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Abstract

We investigated the oxygen {Quptake of equine articular chondrocytes to asfessreactions to anoxia/re-
oxygenation. They were cultured under 5% or 21%pl@se @and at glucose concentrations of 0, 1.0 or 4.5
g/L in the culture mediunm(= 3). Afterwards, the @consumption rate of the chondrocytes was monitored
(oxymetry) before and after an anoxia period ofii. The glucose consumption and lactate release we
measured at the end of the re-oxygenation peribd.chondrocytes showed a minimal @nsumption rate,
which was hardly changed by anoxia. Independendimfthe Q tension, glucose uptake by the cells was about
30% of the available culture medium glucose, thighdr for cells at 4.5 g/L glucosa € 3). Lactate release was
also independent from @ension, but lower for cells at 4.5 g/L glucore=(3). Our observations indicated that
O, consumption by equine chondrocytes was very lospite a functional mitochondrial respiratory chaingd
nearly insensitive to anoxia/re-oxygenation. Bt thondrocytes metabolism was modified by an exoceSs
and glucose.
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1. Introduction

The oxygen (@) content of the synovial liquid and cartilage ilvn to be inferior to most of other tissues,
about 7% according to Grimshaw and Mason (2000niges from 3% to 9% in healthy synovial fluidtiwihe
lowest values in the depth of the joint, closeh® articular cartilage (Ferell and Najafipour, 199is lack of
O, seems partially compensated by a heterogenoughdistn: the composition of the cartilage diredts t
passage of £near to the cells, so that the highegp@rmeability is in the cellular and pericellulagiens
(Gonsalves et al., 2000). Moreover, in the deelpgsts of the articular cartilage, the availabitifyO, will
depend not only on the density of chondrocytesclvkbnstitute just about 1-2% of the equine aréicul
cartilage (Todhunter and Lust, 1992) and on thaitipular cellular respiration rate, but also oe tiffusion and
the gradient of @ The mitochondrial respiration of the chondrocytesartilage is not the main pathway for
their energetic metabolism (Lee and Urban, 200a)},teyaline articular chondrocytes employ anaerobic
pathways to provide their energy needs (Lane e18¥.7), which could make them more resistant tixan We
found that synoviocytes, but not equine articutasradrocytes produce reactive oxygen species aftdes of
anoxia/ re-oxygenation (Schneider et al., 2005).

In another study, we demonstrated that the inthaleelATP levels were not significantly differemrfequine
chondrocytes cultured in alginate beads for eiglysdvith 4.5 g glucose/L, at 1%, 5% or 21%a3 regulated in
the gas phase, suggesting that the rate of thelatalrial respiration did not intensively changeatdver the
applied Q tension was (Schneider et al., 2004). Furthermeeegbserved a cell survival of 40-60% at 1% O
tension, even in the complete absence of glucdss.r@lised the question: how do equine articulandhocytes
achieve to deal their energy needs and how muchesxyo they consume in presence of different gkicos
concentrations in the medium. Many authors repattsed on @consumption by chondrocytes (Haselgrove et
al., 1993; Nehring et al., 1999; Obradovic and Meld?2000; Malda et al., 2004) but their approachee
generally tissue engineering for cartilage repad tous cell multiplication with most often cargka
dedifferentiation. They often used immature cagtla
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In this paper our aim was mature chondrocytes mittot for multiplication but for the study of théects of
anoxia/ re-oxygenation, which is considered to odtwivo (James et al., 1990; Mcllwraith, 1996; Dimock et
al., 2000; Lee et al., 2004). We cultured the aatider 5% or 21% £as regulated in the gas phase, with
variable glucose concentrations: 0 g/L as an exdreomdition, 1.0 g/L similar tm vivo conditions (Liberg et
al., 1977), and 4.5 g/L because this glucose cdration is commonly used for the culture of artasul
chondrocytes. We measured theuptake of equine chondrocytes that have been aiaétt in these variable
culture conditions for 48 h directly before anceats short period of deep hypoxia (< 1% @ order to assess
the effects of anoxia/re-oxygenation on the resipinarate of the cells. We used this short cultime of mature
equine articular chondrocytes to prevent cell detghtiation. The glucose consumption and the tacta
production of the chondrocytes were measured atrtdeof the 2 h lasting oxymetry experiments t@sssnore
aspects of the cell metabolism. Finally, to conth@ evolution of chondrocytes at the differenturd
conditions, we cultured mature equine articulamehiocytes in alginate beads for 11 days and mardttieir
viability and morphology.

