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Abstract 
Rheumatoid arthritis is a chronic inflammatory disease characterized by the sequestration of various leukocyte 
subpopulations within both the developing pannus and synovial space. This study was undertaken to examine the 
therapeutic potency of tindurin in experimental rheumatoid arthritis. Collagen-induced arthritis (CIA) was induced by in-
tradermally immunization of Lewis rats at the base of the tail. The paws and knees were then removed for histopathology 
and radiography analysis. Using fibrosarcoma cell line the apoptosis process was measured by Terminal 
deoxyribonucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) method. Our data showed that the i.p. 
injection of tindurin to arthritic rats induced a significant reduction in paw edema.  Histopathological assessment showed 
reduced inflammatory cells infiltrate, tissue edema and bone erosion in joints of treated rats. Moreover, our results in 
radiography were in line with histological findings as well as tindurin was found to induce apoptosis of treated cells in 
comparison with positive, negative and non-treated ones. Our findings revealed the therapeutic effect of tindurin in 
experimental model of rheumatoid arthritis in comparison with methotrexate as a choice drug.  
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Introduction 
Rheumatoid arthritis (RA) is a systemic auto- 
immune disease characterized by polyarticular 
symmetrical arthritis. Inflammatory mediators 
targeting joint structures produce joint inflam- 
mation with pain, functional loss, joint destruc- 
tion and permanent deformity. While this dis-
ease has a worldwide distribution, its patho- 
genesis is not clearly understood (1). The colla-
gen- induced arthritis (CIA) is a model of ex-
perimental arthritis, which is induced by the in-
jection of type II collagen (CII) (2, 3). The 
similarities between the joint pathology as well 
as cellular and humoral immunity in CIA and 
RA, suggest that CIA is a relevant animal 
model which is useful in the search for new an-

tiarthritic drugs (4-9). In human, joint damage 
typically occurs before patients are diagnosed, 
and most of the joint destruction occurs within 
the first 2 yr of diagnosis (10). Therapeutic 
agents such as methotrexate (a disease modify-
ing anti-rheumatic drug,DMARDs) and immno- 
modulators lessen the progression rate of the 
disease, suggesting that these drugs fail to ade-
quately control the underlying pathophysiology 
of RA (11, 12). 
Tindurin has been used for many years against 
malaria, initially on its own, but subsequently 
in combination with other drugs. Tindurin has 
also been used recently against toxoplasmic en-
cephalitis relapses and Pneumocystis carinii 
pneumonia in HIV-infected patients (13). 
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Pyrimethamine (tindurin) inhibits dihydrofolate 
reductase-thymidylate synthase (DHFR-TS) in 
the folate biosynthetic pathway and resistance 
to its arises from mutation in the dhfr domain of 
the dhfr-ts gene (14). In humans, DHFR and TS 
are separate gene products, DHFR being mono-
meric and TS dimeric so the effect of this me-
dicinal agent is specific (14, 15). The aim of the 
current research was to determine whether the 
tindurin was able to suppress the development 
of arthritis in experimental model.  
 
Materials and Methods 
Animals    Male Lewis rats weighing 160-180 g 
(Charles River,Milan, Italy) were used for these 
studies.The animals were housed in a controlled 
environment and provided with standard rodent 
chow and water. The rats were divided at ran- 
dom into four groups, N: normal group (n= 8); 
C: control group (n=9),T1: treated with tindurin 
1mg/kg/d (n= 8); T2: treated with methotrexate 
0.3mg/kg three times weekly (n=8). Animal 
care was in compliance with Italian regulations 
on the protection of animals used for experi- 
mental and other scientific purposes (document 
DM 116192) as well as with the European Eco-
nomic Community regulations (document OJ of 
ECL 358/1, ratified 12/18/1986). 
Induction of CIA and treatment protocol     
Bovine CII was dissolved in 0.1M acetic acid at 
a concentration of 2 mg/ml by stirring over-
night at 4° C. Dissolved CII was frozen at- 70° 
C until used. Before injection, CII was emulsi-
fied with an equal volume of Freund’s complete 
adjuvant (CFA). CIA was induced as previ-
ously described (16). Briefly, on day 1, rats 
were injected intradermally at the base of the 
tail with 100 µl of emulsion (containing 100 µg 
of CII). On day 21, a second injection of CII in 
CFA was administered. The intraperitoneally 
administration of tindurin and methotrexate 
(MTX) were started on day 25 post-immuniza-
tion and continued until final assessment on day 
35. During this period, clinical examination was 
taken intermittently. The paws and knees were 
then removed for histopathological assay. 

