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Objective: To isolate high-purity gentiopicroside from the Chinese herbal Gentiana officinalis and investi- 

gate its anti-inflammatory activity against iNOS and COX-2 targets. 

Methods: The purity and structures of gentiopicroside were determined by HPLC, IR, NMR, and MS. The 

anti-inflammatory effects of gentiopicroside were investigated by in vivo, in vitro, and molecular experi- 

ments. 

Results: In vitro experiment results showed that gentiopicroside inhibited nitric oxide (NO), prostaglandin 

E2 (PGE 2 ), and interleukin-6 (IL-6) production in mouse macrophages RAW 264.7 stimulated by 

lipopolysaccharide. In vivo experiment found that xylene-induced mouse ear swelling was inhibited by 

gentiopicroside with an inhibition rate of 34.17%. Molecular docking of cyclooxygenase-2 (COX-2) and in- 

ducible nitric oxide synthase (iNOS) with gentiopicroside showed that hydrogen bonds (H-bonds) were 

formed between the sugar fragments in gentiopicroside structure with Tyr355, Ser353, Leu352, Ser530, 

Arg120, and His90 of COX-2, and Glu377, Asp382, Tyr373, Tyr347, Gln263, Asn370, and Gly371 of iNOS. 

Thus, gentiopicroside had a lower docking score and displayed satisfactory anti-inflammatory activities. 

Conclusion: These results suggested that the mechanism of anti-inflammatory activity of gentiopicroside 

was associated with the downregulation of inflammatory cytokines, such as NO, PGE 2 , and IL-6, and the 

suppression of iNOS and COX-2. Therefore, gentiopicroside is a potential and selective iNOS and COX-2 

inhibitor. 

© 2018 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved. 
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1. Introduction 

Inflammation is a common clinical disease worldwide ( Jo

et al., 2017; Khatri, Indalkar, Patil, Goyal, & Chaturbhuj, 2017; Li

et al., 2017 ). Excessive secretion of inflammatory cytokines, such

as nitric oxide (NO), prostaglandin E2 (PGE 2 ), and interleukin-

6 (IL-6), and tumor necrosis factor- α (TNF- α), is one of the

leading causes of inflammation ( Li et al., 2017; Niu et al.,

2016 ). Among pro-inflammatory mediators, NO and PGE 2 are

some of the most important chemokines for inflammation ( Li

et al., 2017; An et al., 2017 ). Overproduction of NO and

PGE 2 is associated with the overexpression iNOS and COX-
∗ Corresponding authors. 
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 ( Lee et al., 2017 ). INOS and COX-2 are two main targets

n current inflammation research and treatment; The production

f inflammatory cytokines NO and PGE 2 would be controlled by

nhibiting their activity (Khatri C K et al., 2017; Kiem, Huyen, &

ang, 2017; Lee et al., 2017 ). Thus, selective COX-2 and iNOS in-

ibitors should be given particular attention for the treatment of

nflammation. 

The natural product gentiopicroside belongs to iridoid gly-

osides, which is widely distributed in Gentianaceae plants

 Xiong, Gao, Zhang, Wang, & Han, 2017 ; Ma, Xiao, & Wang,

006). It is the main active constituent of many Chinese mate-

ia medica, such as Gentiana macrophylla Pall ( Wang et al., 2015 ).

 large number of pharmacological studies found that gentiopi-

roside shows many activities including antiproliferative activity,

ound healing activity, and choleretic, anti-hepatotoxic, adapto-

enic, and analgesic effects ( Wu et al., 2017; Zhao et al., 2015 ). The
ll rights reserved. 
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Table 1 

Effects of gentiopicroside on xylene-induced ear-swelling in mice (mean ± SD, 

n = 10). 

Groups Dose / (mg ·kg −1 ) Edema degree/mg Inhibition / % 

Control — 12.81 ± 3.59 —

Celecoxib 66.67 6.91 ± 2.67 ∗∗ 46.05 

Gentiopicroside 100 8.40 ± 3.14 ∗ 34.17 

Note: ∗P < 0.05, ∗∗P < 0.01 vs control group 

Fig. 1. HPLC chromatograms (A) and structure (B) of gentiopicroside. 
nti-inflammatory activity of gentiopicroside has been reported,

uch as in the treatment of osteoarthritis ( Zhao et al., 2015 ) and

nflammatory bowel disease ( Niu et al., 2016 ). Moreover, it is safe

nd nontoxic, and causes few side-effects ( Niu et al., 2016 ). How-

ver, the mechanism of the anti-inflammatory activity of gentiopi-

roside and its relationship with inflammation targets COX-2 and

NOS are lacking. 