2. Materialsand methods
2.1. Materials

PenStrep and HEPES were from Cambrex (BelgiumznTai(2-amino-2-(hydroxymethyl)-1,3-propanediol),
Triton X-100, Cytochrome, collagenase, hyaluronidase, alginate, calcium @ldpsodium salts, ascorbic acid
and Oil Red-O were from Sigma-Aldrich (Belgium). photericin B, proline, glutamine, Ultroser G, DMEM
(Dulbecco's modified Eagle's medium) with O g/Lagise (with phenol red), 1 g or 4.5 g/L glucose Ifewitt
phenol red) were purchased from Invitrogen (BelgidAmonase and isopropanol were from Merck (VWR
International, Belgium) and trypan blue from ICNoBiaterials (Germany). Lactate and D-glucose kits
(Biopharm/Roche) were purchased from Stag (Belgitdmmixed gases were obtained from Air Liquide
(Belgium).

2.2. Dissection of articular cartilage and enzyiasolation of chondrocytes

The cartilage was harvested from stifle jointshwée horses (older than 2 years) euthanasied ffar@eeasons
or slaughtered at a local abattoir. An area of &B6ux 20 cm at the stifle was clipped, and the skas
removed without preliminary opening of the joinvitg. The joint capsule was dissected, and theatsmh of
equine articular cartilage was performed aseptia|previously described (Schneider et al., 20Dkg.
cartilage, cut in small pieces, was submitted tigpde enzymatic digestion (sequentially: hyaludase,
pronase, collagenase) in DMEM without glutaminedextiwith 10 mM HEPES, 2% Ultroser G, 1 g/L of glseo
and a mixture of antibiotics and amphotericin Br@wez et al., 2002; Schneider et al., 2004). Aftgestion,
the cell suspension was filtered (filter porosify¥ym), centrifuged (5 min at 2500 g) and washeeéettimes in
culture medium. The cells of an aliquot sample wemented and their viability was quantified by taypblue
exclusion (0.4% in buffered saline solution).

2.3. Preconditioning cells before the oxymetrissgs

10 x 16 chondrocytes were suspended in sterile tubesiimabvolume of 10 mL DMEM culture medium with
0, 1.0 or 4.5 g/L glucose, supplemented with 2%dskr G, PenStrep (104 Ul/mL and 10 mg/mL), HEPHS (
mM), glutamine (200 pug/mL), proline (2 mM) and arofdricin B (0.5 pg/mL). The medium was equilibrated
30 min with a premixed gas composition: 21% or 5%eDsions, 5% carbon dioxide (@@nd 74% or 90%
nitrogen (N). The cells were cultured in closed tubes at 3°& humidity-saturated atmosphere, 21% or 5%
O, tension, 5% carbon dioxide (Gand 74% or 90% nitrogen ¢N respectively, for 48 h (conditioning
culture).

Cell handling for the culture at 5%, @as performed in a sterile glove box (glove bo%@3tl; Fisher Bioblock,
Belgium), gas-controlled (NO, and CQ) by micro flow rotameters. The,@ontent of the glove box was
measured with an oxymeter (Oxycom 100 D, GermaHyg. media used for the culture at 5%w&re balanced
to the needed Lcondition by bubbling with a gas mixture of 5%, 8% CQ and 90% N during 30 min prior to
culture. For the culture at 21%,Q@he cell manipulations were done at ambient adten a laminar flow hood.
During conditioning culture, the chondrocytes wera@ntained in suspension on an orbital shaker wgrkt 80
rpm at 37 °C. Cultures were performed with thrdéedént cartilage samples for each condition ofahkure
period.
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2.4. Oxymetric assays

After the conditioning culture period, the cellsre/eentrifuged, suspended in 2 mL of the correspond
medium, and immediately counted for viability det@ration or used for oxymetry after transfer to the
respiration chamber of the oxymeter.

