Traditional chinese medicine are increasingly drawing

attention as alternative treatment approaches and latent sources

of antiviral drugs due to the existence of many secondary

metabolites with interesting biological activities7,8. However,

in contrast to target-oriented Western medicine, traditional

Chinese medicine uses a holistic and synergistic approach to

restore the balance of Yin-Yang of body energy so that the

body's normal function and homeostasis can be restored9,10.

Nevertheless, the effective ingredients of traditional Chinese

medicine are too complicated to be identified by traditional

methods like pure compound isolation and structural clarifi-

cation. The effective constituents of traditional Chinese medicine
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formulas can potentially be ascertained by analyzing the

compounds absorbed in the blood after oral administration,

since the compounds that absorbed in the blood are likely to

exert curative effects11, so we could trace the target compounds

which could be detected in blood1. Therefore, the powerful

precise instruments, such as liquid chromatography coupled

with mass spectrometry are useful tools for the identification

of component structure. Because of its high sensitivity and

strong ability of structural exposition, it plays a crucial role in

component analysis of which absorbed in the blood12,13. Thus,

new methods for activity evaluation and molecular target

identification of such a multi-component medicine are extre-

mely needed to advance the modernization of traditional Chinese

medicine.

In this research, we extracted and isolated iridoid glyco-

sides from Gardenia extracts. The target fraction was given to

rats orally and the blood and urine were collected. Then a

sensitive and specific LC-ESI-MSn method was applied to

identify the compounds absorbed into biological samples.

EXPERIMENTAL

Fructus gardeniae was purchased from the Kangqiao

Medicine Co. in November 2011 and identified by Professor
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Chenggang Huang, principle investigator at Shanghai Institute

of Materia Medica, Chinese Academy of Sciences. NKA-9,

X-5 macroporous resin (Tianjin Nankai Hecheng Technology

Co., Ltd.). Standard geniposide and gardenoside were purchased

from the National Institute for food and drug Control (Beijing,

China). All standards's purities were above 98 % determined

by HPLC. Genipin gentiobioside and scandoside methyl ester

were isolated from Fructus Gardeniae and its purities were >

95 % determined by HPLC-UV analysis.

HPLC-grade acetonitrile and methanol were obtained

from Dikma Co. (Lake Forest, CA, USA). All other chemicals

and solvents were of analytical-grade reagents and were purchased

from the Sinopharm Chemical Reagent Co. (Shanghai, China).

Distilled water, prepared from demineralized water, was used

throughout the experiment.

Extraction and isolation: About 2 kg of dried fruit of

Gardenia jasminoides Ellis was chopped and extracted with

distilled water (2 × 20 L) for 2 h every time. After filtration,

the extract was combined and evaporated to 20 L at 70 ºC

under reduced pressure. At room temperature, sample solution

passed through a glass chromatography column (8 cm × 80

cm) that was filled with the handled NKA-9 macroporous resin

at acertain flow rate in order to remove most of the pigment

impurities. Then the effluent was placed in the handled X-5

resin column (8 cm × 80 cm) and absorbed at the speed of 1

BV/h and washed with distilled water (6 L) until colourless

then eluted with 30 % ethanol to give 8 fractions of 2 L each and

the fractions were combined according to the HPLC analysis

results. Fractions 3-5 were combined and concentrated to 100

mL by rotary vaporization at 70 ºC under reduced pressure

and then vacuum dried (YX, 8.5 g).

Instrumentation and conditions: The identification of

compounds was performed by the comparison of the charac-

teristics of the ultraviolet spectra, retention time of standard

compounds, molecular weights and fragmentation ions in the

documents. The assay was performed on G6310 ion-trap mass

spectrometer (Agilent Technologies, Palo Alto, CA, USA),

equipped with an electrospray ionization system and controlled

by Agilent LC/MSD trap software. MS data were acquired

using negative electrospray as the ionization process and the

MS/MS data were acquired in automatic mode. A high-speed

bench-top centrifuge (TGL-16 C, Shanghai Anting Scientific

Instrument Factory, Shanghai, China) was used to separate

the biological specimen, which were extracted by a C18 solid

phase extraction (SPE) cartridge (1 mL/100 mg; Supelco, USA).

