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ABSTRACT

AlIM: Toinvestigate the &fects of leflunomide (L EF) on modulatinginterleukin-1 (IL-1), interleukin-6 (IL-6), and
tumor necross factor- apha (TNF-a) productioninduced by lipopolysaccharide (LPS) in peritonea macrophages
(PMj ) in adjuvant arthritis rats and elucidate the possble mechanisms of antiinflammatory and anti rheumatoid
effectsof LEF. METHODS: Freund s completeadjuvant wasinjected inthe hind foatpad of ratsto induce adjuvant
arthritis (AA) rat moddl. The PMj samplesweretaken at different time after medication. IL -1, IL-6, and TNF-a
activities released from PMj were measured by ELISA method or bioassay method. RESULTS: Production of
IL-1, IL-6, and TNF-a wasincreased in the culture supernatant of PMj in AA model rat. LEF could inhibit L PS-
induced release of IL-1 and TNF-a from PMj of the AA ratsand the inhibitory effects were extremely rapid. LEF
(10, 25 mg/kg) adminigrated for 21d could inhibit IL-6 release from PMj in AA rats. CONCLUSION: The
antiinflammatory mechanisms of LEF in AA ratsmight berelated to inhibitory level of IL-1, IL-6, and TNF-a from
PMj in vivo.

ena asociated with multiple inflammatory mediators
INTRODUCTION
leading to structural damage to the joint!?.

Rheumatoid arthritis (RA), an autoimmune disor- Leflunomide (LEF) is a new disease-modifying
der of unknown etiology, ischaracterized by chronic  antirheumatic drug (DMARD) of the isoxazol class
inflammati on of synovia tissues and infiltration of the Following oral dosing, |eflunomide iscorverted into an
affectedjoints by blood-derived cells. RAisadsabling  active metabolite, A77 1726. L eflunomide (Arava™)
chronic disease characterized by autoi mmune phenom- has recently been approved by the Food and Drug Ad-

minigtration of USA for thetreatment of RA. LEFisa

. _ novel immunoregulatory and disease-modifying anti-
Correspondenceto A ssoc Prof LI Wei-Dong, MD.

Phn 86-10-6209-1421. Fax 86-10-6209-1686. rheumatic drugand it has been shown effedivein treat-
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interleukin-1 (IL-6), interleukin-6 (IL-6), and tumor
necros sfactor-a (TNF-a) rel eased from peritoned
macrophages (PMj ) remain unknown. Considering the
efficacy of leflunomide has been tested in animal mod-
elsof RA conditions we used the adjuvant arthritis(AA)
in rats mode asthe RA model. The tetswerede
signed to invedigate the possible mechanism of anti-
rheumatic eff ects of LEF.

MATERIALSAND METHODS

Reagentsand drugs LEF (purity>99 %) wasa
white crygalloid powder obtained from College of
Pharmacy, Second Military Medical University,
Shanghai. Lipopolysaccharides(LPS, E coli 0111:B4),
Concanavalin A (Con A), methyl thiazolyl tetrazolium
(MTT), and RPMI-1640 medium werefrom Sigma Co.
USA. Feta caf serum (FCS) was purchased from
Beijing Beijiao Farm Factory. Freund’ scomplete adju-
vant (FCA) was from Sigma Co USA.

Ratsand cdl lines Wida rat, ¥, weighing 1501s
20 g, from Animal Center of Health Science Center of
Peking University. 7DT1 cells were provided by De-
partment of Immunology, Health Science Center of
Peking Univerdty.

Building AA ratsmodel Each rat was injected
in the hind footpad with FCA that contains 7 g/L of
mycobacteriumina0.1 mL volume.

Measurement of IL-1 activity AA rat mode
was built as above described; Exudated macrophages
of ratswere prepared by theintraperitoneal injection of
2.5% glycogensolution. After 4 d, peritoneal exudated
cellswere collected with RPMI-1640 media. The cells
were washed 3 times in RPMI-1640 media.  The cell
suspension was adjusted to 2x10°%L in RPMI-1640
medium containing 10 % FCS, and dispensed at 1 mL/
well in 24-well plates. After 2 hincubation at 37 1_ in
5 % CO,, the nonadherent cells were removed by wash-
ing with RPMI-1640 medium. IL-1 wasinduced with
LPS (5 mg/L) from PMj , then the plates were incu-
bated at 37 1= ina5 % CO,atmospherefor 24 h. After
incubation, the supernatant was col lected by centrifu-
gation (600xg, 10 min) and storedat —25 T_ until assay.

