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ABSTRACT 

Though the immunomodulatory effect of probiotics is known but hardly any literature shows its immunorestorative effect. In the 
present study the effect was immunorestorative capacity of intragastrically administrated live and dead (lysates) probiotic strain of 
Lactobacillus acidophilus was investigated in hydrocortisone-treated Swiss Albino mice. The cell-mediated immune response was 
assessed by Nitroblue Tetrazolium (NBT) reduction, inducible Nitric Oxide Synthase activity (iNOS), bactericidal activity and Delayed 
Type Hypersensitivity (DTH) response. The development of anti-BSA antibodies as a measure of humoral immune response was 
checked by ELISA. The results showed that both the live and dead bacteria feeding potentiated the cell-mediated immune response 
as well as humoral immune response, however the activity was better (p<0.05) in the former. Moreover, the suppressive effect of 
chemically damage immune system by hydrocortisone in mice was attenuated by live and dead L. acidophilus and was restored 
towards normalcy. Our findings that even the dead probiotic bacteria may exert immunomodulatory effects and improve the 
immune function damaged by immunosuppressive agents. It is concluded that in immunocompromised host where live bacteria 
may give harmful effects, the dead bacteria may be given to boost the immune response.  

Keywords: Immune response, Immunosuppressive agents, iNOS, Lactobacillus acidophilus, Probiotics. 

 
INTRODUCTION 

esearch is beginning to reveal the possible health 
benefits associated with probiotic lactic acid 
bacteria (LAB).1,2 Probiotics LAB are the ‘beneficial 

microorganisms which upon ingestion in adequate 
amount beneficially effect the host health beyond the 
basic nutrition by altering the gastrointestinal tract’. The 
worldwide emerging trends of functional foods containing 
probiotics in maintaining gut health has been receiving 
research attention. It appeared that two paradoxical 
effects of probiotic feeding are reported according to the 
initial immunological state of the host: probiotics can 
stimulate innate immunity (phagocytosis, cytokine 
release) in individuals, a property likely to help in 
shortening the course of infectious diseases 
(gastroenteritis in infants) or in the efficacy of 
vaccination. On the other hand, an anti-inflammatory 
effect is reported with selected strains of probiotics, in 
inflammatory bowel diseases such as ulcerative colitis.  

Though the probiotic effect on the gut immunity is well 
established by affecting the pathogenic bacteria and 
stimulating the gut immune organs,3 but only a few 
reports revealed the effects of probiotics on systemic 
immune response.4,5 Hence, it becomes necessary to find 
out the effect of dead bacteria as immunostimulatory and 
the immunorestorative potential of both the live and 
dead probiotics in immunocompromised host. Moreover, 
LAB-containing functional foods are often included in the 
diet of immunocompromised patients, and it is known 
that agents with immunomodulatory activity may induce 
contrasting effects in normal and immunosuppressed 
individuals,6,7 applicable to the assay of immune 

modulation by antibiotics in normal and immune 
compromised mice.8  

The presents study was design to see the 
immunorestorative potential of a viable and non-viable 
probiotics Lactobacillus acidophilus strain on the immune 
system of immunocompromised hosts i.e. drug induced 
immunosuppressed mice. 

MATERIALS AND METHODS 

Micro organisms 

The lactic acid bacterial strain Lactobacillus acidophilus 
MTCC 447 was obtained from MTCC, IMTECH, 
Chandigarh. The strain fulfilling the criteria purposed to 
achieve probiotic status (acid and bile tolerant, 
antimicrobial activity) grown in MRS broth (Himedia, 
Mumbai, India) at 37°C for 24 h and used in this study.  

Animals and Ethics 

Swiss Albino mice of either sex weighing 25 ± 02 g 
obtained from Central Research Institute, Kasauli, India, 
were housed in University Animal House, under pathogen 
free conditions with 12 h cycle of light and free access to 
commercial chow (Kisan Feeds Ltd., Mumbai, India)) and 
sterile water. The experiments and used protocol, 
approved and supervised by the local Animal Ethic 
Committee as per the guidelines of Committee for the 
Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA), Ministry of Environment and Forests, 
Government of India (Reg. No. 107/1999/CPCSEA).  
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Feeding Procedure of Live and Bacterial Lysates (Dead) L. 
Acidophilus 

Live Bacteria Feeding  

Freshly cultured probiotic L. acidophilus in MRS broth 
were harvested by centrifugation (2600 rpm, 4°C for 10 
min), with 3× washing in sterilized PBS (pH 7.2) and re-
suspeneded into low fat milk (Verka, Government 
undertaking, Punjab, India). After overnight incubation at 
37°C cell viability was checked by plating onto MRS agar 
2.2 × 109 cfu/mL were observed and used to fed the 
animals (approx. @ 109 cells/day/mouse).  

