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Abstract

Background: Osteoarthritis (OA) is a chronic joints disease characterized by progressive degeneration of articular cartilage
due to the loss of cartilage matrix. Previously, we found, for the first time, that an acidic glycan from Angelica Sinensis
Polysaccharides (APSs), namely the APS-3c, could protect rat cartilage from OA due to promoting glycosaminoglycan (GAG)
synthesis in chondrocytes. In the present work, we tried to further the understanding of ASP-3c’s anti-OA activity.

Methodology/Principal Findings: Human primary chondrocytes were treated with APS-3c or/and recombinant human
interleukin 1b (IL-1b). It turned out that APS-3c promoted synthesis of UDP-xylose and GAG, as well as the gene expression
of UDP-sugar synthases (USSs), insulin like growth factor 1 (IGF1) and IGF1 receptor (IGF1R), and attenuated the
degenerative phenotypes, suppressed biosynthesis of UDP-sugars and GAG, and inhibited the gene expression of USSs, IGF1
and IGF1R induced by IL-1b. Then, we induced a rat OA model with papain, and found that APS-3c also stimulated GAG
synthesis and gene expression of USSs, IGF1 and IGF1R in vivo. Additionally, recombinant human IGF1 and IGF1R inhibitor
NP-AEW541 were applied to figure out the correlation between stimulated gene expression of USSs, IGF1 and IGF1R induced
by APS-3c. It tuned out that the promoted GAG synthesis and USSs gene expression induced by APS-3c was mediated by
the stimulated IGF1 and IGF1R gene expression, but not through directly activation of IGF1R signaling pathway.

Conclusions/Significances: We demonstrated for the first time that APS-3c presented anti-OA activity through stimulating
IGF-1 and IGF1R gene expression, but not directly activating the IGF1R signaling pathway, which consequently promoted
UDP-sugars and GAG synthesis due to up-regulating gene expression of USSs. Our findings presented a better
understanding of APS-3c’s anti-OA activity and suggested that APS-3c could potentially be a novel therapeutic agent for OA.
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Introduction

Osteoarthritis (OA) is a chronic joint disease with a high

prevalence in elderly people, which is characterized by progressive

degradation of articular cartilage [1,2]. An imbalance between

anabolism and catabolism of chondrocytes leads to loss of matrix

components including collagens and glycosaminoglycan (GAG)

chains, which consequently triggers the continuous degradation of

articular cartilage [3]. Current pharmacological therapies for OA

are mainly analgesics, nonsteroidal anti-inflammatory drugs and

other symptomatic slow-acting drugs (SYSADOA), which mainly

act on pain relief and mobility improvement but with dissatisfac-

tory effects on alleviating cartilage degeneration [4,5,6].

Angelica sinensis is a traditional herbal medicine that has long

been applied to relieve the pain and slow the progress of OA. But

what the therapeutic ingredient is and how it works still remains

unclear. Angelica sinensis polysaccharides (APSs) are natural

polysaccharides extracted from the root of Angelica sinensis,
which have been proved beneficial in multiple disease models

including cancer, ischemia-reperfusion, inflammation, leukopenia,

ulcerative colitis and hepatic injury [7,8,9,10,11,12,13]. APS-3c is

an acidic glycan from APSs [14]. In the previous work, we found,
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for the first time, that ASP-3c could protect rat cartilage from OA

due to promoting GAG synthesis [15]. However, more detailed

study on the anti-OA activity of APS-3c is still needed.

In mammals, GAG synthesis starts with the step-wise addition of

carbohydrate moieties from the corresponding high energy

donors, uridine diphosphate sugars (UDP-sugar) onto the serine

residues of the core protein by certain glycosyltransferases (GTs)

[16]. These compounds are the products of a series of UDP-sugar

synthases (USSs). The UDP-xylose synthase 1 (UXS1) catalyzes

the formation of UDP-xylose (UDP-xyl) through decarboxylation

of UDP-glucuronic acid (UDP-GlcA) [17], the product of UDP-

glucose 6-dehydrogenase (UGDH) from UDP-glucose [18]. In the

Leloir pathway of galactose metabolism, galactose-1-phosphate

uridylyltransferase (GALT) catalyzes the conversion of UDP-

glucose and UDP-galactose [19], while UDP-galactose-4-epimer-

ase (GALE) catalyzes the reversible conversion of UDP-galactose

to UDP-glucose and from Uridine diphospho-N-acetylglucosa-

mine (UDP-GlcNAc) to UDP-N-acetylgalactosamine (UDP-Gal-

NAc) [19]. All these UDP-sugars are essential for GAG chain

elongation and/or sorting [20].

The process of GAG synthesis in articular cartilage is regulated

by multiple cytokines and growth factors, among which are

interleukin b (IL-1b) and insulin like growth factor 1 (IGF-1)

[21,22]. As a typical pro-inflammatory factor in OA pathophys-

iology, IL-1b could inhibit synthesis of GAG due to decrease gene

expression and enzyme activity of GTs [23,24]. On the contrary,

IGF-1 is one of the key protective factors of cartilage. It reported

that IGF-1 could attenuate the catabolic and degenerative changes

induced by IL-1b in chondrocytes [25]. The binding of IGF1 to

IGF1 receptor (IGF1R) leads to the autophosphorylation of the

receptor, and subsequently induces insulin receptor substrates

(IRS) and Src homology/collagen domain protein, which conse-

quently activate the PI3K/Akt and MEK/ERK signaling

pathways [26,27,28]. However, IGF-1 enhances GAG synthesis

in human primary chondrocyte mainly through the PI3K/Akt

pathway but not the MEK/ERK pathway [29].

To further investigate the possible mechanism involved in the

anti-OA activities of APS-3c, we tested the effects of APS-3c on

UDP-sugar synthesis in vitro, as well as the gene expression of

USSs, IGF-1 and IGF1R both in vivo and in vitro. Then,

exogenous IGF-1, IL-1b and IGF1R inhibitor NVP-AEW541

were used to figure out whether IGF-1 and IGF1R mediated the

promotion of APS-3c on the USSs gene expression and the

consequent GAG synthesis in human primary chondrocytes. As

such, this study would contribute to a better understanding of the

anti-OA activities of APS-3c.

