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Abstract Because of low toxic effects of plant-derived drugs, it has become a research focus in disease prevention
and treatment, especially those chronic diseases requiring long-term treatment. The present study was designed to
evaluate the effects of silibinin (SIL) when administered with methotrexate (MTX) in animal model of zymosaninduced arthritis in rats. Male Wistar rats are used for induction and arthritic inflammation in the knee joint and hind
paw using zymosan. The animals are treated with MTX alone (10 mg/kg), SIL (10mg/kg) or their combination. The
effect was followed through edema formation, tissue cytokines release (IL-1β, IL-8, TNF-α) and infiltration of
leukocytes in synovial fluid. The results showed that SIL has weak antiarthritic activity when used alone, and
improves the antiarthitic activity of MTX when both are concomitantly administered before challenge with zymosan.
In conclusion, although SIL has a relatively weak anti-arthritic activity, it strongly augments the effect of MTX in
animal model of zymosan-induced arthritis.
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1. Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune
disease mainly manifested as chronic, progressive and
invasive arthritis [1]. The prominent clinical manifestation
is recurrent multiple symmetrical small arthritis, mostly
involving hands, wrists, feet and other joints; joint redness,
swelling, warmth, pain and dysfunction occur in early
stage, and various degrees of stiffness and deformity may
occur in late stage, complicated with bone and muscle
atrophy, with extremely high disability rate [2]. Regarding
the pathological changes, the main pathological changes
of RA include leukocytes infiltrate into articular cavity
with consequent recurrent synovitis [3] and invasive
pannus forms to damage cartilage, bone and surrounding
tissue [4]. Early treatment of RA with non-steroidal antiinflammatory drugs (NSAIDs) can only ease pain,
diminish inflammation and reduce symptoms and cannot
control the activities and progress of the disease [5].
However, the use of disease modifying anti-rheumatic
drugs (DMARDs) like methotrexate enables preventing
joint damage [6]. Recently, new approaches are utilized in
treatment of RA based targeting tumornecrosis factor
antagonists (TNF-α) and B-cells activity [7]. The drugs
used in RA treatment are continuously updated, but
adverse drug reactions are more and side effects are
serious, limiting therapeutic use and clinical efficacy [8].
Silibinin (SIL) is a natural flavonoid with various

biological activities [9]. Currently, silibinin preparations
are advocated for the treatment of cirrhosis, chronic
hepatitis and liver diseases associated with alcohol
consumption and environmental toxin exposure [10]. SIL
has many pharmacological effects, such as cardio
protection, anti-inflammation, anti-platelet aggregation,
antitumor, etc. [11,12,13]. SIL has very low side effects,
and in human clinical trials, the recommended dose of SIL
is 800 mg/day, which corresponds to about 11.5 mg for a
70 kg individual [14,15]. Because of its low toxic side
effects, it has become a research focus in disease
prevention and treatment, especially those chronic
diseases requiring long-term treatment. Hussain etal found
that SILhas anti-inflammatory effects in patients with
active knee osteoarthritis [16], and Juma'a et al. reported
its dose dependent effects in animal models of chronic
inflammation [17]. Accordingly, the present study was
designed to evaluate the effects of silibinin when
administered with methotrexate in animal model of
zymosan-induced arthritis in rats.

2. Materials and Methods
2.1. Experimental Animals
Male Wistar rats (200-250 g) obtained from the animal
hose, College of Pharmacy, University of Baghdad were
used. Animals were caged with free access to food and
fresh water in a room with temperature ranging from 22 to

48

American Journal of Pharmacological Sciences

24°C and a 12 h light/dark cycle at the animal house
facility, college of Pharmacy, University of Kufa. All
experimental procedures were performed in accordance
with the local Scientific Committee, College of Pharmacy,
University of Baghdad and to the ethical guidelines of
International Association for the Study of Pain [18].

2.2. Treatments
In the first part, animals were allocated into 4 groups (6
rats in each group). After overnight fasting, the first group
received silibinin dihemisuccinate as
β-Dextran
complex(10 mg/kg) (TolbiacSRL, Argentina) suspended
in 5% carboxymethyl cellulose (CMC); the second group
received methotrexate (10 mg/kg) (Ebwi, Austria)
suspended in 5% CMC; the third group received a mixture
containing methotrexate and silibinin (10 mg/kg each); the
fourth group received 5% CMC, and served as control. All
drugs and vehicle were orally administered 1 h prior to
induction of arthritis.

stored at –40°C, and used later for estimation of IL-1β, IL8, and TNF-α utilizing ELISA kits according to the
specifications of the manufacturer. Total protein content in
the supernatant was estimated by Lowry protein assay [20].

