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Salvianolic acid B (SB) is a major active phyto-component of the plant Radix Salvia miltiorrhiza, which is tradi-
tionally used to treat joint pain and arthritis. The present study examined the anti-rheumatoid arthritis effica-
cy of SB on collagen-induced rheumatoid arthritis (CIA) in a rat model.

Forty-eight rats were divided into 4 groups: Control rats treated with saline (Group 1), rats subjected to CIA in-
duction by intradermal injection of bovine collagen Il type at the tail (Group II), and rats subjected to CIA and
supplemented with either 20 or 40 mg/kg of SB for 28 days (group Il or IV).

Paw swelling, edema, arthritis score, thymus and spleen indexes, and neutrophil infiltration were significantly
decreased (p<0.01) by treatment with 20 or 40 mg/kg of SB. The levels of inflammatory cytokines (interleukin-
1B, -6, and -17, and TNF-or) and anti-collagen Il-specific immunoglobulins (IgG, and IgG,,) were markedly de-
creased (p<0.01), and those of antioxidant enzymes (SOD, CAT, and GSH) were significantly increased (p<0.01)
in SB-treated rats. Administration with SB (20 or 40 mg/kg) resulted in lower phosphorylated IkB-oc and NF-
KB p65 protein levels and markedly downregulated IB-o expression. Furthermore, CIA rats revealed the pres-
ence of highly diffused polymorphonuclear cells (PMNs) infiltration with eroded cartilage; however, these phe-
nomena were considerably ameliorated by SB.

SB alleviates oxidative stress and inflammation in CIA rats, thus verifying its anti-rheumatoid arthritis property.
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Background

Rheumatoid arthritis (RA), a common inflammatory disease, is
characterized by increased infiltration of inflammatory cells,
particularly polymorphonuclear cells (PMNs), into synovial flu-
id, which leads to degeneration of the synovial membrane, ar-
ticular cartilage, and joint bones [1,2]. The prevalence of RA in
China (especially in women) is increasing owing to a seden-
tary lifestyle and insufficient awareness of RA [3]. Moreover,
RA reduces the quality of life due to severe pain, deformity,
and disability, as well as its strong association with cardiovas-
cular and cerebrovascular diseases. Thus, RA imposes an enor-
mous social and economic burden in China [4].

In RA patients, activation of nuclear factor kB (NF-«B) leads to
an inflammatory response [5-7]. Moreover, the levels of pro-
inflammatory cytokines, such as interleukin (IL)-1p, IL-6, and
IL-17, are considerably elevated in RA patients, whereas those
of anti-inflammatory cytokines, such as IL-10, are reduced (due
to excessive activation of NF-kB), which worsens inflamma-
tion [8,9]. The enhanced inflammatory response in RA triggers
a respiratory burst, resulting in production of high levels of
free radicals (reactive oxygen species [ROS] and reactive ni-
trogen species) and thereby contributing to oxidative stress
and synovium damage [10]. Thus, inflammation and oxidative
stress play crucial roles in RA. RA is typically treated with non-
steroidal anti-inflammatory drugs (NSAIDs) and disease-modi-
fying anti-rheumatic drugs (DMARDs), and in advanced cases,
knee replacement surgery, either individually or in combina-
tion [11]. However, these drugs can result in various adverse
events such as gastric dysfunction and hepatic and renal fail-
ure [12], and they are costly. Therefore, cost-effective anti-in-
flammatory and antioxidant drugs for RA with few or no ad-
verse effects are needed.

Salvianolic acid B (SAB; CAS: 121521-90-2) is a major phyt-
oconstituent of the plant Radix Salvia miltiorrhiza. Radix S.
miltiorrhiza (Red sage) is a perennial herb, and its dried roots
(Danshen) are commonly used in traditional Chinese medi-
cine to cure joint pain, RA, and cerebrovascular, cardiovascu-
lar, and skin disorders [13]. SB exerts antioxidant, anti-diabet-
ic, anti-inflammatory, immunomodulatory, cardioprotective,
hepatoprotective, and neuroprotective effects in animal mod-
els [14-16]. Watzke et al. [17] reported that lithospermic acid
B and SB have identical structures with different spatial con-
figurations and show similar activity in experimental models.
Moreover, Liu et al. [13] reported that S. miltiorrhiza with a
higher SB content exerts a therapeutic effect in RA patients by
suppressing synovial hyperplasia. In addition, SAB has shown
a positive impact on various experimental RA models [13,14].
Indeed, a myriad of natural products with potent anti-inflam-
matory and antioxidant activities show potential as anti-RA
agents [8,18]. Hence, we evaluated the anti-RA activity of SB
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by examining paw swelling (edema), the arthritis score, spleen
and thymus indexes, antioxidant status, inflammatory mark-
er levels, and histological parameters of synovial joint tissue
in rats with collagen-induced arthritis (CIA).

