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The Effects of Gardenia Jasminoides on Periodontitis in
Ligature-Induced Rat Model

Dae Hoon Lee2 / Haesu LeeP / Mi Hye Kim¢ / Woong Mo Yangd

Purpose: Periodontitis is characterised by inflammation of periodontium and alveolar bone loss. Gardenia jasminoi-
des is reported to have anti-inflammatory effects. In this study, we investigated the effects of aqueous extract of
G. jasminoides (GJ) on periodontitis.

Materials and Methods: Male Sprague-Dawley rats aged 7 weeks were randomly placed in three groups (n = 7);
non-ligatured and non-treated (NL group), ligatured and distilled water-treated (L group) and ligatured and 100 mg/
kg GJ-treated (GJ group). After oral administration of GJ for 14 days, the mandibles were removed for histology. In
addition, RAW 264.7 cells were treated with 100 ng/ml receptor activator of nuclear factor-kB ligand (RANKL) and
1, 10 and 100 pg/ml GJ for 7 days to analyse the expression of periodontitis-related factors.

Results: In GJ-treated mice, the score of alveolar bone loss was statistically significantly attenuated compared with
the L group. GJ treatment showed inhibition effect in the progress of cementum demineralisation. The expressions
of proinflammatory cytokines in gingival tissue were statistically significantly regulated by GJ treatment. Addition-
ally, GJ treatment showed the dose-dependent inhibition of RANKL-induced osteoclast formation. Furthermore, GJ
treatment downregulated the RANKL-induced cytokine production in RAW 264.7 cells.

Conclusion: In summary, GJ ameliorated periodontitis-induced alveolar bone loss via inhibiting transcription factors
including nuclear factor-kB, c-fos and extracellular signal-regulated kinase signalling. Therefore, GJ might be a ther-

apeutic option for treating periodontitis.
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eriodontitis is a chronic dental disease, characterised
by inflammation of the periodontal structures that sup-
port and surround the teeth.18 A recent study demonstrated
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that a prevalence rate of periodontitis is 47.2% in adults of
age 30 years and above in the US.5 Typical signs of peri-
odontitis found in patients are cementum degradation, al-
veolar bone loss and destruction of gingiva.6 Since alveolar
bone destruction is closely linked to teeth loss, inhibition of
alveolar bone resorption could be a therapeutic target for
periodontitis. However, current clinical treatment of peri-
odontal diseases focuses antibacterial or anti-inflammatory
effects such as metronidazole, doxycycline and ketopro-
fen.1.3.10.13 Therefore, alveolar bone remodelling-based ap-
proaches for periodontitis represent a novel alternative to
conventional drugs.

Gardenia jasminoides Ellis (Rubiaceae) is used as a trad-
itional medication in Korea, China and Japan.19 ‘Donguibo-
gam’, a classic book of Korean medicine, describes that G.
jasminoides (GJ) reduces fever, discharges inflammation,
cools heat, eliminates vexation and serves as a diuretic. In
addition, GJ was reported to act as an analgesic and pos-
sess anti-inflammatory, antiphlogistic, antipyretic and ho-
meostatic effects currently.® However, the efficacy of GJ on
periodontitis is yet to be investigated. The aim of this study
is to demonstrate the effects of GJ on periodontitis and
determine its molecular mechanism.
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Fig 1 Effect of Gardenia jasminoides on
alveolar bone loss indicated by methylene
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MATERIALS AND METHODS

Preparation of GJ

The fruit of G. jasminoides were obtained from Jung-do Herb
(Seoul, Korea). G. jasminoides was extracted with distilled
water (DW) for 1 h at 100°C. The extract was filtered, con-
centrated and lyophilised by freezing dryer. The yield of
G. jasminoides was 13.48%. The final obtained powder of
G. jasminoides water extract was called GJ. A voucher spec-
imen was deposited at our laboratory.

Experimental Design

Sprague-Dawley rats (7 weeks aged, male; RAONBIO, Yon-
gin, Korea) were housed in an air-conditioned room
(20 = 2°C temperature and 50 + 5% humidity) under a 12 h
light/dark cycle with food and water freely available. All ex-
periments were conducted according to the guidelines of
the Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health. The protocol was approved by
Committee on Care and Use of Laboratory Animals of the
Kyung Hee University (KHUASP(SE)-16-045).