The Agilent 1200 HPLC was equipped with a reversed-

phase column (Agilent Eclipse XDB-C18 (4.6 mm × 250 mm,

5 µm) and preceded by an EasyGuard KitC18 (4 mm × 2 mm)

guard column. A model Agilent 1200 HPLC system, consisting

of a vacuum degasser, binary solvent delivery pump, autosampler

and thermostated column compartment (Agilent) was used to

acquire chromatograms. The column temperature was kept

constant at 25 ºC. Detection wavelengths were set at 238 nm.

The flow rate was 1 mL min-1. A gradient elution of 0.5 %

aqueous acetic acid (A) and acetonitrile (B) was used as 5-10

% B at 0-8 min, 10-15 % B at 8-30 min, 15-40 % B at 30-40

min, 40-100 % B at 40-45 min, 100 % B at 45-50 min and 5 %

B at 50-60 min. The mass spectra were recorded in negative

modes, drying gas flow rate 10 L min-1, drying gas temperature

35 ºC, nebulizer 35 psig, capillary voltage 4,000 V, fragmentor

100 V, mass range of m/z 50-1,500.

Animals: All animal treatments were strictly in accordance

with protocols approved by the Review Committee of Animal

Care and Use at the Shanghai Institute of Materia Medica

(Shanghai, China). Eighteen male Sprague-Dawley rats (200-

220 g; Shanghai SLAC Laboratory Animal Co., Shanghai,

China) were acclimatized to the facilities for one week before

starting the experiments. The animals were divided into three

groups at random: group A (n = 6) for pre-dose samples (i.e.,

blanks) collection; group B (n = 6) for post-dose blood sample

collection; and group C (n = 6) for post-dose urine sample

collection. All animals were fasted (but with access to water)

for 12 h prior to oral administration of 400 mg/kg doses of

YX.

Sample preparation: Blood samples were collected at

0.5, 1, 2, 3, 4.5 and 6 h after dosing and centrifuged at 12,000 g

for 10 min to obtain the plasma. Samples of urine was collected

and combined, during 0-24 h post-administration. All the

samples were stored at -80 ºC for future analysis. All the prepa-

ration procedures of plasma and urine samples were according

to Liu et al.14 and Chen et al.15. Then, 600 µL samples were

loaded onto an SPE column (1 mL capacity, 100 mg ODS,

Supelco, USA) which was then prearranged with 2 mL methanol

and 2 mL water subsequently. Then the cartridge was washed

with 2 mL water and the analytes were eluted with 1 mL methanol.

The eluent was dried under nitrogen gas over a water bath of

37 ºC. The residues were reconstituted in 200 µL methanol

and centrifuged twice at 12,000 g for 10 min. Aliquots of 20

µL of the supernatants were injected into the HPLC-MSn for

analysis. Blank samples as control were processed in the same

method as drug-containing samples.

RESULTS AND DISCUSSION

Identifications of constituents in YX: Efficient separation

of different components in YX was achieved using reverse-

phase HPLC. Based on the retention time, UV spectrum and

MS/MS spectra, 5 bioactive compounds were tentatively identi-

fied. Compounds 2, 3, 4, 5 were unambiguously identified as

gardenoside, scandoside methyl ester, genipin gentiobioside

and geniposide, respectively, by comparison of their mass

fragmentation behaviour and retention time with standards,

whereas the others were identified based on their UVabsorption

and MS data. The MS spectra of the characteristic components

detected in YX are shown in Fig. 1.

For the compound 5 (tR = 24.1 min) represented the main

constituent of G. jasminoides. It exhibited [M + CH3COO]–

ion at m/z 447 and [M-H]– ion at m/z 387. In addition, MS/

MS fragmentation of the molecular ion at m/z 387 produced

an ion with the peak at m/z 225 ([M-H-162]–), indicating the

existence of a glucose. Its MS/MS data was consistent with

geniposide16. Thus, compound 5 was identified as geniposide,

which was confirmed by comparison with a pure standard.

For the compound 4 (tR = 18.6 min) gave a [M-H]– ion at

m/z 549 and showed almost identical MS/MS spectra (Table-1).