Materials and Methods

Materials
DMEM/F12 (1:1) and fetal bovine serum (FBS) were supplied

by Thermo Scientific (Beijing, China). Recombinant human IL-1b
and IGF-1 were bought from PeproTech (NJ, USA). Cell

Counting Kit-8 (CCK-8) was acquired from Dojindo (Kumamoto,

Japan). Collagenase type II, Chondroitin sulfate sodium salt from

shark cartilage, 1,9-dimethylmethylene Blue (DMB), Alcian blue

dye and Uridine 59-diphospho-N-acetylglucosamine sodium salt

(UDP-GlcNAc) were obtained from Sigma-Aldrich (MO, USA).

UDP-xyl was obtained from CarboSource Services (GA, USA).

Ultrafiltration membranes were obtained from Millipore (MA,

USA). CarboPac PA20 Carbohydrate Column was supplied by

Dionex (CA, USA). TRIzol reagent was obtained from Life

Technologies (NY, USA). First Strand cDNA Synthesis Kit and

real time quantitative polymerase chain reaction (RT-PCR) kits

were purchased from Takara Biotechnology (Dalian, China).

Oligonucleotide primers were synthesized by Sangon Biotech

(Shanghai, China). Anti-GALE, anti-GALT, anti-UGDH, anti-

UXS1, anti-IGF1 and anti-GAPDH polyclonal antibodies were

obtained from Proteintech (CHI, USA). Anti-IGF1R and anti-

IRS1 polyclonal antibodies were obtained from Santa Cruz

Biotechnology (CA, USA). Anti-phosphorylated-IRS1 (Y612)

antibody was supplied by Abcam (Cambridge, UK). Western

Bright ECL HRP substrate was purchased from Advansta (CA,

USA). RIPA lysis buffer and BCA Protein Assay Kit were

purchased from Beyotime Institute of Biotechnology (Haimen,

China). NVP-AEW541 was obtained from Novartis Pharma AG

(Basel, Switzerland). APS-3c was a gift from Professor Mei Qibing

Table 1. Primer sequences and the optimal PCR conditions.

Genes Accession number Sequence Product size (bp) Tm (uC)

GALE NM_000403 F: 59-GGCAGACAAGACTTGGAACGC-39 131 58

R: 59-TCGCCACCTGGGAGACATAA-39

GALT NM_000155.3 F: 59-AGCGTGATGATCTAGCCTCCA-39 217 60

R: 59-GCAAGCATTTCGTAGCCAACC-39

UGDH NM_003359.3 F: 59-CAGGCTATGTTGGAGGACCC-39 162 60

R: 59-TCGACAGGATTCTACCACTTCTT-39

UXS1 NM_001253875.1 F: 59-TCCCGCTGGAGGAAGGTTTA-39 101 60

R: 59-TCTGGCAGGCTTTGGTTTGG-39

IGF-1 NM_001111285.1 F: 59-GATGTATTGCGCACCCCTCA-39 168 60

R: 59-TTCTGTTCCCCTCCTGGATGT-39

IGF1R NM_000875.3 F: 59-GAGAACATGGAGAGCGTCCC-39 220 60

R: 59-CCAAGGATCAGCAGGTCGAA-39

GAPDH NM_002046.4 F: 59-GAAATCCCATCACCATCTTCCAG-39 313 60

R: 59-GAGTCCTTCCACGATACCAAAG-39

RT-PCR, real time quantitative polymerase chain reaction; GALE, UDP-galactose-4-epimerase; GALT, galactose-1-phosphate uridylyltransferase; UGDH, UDP-glucose 6-
dehydrogenase; UXS1, UDP-xyl synthase 1; IGF-1, insulin like growth factor 1; IGF1R, IGF-1 receptor; GAPD, glyceraldehyde-3-phosphate dehydrogenase.
doi:10.1371/journal.pone.0107024.t001
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from the Fourth Military Medical University of China [14]. Other

chemicals and reagents were of analytical grade.

Cartilage specimen
Human articular cartilage was obtained in total knee replace-

ment surgery from patients (11 knees of 8 female patients, aged

66610 years), who were diagnosed with OA using the criteria of

the American College of Rheumatology for OA [30]. The protocol

was in accordance to the ethical guidelines of the Declaration of

Helsinki and approved by Medical Ethics Committee of the

Zhongnan Hospital of Wuhan University (Approval Number,

2012030). Informed consent was obtained from each donor as

written form.

Pathogen-free male adult Wistar rats (weighed 220–280 g) were

supplied by Experimental Centre of Medical Scientific Academy

of Hubei province, which also approved animal study protocol

applied in the study (No. 2008–0005). The protocol was in

accordance with the Guide for the Care and Use of Laboratory

Animals (eighth edition) by the National Research Council of the

United States National Academies. The animal study was

performed in the Animal Biosafety Level 3 Laboratory of Wuhan

University (Wuhan, China) accredited by the AAALAC Interna-

tional. The OA model was induced as described previously [15].

Then, all the rats were anaesthetized using isoflurane through

inhalation, and subsequently sacrificed by cervical dislocation for

the knee joints.

Histopathology assay
Cartilage samples from the weight-bearing area of the knee joint

were applied in pathological test, which were fixed in 4%

paraformaldehyde overnight and embedded in paraffin wax,

successively. Then, cartilage sections of 5 mm were obtained

perpendicularly to the surface of articular cartilage. Safranin O

staining was performed according to the standard protocol.

Moreover, protein level of UGDH, GALE, IGF-1 and IGF1R

of the cartilage was also detected using immunohistochemistry

(IHC) assay as previously described [31,32]. And relative protein

level was presented as mean optical density (MOD) of each

chondrocytes using NIS-elements software (Nikon, Tokyo, Japan).

