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Abstract The anti-inflammatory potential of eight

indigenous probiotic Lactobacillus isolates was evaluated

in vitro in terms of modulating the expression of tumor

necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) in

human acute monocytic leukemia (THP-1) cells under

inflammatory conditions. Amongst these, Lactobacillus

plantarum Lp91 was the most potent anti-inflammatory

strain as it evoked a significant (P \ 0.001) down-regula-

tion of TNF-a by -1.45-fold relative to the control in THP-

1 cells. However, in terms of IL-6 expression, all the strains

could up-regulate its expression considerably at different

levels. Hence, based on in vitro expression of TNF-a, Lp91

was selected for in vivo study in lipopolysaccharide (LPS)-

induced mouse model to look at the expression of TNF-a,

IL-6, monocyte chemotactic protein-1 (MCP-1), vascular

cell adhesion molecule-1 (VCAM-1), intercellular adhe-

sion molecule (ICAM-1) and E-selectin in mouse aorta. In

LPS challenged (2 h) mice group fed with Lp91 for

10 days, TNF-a, IL-6, MCP-1, VCAM-1, ICAM-1 and

E-selectin expressions were significantly down-regulated

by 3.10-, 10.02-, 4.22-, -3.14-, 2.28- and 5.71-fold relative

to control conditions. In conclusion, Lp91 could serve as a

candidate probiotic strain to explore it as a possible bio-

therapeutic anti-inflammatory agent against inflammatory

diseases including cardiovascular disease.
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Introduction

Therapeutic action of probiotics on the host’s immune

system has entered a new and fascinating phase of intensive

research in quest for finding novel dietary anti-inflamma-

tory agents. The prospects of exploring the anti-inflamma-

tory efficacy of probiotic treatment against inflammatory

disorders as well as metabolic syndrome like obesity, dia-

betes mellitus (DM-2) and cardiovascular diseases (CVDs)

have made these food grade organisms with generally

regarded as safe (GRAS) status a very attractive key

microbial ingredient of functional and health foods specif-

ically targeted in the management of anti-inflammatory

disorders across the world (Martin et al. 2008; Hormann-

sperger and Haller 2010). Recent advancements in molec-

ular biology and better understanding of the pathogenesis of

several inflammatory conditions have facilitated scientists

to delve deeper into the fundamental causes of metabolic

disorders commonly associated with an age-old immuno-

logical defense mechanism, that is, inflammation.

Most of the time, inflammation acts as a life savior

providing defense against various antigens. However,

recent studies have shown that it could be fatal under

extreme conditions. Excessive inflammation destabilizes

cholesterol deposits in the coronary arteries, leading to
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heart attacks and even strokes (Laugerette et al. 2011) and

hence can play a central role in the pathogenesis of heart

diseases. The biochemical processes involved in CVDs are

the same as those involved in blood coagulation, inflam-

mation and immune response (Lapara and Kelly 2010). In

other words, chronic inflammation may be the engine that

drives many of the most feared illnesses of middle and old

age, that is, CVDs and strokes.

Chronic low-grade inflammation is now recognized as

one of the root causes for the onset of CVDs. The bacterial

products specifically lipopolysaccharide (LPS) induce an

inflammatory response, which is central to the patho-

physiology of CVD and diabetes and provides a link

between diseases of the gut and the vasculature (Harris

et al. 2012). Scientific evidence has suggested that meta-

bolic endotoxemia (LPS, 50–100 pg/ml) can cause chronic

low-grade inflammation and mild disturbances in energy

metabolism implicated in the development of CVD and

type 2 diabetes (Maitra et al. 2011). Metabolic endotox-

emia has been linked to the development of CVD as well.

In a 5-year epidemiological study involving 516 middle-

aged men and women, those with plasma LPS levels over

50 pg/ml had a threefold increase in risk of developing

atherosclerosis, while the subpopulation of smokers or ex-

smokers with the same level of LPS had a 13-fold increase

(Wiedermann et al. 1999). In this context, the contribution

of inflammation from gut microbiota in pathogenesis of

CVD may provide insight into new therapies to decrease

disease risk.

Cytokines mediate and regulate the inflammatory

responses through the involvement of pro- and anti-

inflammatory interleukins and adhesion molecules. The

role of cytokines in the pathogenesis of CVDs is increas-

ingly evident ever since the inflammatory mechanisms in

atherosclerosis and heart failure were understood (Lapara

and Kelly 2010). Adhesion molecules like intercellular

adhesion molecule (ICAM), vascular cell adhesion mole-

cule (VCAM) and E-selectin also play a pivotal role in

atherosclerotic plaque formation. Inflammation disturbs the

homeostasis existing between anti- and pro-inflammatory

cytokines. The increased level of pro-inflammatory cyto-

kines such as tumor necrosis factor-alpha (TNF-a) and IL-6

increase the hepatic synthesis of acute phase proteins like

fibrinogen, C reactive protein, adhesion molecules like

VCAM-1, ICAM-1 and E-selectin, etc., along with con-

current decrease in the synthesis of high density lipoprotein

(HDL). Previous studies have shown that the pro-inflam-

matory mediators, particularly TNF-a, can induce a

procoagulant state on the surface of vascular endothelium

and monocytes, down-regulating the protein C anticoagulant

pathway and stimulating thrombin and fibrin formation.

