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Effects of indometacin on joint damage in rat and rabbit

WANG Bin', YAOQ Yu-You, CHEN Min-Zhu

{ Instirte of Clinical Pharmacology , Anhui Medical University, Hefei 230032, China)
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AIM: To study the effects of indometacin (Ind) on
joint damages. METHODS: The volume of
noninjected hind paw and interleukin-1 ( IL-1)
synoviocytes induced by lipopolysaccharides were
assayed in adjuvant arthrits ( AA ) mats.
Measurernents of synovial fibroblast proliferative
response and proteoglycan synthesis of cartilage from
rabbits were used. RESULTS: The secondary
inflammatory reactions in AA rats on d 18, 21, and 24
were suppressed by ig Ind 2 mg-kg~'-d-! for 9 d.
Ind promoted IL-1 production from both macrophages
and synoviocytes in AA mts. Ind 10 pmol + L1
enhanced the proliferation of rabbit synovial fibroblasts
and suppressed the proteoglycan synthesis of articular
catilage in respomse to IL-1  in  wvifro.
CONCLUSION: Ind is unfavorable to the repair of

! Phn 86-551-281-6602, ext 2055. Fax 86-551-281-39%65.
Recetved 1996-12-25 Accepted 1970700

joint destruction .

Rheumatoid arthrtis ( RA ) is a chronic
autoimmune disease charactetized by joint swelling,
synovial inflammation, and cartilage destruction''=?’.
Adjuvant arthritis { AA) in rat is an experimental
immunopathy model that is thought to share many
features of RA. Indometacin { Ind) is one of
nonstervidal anti-inflasnmatory agents that disrupts the
biosynthesis of prostaglandins (PG) by inhibiting both
cyclooxygenase-1 { COX-1) and COX-2, thus, may
relieve the symptoms of arthritis and be accompanied
by gastrointestional and renal toxicity'>* . But its
effect on destructive process of the synovial joint is not
fully understood. Here we observed the influence of
Ind on joint damage in AA rats and on rabbit synovial
fibroblast prolifertion and cantilage proteoglycan
synthesis in response to human recombinant interleukin-
18 (hrIL-1B) in vitro.

MATERIALS AND METHODS

Animals Wistar rats (2 - 3-month old, 161 = = 17 g,
clean grade, Certificate No 03) were provided by the Animal
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Center of Anhui Instiute of Medical Sciences. Inbred stman
C57 BL/6 mice (6 — 8wk old. 20,4 £ 5 1.8 g) for 11-1
activity assay were purchased from Shanghai Expenmental
Animal Center. Chinese Academy of Sciences. New Zealand
white rabbits (0.h — 2.0 kg) were provided by the Animal
Center of Anhni Medical University.

Drug and reagents Ind was purchased from Shanghai
M 12 Pharmaceudcal Factory. Bacilius  Colmette-Guérin
(BOG) was provided by National Institute for the Controd of
Pharmaceutical and Biological Products, Beijing.  hril-13 was
provided by Biotin Biomedicine Co, Beijing. Lipopolysac-
charides { LPS) and collagenase {1ype II ) were purchased from
Sigma Co. Sephadex G-25 mediom was purchased from
Pharmacia Co. RPMI-1640 mediom and Dulbeceo’s modified
Eagle’s medium (DMEM } were purchased from Gibco Co,  All
RPMI-1640 and DMEM media were supplemnented with HEPES
buffer 10 mmol » L', L-glutamine 2 mmeol - L™, 2-
mercaptoetharod 30 pmol - L™!', benzylpenicillin sodinm 100
KU-L™!, sweptomycin 100 mg - L~', and 10 % new-bom
bovine serum and were adjusted 1o pH 7.2. [*H]Thymidine
(TdR? and Na, *50), were obtained from Chinese Academy of
Atomic Energy Science, Betjing.

AA inducton  Arhritis was induced as previously
doscribed!”’ . Briefly, rals were immunized by intradermal
injection inw the lefi hind fool pad with heat-killed BOG 1 mg
suspended in 0.1 mi. paraffin oil. Right hind paw volume was
determined with an MK-550 volume meter ( Muromachi Kikai
Co, Japan) on d 0. 15, 18, 21, and 24 before or afier
immunization. The paw volume difference between before and
after immunization was expressed as the paw swelling ( secondary
inflammation) .