The rats were randomly placed in three groups (n = 7): (i)
NL, non-ligatured and non-treated; (ii) L, ligatured and DW-
treated; and (iii) GJ, ligatured and 100 mg/kg GJ-treated.
Under general anaesthesia with intraperitoneal injection of a
tiletamine/zolazepam mixture (Zoletil 50; Virbac Lab, Car-
roscedex, France), the experimental periodontitis was in-
duced by a ligature (sterilised 3-0 nylon) placement into the
subgingival sulcus around the both sides of mandibular first
molar, except NL group. Immediately after ligature place-

800

blue staining in ligature-induced periodonti-
tis rat. Red lines represent the distance
from the cementoenamel junction to the
alveolar bone crest. NL, non-ligatured and
non-treated; L, ligatured and DW-treated;
GJ, ligatured and 100 mg/kg GJ-treated.
Results are presented as mean + SEM.

(a) p < 0.05 in comparison with the NL
group. (b) p < 0.05 in comparison with the
L group.

ment surgery, 100 pl of DW and GJ, dissolved in DW, were
orally administrated for 2 weeks. Then, the rat was sacri-
ficed to collect molars on both sides and gingival tissues.

Measurement of Alveolar Bone Loss

The left mandibles were defleshed with boiled water and
stained with 1% aqueous methylene blue (Sigma, MO, USA)
for 5 min. Images were obtained from Smart Microscope
Pro (Kangjin Technology, Seoul, Korea) with x10 magnifica-
tion. Three distances from the cementoenamel junction to
the alveolar bone crest of the mesial, middle and distal
sites on the buccal side were calculated by an Image J com-
puterised densitometry system (NIH, Bethesda, MD, USA),
respectively (n = 7). Three points were summed for each
first molar as a score of alveolar bone loss, in mm.

Histological Analysis

The right side of the mandibles were fixed in 10% neutral buff-
ered formalin for 18 h and demineralised in a solution of
0.1 M ethylene diaminetetraacetic acid for 2 months. After
dehydration with ethanol and xylene, the specimens were em-
bedded in paraffin. Serial sections of 7 pm thickness were
stained with haematoxylin and eosin (H&E). The integrity of
periodontal structures was observed with x40 and X400 mag-
nification. The digital images were obtained from Leica Applica-
tion Suite microscope software (Leica Microsystems, Buffalo
Grove, IL, USA). The lengths of gingival inflamed epithelium
and cementum from cementoenamel junction of slides were
chosen at random (n = 7) and measured by a computerised
densitometry system, Image J (NIH, Bethesda, MD, USA).
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Fig 2 Effect of Gardenia jasminoides on
histological changes of the periodontium
indicated by H&E staining. Yellow arrows,
inflamed epithelium in gingiva; red arrow
heads, periodontal pocket; black arrows,
root resorption pits lining the cementum
surface. AB, alveolar bone; C, cementum;
CEJ, cementoenamel junction; D, dentine;
G, gingiva; PL, periodontal ligament. NL,
non-ligatured and non-treated; L, ligatured
and DW-treated; GJ, ligatured and 100 mg/
kg GJ-treated. The scale bar is 1 and

0.1 mm in (a) and (b), respectively.
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Measurement of Tartrate-Resistant Acid
Phosphatase (TRAP) Activity