2.7.
Zymosan-induced
Inflammation

HindPaw

Twenty-four rats were allocated into 4 groups (6 rats in
each) and treated as mentioned previously. To induce
inflammation, rats received intraplantar injections of
zymosan in 30 μl of phosphate buffered saline (PBS) in
the right (ipsilateral) hindpaw and 30 μl of PBS in the left
(contralateral) hindpaw. Hindpaw edema was measured at
different time intervals (each six hrs) for 48 h with the
digital caliper, and was expressed as percent change in
dorso-ventralhindpaw thickness relative to baseline values
observed before intraplantar injection.

3. Statistical Analysis
2.3. Induction of Arthritis
During light ether anesthesia, rats received an intraarticular (i. a.) injection of zymosan (Sigma Aldrich,
Tokyo, Japan) (500 μg in 25 μl of sterile saline), into one
knee joint. The contralateral knee was injected with the
same volume of the vehicle, and used as control.

2.4. Measurement of Knee Joint Swelling
Knee joint swelling was evaluated by measurement of
the thickness of each knee joint by a digital caliper
(Digmatic Caliper, Mitsutoyo Corporation, Japan).Values
of knee joint thickness were expressed as the difference (Δ)
between the diameter measured before (zero time) and 6
hrs after induction of articular inflammation in millimetres
(mm).

2.5. Collection of Synovial Fluid
Leukocytesand Neutrophils Counts

All the results were expressed as mean±S.D. Analyses
were processed using Graph Pad Prism software for
Windows (version 5.0, Graph Pad Software, Inc., San
Diego, CA). The significance of difference among the
studied groups was determined using one-way analysis of
variance (ANOVA) followed by Bonferroni's post hoc test.
Values with P < 0.05 were considered significant.

4. Results

and

Six hours after zymosan i. a. injection, the rats were
killed by injection with 100 mg/kg sodium thiopental. The
synovial cavities were washed with 300 μl of PBS
containing EDTA (10 mM) by the insertion of a 21G
needle into the rat knee joints, and the synovial fluids
were recovered by aspiration. Total leukocytes and
neutrophils counts were performed in Neubauer chamber,
under an optical microscope, after dilution in Türk fluid
(2 % acetic acid). Counts are reported as numbers of cells
per cavity.

2.6. Preparation of Knee Synovial Extracts
Knee synovial extracts were prepared as previously
described by Rosengren and colleagues [19], and modified
for application in rats. Rats were killed 6 h after zymosan i.
a. injection, and the knee synovial tissue was collected.
The synovial tissue was removed with a scalpel, frozen at
–40°C and homogenized by Teflon-head homogenizer in 1
ml HBSS containing 0.4 % of triton and 0.2 % of protease
inhibitor cocktail (Complete Mini, Roche Applied Science,
Indianapolis, IN, USA) in a rate of 50 μl per 10 mg of
tissue. The homogenate was then centrifuged (5,000 g for
10 min at 4°C), the supernatant was filtered (0.2 μl),

Figure 1. Effect of treatment with MTX and SIL alone or their
combination on the increase in knee thickness induced by zymosan. Rats
were treated 1 h before stimulation. Analysis was performed 6 h after
stimulation. Results were expressed as the mean ±S.D. from at least 6
animals per group. Statistically significant differences (P<0.05) among
groups are indicated by an different letters (a,b,c)