Therapeutic approaches that reduce the levels of pro-

inflammatory biomarkers and address traditional risk factors

are specifically important in preventing CVD and other

potentially metabolic disorders (Paoletti et al. 2006).

Recent findings on probiotics as potential biotherapeu-

tics have revealed that these friendly organisms have bright

prospects by serving as innovative tools to alleviate intes-

tinal inflammation, normalize gut mucosal dysfunction and

down-regulate hypersensitivity reactions (Maslowski and

Mackay 2011). Oral administration of probiotics can

influence immune response by modulating cytokine pro-

files not only locally in the intestines, but also systemically

(Meyer et al. 2007). The consumption of probiotics can

help in decreasing the level of interleukin-6 (IL-6) which in

turn leads to reduction in the fibrinogen level in the blood.

Amongst the probiotics, the role of lactobacilli in reducing

the fibrinogen and cholesterol levels in blood has been well

documented (Li et al. 2009; Kumar et al. 2011). Probiotics

are also known to markedly inhibit TNF-a production by

normal and inflamed mucosa. It has been shown that some

probiotic organisms can modulate the expression of pro-

and anti-inflammatory molecules both in vitro as well as

in vivo in a strain-dependent manner (Habil et al. 2011).

The present study was aimed to primarily assess the

anti-inflammatory properties of putative indigenous probi-

otic Lactobacillus plantarum (L. plantarum) strains both

in vitro (THP-1) cells and in vivo (mouse model) under

inflammatory conditions at gene expression level with the

long-term objective of exploring these as biotherapeutics in

the management of inflammatory diseases including CVDs.

Materials and methods

Bacterial strains

Ten bacterial strains which included eight indigenous

putative Lactobacillus isolates (L. plantarum 9, 21, 65, 75,

78, 91, 100 and L. pentosus S7) along with two reference

strains viz. L. plantarum Lp5276 (also designated as

CSCC5276, NCDO82 or VTTE-71034 was procured from

Dr. N. P. Shah from Victoria University, Australia; Crit-

tenden et al. 2002; Kaushik et al. 2009) and Lactobacillus

acidophilus NCFM (also known as Howaru Dophilus,

La-1, NCK56, NCK45, N2, RL8KR, RL8KS and RL8K;

Sanders and Klaenhammer 2001; Altermann et al. 2005;

Ringel-Kulka et al. 2011), the subject of this study, were

procured from the probiotic culture collection maintained

at Molecular Biology Unit, Dairy Microbiology Division,

National Dairy Research Institute, Karnal. L. plantarum

Lp91 was deposited at Microbial Type Culture Collection,

Institute of Microbial Technology, Chandigarh, India, as

MTCC 5690. The two reference strains of probiotic lac-

tobacilli, that is, Lp5276 and NCFM were included in the

study to compare the anti-inflammatory efficacy of the
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indigenous probiotic strains with that of reference strains to

associate any variability in their purported functionality

within L. plantarum or between Lactobacillus spp. Bacte-

rial strains were activated prior to use by growing in de

Man Rogosa Sharpe (MRS) broth (HiMedia, India) at

37 �C for 18–24 h. The identity of the L. plantarum strains

was ascertained by PCR both at genus and species level

using genus-specific LbLMA1/R-161 (50-ctc aaa act aaa

caa agt ttc-30/50-ctt gta cac acc gcc cgt tca-30) (Dubernet

et al. 2002) and species-specific Lpla2/Lpla3 primers (50-
att cat agt cta gtt gga ggt-30/50-cct gaa ctg aga gaa ttt ga-30)
(Song et al. 2000) and was further authenticated by 16S

rDNA sequencing as described previously (Kaushik et al.

2009). In brief, the genomic DNA of Lactobacillus strains

was isolated as per Pospiech and Neumann (1995). PCR

was set up in a 25 ll reaction volume containing sterile

MilliQ water (17 ll), PCR Buffer (2.5 ll), Primer (2.0 ll),

dNTPs (2.0 ll), 1.0 U Taq DNA polymerase (0.5 ll) and

template (1.0 ll). The PCR cycling parameters included an

initial denaturation of 95 �C/5 min, followed by 45 cycles

each of denaturation (95 �C/30 s), annealing at (55 �C/30 s)

for genus-specific and 60 �C/30 s. for species-specific PCR

followed by extension (72 �C/2 min) and final extension of

72 �C/10 min. The PCR products were electrophoresed on

1.8–2 % agarose gel containing ethidium bromide and visu-

alized under UV light (Fotodyne, USA).

Propagation of human acute monocytic leukemia cell

line (THP-1)

Human acute monocytic leukemia cell line (THP-1) was

procured from National Centre of Cell Sciences (NCCS,

Pune, India). The cell line was cultured in Roswell Park

Memorial Institute Medium 1640 (RPMI, Sigma, USA).