Production of IL-1 by peritoneal macrophages Rat
peritoneal lavage with cold Hanks' solution ( calctum and
magnesium free ) was collected and resuspended in RPMI-1640
medium at a conceniration of 2 x 107 cells * L~'.  The cell
suspension (1 ml.} was seeded on 24-well culture plate.  After
incubation at 37 C in an awmosphere of 5 % CQ, and 95 % air
for 2 h, nonadherent cells were removed by gently washing twice
with warm RPMI-1640 medium. The resuitant cells were
peritoneal macrophages.  To monolayer cells, RPMI-1640
medivm and LPS (5 mg-L~') were added to each well ( final
volume was 1 mL/well}. Then the plate was incubated at
37 TCTina 3% OO0, amosphere for 48 h. The supernatanis
were stored at — 20 C until assay for 11-1 activity.

Synoviocyte culture Primary cultures of rat
synoviocytes were established-'’ . Synovium from rat knees was
excised and dispersed with sequential incubations of collagenase
and trypsin,  Synoviocytes were resuspended in DMEM medium
at a concentration of 1 x 10" cells- L', The cell suspension
(0.5 mL) and LPS (5 mg'L™1) were added 10 24-well culture
plate (final volume was 1 mL/well) . After incubation at 37 C
ina 5% OO amosphere for 48 h, all the supematants

containing [L-1 werc stored as above.

IL-1 assay I1-1 activity was measured by thymocyte
proliferation assay'”'.  IL-1 activity in supematants  was
expressed as Bq of _*H]TdR incorporated by 1 x I(P thymocytes
at 1:-80 diludon.

Synovial fibroblast proliferation assay  Synovium
from rabbit knees was excised.  Fibroblast line was derived by
explant culture of tssue fragment !, Cells were used at their
3rd passage. Fibroblasts were resuspended in RPMI-1640
medium at a concentration of 3 x 10° cells-L™'. The cell
suspersston (0 1 rnl.) was added Lo 96-well mucrotiter plate.
Following an ovemnight culture period to facilitate celi adherence,
RPMI-1640, hrll -1 or/and Ind were added to each well. The
cultures were then incubated at 37 T in a 5 % CO, amnosphere
for 42 h. ['H]TdR 18.5 kBg/well was added 6 h before the
termination of tneubation.  The cells were then enzymaically
detached (0.05 % trypsin - 0.02 % edetic acid, a1 25 T for 10
min ) and harvested onto type-6% plass fiber filters. The
radicactivity was determined by FI2107 liquid scintillation
counter { Xi-an Mo 262 Factory, China). The results were
expressed as means of Bq of triplicate wells.

Measurement of proteoglycan synthesis  Articular
cartilages of the knee and shoulder joints in rabbits were excised
by sterile dissection. Pooled cartilage was cut into 1-mm® bits
and 30 — 40 mg per well were placed in 24-well plate with 1 mni.
of DMEM medium, The culiures were then incubated in the
presence or absence of hill-1Bor/and Ind &t 37 T ina 5 %
CQ; incubator for 16 h. Proteoglycan synthesis was measured
by the incorporation of Na, ¥S$0, in glycosaminoglycan
chains!® ™. The resuits were expressed as Bq per g cartilage.

Statistical analysis Al values were expressed as x + 3
and compared with r tost.

RESULTS

Secondary inflammation and IL-1 produc-
tion from peritoneal macrophages and articular
synoviocytes induced by LPS in AA rats Rats
were immunized on d 0 by intradermal injection of
adjuvant to the left hind paw. which resulted in a
gradual increase in volume of the right paw (secondary
lesion}.  Agthritic animals on d 15 were divided
randomly into AA and Ind groups. Ind 2
mg-kg~'-d~! was given intragastrically (ig) from d
15 to d 23. Ind suppressed the secondary inflamma-
tion in AA rats on d 18, 21, and 24. IL-1 activity
was measured on d 24. Compared to normal control,
IL-1 production from peritoneal macrophages and
articular synoviocytes induced by LPS 5 mg-L™! in
AA mits was markedly enhanced. There was a positive
comrelation between IL-1 activity of macrophages and
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paw volume difference (¥ = 0.0027X —0.7442, r =
0.953, P <0.05) or IL-1 activity of synoviocytes and
paw volume difference ( ¥ = 0.0015X — 0.3181, r=
0.977, P <0.05). Ind promoted TL-1 production
from both macrophages and synoviocytes in AA rats
(Tab 1).