The G consumption by the chondrocytes suspension (10 sdlls/assay) was measured with a Clark electrode,
at 37 °C in 2 mL of a 50% aturated medium (103 pmoj)Ocorresponding to a 10.5% Oxygen tension.

The kinetics of @ consumption was recorded with an oxygraph (Orabdmetruments, Austria). The software
associated to the Oroboros oxygraph calculatedahess of the @consumption rate.

After 45 min of respiration, the cells were subgdtto an anoxia/re-oxygenation test, following eviusly
described technique adapted for chondrocytes (MgsiMickalad et al., 2002). Anoxia was obtained by
bubbling with N and maintained for 25 min. Re-oxygenation wasqreréd by exposure of the medium to air
under stirring, until the ©conditions applied at the start of the oxymetrsagswere reached. The furthey O
uptake pattern was followed during 30 min. At thel ef the complete procedure (about 2 h), supentgtnd
cells were separated by centrifugation. The vighdf the cells was controlled by the techniquérgban blue
exclusion.

In order to validate the oxymetry technique, thauptake by chondrocytes was compared to thed@sumption
of 10" aerobic cells (human promonocytes, THP-1 cell)limeich O, consumption has been previously
established. THP-1 cells were cultured in RPMI-184th different agents as previously described (htots-
Mickalad et al., 2001).

2.5. Cytochrome c oxidase activity

The Cytochrome oxidase activity measurement was used to conteofithctional quality of the mitochondrial
respiratory chain of the chondrocytes. One millietis were centrifuged at 8000 g for 1 min. Thdgielas
suspended in 2 mL ultrapure water, added with 1@fd 10% Triton-X 100 solution of Trizma-HCI bufféD.1
M, pH 7.4) and 50 uM reduced Cytochromevhich was prepared before the assays by a redusttbn
ascorbate, and an elimination of the excess ofrhat®by a gel filtration chromatography. The Cyirmenec
oxidase activity was determined at 25 °C by measarg of the absorbance change at 550-540 nm with an
Aminco DW-2000 spectrophotometer (Verlaet et 002).

2.6. Glucose uptake and lactate production

Lactate and glucose were measured by an enzynsstiy a(UV visible spec-trophotometry) in the supéants
collected after the oxymetric assays. These pammetflect a 2 h cell metabolism. Glucose uptaiclactate
release could not be measured for the assays with §lucose, because the phenol red of this caliaedium
interfered with the enzymatic method. The measurgmmiD-glucose was established in presence of hexokinase
and ATP with formation ob-glucose-6-phosphate and ADP: the consumption d? &&s followed by a
spectrophotometric lecture (340 nm). The measurépfanlactate was done in presence of lactate
dehydrogenase and NAD+ which were transformed tayate and NADH: the transformation of NAD+ was
observed by spectrophotometry (340 nm). Measuresnegite made at least in duplicate.

2.7. Cell culture in alginate beads

For the microscopy of chondrocytes in alginate be# cell suspension was adjusted to 4% 10
chondrocytes/mL in a sterile 1.2% alginate/0.9%wmdchloride solution, buffered by 1% HEPES. Beagse
formed by addition to 0.1 M calcium chloride soduti(5 mL/mL of cell-alginate suspension). About 1R
chondrocytes were incorporated in 18 alginate heHus beads were divided into three batches artdredl (37
°C) under different gas phase €ncentrations in a humidity-saturated atmospl@nendrocytes in alginate
beads (18 beads/well, 24 wells-plate Nunclon, fogién) were cultured with 1 g/L glucose during faugeks
before observation in light microscopy, but withteange of the medium every three days. After sargpthe
beads were washed two times with saline, and depwiged in 1 mL of 0.1 M sodium citrate (prepanedaline
equilibrated to the required,@ension). The cells were then centrifuged for 1B at 160 g, washed three times
and submitted to microscopy.

For cell growth kinetics, the equine articular cticotytes were cultured on alginate beads, too.rAftevo days
period an aliquot was counted at different oxygarsions (1%, 5% and 21%)0Othe cells were adapted to
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different glucose concentrations in the medium (9.4.5 g/L glucose). Aliquots were sampled and the
chondrocytes counted at day 2, than every three aag the medium was changed at the same time.