The medium was supplemented with 10 % (v/v) heat

inactivated fetal bovine serum (Sigma, USA), 2 mM glu-

tamine (Sigma, USA), 1 mM sodium pyruvate, 2 g/l

sodium bicarbonate, 0.05 mM mercaptoethanol, 1 %

100 U/ml penicillin (Sigma, USA) and 1 % 100 U/ml

streptomycin (Sigma, USA) in 25-cm2 culture flask (Falcon,

Beckton Dickinson, Sparks, MD, USA) and incubated at

37 �C in an atmosphere of 5 % CO2. The culture was pas-

saged in fresh medium every alternate day for activation.

THP-1 cells were treated with phorbol 13 myristate 12

acetate (PMA) to convert it to THP-1 macrophage attached

cell line. After attaining 80 % confluency, 1 9 106 of cells/ml

were seeded in each well of the plates with complete medium

and incubated at 37 �C under 5 % CO2. The growth medium

was changed every 2 days. THP-1 derived macrophage cells

were cultured until complete confluency had reached. One

day prior to challenging the cell line with probiotic Lacto-

bacillus strains, the complete medium was replaced with

basal medium free from serum and antibiotics. Viability of

THP-1 cells was assessed by trypan blue assay (dye exclu-

sion method). The assay was used for determining the con-

centration of LPS (Escherichia coli; Sigma, USA) used for

challenging the cell line. In brief, the cell suspension (about

106 cells/ml) was diluted in 1:1 ratio using a 0.2 % (w/v)

trypan blue solution in saline water (mix 4 parts of 0.2 %

trypan blue with 1 part of 59 Saline (4.25 % NaCl w/v).

After incubation of 2 min at 37 �C under 5 % CO2, the cells

were counted using hemocytometer and cell viability was

calculated (viable cells will appear colorless). The viability

of cell line at different concentrations of LPS was more than

95 % at 100 ng/ml LPS for 3 h based on trypan blue

exclusion assay.

Subjecting THP-1 macrophage cells with probiotics

and LPS treatments

The THP-1 derived macrophages were separately pre-

challenged with each of the individual live probiotic Lac-

tobacillus strains [*1 9 109 colony forming unit (cfu)/ml]

followed by LPS (100 ng/ml) treatment. Prior to challenge,

the lactobacilli were grown ON in MRS broth at 37 �C and

harvested by centrifugation at 5,5009g for 10 min. The

cells were then washed twice in PBS buffer, and OD600 was

adjusted to 1.5 which corresponded to *1 9 109 cfu/ml

based on viable plate count determination. The bacterial

cells were then resuspended in RPMI (*1 9 109 cfu/ml).

One ml of the cell suspension was then added to the wells

of the culture plate and incubated at 37 �C in 5 % CO2 for

4 h followed by addition of fresh medium without antibi-

otic and fetal bovine serum.

After incubation, cells were challenged with 100 ng/ml

LPS and again incubated further for 3 h. LPS was com-

pletely removed by decanting the medium, and trypsin-

ization was done by addition of trypsin–EDTA solution

(Sigma, USA). Cells were centrifuged at 4509g/5 min at

RT and resuspended in RPMI medium and pelleted. RNA

was isolated from the cell pellet by TRIzol method (TRI

Reagent Sigma, USA). One lg of the DNaseI (Promega,

USA)-treated RNA was transcribed into cDNA, using

ImPromII reverse transcriptase kit (Promega, USA) and

random hexamer primers (10 lM) provided with the same.

The expression of pro-inflammatory cytokines like TNF-a
and IL-6 was analyzed by RT-qPCR. Untreated THP-1

cells grown in RPMI served as control.

In vivo study using LPS mouse model

A total of 32 adult male (7–8 weeks old) Swiss Albino

mice weighing 25–30 g on average were used in this study.

The animals were fed normal diet (bengal gram crushed:

58 %, wheat starch: 15 %, groundnut cake: 10 %, casein:

4 %, groundnut oil: 4 %, salt mixture: 4 %, vitamin
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mixture: 0.2 % and choline chloride: 0.2 %) and water

ad libitum during the entire course of the experiment. The

animals were divided into four homogeneous groups (LPS,

Lp91 ? LPS, control and Lp91 groups) comprising of

eight animals each, housed in individual cages and main-

tained under a constant 12-h light–12-h dark cycle. The

temperature was controlled at 21 �C with about 56–60 %

relative humidity. Before conducting the animal trial, prior

approval of the Institute’s Animal Ethics Committee was

obtained, and the mice were maintained as per National

Institute of Nutrition, India, guidelines for the care and use

of laboratory animals.

Feeding of mice and experimental design

The cell suspension of Lp91 (109cfu/ml) was prepared by

centrifuging 1.5 ml of the ON grown culture [4,0009g,

15 min] and resuspending the cell pellet in 200 ll of sterile

PBS. The mice were fed for 10 days by oral intubation of

the cell suspension with the help of 1 ml syringe and sili-

con tubing. The mice fed with PBS alone served as the

control group. The experimental design has been illustrated

in Fig. 1S under supplementary information. After fasting

on 10th day, intraperitoneal injection of LPS (20 mg/kg

body weight) was given to mice 2 h before dissection on

11th day to induce inflammation. Aorta was collected

during dissection. RNA was isolated from the aorta of mice

under different experimental conditions by TriZol method.

