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Abstract
In the present study, the modulatory effects of bifidobacterial spp. (Bifidobacterium breveNCIM 5671, Bifidobacterium longumNCIM
5672 and Bifidobacterium bifidum NCIM 5697) on adjuvant induced arthritis in rats were evaluated. Arthritis was induced in male
Wistar rats by injecting 250μg of Freund’s adjuvant directly into the paw. Fifteen days before and 15 days after the induction of arthritis,
suspended cultures of bifidobacteria (109 cfu/ml) were administered by oral gavage. Paw volume, bonemineral content, oxidative stress
markers, antioxidant enzymes, cytokines, eicosanoids and expression of COX2, as well as bone hydrolytic enzymes, were assessed by
RT PCR. Although piroxicam-treated groups (drug control) had better effects than bifidobacteria-treated groups, bifidobacteria
probiotics administration exhibited significant (P < 0.05) prophylactic effects in terms of downregulating arthritis markers.
Parameters including paw volume, bone mineral content, cytokines, and eicosanoids level were significantly (p< 0.05) modulated in
bifidobacteria administered groups compared to arthritic control group. Among the three strains tested, B. breveNCIM 5671 exhibited
superior prophylactic effects as assessed in the experimental ratmodel of arthritis. In conclusion, bifidobacteria probiotics administration
can downregulate the markers of arthritis and hence can be a potential therapeutic regimen in the treatment of arthritis.
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Introduction

Rheumatoid arthritis (RA) is a chronic degenerative disease
that affects joints causing permanent disability if not prevented
through early treatments. The disease symptoms include joint
pain, swellings and movement restrictions that can be general-
ly countered using over the counter anti-inflammatory

treatments (Yadav et al. 2016). RA affects 1% of the popula-
tion, and the aetiology of the disease remains untraced
(Firestein and McInnes 2017). Cytokines are known to play a
key role in the progress of the disease. Pro-inflammatory cy-
tokines interleukin-1 beta (IL-1β), interleukin-6 (IL-6), tumour
necrosis factor-α (TNF-α) and interleukin-17 (IL-17) are some
of themajor cytokines indicated in the pathogenesis of arthritis.
These cytokines activate leukocytes, synovial fibroblasts, the
release of other cytokines and chemokines, expression of ad-
hesion molecules, matrix enzymes, osteoclasts, resorption of
bone and suppression of T-regulatory (Treg) cells (McInnes
et al. 2016). T cells and B cells are also implicated in the
pathophysiology of RA. T-helper17 (Th 17) cells are known
to secrete IL-17 which promote synovitis. Absence of Treg
cells or defective function of Treg cells responsible for control-
ling and suppressing effector T cells and lymphocytes has also
been recognised for the progress of RA (Alunno et al. 2015;
Choy 2012). Cure for RA has not yet been identified and the
current treatment strategies involve the use of non steroid anti-
inflammatory drugs (NSAIDs), disease-modifying anti-rheu-
matic drug (DMARD) and cytokine inhibitors which have
several side effects (Grosser et al. 2010; Smolen and Aletaha
2015; Tarp et al. 2017).
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Although the exact cause of RA has not been identified,
loss of self-tolerance is considered to elicit such immune dys-
regulation (McInnes et al. 2016). The relation between gut
mucosal immune system and microbes is also being consid-
ered for the origin of RA (Firestein and McInnes 2017).
Several clinical and pre-clinical studies have documented the
relationship between RA and the gut microbiome. Infectious
aetiology, molecular mimicry, microbial components and me-
tabolites produced have been proposed to increase predispo-
sition to RA (Taneja 2014). Gut commensals are known to
maintain homeostasis and are capable of modulating immune
system. Any variation or changes in the microbial composi-
tion of the gut can alter the immune system and thus lead to
autoimmune disorders. Studies have reported gut dysbiosis in
case of RA patients wherein counts of Bifidobacterium,
Bacteroides, Porphyromonas, Prevotella, Eubacterium rectal
and Clostridium coccoides were scarce (Taneja 2014).

