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Abstract

Objective and design This study evaluated the effect of

an antioxidant, Vitamin E, on cultured chondrocytes

against H2O2-induced damage in vitro.

Material Rat chondrocytes isolated from articular

cartilage.

Treatment Chondrocytes were pretreated with either 50

or 100 lM Vitamin E or serum-free medium for 24 h

followed by their exposure to 200 lM H2O2 for 3 h.

Chondrocytes without exposure to H2O2 served as control

group.

Methods The effect of Vitamin E pretreatment was

evaluated by examining proteoglycan contents, nitrite

levels, viability, apoptosis, and senescence of cultured

chondrocytes.

Results Proteoglycan contents increased in groups treated

with Vitamin E. Semi-quantitative real-time PCR data also

correlated with these results and demonstrated that Vitamin

E up-regulated expression of Agc1, Col2a1, and PCNA

genes along with down-regulation in the expression of

Col1a1 and Casp3 genes. The differentiation index

improved after Vitamin E pretreatment. Nitrite levels were

reduced with a corresponding increase in cell viability.

Reduction in apoptosis and senescence was also observed

after Vitamin E pretreatment. Moreover, a dose-dependent

effect of Vitamin E was seen. In contrast to 50 lM Vitamin

E, 100 lM was more potent in inducing protection of

chondrocytes from H2O2-induced oxidative damage.

Conclusion Vitamin E reversed the oxidant-induced

alterations in chondrocytes and may be a good option to

pretreat chondrocytes before transplantation.

Keywords Osteoarthritis � Chondrocytes � Antioxidant �
Vitamin E � Oxidative stress � Hydrogen peroxide

Introduction

Osteoarthritis (OA) is a joint disorder characterized by

damaged articular cartilage, formation of osteophytes, and

inflammation of the synovial membrane accompanied by

the alterations in subchondral bone (edema, granulated

tissue, cysts, and sclerosis) [1, 2]. Autologous chondrocyte

implantation (ACI) has been used in various clinical trials

for the repair of damaged cartilage [3, 4]. However,

hypertrophy of regenerative cartilage, disturbed fusion,

delamination, and inadequate repair of cartilage still

remain the major concerns in the use of chondrocytes [5,

6]. Oxidative stress, present in an osteoarthritic tissue,

impedes the use of chondrocytes [7].

Oxidative stress induced by reactive oxygen species

(ROS) or free radicals is a major mechanism involved in

the pathogenesis of OA [8, 9]. Elevated levels of ROS have

been observed in OA patients [10]. ROS interfere with the

anabolic activities of chondrocytes. Oxidative stress also
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damages mitochondrial DNA and in turn results in the

apoptosis and senescence of chondrocytes [10–15].

Hydrogen peroxide (H2O2) has been shown to play an

important role in inducing apoptosis of chondrocytes [11].

Cartilage tissue possesses an efficient antioxidant defense

mechanism against oxidant damage; however, this oxi-

dant–antioxidant balance is severely disturbed during OA

leading to degradation of the cartilage [16]. Several studies

have exploited various strategies to counter H2O2-induced

oxidative stress [17–19].

Antioxidant treatment of chondrocytes has been found

to be cytoprotective both in vitro and in vivo [14, 20].

Vitamin E, an antioxidant, is well known for chondro-

protective properties [21–24]. It attenuates symptoms of

OA in human patients [25] and to reduce damage to the

cartilage explants [26]. Moreover, Vitamin E is also known

to alleviate oxidative stress in rat models of esophageal

burns [27], renal ischemia–reperfusion [28], and partial

hepatectomy [29].

The activation of protein kinase C (PKC) under oxida-

tive stress is known to cause chondrocyte cell death [30].

PKC is also reported to cause apoptosis of human chon-

drocytes present in human knee OA cartilage [31]. Various

studies indicate that Vitamin E inhibits PKC activity in

different cell types, including PC12 neuronal cell line,

human microvascular endothelial cells, human lung epi-

thelial cells, hepatoma cells, and vascular smooth muscle

cells [32–36].

Since chondrocytes are exposed to oxidative stress

during OA, we tested the hypothesis that Vitamin E confers

resistance to oxidative stress induced by H2O2 in

chondrocytes.

