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Two new iridoid glycosides, genipin 1,10-di-O-a-L.-rhamnoside (1) and genipin 1,10-di-O-g-p-xylopyranoside (2),
along with thirteen known compounds (3-15) were isolated from Gardeniae Fructus. Their structures were
elucidated by physical data analyses such as NMR, UV, IR, HR-ESI-MS, as well as chemical hydrolysis. All
compounds were tested for their tyrosinase inhibitory and antioxidant activities. At a concentration of 25 uM,
compound 13 showed obvious mushroom tyrosinase inhibition activity with % inhibition value of 36.52 +

1.98%, with kojic acid used as the positive control (46.09 + 1.29%). At a concentration of 1 mM, compounds 8
and 9 exhibited considerable DPPH radical scavenging activities, with radical scavenging rates of 48.54 + 0.47%,
58.59 + 0.39%, respectively, with L-ascorbic acid used as the positive control (59.02 + 0.77%).

1. Introduction

Gardeniae Fructus, the dried fruits of Gardenia jasminoides Ellis, is
officially recorded as Zhi-Zi in the Pharmacopoeia of the People’s Re-
public of China [1]. Gardeniae Fructus is one of the most widely used
traditional Chinese medicines for the treatment of diabetes [2], cerebral
ischemia [3], liver injury [4], age-related diseases such as vascular
aging, brain aging, bone and joint aging [5]. Previous phytochemical
studies revealed that Gardeniae Fructus was rich in iridoids [6-10],
crocins [11] and terpenoids [12-15], exhibiting renoprotective [12],
anti-viral [16], melanogenesis inhibitory [17], anti-depressive [18],
immunosuppressive [19] and anti-inflammatory effects [20]. However,
for decades little progress has been made about the tyrosinase inhibitory
activity of Gardeniae Fructus [21,22]. As a continuing work for
exploring novel anti-tyrosinase agents from natural products [23-26],
the ethanolic extract of Gardeniae Fructus was separated and purified to
afford two new iridoid glycosides, genipin 1,10-di-O-a-.-thamnoside (1)
and genipin 1,10-di-O-p-p-xylopyranoside (2), together with thirteen
known compounds (3-15) (Fig. 1). Herein, the isolation, structure
elucidation, tyrosinase inhibitory and antioxidant activities evaluation
of the fifteen isolates from Gardeniae Fructus were reported.

2. Results and discussion

The air-dried fruits of Gardeniae Fructus (2.3 kg) were collected in
Huaihua, People’s Republic of China, and extracted with 95% EtOH to
give a brown extract (217 g). The ethanol extract was suspended in HyO
and partitioned with CH,Cl,, EtOAc and n-BuOH. Repeated chromato-
graphic separations of the n-BuOH portion (36.7 g) led to the isolation of
two new glycosides (1-2) and thirteen known ones (3-15).

Compound 1 was isolated as a colorless syrup. Its molecular formula
Ca3H34013, with seven degrees of unsaturations, was established by its
quasi-molecular ion peak at m/z 541.1901 [M + Na]® (caled for
C23H34013Na, 541.1897) in the positive HR-ESI-MS spectrum. The IR
absorption bands at 3376 and 1708 cm ™! suggested the presence of
hydroxyl groups and a carbonyl group. The 'H NMR spectrum of 1
showed two olefinic protons [§ 7.49 (d, J = 2.0 Hz, H-3), 5.86 (br s, H-
7)1, two oxygenated methylene groups [6 4.31 (d, J = 12.8 Hz, H,-10),
4.16 (d, J = 12.8 Hz, H},-10), 2.81 (dd, J = 16.4, 8.0 Hz, H,-6), 2.17 (br
dd, J = 16.4, 4.4 Hz, Hp-6)], two methine.