We evaluated the anti-inflammatory effects of SIL and
its combination with MTX in this model of zymosaninduced articular inflammation, and observed that orally
administered MTX or SIL produced comparable decrease
in zymosan-induced edema formation after 6 h, which was
significantly different with that reported in control group
(P<0.05). Meanwhile, adjuvant use of SIL significantly
improves the anti-inflammatory activity of MTX,
manifested as clear reduction in zymosan-induced edema
formation after 6 h, achieving 80% of that reported in
(Figure 1). In Figure 2, all treatment approached followed
in the present study significantly decreased liberation of
IL-1β in the synovial fluid compared with control, after 6
h of induction with zymosan; however, adjuvant use of
SIL with MTX produced maximum inhibition compared
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to the use of each one alone. Figure 3 shows that both
MTX and SIL produced comparable inhibitory effect on
the release of IL-8 in the inflamed synovium 6 h after
induction with zymosan, while concomitant oral
administration of both agents produced maximum
inhibition (64%) of IL-8 release, which was significantly
different compared with other approaches. Similarly,
adjuvant use of SIL with MTX results in a highly
significant reduction in TNF-α release in synovial fluid
after induction with zymosan compared with control and
both MTX and SIL when each one administered alone
(Figure 4).The induction of inflammation wit i. a.
injection of zymosan produced an important increase in
total leukocyte numbers in the articular space within 6 h
(Figure 5). Such increase seems to be due to the influx of
neutrophils (Figure 6). Interestingly, pre-treatment with a
combination of MTX and SIL significantly inhibited the
increase in totalleukocyte and neutrophil numbers in the
synovial fluid, which was greater than that produced when
MTX or SIL administered alone (Figure 5 and Figure 6).
In zymosan-induced edema in rats' hind paw, Figure 7
clearly shows that co-administration of MTX and SLI
results in greater attenuation of edema formation after
induction with zymosan during 48 h post-challenge. This
effect seems significantly higher than control and animal
groups treated with either MTX different or SIL alone at
different time intervals (12, 24, 36, and 48 h); meanwhile,
the oral dose of SLI alone did not show significant
reduction in edema formation during all time intervals
compared with control.

Figure 2. Effect of treatment with MTX and SIL alone or their
combination on IL-1β generation induced by zymosan in rats,
determined by ELISA in tissue extractsof knee joints recovered 6 h after
zymosan stimulation. Results are expressed as the mean± S.D. from at
least6 animals per group. Statistically significant differences (P<0.05)
among groups were indicated by different letters (a,b,c,d)

Figure 3. Effect of treatment with MTX and SIL alone or their
combination on IL-8 generation induced by zymosan in rats, determined
by ELISA in tissue extracts of knee joints recovered 6 h after zymosan
stimulation. Results are expressed as the mean± S.D. from at least 6
animals per group. Statistically significant differences (P<0.05) among
groups were indicated by different letters (a,b,c)
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Figure 4. Effect of treatment with MTX and SIL alone or their
combination on TNF-α generation induced by zymosan in rats,
determined by ELISA in tissue extracts of knee joints recovered 6 h after
zymosan stimulation. Results are expressed as the mean± S.D. from at
least 6 animals per group. Statistically significant differences (P<0.05)
among groups were indicated by different letters (a,b,c,d)

Figure 5. Effect of treatment with MTX and SIL alone or their
combination on total leukocytes accumulation into rats' synovial space6
h after zymosan i. a. injection. Rats were treated 1 h beforestimulation.
Results were expressed as the mean±S.D. from at least6 animals per
group. Statistically significant differences (P<0.05) among groups were
indicated by an different letters (a,b,c)

Figure 6. Effect of treatment with MTX and SIL alone or their
combination on neutrophils accumulation into rats' synovial space 6 h
after zymosan i. a. injection. Rats were treated 1 h before stimulation.
Results were expressed as the mean±S.D. from at least 6 animals per
group. Statistically significant differences (P<0.05) among groups were
indicated by an different letters (a,b,c,d)