Materials and methods

Chondrocytes isolation and culture

Chondrocytes were isolated from the articular cartilage of 4-

to 5-month-old Sprague–Dawley rats as reported previously

[37]. Rats were euthanized by chloroform (Riedel-de Haën,

Seelze, Germany), the whole knee joint was removed and the

sample was placed in a sterile 19 phosphate-buffered saline

(PBS) (Gibco, CA, USA). The rest of the procedure was

performed in a sterile laminar flow cabinet.

After the removal of soft tissues, cartilage pieces were

carefully removed from the articulating heads of femur and

tibia and were incubated at 37 �C and 5 % CO2 in colla-

genase D solution (MP Biomedicals, CA, USA) prepared at

a concentration of 3 mg/ml in serum-free Dulbecco’s

Modified Eagle’s Medium–Low Glucose (DMEM-LG)

(Sigma-Aldrich, St. Louis, MO, USA). After 45 min, the

collagenase D solution was replaced with fresh collagenase

D solution at a concentration of 3 mg/ml. Again, after

45 min, the collagenase D solution was replaced with fresh

collagenase solution at a concentration of 0.5 mg/ml and

incubated overnight at 37 �C and 5 % CO2. The cell sus-

pension was thoroughly mixed and passed through a 40-lm

mesh cell-strainer and centrifuged at 1,600 rpm for 10 min.

The supernatant was discarded and the pellet was washed

with 5 ml 19 PBS twice by centrifugation at 1,600 rpm for

10 min each. The pellet was re-suspended in 1 ml DMEM-

LG and 1 9 105 cells/ml were plated in a 25-cm2 tissue

culture flask (Sterilin, Newport, UK) with DMEM-LG,

containing 20 % fetal bovine serum (FBS) (Sigma-

Aldrich), 100 U/ml penicillin (MP Biomedicals) and

100 lg/ml streptomycin (MP Biomedicals), and incubated

at 37 �C and 5 % CO2. The medium was changed every

2–3 days. Chondrocytes at second passage were used in all

subsequent assays.

Vitamin E preconditioning and exposure

to H2O2-induced oxidative stress

Chondrocytes were plated in a 6-well plate at a density of

5 9 104 cells/well and randomly divided into four groups:

(1) untreated control chondrocytes (C); (2) chondrocytes

pretreated with serum-free medium for 24 h followed by

treatment with 200 lM H2O2 for 3 h (H); (3) chondrocytes

pretreated with 50 lM Vitamin E for 24 h followed by

treatment with 200 lM H2O2 for 3 h (T50); and (4)

chondrocytes pretreated with 100 lM Vitamin E for 24 h

followed by treatment with 200 lM H2O2 for 3 h (T100).

Dilutions of Vitamin E (Merck, Darmstadt, Germany)

and H2O2 (Merck) were prepared in serum free DMEM-

LG. The Vitamin E-containing medium was removed after

24 h and rhe cultures were washed with sterile 19 PBS

twice followed by incubation with H2O2-containing med-

ium for 3 h.

Assessment of proteoglycans by safranin-O staining

Chondrocytes in each group were washed with 19 PBS

twice and stained with 1.5 % Safranin-O (ICN Biomedi-

cals, Germany). At least 30 images were randomly taken

for each group from three separate experiments using IX51

microscope (Olympus America, USA).

Immunocytochemistry for Agc1, Col2a1, and annexin-V

Cells for immunocytochemistry were washed with 19 PBS

twice and were fixed with 4 % paraformaldehyde (PFA)

solution (Riedel-de Haën, Seelze, Germany). Non-specific

binding was blocked with 10 % Normal Donkey Serum

(Jackson Immuno Research, USA) for 30 min at 37 �C in a

humidified chamber. Cells were then incubated with

782 F. Bhatti et al.
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primary antibodies, Anti-Aggrecan [6-B-4], Anti-Collagen

II, and Anti-Annexin-V (Abcam, MA, USA), in a dilution

of 1:100 for 1 h at 37 �C in a humidified chamber. Incu-

bation with primary antibodies was followed by three

washes with 19 PBS. Cells were then incubated with

secondary antibodies (Jackson Immuno Research Labora-

tories, USA) specific for each of the respective primary

antibodies for 1 h at 37 �C in a humidified chamber and

also stained with DAPI (Invitrogen, CA, USA). Images

were randomly taken for each group from three separate

experiments using an Olympus IX51 microscope (Olympus

America). At least 30 images per group were analyzed for

quantification of Annexin-V positive cells.

