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ABSTRACT

Objectives: This study aims to evaluate the anti-arthritic effect of orally administered niclosamide (NCL) on collagen-induced arthritis (CIA) in rats. 
Materials and methods: The study included 35 Sprague Dawley rats (age range, 3 to 4 months; average weight, 100±10 g) of which seven were 
used as a negative control group (group A) whereas 28, in which arthritis was induced by injection of collagen type II emulsified by incomplete 
Freund's adjuvant and which were considered as CIA rats, were randomly divided equally into four groups and treated for 28 days with: normal 
saline (group B), low-dose NCL (group C), high-dose NCL (group D), and diclofenac sodium (group E). Body weight, arthritis index, ankle swelling, and 
footpad thickness were monitored before and after treatment in all groups. At the end of the treatment period, serum levels of tumor necrosis factor 
alpha (TNF-α), interleukin 1 beta (IL-1β), and IL-6 were measured together with a collection of articular synovial tissue to evaluate the pathological 
changes. 
Results: After four weeks of treatment period, a high dose of orally administered NCL significantly reduced the arthritis index, footpad thickness, 
and ankle swelling. Significantly decreased serum levels of inflammatory biomarkers including TNF-α, IL-1β, and IL-6 were observed in rats treated 
with high-dose oral NCL or intramuscular injection of diclofenac sodium, compared with groups B and C. Histopathological examination revealed 
that a high dose of NCL significantly reduced the infiltration of inflammatory cells, synovial hyperplasia, and bone and cartilage destruction.
Conclusion: Niclosamide can effectively decrease the clinical scores, joint swelling, inflammatory markers, and pathological changes in arthritic rats. 
Keywords: Collagen-induced arthritis; niclosamide; rheumatoid arthritis.

Rheumatoid arthritis (RA) is a long-lasting 
autoimmune disease that mainly affects the joints. 
It is characterized by inflammation of the synovium, 
destruction of joints, muscle atrophy, and bone 
erosion. Other organs of the body which may 
be involved include the respiratory system, eyes, 
vascular systems, and skin.1 According to the 
treatment guidelines, management of RA includes 
several classes of agents, including non-steroidal 
anti-inflammatory drugs (NSAIDs), non-biologic 
and biologic disease-modifying antirheumatic 
drugs (DMARDs), immunosuppressants, 

and corticosteroids.2,3 However, all the above 
medications have a wide range of risky side 
effects and some of them are costly, thus their 
use is limited. As a result, the development of new 
therapies with fewer side effects and lower costs 
should be a continuous effort to treat RA.

During the last decade, many researches have 
been performed regarding niclosamide (NCL), 
which is an old anthelmintic drug approved 
by the Food and Drug Administration (FDA), 
exploring its biological activity against multiple 
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inflammatory diseases.4 The drug has fewer side 
effects with a wide margin of safety even when 
used for long periods of time.5

The anti-inflammatory effect of NCL is mainly 
due to its ability in reducing cytokine expression 
and release from tumor necrosis factor alpha 
(TNF-a)-induced human RA fibroblast-like 
synoviocytes (FLS) in a dose-dependent 
manner. NCL treatment inhibited serum-induced 
synoviocyte migration and invasion and 
produced alterations in the filamentous-actin 
cytoskeletal network in these cells. It exerts 
this effect by decreasing TNF-a-stimulated 
mitogen-activated protein (MAP) kinase and 
I kappa B kinase/nuclear factor- kappa B 
(IKK/NF-kB) signaling activity in synoviocytes.6

Accordingly, this animal experimental 
study was designed to investigate the efficacy 
of orally administered NCL and compare it 
with the efficacy of diclofenac sodium injection. 
The collagen-induced arthritis (CIA) model is 
considered as an essential instrument used in the 
testing and development of new drugs that have an 
anti-inflammatory effect, such as those that target 
TNF-a, a cytokine produced by macrophages 
and T cells which are dominant inflammatory 
mediators in the pathogenesis of RA.7

Non-steroidal anti-inflammatory drugs such 
as diclofenac sodium, ibuprofen, and celecoxib 
act rapidly to suppress inflammation, thereby 
reducing pain and swelling. They may be useful 
as a ‘bridging therapy’ to control symptoms in 
the first few weeks after diagnosis while the 
slower-acting DMARDs are taking effect.8 In 
this study, we used diclofenac sodium injection 
as standard therapy to compare the response of 
animals to different doses of orally administered 
NCL. Therefore, in this study, we aimed 
to evaluate the anti-arthritic effect of orally 
administered NCL on CIA in rats.