Isolation and treatment of human primary chondrocytes
Chondrocytes were obtained from macroscopically normal

areas of cartilage and cultured as a monolayer using DMEM/

F12 (1:1) with 10% (v/v) fetal bovine serum, 100 IU/ml penicillin,

100 mg/ml streptomycin, and 2 mM glutamine at 37uC with 5%

CO2. Then, chondrocytes were treated with 2, 10 and 50 mg/ml

APS-3c (or 2, 10 and 50 ng/ml IGF-1) alone for 48 h, or pre-

treated with 10 ng/ml IL-1b for 30 min and subsequently co-

treated with the IL-1b and 2, 10 and 50 mg/ml APS-3c (or 50 ng/

ml IGF1) for another 48 h, to detect the GAG synthesis and USSs

gene expression. Chondrocytes were also treated with 50 ng/ml

IGF1 or 10 mg/ml APS-3c for 30 min, or pre-treated with 1 mM
NVP-AEW541 for 30 min and then co-treated with the NVP-

AEW541 and 10 mg/ml APS-3c or NVP-AEW541 and 50 ng/ml

Figure 1. APS-3c stimulated glycosaminoglycan (GAG) and UDP-sugar synthesis in vitro. A, Total GAG were detected in chondrocytes
treated with 2,10 and 50 mg/ml ASP-3c, or pre-treated with 10 ng/ml interleukin 1 beta (IL-1b) for 30 min and consequently co-treated with IL-1b and
ASP-3c for another 48 h using DMB assay. B, UDP-sugar content in chondrocytes was also detected with high-performance anion-exchange
chromatography using a CarboPac PA20 carbohydrate column. a, control; b, chondrocytes treated with 50 mg/ml ASP-3c for 48 h; c, chondrocytes
treated with 10 ng/ml IL-1b for 48 h; d, chondrocytes pre-treated with 10 ng/ml IL-1b for 30 min, and subsequently co-treated with the IL-1b and
50 mg/ml ASP-3c for another 48 h. C, UDP-sugar contents were presented as peak areas compared with standards and normalized to the total
protein. Values were presented as mean 6 S.E.M. from three independent experiments. mAU, milli absorbance unit. *P,0.05 versus control group;
#P,0.05, ##P,0.01 versus IL-1b group.
doi:10.1371/journal.pone.0107024.g001
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IGF1 for another 30 min, to detect the phosphorylated IRS-1.

Moreover, for the assay of GAG synthesis and USSs gene

expression, chondrocytes were also pre-treated with 1 mM NVP-

AEW541 for 30 min and then co-treated with the NVP-AEW541

and 10 mg/ml APS-3c for another 48 h.

Cell viability assay
Chondrocytes were cultured in 96-well plates at 26104 cells/ml

and treated as described above. Then, the medium was replaced

with 100 ml serum-free DMEM/F12 containing 10 ml CCK-8

reagent. Absorbance of each well was determined at 450 nm using

a UV-1601 spectrophotometer (Shimadzu, Kyoto, Japan).

Transmission electron microscopy
Transmission electron microscopy observation was performed

as previously described [33]. The chondrocytes were fixed in

Karnovsky’s fixative for 30 min and post-fixed in a 1% OsO4

solution. Then, samples were dehydrated in increasing ethyl

Figure 2. APS-3c modulated gene expression of UDP-sugar synthases in vitro. A, The mRNA levels of UDP-galactose-4-epimerase (GALE),
galactose-1-phosphate uridylyltransferase (GALT), UDP-glucose 6-dehydrogenase (UGDH), and UDP-xyl synthase 1 (UXS1) were detected in
chondrocytes treated with 2,10 and 50 mg/ml ASP-3c, or pre-treated with 10 ng/ml interleukin 1 beta (IL-1b) for 30 min and consequently co-treated
with IL-1b and ASP-3c for another 48 h using real time quantitative PCR assay. B and C, The protein level of GALE, GALT, UGDH and UXS1 was also
detected using Western blotting assay. Then, the mean optical density of each lane was analyzed. Values were presented as mean 6 SEM from three
independent experiments. *P,0.05, **P,0.01 versus control group; #P,0.05, ##P,0.01versus IL-1b group.
doi:10.1371/journal.pone.0107024.g002
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alcohol concentrations, embedded in Epon, and cut on a LKB-V

ultramicrotome (Bromma, Kista, Sweden). 2% (w/v) uranyl

acetate/lead citrate was used for contrasting these ultrathin

sections. Then, the ultrastructures of chondrocytes were observed

and photographed using a H-600 TEM (Hitachi, Tokyo, Japan) at

a magnification of 15,000.

GAG assay
Both supernatant and chondrocyte-associated GAG were

collected using papain extraction reagent and dyed using DMB

color reagent as reported [34,35]. Absorbance was detected using

a UV-1601 spectrophotometer. A standard curve constructed

using chondroitin sulfate sodium salt was applied to quantify the

total GAG of the chondrocyte cultures. Total protein of the

cultures was also quantified to calibrate the total GAG of each

chondrocyte culture. Then, Chondrocytes cultured on coverslips

were fixed in 10% (w/v) neutral formalin for 15 min at room

temperature, stained overnight at 4uC with 0.5% (w/v) Alcian blue

dye and photographed using an AZ100 Microscopes (Nikon,

Tokyo, Japan). MOD of each chondrocyte was obtained using

NIS-Elements software.

Real time quantitative PCR assay
Total RNA was isolated by TRIzol reagent following the

manufacturer’s protocol. Single-strand cDNA was obtained from

purified total RNA using the reverse transcription kit. Primers

used in this study were designed using Primer Premier 5.0

(Premier Biosoft, CA, USA) and the NCBI BLAST database.

Primer sequences and the optimal PCR conditions were shown in

Table 1. RT-PCR assay was performed on a StepOne thermal

cycler (Applied Biosystems, NY, USA) following the procedure:

pre-denaturation at 95uC for 30 sec, denaturation at 95uC for

5 sec, annealing at Tm for 30 sec, and extension at 72uC for

30 sec. The last 3 steps ran for 40 cycles. Relative standard curves

were applied to quantify the mRNA level of each sample, while

GAPDH mRNA level was detected and used as internal reference.

Western blotting analysis
Total proteins were obtained using RIPA lysis buffer and

quantified using a BCA kit following the protocol. Then, total

proteins were loaded as 40 mg per lane, separated by SDS-PAGE

(5 and 10% gels) and blotted onto nitrocellulose membranes.

Membranes were blocked in 5% skimmed milk, probed with anti-

human GALE (1:1000), GALT (1:500), UGDH (1:1000), UXS1

(1:800), IGF-1 (1:800), IGF1R (1:1000), IRS1(1:1000), phosphor-

ylated IRS1 (Y612, 1:500) and GAPDH (1:1000) primary

antibodies, incubated with horseradish peroxidase-conjugated

secondary antibody (goat anti-rabbit IgG, 1:5000) and visualized

using ECL HRP substrate. Then, relative protein level was

standardized with normal control and the GAPDH protein level

obtained using Quantity One software (Version 4.6, Bio-Rad

Laboratories Inc., CA, USA).