This study aimed to determine the anti-inflammatory activity

nd mechanism of gentiopicroside by in vivo, in vitro , and molecu-

ar docking experiments. 

. Materials and methods 

.1. Materials and reagents 

Gentiana officinalis H. Smith was obtained from GanNan (Gansu,

hina) and identified by Dr. Ling Jin from Gansu University of Chi-

ese Medicine. Gentiopicroside was isolated in our laboratory. The

ouse macrophage RAW 264.7 was purchased from Procell Life

cience and Technology Co., Ltd. (Wuhan, China). MTT, LPS and

ther biological reagents were purchased from Sigma-Aldrich Co.,

LC. (St. Louis, MO, USA). Griess assays (using determined NO),

GE 2 , and IL-6 ELISA Kits were purchased from Neobioscience Co.,

td. (Shenzhen, China), ZORBAX SB-C 18 column (250 mm × 4.6 mm,

 μm, Agilent, USA). 

.2. Animals 

KM mice [SPF, (20 ± 2) g] were provided by the Laboratory An-

mal Center of Gansu University of Chinese Medicine (SCXK2011-

 0 01, Lanzhou, China). The mice were housed under con-

rolled conditions [relative humidity of (60 ± 5)% at temperature

25 ± 2) °C] at a 12/12 h day/night cycle. Standard laboratory food

nd water were provided. All animal experiments were approved

y the Institutional Animal Care and Use Committee of Gansu Uni-

ersity of Chinese Medicine. The mice were subjected to fasting for

t least 12 h before the experiments and had free access to water

 Xiong et al., 2017 ). 

.3. Preparation of gentiopicroside 

Gentiopicroside was isolated as a white needle crystal from G.

fficinalis according to previous experiments ( Zhao et al., 2015 ),

ethods as the following: The G. officinalis plant (10 kg) was pow-

ered and extracted with boiling water three times, the extract

olution was subjected to chroma-tography on D101 macroporous

esin column and the 30% alcohol elution was concentrated un-

er low pressure, next, a column-chromatography on silicagel was

erformed with EtOAc:MeOH:H 2 O (20:2:1) as the mobile phase.

he purity of gentiopicroside was determined by high-performance

iquid chromatography (HPLC). The HPLC analysis was performed

sing a ZORBAX SB-C 18 column (250 mm × 4.6 mm, 5 μm), the

emperature of the column was set at 25 °C, the mobile phase

as a mixture of methanol and water (25:75) at a flow rate of

.0 mL/min, the detection wavelength was set at 274 nm. 13 C NMR

DEPT), 1 H NMR, MS, and IR spectra were used to elucidate the

tructure. 

.4. Ear-swelling model preparation 

The mice were divided randomly into three groups, consisting

f ten mice per group. Mice in each group were administered ac-

ording to the medium dose in Table 1 for 3 d. The last day each

nimal received 0.1 mL of xylene on the anterior and posterior sur-

aces of the right ear lobe. The left ear was considered as control.

fter 15 min, the animals were killed by cervical dislocation and
oth ears were sampled. Circular sections were taken, using a cork

orer with a diameter of 9 mm, and weighed. The degree of ear

welling was calculated based on the weight of left ear without

pplying xylene ( Feng, Cheng, Chen, Yang, & Huang, 2010 ). 

.5. Anti-inflammatory activity 

The anti-inflammatory activities of gentiopicroside were inves-

igated by in vivo and in vitro experiments. In the in vitro study,

he anti-inflammatory activities of gentiopicroside against inflam-

atory cytokines including NO, PEG 2 , and IL-6 were evaluated

n mice macrophages RAW264.7 stimulated by LPS. NO level was

etermined using Griess assay; PGE 2 and IL-6 levels were de-

ermined using ELISA Kits ( Bist et al., 2017; Dirsch, Stuppner, &

ollmar, 1998; Guo et al., 2017; Zhang et al., 2015 ). The in vivo

nti-inflammatory activities of gentiopicroside were evaluated us-

ng xylene-induced ear-swelling mice model. 