It was probably the same aglycone as with geniposide, Based

on the retention time of standard, compound 4 was identified

as genipin gentiobioside.
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Fig. 1. MS spectra of the characteristic components detected in FR-1:

gardenoside (A), scandoside methyl ester (B), genipin gentiobioside

(C), geniposide (D)

For the compound 2 (tR = 12.4 min) exhibited a [M-H]– at

m/z 403. Its MS/MS spectrum showed [M-H-32]– at m/z 371,

[M-H-162]– at 241, [M-H-180]– at 223 and [M-H-162-48]– at

193. Meanwhile, compound 1 (tR = 11.3 min) and 3 (tR = 13.1

min) had the same [M-H]– ion at m/z 403 and [M + CH3COO]–

ion at m/z 463. The deprotonated molecular ion [M-H]– yielded

four fragments at m/z 283, 241, 139 and 101 on the MS/MS

spectra, which represented different diagnostic fragmentations.

From the published data, gardenoside as well as deacetyl

asperulosidic methyl ester and scandoside methyl ester

provided the same [M-H]– ion at m/z 403 in accordance with

the molecular formula C17H24O11. Based on these analysis of

fragmentation behaviours in the ESI-MS/MS and description

of previous documents17, compound 2 was identified as

gardenoside, whereas compound 1 and 3 was identified as deacetyl

asperulosidic methyl ester and scandoside methyl ester.

Identification of the compounds detected in rat urine

samples after oral administration of YX: By comparison of

the total ion current chromatogram of the blank rat urine

samples with those of the rat urine samples collected during

the time interval 0-24 h after oral administration of the YX, it

was shown that the information from the urine samples collec-

ted during 0-24 h was the most abundant. The total ion current

chromatograms of the blank rat urine and the rat urine samples

collected between 0-24 h after the oral administration of YX are

shown in Fig. 2. Six compounds, corresponding to compounds

1-6 in the total ion current chromatogram (Table-1), including

five YX components and one metabolite, were tentatively

elucidated as compounds 2, 3, 4, 5, 1 (deacetyl asperulosidic

methyl ester) and 6 (metabolite of glucose conjugation of

deacetyl asperulosidic methyl ester or scandoside methyl ester).

For the compound 6 (tR = 10.5 min) gave a [M-H]– ion at

m/z 565 and [M-H-162]– ion at m/z 403. Its MS/MS spectrum

showed [M-H-162-162]– at 241, which was probably the same

aglycone as with deacetyl asperulosidic methyl ester or

scandoside methyl ester. So compound 6 was tentatively

identified as metabolite of glucose conjugation of deacetyl

asperulosidic methyl ester or scandoside methyl ester.

For the compound 1 (tR = 11.4 min) exhibited a [M-H]– at

m/z 403 and [M + CH3COO]– ion at m/z 463. The deprotonated

molecular ion [M-H]– yielded four fragments at m/z 241, 193,

139 and 101 on the MS/MS spectra, which was same with

scandoside methyl ester. Based on these analysis of fragmenta-

tion behaviours in the ESI-MS/MS and description of previous

documents18, compound 1 could be characterized as deacetyl

asperulosidic methyl ester.

Identification of the compounds detected in rat serum

samples after oral administration of YX: By comparison of

the total ion current chromatograms of the blank rat serum

with the rat serum samples collected at 0.5, 1, 2, 3, 4.5 and 6

h after oral administration of YX solution, it was shown that

the information in the chromatogram at 1 h post administration

was the most abundant. The total ion current chromatograms

of the blank rat serum and the rat serum sample collected at

1 h after the oral administration of YX solution are shown in

Fig. 3. Five compounds, corresponding to compounds 1-5 in

the total ion current chromatogram (Fig. 3 and Table-2),

including four YX components and one metabolite, were

tentatively elucidated as compounds 2, 3, 4, 5 and 1 (genipin

gentiobioside deglycosylation).

TABLE-1 

DETERMINATION BY HPLC/DAD/ESI-MSn OF THE COMPOUNDS DETECTED 
IN RAT URINE AFTER THE ORAL ADMINISTRATION OF THE YX 

No. 
Time 
(min) 

Parent ion 
(m/z) 

HPLC-ESI-MSn (m/z) Identification 

1 11.4 807 MS2[807]: 403,241; MS3[241]: 193,139,101; MS4[139]: 121 Deacetyl asperulosidic methyl ester 

2 12.4 403 MS2[403]: 371,241,223,193; MS3[241]: 223,193,127 Gardenoside 

3 13.1 807 MS2[807]: 403,241; MS3[241]: 193,139,101;MS4[139]: 121 Scandoside methyl ester 