The DNase I (Promega, USA)-treated RNA was tran-

scribed into cDNA, using Fermentas first strand cDNA

synthesis kit with 100 lM random hexamer primers. The

expression of various pro-inflammatory cytokines like

TNF-a and IL-6, chemokine MCP-1, VCAM-1, ICAM-1

and E-selectin after administration of Lp91 for 10 days was

investigated by RT-qPCR.

Relative gene expression studies by RT-qPCR

The sequences of primers used in this study and their

annealing temperature are given in Table 1. b-Actin and

actin-beta (ACTB) were the house-keeping genes for THP-1

cells and ACTB mouse aorta, respectively.

RT-qPCRs were set up in LightCycler 480 (Roche,

Switzerland) preloaded with relative quantification soft-

ware (version LCS480 1.5.0.39, Roche) along with fluo-

rescence signal detection (SYBR Green). Each reaction

was performed in a 10 ll reaction volume containing 5 ll

of 29 SYBR Green PCR Master Mix (Roche), 2.5 ll of

properly diluted cDNA (30 ng/ll of cDNA for all the genes

used for RT-qPCR), 0.5 ll of each primer at 10 lM and

1.5 ll of nuclease-free water. Negative controls (with no

DNA template, only primer pair for the target genes, water

and 29 SYBR Green PCR Master Mix) were included in

each run. The thermal cycling conditions included initial

denaturation at 95 �C for 5 min, followed by 45 cycles

each of denaturation (95 �C/10 s), annealing (58–60/15 s)

and extension (15 s at 72 �C with a single fluorescence

measurement), a melt curve program (60–95 �C with a

heating rate of 0.11 �C/s and continuous fluorescence

measurement) and finally, a cooling step at 40 �C. RNA

extraction and measurement of gene expression by

RT-qPCR were performed in triplicate, and the mean of all

these values was used for final analysis.

Generation of quantitative data by real-time PCR is

based on the number of cycles required for optimal

amplification generated fluorescence to reach a specific

threshold of detection (the quantification cycle; Cq value)

(Bustin et al. 2009). The relative expression ratios were

calculated by a mathematical model, which included an

efficiency correction for real-time PCR efficiency of the

individual transcripts (Pfaffl 2001) as follows:

Ratio ¼ ðEtargetÞDCq

targetðcontrol

� sampleÞ =ðErefÞDCq

ref ðcontrol � sampleÞ

The relative expression ratio of the target gene was computed

based on its real-time PCR efficiencies (E) and the crossing

point difference (DCq) for an unknown sample versus a

control. Real-time PCR amplification efficiencies were

determined for each set of primers with the slope of a linear

regression model (Pfaffl et al. 2002). The cDNA samples

were diluted at a range of 100, 50, 25, 5, 1 and 0.25 ng/ml and

were used as RT-qPCR templates. The standard curves were

generated by plotting the log cDNA values against Cq values

obtained over the range of dilutions. The slope of the curves

was used to determine the reaction efficiency (E) as

E = 10[-1/slope] (Rasmussen 2001). The total expression

ratio was tested for significance by a randomization test

implemented in the relative expression software tool (REST

2009) (www.genequantification.info) (Pfaffl et al. 2002).

The integrated randomization and bootstrapping methods

used in this software test the statistical significance of cal-

culated expression ratios (either up- or down-regulations).

Results

The identity of bacterial isolates used in this study as

L. plantarum was ascertained by both genus- and species-

specific PCR (Fig. 2S) and further authenticated by 16S

rDNA sequencing. As the specific health promoting func-

tions of probiotics are highly strain specific, attempts were

also made to discriminate eight of the putative indigenous

isolates of probiotic L. plantarum/Lactobacillus pestosus as

distinct strains based on their unique RAPD banding pat-

terns by RAPD PCR using three different random primers

viz. 228, 244 and 275 (Fig. 3S). However, the most

640 Genes Nutr (2013) 8:637–648

123

http://www.genequantification.info


discriminatory random primer turned out to be 275 which

led to development of distinct RAPD banding patterns by

producing amplicons ranging in size from 100 to 2,000 bp.

Relative expression of TNF-a and IL-6 in THP-1 cells

by RT-qPCR

In order to assess the immuno-modulatory efficacy of puta-

tive indigenous probiotic strains used in this study, the rel-

ative expression of the two key cytokines TNF-a and IL-6 in

THP-1 cells induced with these strains was investigated by

RT-qPCR. Specificity, linearity and efficiencies (E) of

primers for the target and reference genes used in RT-qPCR

assay were ascertained as can be evidenced from the data

presented under supplementary information (Figs. 4S, 5S).

LPS was able to induce the expression of TNF-a significantly

(P \ 0.001) in THP-1 cells by 3.35-fold (Figs. 1, 6S).