Bifidobacteria is one of the predominant gut commensals,
known to promote the health of the host (Achi and Halami
2017). Various clinical, in vivo and in vitro studies have doc-
umented the health beneficial effects of bifidobacteria in case
of diseases such as inflammatory bowel disease, irritable bow-
el syndrome, cancer, diarrhoea, lactose intolerance, etc. (Lee
and O'Sullivan 2010). Studies have reported the anti-
inflammatory activity of bifidobacteria. In vivo studies have
demonstrated the immune modulating potential of
bifidobacteria in gastrointestinal and non-gastrointestinal dis-
eases (Groeger et al. 2013). Bifidobacteria also induce devel-
opment of reg dendritic cells, Treg cells and Tr1 cells (Fu et al.
2017; Kwon et al. 2010; López et al. 2011; O'Mahony et al.
2008; Shi et al. 2018; Verma et al. 2018; Zheng et al. 2014).
Due to their health beneficial effects, they are widely
acclaimed as a probiotic. Several studies have reported the
preventive and therapeutic effect of probiotic lactobacillus in
RA (Amdekar et al. 2013; Kim et al. 2015; Kwon et al. 2010;
Lee et al. 2015; So et al. 2008). However, to the best of our
knowledge, there are no reports documenting the beneficial
effects of bifidobacteria in RA. Hence, in the present study,
three strains of bifidobacteria viz. B. breve NCIM 5671,
B. longumNCIM 5672 and B. bifidumNCIM 5697 previously
characterised for their probiotic properties (Achi and Halami
2019) have been used to evaluate the prophylactic effect in
in vivo model of RA.

Materials and methods

Materials

Microbiological media and chemicals were supplied by Hi
Media Pvt. Ltd., Mumbai, India. All fine chemicals were pur-
chased from Sigma-Aldrich Inc. Other chemicals used were of
AR grade unless otherwise specified. Cytokine ELISA kits IL-

1β (Cat no: ab100767), IL-4 (Cat no: ab100770), IL-6 (Cat no:
ab119548), IL-10 (Cat no: ab100764) and TNF-α (Cat no:
ab46070) were procured from Abcam, Cambridge, U.K; LTB4
(Cat no: 514010), LTC4 (Cat no: 501070) and PGE2 (Cat no:
514010) were purchased from Cayman Chemicals, Michigan
USA; Rat MCP-1 (Cat no: 900-M59) was procured from
Peprotech, USA. Immunoassay kits for Rf factors and C-
reactive protein were acquired from Coral clinical systems-
Tulip diagnostics, Goa, India. Freund’s complete adjuvant for
induction of arthritis was purchased from Sigma-Aldrich Inc.

Preparation of bifidobacteria cultures

Bifidobacteria strains B. breve NCIM 5671, B. longumNCIM
5672 and B. bifidum NCIM 5697 were cultured in de Man,
Rogosa and Sharpe medium supplemented with 0.05% cyste-
ine hydrochloride (MRS-C). Anaerobic conditions for
bifidobacteria cultures during incubation were maintained
using Anaerogas pack (HiMedia). The cultures were activated
from frozen glycerol stock by two successive sub-culturing in
MRS-C medium and incubating under anaerobic condition at
37 °C for 24 h. The cultures were then centrifuged and resus-
pended in skim milk to obtain a count of 108–109 cells/0.5 ml
for feeding rats as a probiotic dosage.