MATERIALS AND METHODS

Fifty Sprague Dawley rat pups (age range, 
3 to 4 months; average weight, 100±10 g) were 
included in the study, which was conducted at 
Department of Clinical Pharmacology, College 
of Medicine, Al-Mustansiriyha University between 
July 2017 and November 2017. The rats were 

housed in plastic cages containing hardwood chips 
for bedding. The bedding was changed weekly to 
ensure a clean environment. The animals were 
maintained in an air-conditioned room at 25±2°C, 
with 14/10-hour daily light/dark cycle and housed 
under standard laboratory conditions with food 
and water provided ad libitum. After seven 
days of acclimatization, the animals were evenly 
randomized into two groups as CIA model group 
(n=40) and negative control group (n=10). Animal 
experiments were performed in accordance with 
the guide for the care and use of laboratory 
animals and approved by the Al-Mustansiriyha 
Medical College scientific committee.

Immunization grade bovine type II collagen 
and incomplete Freund's adjuvant (IFA) were 
purchased from Chondrex Inc., (Redmond, WA, 
USA). NCL was obtained from Alexandria Co. 
For Pharmaceuticals and Chemical Industries 
(Alexandria, Egypt). Normal saline 0.9% solution 
was obtained from Pioneer Co. (Sulaymaniyah, 
Iraq). C-reactive protein (CRP), serum 
interleukin-1 beta (IL-1b), serum IL-6, and serum 
TNF-a rats enzyme-linked immunosorbent assay 
(ELISA) kits, were purchased from Chondrex, 
Inc. (Redmond, WA, USA). Ketamine solution 
was also utilized Hikma Pharmaceuticals PLC 
(Amman, Jordan).

Arthritis was induced in 40 rats using the 
CIA model by injection of 0.2 mL of prepared 
collagen-IFA emulsion at the base of the tail for 
each rat. A second booster dose was used after 
one week to increase the incidence of arthritis. 
Rats in the negative control group were injected 
with an equal volume of normal saline.9

Niclosamide solution was freshly prepared 
daily to be used by oral gavage. First, NCL tablet 
(500 mg) was triturated into powder using mortar 
and pestle. Then, the powder was transferred 
into the plain tube to prepare a stock solution by 
10 mL of normal saline. From this stock solution, 
the different dose could be obtained by dilution 
with normal saline.

The evaluation of RA in rats was started 
on day 0 before the induction of arthritis and 
once weekly over 28 days. The assessment 
was performed by measuring the thickness of 
palm pads of both forelimbs and footpads of 
both hindlimbs. A Vernier caliper was used for 
measuring technique. Arthritis index (AI) was also 
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determined qualitatively using Chondrex scoring 
system according to the following interpretation: 
0: normal, 1: mild swelling and redness limited 
to single joint, 2: moderate swelling and redness 
limited to ankle and wrist, 3: severe redness 
and swelling of wrist or ankle, and 4: severe 
inflammation and swelling of the entire limb 
affecting multiple joints.10

Two weeks after the start of experiment, 
28 rats with successfully developed RA in the 
CIA group were randomly divided into four 
groups of seven rats in each (groups B, C, D, 
and E) while group A included seven rats as the 
negative control group. All groups were treated 
for 28 days with the following regimes: group A: 

received no treatment, group B: treated with 
oral normal saline, group C: treated with NCL 
orally (50 mg/kg), group D: treated with NCL 
orally (100 mg/kg), and group E: treated with 
diclofenac sodium (10 mg/kg) intramuscular (IM). 
The tail of the rats in each group was marked 
with different color inks and the body weights 
were measured each week to demonstrate the 
changes exerted by treatment regimens.

At the end of the study, all the following 
parameters were measured and compared with 
their value before and after the experiment to 
demonstrate the effect of NCL on the treatment 
of RA.
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Figure 1. Incidence of rheumatoid arthritis in rats after two weeks of immunization by collagen 
type II. (a) Arthritic control rat showing redness, swelling, deformity, and ankylosis with severe 
arthritis (symptoms maximum in this group). (b) Normal control rat.
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Arthritis severity was determined at baseline 
and after the treatment period (after 20 days) 
according to the AI scoring mentioned above.9 
All measurements were obtained blindly by two 
Master of Science students and the average was 
taken for each assessment.

Ankle and paw swelling were determined by 
measuring the hind footpad and ankle thickness 
using Vernier caliper for the measuring technique. 
Paw swelling was expressed as the average 
thickness of both hind paws in millimeters.