Tab 1. Effects of Ind 2 mg- k2 '-d"'x9 d om
secondary inflammation and on interleukin-1 (IL-1)
synoviocytes induced by IPS 5 mg - L~! in adjuvant
arthritis (AA) wats. x z . °‘P<0.01 »s normal
control; P <0.05, P <0.01 »s AA control.

Parameter Day  Normal AA Indomethacin
Paw swelling/moL { n =8}
15 - 0.50x0.15 0.50x0.12
18 - 0.79320.17 0.54+0.14°
21 - 0.81x0.22 0.49x0.15'
24 - 0.84x0.24 0.4620.16"
IL-1 activity/Bq { n =41
Macrophages 24 431+358 604 x 71° 738 £ 88*
Symoviocytes 24 49684 T4 129 1 037 x 145

Proliferation of rabbit synovial fibroblasts
and proteoglycan synthesis of cartilage in
response to hrIL-1f  Synovial fibroblasts were
cultured with hrIL-1j3 10 kU-L ™" or/and Ind 10 pmol*
L™' for 48 h. The proliferation of fibroblasts in
response to hrlL-13 was much greater than that of
control. 'When both hrll-13 and Ind were added to
the cultures, the proliferation was enhanced. Addition
of hril-13 30 kUL~ 1o cartilage cultures provoked a
68.1 % reduction of **$ incorporation. Treatment of
cartilage bits with hrlL-13 and Ind resulted in a more
reduction in proteoglycan synthesis, which was
14.4 % of S incorporation of control {Tab 2}.

DISCUSSION

Increasing evidence implicates IL-1 in the
pathophysiology of RA®®).  Our present results
demonstrated that IL-1 production from peritoneal
macrophages and articular synoviocytes induced by LPS
in AA rats was higher than that of normal control.
Linear regression analysis showed the positive
comelation between IL-1 productions from macrophages
and syncviocytes and paw volume difference,
suggesting that IL-1] may be involved in both

Tab 2. Effects of Ind 10 pmol: L' on proliferation of
rabbit synovial fibroblasts induced by hrIL-1p (10
kU-L-!) and on suppression of cartilage proteoghycan
synthesis mediated by hrIL-1p {30 KU-L-1) in vitro.
x5, P<0.01 vs control. *P <0.05 vs hril-1p.

[*H] TdR uptake

8 uptake (n =4)
(n=06)
Group {Bg/5 x 107 (kBg/g (% of
cells) tissue } control }
Control 2+8 27661
brll ~13 03 £ 12¢ B8+ X 31.9
hell ~13+ Ind 112+ 13% 40 + 13% 14.4

inflammatory reaction and pathological lesion of joint.
Treatment with Ind inhibited the inflammatory
reactions, but further promoted IL-1 secretion by
macrophages and synoviocytes in AA ras.  The
effects of Ind on the above may appear to conflict,
because the cellvar and molecular basis of the
inflammatory process is complex and multifactodial. It
is well accepted that PGE; could cause vasodilation,
increase vascular permeability, and lead to eventual
edema at inflammatory sites. IL-1 may promote
several types of cells including macrophages,
synoviocytes, and chondrocytes to secret PGE; . which
in tum, down-regulates IL-1 and other inflammatory
mediator productions'®**” . Because of inhibiting
PGE; synthesis, Ind could not only suppress
inflammatory response, but also abolish PGE; negtive
feedback effect on IL-1, thus, result in large amounts
of IL-1 release.

The hyperproliferation of synovial fibroblasts,
which comprise the characteristic pannus of RA, is
thought to be a key factor in the invasion of the joint
spaces, resulting in destruction of cartilage and
subchondral bonel™).  We observed the influence of
Ind in vitro on the proliferation of rabbit synovial
fibroblast and on the suppression of cartilage matrix
symhesis mediated by IL-1. The results showed that
Ind promoted the increase of fibroblast proliferation and
suppression  of matrix profteoglycan synthesis in
response t0 IL-1. These /i vitre studies further
confimned in wvive swdies that Ind exacerbated
destructive process of the synovial joint.

Though it is an effective anti-inflammatory agent,
Ind is deleterious to gastrointestinal and renal functions
as well as the repair of joint damage. These effects of
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Ind limit its usefulness in RA and other inflammatory
joint diseases.
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