Animals and arthritic induction

A total of 48 male Wistar rats (120 ± 5 g) were acquired from
animal house facility of CSIR-Central Food Technological
Research Institute, Mysuru, India. The animals were housed four
per cage under standard conditionswith 12-h dark and light cycle
at animal house facility. The animals had free access to food and
water. All the procedures followed in the study were in accor-
dance with Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA),
Government of India guidelines and approved by the Institute
Animal Ethical Committee (IAEC No. 387/15). After acclimati-
sation, the rats were randomly assigned into six groups (n = 8/
group). Groups I, II, III and V received B. breve NCIM 5671,
B. longum NCIM 5672, B. bifidum NCIM 5697 and standard
anti-inflammatory drug (piroxicam) respectively, groups IV and
VI served as arthritic control (AIA) and normal control respec-
tively. The feeding of probiotic strains by oral gavage at
abovementioned dosage started 15 days prior to induction of
arthritis and continued after arthritis induction for 15 days.
Arthritis was induced by injecting (subplantar) 250 μL of com-
plete Freund’s adjuvant into the hind footpad of the rats. The rats
were observed for any morphological or physiological changes,
and their body weight was recorded weekly. The paw inflamma-
tion was examined by measuring the paw volume by mercury
displacement method. After the study period, the animals were
sacrificed by isoflurane anaesthesia, and blood and tissues were
isolated for histopathology analysis.
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Faecal microflora analysis

Faecal samples were collected freshly once in a week in sterile
containers. The faecal samples were homogenised, serially
diluted and plated on BIM25 (for Bifidobacteria), MRS agar
(for Lactobacillus), MacConkey’s agar (for E. coli),
Clostridium agar (for Clostridia) and Mannitol salt agar (for
Staphylococcus). The plates were incubated at 37 °C under
anaerobic conditions for Bifidobacteria and Clostridia and
aerobic conditions for Escherichia coli, Staphylococcus, and
Lactobacillus.

Estimation of arthritis markers in serum

Levels of C-reactive protein (CRP) and rheumatoid factor
(RF) in blood are indicative of the inflammation due to rheu-
matoid arthritis. The CRP and RF levels in serum were mea-
sured by turbidimetric method following the instructions pro-
vided in the commercial kit.

Measurement of inflammatory markers and cytokines
in serum

Prostaglandins (PGE2), leukotrienes (LTB4 and LTC4),
interleukin-1 beta (IL-1β), interleukin-4 (IL-4), interleukin-6
(IL-6), interleukin-10 (IL-10), tumour necrosis factor
(TNF-α) and monocyte chemoattractant protein 1 (MCP-1)
were estimated in serum sample by sandwich ELISA per the
manufacturer’s recommendation.

Measurement of oxidative stress markers
and antioxidant enzyme activity

Serum lipid peroxidation was measured by estimating thiobar-
bituric acid (TBA) reactivity (Yagi 1984). Nitric oxide (NO)
level was determined using Griess reagent (Green et al. 1982).
Protein carbonyls were estimated as per the method described
by Mesquita et al. (2014). Antioxidant enzymes catalase, glu-
tathione reductase and glutathione peroxidase were measured
as per the protocols described by Aebi (1984), Carlberg and
Mannervik (1985), Flohé and Günzler (1984) respectively.
The protein concentration was determined as per the method
described by Lowry et al. (1951).

Radiographic analysis and bone mineral composition

The rats were anaesthetized, and hind limbs were subjected to
X-ray examination in the local veterinary hospital. The radio-
graphic images were analysed, and the extent of damage to the
bones was scored with the help of a radiologist. The bone
sample for mineral analysis was prepared as per the method
described by Yadav et al. (2016). Briefly, the joint bones were
removed, adherent tissues were separated and bone weight

was determined. The bone samples were kept at 180 °C in
an oven, overnight for drying. These samples were then kept
for charring in a muffle furnace at 440 °C for 6 h followed by
cooling to room temperature. One millilitre of deionised wa-
ter, 2 ml of nitric acid and perchloric acid each were added and
then kept on boiling water bath till complete evaporation.
Further 10 ml of deionised water was added and filtered
through Whatman No. 40 filter paper. The final volume was
made to 100 ml using deionised water containing 5% nitric
acid in a standard volumetric flask. The samples were suitably
diluted and mineral content was determined by using atomic
emission spectroscopy (AES).