Material and Methods

Chemicals and reagents

Salvianolic acid B (SB), bovine type Il collagen (Cll), complete
Freund’s adjuvant (CFA), sodium pentobarbitone, and forma-
lin were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Glycerol, sodium hydroxide, hematoxylin and eosin (H & E)
stain, and hydrogen peroxide were procured from Kangchen
Biotechnology (Shanghai, China). Phosphate-buffered saline
(PBS), ready-made buffer xylene, and ketamine were supplied
by Thermo Fisher Scientific (MA, USA). All reagents and chem-
icals were of analytical grade.

Experimental animals

Forty-eight healthy male Sprague-Dawley albino rats weigh-
ing 220-250 g were housed in the Animal Center at the First
People’s Hospital of Huzhou, Zhejiang, China. Rats were main-
tained in steel cages under a 12/12 h light/dark cycle at room
temperature with ad libitum (free) access to food and water. All
animal procedures were approved by the Bioethics Committee
of the First People’s Hospital of Huzhou (FPHH-902400) and
were performed in accordance with the National Institutes of
Health guidelines for handling and care of laboratory animals.

Immunization/CIA induction

CIA was carried out using the method of Liu et al. [8]. In brief,
Cll was mixed with 0.05 M acetic acid and emulsified by add-
ing an equal amount of CFA (with heat-killed Mycobacterium
tuberculosis H37Ra). The rats were immunized intradermally
with the CFA mixture into the base of the tail on day 0 and
boosted with Cll and incomplete Freund’s adjuvant (IFA) on
day 21. Control rats were not immunized with the CFA mixture.

Animal groups

Forty-eight male healthy Sprague-Dawley rats were arbitrari-
ly divided into 4 treatment groups of 12 rats each. After as-
similation in the animal house for 2 weeks, rats were divided
into the following groups: (1) control rats that received saline
for 28 days; (2) CIA rats that underwent induction of arthritis
for 28 days without treatment (CIA); (3) CIA rats treated with
20 mg/kg body weight SB i.p. for 28 days (SB 20 mg/kg); and
(4) CIA rats treated with 40 mg/kg body weight SB i.p. for 28
days (SB 40 mg/kg). On days 0, 14, and 28, the paw swelling
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(edema) volume was evaluated using a plethysmometer. The ar-
thritis score was calculated by the method of Zhang et al. [19].
Swelling and erythema of the paws (hind and fore) were grad-
ed using a 5-point scale: 0, no sign of swelling or erythema; 1,
signs of swelling or erythema in the ankle or wrist; 2, signs of
swelling or erythema in the ankle and tarsal or wrist and car-
pal; 3, signs of swelling or erythema extending to the metatar-
sals or metacarpals; and 4, signs of swelling or erythema in-
volving the entire hind or fore paw. Hence, the maximum score
was 8 (4x2 hind/fore paws). The body weight of the rats was
monitored throughout the study.

Sample preparation

On day 29, rats were euthanized by cervical decapitation under
40 mg/kg sodium pentobarbitone anesthesia (i.p.), and blood
samples were collected and the serum separated. Peripheral
blood mononuclear cells (PBMCs) were separated using the
method of Lin et al. [20]. The spleen and thymus were excised
immediately, washed with saline, and weighed. Synovial joint
tissue was removed from the rats and fixed in 10% forma-
lin for histological analysis. A portion of joint tissue was ho-
mogenized (10%) in PBS and used for biochemical and mo-
lecular analyses.

Thymus and spleen index assays

The thymus and spleen indexes were assayed by the method
of Zhang et al. [21] and are expressed as ratios (mg/g).