signals [§ 3.20 (dt, J = 7.6, 7.6 Hz, H-5), 2.86 (dd, J = 7.2, 7.2 Hz, H-
9)1, an acetal proton [§ 5.16 (d, J = 6.0 Hz, H-1)] assigned to an iridoid
ring, and oxygenated protons at [§ 5.14 (d, J = 1.2 Hz, H-1'), 4.74 (d, J =
1.2 Hz, H-1"), 3.83-3.40 (8H, H-2'-H-5', H-2"-H-5")], two methyl groups
at[61.27 (d,J=6.0Hz, CH3-6'),1.26 (d,J = 6.0 Hz, CH3-6")] belonging to
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two sugar moieties (Table 1). Acid hydrolysis of 1 yielded genipin (1a)
[27] and 1-rhamnose, which were identified by NMR and comparison with
an authentic sample on TLC, respectively. The 13C NMR spectrum of 1
exhibited 23 signals due to a carboxylic carbon [§ 169.4 (C-11)], four
olefinic carbons [§ 153.3 (C-3), 113.1 (C-4), 132.1 (C-7), 140.6 (C-8)],
three methine carbon signals [§ 35.9 (C-5), 39.8 (C-6), 48.1 (C-9)], an
oxymethylene carbon [§ 66.2 (C-10)], an acetal carbon [§ 96.2 (C-1)], as
well as twelve sugar carbons [§ 98.6 (C-1'), 72.4 (C-2), 72.2 (C-3'), 74.2
(C-4),70.2(C-5),18.2(C-6'); 101.3(C-1"),72.6 (C-2"),72.2(C-3"),73.7
(C-4"),71.4 (C-5"), 18.3 (C-6")], suggesting that 1 is an iridoid rhamno-
side (Table 1). Interpretation of the TH-'H COSY and HSQC spectra of 1
revealed the presence of C-7-C-6-C-5-C-9-C-1,
C-1'-C-2'-C-3'-C-4'-C-5-C-6/ and C-1"-C-2"-C-3"-C-4"-C-5"-C-6"
structure fractions (Fig. 2). The HMBC correlations from H-10 to C-1”,
H-1" to C-10, H-1 to C-1’, H-1’ to C-1 indicated that two sugar units were
located at C-1 and C-10 of 1 (Fig. 2). In the NOESY spectra of 1, key cor-
relations from H-1’' to H-4' and H-6, from H-1" to H-4” and H-6" were
observed, while no signals were observed between H-1' and H-3’, and
between H-1"” and H-3"" (Fig. 3). The small Jy- o- and Jy» o values (1.2 Hz)
of the two anomeric protons were deduced from 'H NMR spectrum. All
those evidences above indicated that the H-1' and H-1” were both
p-orientation. Thus, the structure of compound 1 was deduced as shown
(Fig. 2) and named genipin 1,10-di-O-a-L-rhamnoside.

Compound 2 was obtained as a colorless syrup. The molecular for-
mula Cp1H30013, with seven degrees of unsaturations, was established
based on its quasi-molecular ion peak at m/z 513.1580 [M + Na] " (caled

Carbohydrate Research 501 (2021) 108259

for Co1H30013Na, 513.1584) in the positive HR-ESI-MS spectrum. Its UV
spectrum exhibited an absorption maximum similar to that of compound
1 [Amax (MeOH) = 236 nm for 1, Aynax (MeOH) = 237 nm for 2], sug-
gesting the presence of @, p-unsaturated ester carbonyl groups. Its IR
spectrum (KBr) showed absorption bands for hydroxyl (3369 ecm ) and
ester (1706 cm™!) groups. The 'H and '*C NMR data of 2 were very
similar to those of 1, indicating that 2 was also a genipin glycoside
(Table 1). However, further examination of the 'H and 3Cc NMR spectra
of both compounds showed considerable differences in the signals of
sugar units, namely the two methyl signals in 1 [, 18.2 (C-6'), 6y 1.27
(d, J = 6.0 Hz, CH3-6); 6. 18.3 (C-6"), 1.27 (d, J = 6.0 Hz, CH3-6")] were
absent in 2 (Table 1). Comparison of HR-ESI-MS data revealed that
compound 2 had two carbons less than 1. Acid hydrolysis of 2 gave
genipin (1a) and p-xylose. Therefore, the sugar portion of 2 consisted of
two xyloses, rather than two rhamnoses in 1. The key HMBC correlations
from H-1' to C-1, H-1 to C-1’ indicated the O-glycosylation position
between the first xylose and aglycone (1a) should be at C-1, and the key
HMBC correlations from H-1" to C-10, H-10 to C-1” suggested the second
O-glycosylation should be occurred at C-10 (Fig. 2). The large Jy- > (7.6
Hz) and Jy» 2~ (8.0 Hz) values of the two anomeric protons showed that
H-1’ and H-1” were both a-orientation. Hence compound 2 was eluci-
dated as genipin 1,10-di-O-g-p-xylopyranoside (Fig. 2).