Quantitative PCR analysis

Expression of cyclooxygenase-2(Cox-2) hydrolytic enzymes
collagenase, elastase, hyaluronidase, matrix metalloproteinase
3 and cell receptors ICAM-1, TNF-α and EP-1 were analysed
in joint tissue by qPCR. To evaluate the level of transcript,
total RNA was isolated from the joint tissue using TRIzol
reagent. Reverse transcription to cDNAwas performed using
iscript reverse transcriptase (Bio-Rad). The synthesised
cDNAs were subjected to qPCR using iTaq Universal SYBR
Green supermix (Bio-Rad) and primers. The details of the
primers are presented in supplementary (Table S1). The am-
plification was performed using RT PCR system (Thermal
cycler CFX96, Bio-Rad). The data was normalised using the
expression of GAPDH. The results are presented as relative
expression of gene of interest in experimental group compared
to that of the control group.

Statistical analysis

Data are expressed as means ± SD, analysed by one-way
ANOVA and Sidak’s multiple comparisons test. P of < 0.05
was considered statistically significant.

Results

Faecal microflora analysis

Faecal microflora analysis revealed differences in microbial
count of AIA, bifidobacteria and piroxicam fed groups. The
counts of Clostridium, coliforms and Staphylococcus had in-
creased in AIA group than the control. Bifidobacteria and
Lactobacillus counts were higher in bifidobacteria fed groups
whereas counts of Clostridium, coliforms and Staphylococcus
were found to be lower compared to the AIA, piroxicam and
control groups (Fig. S1).
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Arthritis score

All the rat groups showed symptoms of arthritis upon injection
of adjuvant on day 15 with gradual progress in inflammation.
However, in case of bifidobacteria-treated groups, the paw
volume was found to be lower than the AIA group indicating
slower progress of inflammation (Figs. 1a and S2).

Serum arthritis markers

The arthritis markers in serum Rf and CRP were measured.
The level of CRP among the adjuvant induced arthritic rats
were 5- and 3-fold higher than the control group and the
piroxicam group, respectively. However, groups fed with dif-
ferent bifidobacteria had lower CRP levels than the adjuvant
induced arthritic rats, with lowest being recorded for B. breve.
There was 4.3- and 3-fold increase in Rf levels of adjuvant
induced arthritic rats compared to the control and piroxicam
administered group, respectively. B. breve fed group had 1.8-
fold reduced Rf value than the adjuvant induced arthritic rats
whereas 1.5-fold decline was observed in B. longum and
B. bifidum treated groups (Fig. 2).

Inflammatory markers and cytokine levels in serum

The effect of bifidobacteria on serum levels of eicosanoids
(PGE2, LTB4 and LTC4) and cytokines (IL-1β, IL-4, IL-6, IL-
10, TNF-α and MCP-1) was determined. Adjuvant induced ar-
thritic rats showed significantly higher level of PGE2, LTB4 and
LTC4 compared to that of control rats. Administration of
B. breve, B. longum and B. bifidum demonstrated significant
reduction in PGE2, LTB4 and LTC4 levels compared to the
arthritic control group. AIA rats showed 6.04-, 6.3-, 13-fold in-
crease in PGE2, LTB4 and LTC4 respectivelywhen compared to
control group. However, only 2.7-, 2.1- and 3.9-fold increase in
PGE2, LTB4 and LTC4 respectively were observed for group
treated with B. breve NCIM 5671.

The levels of pro-inflammatory cytokines IL-1β, IL-6 and
MCP-1 increased significantly in arthritic rats compared to

control rats. The piroxicam and bifidobacteria-treated groups
displayed significant reduction in these cytokines compared to
arthritic group with the former being comparatively better.
Among the bifidobacteria-treated groups, group I treated with
B. breve had shown higher reduction with 43%, 33%, 56%
and 33% in levels of pro-inflammatory cytokines IL-1β, IL-6,
TNF-α and MCP-1, respectively compared to diseased group.
Anti-inflammatory cytokine levels were significantly lower in
case of arthritic rats compared to the control group. However,
piroxicam-treated groups and bifidobacteria-treated groups
had higher levels of cytokine compared to the arthritic rats.
Group fed with B. breve, B. longum and B. bifidum had dem-
onstrated 62%, 36% and 39% increase in case of IL-10 re-
spectively and 56%, 49% and 50% increase in case of IL-4
respectively when evaluated against AIA group (Fig. 3).