Antioxidant enzymes and lipid peroxidation products

Glutathione (GSH) content, and catalase (CAT) and superoxide
dismutase (SOD) activities, in joint-tissue homogenates were
assayed using commercial kits according to the manufactur-
er’s instructions (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China). Similarly, malondialdehyde (MDA) levels in joint
tissue were measured using a commercial kit from Shanghai
Yantuo Biotechnology Ltd., (Shanghai, China).

Myeloperoxidase activity assay

The myeloperoxidase (MPO) activity of PBMCs was evaluat-
ed using an MPO assay kit (Nanjing Jiancheng Bioengineering
Institute) according to the manufacturer’s instructions.

Anti-collagen (C) Il Ig and inflammatory marker levels

Serum anti-Cll IgG, and G,_ levels were quantified as arbitrary
units using enzyme-linked immunosorbent assay (ELISA) kits
(Thermo Fisher Scientific). Serum IL-1p, IL-6, IL-10, IL-17, and
TNF-a. levels were determined using ELISA kits according to
the manufacturer’s instructions (Thermo Fisher Scientific).
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Western blotting

Homogenized synovial joint tissue was separated into nuclear
and cytosolic fractions using the Nuclear/Cytosolic Fractionation
Kit (Bio Vision Inc., CA, USA) to quantify cytosolic IkB-o. and phos-
phorylated IkB-o (plkB-0) and nuclear NF-kB p65 levels. Protein
levels were determined using a BCA protein assay kit (Thermo
Fisher Scientific). Protein extract (50 pg) was resolved by 12%
sodium dodecyl sulfate polyacrylamide gel electrophoresis and
electrotransferred onto a nitrocellulose membrane. The mem-
brane was blocked using TrisPBS (TPBS) with Tween 20 and 5%
skimmed milk and probed with primary antibodies: mouse mono-
clonal anti-1xB-a, -phospho-1kB-o (1: 1200 dilution), -NF-kB p65
(1: 1000; Cell Signaling Technology, MA, USA), -B-actin (1: 800;
Zhongshan Biotechnology, Beijing, China), or -histone H3 (1: 1,000;
Zhongshan Biotechnology). Next, an anti-rabbit secondary anti-
body conjugated to horseradish peroxidase (1: 10 000; Abcam/
Cell Signaling Technology) in TPBS was added and incubated at
37°C for 1 h. Bands were visualized using an enhanced chemilu-
minescence image analyzer, and protein levels were quantified
using Image-Pro Plus software (Media Cybernetics, Inc., MD, USA).

Histomorphological evaluation

Synovial joint tissue was obtained from the rats, fixed in 10%
buffered formalin for 24 h, dehydrated, and processed using
acetone and xylene. The tissues were embedded in liquid par-
affin wax for sectioning. Sections (4 um) of joint tissues were
prepared using a microtome, mounted onto microscope slides,
covered with cover slips, and stained with H & E. Histological
parameters were evaluated under a compound microscope
(Leica Microsystems DM 6000 B, Wetzlar, Germany).

Statistical analysis

Data are shown as means + standard deviation (SD) of 12 rats
per group. Differences were evaluated by one-way analysis of
variance using the Statistical Package for the Social Sciences
(SPSS, ver. 23; IBM, NY, USA) and least significant difference
(LSD) multiple comparison tests. Values of p<0.05 were con-
sidered indicative of statistical significance.

Results

Effect of SB on paw swelling and arthritis score

The effect of SB on paw swelling and the arthritis score in con-
trol and experimental rats is shown in Figures 1 and 2. The ede-
ma (water content) and arthritis score of CIA rats were signif-
icantly increased (p<0.01) on days 14 and 28. Treatment with
20 mg/kg (p<0.05) and 40 mg/kg (p<0.01) SB reduced the ede-
ma and arthritis score as compared with those of untreated rats.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Xia Z.-B. et al.:
Salvianolic acid B ameliorates rheumatoid arthritis in a rat model
© Med Sci Monit, 2018; 24: 2524-2532

ANIMAL STUDY

Figure 2. Effect of SB on the arthritis score in control and
experimental rats. Data are means +SD of 12 rats per
group. ** p<0.01, * p<0.05. 2 CIA vs. control group, ® SB
treatment (20 and 40 mg/kg) vs. CIA group.