2.8. Microscopy

To show the lipid inclusions in the cells, we usieel Oil Red-O staining. 0.5 g Oil Red-O was dissdlin 30
mL of isopropanol and the total volume was adjuste8l0 mL with distilled water. The solution wakdied and
stocked at 4 °C. A pellet of chondrocytes was tiemsd to an Eppendorff vial and covered with theER2d-O
solution during 8 min. After centrifugation (3 man 200 g), the cell pellet was recovered, rinseavater and
again centrifuged. Finally the stained chondrocytese transferred to light microscopic observatiih.
microscopic observations were done with an AxiosROgZeiss).

2.9. Statistical analysis

Data were treated by Studerittest for paired values and by multivariate analy&ksM-SAS program) for
comparison betweens@nd glucose conditions. Significance was set<a0.05.

3. Results
3.1. Viability of chondrocytes after isolation franrticular cartilage and cell survival in suspensioulture

After their isolation from cartilage, the viabilitf chondrocytes was >95%. Sufficient cells wemdated from

all the biopsies to perform all assays at diffe@ntgen and glucose concentrations. After 48 hoofiitioning
culture, the number of living chondrocytes remaistable, around 10 x 1@ells, except for a significant
decrease at 21%,@nd 0 g/L glucose compared to chondrocytes cultwidd1.0 g/L glucose at either 21% O
or 5% Q (Fig. 1). The culture conditions of 5% and 1.0 g/kre the more physiologic ones: in these condition
the cell number remained stable (slight, but ngmificant increase), as it occursvivo (Murphy and Sambanis,
2001a).

Fig. 1. Counts of viable chondrocytes (mean = SD) afteh48 conditioning culture under variable, @nsions
and glucose concentrations in the medium.
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3.2. Oxymetric assays

The Q consumption rate was calculated as a functioma# for each assay. The Gonsumption curves of
chondrocytesr(= 3) were linear, with a very weak ©onsumption rate, independent from the glucose
concentration of the culture medium and the cooditig culture conditions (Fig. 2 and Table 1). Befanoxia,
the oxygen consumption rate values ranged fromgt04.133. An average,@onsumption rate by
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chondrocytes was calculated around 20.5 pmbh@n/1C cells, 26 times lower than the, @onsumption of
human promonocytes (THP-1 cells), which was 544lpmim/1C° cells (Fig. 3). After the anoxia period, there
was an increase of the rate of thead®nsumption for cells conditioned at 21% @ithout modification of the
shape of the curve: the mean value was signifigamtireased independently from the glucose conatalr of
the medium (Table 1). On the contrary, anoxia tyedecreased the {Zonsumption rate of THP-1 cells and
transformed the shape of thg €nsumption from a linear to a parabolic curvsiga of cell respiration
function alteration (Du et al., 1999) (Fig. 3).

Fig. 2. O, consumption of Tchondrocytes conditioned by a 48 h culture in suasjon at 5% (1) or 21% (1l
O,, and with variable glucose concentrations in thedinm. Curve A: 0 g/L glucose; Curve B: 1.0 g/Lcgise;
Curve C: 4.5 g/L glucose. Double-headed arrowsdat# the anoxia period (25 min). The left arrowhead
indicates the moment of,lHubbling and the right one the onset of re-oxygena
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Table 1 Rate of @ consumption by chondrocytes, expressed by the skapes (negative values) calculated
from the oxymetric curves (mean +£SD). The curve®wbtained for cells conditioned under 21 % or 6%n
the gaseous phase and variable glucose concemtisatiothe culture medium (n = 3 for each condition)

Culture conditions Slope value (pmol @min)

O, (%) Glucose (g/L) Before anoxia After anoxia

21 0 0.083 £ 0.043 0.114 £ 0.006
1.0 0.081 £ 0.020 0.144 £ 0.046
4.5 0.092 £ 0.020 0.121 £ 0.012

Mean value for 21% © 0.085 + 0.027 0.129 +£ 0.027*

5 0 0.082 £ 0.032 0.068 £ 0.044
1.0 0.105 £ 0.024 0.079 £ 0.020
4.5 0.106 £ 0.033 0.099 £+ 0.020

Mean value for 5% © 0.097 +£0.029 0.082 +0.029

*p < 0.01 versus before anoxia.