The rats were anesthetized using ketamine 
(50 mg/kg, intraperitoneal [IP]). Then, blood 
sample of a volume of 3-5 mL was collected 
from individual animals at baseline and at time 
of sacrifice by cardiac puncture into plain tubes 
and left to coagulate at room temperature for at 
least 30 minutes and centrifuged for 10 minutes 
at 4,000 rpm to obtain serum. Using ready-made 
ELISA kits, the resultant serum was utilized 
for the measurement of CRP, TNF-a, IL-1b, 
and IL-6 (Shanghai Biological Science Inc., 
Shanghai, China).

Evaluation of the pathological changes in 
the joints was performed at the Department of 
Pathology, Al-Mustansiriyah University, College 
of Medicine. The ankle joints of each rat were 
fixed in 10% formalin for 14 days, decalcified with 
CalEx decalcification solution (Fisher Scientific, 
Ontario, Canada) for 35 days, and processed 
in paraffin. The fixed tissues of the ankle joints 
were longitudinally cut into 5 μm sections and 

stained with hematoxylin and eosin. Grading of 
cellular infiltration, synovial hyperplasia, pannus 
formation, joint space narrowing, and cartilage 
and bone erosion of the ankle joints was blindly 
investigated by a pathologist.

Statistical analysis

Data were analyzed using the IBM SPSS 
version 20.0 (IBM Corp., Armonk, NY, USA) and 
presented as mean ± standard deviation. Paired 
Student's t-test and one-way analysis of variance 
followed by Dunnett’s post hoc test were used. 
P values of 0.05 or lower were considered as 
statistically significant.

RESULTS

The incidence of RA in the two groups 
was calculated after two weeks. Figure 1 
demonstrates the percent of RA incidence after 
induction by collagen which was very high in 
the CIA group (n=28). Group A showed no 
incidence of RA (0%) with a highly significant 
difference (p<0.001) compared to the CIA 
group. Only rats with AI scores of 4-5 were 
included in the CIA group. Severe signs of 
arthritis were observed clearly in the CIA 
group including swelling, redness, deformity, 
and ankylosis in the hind paws, forelimbs and 
ankle joints (Figure 1a). The hind paw of normal 
rats showed a significant difference from the 
hind paw of arthritic control rats with normal 

Table 1. Changes in palms, footpads, ankles of forelimbs and hindlimbs after induction of arthritis

Study groups

 Normal control group CIA group

Baseline After 2 weeks Baseline After 2 weeks

Mean±SD Mean±SD p Mean±SD Mean±SD p

Right palm 2.1±0.1 2.3±0.2 0.35 2.5±0.2 2.8±0.2 0.013*

Left palm 2.1±0.1 2.3±0.2 0.12 2.5±0.2 3.2±0.3 0.015*

Right footpad 3.0±0.0 3.2±0.1 0.12 3.7±0.1 5.8±0.4 0.001†

Left footpad 3.1±0.1 3.2±0.1 0.44 3.9±0.2 5.7±0.4 0.004*

Ankle thickness of right forelimb 3.7±0.3 3.7±0.4 0.54 3.7±0.4 4.2±0.5 0.001†

Ankle thickness of left forelimb 3.7±0.4 3.7±0.3 0.26 3.7±0.4 4.2±0.5 0.001†

Ankle thickness of right hindlimb 5.9±0.7 6.1±0.7 0.46 5.6±0.7 7.6±1.4 0.001†

Ankle thickness of left hindlimb 5.8±0.7 6.1±1.2 0.45 5.7±0.6 7.7±1.4 0.001†

CIA: Collagen-induced arthritis; SD: Standard deviation; * p<0.05; † p<0.001.
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thickness and color (Figure 1b). A significant 
change was observed in the palm and footpad’s 
thickness of both left and right hindlimbs of 
CIA rats which were clearly thicker than pads of 
normal control rats (p<0.05) (Table 1). Change 
in ankle swelling was also studied; Table 1 
shows a highly significant increase in the ankle 

thickness of all four limbs of CIA rats after two 
weeks of RA induction which were thicker than 
the corresponding group A (p<0.001).