Effect of SB on the thymus and spleen indexes

The effect of SB on the thymus and spleen indexes in control
and experimental rats are shown in Figures 3A and 3B, re-
spectively. The thymus and spleen indexes were markedly in-
creased (p<0.01) in the CIA group. However, administration of
20 and 40 mg/kg SB substantially lowered (p<0.01) the thy-
mus and spleen indexes.

Figure 1. Effect of SB on paw swelling in control
16 O | o and experimental rats. Data are means
14| W E?:tro o +SD of 12 rats per group. ** p<0.01,
_ 1| ESB20+CA - a * p<0.05. 2 CIA vs. control group, ® SB
E 10 B 5B 40+CIA b P treatment (20 and 40 mg/kg) vs. CIA
% 0.8 p* group-
0day 14 day 28 day
Effect of SB on joint-tissue antioxidant activities and lipid
10 | -@-Control e peroxidation products
(A ; *x
- 8 tgg igig:ﬁ The effects of SB on joint-tissue antioxidant activities and MDA
S 6 ¥ levels in control and experimental rats are shown in Table 1.
£ Compared with control rats, the GSH, CAT, and SOD activi-
N ties in joint tissue were significantly attenuated (p<0.01), and
2 e MDA levels were significantly increased (p<0.01), in CIA rats.
0 Treatment with 20 and 40 mg/kg SB (p<0.05 and <0.01, re-
0day 14 day zgvday spectively) significantly increased the GSH, CAT, and SOD ac-
tivities and decreased the MDA levels to near-normal levels.

Effect of SB on joint-tissue morphology

The effects of SB on the joint-tissue morphology of control and
experimental rats are shown in Figure 4. Control rats showed
a normal articular cartilage architecture without mononucle-
ar cell infiltration (Figure 4A). CIA rats exhibited diffuse PMN
infiltration with articulated cartilage erosion and synovitis (ar-
row, Figure 4B). In contrast, CIA rats treated with 20 mg/kg SB
displayed moderate PMN infiltration and inflammation with
less cartilage erosion and synovitis (Figure 4C). CIA rats treat-
ed with 40 mg/kg SB showed no cartilage erosion, mild PMN
infiltration, and mild inflammation (Figure 4D).

A [ Control B
16 M A 25
¥ I SB 20+CIA »
14 I SB 40+CIA 20 a
E b** g
£ 10 _ 25 -
Z 08 2 o
o
£ 06 £ -
0.4 05
02
0.0 0.0

Figure 3. Effect of SB on the thymus (A) and spleen (B) indexes in control and experimental rats. Data are means +SD of 12 rats per
group. ** p<0.01, * p<0.05 @ CIA vs. control group, , SB treatment (20 and 40 mg/kg) vs. CIA group.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

2527

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]



Xia Z.-B. et al.:

AN I MAL STU DY Salvianolic acid B ameliorates rheumatoid arthritis in a rat model

© Med Sci Monit, 2018; 24: 2524-2532

Table 1. Effect of SB on the activities of joint tissue antioxidants and lipid peroxidation products in control and experimental rats.

GSH CAT SOD MDA
(ng/mg protein) (U/mg protein) (U/mg protein) (nmols/mg protein)
Control 9.72+0.10 69.34+5.86 3.21+0.44 0.87+0.11
""""""" QA 756:074™ 48458730 153:00s™t  Ls7s0ast
""""""" SB20+CIA  873:067°% 5968510 225:032 1081008
""""""" SBAOKRCIA  916:0.56%  6AG7HZ00W 2761018 0961008

Data are means + SD of 12 rats per group. ** p<0.01, * p<0.05. 2 CIA vs. control group; ® SB treatment (20 and 40 mg/kg) vs. CIA group.
One unit (U) of SOD activity was defined as the amount of enzyme required for 1 mg tissue proteins in 1 ml of a reaction mixture SOD
inhibition rates to 50% as monitored at 550 nm. One unit (U) of CAT activity was defined as 1 mg tissue proteins consumed 1 pmol
H,0, at 405 nm for 1 second.