IL-1 activity was evaluated by ELISA method.

Measurement of IL-6 activity IL-6 activity was
determined utilizing the | L-6-dependent murine 7DT1
cells. Briefly, the cell density was adjusted to 1< 107/
L and the cells was put into the well in 200 ni./well.The
cell swere cultured in the presence of test samples for
4 d and thelL-6 activity was measured utilizing the
IL-6-dependent murine 7DT1 cells. The growth of
7DT1 cellswas found to be dependent on IL-6. None
of the other lymphokines was eff ective in supporting
the growth of thisclone. In fact, aslittle as 0.01 kU/L
of IL-6 (equivalent to the activity exerted by rIL-6 2
ng/L) could specificaly be detected usng the 7DT1
cells 7DT1 cells (1x10*/well, 200 ni.) were cultured
with various concentrations of tes samples for 48 h
and pulsedwith MTT (5 mg/L, 10 ni/well) during the
fina 4h.

Measurement of TNF-a activity AA rat model
was built as above described; Exudated macrophages
of ratswere prepared by theintraperitonea injection of
2.5% glycogen solution. After 4d, peitonea exudated
cellswere collected. The cellssuspended in RPMI-1640
containing 5 % heat-inactivated serum derived from
normal ratswere seeded to 24-well culture plates(1x107
L) and incubated at 37 T for 4 h. Nonadherent cells
were removed by ringng, and theremaining cells were
used as the exudated macrophage preparation. The
macr ophages were cultured with LPS (5 mg/L, 1mL)
for 48 h. After the culturing, the TNF-a activity was
determined by the ELISA assay.

Statigtical analyss Data are expressed as the
meantSD of triplicate cultures. Thedatigtica sgnifi-
cance of the data was determined with Student’ s t-tet.

RESULTS

Dynamic effectsof LEF on IL-1 level secreted
from PMj in AA rats LEF was administrated from d
7 of building AA model. The drug was admini strated
for 21d, each day once time. The animalswere sacri-
ficed a d 14, d 21, andd 28. The leve of IL-1in
supernatants increased sgnificantly at 24 h after LPS 5
mg/L gimulation (Tab 1). LEF 25, 10, and 5 mg/kg
inhibited the production of IL-1 from peritonea mac-
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Tab 1. Dynamic effects of LEF on IL -1 level secreted from PMj in AA rats. n=3 homogenates (each waspooled from 8 mice
and assayed in triplicate). Meanz SD. P<0.05 vs nor mal control. °P<0.05vs AA control.

IL-1level/ng- L*
Trestment d14 d21 d28
Intracellular Extracedlular Intracelular Extracdlular Intracellular  Extracd lular

Norma control 269123 271+16 30149 252.0£1.0 28718 261+14
AA mode control 3777 383+16 33616 376+16° 373+14° 425+3°
LEF 5mg/kg 32443 256.0+0.0° 325+40 268+4° 279+6° 274+425°

10 mg/kg 307148 267+16° 270.0+1.0 251+3° 31216 26216°

25 mg/kg 282+9° 249+10° 282+13 261+9° 262+12° 292+35°

rophages of the AA rats.

Dynamic effects of LEF on IL-6 activity se-
creted from PMj in AA rats Thedynamic levels of
IL-6 were assayed (Tab 2). Theresults showed that
the production of I1L-6 was not increased obvioudy in
d14. Until d 21, 28, the group of LEF 10 mg/kg and 25
mg/kg could inhibit LPS-induced release of IL-6. The
results indicated that the appearance of inhibition effect
on production of IL-6 waslater than1L-1 and TNF-a.
Asthe period adminigtreted prolong, the IL-6 produc-
tionwasinhibited increasingly.