Measurement of oxidative stress markers
and antioxidant enzyme activity

Serum levels of lipid peroxide were determined and AIA
group exhibited 2.8-fold increase compared to control groups.
However, an increase of 2.19-, 2.47-, 2.45-, and 1.6-folds
were observed in B. breve, B. longum, B. bifidum and
piroxicam fed groups, respectively. The levels of protein car-
bonyls in serum were found to be significantly altered in AIA
group compared to control. B. breve fed group showed 1.45-
fold increase whereas AIA group had 2.34-fold increase.
Elevated levels of NO were observed in AIA group, wherein
an increase of 4.44-fold was observed compared to control.
Feeding bifidobacteria reduced the levels of NO and increase
of 2.5-, 3.8- and 3.6-folds were detected in B. breve,
B. longum and B. bifidum groups which were lower than the
arthritic group (Table 1).

Activities of antioxidant enzymes catalase, glutathione
peroxidase and glutathione reductase were measured in
serum. There was a decrease of 52.7%, 31.19% and
50% in activity of catalase, glutathione peroxidase and
glutathione reductase respectively in AIA groups com-
pared to control. B. breve-fed groups demonstrated

Fig. 1 Representative images of Rat paw. a Digital image. b X-ray image. I: B. breve NCIM 5671, II: B. longum NCIM 5672, III: B. bifidum NCIM
5697, IV: Arthritic control (AIA), V: Piroxicam, VI: Normal control
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Fig. 3 Effect of bifidobacterial probiotic administration on inflammatory
cytokine and eicosanoid levels in serum. Pro-inflammatory cytokines:IL-
1B, TNF-α, IL-6, MCP-1. Anti-inflammatory cytokines: IL-4, IL-10.

Eicosanoids: PGE2, LTB4, LTC4. Data shown are the means ± SD; B*,
**, ***, ****^ are significantly different at P < 0.05, P < 0.01, P < 0.001,
P < 0.0001 respectively compared to the AIA control rats
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Fig. 2 Effect of bifidobacterial probiotic administration on arthritis marker levels in serum. Data shown are the means ± SD; **, ***, **** are
significantly different at P < 0.05, P < 0.01, P < 0.001, P < 0.0001 respectively compared to the AIA control rats



improvement in activity with an increase of 65.92%,
18.60% and 88.19% in activity of catalase, glutathione
peroxidase and glutathione reductase respectively, com-
pared to arthritic rats (Table 2).

Radiographic analysis and bone mineral composition

Radiographic analysis of arthritic rats clearly revealed destruc-
tion of bone in AIA group. However, such effect was not
observed in case of bifidobacteria-fed groups as well as the
piroxicam-treated group (Fig. 1b). The mineral compositions
of the joints were determined using AES. A significant de-
crease in calcium content was detected in case of AIA group
compared to the control. The groups treated with
bifidobacteria and piroxicam had higher calcium levels com-
pared to AIA. No significant difference was observed in the
levels of potassium among the groups whereas significant
decline in the levels of magnesium was observed for AIA
group compared to the control (Table 3).

Quantitative PCR analysis

The effect of bifidobacteria on cycloxygenase was mon-
itored by analysing the expression levels of COX2 in

synovial tissue. The groups treated with bifidobacteria
and piroxicam had reduced expression levels of COX2
compared to the arthritic rats. The expression levels of
arthritic rats was found to be fivefold higher than the
control group. The expression levels of cytokine recep-
tors TNF-α R, ICAM1 and prostaglandin receptor EP1
in synovial tissue were also evaluated. AIA groups
showed 30-fold increase in TNF-α R and 2-fold in-
crease in expression levels of both ICAM1 and EP1
compared to the control, whereas the probiotic-treated
groups and piroxicam-treated groups had decreased
expression levels.