Ao

[ .
- N
g3 RGP

Figure 4. Effect of SB on joint tissue in control and experimental rats as determined by H & E staining (400x magnification). Control
rats exhibited a normal articular cartilage architecture without mononuclear cell or PMN infiltration (A). CIA rats showed
diffuse PMN infiltration with articulated cartilage erosion and synovitis (arrow, B). Rats treated with 20 mg/kg SB showed
mild PMN infiltration with slight cartilage erosion and synovitis (C). Rats treated with 40 mg/kg SB showed almost normal
articular cartilage without erosion but with infiltration by a few PMNs and inflammation (synovitis) (D). Scale bar, 50 pm.
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Figure 5. Effect of SB on PBMC MPO levels in control and
experimental rats. Data are means +SD of 12 rats per
group. ** p<0.01, * p<0.05. 2 CIA vs. control group, ® SB
treatment (20 and 40 mg/kg) vs. CIA group.

Figure 6. Effect of SB on serum anti-collagen Il Ig levels in
control and experimental rats. Data are means +SD of
12 rats per group. ** p<0.01, * p<0.05. @ CIA vs. control
group, ® SB treatment (20 and 40 mg/kg) vs. CIA group.

Table 2. Effect of SB on the concentration of serum inflammatory markers in control and experimental rats.

IL-17 TNF-o

(ng/mL)

(ng/mL)

Control 51.54+5.76 22.45+8.67
o 1673482135 108.5741566™
sBaoeCA BLASLIOO7™  6668LILTTH
 sBaosCA 668748247 A156:1075%%

131.56+16.63

49.87+6.64

88.28+12.45

122.59+10.72%** 56.80+7.83** 100.13+8.94°**

Data are means + SD of 12 rats per group. ** p<0.01, * p<0.05. 2 CIA vs. control group; ® SB treatment (20 and 40 mg/kg) vs. CIA group.

Effect of SB on PBMC MPO levels

The effect of SB on PBMC MPO levels in control and exper-
imental rats is shown in Figure 5. CIA rats exhibited signifi-
cantly (p<0.01) higher MPO levels than those of control rats.
CIA rats treated with 20 and 40 mg/kg SB showed significant-
ly (p<0.01) lower MPO levels than those of CIA rats.

Effect of SB on anti-Cll IgG levels

The effects of SB on anti-Cll IgG levels in control and experi-
mental rats are shown in Figure 6. IgG, and IgG,_ levels were
significantly increased (p<0.01) in CIA rats, and were restored
to normal levels by treatment with 20 or 40 mg/kg SB.

Effect of SB on inflammatory marker levels

The effects of SB on serum inflammatory marker levels in con-
trol and experimental rats are shown in Table 2. IL-1, IL-6, IL-
17, and TNF-a levels increased significantly (p<0.01), and those
of IL-10 decreased significantly (p<0.01), in CIA rats. Treatment
with 20 and 40 mg/kg SB significantly decreased the IL-1f,
IL-6, IL-17, and TNF-o levels, with increased IL-10 level, com-
pared with those of CIA rats.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Effect of SB on IkB-a, plkB-0, and NF-xB p65 subunit
levels

The effects of SB on IkB-a, plkB-a, and NF-kB p65 subunit pro-
tein levels in the joint tissue of control and experimental rats
are shown in Figure 7. plkB-o. and NF-kB p65 protein levels in
joint tissues were markedly upregulated (p<0.01), while that
of 1kB-o. was notably downregulated, in CIA compared with
control rats. Treatment with 20 and 40 mg/kg SB for 28 days
resulted in significant (p<0.01) decreases in plkB-a and NF-kB
p65 subunit protein expression levels, with a marked increase
in the IxB-o protein level as compared with those in CIA rats.

Discussion

This is the first experimental study of the anti-RA effect of SB
in an animal model. A rat model of CIA was used because it
is the preferred pre-clinical model of RA [22]. Treatment with
40 mg/kg SB resulted in a greater anti-RA effect than that
with 20 mg/kg SB in terms of the arthritis score, paw swell-
ing, PMN activation, oxidative stress and inflammation mark-
er levels, synovitis, and cartilage erosion.
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Figure 7. Effects of SB on IkB-a, p IkB-o, and NF-kB p65 protein levels in the joint tissues of control and experimental rats. Data are
means +SD of 12 rats per group. ** p<0.01, * p<0.05. 2 CIA vs. control group, ® SB treatment (20 and 40 mg/kg) vs. CIA group.
B-actin and histone H3 were used as internal standards. Lane 1, control; lane 2, CIA group; lane 3, SB 20 mg/kg group, lane

4, SB 40 mg/kg group.