Dynamic effects of LEF on TNF-a level se-
creted from PMj in AArats From the Tab 3, the
production of TNF-a increased obvioudy from d 14
till d 28in AA modd. LEF 10 mg/kg and 25 mg/kg
could inhibite L PS-induced release of TNF-a. There-
aults indicated that the inhibition eff ect on production
of TNF-a fromintracellar and extracellar werethesame

Tab 3. Dynamic effects of LEF on TNF-a leve secreted from PM|

Tab 2. Dynamic effectsof LEF on | L-6 activity secreted from
PMj in AArats. n=3 homogenates(each was pooled from 8
mice and assayed in triplicate). Mean+ SD. °P<0.05,
°P<0.01 vs normal control. ®P<0.05, 'P<0.01 vsAA control.

IL-6 activity (A)
Treatment di4 d21 d28

Norma control 0.41640.024 0.51+0.05 0.267+0.008

AA modd control  0.50+0.04 0.766+0.010°  1.36+0.20°

LEF 5 mg/kg 0.4610.03 0.69+0.08 0.33+0.12f
10 mg/kg 0.45+0.07 0.67+0.04° 0.32+0.12f
25 mg/kg 0.43+0.03 0.617+0.018° 0.22+0.03'

at the degree.

DISCUSSION

in AArats. n = 3homogenates (eachwas pooled from 8 mice

and assayed in triplicate). Mean+ SD. °P<0.01 vs normal control. °P<0.05, P<0.01 vs AA control.

TNF-a level/ng- L*

Treatment di4 d21 d28
Intracdlular Extracelul ar Intracellular Extracdlular Intracdlul ar Extrace lular
Norma control 40+7 61+28 64+17 105+7 139+20 97+25
AA mode control 1487+8° 630+£60° 362+24° 1116464° 669+34° 926+72°
LEF 5 mg/kg 384+17 28345 264+21" 358+10' 345+9° 492+40f
10 mg/kg 235 18+3' 366" 13+8' 26.0+1.0' 303
25 mg/kg 2045 9.9+1.5 12+4' 2445 1242 26+10'
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In the present experiments, the AA rat moddl was
used to invegigate the poss ble mechaniams of anti-
rheumatic effects of LEF. Thismode produced by
sendgtizing animals with scinjections of adjuvant. In
this model, arthritis develops within 2 weeksand is
characterized by reduced body weight, paw edema, and
the devel opment of inflammatory lesons. When given
within 2 weeks of adjuvant injection, ord leflunomide
inhibited the dermal hypersendtivity that characterized
the initial stages of AA development™.

IL-1 isa polypeptide produced mainly by macro-
phages, which has multiple biologica activities includ-
ing induction of the production of acute phase proteins
by hepatocytes, and stimulation of prostaglandins and
collagenase production by synovia cell$®. On the ba-
ssof these facts, 1L-1 is thought to be an essentid
mediator of inflammation. In particular, theimportance
of IL-1in RA has been reported by variousinvesiga
tors®. For example, IL-1 production from RA
synovium correlated not only with the degree of in-
flammation but also with that of joint destruction.
Therefore, it isthought that an inhibitor of 1L-1genera
tion could be aussful thergpeutic agent in the treatment
of RA. The results indicated that leflunomide could
inhibitthe IL-1level secreed by PMj of theAA model
rats and the inhibition effect on production of IL-1 was
extremely rapid. 1t might beinvolved initsmechanisms
of anti-inflammation and immunosupress on. TNF-a
and IL-6 are pro-inflammatory cytokins that play an
important rolein the pathogenesisof rheumatoid arthri-
tis”®, Both IL-1b and TNF-a can pormote synovitis
by direct effects onjoint tissues and through induction
of other proinflammatory cytokines. We could make a
conclusion that the abnorma production of IL-1, |L-6,
and TNF-a may be involved in the pathogenesisof au-
toimmune di seases and rheumatiod arthritis™*,

In concluson, LEF showed inhibitory effects on
therdease of IL-1, IL-6,and TNF-a in AA modd rats,
which might be involved in mechanisms of its anti-in-
flammation and immunosuppressive effects.
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; ; IL-1,1L-6  TNF-a

(leflunomide. LEF) : LEF LPS IL-1 TNF-a
IL-1,IL-6 TNF-a 1 : LEF (10,25 mg/kg)
“ . 21 IL-6
Freund :
: LEF : IL-1,1L-6 TNF-a
IL-1,1L-6 TNF-a ELISA
( )
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