Fig. 3. Comparison between,@onsumption (before and after anoxia) of hGman promonocytes (THP-1 cell
line) and 2.6 x 10 chondrocytes. The chondrocyteeveonditioned for 48 h at 5%,@nd 1.0 g/L glucose in
the culture medium prior to oxymetry. The doubladwa arrows indicate the anoxia period. The pronoytes
achieved spontaneous anoxia. For chondrocytes,iaveas obtained by Noubbling.
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3.3. Cytochrome ¢ oxidase activity

The activity of the chondrocyte Cytochromexidase (the @reducing complex of the respiratory chain) was
measured after permeabilisation by Triton X-100e§écells were conditioned for 48 h at 5%@@d 1.0 g/L
glucose, and compared to the Cytochramoeidase activity of Triton X-100 treated THP-1 sdlb verify if the
differences in the respiration rate could be exy@diby different activities of this enzymatic coswl The

values were 0.35 and 1.02 pmol oxidized Cytochrofmen/1@ cells for chondrocytes and THP-1, respectively,
suggesting that the respiratory chain of the choeytes was functional and confirming their lowespigation

rate compared to monocytes, though the activithefchondrocyte Cytochronoeoxidase was more effective
than we expected when considering the oxygen umgtatiag the oxymetric assays. This could indichtg the
mitochondrial chain is partially blocked.

3.4. Glucose uptake and lactate production

The glucose uptake by 16ells put in 2 mL of culture medium for a 2 h peris shown in Fig. 4(= 3). The
available glucose was 11 pmol and 50 pmol in 2 fthe medium, respectively, at 1.0 g/L and 4.5 gillcose.
After oxymetry, the remaining glucose in the 2 masmabout 65-75%. The glucose uptake by the cells wa
significantly higher at 4.5 g/L glucose, indepertiefrom the Q tension applied during the 48 h conditioning



Published in : Cell Biology International (2007plv31, pp. 878-886.
Status : Postprint (Author’s version)

culture.

The release of lactate was significantly higherdioondrocytes at 1.0 g/L glucose compared to 4.9licose,
independently from the Qension ( = 3) (Fig. 5).

Fig. 4. Glucose uptake (mean + SD) by’ thondrocytes during the oxymetry assay. The walte conditioned
for 48 h at 5% or 21% ©and 1.0 or 4.5 g/L glucose in the medium.
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Fig. 5. Lactate release (mean + SD) by’ dhondrocytes during the oxymetry assay. Beforenexy, the cells
were conditioned for 48 h at 5% or 21%,@nd 1.0 or 4.5 g/L glucose in the medium.
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3.5. Cell culture in alginate beads

Fig. 6 represents the cell growth kinetics of equarticular chondrocytes cultured in alginate bdad41 days
(n=5). At the end of the culture period the cell liemwas the highest for cells cultured at 5% oxyg@ision
with 1 g/L or 4.5 g/L glucose. First the excesgloicose favored (day 5 or 8) the cell survival, betame
deleterious at the end of the culture period. Tldiom containing 0 g/L glucose was harmful to tellscunder
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all oxygen tensions, too. The chondrocytes survared tension of 1%, but show more stable cell numbers
with 1 g/L glucose than with an excess of 4.5 g/L.

The microscopic pictures of the chondrocytes shoarethcreased accumulation of lipid material in the
cytoplasm of chondrocytes in culture at 21%cOmpared to freshly isolated cells (Figs. 7-9).