UDP-sugars detection
High-performance anion-exchange chromatography (HPEAC)

assay was performed to detect the UDP-sugars content in

chondrocytes. UDP-sugar samples were obtained as previously

described [36,37]. Protein concentration of each sample was

detected and adjusted to 100 mg/ml. UDP-xyl and UDP-GlcNAc

were used as standards. Then, contents of UDP-xyl and UDP-

GlcNAc in each chondrocyte culture were detected using a

CarboPac PA20 carbohydrate column with a loading quantity of

20 ml. The gradient elution assay was performed as reported [36].

The UDP-sugar contents of each sample were presented as peak

areas.

Statistical analysis
Data analysis was performed using SPSS 17.0 (SPSS Science

Inc., CHI, USA) and Prism 5.0 (GraphPad Software, CA, USA).

Results were presented as mean 6 S.E.M. Analysis of variance

(ANOVA) and Student t test were applied in the study. Statistical

significance was defined as P,0.05.

Figure 3. Angelica sinensis polysaccharides (APS-3c) increased protein expression of UDP-sugar synthases in vivo. A,
Glycosaminoglycan content of rat cartilage from knee joints was detected using Safranin O staining. The protein expression of UDP-galactose-4-
epimerase (GALE) and UDP-glucose 6-dehydrogenase (UGDH) was detected in the cartilage using immunohistochemistry. All the sections were
photographed using NIS-Elements software (Nikon, Tokyo, Japan). Scale bars, 100 mm. B, Relative protein level of GALE and UGDH was presented as
mean optical density of each chondrocyte. **P,0.01 versus control; #P,0.05, ##P,0.01versus osteoarthritis (OA) group.
doi:10.1371/journal.pone.0107024.g003
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Results

Promoted GAG and UDP-sugars synthesis of human
primary chondrocyte by APS-3c
Total GAG contents in human primary chondrocytes cultures

treated with APS-3c were 38.4% (2 mg/ml) and 55.3% (10 mg/ml)

higher than the control (Figure 1A, P,0.05), while the chondro-

cyte-associated GAG contents were also elevated up to 165.4%

(50 mg/ml) of the control in APS-3c groups (Figure S1, P,0.05).

Although IL-1b significantly suppressed GAG synthesis of the

chondrocytes, APS-3c significantly inhibited the suppression of IL-

1b on the total GAG contents by 116.7% (2 mg/ml), 145.9%

(10 mg/ml) and 75.5% (50 mg/ml) after 48 h (Figure 1A, P,0.05),

and the chondrocyte-associated GAG contents by 78.4% (2 mg/
ml), 134.3% (10 mg/ml) and 196.5% (50 mg/ml) as well (Figure

S1, P,0.05), compared with the IL-1b groups. Meanwhile,

intracellular content of UDP-xyl and UDP-GlcNAc, the substrates

for GAG synthesis, was detected using HPEAC assay, with the

elution time around 27 min and 85 min, respectively (Figure 1B).

The content of UDP-xyl but not UDP-GlcNAc inside the

chondrocytes was 76.3% higher in APS-3c group than the control

group. Both UDP-xyl and UDP-GlcNAc content were decreased

in IL-1b group, to 51.8% and 50.6% of the corresponding control,

respectively. However, subsequent APS-3c treatment significantly

inhibited the IL-1b-induced decrease of UDP-xyl content by

115.4% and UDP-GlcNAc content by 87.1%, compared with the

IL-1b group (Figure 1C, P,0.05).

Sitimulated USSs gene expression in vitro and in vivo by
APS-3c
Gene expression and protein levels of GALE, GALT, UGDH

and UXS1 were seen to increase respectively by 56.2%, 63.5%,

50.9%, 71.6% and 54.0%, 46.0%, 60.2%, 51.2% in human

primary chondrocytes after 48 h treatment with APS-3c at a

concentration of 10 mg/ml or 50 mg/ml (Figure 2 P,0.05). While

IL-1b induced a markedly suppression of those genes by more

than 50%, the subsequent APS-3c treatment led to a multiplied

increased of the USSs expression in a concentration-dependent

manner (Figures 2, P,0.05). Moreover, GALE and UGDH

protein expression in rat OA cartilage was markedly lower than

that of normal cartilage by 78.1% and 68.6%, respectively

(Figure 3, P,0.05), which was accompanied by the decrease of

GAG content. However, obviously improvements in the degen-

erative features and a markedly increase in the GAG contents of

the rat OA cartilage were observed. Meanwhile, protein level of

GALE and UGDH were increased in APS-c group to 364.6% and

247.8% of the control group, respectively (Figure 3, P,0.05).

Up-regulated IGF-1 and IGF1R gene expression in vitro
and in vivo by APS-3c
As one of the most important cartilage-protective growth factor

in OA, gene expression of IGF-1 and its receptor drew our

attention. It turned out that the mRNA level of IGF-1 and IGF1R
was increased in APS-3c-treated chondrocytes up to 159.3%

(50 mg/ml) and 183.7% (10 mg/ml), and the protein level to

192.4% (50 mg/ml) and 180.7% (10 mg/ml) of the control

(Figure 4, P,0.05). However, both the mRNA and protein level

of IGF1 and IGF1R were significantly inhibited by IL-1b
(Figure 4, P,0.05). Then, remarkable increases up to 366.7%

and 328.7% in the mRNA levels, and 687.6% and 199.3% in the

protein levels, of IGF-1 and IGF1R were detected in chondrocytes

pre-treated with IL-1b and then co-treated with IL-1b and APS-

3c, when compared with the IL-1b-treated chondrocytes (Fig-

ure 4, P,0.05). Meanwhile, both IGF1 and IGF1R protein level

in rat OA cartilage was decreased to 23.8% and 42.1% of the

control, which was accompanied by the decrease of GAG content

and USSs protein level in the cartilage (Figure 5, P,0.05).

However, the cartilage protein level of IGF1 and IGF1R in rats

from the APS-3c group was 178.4% and 105.4% higher than the

OA group, respectively (Figure 5, P,0.05).