Figure 7. Time-course of zymosan-induced increase in pawthickness in
rats treated with MTX, SIL or their combination. Analysis was
performed from 6 h to 48 h after stimulation. Results are expressed as the
mean±S.D.from at least 6 animals per group. Statistically significant
differences (P< 0.05) among groups are indicated by different letters
(a,b,c,d)
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5. Discussion
Zymosan, a cell wall component of Saccharomyces
cerevisiae, is a crude extract that contains carbohydrate
components, such as β-glucan. These components are
responsible for innate immune induction via production of
prostanoids, activation of the complement system and
direct activation of immune cells via the β-glucan receptor
Dectin-1 [21,22]. In the present study, the reported
changes in the knee joints and hind paw are identical with
the picture of arthritis reported in genetically modified
mice, which represent the typical model of zymosaninduced arthritis [23]. The results clearly showed that
MTX efficiently suppressed the inflammatory response
when dosed prophylactically, revealed in both edema
formation and cytokines production. One of the proposed
targets of MTX activity is suppression of T cells [24]. As
the pathology of SKG mice is dependent on auto-reactive
T cells presumably by genetic alteration [15], it is
reasonable to hypothesize that the MTX mechanism of
action in this model is directly mediated by its effect on
the irregular T cells circulating in SKG mice. Many
experimental animals' studies of natural products therapies
have been conducted because of the wide range of adverse
effects associated with the long-term use of different types
of anti-inflammatory drugs reported during the clinical
practice [25]. Although animal models have many
limitations, they have contributed to the basic
understanding of inflammatory joint diseases and
development of drugs with effective anti-inflammatory
and anti-arthritic activities [17,26]. In the present study,
although SILshows relatively weak anti-arthritic activity,
when administered prophylactically as single oral dose, it
significantly augment the effect of MTX, when
administered concomitantly, revealed as attenuation of
edema formation in the knee and hind paw, cytokine
release in synovial tissue, and leukocyte migration in the
knee joint induced by zymosan. Silymarin, an extract
composed of >80% SIL, at doses 6.25, 12.5 and 25 mg/kg
when administered orally, reported to produce antiarthritic activity in Mycobacterial adjuvant-induced
arthritis model in rats in a dose-dependent manner [27].
This effect may be attributed to the inhibition of many
enzymes and mediators involved in inflammation. The
clinical application of this concept in the treatment of
osteoarthritis resulted in a promising effects marking
silymarin as a good candidate for the treatment of
inflammatory joint diseases[16]. During the course of
zymosan-induced arthritic lesion, the released cytokines
TNF-α and IL-1β are agonists of NF-κB and target genes
to induce transcription. Thus, NF-κB activation leads to
increased TNF-α and IL-1β expression and are further
acting on NF-κB, to make its activity more enhanced. SIL
can regulate NF-κB activity [28], and through the
regulation of NF-κB and inhibition of inflammatory
cytokine expression, achieve the effects of preventing
inflammation and reducing inflammatory reactions.
Moreover, NF-κB contributes to the production of IL-1,
IL-6, TNF-α, lymphotoxin, granulocyte-macrophage
colony-stimulating factor (GM-CSF) and interferon
gamma (IFN-γ) [29]. Furthermore, some of these
cytokines, e.g., IL-1 and TNF-α, activate NF-κB
themselves, thus creating positive feedback loop and
interruption of this loop by SIL might be responsible for

its chronic anti-inflammatory activity [30]. Silibinin also
has an important immunomodulatory function through
inhibition of dendritic cell maturation under both in vitro
and in vivo conditions [31] and also inhibit TNF-α
secretion by human T-cells tested freshly in vitro [28].
Thus, immunosuppression is considered as a common
feature between disease modifying antirheumatic drugs
including MTX and silymarin, and this could explain the
relative similarity in action between MTX and SIL
especially at a dose 10 mg/kg in zymosan-induced arthritis
model in rats. Several human arthropathies, including RA
are characterized by significant joint edema, movementinduced joint hyperalgesia and the infiltration of
inflammatory cells [32]. The role of neutrophils in the
pathogenesis of arthritic lesions has long been recognized
[33].The experimental model of zymosan-induced arthritis
is associated with neutrophil recruitment, lymphocyte
proliferation, and synovial hypertrophy [34]. In the
present study, SILsignificantly inhibited leukocyte
migration to the articular cavity in rats, and augment the
effect of MTX in this regard. Experimental arthritis
promoted the accumulation of inflammatory cells in the
synovial fluid. Zymosan, which is a ligand for toll-like
receptor 2 and activator of the alternative complement
pathway, triggers local activation of the innate immune
system, causing inflammation in the injected joint [35]. At
early time points after zymosan injection, edema
formation is accompanied by neutrophil infiltration and
the release of inflammatory mediators in the synovial
tissue and fluid in the inflamed joints. In the present study,
the effect of zymosan injection was observed as an intense
inflammatory reaction, characterized by increased
leukocyte migration in the articular cavity. Furthermore,
we found that oral treatment with a combination of MTX
and SIL as a single dose significantly decreased leukocyte
(specifically neutrophils) migration in the synovial fluid,
which may attenuate edema formation and cytokine
release compared with the control group. In the present
study, the inflammatory response after an intraplantar
injection of zymosan into the right hind paw showed a
time-dependent response, with maximal swelling at 18-24
h that started to gradually decline toward baseline.
Zymosan-induced paw inflammation in miceinduces
peripheral
edema,
COX-2
expression,
primary
hyperalgesia, and central sensitization [36]. In the present
study, MTX, SIL or their combination, reduced paw
edema in mice with a maximal effect at 18 h (Figure 7).
This anti-edematous effect suggests that the inhibitory
action of the combination was significantly greater than
the effects of both agents, when each one administered
alone, and may be attributable to the suppression of the
release of many mediators responsible for inflammation,
including PGE2 and COX-2 [37], in addition to those
reported in the present study. In conclusion, although
silibinin has a relatively weak anti-arthritic activity, it
strongly augments the effect of methotrexate in animal
model of zymosan-induced arthritis.
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