7 um cut tissue sections were stained with tartrate-resis-
tant acid phosphatase (TRAP; Sigma, MO, USA) and naph-
thol ASBI phosphate (Sigma, St Louis, MO, USA) to observe
osteoclastic activity. To classify the TRAP-stained cells and
nuclei, haematoxylin staining was performed. The TRAP-
positive osteoclasts were revealed at x400. In addition,
RAW 264.7 cells were seeded in 12-well plates and allowed
to adhere 6 h to differentiate into osteoclasts. Cells were
grown at 37°C in an atmosphere containing 5% CO; that
95% humidity. After removal of the medium, cells were
treated with 100 ng/ml receptor activator of nuclear
factor«kB ligand (RANKL) and 1, 10 and 100 ug/ml concen-
trations of GJ suspended in a-minimal essential medium
with 10% heat-inactivated fetal bovine serum for 7 days.
The medium was replaced every 3 days. Osteoclast differ-
entiation was monitored using a TRAP staining kit. To quan-
tify the TRAP activity, each well was added 400 pl of citrate
solution. After 1 h, supernatant was collected and added
400 pl of 0.1 N sodium hydroxide and measured at 410 nm
using a microplate reading instrument. The experiments
were carried out three times in triplicate measurements.
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Enzyme-Linked Immunosorbent Assay (ELISA)

RANKL-induced osteoclast was prepared as just described.
After 7 days to induce the differentiation of osteoclast, the
supernatant was collected and centrifuged to obtain the pure
medium. The concentrations of tumour necrosis factor (TNF)-a
and interleukin (IL)-6 was measured by each commercial en-
zyme-linked immunosorbent assay kits (BD Biosciences, CA,
USA). The experiment was carried out according to the manu-
facturer’s protocol. Cytokine levels were estimated at an ab-
sorbance of 450 nm using a microplate reading instrument.

Western Blot Analysis

RANKL-induced osteoclast was prepared as just described.
Radioimmunoprecipitation assay buffer (50 mM Tris—HCI
(pH 7.4), 1% Nonidet P-40, 0.5% sodium deoxycholate,
150 mM NaCl) containing protease inhibitors (Roche, Hoff-
mann, USA) was used for cell protein extraction. After quan-
tification using Bradford method, 20 ug of protein was de-
natured with sodium dodecylsulphate buffer, then
electrotransferred onto a polyvinylidene fluoride membrane
(Bio-Rad, Hercules, CA, USA). Following incubation with pri-
mary and secondary antibodies (Cell Signaling, USA), the
proteins were detected using an enhanced chemilumines-
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Fig 3 Effect of Gardenia
jasminoides on osteoclast
formation in ligature-in-
duced periodontium and
RANKL-induced RAW 264.7
cells. The red arrows indi-
cate TRAP-positive osteo-
clast cells. AB, alveolar
bone; PL, periodontal liga-
ment. NL, non-ligatured
and non-treated; L, liga-

tured and DW-treated; GJ,
ligatured and 100 mg/kg
GJ-treated. Results are pre-
sented as mean = SEM.
(a) p <0.05 in comparison
with the NL group.

(b) p <0.05 in comparison
with the L group. NOR, non-
treated cells; CON, RANKL

TRAP activity (%)

NOR

CON Gl GI 10

cence detection system (Amersham Pharmacia Biotech, Up-
psala, Sweden). Relative band densities were determined
using an Image J computerised densitometry system.

Statistical Analysis

All data were expressed as mean + standard error of mean
(SEM). Statistical significance was determined by one-way
analysis of variance and Dunnett’s multiple comparison
tests. In all analyses, p <0.05 was taken to indicate statis-
tical significance in all analyses.

RESULTS

Gardenia jasminoides inhibited the alveolar bone loss in
ligature-induced periodontitis.

In ligatured molar, the score of alveolar bone resorption
was statistically significantly increased about 47.4% com-
pared to non-ligatured normal group (NL = 1.09 £ 0.15 mm;
L=2.08+ 0.29 mm, p <0.001). Administration of
100 mg/kg GJ reversed alveolar bone loss caused by peri-
odontitis compared with L group (GJ = 1.40 £ 0.21 mm,
p <0.01, Fig 1).

Gardenia jasminoides ameliorated the destruction of peri-
odontium.
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alone-treated cells; GJ1,
GJ10 and GJ100, RANKL
with 1, 10 and 100 pg/ml
GJtreated cells. Results are
presented as mean + SEM.
(a) p <0.05 in comparison
with the NOR group. (b)

p <0.05 in comparison with
the CON group.