.6. Molecular docking of COX-2 and iNOS with gentiopicroside 

Molecular docking experiments have realized through the cal-

ulation of Induced Fit Docking method in Schrodinger Software. 

. Results 

.1. Isolation and structure elucidation of gentiopicroside 

Fig. 1 A demonstrated typical chromatograms of gentiopicro-

ide with purity > 99%. The structure of gentiopicroside ( Fig. 1 B)

as identified on the basis of its spectral data. Data showed that

he molecular formula was C 16 H 20 O 9 . HR-ESI-MS at m/z 357.1049

M + H] + (calcd357.1048), IR (KBr) ν (cm 

−1 ) 3385.19, 2922.85,

702.45, 1609.92, 1075.12. 1 H NMR (400 MHz, CDCl 3 , δ in ppm, J

n Hz): 5.68 (1H, d, H-1), 7.47 (1H, s, H-3), 5.64 (1H, s, H-6), 5.05

2H, m, H-7a, H-7b), 5.78 (1H, ddd, J = 24.0, 12.0, 8.0 Hz, H-8), 3.29

1H, m, H-9), 5.25 (2H, m, H-10a, H-10b), 4.67 (1H, d, J = 8.0 Hz,

-1 ′ ), 3.47 (1H, s, H-2 ′ ), 3.35 (1H, overlaps, H-3 ′ ), 3.19 (1H, m, H-

 

′ ), 3.37 (1H, overlaps, H-5 ′ ), 3.92 (1H, dd, J = 12.0, 4.0 Hz, H-6 ′ a),
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3.68 (1H, dd, J = 12.0, 8.0 Hz, H-6 ′ b). 13 C NMR (100 MHz, CDCl 3 , δ in

ppm): 97.1 (C-1), 149.2 (C-3), 103.6 (C-4), 125.6 (C-5), 115.8 (C-6),

69.5 (C-7), 133.6 (C-8), 45.2 (C-9), 117.1 (C-10), 164.9 (C-11), 98.8

(C-1 ′ ), 73.2 (C-2 ′ ), 76.6 (C-3 ′ ), 70.1 (C-4 ′ ), 77.0 (C-5 ′ ), and 61.4 (C-

6 ′ ). 

3.2. In vitro anti-inflammatory activitiy 

The mouse macrophages RAW264.7 were cultured at 37 °C in a

humidified 5% CO 2 atmosphere. First, cell viability via MTT assay

showed that gentiopicroside had no cytotoxicity within 100 μg/mL

concentration. Accordingly, we set the concentration of compounds

to 100, 50, and 25 μg/mL to examine the anti-inflammatory effects.

Cells were pretreated with LPS (1 μg/mL) for 24 h except for the

normal group, and then incubated with gentiopicroside (100, 50,

and 25 μg/mL) for 24 h except the normal group and model group;

Celecoxib was used as reference drug. NO, PGE 2 , and IL-6 produc-

tion from LPS-stimulated RAW 264.7 cells was assessed after treat-

ment with gentiopicroside. Results showed that NO, PGE 2 , and IL-6

production were strongly reduced ( Fig. 2 ) after treatment (100, 50,

and 25 μg/mL) compared with the model group (no drug interven-

tion, adding equal volume of medium. P < 0.05). 

3.3. In vivo anti-inflammatory activitiy 

Ear edema induced by xylene in mice is an acute inflamma-

tory model mediated by chemical substances. This model is mainly

used to evaluate the effect of drugs on the increase of vascular per-

meability and inflammatory exudation in the early stage of inflam-

mation, so as to reflect the effect of drugs on acute inflammation. 

The target compounds were administered at 100 mg/kg,

and Celecoxib (66.67 mg/kg) was used as reference drug. Re-

sults showed that gentiopicroside exhibited significant anti-

inflammatory activities ( P < 0.05) with an inhibition rate of 34.17%

( Table 1 ). 
Fig. 2. Effect of gentiopicrosideon LPS-induced NO (A), PGE 2 (B), and IL-6 (C) production 

N: Normal group; M: Model group; G: Gentiopicroside group; C: Celecoxib group. 