Paw swelling and arthritis scores are used to evaluate the an-
ti-arthritic effects of drugs [20]. The edema and arthritis score
of CIA rats were increased on days 14 and 28. Administration
of SB markedly reduced the edema, swelling, and erythema
compared with those in the CIA rats. Previously, SB has been
reported to reduces the edema and swelling of brain tissue by
suppressing the inflammatory response [23].

Thymus and spleen indexes are used to evaluate immunoregu-
latory activity [24,25]. The thymus and spleen indexes were sig-
nificantly increased in CIA rats; in contrast, 20 and 40 mg/kg SB
substantially reduced the thymus and spleen indexes as com-
pared with CIA rats, suggesting the immunomodulatory activ-
ity. Danshen (S. miltiorrhiza), the source of SB, exerts immuno-
modulatory and anti-inflammatory effects in BALB/c mice [26].

Oxidative stress and inflammation are interlinked and play a
central role in the pathogenesis of RA [27]. Because the in-
flammatory response and increased infiltration of macro-
phages/neutrophils trigger ROS generation, excessive ROS
can induce proinflammatory cytokine production and macro-
phage/neutrophil infiltration, thus triggering inflammation in
synovial tissues [28,29]. The activities of endogenous antioxi-
dant enzymes and levels of oxidative markers were measured
to assess the protective effects of SB. In CIA rats, GSH, CAT,
and SOD activities in joint tissue were considerably decreased,

while MDA levels were significantly increased due to oxidation
of membrane lipids of chondrocytes and fibrocytes. Similarly,
Mateen et al. [30] reported that in RA, MDA levels are signifi-
cantly increased with decreased activity of GSH, SOD, and CAT
owing to the free radical-scavenging and Nrf2-modulatory ac-
tivities of SB[31], and SB reduced oxidative stress by increas-
ing GSH, CAT, and SOD activities and normalizing MDA levels.
Therefore, SB can protect joint tissue against the deleterious
effects of free radicals by elevating endogenous antioxidant
levels, thereby maintaining the integrity of synovial or joint
tissue and cartilage.

The joint tissue of control rats exhibited a normal articular car-
tilage architecture without mononuclear or PMN infiltration.
In contrast, CIA rats exhibited diffuse PMN infiltration with ar-
ticulated cartilage erosion and synovitis. During CIA induction,
the levels of free radicals and proinflammatory cytokines are
substantially increased, which results in damage to articular
cartilage or joint tissue, leading to synovitis and cartilage ero-
sion. CIA rats treated with 20 mg/kg SB showed mild mononu-
clear cell or PMN infiltration and only slight cartilage erosion
and synovitis. CIA rats treated with 20 mg/kg SB showed al-
most normal articular cartilage without erosion, together with
reduced PMN infiltration and synovitis. Similarly, SB protect-
ed against hepatic fibrosis due to its antioxidant and anti-in-
flammatory properties [32].
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Persistent inflammation via excessive infiltration of PMNs con-
tributes to the pathophysiology of RA [28,33]. Therefore, the
effect of SB on PMN infiltration in control and experimental
rats was quantified by measuring MPO levels. MPO is a heme-
containing enzyme that is unique to neutrophils, is involved
in free radical production, and is considerably elevated dur-
ing inflammation [10]. MPO levels were significantly increased
in CIA rats (by triggering a CD4 T-cell response), which led to
excessive activation of PMNs and neutrophil/macrophage in-
filtration into damaged synovial joint tissue; in turn, this in-
creases ROS and proinflammatory cytokine levels, resulting in
joint-tissue damage [34,35]. MPO levels were normalized by
treatment with 20 and 40 mg/kg SB, likely due to the antiox-
idant and anti-inflammatory activities of SB. Yang et al. [36]
reported that SB treatment suppresses neutrophil infiltration
and thus ameliorates inflammation.