The activities of major bone hydrolytic enzymes were deter-
mined by examining their expression levels in synovial tissue.
AIA group had higher levels of collagenase (MMP2 14-fold,
MMP3 3.76-fold and MMP13 6.76-fold) compared to control
group. However, the bifidobacteria fed groups had lower ex-
pression levels of collagenase than arthritic group with
B. breve fed groups showing the lowest expression levels
(MMP2 2.4-fold, MMP3 0.11-fold and MMP13 0.08-fold).
Expression levels of hyaluronidase and elastasewere also higher
in case of AIA group (hyal1 1.57-fold and elan 5.2-fold) com-
pared to the control group. The genes for hyal1 and elan was
found to be downregulated in case of B. breve-fed groups

Table 1 Oxidative marker levels
in serum Oxidative markers→ Lipid peroxidation (nM/mg) Protein carbonyl (nM/mg) Nitric oxide (nM/ml)

Groups↓

B. breve NCIM5671 0.260 + 0.021**** 10.834 + 1.38**** 47.294 + 10.89****

B. longum NCIM5672 0.294 + 0.023** 13.127 + 2.46** 71.411 + 8.95

B. bifidum NCIM5697 0.292 + 0.025** 13.922 + 2.63* 67.588 + 8.38*

Arthritic 0.344 + 0.027 17.486 + 1.87 82.882 + 9.79

Piroxicam 0.190 + 0.021**** 6.881 + 1.34**** 33.323 + 10.33*

Control 0.119 + 0.022**** 7.462 + 2.446**** 18.638 + 6.80****

Data shown are the means ± SD

*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001 are significantly different compared to the AIA control rats

Table 2 Antioxidant levels in serum

Antioxidant Enzyme→ Catalase (μM/min/mg) Glutathione peroxidase (μM/min/mg) Glutathione reductase (μM/min/mg)
Groups↓

B. breve NCIM5671 286.66 + 8.22**** 4.256 + 0.55 1.407 + 0.26****

B. longum NCIM5672 244.92 + 7.86**** 4.061 + 0.71 1.059 + 0.29

B. bifidum NCIM5697 239.52 + 9.39**** 4.096 + 0.92 1.258 + 0.30**

Arthritic 172.76 + 10.52 3.588 + 0.61 0.748 + 0.20

Piroxicam 320.30 + 9.50**** 4.631 + 0.64* 1.424 + 0.24****

Control 365.61 + 9.55**** 5.215 + 0.72*** 1.510 + 0.23****

Data shown are the means ± SD

P < 0.05; P < 0.01; P < 0.001; P < 0.0001 are significantly different compared to the AIA control rats
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whereasB. longum andB. bifidum-fed groups had lower expres-
sion levels of hyal1 and elan than the AIA group (Fig. 4). The

qPCR results were additionally validated by visualising the re-
action products on gel (Fig. S3).

Fig. 4 Effect of bifidobacterial probiotic administration on mRNA
expression levels in joint tissue: Cyclooxygenase: Cox2; receptors for
inflammatory mediators: EP-1, TNF-αR, ICAM; bone hydrolytic
enzymes: Elan, Hyal, MMP2, MMP3, MMP13. Data shown are the

means ± SD; B*, **, ***, ****^ are significantly different at P < 0.05,
P < 0.01, P < 0.001,P < 0.0001 respectively compared to the AIA control
rats

Table 3 Bone mineral content
Minerals→ Calcium (mg/g) Potassium (mg/g) Magnesium (mg/g)
Groups↓

B. breve NCIM5671 182.94 + 21.28** 3.013 + 0.60 3.933 + 0.59

B. longum NCIM5672 160.86 + 18.71 2.575 + 0.68 3.540 + 0.36

B. bifidum NCIM5697 163.20 + 7.76 2.839 + 0.83 3.544 + 0.30

Arthritic 139.15 + 18.49 2.007 + 0.44 3.016 + 0.40

Piroxicam 165.43 + 14.02 2.071 + 0.77 3.279 + 0.29

Control 204.85 + 4.15**** 3.143 + 0.56 3.875 + 0.31

Data shown are the means ± SD

**P < 0.01, ****P < 0.0001 are significantly different compared to the AIA control rats
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Discussion