Dead Bacteria Feeding  

Freshly cultured L. acidophilus harvested by 
centrifugation and viable bacterial cell count was checked 
(1% trypan blue) and lysed by sonication at maximum 
amplitude (50%) of the instrument in normal saline 
(0.85%) for 12 min and resulted dead bacteria (lysates) re-
suspeneded into low fat milk and used to feed the 
animals approximately @ 109 cells/ml.  

The animals received a daily dose of 100 µL (about 109 

cells/mL) prepared live and dead L. acidophilus dose by 
intragastric route with the help of sterile stainless steel 
needle (Dispovan, HMD, India) and 1 mL syringe for 15 
days. 

Grouping of Animals and Study Design 

I. Immunomodulatory Effect of Live/Dead L. Acidophilus 
Feeding In Mice 

The animals divided into three groups having ten mice in 
each: Control C group fed on normal diet, Test LL group I 
fed on prepared live bacteria feed and Test LD group II 
fed on prepared dead bacteria feed for consecutive 15 
days. The bacteria feeding in animals were given in 
addition to the normal diet. Animals were bled (on day 7th 
and 15th) from retro-orbito-plexus to check humoral 
immune response, after that the mice were sacrificed, 
and their spleen was taken to assess the different 
immunological parameters. 

II. Immunomodulatory Effect of Live/Dead L. Acidophilus 
Feeding In Immunosuppressed Mice 

For this experiment the animals were divided into four 
groups: Control group- untreated; Control Hc group- mice 
treated with hydrocortisone (Hc) and fed on normal diet; 
Test LLHc group-I - mice treated with hydrocortisone and 
fed with live L. acidophilus and Test LDHc group-II - mice 
treated with hydrocortisone and fed on dead bacteria 
(bacterial lysates) for 15 days. The bacterial feeding in 
Test group I and II L. acidophilus (live and dead) 
administration was started on day 6th after 
hydrocortisone treatment and continued or the full 
experiments period until mice were sacrificed (day 21st) 

 

 

 

Treatment with Hydrocortisone (Hc)  

Animals were injected intraperitoneally with 2 doses (day 
0 and day 5th) of hydrocortisone (Glaxo SmithKline, Pune, 
India) @ 10mg/kg body weight/dose/mouse.  

Immunization  

The animals were immunized by giving intraperitoneally 
injection of 1% BSA (Hi-Media, Mumbai, India) in 0.85% 
NaCl as a source of antigen in 3 doses at weekly interval 
i.e. day 8th, 14th and 20th to stimulate the antibody 
production. 

Follow Up of Study  

The blood samples were collected after 24 h of 
immunization to assess the humoral response using 
ELISA. The mice were sacrificed after the completion of 
test diet and immunization schedule. The spleen was 
collected in minimal Essential Medium (MEM, Hi-Media, 
Mumbai, India) and desired spleenocytes suspension 
were made to assess the immune response by different 
immunological tests.  

Methods Used to Assess the Immune Status 

Determination of iNOS Expression (Inducible Nitric Oxide 
Synthase Test) 

The iNOS activity of splenocytes assessed using arginine 
and Griess reagent as described by Stuehr and Marletta.9 
The splenocytes were anaerobically incubated with 
arginine at 37 °C for 24 h in 5% CO2. The purple color 
developed due to citrulline formation from arginine was 
determined by monitoring absorbance at 540 nm against 
control.  

Bactericidal Activity 

The bactericidal activity as a function of phagocytes was 
assessed by splenocytes against E. coli according to the 
method of Raghuramulu.10 Briefly, the splenocytes and 
bacterial suspension (1:2) were incubated at 37 °C for 60 
min followed by plating (100 µl) on nutrient agar plates 
using a sterile spreader. After 24 h at 37°C, number of 
colony forming units (cfuml-1) was counted. Plates 
containing bacterial suspension (E. coli) used as control. 
The percent bactericidal activity was calculated as; 

% Bactericidal Activity = 

(cfuml-1 in control – cfuml-1 in test) 

 × 100  
cfuml-1 in control 

Determination of Nitroblue Tetrazolium Reduction (NBT) 

NBT reduction, a measure of respiratory burst in the 
spleenocytes was determined as described by Hudson 
and Hay11. Briefly, splenocyte suspension from each 
mouse was incubated in the presence (test) or absence of 
NBT and the formed formazon was measured 
spectrophotometerically at 520 nm using UV-VIS 
spectrophotometer (Shimazu, USA), against dioxan as 
blank. The NBT reduction was calculated as follow; 
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NBT Index =  
Absorbance of test (T) - Absorbance of control (C) 

 

Absorbance of control (C) 

Enzyme Linked Immunosorbant Assay (ELISA) 

ELISA was carried out as described by Hudson and Hay.11 
Briefly, 200 µl of previously diluted test sera was 
incubated with antigen-coated, flat-bottom 96-well 
microtitre plate (Tarson, India) at room temperature (RT) 
for 60min. The antibodies from each cell were visualized 
by application of horse radish peroxidase-anti-Ig 
conjugate followed by a substrate (OPD) overlapping for 
10-30 min in dark and quantified the colour reaction in an 
ELISA reader (BIO-RAD) set at 492 nm after stopping the 
reaction with sulfuric acid (12.5%).  