Gene expression of USSs induced by exogenous
recombinant human IGF-1
To uncover whether the promotion of USSs gene expression by

APS-3c was related to the up-regulated IGF-1 gene expression, we

also detected USSs gene expression in chondrocytes treated with

exogenous IGF-1 and/or IL-1b. It turned out that mRNA

expression level of GALE, GALT, UGDH and UXS1 was up to

139.4%, 79.7%, 87.3% and 196.7% higher in the IGF-1 groups

Figure 4. APS-3c stimulated expression of insulin like growth
factor (IGF1) and its receptor (IGF1R) in vitro. The mRNA and
protein level of IGF1 and IGF1R were detected in human primary
chondrocytes treated with ASP-3c (2,10 and 50 mg/ml) or/and
interleukin 1 beta (IL-1b) for 48 h. Values were presented as mean 6
SEM from three independent experiments. *P,0.05, **P,0.01 versus
control group; #P,0.05, ##P,0.01versus IL-1b group.
doi:10.1371/journal.pone.0107024.g004
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Figure 5. APS-3c stimulated expression of insulin like growth factor (IGF1) and its receptor (IGF1R) in vivo. Protein expression of IGF1
and IGF1R were detected in rat cartilage and relative protein level of IGF1 and IGF1R was presented as mean optical density of each chondrocyte.
Scale bars, 100 mm. **P,0.01 versus control; #P,0.05, ##P,0.01versus osteoarthritis (OA) group.
doi:10.1371/journal.pone.0107024.g005

Figure 6. Insulin like growth factor (IGF1) modulated UDP-sugar synthases (USSs) gene expression in vitro. A, The mRNA expression of
the USSs was detected in human primary chondrocytes treated with recombinant human IGF1 (2, 10 and 50 ng/ml) for 48 h. B, Chondrocytes were
pre-treated with 10 ng/ml interleukin 1beta (IL-1b) for 30 min, then co-treated with the IL-1b and 50 ng/ml IGF1 for 48 h. Then, mRNA level of the
USSs was detected. Values were presented as mean 6 SEM from at least two independent experiments. *P,0.05 versus control group; #P,0.05
versus IL-1b group.
doi:10.1371/journal.pone.0107024.g006
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compared with the control, while IGF-1 also significantly up-

regulated the IL-1b-inhibited USSs mRNA level to 271.8%,

230.0%, 200.4% and 271.8% of the IL-1b group (Figure 6, P,
0.05), which was synchronous with the GAG synthesis and

secretion modulated by exogenous IGF1 (Figure S2).

NVP-AEW541 attenuated the stimulation of USSs gene
expression by APS-3c
Exogenous recombinant human IGF-1 markedly increased the

phosphorylated IRS1 level in the chondrocytes after 30 min, while

APS-3c did not (Figure 7 A). However, the pre-treated NVP-

AEW541 significantly suppressed the phosphorylation of IRS-1

induced by IGF1 (Figure 7 A). Although GAG content and USSs

mRNA expression was stimulated in chondrocytes treated with

10 mg/ml APS-3c, NVP-AEW541 significantly reduced the GAG

synthesis to 66.1%, and GALE, GALT, UGDH, UXS1 mRNA

expression to 50.9%, 55.1%, 57.3% and 46.4% of the APS-3c

group (Figure 7 B and C, P,0.05).

Discussion

APS-3c stimulated GAG synthesis in chondrocytes due to
the up-regulated USSs gene expression
As GAG synthesis depends on the biosynthesis of UDP-sugar by

USSs, modulating USSs gene expression or enzyme activity

modulates GAG synthesis in chondrocytes. Over-expression of

UGDH gene with retrovirus led to a remarkable increase of GAG

synthesis and hyaluronic acid release in articular surface cells from

chicken embryonic joints [38]. UXS1 activity is also essential for

the production and organization of cartilage extracellular matrix

[17]. Mutation of the UXS1 gene resulted in a dramatic reduction

and defective localization of proteoglycans in zebrafish, which

consequently disturbed cartilage and bone morphogenesis [17]. In

the present work, both in vivo and in vitro studies showed that

ASP-3c obviously promoted GAG synthesis in the chondrocyte

(Figure 1 and 3), which was mediated by the stimulated USSs gene

expression (Figure 2 and 3). These findings are consistent with our

previous work that APS-3c promoted expression of GTs genes and

consequently enhanced GAG synthesis in rat primary chondro-

cytes [15]. However, how APS-3c stimulated gene expression of

these USSs was still unknown.

The up-regulation of USSs gene expression by ASP-3c
was mediated by the enhanced gene expression of IGF-1
and IGF1R
IGF-1 has long been proved essential in chondrogenesis,

chondrocyte-phenotype maintenance and cartilage repair

[39,40]. IGF1 inhibited IL-1b-induced activation of NF-kB and

apoptosis of chondrocytes partly through inhibiting phosphoryla-

tion, degradation and kinase activity of IkBa, which consequently

inhibited NF-kB-mediated expression of some inflammation- and

apoptosis-related genes [33,41]. Meanwhile, IGF-1 also helped to

retain the typical features in chondrocytes and enhances synthesis

and release of PGs and collagen II mainly through activation of

PI3K/Akt signaling pathway [29,41,42]. In the present study,

exogenous IGF-1 promoted GAG synthesis and secretion in

chondrocytes (Figure S2), increased mRNA level of USSs and

abolished the inhibition of IL-1b on USSs mRNA expression

(Figure 6), which agreed with the report by Maneix et al that IGF-

1 up-stimulated UGDH gene expression and consequently

promoted GAG synthesis in chondrocytes [43]. Interestingly, we

also found that APS-3c stimulated both IGF1 and IGF1R gene

expression in vivo and in vitro (Figure 4 and 5), which indicated

that the up-regulation of USSs gene expression by APS-3c was

possibly mediated by IGF1/IGF1R pathway.