Clinical assessment of CIA     Rats were evalu-
ated daily for arthritis according to a macro-
scopic scoring system using a scale from 0 to 4 
for each paw: 0= no signs of arthritis, 1= swell-
ing and/ or redness of the paw or 1 digit, 2= in- 
volvement of 2 joints, 3= involvement of> 2 
joints, and 4= severe arthritis of the entire paw 
and digits (17).  
Histological processing and assessment of 
arthritis damage    On day 35, animals were 
anesthetized with sodium pentobarbital (45 
mg/kg intraperitoneally) and killed. Paws and 
knees were removed, trimmed and fixed in 10% 
buffered formalin, decalsified and then embed-
ded in paraffin, sectioned at 5µm and stained 
with hematoxylin and eosin for histological ex-
amination. Joint damage was assessed based on 
synovial hypertrophy, pannus formation, in-
flammatory cell infiltration and cartilage and 
subchondral bone destruction (18). Scoring was 
carried out in a blinded manner. Joint erosion 
was graded on a scale of 0-3 for each limb, ac-
cording to the severity of damage.   
Radiographic evaluation     Radiological scor-
ing was determined by an investigator blinded 
to the treatment protocol on day 35. A score 
was assigned to each joint on the basis of de-
gree of soft tissue swelling, joint space nar-
rowing, periosteal new bone formation and 
bone destruction. Scores were 0-3 per joint (0, 
normal; 3, maximum joint destruction) (19, 20). 
Cell culture: The Fibrosarcoma (WEHI-164) 
cell line was seeded at an initial density of 
2x104 cells/well in 96-well tissue culture plates. 
Cells were maintained in RPMI-1640 medium 
supplemented with 5% fetal calf serum, peni- 
cillin at 100 units/ml, and streptomycin at 100 
µg/ml, with 5% CO2, 37º C and saturated 
humidity. 
Cell apoptosis assay. Cells were treated with 
pyrimethamine at different concentrations 0.1, 
1 and 10 µg/ml for 24 h and were then fixed in 
4% paraformaldehyde and permeabilized with 
0.1% Triton X-100. The terminal deoxyribo- 
nucleotidyl transferase-mediated dUTP nick-
end labeling (TUNEL) assay for detecting DNA 
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fragmentation was performed by flow cytomet- 
ric analyses (APO-BRDU, Roche, CA, USA). 
Cell nuclei were stained with Fluorescein and 
Propidium iodide.Apoptotic and total cells were 
then counted by flow cytometry (FACS Calibar 
Becton, Dickinson, USA). The results were 
expressed as percentage of apoptotic cells. 
Statistical analysis     All data were expressed 
as the mean± SEM. The significance of differ- 
ences in arthritic scores, histopathology and 
radiology assessment were evaluated with the 
Mann-Whitney test. P values less than 0.05 
were considered significant. 
 
Results 
Effect of tindurin in CIA         As shown in 
Fig. 1, CIA developed in rat immunized with 
CII, and clinical signs (periarticular erythema 
and edema) of the disease first appeared in the 
hind paws between days 25 and 27 after CII 
challenge, with a 100% incidence of CIA by 
day 27. The interaperitoneally injection of tin- 
durin (1mg/kg/d) to arthritic rats could rapidly 
reverse paw edema as did MTX (no significant 
difference). The difference between control 
group and treated rats on days 30-35 of experi- 
ment was significant (P<0.05).  
Histopathology findings. As shown in Fig. 2 
histological evaluation of the paws in the con- 
trol animals reveals signs of severe arthritis 

along with inflammatory cells infiltrate. Histo- 
pathological assessment showed a reduced in- 
flammatory cells infiltrate in the joints of 
treated rats, as well as the number of osteoclasts 
present in the subchondral bone, tissue edema 
and bone erosion in the paws were markedly 
reduced by both drugs (treatment with tindurin 
and MTX), indicating that the tested drugs were 
effective in retarding synovial inflammation 
and prevented joints destruction. 
Radiographical findings. Radiographical analy- 
sis of affected joints in control rats showed soft 
tissue swelling, joint space narrowing, reduced 
lucency due to demineralization and areas of 
recalcification indicative of new bone forma- 
tion. Blinded radiographical scores on day 35 
were significantly lower in tindurin-treated rats 
than nontreated animals and parralled with 
MTX (Fig.3). The radiographical apperance of 
swollen joints was comparable with the results 
of arthritic index and histological changes of 
joints. 
Effect of tindurin in apoptosis. Using the 
TUNEL assay method, we determined that 
apoptosis was induced in tindurin -treated cells 
in comparison with positive, negative as non-
treated cells. As depicted in Fig. 4 the rate of 
apoptosis for tindurin at different concentra- 
tions (0.1, 1 and 10 µg/ml) was 3.30%, 9.42% 
and 11.32%, respectively. 
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Fig.1: Severity of arthritis score in treated groups PYR (tindurin) and MTX ( methotrexate)  compared with non-treated 
control rats (CON). Number of rats in each group was eight. Total of i.p. injection (10), and administered PYR and MTX 
ere 1mg/kg/d and 0.3 mg/kg three times weekly, respectively.The severity of arthritic lesions was significantly reduced on 
days 30-35 p.i. in PYR-treated animals compared with control rats. P<0.05 was considered significant. 
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Fig. 2: Semi-quantitative scoring of histological changes of the involved joints in groups PYR (treated with tindurin) and 
MTX ( treated with methotrexate) versus CON (control) were significant. Bars show the mean+ SEM. P<0.05 was 