In ligature-induced periodontitis groups, increase of ce-
mentum from cementoenamel junction length, periodontal
pocket, inflamed epithelium length and rough surface of ce-
mentum was exhibited compared to NL group (Fig 2a). Sev-
eral roots’ resorption lining the cementum surface appeared
in the impaired periodontium (Fig 2b). Administration of GJ
ameliorated the symptoms of ligature-induced periodontal
disease. Inflamed periodontal epithelium was effectively pre-
vented by GJ, that GJ treatment decreased the thickness of
epithelial layer expanded by gingival inflammation in peri-
odontitis rat. In addition, the length of cementum from
cementoenamel junction, next to the periodontal pocket,
was statistically significantly diminished by GJ treatment.
Furthermore, resorption of alveolar bone as well as destruc-
tion of gum were markedly recovered in the GJ-treated
group. In addition, GJ treatment markedly inhibited the prog-
ress of cementum demineralisation compared with the liga-
tured group.

Gardenia jasminoides inhibited the osteoclast formation
in the both of alveolar bone and RANKL-induced RAW 264.7
cells.

In the L group, numerous TRAP-positive cells were shown
in the lesions of alveolar bone in periodontitis. The elevated
TRAP-positive cells decreased by GJ treatment (Fig 3a). In
addition, there was a statistically significant increase of ma-
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Fig 4 Effect of Gardenia
jasminoides on RANKL-in-
duced TNF-a and IL-6 pro-

duction in Raw 264.7 cells.

NOR, non-treated cells;
CON, RANKL alone-treated
cells; GJ1, GJ10 and
GJ100, RANKL with 1, 10
and 100 pg/ml GJ-treated
cells. Results are pre-
sented as mean = SEM.
(a) p <0.05 in comparison
with the NOR group. (b)

p <0.05 in comparison
with the CON group.

Fig 5 Effect of Gardenia
jasminoides on RANKL-in-
duced NF«B activation in
Raw 264.7 cells. NOR,
non-treated cells; CON,
RANKL alone-treated
cells; GJ1, GJ10 and
GJ100, RANKL with 1, 10
and 100 pg/ml GJ-treated
cells. Results are pre-
sented as mean + SEM.
(a) p <0.05 in compari-
son with the NOR group.
(b) p <0.05 in compari-
son with the CON group.

Fig 6 Effect of Gardenia
jasminoides on RANKL-in-
duced c-fos and ERK acti-
vation in Raw 264.7
cells. NOR, non-treated
cells; CON, RANKL alone-
treated cells; GJ1, GJ10
and GJ100, RANKL with
1, 10 and 100 pg/ml GJ-
treated cells. Results are
presented as

mean + SEM. (a) p <0.05
in comparison with the
NOR group. (b) p <0.05 in
comparison with the CON
group.
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ture multinucleated TRAP-positive osteoclasts in RANKL-
stimulated RAW 264.7 cells. GJ treatment statistically sig-
nificantly decreased osteoclast formation as shown in
images by light microscope (Fig 3b). 1, 10 and 100 pg/ml
GJ treatment showed the dose-dependent inhibition of
RANKL-induced osteoclastogenesis (17.36%, 21.15% and
31.00%, respectively), as determined by measuring the cel-
lular TRAP activity.

Gardenia jasminoides suppressed the RANKL-induced cyto-
kine production in RAW 264.7 cells.

RANKL stimulation in RAW 264.7 cells markedly induced
the production of TNF-a and IL-6. 1, 10 and 100 pg/ml GJ
treatment attenuated the increased levels of TNF-a and IL-6
in RANKL-induced osteoclast cells (Fig 4).

Gardenia jasminoides decreased the osteoclastogenesis-
related factors in RAW 264.7 cells.

In osteoclasts induced by RANKL treatment, the protein
expression of NF-xB was significantly 5.5 times increased.
RANKL-induced NF-«xB activation in RAW 264.7 cells was
significantly reduced by GJ treatment at all concentrations.
In addition, the phosphorylation of IkB-a was dose-depend-
ently inhibited in the presence of GJ in osteoclasts, com-
pared to only RANKL-treated cells (Fig 5).