IRSs are signaling adaptor proteins which act as intermediates

of the activated cell surface receptors, mostly the insulin receptor

and IGF1R [44]. Binding of IGF1 to IGF1R leads to phosphor-

ylation of IRS-1, and consequently the activation of the

downstream signal cascades [26]. Here, we found that it was

IGF1, not APS-3c, that induced an obvious increase of phosphor-

ylated IRS-1 protein level within 30 min (Figure 7A), which

indicated that APS-3c functioned mainly though up-regulating

IGF-1 and IGF1R gene expression but not through directly

activating the IGF1R signaling pathway. Moreover, IGF1R

inhibitor NVP-AEW541 markedly attenuated the USSs gene

expression stimulated by APS-3c (Figure 7C). Altogether, these

data indicated that promoted USSs gene expression and

consequent GAG synthesis induced by APS-3c was due to the

stimulated gene expression of IGF-1 and IGF1R in the

chondrocytes. This was further supported by our findings that

APS-3c attenuated the IL-1b-induced degenerative ultrastructure

of monolayer-cultured chondrocytes (Figure S3), as IGF-1 alone or

Figure 7. NVP-AEW541 attenuated GAG synthesis and UDP-
sugar synthases (USSs) gene expression induced by APS-3c. A,
Phosphorylated and total insulin receptor substrate 1 (IRS-1) was
detected in the chondrocytes treated with 50 ng/ml recombinant
human insulin like growth factor 1 (IGF-1) or 10 mg/ml Angelica sinensis
polysaccharides (APS-3c) for 30 min, or pretreated with IGF1 receptor
(IGF1R) inhibitor 1 mM NVP-AEW541 for 30 min and subsequently co-
treated with IGF1 and NVP-AEW541 or APS-3c and NVP-AEW541 for
another 30 min. B and C, Total GAG and mRNA level of the USSs was
assayed in the chondrocytes treated with 10 mg/ml APS-3c for 48 h, or
pretreated with 1 mM NVP-AEW541 for 30 min and subsequently co-
treated with APS-3c and NVP-AEW541 for another 48 h. Values were
presented as mean 6 SEM from at least two independent experiments.
*P,0.05 and **P,0.01 versus control group; #P,0.05 versus IL-1b
group.
doi:10.1371/journal.pone.0107024.g007
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co-treated with platelet-derived growth factor could attenuate the

degenerative features and apoptosis induced by IL-1b in

chondrocytes of monolayer culture [33]. Moreover, as APS-3c

also helped to restore cartilage matrix, retain the integrality of

cartilage surface and decrease the Mankin score of rat OA

cartilage in our present and previous work [15], we guess that the

cartilage-repair activities of ASP-3c were possibly mediated by the

stimulation of IGF1 and IGF1R gene expression.

Take APS-3c as a novel SYSADOA?
APS-3c is a natural glycan with about 1.46104 Da molecular

weight and containing 61.0% of sugars and 35.7% of uronic acids

[14]. Sugar component of APS-3c was determined to be glucose,

galactose, arabinose, rhamnose, mannose and xylose in a molar

ratio of 6.3:4.7:6.7:6.5:1.6:1.0 [14]. It’s reported that APS was a

(1R4)-a-D-glucan with side chains at the glucosyl residues of the

main chain [45,46], indicating a similarity of the composition and

molecular structure of APS-3c with chondroitin sulfate (CS), which

is a natural sulfated GAG composed of the repeated disaccharide

units of D-GlcA and D-GalNAc [47]. CS is a widely used

SYSADOA, which partly modify, stabilize and postpone the

pathology of OA [48,49,50], through promoting cartilage matrix

synthesis and presenting anti-catabolic, anti-inflammatory, anti-

apoptotic and anti-oxidant effects [47,51]. In the present work, we

found that APS-3c promoted GAG synthesis of articular

chondrocytes and presented anti-inflammation and anti-degener-

ation effects against IL-1b through stimulating IGF1/IGF1R gene

expression. Additionally, we also found that intra-gastric admin-

istration of APS-3c could increase the GAG content of OA rat

cartilage and attenuate the inflammation of the OA synovium, but

not affect the body weight of the rats (unpublished data).

Moreover, APS-3c affected neither the cell viability of the primary

chondrocytes (Figure S4), nor the integrality of normal rat

cartilage [15]. Altogether, these data suggest that APS-3c might

potentially be a novel SYSADOA.

Conclusion

In conclusion, APS-3c promoted GAG synthesis and cartilage

repair through stimulating USSs gene expression, which was

mediated by the enhanced IGF1/IGF1R gene expression but not

the direct activation of the IGF1R signaling pathway. Our findings

presented a better understanding of the pharmacological effects of

APS-3c on OA and suggested that APS-3c might potentially be a

novel SYSADOA.

Supporting Information

Figure S1 Angelica sinensis polysaccharides (APS-3c)
stimulated glycosaminoglycan (GAG) synthesis and

secretion of human primary chondrocyte. A, Chondro-

cytes-associated GAG was stained with Alcian blue dye (original

magnification of 200); B, The optical density analysis of Alcian

blue positive spots was performed using NIS-Elements software

(Nikon, Tokyo, Japan). Values are presented as mean 6 SEM

from at least three independent experiments. *P,0.05, **P,0.01

versus control group; #P,0.05, ##P,0.01versus IL-1b group.

(TIF)

Figure S2 Insulin like growth factor 1 (IGF1) stimulated
glycosaminoglycan (GAG) synthesis of human primary
chondrocytes. Chondrocytes were treated with IGF-1 (2, 10 and

50 ng/ml) or IL-1b (10 ng/ml) alone for 48 h, respectively.

Meanwhile, chondrocytes were pre-treated with IL-1b (10 ng/ml)

for 30 min and then co-treated with IL-1b and IGF-1 (2, 10 and

50 ng/ml) for another 48 h. Then, 1,9-dimethylmethylene Blue

was applied to detect the GAG of chondrocyte cultures. Values are

presented as mean 6 SEM from at least two independent

experiments. *P,0.05, **P,0.01 versus control group; #P,0.05,
##P,0.01versus IL-1b group.

(TIF)

Figure S3 Effects of Angelica sinensis polysaccharides
(APS-3c) on the ultrastructure of human primary
chondrocytes. A, Control group; B–D, Chondrocytes treated

with 2, 10 and 50 mg/ml APS-3c for 48 h; E, Chondrocytes

induced by 10 ng/ml IL-1b for 48 h;F–H, Chondrocytes pre-

treated with 10 ng/ml IL-1b for 30 min and then co-treated with

IL-1b and 2, 10 and 50 mg/ml APS-3c for 48 h. All photographs

were taken at an original magnification of 15,000. N, nucleus;M,

mitochondrion; rER, rough surfaced endoplasmic reticulum; G,

Golgi apparatus; V, vacuole; AV, autophagic vacuole; SV,

secretory vesicle.

(TIF)

Figure S4 Effects of Angelica sinensis polysaccharides
(APS-3c) on cell viability of human primary chondro-
cytes. Chondrocytes were treated with 2, 10 and 50 mg/ml APS-

3c for 48 h or pre-treated with IL-1b (10 ng/ml) for 30 min, and

then co-treated with IL-1b and APS-3c (2, 10 and 50 mg/ml) for

48 h. Values are presented as mean 6 SEM from at least three

independent experiments. *P,0.05versus control group.
(TIF)

Author Contributions

Conceived and designed the experiments: YXW JL YT JQ XFX LLW

QBM HW JM LBC. Performed the experiments: YXW JL YT JQ XFX

LLW. Analyzed the data: YXW HW JM LBC. Contributed reagents/

materials/analysis tools: QBM HW LBC. Contributed to the writing of the

manuscript: YXW JL YT JQ XFX LLW QBM HW JM LBC.