However, on pre-treatment of THP-1 cells with probiotics

followed by LPS challenge evoked a varied response in terms

of TNF-a expression. Out of the 10 probiotic strains used in

this study, Lp9, Lp78, Lp91 and NCFM brought about a

significant (P \ 0.001) down-regulation of TNF-a expres-

sion by -1.34-, -1.34-, -1.45- and -1.21-fold, respec-

tively, relative to the control. Contrary to this, Lp65 induced

a significant (P \ 0.001) up-regulation of TNF-a (2.20-fold).

The probiotic strains Lp21, 75, 100 and S7, however, did not

evoke any significant response in TNF-a expression.

Similarly, challenge of THP-1 cells with LPS alone

induced the expression of IL-6 significantly (P \ 0.001) by

5.67-fold relative to control. However, probiotic treatment

individually with Lp65, 9, 21 and 75 led to a significant

(P \ 0.001) increase in the expression of IL-6 by 78.91-,

58.84-, 33.56- and 32.49-fold, respectively, in THP-1 cells.

Contrary to this, the two reference strains Lp5276 and

NCFM behaved differently with regard to IL-6 expression

as Lp5276 evoked the expression of the same by 1.54-fold

only as against 8.41-fold induced by NCFM, thereby,

indicating that immune-modulatory effect of probiotics

was strain dependent. Lp91 was chosen as the most potent

strain for in vivo studies because of its ability to down-

regulate TNF-a expression significantly by -1.45-fold and

also because this strain exhibited strong probiotic attributes

and demonstrated cholesterol lowering effects as reported

previously in our laboratory (Duary et al. 2010, 2011,

2012a, b; Kumar et al. 2011, 2012) for pursuing in vivo

studies.

Relative expression of TNF-a and IL-6 in LPS mouse

model by RT-qPCR

The specificity, linearity and efficiencies (E) of the refer-

ence and target genes used in LPS mouse model were

evaluated (Figs. 7S, 8S). The relative fold expression of

TNF-a and IL-6 in mouse model (Figs. 2, 9S) indicates that

Table 1 Sequences of the primers used for RT-qPCR

Genes Primer sequence (50–30) Annealing

temperature (�C)

Amplicon

size (bp)

References

TNF-a Sae F

TNF-a Sae R

agc cca tgt tgt agc aaa cc

tga ggt aca ggc cct ctg at

58 134 Saegusa et al. (2007)

IL-6 Tatjana F

IL-6 Tatjana R

ttc aat gag gag act tgc ctg

aca aca aca atc tga ggt gcc

60 349 Faruqi et al. (2001)

b-Actin F

b-Actin R

tgg ctg ggg tgt tga agg tct

agc acg gca tcg tca cca act

58 238 Lallemant et al. (2009)

TNF-a mus F

TNF-a mus R

tct cat cag ttc tat ggc cc

ggg act aga caa ggt aca ac

54 212 Dombrowicz et al. (2001)

IL-6 mus F

IL-6 mus R

gtt ctc tgg gaa atc gtg ga

tgt act cca ggt agc tat gg

54 209 Dombrowicz et al. (2001)

MCP-1 mus F

MCP-1 mus R

tct ggg cct gct gtt cac

gtg aat gag tag cag cag gtg agt

54 96 This study

VCAM-1MF1

VCAM-1MR1

tgg tga aat gga atc tga acc

ccc aga tgg tgg ttt cct t

54 86 This study

ICAM-1MF1

ICAM-1MR1

gga cca cgg agc caa ttt c

ctc gga gac att aga gaa caa tgc

55 82 This study

E-selectin MF

E-selectin MR

ccc tgc cca cgg tat cag

ccc ttc cac aca gtc aaa cgt

55 85 This study

ACTB mus2F

ACTB mus2R

agt gtg acg ttg aca tcc gta

gcc aga gca gta atc tcc ttc t

54 112 This study
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the expression of TNF-a was significantly (P \ 0.001) up-

regulated at the level of 4.61-fold in aorta in LPS control

mice group. Although the Lp91 treatment for 10 days in

LPS mouse model led to a significant (P \ 0.049) up-

regulation in the level of expression of TNF-a by 3.10-fold

relative to untreated control group, there was actually a

1.51-fold decrease in the level of expression of TNF-a as

compared to LPS control. Similarly, LPS treatment was

able to up-regulate the expression of IL-6 in mice signifi-

cantly (P \ 0.001) at the level of 32.33-fold in comparison

with control. However, treatment with Lp91 for 10 days in

LPS mice group resulted again into a significant (P \
0.001) increase in the expression of IL-6 by 10.02-fold

relative to control in aorta. In this case also, there was in

fact a 22.31-fold reduction (from 32.33 to 10.02) in the

expression of IL-6 as compared to LPS as control.

Relative expression of MCP-1, VCAM-1, ICAM-1

and E-selectin

The relative expression of MCP-1 along with VCAM-1,

ICAM-1 and E-selectin has been recorded in Whisker box

plots (Fig. 10S) and Bar diagrams in Fig. 3. LPS treatment

induced the expression of MCP-1 significantly (P \ 0.030)

at the level of 4.94-fold relative to control, whereas the

treatment with Lp91 evoked 4.22-fold expression, thereby,

leading to an overall 0.73-fold decrease in the level of

expression as compared to LPS control. Contrary to this,

administration of Lp91 alone in mice ended up into a

significant down-regulation of MCP-1 expression signifi-

cantly (P \ 0.027) by -2.40-fold in comparison with up-

regulation of the same in Lp91-fed mice group after LPS

treatment.