Significant changes were observed in body 
weight between group A and other groups in 
the second week before starting the treatment 
(p<0.001). An insignificant increase was observed 

Figure 2. Body weight of rats from week two to week six after collagen immunization. * p<0.001.
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Table 2. Mean AI scores of rats from week two to week six after collagen immunization

Arthritis index

Week 2 Week 3 Week 4 Week 5 Week 6

n Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE

Group A 7 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.0 00.00±00.0 

Group B 7 3.7±0.9* 3.7±0.5* 3.0±0.6* 3.3±0.5 3.4± 0.5

Group C 7 3.3±0.9* 3.3±0.5* 2.7±0.5* 3.0±0.6 2.9±0.7 

Group D 7 3.7±0.9* 3.7±0.5* 3.4±0.5* 2.4±0.5† 2.6±1.1†

Group E 7 3.9±0.4* 3.9±0.4* 2.4±0.4* 2.0±0.0† 1.1±0.9†

AI: Arthritis index; SE: Standard error; * p<0.05 compared to group A; † p>0.05 compared to group B.

Table 3. Effect of NCL on inflammatory biomarkers on collagen induced RA in rats

TNF (n=7) IL-6 (n=7) IL-1 b (n=7)

Group Mean±SD Mean±SD Mean±SD

Group A 32.4 ±7.1a 19.8±13.5a 786.5±453.9a

Group B 56.5±16.5 225.1±144.0 2206.3±900.3b

Group C 56.7±17.0 142.6±131.0 1280.0±626.2a

Group D 33.3±8.9a 131.3±89.7 1112.1±540.0a

Group E  30.7±8.5a,b 101.1±80.2b 704.8±90.2a,b

NCL: Niclosamide; RA: Rheumatoid arthritis; TNF: Tumor necrosis factor; IL: Interleukin; SD: Standard deviation; 
a p<0.05 comparing to group B. b p<0.05 comparing to baseline before starting treatment.
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in body weight in groups B, C, and D during the 
course of the treatment. An absolute increment 
was found in weight of groups A and E during 
the course of the treatment with no significant 
difference (p>0.05) (Figure 2). Rats in groups 
C and D had significant differences in weight 
compared to group A (p<0.001).

A significant elevation in the mean arthritic 
score was observed in CIA rats (group B) from 
the second week (3.71±0.48) to the sixth week 
(3.43±0.53) during the development of RA. Group 
C showed an insignificant decline in AI during the 
course of therapy with no significant changes at 
the end of the experiment compared to positive 
control group (group B). In contrast, group D and 
E rats showed a significant decrease in AI during 
the development of arthritis compared to group B 
(Table 2).

Group D had significantly decreased mean 
serum levels of TNF-a and IL-1b compared to 
group B (p<0.05) with insignificant changes in 
the level of IL-6 (p>0.05). On the other hand, low 
dose of NCL caused a significant difference only 
in the serum level of IL-1b (p<0.05) compared 
to group B, with no significant changes in 
the other two cytokines. A unique result was 
observed in rats treated with IM injection of 
diclofenac sodium (group E) for four weeks with 
a significant reduction in TNF-a, IL-1b, and IL6, 
with significant differences in the mean of serum 
level of these parameters compared to group B 
(Table 3).

At the end of the experiment, histopathological 
examination of ankle joints from each group was 
investigated by a pathologist. Slides from normal 
rats demonstrated normal cartilage thickness, 

Figure 3. Right hind paws of experimental 
groups’ rats demonstrate good bone 
architecture. Hematoxylin and eosin stained 
histopathological images of hind paws of 
(a) normal control, (b) collagen-induced 
arthritis group without treatment, (c) low oral 
niclosamide treated rat (50 mg/kg), (d) high 
oral niclosamide treated rat (100 mg/kg), 
(e) diclofenac sodium treated rat (10 mg/kg) 
intramuscular (IM). 
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smooth and continuous lining of the joint surfaces 
without any bone or cartilage destruction. While 
light microscope demonstrated the accumulation 
of a large number of inflammatory cells, a fragment 
of eroded cartilage and pannus formation was 
noted in group B. A tissue sample from ankle 
joints in group C showed the absence of pannus 
formation; but still, destruction was present in the 
cartilage with infiltration of inflammatory cells. 
On the other hand, microscopical examination 
of the joints from group D showed normal 
cartilage with inflammatory cell infiltration. Group 
E did not demonstrate any high-level pathological 
changes in the joint, having only minor infiltration 
of inflammatory cells (Figure 3).