considered statiscally significant. 
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Fig. 3: Semi-quantitative scoring of radiological examination of the involved joints in groups PYR (treated with tindurin) 

and MTX ( treated with methotrexate) versus CON (control) were significant. Bars show the mean+ SEM. P<0.05 was 
considered statiscally significant. 
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Fig. 4: Assessment of apoptosis by flow cytometery. From up to down; Negative control, Positive control, pyrimethamine-

treated cells at different doses (0.1, 1 and 10 µg/ml).  The TUNEL assay revealed that the rate of apoptosis for 
pyrimethamine -treated cells was 3.30%, 9.42% and 11.32%, as compared to positive, negative and non-treated cells, 

respectively. 
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Discussion 
The recent investigations indicate that rheuma-
toid arthritis should no longer be considered a 
benign disease. Considerable data suggest that 
this disease is associated with diminished long-
term survival (21). The clinical trials on differ-
ent treatment strategies in rheumatoid arthritis 
have shown that the antimalarials are useful 
drugs in the treatment of various rheumatic dis-
eases (22-24), so that hydroxychloroquine is 
used as a second-line treatment of rheumatoid 
arthritis (25, 26). In this investigation, to imitate 
the clinical scenario of RA, CIA was induced in 
Lewis rats and subsequently, the antiarthritic 
potency of tindurin (pyrimethamine) was as-
sessed in mentioned experimental model.  This 
drug is being used for many years against ma-
laria and in combination with other drugs is 
also used recently against toxoplasmic en-
cephalitis relapses and Pneumocystis carinii 
pneumonia in HIV-infected patients (27). It has 
been reported that tindurin also has antibacterial 
value (28). Tindurin inhibits dihydrofolate re-
ductase-thymidylate synthase (DHFR-TS) in 
the folate biosynthetic pathway and resistance 
to it arises from mutation in the dhfr domain of 
the dhfr-ts gene (27, 29). Here, we demonstrate 
that treatment with tindurin reduces the devel-
opment of clinical signs in CIA model and in-
filtration of PMNs in the joints (histology), as 
well as the degree of joint injury (histology, 
radiography) in rats treated with type II colla-
gen compared with MTX which is the most 
widely used DMARDs. All of these findings 
support the view that tindurin attenuates the 
degree of arthritis and joint damage caused by 
collagen in the rat. 
To investigate the apoptotic effect of tindurin, 
we used a fibrosarcoma [WEHI-164] cell line, a 
highly sensitive cell line (30), since the syno- 
vial fibroblasts contribute to chronic inflamma- 
tory responses in RA as a major part of the 
invasive pannus (31). DNA fragmentation, a 
typical feature observable in cells undergoing 
apoptotic cell death was induced in WEHI cells 

by treatment with tindurin. Data obtained from 
TUNEL assay exhibited that tindurin induced 
cell apoptosis in a dose dependent manner. Our 
data were in agreement with the result of 
clinical trial on the autoimmune lymphopro- 
liferative syndrome (ALPS). ALPS is a recently 
identified human disorder of lymphocyte apop- 
tosis. The genetic mechanism of this syndrome 
is based on identified defects in caspase-8 and 
caspase-10 along with mutations of the tumor 
necrosis factor receptor super family member 6 
(TNFRSF6) gene, coding for the apoptosis-
inducing protein Fas (Apo-1, CD95) (32). 
Some reports suggest that sulphadoxine-
pyrimethamine treatment may be useful in 
patients with this syndrome and this approach is 
presently being studied in a controlled trial 
(33). However, molecular mechanisms by 
which tindurin induce apoptosis are thus still 
called for. In addition, our results showed that 
tindurin had low toxicity compared with MTX, 
which might be recommended as a second-line 
drug in treatment of rheumatoid arthritis.  
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