Semi-quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from chondrocytes by using

TRIzol reagent (Invitrogen) as per manufacturer’s

instructions. cDNA was synthesized using 1 lg total RNA

via RevertAidTM First Strand cDNA Synthesis Kit (Fer-

mentas, MA, USA). cDNA samples were stored at -20 �C

until further use.

Semi-quantitative RT-PCR was performed for the

markers mentioned in Table 1 using SYBR� Green PCR

Super Mix (BioRad Lab, CA, USA) according to the fol-

lowing conditions: initial denaturation at 95 �C for 5 min,

35 cycles of amplification (denaturation at 95 �C for 45 s,

annealing at optimized temperature for specified marker for

45 s, and extension at 72 �C for 45 s) and a final extension

at 72 �C for 10 min. Relative gene expression was ana-

lyzed by SDS software (ABI, CA, USA). b-Actin was used

as an internal control.

Nitrite assay

The nitrite level in all groups was determined using col-

orimetric assay for nitric oxide synthase (NOS) activity

according to manufacturer’s instructions (Oxford Bio-

medical Research, MI, USA). Briefly, 100 ll of

supernatant was aspirated from all groups following treat-

ments. The supernatants and the standards were pipetted to

a 96-well plate and 50 ll of color reagents 1 and 2 were

added to each well. After shaking the plate at room tem-

perature for 10 min, absorbance was read at 540 nm. The

experiment was repeated thrice. The concentration of

experimental groups was determined by interpolation from

the standard curve.

Cell viability assay

The viability of chondrocytes was assessed by XTT assay

[2,3-bis(2-methoxy-4-nitro-5-sulfoxyphenyl)-2H-tetrazo-

lium 5-carboxyanilide inner salt] according to the

manufacturer’s instructions (Roche, Mannheim, Germany).

Briefly, 5 9 103 cells/well were seeded in a 96-well plate

in DMEM-LG containing 20 % FBS and incubated at

37 �C and 5 % CO2. At 80–90 % confluence, the serum-

containing medium was removed and wells were washed

twice with sterile 19 PBS. Cells were randomly divided

into four groups (C, H, T50, and T100) and were processed

as described earlier. Cells were then washed with sterile

19 PBS twice and 100 ll serum-free DMEM-LG was

added. A mixture of XTT and electron-coupling reagent in

a ratio of 50:1 was prepared and 50 ll of this mixture was

added to each well. Cells were then incubated for 24 h in a

humidified incubator at 37 �C and 5 % CO2. Absorbance

was recorded at 450 nm with a reference wavelength at

650 nm.

Quantification of cellular senescence

by b-galactosidase staining

Cellular senescence was detected using Senescence

Detection Kit (Abcam) according to the manufacturer’s

Table 1 Primer sequences,

annealing temperature and

product size

b-Actin Beta-actin, Col1a1

collagen I alpha 1, Col2a1

collagen II alpha 1, Agc1

aggrecan, PCNA proliferating

cell nuclear antigen, Casp3

caspase 3

Gene Sequence (50–30) Annealing temperature (�C) Product size

b-Actin F: GCTGTGTTGTCCCTGTATGC 56 106 bp

R: GAGCGCGTAACCCTCATAGA

Col1a1 F: CAAGATGGTGGCCGTTACTAC 57 198 bp

R: TTAGTCCTTACCGCTCTTCCAG

Col2a1 F: GACTTTCCTCCGTCTACTGTCC 60 171 bp

R: GTGTACGTGAACCTGCTGTTG

Agc1 F: ACTGAAGGACAGGTTCGAGTG 60 133 bp

R: CACACCGATAGATCCCAGAGT

PCNA F: TGACCCTCACCGATACAACA 57 110 bp

R: CTGTACAGCACAGCCACGTT

Casp3 F: ACAGAGCTGGACTGCGGTAT 57 110 bp

R: TGCGGTAGAGTAAGCATACAGG

Vitamin E protects 783
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instructions. In brief, the culture medium was removed

from the four experimental groups and the cells were

washed with 19 PBS. Cells were fixed with 0.5 ml Fixa-

tive Solution at room temperature for 10–15 min and

washed twice with 19 PBS. Cells were incubated at 37 �C

overnight with 0.5 ml Staining Solution Mix (Staining

Solution, Staining Supplement, 20 mg/ml X-gal in DMSO)

in each well. Cells were observed for the development of

blue color using an Olympus IX51 microscope (Olympus

America). At least 25 images per group were analyzed for

quantification of senescent cells.