In vivo Delayed Type of Hypersensitivity (DTH) Response 

The DTH response was assessed by foot pad swelling 
methods as described by Hudson and Hay11 as a measure 
of T- cell activity. The swelling in foot pad was determined 
after 24-48 hr in the foot pads after carrageenan (30 µl in 
0.85% NaCl, 200 mg/kg weight) induction in right foot pad 
and sterilized normal saline (30 µl) in left hind foot 
(control).The swelling in the right and left foot was 
measured with Varnier’s caliper at 0, 24 and 48 hrs. The 
difference between paw thickness by comparing test paw 
with control was taken as a measure of DTH. The net 
swelling calculated by following equation: 

Net Swelling = (T24/48 - T0) - (C24/48 - C0) 

Here, T 24/48- footpad thickness at 24 or 48 h after 
carrageenan challenge (right foot), T 0 - footpad thickness 
before carrageenan challenge (right foot), C 24/48 - footpad 
thickness at 24 or 48 h after normal saline challenge (right 
foot) and C0 - footpad thickness before normal saline 
challenge (right foot).  

Statistical Analysis 

All the results were expressed as mean±standard error of 
mean (S.E.M.). Statistical analysis for the results was done 
using one-way ANOVA followed by Tukey’s multiple range 
test as post hoc analysis. A value of P < 0.05 was 
considered to be statistically significant. 

RESULTS 

I. Immunomodulatory Effect of Live/Dead L. 
Acidophilus 

Effect of Live/Dead Probiotic L. Acidophilus Feeding on 
Cell-Mediated Immune Response (CMI) 

The results of cell-mediated immune response evaluated 
by iNOS, NBT, bactericidal activity and DTH response in 
Swiss Albino mice are shown in Figure 1 and 2. The 
statistical analysis revealed a significantly higher (p<0.05) 
NBT reduction, iNO’s and bactericidal activity in Test 
group LL and a non-significant (p ≥ 0.05) high activity in LD 
group animals as compared to control group animals. The 
NBT reduction, iNOS and bactericidal activity were 41.6%, 
19.35±0.769 and 20.5% higher (p < 0.05) in test animals 

fed on live bacteria, and 15.9%, 7.8% and 10.1% higher (p 
≥ 0.05) in test LD animals respectively than control group 
(Fig. 1). Moreover, non-significant difference existed 
between both the test groups.  

The results of DTH response showed maximum foot pad 
thickness at 24 h in all the groups. At 48 h a statistical 
significant enhancement (2.04mm±0.0535, p < 0.05) was 
observed in test LL animals fed on live bacteria as 
compared to control C animals whereas a non-significant 
difference (1.78mm±0.0313, p ≥ 0.05) in test group LD 
animals fed on dead bacteria as compared to test LL 
animals fed on live bacteria (Figure 2).  

Effect of Live/Dead Probiotic L. Acidophilus Feeding on 
Humoral Immune Response (Figure 3) 

The results show significantly higher (p < 0.05) anti-BSA 
antibody titres in test animals fed on live bacteria and 
non-significantly higher (p ≥ 0.05) in test group II animals 
fed on dead bacteria (bacterial lysates) as compared to 
the control group. 

 
Figure 1: Effect of live and dead L. acidophilus feeding on iNOS, 
NBT reduction and Bactericidal activity in Swiss Albino mice. 
[Values are mean%±SEM], *=P<0.05 vs. control 
animals,†=P≥0.05 vs. Test group II LD.  

 
Figure 2: Effect of live and dead L. acidophilus feeding on DTH 
response (mm, 10-2 cm) in Swiss Albino mice. [Values are 
mean%±SEM] *=p<0.05 vs. 0 h, †=p<0.05 vs. control group. 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 34, 199-204                                                                       ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

202 

 
Figure 3: Effect of live and dead L. acidophilus feeding on 
Humoral immune response in Swiss Albino mice. *= p<0.05 vs. 
control C group. 

II. Immunomodulatory Effect of Live/Dead L. Acidophilus 
Immunosuppressed Mice 

Effect of live/dead L. acidophilus feeding on cell-mediated 
immune response 

The results showed significantly higher (p<0.05) NBT 
reduction, iNOS and bactericidal activities in both HC 
treated test groups fed with bacteria (live/dead) i.e. LLHc 
and LDHc as compared to treated control Hc group non-
bacteria fed animals as shown in Fig. 4. The NBT 
reduction, iNOS and bactericidal activities were 23.57%, 
10.84% and 11.5% higher (p < 0.05) in Test LLHc, and 
18.52%, 6.98% and 4.7%% higher (p < 0.05) in LDHc fed 
on bacterial lysates (dead) respectively as compared to 
control HC animals (Figure 4). 