By comparing their NMR data with those published in literatures, the
thirteen known compounds (3-15) were identified as follows: genipin 1-
O-a-L-thamnoside (3) [28], genipin 1,10-di-O-p-p-glucopyranoside (4)
[29], genipin 1-O-f-p-xylopyranoside (5) [28], geniposide (6) [28],
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Fig. 1. Structures of compounds 1-15.
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Table 1
1H and'®C NMR data of 1, 2 and 1a.%

Position 1° 2° 1a°

Sc Sy (mult, J in Hz) Sc Sy (mult, J in Hz) Sc Sy (mult, J in Hz)

1 96.2 5.16 (d, 6.0) 98.8 4.97 (d, 8.4) 96.6 4.80 (d, 8.4)

3 153.3 7.49 (d, 2.0) 153.5 7.49 (br s) 152.6 7.51 (brs)

4 113.1 112.6 111.1

5 35.9 3.20 (dt, 7.6, 7.6) 36.8 3.11 (m) 36.9 3.20 (dt, 8.4, 8.8)

6 39.8 2.81 (dd, 16.4, 8.0) 40.0 2.80 (m) 39.3 2.87 (dd, 16.0, 8.4)

2.17 (br dd, 16.4, 4.4) 2.01 (m) 2.05 (br dd, 16.0, 8.8)

7 132.1 5.86 (br s) 130.8 5.85 (br s) 131.1 5.86 (br s)

8 140.6 142.0 142.3

9 48.1 2.86 (dd, 7.2, 7.2) 46.7 2.80 (m) 48.5 2.52 (t, 8.0)

10 66.2 4.16 (d, 12.8) 69.1 4.24 (d, 13.2) 61.6 4.27 (d, 12.8)

4.31 (d, 12.8) 4.44 (d, 13.2) 4.34 (d, 12.8)

11 169.4 169.6 168.0

1 98.6 5.14 (d, 1.2) 101.4 4.61 (d, 7.6)

2 72.4 3.83 (dd, 1.2, 3.2) 74.8 3.18 (m)

3 72.2 3.65 (dd, 3.2, 10.4) 77.9 3.29 (m)

77
4 74.2 3.40 (dd, 10.4, 10.4) 71.4 3.45 (m)
5 70.2 3.57 (qd, 10.4, 6.0) 67.1 3.82 (m)
3.16 (m)

6 18.2 1.27 (d, 6.0)

1” 101.3 4.74 (d, 1.2) 105.3 4.23 (d, 8.0)

2" 72.6 3.83(dd, 1.2, 3.6) 75.1 3.15 (m)

3" 72.2 3.66 (dd, 3.6, 9.2) 77.7 3.29 (m)

77
4" 73.7 3.43 (dd, 9.2, 9.2) 71.2 3.45 (m)
5" 71.4 3.51 (qd, 9.2, 6.0) 67.3 3.82 (m)
3.16 (m)
6" 18.3 1.26 (d, 6.0)
OCHj3 51.9 3.71 (s) 51.9 3.67 (s) 51.5 3.71 (s)

2 400 MHz for 'H and 100 MHz for'3C.
b Recorded in CD30D.
¢ Recorded in CDCls.

shikimic acid (7) [30], carnosic acid (8) [31], (E)-5-[2-4-(hydrox-
yphenyl)ethenyl]-1,3-benzenediol (9) [32], amygdalin (10) [33],
ursolic acid (11) [34], oleanic acid (12) [35], neohesperidin (13) [36],
hesperidin (14) [37], icariin (15) [38], respectively. Compounds 1-5,
10 and 14-15 were isolated from Gardeniae Fructus for the first time.
All compounds (1-15) and kojic acid (positive control) were
screened for their inhibitory activities against mushroom tyrosinase at a
concentration of 25 yM. However, only the known compound 13
showed strong mushroom tyrosinase inhibition activity with % inhibi-
tion value close to kojic acid (36.52 + 1.98% for 13; 46.09 + 1.29% for
kojic acid). As a flavonoid glycoside derived from citrus fruits [39,40],
neohesperidin (13) has attracted considerable interest due to its pre-
ventative and therapeutic effects on diverse diseases, such as prevention
of colorectal tumorigenesis [41], attenuating obesity [42], alleviating

cardiac hypertrophy [43], and neuroprotective activity [44]. However,
little progress has been made in exploring its inhibition activity on
tyrosinase. The new findings in the current study not only enriched the
knowledge about bioactivities of neohesperidin, but also provided an
important lead compound for developing new drugs treating deseases
caused by overexpression of tyrosinase.