Fig. 6. Evolution of equine chondrocytes number from dayday 11 of culture in alginate beads at différen
O, tensions (1%, 5% and 21%) and different glucoseentrations in the culture medium (0, 1.0 andg!l§
from day 2. The number of chondrocytes culturesP&tO, and 1 g/L glucose is set as 100% value as these
conditions approach mostly the physiologic ones &). *p < 0.005 versus 21% £ < 0.0005 versus 21 and
5% Oy; 3p < 0.0001 versus 1% Op < 0.001 versus 1% £°p < 0.005 versus 1% Hand ®p < 0.005 versus
1% Q.. There also existed the statistical differenceatinaed below, but they were not introduced in ortde
preserve the legibility of the figure

- at the 8th day of culture between:

21% Q and 0 g of glucose versus 21%amd 4.5 g of glucosgp < 0.001);

21% Q and Og of glucose versus 5%, énd 1 g of glucogp < 0.0001);

21% Q and 4.5 g of glucose versus 1% abd 0 g of glucosg < 0.0001);

5% O, and 1 g of glucose versus 1% &nd O g of glucose (p < 0.0005);

5% O and 4.59g of glucose versus 1% &nhd 0 g of glucosg < 0.0001);

5% O, and 1g ofglucose versus 1% @&nd 4.5 g of glucogp < 0.0005).

* at the 11th day of culture between:

5% O, and 1g ofglucose versus 1% @é&nd 4.5 g of glucose (p = 0.0001).
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Fig. 7. Equine articular chondrocytes stained by Oil Re@df€r isolation from the cartilage.

Fig. 8. Equine articular chondrocytes cultured during foueeks in presence of 21% of &and stained by Oil
Red-O after isolation from alginate beads.




Published in : Cell Biology International (2007plv31, pp. 878-886.
Status : Postprint (Author’s version)

Fig. 9. Equine articular chondrocytes cultured during faueeks in presence of 21% of @ouble staining by
Oil Red-O and trypan blue after isolation from algte beads.

4, Discussion

We designed a model of short duration anoxia/re-geyation of equine chondrocytes, combined to thetic
measurement of gconsumption. This model was applied to chondraciftat were cultured for 48 h under
variable Q tensions in the gaseous phase and with variab®gé concentrations in the culture medium
(conditioning culture). During the conditioning ture period, the cell number remained stable agA.0

glucose indicating quiescent chondrocytes, a st@atsidered as normad vivo. The culture conditions
corresponding nearly to the physiological condievere as follows: 5% {and 1.0 g/L of glucose (Fig. 1). At 0
g/L glucose, the number of cells decreased whatiee® tension was, but the decrease reached statistical
significance only for 21% ©ension. These observations confirmed our previesslts demonstrating the
capacity of the chondrocytes cultured in alginaads to survive at different,@nsions until at least eight days
of culture (Schneider et al., 2004) and the resfltse new study of the mature equine articulamehocytes in
alginate beads during 11 days with differeata@d glucose concentrations (Fig. 6).

Because prolonged culture duration permits to tiendrocytes to rebuild their matrix and includes tisk of
dedifferentiation (Murphy and Sambanis, 2001a; Niyrand Sambanis, 2001b), we choose a short pefiod o
suspension culture, as employed by other authoathjHartert et al., 2005), to avoid the risk of
dedifferentiation. The slight, but significant iease in oxygen uptake by chondrocytes cultured & 2,
observed after the anoxia might already indicateodified energy metabolism of cells. Indeed theyver
interesting observation of this study was the mali@, consumption of equine articular chondrocytes. Rer t
chondrocytes, a very low respiration rate was dated, 26-fold lower than that of human promonosyteour
experience. The THP-1 cells permitted us to véfifiie low values we obtained for the chondrocytesld be
due to a technical problem. But this was not tteecas the THP-1 cells showed a normal respirgiidtern.
Zhou et al. (2004) found an oxygen uptake ratefamdrocytes of maximum 10.81 nmolfi@llis/h,
corresponding to 180.16 pmol/min/®1€hus corresponding to aerobic cells like the tityoells which
consumed about 200 pmol 02/minfH@lls (Verlaet et al., 2002).