With regard to VCAM-1 and ICAM-1, LPS stimulation

showed a significant up-regulation of the two genes

(P \ 0.037) in mice by 2.94- and 8.22-folds, respectively,

relative to control group. However, treatment with Lp91

along with LPS resulted into a significant down-regulation

of VCAM-1 to -3.14-fold as compared to LPS control.

Contrary to this, under the same conditions, ICAM-1

expression was up-regulated significantly (P \ 0.045) with

relative increase of 2.28-fold indicating a significant

decrease of 5.95-fold in the level of ICAM-1 when com-

pared to LPS group alone. However, there was a significant

Fig. 1 Relative expression of

TNF-a and IL-6 in THP-1 cells.

UP up-regulated, P (HI)

probability of alternate

hypothesis that difference

between sample and control

groups is due only to chance,

NSD no significant difference

from control (gene expression

measurement with regard to

each RNA extractions from

THP-1 cells was obtained in

triplicate, and the mean of these

values was used for further

analysis)
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(P \ 0.009) down-regulation of VCAM-1 by -4.81-fold in

case of mice group fed with Lp91 alone for 10 days,

whereas expression of ICAM-1 in the same animal group

was down-regulated by 1.09-fold which, however, was

non-significant.

LPS challenge led to expression of E-selectin in mice

significantly (P \ 0.002) by 8.84-fold relative to control.

However, in mice group wherein Lp91 was fed for 10 days

followed by LPS challenge for 2 h, there was a significant

(P \ 0.006) relative increase in E-selectin expression by

5.71-fold relative to control. These results further indicate

that there was actually 3.13-fold reductions in the expres-

sion of E-selectin. On the other hand, when Lp91 was fed

alone, there was no significant change in the level of

E-selectin expression (1.97-fold).

Persistence of Lactobacillus plantarum 91 in mouse gut

The persistence of Lp91 in mouse model after feeding the

same for 10 days could be reflected from shedding of Lp91

in fecal samples based on lactobacillus counts on MRS

agar (Fig. 4) and their RAPD profiles (Fig. 11S). The

persistence of Lp91 cells in mice fed with the same strain

by oral intubation of 109 cfu/ml for 10 days was deter-

mined by analyzing the fecal samples at 0, 1, 2, 5, 7 and

10th day of the experimental trial. Initially, the total viable

counts at the rate of 6.17 log cfu/ml were recorded on first

day which subsequently increased to 7.21 log cfu/ml on 5th

day and to 8.50 log cfu/ml on 10th day in LPS mice group.

A gradual increase in the lactobacilli counts was recorded

both in LPS and non-LPS mice groups along with probiotic

Fig. 2 Relative expression of TNF-a and IL-6 in LPS-induced mouse

model. UP up-regulated, P (HI) Probability of alternate hypothesis

that difference between sample and control groups is due only to

chance, NSD no significant difference from control (gene expression

measurement with regard to each RNA extractions from mouse aorta

was obtained from four homogeneous groups (control, LPS ? PBS,

non-LPS ? Lp91 and LPS ? Lp91 groups) comprising of eight

animals each (n = 8), and the mean of these values was used for

analysis)

Fig. 3 Relative expression of

MCP-1, VCAM-1, ICAM-1 and

E-selectin in mouse model. UP

up-regulated, P (HI) probability

of alternate hypothesis that

difference between sample and

control groups is due only to

chance, NSD no significant

difference from control (gene

expression measurement with

regard to each RNA extractions

from mouse aorta was obtained

from four homogeneous groups

(control, LPS ? PBS, non-

LPS ? Lp91 and LPS ? Lp91

groups) comprising of eight

animals each (n = 8), and the

mean of these values was used

for analysis)
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treatment indicating that the lactobacilli including the Lp91

could survive in colon in fairly good number to express

their functions optimally.

Discussion

New insights into the pathogenesis of CVDs reveal that

inflammation is the hallmark of atherosclerosis and takes

place as a consequence of endogenous or exogenous insult

of the vessel wall (Lapara and Kelly 2010). The progres-

sion of this inflammatory response is regulated by specific

patterns of cytokine expression. The outcome of the study

conducted by Gotsman et al. (2008) on the patients with

atherosclerosis—a chronic inflammatory condition clearly

demonstrated that the expression of inflammatory markers

like IL-6 and tumor necrosis factor-alpha was increased

significantly in those patients which eventually could end up

into coronary artery diseases. Hence, the balance of pro- and

anti-inflammatory cytokines is of considerable biological

significance in vascular inflammation and is underscored by

the fact that in vivo down-regulation of pro-inflammatory

cytokines reduces atherogenesis. Because of their alleged

role in inflammatory response, these pro-inflammatory

cytokines were targeted in our study to look at their relative

expression both in THP-1 cells and mouse model evoked

with the test L. plantarum strains under inflammatory

conditions.