Anti-Cll IgG, and IgG,, levels were significantly elevated in CIA
animal models [37,38] and in ClA-induced rats due to increased
activation of Th2 CD cells by CFA and IFA. The increased anti-
Cll 1gG levels were normalized by treatment with 20 or 40 mg/
kg SB, likely due to increased activation of B cells or possibly
due to regulation of the activation of other immune cells (e.g.,
PMNSs), but the underlying mechanism is unclear.

Proinflammatory cytokines, such as IL-1p, IL-6, IL-17, and TNF-o,
play a key role in the physiopathology of RA [39,40]. In con-
trast, IL-10 ameliorates RA by downregulating proinflamma-
tory cytokine expression [41]. Stimulation of PMNs enhances
production of free radicals and proinflammatory cytokines in
inflamed synovial tissue, possibly leading to elevated serum
levels of proinflammatory cytokines [42]. IL-17 (Th 17) pro-
motes recruitment of neutrophils/macrophages (infiltration)
and thus results in synovial joint tissue damage and, subse-
quently, RA [40]. Indeed, serum IL-1B, IL-6, IL-17, and TNF-a
levels were significantly increased, and that of IL-10 was mark-
edly reduced, in CIA rats. However, treatment with 20 and 40
mg/kg SB reduced the serum IL-1B, IL-6, IL-17, and TNF-a. lev-
els with increased IL-10 levels. Similarly, Endale et al. [39] re-
ported that suppression of proinflammatory cytokines at-
tenuated further inflammatory response and subsequently
lower cartilage destruction in a CIA animal model. To reveal
the mechanism underlying the anti-inflammatory activity of
SB, we quantified IkB-a, plkB-a, and NF-kB p65 levels. NF-xB
plays a central role in regulating the expression of inflamma-
tory cytokines in RA [6,7].

ANIMAL STUDY

The NF-xB family comprises homo- or heterodimeric induc-
ible transcription factors that consist of several subunits/tran-
scription factors (p50, p52, p65-Rel A, c-Rel, and RelB). NF-kB
resides in the cytosol in its inactive form bound to inhibito-
ry IkB [43, 44]. Upon stimulation, IxB-a. is activated by phos-
phorylation by IkB kinase (IKK) o. plkB-a. undergoes protea-
somal degradation to cleave the major subunits of NF-xB (p50
and p65), which is thereby activated [45]. Free NF-xB p50 and
p65 translocate into the nucleus and bind to the promoter re-
gions of target genes, such as those encoding inflammatory
enzymes (iNOS and COX-2), chemokines, and proinflammato-
ry cytokines (e.g., IL-1B, IL-6, IL-17, and TNF-o) [46]. The plkB-
o and NF-xB p65 protein levels in joint tissues were marked-
ly upregulated, while that of I«B-a was downregulated, in CIA
rats. Treatment with 20 and 40 mg/kg SB for 28 days markedly
decreased the plikB-a and NF-kB p65 protein expression levels
and increased that of 1xB-a, compared with those of CIA rats
and thus endorsing its anti-inflammatory activity.

SB prevents NF-kB activation by decreasing the cytoplasmic
plkB protein level and thus dampens inflammation in an ani-
mal model [32]. Also, Yang et al. [36] reported that SB signifi-
cantly inhibits translocation of activated NF-kB p65 subunits
into the nucleus in animal model. Our findings are in agree-
ment with the results of Xu et al. [7], who reported that any
drug that inhibits NF-xB activation has potential as an anti-
RA agent. SB attenuates inflammation by suppressing NF-xB
activation, thereby exerting its anti-RA property. The present
study has several limitations, including the lack of evaluation
of factors related to apoptosis and hyperplasia (synoviocytes),
and NF-xB p50 and IKKa: protein levels.

Conclusions

SB exerts a concentration-dependent effect on the arthritis
score, edema, paw swelling, and oxidative stress and inflam-
matory marker levels, and ameliorates synovitis and cartilage
erosion due to its antioxidant, anti-inflammatory, and immu-
nomodulatory activities. Therefore, SB (especially 40 mg/kg)
has potential as an adjuvant therapy for RA together with
standard drugs. In the future, we aim to assess the effect of
SB on signaling pathways related to its antioxidant and anti-
inflammatory properties, which will facilitate development of
novel anti-RA drugs.
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