The protein expression of c-fos was doubled in RANKL-
induced osteoclast in comparison of non-treated cells. GJ
reversed the increase of c-fos expression. Additionally, low,
middle, and high concentration of GJ treatment dose-de-
pendently inhibited the phosphorylation of ERK compared to
only RANKL-treated control cells (Fig 6).

DISCUSSION

Alveolar bone loss is a crucial indicator of periodontitis de-
velopment. The osteoclastic activity is excessively in-
creased over the course of periodontitis, leading to alveo-
lar bone loss.4 Therefore, inhibition of osteoclastic
resorption in alveolar bone could be a valuable therapeutic
approach to patients with periodontal diseases. In the
present study, severe alveolar bone resorption was shown
in rats with ligature-induced periodontitis. GJ treatment sig-
nificantly alleviated alveolar bone loss in periodontal le-
sions. In addition, cementum, a bone-like connective tis-
sue, undergoes excessive demineralisation with formation
of osteoclastic resorption pits in periodontitis.1® GJ treat-
ment recovered the demineralised structure of cementum
in periodontal lesions. A previous report showed that chlo-
rogenic acid derived from G. jasminoides inhibits lipopoly-
saccharide-induced periodontal bone loss via attenuating
osteoclastogenesis.1? Based on this report, TRAP-positive
osteoclasts were investigated in alveolar bone lesions to
clarify the underlying mechanism on antiperiodontitis ef-
fects of GJ. We found that GJ administration decreased the
TRAP-positive osteoclast formation in periodontal liga-
ments, demonstrating that GJ could attenuate the alveolar
bone resorption by anti-osteoclastic effects.

To confirm the molecular mechanism on anti-osteoclasto-
genetic effects, inhibition of RANKL-stimulated osteoclastic
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activity by GJ was evaluated in RAW 264.7 cells. During al-
veolar bone resorption in periodontitis, osteoclastogenesis
is promoted via multiple signalling processes such as acti-
vation of NF-xB and induction of c-fos followed by RANKL
binding to receptor activator of nuclear factor-kappa B
(RANK).17 GJ inhibited osteoclast formation not only in liga-
ture-induced periodontitis, but also in RANKL-stimulated
RAW 264.7 cells. In inflammatory osteoclastogenesis,
TNF-a and IL-6 plays an important role on activation of mac-
rophage colony-stimulating factor and RANKL.11 Increased
TNF-o. and IL-6 levels were suppressed in the presence of
GJ in osteoclast-like cells.

NF-xB and inhibitor protein IkB-a are key factors in regu-
lation of development, function and survival of osteo-
clasts.816 c-fos stimulates osteoclast differentiation by di-
rect activation of nuclear factor of activated T cells 1.2
Therefore, regulation of osteoclastogenesis-related factors
such as NF«B and c-fos might be helpful to inhibit osteo-
clast formation. In addition, the binding of RANKL to RANK
also simultaneously induces other signalling pathways such
as mitogen-activated protein kinase pathways.” The ERK
pathway is associated with pivotal signalling for osteo-
clasts.14 In this study, GJ ameliorated NF-xB activation and
phosphorylation of IkB-a. Also, c-fos expressions as well as
ERK expression were apparently decreased by GJ treatment
in RANKL-induced osteoclasts.

CONCLUSION

Taken together, GJ prevented periodontitis-induced alveolar
bone loss and demineralisation of cementum by inhibiting
osteoclast formation. These anti-osteoclast effects of GJ
are accompanied by the suppression of NF«B, c-fos and
ERK signalling pathways. Therefore, GJ might serve as a
novel alternative for preventing periodontitis.

REFERENCES

1. Angelakis E, Million M, Kankoe S, Lagier JC, Armougom F, Giorgi R, et al.
Abnormal weight gain and gut microbiota modifications are side effects
of long-term doxycycline and hydroxychloroquine treatment. Antimicrob
Agents Chemother 2014;58:3342-3347.

2. Asagiri M, Takayanagi H. The molecular understanding of osteoclast dif-
ferentiation. Bone 2007;40:251-264.

3. Celebi S, Hacimustafaoglu M, Aygun D, Arisoy ES, Karali Y, Akgoz S, et
al. Antipyretic effect of ketoprofen. Indian J Pediatr 2009;76:287-291.