Bifidobacteria positively contribute to the health of the host, and
decline in counts of these bacteria are often co-related with
various diseases. Hence, they are exploited as a probiotic for
their functional properties. However, these properties of probi-
otic are highly species and strain specific. In the present study,
three different species of probiotic bifidobacteria, B. breve
NCIM 5671, B. longum NCIM 5672 and B. bifidum NCIM
5697 were evaluated for the prophylactic effect against chronic
inflammatory disease, rheumatoid arthritis in rat model. The rats
were fed with probiotic bifidobacteria throughout the study pe-
riod. A gradual increase in the counts of bifidobacteria was
observed in the faecal samples collected from the groups admin-
istered with bifidobacteria signifying the colonisation of these
bacteria. The increase in count of bifidobacteria has also been
associated with increased lactic acid bacteria count which was
observed in bifidobacteria-fed groups. The counts of pathogenic
microbes were found to decline in the bifidobacteria-fed groups
which might be due to the various metabolites produced, anti-
microbial activity, competition for adherence site, etc. by
lactobacilli and bifidobacteria.

Oral gavaging of AIA rats with bifidobacteria probiotics
reduced the symptoms of arthritis which was evident with
the arthritic score of the paws. The increased levels of free
radicals generated during RA are known to induce oxidative
stress which may affect the tissue proteins and lipids modify-
ing them, initiating synovial inflammation and articular de-
generation (Abbas and Monireh 2008). Hence, the ability of
probiotic bifidobacteria for reducing the levels of oxidative
stress markers was evaluated. Lipid peroxidation occurs due
to oxidative stress and is known to induce tissue damage by
altering membrane fluidity, permeability and activity
(Quiñonez-Flores et al. 2016). The high oxidative stress in
RA results in protein carbonyl formation which is considered
as a significant biomarker (Datta et al. 2014). The decreased
levels of lipid peroxides, nitric oxides and protein carbonyls in
bifidobacteria-treated groups than the AIA are indicative of
reduced oxidative stress in these groups. Several studies have
documented the antioxidant potential and the ability of
bifidobacteria in controlling the oxidative stress (Awney
2011; Shen et al. 2011; Xu et al. 2011).

Antioxidants are known to scavenge free radicals and
counter the oxidative damage induced during arthritis.
Enzymes such as glutathione peroxidase, glutathione reduc-
tase and catalase are known for antioxidant response
(Quiñonez-Flores et al. 2016). Hence, the antioxidant activity
of these enzymes in serum was evaluated. In the case of AIA
group, the activities of these enzymes were found to be affect-
ed and decreased. Feeding bifidobacteria was found to im-
prove the activities of these enzymes. Bifidobacteria have
been reported to enhance the activities of antioxidant enzymes
(Shen et al. 2011; Xu et al. 2011).

Cytokines play an important role in the pathophysiology of
RA. They are implicated in the progression of inflammatory
synovitis and destruction of joint tissues. Pro-inflammatory cy-
tokines IL-1β, IL-6, TNF-α and MCP-1 are known to increase
the production of various other chemokines, cytokines, anti-
bodies, eicosanoids, reactive oxygen intermediates, metallopro-
teinases and cell adhesionmolecules, as well as activate various
other immune cells which help in progress of RA (McInnes and
Schett 2011). The rats treated with bifidobacteria had lower
levels of pro-inflammatory cytokines. Absence or low levels
of anti-inflammatory cytokines IL-4 and IL-10 have also been
established in cases of RA, and similar results were observed in
case of AIA group. However, the levels of IL-4 and IL-10 were
restored in case of bifidobacteria fed groups. IL-10 is known to
inhibit the activation of effector T cells and dendritic cells,
decrease metalloproteinases and control the progress of inflam-
matory response (McInnes and Schett 2007). Probiotics and
commensal bacteria are known to induce reg dendritic cells
and Treg cells which may secrete regulatory cytokines and thus
control the progress of inflammation (Kwon et al. 2010;
Marietta et al. 2016).