The results of DTH showed a significant enhancement (p < 
0.05) in DTH response as observed in both of the test 
groups, hydrocortisone treated and bacteria fed animals 
i.e. test LLHc animals fed on live bacteria 
(2.36mm±0.0120) and test LDHc animals fed on dead 
bacteria (1.95mm±0.0368) as compared to treated 
control Hc animal. Similar to 24 h at 48 hours also a 
statistically significant (p<0.05) enhanced DTH response in 
Test LLHC animals was observed as compared to control 
Hc animals as shown in Figure 5.  

 
Figure 4: Effect of live and dead L. acidophilus feeding on iNOS, 
NBT reduction and Bactericidal activity in immunosuppressed 
mice. [Values are mean ± SEM]; †=p<0.05 vs. control Hc group 
(treated). 

 
Figure 5: Effect of live and dead bacteria feeding on DTH 
response in immunosuppressed mice. [Values are mean±SEM]; 
*=p<0.05 vs. control Hc group, †=p<0.05 vs. control HC group V, 
‡= (p<0.05) vs. Control group, Test LDHc and control Hc group. 

Effect of live/dead L. acidophilus feeding on humoral 
immune response 

The results of ELISA showed a higher anti-BSA antibody 
titers in Test group LLHc fed on live bacteria whereas non-
significant (p≥0.05) high titres in Test LDHc animals fed on 
dead bacteria as compared HC treated control animals as 
shown in Figure 6. 

 

Figure 6: Effect of live and dead L. acidophilus feeding on 
Humoral immune response in immunosuppressed mice. *= 
p<0.05 vs. control Hc group. 

DISCUSSION 

The present study shows that probiotic feeding in normal 
animals in live form does augment the immune response. 
The results revealed the enhancement in both cell-
mediated and humoral immune response of the test 
animals fed on live and dead L. acidophilus. Our results 
are similar to those observed earlier by other authors.12,13 
The mechanism behind this could be that the probiotics in 
live form act as a part of normal flora and keep on 
boosting the immune response by activating the functions 
of T cells and T cell mediated B cells immunity as has been 
observed in our experiments by the results of NBT 
reduction, iNOS, bactericidal activity, DTH response and 
ELISA tests that the expression of T cells cytokines 
augmented as well as antibody titres were higher. The 
production of cytokines (IL-6, IL-10, and IFNγ) and 
increased IgA+ cells was reported with the administration 
of L. fermentum PL9005 in mice.14 Moreover in our 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 34, 199-204                                                                       ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

203 

experiments dead bacteria also showed enhancement in 
immune response. This could be due to the cell wall, cell 
proliferation, bacterial production of bioactive 
metabolites such as antimicrobial peptides, H2O2, organic 
acids, exopolysaccharides etc. which are recognized by 
Toll-like receptors expressed in intestinal and immune 
cells as reported production of these beneficial 
metabolites.15-17 Earlier Kato et al. reported that dead 
bacteria may act as adjuvants or immunoenhancers.18  

In addition to this, our results showed that both the live 
and dead bacteria feeding in immune suppressed mice 
showed the restoration of chemically suppressed immune 
response. Recently, immune response stimulation by 
heat-killed L. acidophilus in mice challenged with 
Salmonella typhimurium has been reported by Lin et al.19  

The demonstration that many probiotic effects are 
mediated through modification of the immune functions 
has been provided by investigations on immunologically 
intact animals or humans, with the exception of some 
studies on elderly subjects20 and malnourished mice.21,22 
The present study shows, that a probiotic strain is able to 
exert stimulatory effects on the chemically damaged 
immune system of immune suppressed mice. Recently 
similar to our study Bujalance, et al., found improved 
immune response in cyclophosphamide treated mice was 
reported by live L. plantarum. We found L. acidophilus 
even in dead form when given to normal mice or immune 
suppressed mice, boost their immune function of the 
body, though to lesser extent than live bacteria.23 Similar 
to our study heat-killed lactobacilli can induce some 
protection against candidiasis in mice were reported by 
Wagner.24  

CONCLUSION 

It was concluded that both alive and dead probiotic 
potential bacteria may be given to boost the immune 
response and can be applied as immunotherapeutic 
agents in various infected or non-infected immunological 
disorders. Also in immune compromised host where live 
bacteria may give harmful effects dead bacteria may be 
given to boost immune response and as 
immunotherapeutic agents in immunological disorders or 
immune related diseases. 
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