References

1. Goldring MB, Goldring SR (2007) Osteoarthritis. J Cell Physiol 213: 626–634.

2. Loeser RF, Goldring SR, Scanzello CR, Goldring MB (2012) Osteoarthritis: a

disease of the joint as an organ. Arthritis Rheum 64: 1697–1707.

3. Heinegard D, Saxne T (2011) The role of the cartilage matrix in osteoarthritis.

Nat Rev Rheumatol 7: 50–56.

4. Adatia A, Rainsford KD, Kean WF (2012) Osteoarthritis of the knee and hip.

Part I: aetiology and pathogenesis as a basis for pharmacotherapy. J Pharm

Pharmacol 64: 617–625.

5. Berenbaum F (2011) Osteoarthritis year 2010 in review: pharmacological

therapies. Osteoarthritis Cartilage 19: 361–365.

6. Jerosch J (2011) Effects of Glucosamine and Chondroitin Sulfate on Cartilage

Metabolism in OA: Outlook on Other Nutrient Partners Especially Omega-3

Fatty Acids. Int J Rheumatol 2011: 969012.

7. Chao WW, Hong YH, Chen ML, Lin BF (2010) Inhibitory effects of Angelica
sinensis ethyl acetate extract and major compounds on NF-kappaB trans-

activation activity and LPS-induced inflammation. J Ethnopharmacol 129: 244–

249.

8. Chao WW, Lin BF (2011) Bioactivities of major constituents isolated from

Angelica sinensis (Danggui). Chin Med 6: 29.

9. Hui MK, Wu WK, Shin VY, So WH, Cho CH (2006) Polysaccharides from the

root of Angelica sinensis protect bone marrow and gastrointestinal tissues against
the cytotoxicity of cyclophosphamide in mice. Int J Med Sci 3: 1–6.

10. Lee JG, Hsieh WT, Chen SU, Chiang BH (2012) Hematopoietic and

myeloprotective activities of an acidic Angelica sinensis polysaccharide on
human CD34+ stem cells. J Ethnopharmacol 139: 739–745.

11. Wong VK, Yu L, Cho CH (2008) Protective effect of polysaccharides from
Angelica sinensis on ulcerative colitis in rats. Inflammopharmacology 16: 162–

167.

12. Yang T, Jia M, Meng J, Wu H, Mei Q (2006) Immunomodulatory activity of

polysaccharide isolated from Angelica sinensis. Int J Biol Macromol 39: 179–

184.

Angelica Sinensis Polysaccharides and OA: The Molecular Mechanism

PLOS ONE | www.plosone.org 9 September 2014 | Volume 9 | Issue 9 | e107024



13. Ye YN, Liu ES, Li Y, So HL, Cho CC, et al. (2001) Protective effect of

polysaccharides-enriched fraction from Angelica sinensis on hepatic injury. Life
Sci 69: 637–646.

14. Cao W, Li XQ, Wang X, Li T, Chen X, et al. (2010) Characterizations and anti-

tumor activities of three acidic polysaccharides from Angelica sinensis (Oliv.)
Diels. Int J Biol Macromol 46: 115–122.

15. Qin J, Liu YS, Liu J, Li J, Tan Y, et al. (2013) Effect of Angelica sinensis
Polysaccharides on osteoarthritis in vivo and in vitro: A possible mechanism to

promote proteoglycans synthesis. Evid Based Complement Alternat Med 2013:

794761.
16. Schwartz N (2000) Biosynthesis and regulation of expression of proteoglycans.

Front Biosci 5: D649–D655.
17. Eames BF, Singer A, Smith GA, Wood ZA, Yan YL, et al. (2010) UDP xylose

synthase 1 is required for morphogenesis and histogenesis of the craniofacial
skeleton. Dev Biol 341: 400–415.

18. Egger S, Chaikuad A, Kavanagh KL, Oppermann U, Nidetzky B (2010) UDP-

glucose dehydrogenase: structure and function of a potential drug target.
Biochem Soc Trans 38: 1378–1385.

19. Frey PA (1996) The Leloir pathway: a mechanistic imperative for three enzymes
to change the stereochemical configuration of a single carbon in galactose.

FASEB J 10: 461–470.

20. Prydz K, Dalen KT (2000) Synthesis and sorting of proteoglycans. J Cell Sci 113
Pt 2: 193–205.

21. Caterson B, Flannery CR, Hughes CE, Little CB (2000) Mechanisms involved in
cartilage proteoglycan catabolism. Matrix Biol 19: 333–344.

22. Porter RM, Akers RM, Howard RD, Forsten-Williams K (2006) Transcriptional
and proteolytic regulation of the insulin-like growth factor-I system of equine

articular chondrocytes by recombinant equine interleukin-1beta. J Cell Physiol

209: 542–550.
23. Khair M, Bourhim M, Barre L, Li D, Netter P, et al. (2013) Regulation of

xylosyltransferase I gene expression by interleukin 1beta in human primary
chondrocyte cells: mechanism and impact on proteoglycan synthesis. J Biol

Chem 288: 1774–1784.

24. Gouze JN, Bordji K, Gulberti S, Terlain B, Netter P, et al. (2001) Interleukin-
1beta down-regulates the expression of glucuronosyltransferase I, a key enzyme

priming glycosaminoglycan biosynthesis: influence of glucosamine on interleu-
kin-1beta-mediated effects in rat chondrocytes. Arthritis Rheum 44: 351–360.

25. Goldring SR, Goldring MB (2004) The role of cytokines in cartilage matrix
degeneration in osteoarthritis. Clin Orthop Relat Res: S27–S36.

26. Li R, Pourpak A, Morris SW (2009) Inhibition of the insulin-like growth factor-1

receptor (IGF1R) tyrosine kinase as a novel cancer therapy approach. J Med
Chem 52: 4981–5004.