Statistical analysis

Statistical analysis was performed using GraphPad Prism

v.5.00 for Windows (GraphPad Software, San Diego, CA,

USA, http://www.graphpad.com). Data was expressed as

mean ± SD. One-way ANOVA followed by Dunnett’s

multiple-comparison post-test was performed for the com-

parison of group mean differences against the H2O2 treated

group (H). Student’s t test was done for unpaired compari-

son. Statistical significance was considered at P B 0.05.

Results

Effect of Vitamin E on proteoglycan and collagen

contents of extracellular matrix (ECM)

Safranin-O staining showed decreased proteoglycan con-

tents following H2O2 treatment. The expression of Agc1

and Col2a1 decreased after H2O2 treatment as determined

by immunocytochemistry. Administration of Vitamin E

ameliorated these effects. The group treated with 100 lM

Vitamin E showed proteoglycan contents similar to an

untreated control (Fig. 1a–d) as well as increased immu-

nocytochemical expression of Agc1 and Col2a1 gene as

compared with 50 lM Vitamin E (Fig. 1e–l).

Gene expression analysis

Gene expression for Col1a1, Col2a1, Agc1, Casp3, and

PCNA was examined by semi-quantitative real-time PCR

(Fig. 2). H2O2 treatment resulted in down-regulation of

Col2a1 (0.26 ± 0.06-fold), Agc1 (0.05 ± 0.005 fold), and

PCNA (0.03 ± 0.003-fold) genes with a corresponding

increase in the expression level of Col1a1 (5.51 ± 0.89-

fold) and Casp3 (4.51 ± 1.19-fold) genes in comparison to

an untreated control group. Pretreatment of chondrocytes

with 50 lM Vitamin E significantly increased the expres-

sion of both Agc1 (0.73 ± 0.32-fold in group T50 vs.

0.05 ± 0.005-fold in group H; P = 0.0224) and PCNA

(0.17 ± 0.07-fold in group T50 vs. 0.03 ± 0.003-fold in

group H; P = 0.0381) genes. On the other hand, there was

a decrease in the expression of Col1a1 (3.09 ± 0.69-fold in

group T50 vs. 5.51 ± 0.89-fold in group H; P = 0.0210)

and Casp3 (1.75 ± 0.55-fold in group T50 vs. 4.51 ± 1.19

fold in group H; P = 0.0221) genes. Moreover, 100 lM

Vitamin E pretreatment demonstrated even greater up-

regulation in the expression of Col2a1 (0.99 ± 0.38-fold in

group T100 vs. 0.26 ± 0.06-fold in group H; P = 0.0311),

Agc1 (2.33 ± 0.27-fold in group T100 vs. 0.05 ± 0.005-

fold in group H; P = 0.0001) and PCNA (0.70 ± 0.12-fold

in group T100 vs. 0.03 ± 0.003-fold in group H;

P = 0.0006) genes along with further down-regulation in

the expression of both Col1a1 (2.20 ± 0.40-fold in group

T100 vs. 5.51 ± 0.89-fold in group H; P = 0.0042) as well

as Casp3 (0.26 ± 0.02-fold in group T100 vs. 4.51 ± 1.19-

fold in group H; P = 0.0035) genes.

To assess the phenotype of chondrocytes, a differentia-

tion index was calculated as the ratio of the expression of

Col2a1 to Col1a1 [38]. H2O2 treatment resulted in

decreased differentiation index; treatment with Vitamin E

resulted in improved differentiation index (Fig. 2f).

Nitrite assay

The nitrite level of chondrocytes was increased after H2O2

treatment (5.87 ± 0.34 lM in group H vs. 4.36 ± 0.28

lM in group C; P = 0.0043). Pretreatment of chondrocytes

with 50 lM Vitamin E did not attenuate this increase in

nitrite levels (5.96 ± 0.55 lM in group T50 vs.