Eicosanoids are inflammatory mediators that play a major
role in pathogenesis of RA. PGE2 is known to be related with
edema, joint bone and cartilage destruction (McCoy et al.
2002) and expression of cytokines. LTB4 is held responsible
for recruitment of leukocytes to the joint due to its chemotactic
properties and can act as suppressor of Treg cells (Korotkova
and Jakobsson 2014). LTB4 and LTC4 are produced by 5-
lipoxygenase pathway. The serum levels LTB4 and LTC4
were found to be significantly reduced in bifidobacteria-
treated groups. PGE2 is produced by COX2 pathway
(Korotkova and Jakobsson 2014), the expression levels of
COX2 in synovial tissues were found to be lowered in case
of bifidobacteria-fed groups. Consequently, reduction in the
levels of PGE2 produced was observed. Cell adhesion mole-
cules such as ICAM1 are known to be involved in trafficking
of leukocytes to synovium and retain them in the tissue by
anchoring them to extracellular matrix (Brown et al. 2016;
Sweeney and Firestein 2004). The expression levels of
ICAM are found to be elevated in case of RA and are con-
trolled by cytokines IL-1 and TNF-α (Sweeney and Firestein
2004). In our studies, the expression of ICAM1was downreg-
ulated in case of probiotic-treated groups.

Matrix metalloproteinases, MMP2, MMP3 and MMP13,
are incriminated for degrading aggrecan, collagen of joint car-
tilage and thus promoting joint destruction in RA
(Mohammed et al . 2003) . An imbalance of pro-
inflammatory to anti-inflammatory cytokines has been report-
ed to be the cause with IL-1β and TNF-α being the major pro-
inflammatory cytokines responsible for the induction and se-
cretion of these enzymes (Mohammed et al. 2003). The ex-
pression levels of MMP2 were decreased and repressed in
case of MMP3 and MMP13 among the bifidobacteria-
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treated groups. Similarly, hyaluronidase and elastase act on
their substrates and degrades the joint. The expression levels
of hyal1 and elan were downregulated and decreased in
bifidobacteria-fed groups. The decrease in expression levels
of these enzymes can be attributed to the lower levels of pro-
inflammatory cytokines in the bifidobacteria-administered
groups. Bifidobacteria have also been reported to improve
bone mass density and prevent bone loss by influencing the
expression of sparc and bmp-2 genes in ovariectomized mice
(Parvaneh et al. 2015). Although these genes have not been
included in the current study, such an effect cannot be
neglected and may possibly be responsible for the improve-
ment observed in the joint bones of bifidobacteria-
administered rats.

The drug control (piroxicam treated rats) was found to be
better when compared to bifidobacteria-fed rats in downregulat-
ing the symptoms of arthritis. Similar results have also been
observed by Lee et al. (2015) in case of collagen II-induced
arthritis in DMA/1J mice treated with ibuprofen and probiotic
strain Lactobacillus sakeiOK67. Lactobacillus strains with com-
parable or better effects than drug control (Indomethacin) have
also been documented by Amdekar et al. (2011, 2013) respec-
tively inWistar rats with collagen-induced arthritis. Based on the
arthritis model, drug and the probiotic strains used considerable
variation has been observed in the results; hence, a direct corre-
lation is not possible. Although synthetic drugs (NSAIDs) may
offer better protection, the side effects associatedwith it serve as a
limitation. Hence, probiotics can serve as an alternative natural
remedy in the prevention/treatment of such diseases.

In conclusion, we have demonstrated that bifidobacteria are
capable of reducing the severity and progress of arthritis and
the effects are strain dependent. Our study suggests that
among the bifidobacterial species studied, B. breve NCIM
5671 had better anti-arthritic effects in the rat model. Such
strains should be explored further for their positive effects in
treatment of rheumatoid arthritis.
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