4. Cochran DL. Inflammation and bone loss in periodontal disease. J Peri-
odontol 2008;79:1569-1576.

5. Eke PI, Dye BA, Wei L, Thornton-Evans GO, Genco RJ. Prevalence of peri-
odontitis in adults in the United States: 2009 and 2010. J Dent Res
2012;91:914-920.

6. Han J, Menicanin D, Gronthos S, Bartold PM. Stem cells, tissue engineer-
ing and periodontal regeneration. Aust Dent J 2014;59 Suppl 1:117-130.

7. HuX, Ping Z, Gan M, Tao Y, Wang L, Shi J, et al. Theaflavin-3,3'-digallate
represses osteoclastogenesis and prevents wear debris-induced osteoly-
sis via suppression of ERK pathway. Acta Biomater 2017;48:479-488.

8. Jiang X, Dong S, Liao Y, Liu H. The role of NF-kappa B and I-kappa B in in-
timal proliferation following balloon catheter-induced injury in the rat ca-
rotid artery. J Huazhong Univ Sci Technolog Med Sci 2008;28:33-36.

9. Jung WS, Chae YS, Kim DY, Seo SW, Park HJ, Bae GS, et al. Gardenia
Jjasminoides protects against cerulein-induced acute pancreatitis. World J
Gastroenterol 2008;14:6188-6194.

Oral Health & Preventive Dentistry



Lee et al

10.

11.

12.

13.

14.

Karlsson |, Persson E, Ekebergh A, Martensson J, Borje A. Ketoprofen-in-
duced formation of amino acid photoadducts: possible explanation for pho-
tocontact allergy to ketoprofen. Chem Res Toxicol 2014;27:1294-1303.

Kitaura H, Kimura K, Ishida M, Kohara H, Yoshimatsu M, Takano-Yamamoto
T. Immunological reaction in TNF-alpha-mediated osteoclast formation and
bone resorption in vitro and in vivo. Clin Dev Immunol 2013;2013:181849.
Kwak SC, Lee C, Kim JY, Oh HM, So HS, Lee MS, et al. Chlorogenic acid
inhibits osteoclast differentiation and bone resorption by down-regulation
of receptor activator of nuclear factor kappa-B ligand-induced nuclear factor
of activated T cells c1 expression. Biol Pharm Bull. 2013;36:1779-1786.
Mansour-Ghanaei F, Shafaghi A, Fallah M. The effect of metronidazole in
treating human fascioliasis. Med Sci Monit 2003;9:P1127-PI130.
Miyazaki T, Katagiri H, Kanegae Y, Takayanagi H, Sawada Y, Yamamoto
A, et al. Reciprocal role of ERK and NF-kappaB pathways in survival and
activation of osteoclasts. J Cell Biol 2000;148:333-342.

Vol 18, No 4, 2020

15.

16.

17.

18.

19.

Paknejad M, Khorsand A, Yaghobee S, Motahhari P, Etebarian A, Bayani
M, et al. Cementogenesis in patients with localized aggressive periodon-
titis. J Dent (Tehran) 2015;12:347-351.

Soysa NS, Alles N. NF-kappaB functions in osteoclasts. Biochem Biophys
Res Commun 2009;378:1-5.

Sun H, Li Q, Zhang Y, Bi Y, Li X, Shu Y, et al. Regulation of OPG and
RANKL expressed by human dental follicle cells in osteoclastogenesis.
Cell Tissue Res 2015;362:399-405.

Wang HY, Lin L, Fu W, Yu HY, Yu N, Tan LS, et al. Preventive effects of
the novel antimicrobial peptide Nal-P-113 in a rat periodontitis model by
limiting the growth of Porphyromonas gingivalis and modulating IL-1beta
and TNF-alpha production. BMC Complement Altern Med 2017;17:426.
Zhang H, Feng N, Xu YT, Li TX, Gao XM, Zhu Y, et al. Chemical constitu-
ents from the flowers of wild Gardenia jasminoides J.Ellis. Chem Biodiv-
ers 2017;14. doi: 10.1002/¢cbdv.201600437.

805