Many studies treating the oxygen uptake of chongesc(Marcus, 1973; Haselgrove et al., 1993; Maouébal.,
1997) with a diversity of results can be partigkplained by the different origin of the cells be immaturity of
the cartilage. But Zhou et al. (2004) worked onibe\articular cartilage from 18 to 24 months olgess without
preliminary culture period at 5%,@ension and exposed the chondrocytes to 3 g/L geiaothe medium during
oxymetry. Some authors used chondrocytes cell (ineailton et al., 1997), chondrocytes isolated fritw ribs,
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the nasal septum (covered throughout the lifetigméhb perichondrium), the growth plate or the iméstebral
disc [known to have a P®@f only 2-8 mmHg in its deepest layers (Grimsha Mason, 2000)]. The mature
hyalin articular cartilage is neither covered hyesichondrium nor contains vessels, and the adicartilage
depends on the synovial liquid to be fed. Onlyitheature articular cartilage contains blood vesaals its
metabolism can hardly be compared to the matutdagg because the chondrocytes are exposed terhigh
oxygen tensions diffusing from the vessels witthia tartilage until the age of 7 months in thorougtthorses
(Fortier et al., 2005).

The first signs of the tide mark, typical for theu#t equine articular cartilage appear only atdbe of 15
months, and the tide mark is finally establishethatage of 24 months — at this time the equineidatr
cartilage can be considered as mature. Domm £@02) cultured mature articular chondrocytes omaotayer
at 21% Q and confirmed that the monolayer culture inducedifterentiation of chondrocytes. The cells were
then cultured in alginate beads for re-differemiatat either 21% or 5% £Othe authors observed that more
chondrocyte-typical parameters were expressedédgehs cultured at 5% £{&ompared to the cells at 21% O
tension. The slow respiration rate of the chondi@xyndicated that mitochondrial oxidative phosptation
contributed only for a limited amount to the enesgypply in these cells and confirmed an anaerdtotysis
as the principal source of ATP, independently fitbi culture conditions.

It has been reported that the chondrocyte mitocharack certain cytochromes and that the stimatatf
glycolysis in articular cartilage is obtained bygenous oxidants, which can bei®physiological conditions

or other oxidant agents in the absence pfl@e and Urban, 2002). We decided to measure thec@somec
oxidase activity and demonstrated that the isol@gichromec oxidase activity level of chondrocytes was only
three times lower than that of THP-1 (comparech®26-fold inferior oxygen uptake). An incomplete
mitochondrial chain at the level of the Cytochrocrexidase is thus not an explanation for the lowirasipn

rate of the equine chondrocytes. A question thatteniirther investigation is whether the post-aadrcrease

in O, uptake by articular chondrocytes conditioned &b 23, arose from an increased mitochondrial activity or
from the triggering of cellular oxygenases or ogiemsuch as the NADPH-oxidase (Moulton et al., 1L987e
cyclo-oxygenase 1 is only active at very basallketiardly measurable in whole cells and the cyolggenase 2
(COX-2), again, is active after stimulation, but mochondrocytes cultured at 5% @nsion (Mathy-Hartert et
al., 2005).

The normal rate of two lactate molecules producedhe glucose molecule consumed was not obsenvedri
study; this favors the point of view that the charoytes have a very slow aerobic respiration wicih be
explained by the increased needs to build the gieonoglycans for the extracellular matrix, by acréased
glycogen storage or, as shown by the Figs. 7-@rbincreased lipid storage. From the fact thagtheose
disappeared from the medium, it cannot be concldlatit entered glycolysis automatically. Lanelet(1977)
examined cartilage slices cultured for seven dngsr chondrocytes did not need to reconstituteraire matrix
and had more time to adapt to various oxygen tessiOtherwise, their values of lactate productiod glucose
uptake can hardly be compared to ours as theytefeg of dry weight (cartilage). Interestingly yheention
that a group of researchers did not find the Pastiect (increase in glycolysis when decreasinggex
concentration) in cartilage slices cultured dingetiter sacrifice.

Our chondrocytes conditioned at 21% did not shaigaificantly higher Quptake compared to the
chondrocytes conditioned at 5% frior to anoxia, what indicated that the cells did adapt their respiration
rate to the 21 % DIt can be hypothesized that the conditioningureliperiod was not long enough to permit to
the cells to become more responsive (consecutteatedifferentiation) to the 21%,@ompared to the study by
Grimshaw and Mason (2000) who kept their chondrexjr seven days in culture. Heywood et al. (2006)
found an increase of oxygen uptake by bovine ddicthondrocytes at low glucose concentrations.idgaur
results are different, probably because we workigh avlower number of cells and in other cultureditions.