27. Shelton JG, Steelman LS, White ER, McCubrey JA (2004) Synergy between
PI3K/Akt and Raf/MEK/ERK pathways in IGF-1R mediated cell cycle

progression and prevention of apoptosis in hematopoietic cells. Cell Cycle 3:

372–379.
28. Haisa M (2013) The type 1 insulin-like growth factor receptor signalling system

and targeted tyrosine kinase inhibition in cancer. J Int Med Res 41: 253–264.
29. Starkman BG, Cravero JD, Delcarlo M, Loeser RF (2005) IGF-I stimulation of

proteoglycan synthesis by chondrocytes requires activation of the PI 3-kinase
pathway but not ERK MAPK. Biochem J 389: 723–729.

30. Altman R, Asch E, Bloch D, Bole G, Borenstein D, et al. (1986) Development of

criteria for the classification and reporting of osteoarthritis. Classification of
osteoarthritis of the knee. Diagnostic and Therapeutic Criteria Committee of the

American Rheumatism Association. Arthritis Rheum 29: 1039–1049.
31. Naumann A, Dennis JE, Awadallah A, Carrino DA, Mansour JM, et al. (2002)

Immunochemical and mechanical characterization of cartilage subtypes in

rabbit. J Histochem Cytochem 50: 1049–1058.
32. Tan Y, Liu J, Deng Y, Cao H, Xu D, et al. (2012) Caffeine-induced fetal rat

over-exposure to maternal glucocorticoid and histone methylation of liver IGF-1
might cause skeletal growth retardation. Toxicol Lett 214: 279–287.

33. Montaseri A, Busch F, Mobasheri A, Buhrmann C, Aldinger C, et al. (2011)

IGF-1 and PDGF-bb suppress IL-1beta-induced cartilage degradation through
down-regulation of NF-kappaB signaling: involvement of Src/PI-3K/AKT

pathway. PLOS ONE 6: e28663.

34. Farndale RW, Buttle DJ, Barrett AJ (1986) Improved quantitation and
discrimination of sulphated glycosaminoglycans by use of dimethylmethylene

blue. Biochim Biophys Acta 883: 173–177.
35. Enobakhare BO, Bader DL, Lee DA (1996) Quantification of sulfated

glycosaminoglycans in chondrocyte/alginate cultures, by use of 1,9-dimethyl-

methylene blue. Anal Biochem 243: 189–191.
36. Tomiya N, Ailor E, Lawrence SM, Betenbaugh MJ, Lee YC (2001)

Determination of nucleotides and sugar nucleotides involved in protein
glycosylation by high-performance anion-exchange chromatography: sugar

nucleotide contents in cultured insect cells and mammalian cells. Anal Biochem
293: 129–137.

37. Hull SR, Montgomery R (1994) Separation and analysis of 49-epimeric UDP-

sugars, nucleotides, and sugar phosphates by anion-exchange high-performance
liquid chromatography with conductimetric detection. Anal Biochem 222: 49–

54.
38. Clarkin CE, Allen S, Kuiper NJ, Wheeler BT, Wheeler-Jones CP, et al. (2011)

Regulation of UDP-glucose dehydrogenase is sufficient to modulate hyaluronan

production and release, control sulfated GAG synthesis, and promote
chondrogenesis. J Cell Physiol 226: 749–761.

39. Fortier LA, Barker JU, Strauss EJ, McCarrel TM, Cole BJ (2011) The role of
growth factors in cartilage repair. Clin Orthop Relat Res 469: 2706–2715.

40. Gaissmaier C, Koh JL, Weise K (2008) Growth and differentiation factors for
cartilage healing and repair. Injury 39 Suppl 1: S88–S96.

41. Zhang M, Zhou Q, Liang QQ, Li CG, Holz JD, et al. (2009) IGF-1 regulation of

type II collagen and MMP-13 expression in rat endplate chondrocytes via
distinct signaling pathways. Osteoarthritis Cartilage 17: 100–106.

42. Shakibaei M, Seifarth C, John T, Rahmanzadeh M, Mobasheri A (2006) Igf-I
extends the chondrogenic potential of human articular chondrocytes in vitro:

molecular association between Sox9 and Erk1/2. Biochem Pharmacol 72: 1382–

1395.
43. Maneix L, Beauchef G, Servent A, Wegrowski Y, Maquart FX, et al. (2008)

17Beta-oestradiol up-regulates the expression of a functional UDP-glucose
dehydrogenase in articular chondrocytes: comparison with effects of cytokines

and growth factors. Rheumatology (Oxford) 47: 281–288.
44. Metz HE, Houghton AM (2011) Insulin receptor substrate regulation of

phosphoinositide 3-kinase. Clin Cancer Res 17: 206–211.

45. Yamada H, Kiyohara H, Cyong JC, Kojima Y, Kumazawa Y, et al. (1984)
Studies on polysaccharides from Angelica acutiloba. Part 1. Fractionation and

biological properties of polysaccharides. Planta Med 50: 163–167.
46. Cao W, Li XQ, Liu L, Wang M, Fan HT, et al. (2006) Structural analysis of

water-soluble glucans from the root of Angelica sinensis (Oliv.) Diels. Carbohydr

Res 341: 1870–1877.
47. David-Raoudi M, Deschrevel B, Leclercq S, Galera P, Boumediene K, et al.

(2009) Chondroitin sulfate increases hyaluronan production by human
synoviocytes through differential regulation of hyaluronan synthases: Role of

p38 and Akt. Arthritis Rheum 60: 760–770.
48. Clegg DO, Reda DJ, Harris CL, Klein MA, O’Dell JR, et al. (2006)

Glucosamine, chondroitin sulfate, and the two in combination for painful knee

osteoarthritis. N Engl J Med 354: 795–808.
49. Hochberg MC (2010) Structure-modifying effects of chondroitin sulfate in knee

osteoarthritis: an updated meta-analysis of randomized placebo-controlled trials
of 2-year duration. Osteoarthritis Cartilage 18 Suppl 1: S28–S31.

50. Hochberg M, Chevalier X, Henrotin Y, Hunter DJ, Uebelhart D (2013)

Symptom and structure modification in osteoarthritis with pharmaceutical-grade
chondroitin sulfate: what’s the evidence? Curr Med Res Opin 29: 259–267.

51. Henrotin Y, Lambert C (2013) Chondroitin and glucosamine in the
management of osteoarthritis: an update. Curr Rheumatol Rep 15: 361.

Angelica Sinensis Polysaccharides and OA: The Molecular Mechanism

PLOS ONE | www.plosone.org 10 September 2014 | Volume 9 | Issue 9 | e107024