DPPH radical scavenging assays were conducted to evaluate the
radical scavenging effects of the isolated compounds (1-15), with t-
ascorbic acid as the positive control. However, at a concentration of 1
mM, only compounds 8 and 9 exhibited considerable DPPH radical
scavenging activities: 48.54 + 0.47% for 8; 58.59 + 0.39% for 9; 59.02
+ 0.77% for r-ascorbic acid. Perhaps the multiple phenolic hydroxyl
groups played a key role in the process of DPPH radical scavenging.

'H-'H COSY; ==

HMBC: H—C

Fig. 2. Key 'H-'H COSY and HMBC correlations for compounds 1 and 2.
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Fig. 3. Key NOESY correlations for sugar moieties in compound 1.

3. Materials and methods

General Experimental Procedures. NMR spectra were recorded on
a Bruker AM-400 spectrometer (400 MHz for 'H and 100 MHz for 13C),
and the 'H and '3C NMR chemical shifts were referenced to the solvent
or solvent impurity peaks for CDCl3 at 6y 7.24 and §¢ 77.23, for CD3OD
at g 3.31 and ¢ 49.15. Chemical shifts were in ppm (8), and coupling
constants (J) were reported in Hertz (Hz). High-resolution electrospray
ionization mass spectra (HR-ESI-MS) were carried out on a Waters Xevo
G2-XS QTof spectrometer using ESI ion source, operating in the positive
scan modes of ionization through direct infusion method. UV and FT-IR
spectra were determined by using Puxi TU-1950 and FTIR-650 in-
struments, respectively. Optical rotations were determined on a
Rudolph Autopol IV polarimeter. Column chromatography (CC) was
performed using silica gel (Qingdao Marine Chemical Inc., China),
Sephadex LH-20 (GE Healthcare Bio-Sciences AB, Sweden) and ODS (50
um, Fuji Silysia Chemical Ltd., Japan). TLC was performed with silica gel
60 F254 (Yantai Chemical Industry Research Institute).

Plant Material. The fresh fruits of Gardenia jasminoides were
collected in Huaihua (geographical coordinates: 27° 51’ 5.4252" N, 110°
45’ 50.8392" E; altitude: 323 m), People’s Republic of China, in October
2019, and identified by Prof. Lin Yang at ScShool of Life Science and
Engineering, Lanzhou University of Technology, according to the
method given by Chinese Pharmacopoeia Commission [1]. A voucher
specimen (SPH2019D) was deposited in the herbarium of School of
Chemistry and Chemical Engineering, Xuchang University.

Extraction and Isolation. The air-dried fruits of Gardenia jasmi-
noides (2.3 kg) were extracted with 95% EtOH at room temperature (3 x
10 L), affording a crude extract of 217 g after evaporation of the solvent

under reduced pressure. The extract was suspended in H,O and parti-
tioned with CH,Cly, EtOAc and n-BuOH. The n-BuOH portion (36.7 g)
was subjected to silica gel CC using CH2Clo—MeOH (40:1 to 1:1) as eluent
to give eight fractions F1-F8. Fraction F2 (3.6 g, eluted by
CH,Cl,-MeOH 35:1) was chromatographed on a Sephadex LH-20 col-
umn (CH2Cl-MeOH 1:1) to give compounds 7 (8.7 mg) and 8 (11.3
mg). Fraction F3 (14.7 g, eluted by CH,Cl,-MeOH 25:1) was chroma-
tographed on a Sephadex LH-20 column (CH3Cl,-MeOH 1:1) to give
four subfractions F3-1-3-4. Subfraction F3-1 was purified using RP-C;g
CC (MeOH-H>0, 30:70 to 70:30) to afford compounds 9 (8.6 mg) and 11
(17.4 mg). Subfraction F3-2 was purified using RP-C;g CC (MeOH-H>0,
45:55) to give compounds 6 (9.1 mg) and 12 (11.2 mg). Fraction F5 (4.8
g, eluted by CH,Cl,-MeOH 15:1) was chromatographed on a Sephadex
LH-20 (MeOH) column to give compounds 3 (5.6 mg) and 5 (7.4 mg).
Fraction F7 (5.6 g, eluted by CH2Clo-MeOH 10:1 to 2:1) was further
separated using RP-C;g CC (MeOH-H0, 0:100 to 40:60) to give five
subfractions F7-1-7-5. Subfraction F7-1 was chromatographed on a
Sephadex LH-20 (MeOH) column to give compounds 1 (15.7 mg) and 15
(10.3 mg). Subfraction F7-2 was purified on a Sephadex LH-20 column
(MeOH) to give compounds 2 (8.5 mg) and 14 (11.9 mg). After purifi-
cation with RP-C;g CC, Subfraction F7-3 gave compound 13 (8.6 mg)
and 4 (5.1 mg), while Subfraction F7-3 gave compound 10 (6.9 mg). The
% weight of compounds 1-15 with a comparison to the extract was
calculated as 0.0723%o, 0.0474%o, 0.0258%o, 0.0235%o, 0.0341%o,
0.0419%o0, 0.0400%o, 0.0520%o, 0.0396%o, 0.0318%0, 0.0802%o,
0.0516%o0, 0.0396%o, 0.0548%0 and 0.0475%o, respectively.