4 18.6 549 MS2[549]: 387,323,225,179; MS3[225]: 207,123 Genipin gentiobioside 

5 24.1 447 MS2[447]: 387,283,225; MS3[225]: 179,123, Geniposide 

6 10.5 565 MS2[565]: 403,241,193 Metabolite of glucose conjugation of deacetyl 
asperulosidic methyl ester or scandoside methyl 
ester 
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TABLE-2 

DETERMINATION BY HPLC/DAD/ESI-MSn OF THE COMPOUNDS DETECTED 
IN RAT SERUM SAMPLE AFTER ORAL ADMINISTRATION OF THE YX 

No. Time (min) Parent ion (m/z) HPLC-ESI-MSn (m/z) Identification 

1 6.2 387 MS2[387]: 225, 123; MS3[225]: 207, 123 Genipin gentiobioside deglycosylation 

2 12.6 403 MS2[403]: 241, 223, 193; MS3[241]: 223, 193, 127 Gardenoside 

3 13.4 463 MS2[463]: 403, 241, 139; MS3[241]: 139, 101 Scandoside methyl ester 

4 18.6 549 MS2[549]: 517, 387, 225, 207, 179; MS3[225]: 207, 123 Genipin gentiobioside 

5 24.2 447 MS2[447]: 387, 285, 225, 207; MS3[225]: 123, 101 Geniposide 

 

 

 

0 5 10 15 20 25 30 35
Time (min)

0

2

4

6

x10

1
2 4 5

6

3

 

0 5 10 15 20 25 30 35
Time (min)

0

2

4

6

6
x10

In
te

n
s
it
y

In
te

n
s
it
y

A

B

Fig. 2. Total ion current chromatograms of (A) the blank rat urine sample and (B) the urine sample collected during the time interval 0-24 h after oral

administration of the YX. The labeled chromatographic peaks were identified by MS as follows: peak 1, deacetyl asperulosidic methyl ester; peak 2,

gardenoside; peak 3, scandoside methyl ester; peak 4, genipin gentiobioside; peak 5,geniposide; peak 6, metabolite of glucose conjugation of

deacetyl asperulosidic methyl ester or scandoside methyl ester
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Fig. 3. Total ion current chromatograms of (A) the blank rat serum sample and (B) the serum sample collected at 1 h post administration of the YX. The

labeled chromatographic peaks were identified by MS as follows: peak 1, deglycosylation product of genipin gentiobioside; peak 2, gardenoside;

peak 3, scandoside methyl ester; peak 4, genipin gentiobioside; peak 5, geniposide

The MS2 spectra of the compound 1 molecular ion at

m/z 387 exhibited ([M-H]–) signals at m/z 207, 123, which

was the same as the MS3 spectra of m/z 549 → 387 (loss of a

neutral fragment of 162 Da). Therefore, peak 1 could be charac-

terized as the deglycosylated product of genipin gentiobioside.

Conclusion

In recent years, there has priority of using natural plant

products for preventing and treating viral infections. In the

present research, we applied HPLC-DAD-ESI- MSn to sepa-

rate and characterize the compounds in rat urine and serum
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samples after oral administration of the effective fraction, a

total of 6 and 5 compounds were detected, respectively. The

four compounds were detected in the rat urine and serum

samples simultaneously. These constituents were 2 (gardenoside),

3 (scandoside methyl ester), 4 (genipin gentiobioside) and 5

(geniposide; Fig. 4). Otherwise, we identified one prototype 1

(deacetyl asperulosidic methyl ester) and one metabolite of

glucose conjugation of deacetyl asperulosidic methyl ester or

scandoside methyl ester in rat urine and one metabolite of

genipin gentiobioside, genipin gentiobioside deglycosylation

in rat serum.
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Fig. 4. Chemical structures of the absorbed constituents in rats after oral

administration of the YX. 2, gardenoside; 3, scandoside methyl ester;

4, genipin gentiobioside; 5, geniposide

Since the constituents absorbed into blood and sustaining

at a concentration level in target organs can possess effects

abilities to cure diseases. Hence, these compounds might be

responsible for the the anti-influenza virus potential of G.

jasminoides. Our results significantly narrow the extent of

effective constituents to be identified and played a solid bottom

for further research of the mechanism of potential active

components.
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