After the anoxia period, the chondrocytes stillwld a linear @consumption curve, with no change in the
shape of the curve and only little modificationshed G consumption rate. A significant acceleration & th
respiration rate was observed for the cells whiehenconditioned at 21%,0ndependently from the glucose
concentration of the medium, but this increase reetamodest compared to the increase of theo®sumption
rate and the parabolic shape of thecBnsumption curve observed for the THP-1 cellsrtibd to anoxia/ re-
oxygenation.

Equine articular chondrocytes thus consumed rerbarkidtle O,, and survived to a deprivation of glucose
during at least 48 h. This observation confirmeat,tlike chondrocytes of other animal species, regjui
chondrocytes must dispose of important lipid reserand we hypothesize that chondrocytes can use lipés
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as energy source for survival under drastic comati Lee and Urban (2002) talked about oxidant eamgs
derived from glycolysis as adequate replacemetgansof Q as electron acceptors. From our results it cam als
be concluded that equine chondrocytes are quiensitve to deep hypoxia (near anoxia), even iretheence of
glucose. They are therefore relatively indepenétem a continuous nutrition by the synovial fluiddaless
sensible to transient lacks of glucose or Edr this reason, a production of reactive oxygjeecies by this kind

of cells consecutively to anoxia seems little phbalndeed, we found out (Schneider et al., 20064 the
chondrocytes did not produce reactive oxygen speafter repetitive cycles of anoxia/ re-oxygenation

In vitro, the 21% Q@ condition, currently used for chondrocytes cultanel metabolism assays, represent
hyperoxic conditions from a chondrocytes point iefiw (Mathy-Hartert et al., 2005). And hyperoxissigoposed
to disturb the redox status of the cells (Schnedded., 2004).

A surprising observation of the study was thatghueose consumption and lactate release by the welle
dependent on the glucose concentration of the medid not on the gension applied during the conditioning
period. The glucose uptake ranged between 22% B¥tda3 the available glucose, was thus more impoiftan
the cells cultured with 4.5 g/L glucose, and did significantly influence the respiration rate. ppothesis can
be presented to explain these observations. Theepee of a high extracellular glucose concentrataid
activate glucose transporters and lead to, for @l@m glucose storage, a hardly increased glylgad a
production of proteoglycans (Lee and Urban, 2002} lgpids. Otte described a glucose-induced deerga€),
consumption (Crabtree effect) and observed thagyeolytic activity of the chondrocytes was lindt€Otte,
1991), suggesting therefore that an excess of giicould "poison” the cells. In cells exposed %X,

tension we found more intracellular lipids compatedreshly isolated cells (Figs. 7-9).

This lipid accumulation suggests that pathwaysrathen glycolysis, such gsoxidation, could be implicated,
because the glucose uptake was higher than tredaetiease under all conditions. Lapadula etlabyg)
evaluated ultrastructural changes of chondrocytesrmodel of osteoarthritis and they observed Hymghic
cells including increased lipid droplets. We musé¢f in mind that lactate storage was possibleab@xcess of
lactate would decrease the intracellular pH and teacell damage. Thus, the low Eonsumption rate excluded
an increased respiration. Consecutively, we hymitkeagain that the decrease of the lactate effiatkwe
observed for equine chondrocytes conditioned agA.glucose could be the result of an altered latgn of
lactate or glucose pathway, by a nonphysiologigatheellular glucose concentration. The high glecoptake
at 5% Q, associated to the lowest lactate level with blstto growing cell numbers (Figs. 1 and 6), could
partially be attributed to an increased need blgcat more chondrocytes had to maintain their Inoditem and
cell division also requiring elevated levels of swhte to satisfy the energetic and structural sieed

Taken together, our results demonstrated cleaally thhen we want to work reliably on equine ar@éeul
chondrocytes, the easiest way to avoid metabolngés of the cells should be to use a physiologicabse
level in the culture medium. The changes ptéhsion and glucose concentration seem to alrdéatycallular
metabolism for cells precultured for 48 h.
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