Fig. 3. 3D (A), and 2D (B) docking mod
.4. Molecular docking of COX-2 and iNOS with gentiopicroside 

Molecular docking experiment is a new method that using com-

uter simulation of compound structure and related disease target

o carry out molecular docking, calculate and analyze the biologi-

al activity of compound, and screen the pharmacodynamic mate-

ial basis. This method could quickly and efficiently discover some

ew lead compounds with biological activity from the database. 

The experiments results showed that inflammation target COX-

 (PDB code: 5IKR) and iNOS (PDB code: 3E7G) with gentiopicro-

ide have strong interactions. Hydrogen bonds were formed be-

ween the sugar fragments in the gentiopicroside structure with

yr355, Ser353, Leu352, Ser530, Arg120, and His90 of COX-2

 Fig. 3 ), and Glu377, Asp382, Tyr373, Tyr347, Gln263, Asn370, and

ly371 of iNOS ( Fig. 4 ), thus, gentiopicroside had a lower dock-

ng score and binding energy ( Table 2 ). This finding theoretically

xplains that gentiopicroside structure could combine with inflam-

ation target COX-2 and iNOS effectively, and showed inhibition

o the expression of inflammatory targets, it is consistent with the

esults of previous experiments ( Abdelall et al., 2017; Qin et al.,

017 ). From this we came to a conclusion that gentiopicroside had

he anti-inflammatory activity. 

. Discussion and conclusion 

Inflammation is a common clinical diseases worldwide, it seri-

usly threaten the health of human beings and has an increasing

ncidence. Nonsteroidal anti-inflammatory drugs (NSAIDs) are the

rst-line drugs to treat inflammation, they mainly include COX-2

elective inhibitors, such as Celecoxib. However, NSAIDs increase

he risk of cardiovascular and gastrointestinal diseases. Based on

he current state of adverse reaction of NSAIDs, searching effec-

ive and safe COX-2 selective inhibitors from natural products is

n effective way. The natural product gentiopicroside belongs to

ridoid glycosides, which are widely distributed in Chinese herbal

edicine G. officinalis . 
in RAW 264.7 macrophages. (mean ± SD, n = 3). 

el of gentiopicroside with COX-2. 
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Fig. 4. 3D (A), and 2D (B) docking model of gentiopicroside with iNOS. 

Table 2 

Binding energy and docking score of gentiopicroside with iNOS and COX-2. 

Compound COX-2 (5ikr) iNOS (3e7g) 

gentiopicroside docking score −13.329 docking score −11.386 

mmGBSA /(kcal ·mol −1 ) −96.050 mmGBSA/(kcal ·mol −1 ) −86.877 
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In this paper, high-purity gentiopicroside was isolated and pu-

ified, and confirmed by HPLC, IR, NMR, and MS analyses. The anti-

nflammatory activity has been investigated by in vivo, in vitro , and

olecular docking experiments. The in vitro study found that gen-

iopicroside could inhibit the production of NO, PGE 2 , and IL-6 in

PS-stimulated mouse macrophage RAW 264.7. Overproduction of

O and PGE 2 in LPS-stimulated cells is associated with the overex-

ression of iNOS and COX-2 in cells ( Lee et al., 2017 ), so gentiopi-

roside could inhibit expression of iNOS and COX-2. The in vivo

xperiment results indicated that gentiopicroside could exhibit

nti-inflammatory activity to xylene-induced mice ear-swelling

odel effectively, so gentiopicroside has therapeutic effect on

cute inflammation mediated by chemical substances. These find-

ngs suggested that the anti-inflammatory activity of gentiopicro-

ide was associated with the downregulation of the inflammatory

ytokines NO, PGE 2 , and IL-6. Molecular docking experiments indi-

ated that gentiopicroside could effectively combine with inflam-

ation targets COX-2 and iNOS by H-bonds and to suppress COX-2

nd iNOS expression, thereby facilitating the anti-inflammatory ac-

ivity. Therefore, we conclude that gentiopicroside may be a poten-

ial and selective iNOS and COX-2 inhibitor. This study will be very

elpful for the design and development of novel anti-inflammatory

gents in drug field. 

However, the anti-inflammatory activity of gentiopicroside is

ower than the first-line drug Celecoxib, likely due to the pres-

nce of sugar fragments in its structure, which resulted in high hy-

rophilicity. This characteristic leads to reduction of oral bioavail-

bility, acceleration of metabolism, shortening of half-life, and

estriction of the effectiveness. Our group will conduct the further

esearch to address this issue. 
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