5.87 ± 0.34 lM in group H; P = 0.8190), whereas,

100 lM Vitamin E pretreatment of chondrocytes resulted

in significant decrease in nitrite levels in comparison to

H2O2 treatment alone (4.50 ± 0.34 lM in group T100 vs.

5.87 ± 0.34 lM in group H; P = 0.0082) (Fig. 3a).

Cell viability

H2O2 treatment resulted in significantly decreased viability

of chondrocytes as compared with the untreated control

group (P = 0.0002) at 24 h after pretreatment. The treat-

ment of chondrocytes with 50 lM Vitamin E demonstrated

an increase in cell viability (P = 0.0145). Whereas,

100 lM Vitamin E pretreatment of chondrocytes resulted

in even greater increase in viability (P = 0.0067) (Fig. 3b).

Analysis of apoptosis

The H2O2-treated group showed a higher percentage of

Annexin-V positive cells as compared with an untreated

control group (39.86 ± 9.00 % in group H vs. 11.37 ±

4.51 % in group C; P = 0.0002), whereas 50 lM Vitamin E

(28.50 ± 1.93 % in group T50 vs. 39.86 ± 9.00 % in group

H; P = 0.0248) and 100 lM Vitamin E (11.47 ± 2.77 % in
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group T100 vs. 39.86 ± 9.00 % in group H; P = 0.0001)

pretreatment resulted in marked decrease in the percentage

of Annexin-V positive chondrocytes in comparison to the

H2O2-treated group (Fig. 4).

Senescence assay

The H2O2 treatment resulted in an increased senescence of

chondrocytes as compared with an untreated control group

(84.27 ± 8.49 % in group H vs. 25.13 ± 10.29 % in group

C; P \ 0.0001). Treatment with Vitamin E decreased the

percentage of senescent chondrocytes in a dose-dependent

manner (56.60 ± 11.47 % in group T50 vs. 33.80 ±

11.31 % in group T100; P \ 0.0001) (Fig. 5).

Discussion

Chondrocytes are embedded in specialized matrix (ECM)

in the articular cartilage. The main constituents of ECM are

collagens and proteoglycans [39]. The major collagen

expressed by the chondrocytes is Col2a1 and the major

proteoglycan is Agc1. These components of ECM are

important for chondrocytes to withstand various stress

factors that lead to chondrocyte hypertrophy [40]. H2O2-

induced oxidative stress is known to decrease proteoglycan

contents in chondrocytes [11, 41–43]. We also observed

deteriorating effects of H2O2 on ECM of cultured chon-

drocytes. On the other hand, Vitamin E pretreatment

decreased the deterioration of ECM contents as observed

by Safranin-O staining. Moreover, immunocytochemistry

and gene expression analysis data also demonstrated an up-

regulated expression of Agc1 and Col2a1 by Vitamin E

pretreatment.

The differentiation index is defined as the ratio of

expression of Col2a1 to Col1a1 genes. In normal articular

cartilage, this ratio is always high due to the presence of

high amount of Col2a1 as compared to Col1a1. The

increase in the differentiation index is associated with the

maintenance of the hyaline phenotype of chondrocytes [44,

Fig. 1 Assessment of proteoglycan deposition and immunocyto-

chemical expression of Agc1 and Col2a1, in control (C), H2O2-treated

(H), 50 lM Vitamin E plus H2O2-treated (T50) and 100 lM Vitamin

E plus H2O2-treated (T100) groups, respectively. a–d Safranin-O

staining demonstrating proteoglycan deposition, e–h immunocyto-

chemistry for Agc1, and i–l immunocytochemistry for Col2a1. Scale

bar 200 lm, 9100
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45]. In contrast, overexpression of the Col1a1 gene is

associated with the formation of fibrocartilage rather than

hyaline cartilage [45, 46]. In our study, H2O2 induced up-

regulation of the Col1a1 gene with an accompanied down-

regulation of the Col2a1 gene. On the other hand, Vitamin

E pretreatment of chondrocytes attenuated this increase.

This is also supported by differentiation index data show-

ing a robust decrease of the Col2a1 to Col1a1 ratio in

H2O2-treated groups as compared with Vitamin E-pre-

treated groups. Taken together, these results suggest that

Vitamin E pretreatment not only increased proteoglycan

contents of the ECM but also maintained the hyaline car-

tilage characteristic of chondrocytes in an in vitro oxidative

stress environment.