DISCUSSION

Collagen-induced arthritis animal models are 
important in understanding the mechanism of 
RA and the development of effective therapy for 
its optimal management.11 Several studies have 
demonstrated that involvement of both humoral 
and cellular immune responses are needed for the 
development of CIA.12-14 NCL is an FDA approved 
anthelmintic that has a wide safety profile with 
little side effects, which allow using the drug safely 
and for long periods in the treatment of chronic 
diseases.4

In 2015, Liang et al.6 evaluated the anti-
inflammatory effect of NCL. They demonstrated the 
ability of this drug in reducing cytokine expression 
and release from TNF-a-induced human RA FLS 
in a dose-dependent manner. Their research also 
confirmed the anti-inflammatory effect of NCL 
in vivo by treated CIA mice with an IP injection 
of NCL (30 mg/kg/day). The pharmacokinetic 
parameters of NCL have also been studied in rats 
when administered orally. The drug was rapidly 
absorbed in less than 30 minutes and had 10% oral 
bioavailability when given in a dose of 5 mg/kg.15 
Accordingly, this study was designed to evaluate 
the efficacy of orally administered NCL both in 
high and low doses in the treatment of arthritis 
induced in rats and compare their effect with 
NSAID (diclofenac sodium). Oral treatment of 
NCL caused a reduction in AI, footpad thickness, 
and ankle swelling when used in a high dose 
for 28 days with no significant differences from 
treatment with diclofenac sodium when given 

daily as IM injection over the same period. 
These findings support the anti-inflammatory 
effect of NCL that has been explored by another 
research, which demonstrated the ability of NCL 
to inhibit serum-induced synoviocyte migration 
and invasion and produced alterations in the 
filamentous-actin cytoskeletal network in these 
cells. NCL might exert this effect by decreased 
TNF-a-stimulated MAP kinase and IKK/NF-kB 
signaling activity in synoviocytes.6 The most 
important pro-inflammatory cytokines involved 
in the pathogenesis of RA are TNF-a and IL-6. 
However, IL-1, IL-17, and vascular endothelial 
growth factor (VEGF) also play an important role 
in the disease process of RA.16

Treatment of arthritis with high-dose NCL 
(100 mg/kg) in CIA rats caused a significant 
reduction in TNF-a and IL-1b, with an 
insignificant decline in IL-6 indicating the 
powerful anti-inflammatory effects exerted by 
NCL. This result agrees with another study 
which showed that NCL potently suppressed the 
release of pro-inflammatory cytokines (TNF-a, 
IL-6, and IL-12) in cultured dendritic cells when 
induced by lipopolysaccharide.17 In addition, the 
pathological changes in the ankle joint exerted 
by collagen type II were also modified by NCL 
which ameliorated the synovial hyperplasia, 
infiltration of the inflammatory cell, pannus 
formation, and cartilage and bone formation. 
These observations are consistent with another 
study that found marked reduction in the severity 
of joint arthritis in mice (induced by collagen type 
II) when treated with a once-daily IP injection 
of NCL for 14 days. The drug significantly 
decreased the clinical scoring, hyperplasia, 
bone destruction, and pathological changes 
in the arthritic group compared to normal 
healthy mice.6 The therapeutic efficacy of orally 
administered NCL may be due to the reduction 
in the inflammatory mediators (TNF-a, IL-1b) 
suggesting the possibility of using this drug in the 
treatment of RA.

In RA, angiogenesis is responsible for 
stabilizing the chronic inflammatory state by 
transporting inflammatory cells to the site 
of inflammation and providing nutrients and 
oxygen to the proliferating inflamed tissue. 
These new blood vessels are diffused in the 
synovial membrane and allow the invasion of 
this tissue supporting the active infiltration of the 
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synovial membrane into cartilage and resulting 
in erosions and destruction of the cartilage.18 
A recent study showed that NCL effectively 
inhibits inflammation and angiogenesis through 
the suppression of VEGF-induced angiogenesis 
both in vitro and in vivo.19 Further clinical 
studies are required to evaluate the efficacy of 
NCL in the treatment of RA.

In conclusion, to our knowledge, this is the 
first study to report that orally administered NCL 
can reduce the severity of arthritis in arthritic 
animals induced by collagen type II by lowering 
the inflammatory biomarkers including the TNF-a 
and IL-1b when used for a 28-day period. 
Moreover, NCL has the ability to significantly 
reduce the clinical scores, ankle swelling, synovial 
hyperplasia, infiltration of the inflammatory cells, 
and bone and cartilage destruction. However, 
despite these promising findings, further animal 
and clinical studies are required to confirm the 
efficacy and safety of NCL as an anti-rheumatoid 
drug when used for long periods.
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