Compound 1. Colorless syrup. [fx][fx]-49.2°[fx] (c 0.47, MeOH). IR
(KBF) vmax 3376, 2921, 1708, 1631, 1442, 1386, 1282, 1087 cm ™ '. UV
Amax (MeOH) nm (log €): 236 (3.5). HR-ESI-MS m/z 541.1901 [M + Na]*t
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(caled for Co3H34013Na, 541.1897). 'H NMR and '*C NMR (CDsOD), see
Table 1.

Compound 2. Colorless syrup. [a]%0—38.9° (c 0.27, MeOH). IR (KBr)
Umax 3369, 2917, 1706, 1629, 1436, 1367, 1286, 1047 cm™ L. UV Amax
(MeOH) nm (log ¢): 237 (3.2). HR-ESI-MS 513.1580 [M + Na] ™ (caled
for CzHso013Na, 513.1584). 'H NMR and '3C NMR (CD;OD), see
Table 1.

Acid Hydrolysis of Compounds 1-2. The acid hydrolysis of com-
pounds 1-2 was performed according to the literature procedure [25].
The glycosides were separately dissolved in a mixture solvent of 8.0%
HCI (0.5 mL) and MeOH (3 mL), then refluxed for 2 h. The reaction
mixture was concentrated under vacuum to afford a residue, which was
further purified by silica gel CC to give genipin (1a) ['H NMR and '3C
NMR data see Table 1] [27], .-thamnose and p-xylose. The sugars were
confirmed by co-TLC with authentic samples. TLC (CHCl3/AcOH/H20
6:7:1): R¢ value of L.-rhamnose 0.52, of p-xylose 0.49.

Mushroom Tyrosinase Inhibition Assay. The mushroom tyrosi-
nase inhibition assay was conducted according to the reported proced-
ures [23]. Compounds (1-15, 10 uL, 25 yM) and mushroom tyrosinase
(20 uL, 1000 U/mL) (Sigma-Aldrich) in a potassium phosphate buffer
(50 mM, pH 6.5) were added to 170 uL of a mixture containing a 10 : 10:
9 ratio of i-tyrosine solution (1 mM), potassium phosphate buffer (1
mM), and distilled water in a 96-well microplate. The plates were
incubated at 37 °C for half an hour. Percentage tyrosinase inhibition was
decided by measuring optical densities at 450 nm using a Multiskan FC
microplate reader (Thermo Fisher Scientific, Inc.). Three independent
experiments were performed. Kojic acid (25 uM) (Sigma-Aldrich) was
used as the positive control. The % inhibition was determined by [1 —
(As/Ac)] x 100, where As is the absorbance of tested compound and Ac
the non-treated control. Statistical analysis was determined using
GraphPad Prism 5 software, and the results were expressed as means +
SEMs. The inhibitory rate >5% is considered active.

DPPH radical scavenging assay. The DPPH radical scavenging
activities of compounds 1-15 were tested according to the reported
procedure [45]. Briefly, 180 uL of 0.2 mM DPPH methanol solution and
20 puL of sample solution (in DMSO, 1 mM) were added to 96-well
microplate. The 96-well microplate was then incubated for 30 min in
the dark, and DPPH radical scavenging activities were determined by
measuring absorbances at 517 nm using a Multiskan FC microplate
reader (Thermo Fisher Scientific, Inc.). Experiments were performed in
triplicate and r-ascorbic acid (Sigma-Aldrich) was used as the positive
control. The DPPH radical scavenging activity was calculated by:
Radical scavenging activity (%) = [1 — (As/Ac)] x 100, where As is the
absorbance of tested compound and Ac is the absorbance of non-treated
control.
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