Nitrites are known to cause chondrocyte damage and

reduce their viability [47–50]. Inhibition of nitric oxide

synthase (NOS) has been reported to prevent lipid perox-

idation in chondrocytes that plays an important role in

cartilage destruction during OA [50]. It has been demon-

strated previously that Vitamin E at a concentration of

100 lM quenched the lipid peroxidation activity in rabbit

articular chondrocytes and avian epiphyseal chondrocytes

[23, 24]. Our study further strengthened this observation by

showing that 100 lM Vitamin E reduces nitrite levels with

a corresponding increase in cell viability.

Apoptosis is a known phenomenon of cellular death that

can be measured with Annexin-V [11, 12, 15, 17]. We

observed a marked increase in the numbers of Annexin-V-

positive cells with concomitant up-regulation of the Casp3

gene in H2O2-treated chondrocytes. On the other hand,

Vitamin E pretreatment reduced the number of Annexin-V-

positive cells and down-regulated expression of the Casp3

gene. An increase in the expression of the Casp3 gene has

been previously reported in rabbit articular chondrocytes

undergoing apoptosis [51]. Moreover, osteoarthritic chon-

drocytes undergoing increased apoptosis were also proven

Fig. 2 Semi-quantitative expression of various genes in different

groups, control (C), H2O2-treated (H), 50 lM Vitamin E plus H2O2-

treated (T50) and 100 lM Vitamin E plus H2O2-treated (T100)

groups, respectively. a Col1a1, b Col2a1, c Agc1, d Casp3, e PCNA

genes, f differentiation index defined as the ratio between expression

of Col2a1 to Col1a1 genes. Data are presented as mean ± SD,

*P B 0.05, **P B 0.01, ***P B 0.001 versus group treated with

H2O2

Fig. 3 Effect of Vitamin E on:

a nitrite levels and b viability, in

control (C), H2O2-treated (H),

50 lM Vitamin E plus H2O2-

treated (T50) and 100 lM

Vitamin E plus H2O2-treated

(T100) groups, respectively.

Data are presented as

mean ± SD. *P B 0.05,

**P B 0.01 versus group

treated with H2O2
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to endure senescence [52, 53]. It has been previously

reported that 25–40 % of apoptotic chondrocytes obtained

from human osteoarthritic tissue were all undergoing

senescence [52]. Our data also showed that there were

more senescent cells in groups treated with H2O2 alone

whereas the percentage of senescent cells was low in

Vitamin E-pretreated groups.

We tested two doses of Vitamin E, i.e. 50 and

100 lM. In general, our results indicated that the dose of

100 lM is more potent in exerting chondroprotective

effects. Our results are in accordance with previous

studies showing restoration of collagen synthesis in

rabbit articular chondrocytes [23] by a dose of 100 lM

Vitamin E.

In conclusion, our study demonstrated the significant

role of Vitamin E in protecting cultured chondrocytes from

H2O2-induced oxidative stress in vitro. Vitamin E pre-

treatment increased the proteoglycan content and the

viability of cultured chondrocytes with a concomitant

reduction in nitrite levels, apoptosis, and senescence of the

chondrocytes. Future studies involving pretreatment of

chondrocytes with Vitamin E before transplantation in

animal models will further enhance our understanding of

the molecular mechanisms and improved efficacy of

Fig. 4 Assessment of apoptosis. a–d Immunocytochemistry for

Annexin-V and e percentage of Annexin-V positive cells, in control

(C), H2O2-treated (H), 50 lM Vitamin E plus H2O2-treated (T50) and

100 lM Vitamin E plus H2O2-treated (T100) groups, respectively.

Scale bar 200 lm, 9200. Data are presented as mean ± SD.

*P \ 0.05, **P \ 0.01, ***P \ 0.001 versus group treated with

H2O2

Fig. 5 Senescence assay. a–d b-gal positive cells and e percentage of

senescent cells, in control (C), H2O2-treated (H), 50 lM Vitamin E

plus H2O2-treated (T50) and 100 lM Vitamin E plus H2O2-treated

(T100) group, respectively. Scale bar 200 lm, 9100. Data are

presented as mean ± SD. ***P B 0.001 versus group treated with

H2O2
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Vitamin E pretreatment of chondrocytes for the alleviation

of oxidative stress in OA.
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