In vitro studies

The results obtained from this study clearly demonstrate

that the ability to modulate cytokine network particularly in

terms of TNF-a expression by probiotic bacteria was

highly strain specific. Several reports are available in lit-

erature on the immuno-stimulatory properties of probiotics

for augmenting the expression of TNF-a (Cross et al. 2004;

Mohamadzadeh et al. 2005), whereas an equivalent reports

on inhibition of TNF-a expression evoked by probiotic

strains are also available (Pena et al. 2005; Chan Remillard

and Ozimek 2006; Lin et al. 2008). Morita et al. (2002)

also reported that the immuno-regulatory activities of lac-

tobacilli were highly strain dependent. Our results on

down-regulation of TNF-a expression by probiotics are in

agreement with the previous reports wherein the inhibition

of TNF-a expression in intestinal cells isolated from Cro-

hn’s patients and LPS-activated THP-1 cells and human

monocyte derived macrophages on treatment with specific

probiotic strains was recorded (Carol et al. 2006; Lin et al.

2008; Jones and Versalovic 2009).

Probiotic cultures have clinical relevance for ameliora-

tion of inflammatory diseases such as CVDs, inflammatory

bowel disease (IBD)/Crohn’s disease (CD)/ulcerative

colitis (UC), etc., as these patients have increased levels of

TNF-a which needs to be reduced and hence these patients

are given anti-TNF-a therapy. A large number of clinical

studies using anti-TNF-a mAb (anti-tumor necrosis factor-

alpha monoclonal antibody) therapy have clearly shown a

beneficial effect in IBD patients (Rutgeerts et al. 2004).

Anti-TNF-a treatment can inhibit the cytokine-induced

chain of events likely to result into increased risk of CVDs.

The important role played by TNF-a in intestinal inflam-

mation is strongly supported by the fact that drugs capable

of interfering with the activity of this mediator are being

developed for IBD therapy. Down-regulation of TNF-a can

restore the breach of the innate immunity and thereby

prevent the onset of the inflammatory events. In this con-

text, our study clearly demonstrate the anti-inflammatory

prospects of our putative probiotic lactobacilli strains by

down-regulating the expression of TNF-a in THP-1 cells

which can be eventually be explored in the management of

inflammatory metabolic disorders. Our indigenous probi-

otic lactobacillus strains Lp91, 9 and 100 which were able

to down-regulate TNF-a significantly could serve as the

potential candidate probiotics for the management of

inflammatory diseases including CVDs.

With regard to expression of IL-6 in THP-1 cells, it was

observed from our study that probiotic treatment could

enhance the expression of this dual function cytokine IL-6.

It is a pleiotropic cytokine with dual functionality, that is, it

has both pro-inflammatory as well as anti-inflammatory

properties under different conditions (Lee et al. 2009; Xing

et al. 1998). Our results in this context are in agreement

with those of Reilly et al. (2007) who also reported that

probiotic Lactobacillus paracasei could potentiate the

effects of IL-1b on IL-6 production in cultured Caco-2

cells suggesting its anti-inflammatory properties. However,

our results are partially in agreement with the findings

of Servin (2004) who reported that probiotic strains

Fig. 4 Persistence of L. plantarum 91 (Lp91) in fecal samples of

mouse
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attenuated the production of IL-6, IFN-c and NO in the

host cells. Furthermore, a study conducted by Xing et al.

(1998) also clearly revealed an anti-inflammatory nature of

IL-6 in both local and systemic acute inflammatory

responses elicited by local lung or systemic exposure to

endotoxin by using IL-6 gene knockout mice. It was

demonstrated that IL-6 was critically required to control

the extent of local or systemic acute inflammatory

responses, particularly the level of pro-inflammatory

cytokines in the local and systemic compartments,

respectively. The demonstration of these opposing effects

in the host cells by different probiotics with regard to IL-6

expression could possibly be attributed to their strain

specificity.

In vivo studies

As far as we understand, there is no direct published

report available on the expression of TNF-a and IL-6 in

mouse aorta on LPS stimulation and probiotic treatment.

Therefore, right now, we are not in a position to sub-

stantiate our results with the observations of other groups

of workers on TNF-a and IL-6 expression in other

affected tissues in inflammatory mouse models. Our

findings in this regard are supported by the outcome of a

similar study conducted by Perdigon et al. (2002)

who also recorded significant dose-dependent increase in

TNF-a values (P \ 0.01) in the intestinal tissue with all

LAB strains tested in mouse model. Kano et al. (2002)

also reported that oral administration of milk fermented

with Lactobacillus delbrueckii ssp. bulgaricus

OLL1073R-1 into DBA/1 mice inhibited secretion of IL-6

and TNF-a by lymph node cells (LNC). Peran et al.

(2005), on the other hand, reported highly diverse results

with lactic acid bacteria on their ability to enhance or to

reduce inflammatory cytokine production of TNF-a. A

decreased colonic expression of TNF-a by different LAB

in colitis mouse model has also been reported (Arribas

et al. 2009; Lee et al. 2009). Regarding the effect of

probiotics on IL-6 expression, our results are consistent

with the observations of Ruiz et al. (2005) who too

reported that enterocytes could excrete cytokines such as

IL-6 in presence of probiotic organisms as demonstrated

with several physiological animal models. Similarly,

Vinderola et al. (2005) also reported that intestinal epi-

thelial cells could produce IL-6 up to 5 days on coloni-

zation with only one organism, that is, Bifidobacterium

lactis Bb-12 in rats. In a recent report, L. delbrueckii and

Lactobacillus fermentum when given orally in moderate

UC patients for 8 weeks significantly ameliorated

inflammation by decreasing the colonic concentration of

IL-6, expression of TNF-a and NF-jBp65 and leukocyte

recruitment (Hegazy and El-Bedewy 2010). In a more

recent study, Martins et al. (2011) reported that the pre-

treatment with Saccharomyces cerevisiae 905 orally

decreased levels of pro-inflammatory cytokines (IL-6,

IL-10, TGF-b, TNF-a, and IFN-c) in a murine model

challenged with Salmonella typhimurium. However, our

findings are at variance with those of Pavan et al. (2003) who

recorded substantial increase in level of TNF-a, IFN-c and

IL-10 mRNA in the ilea and colons of mice on receiving a

single daily dose of L. plantarum NCIMB8826 or Lacto-

coccus lactis for 4 consecutive days. These differences

related to gene expression might be attributed to strain

specificity of the probiotic cultures used in their respective

studies along with that of different animal models.

The validity of our results related to expression of MCP-

1 in mice evoked by probiotic interventions can be sup-

ported by almost similar findings recorded in some previous

studies (Veckman et al. 2003; Ukena et al. 2005), wherein

up- or down-regulation of the expression of MCP-1 in

animal models and cell lines on probiotic treatment along

with inflammatory agent was recorded. Later, Harata et al.

(2010) demonstrated that intranasal administration of LGG

led to significant increase in mRNA expression of IL-1b,

TNF-a and MCP-1 (P \ 0.01) in an animal model. From

these findings, it can be concluded that although lot of

in vitro studies on MCP-1 expression induced by probiotic

treatments have been conducted in different cell lines by

different groups, there are hardly any in vivo studies that

were attempted on similar lines.

Our findings with regard to relative expression of

VCAM-1 and ICAM-1 induced in mice on probiotic

treatment along with LPS can be adequately supported

with a handful of studies carried out on similar lines. In

one of the clinical studies conducted by Hilvak et al.

(2005), it was reported that long-term (56 week) oral

administration of probiotic Enterococcus faecium M-74

decreased the expression of sICAM-1 and monocyte

CD54. It was notably found that plasma sICAM-1 level

increased no sooner than 4 weeks when probiotic

administration discontinued. In another in vivo study

conducted in colitic rats by Angulo et al. (2006), it was

demonstrated that Lactobacillus casei prevented the up-

regulation of ICAM-1 expression and leukocyte recruit-

ment in experimental colitis. Endothelial ICAM-1 and

VCAM-1 expression was significantly increased in the

colonic endothelium in association with the induction of

colitis. Our results on these aspects can be further sup-

ported by almost similar findings recorded by Chu et al.

(2009) who also reported that L. plantarum treatment

improved the histological damage score in IL-10 knock-

out (KO) mice compared to untreated KO mice and also

significantly attenuated the expression of MAdCAM-1

and ICAM-1. Thus, our indigenous probiotic strain Lp91

could significantly down-regulate the expression of
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VCAM-1 and hence by virtue of having this attribute, it

could be an attractive candidate probiotic to explore it as

a potential biotherapeutic role in the management of

inflammatory diseases including CVDs and other related

diseases where such adhesion molecules could have a

deleterious role by blocking the endothelial cells in the

blood circulating system.

Similarly, as far as E-selectin is concerned, there is

hardly any published report on its expression in the host

cells on probiotic treatment. Nevertheless, some studies

have been conducted, wherein phenolic compounds and

herbal medicines have been reported to inhibit the

expression of E-selectin (Carluccio et al. 2003; Hu et al.

2009). Hence, the useful information generated from the

outcome of these studies related to the effect of phenolic

compounds and herbal medicines could also be extrapo-

lated to probiotic effect for modulating the expression of

important adhesion molecules like E-selectin to establish

their efficacy as biotherapeutics in the management of

inflammatory diseases including CVDs and other heart-

related problems.

Conclusions

From the findings of this study, it can be concluded that our

indigenous probiotic Lactobacillus strain Lp91 possessed

strong anti-inflammatory property by virtue of its ability to

down-regulate TNF-a expression in THP-1 cells and LPS

mouse model. This strain is also adequately equipped with

in built protective system with ability to inhibit the

expression of key chemokine and adhesion molecules such

as MCP-1, VCAM-1, ICAM-1 and E-selectin in mice

under the inflammatory conditions. By modulating the

expression of these key signal molecules having potential

clinical implications in human health, Lp91 holds great

promise and could serve as the perspective biotherapeutic

agent in the management of inflammatory disorders par-

ticularly CVDs including atherosclerosis. These findings

are likely to open new avenues for exploring anti-inflam-

matory properties of probiotics along with their ability to

inhibit key adhesion molecules as a new weapon to target

inflammatory disorders including CVDs.
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