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INTRODUCTION 

Probiotics were defined as “microbially derived 

factors that stimulate the growth of other microorganisms”. 

Yogurt is one of the most widely used source of Probiotics. 

Traditionally made Yogurt is one of the good source of 

Probiotic consortium. It contains Lactobacilli, 

Streptococci, Enterococci and Lactococci. Bifidobacteria, 

Bacillus species and yeasts like Saccharomyces too find a 

place in the long list of Probiotics. They are normal 

inhabitants of human intestine and colon. Most of the 

Probiotic bacteria fall in lactobacilli group. Lactic Acid 

Bacteria (LAB), a group of Gram +ve bacteria, consists of 
several species including the genera Lactobacillus, 

Lactococcus, Leuconostac, Pediococcus, Aerococcus and 

Bifidiobacterium. With the LAB, the genus Lactobacillus 

is the most widely encountered for probiotics. Certain 

strains of LAB and Bifidobacteria are able to induce tumor 

necrosis factor–α (TNF-α) and interleukin-6 (IL-6) as well 

as to stimulate other nonspecific immune system (Isolauri 

et al., 1998)1. Microbial probiotics (especially those of 

LAB) can influence the systemic immune system in 

various ways 2-3 (Perdigon et al., 1995; Fang et al., 2000). 

Perdigon4 et al., 1999 proposed that Lactobacilli can 
directly stimulate the gut immune system via localized 

gastrointestinal (GI) tract lymphoid cell. Perdigon5 et al. 

(2000) and Valeur6 et al. (2004) examined the local 

colonization of human gastrointestinal tract after dietary 

supplementation to determine subsequent response and 

found increase in local antibody levels, macrophages and 

number of natural killer cells. Oral ingestion of LAB by 

rats increases lymphocyte proliferation and Interferon 

production (Aattouri et al., 2002)7. Gut microflora partici-

pates in immune exclusion. It prevents other bacteria from 

adhering by competition for nutrients and places of 

adhesion, it produces anti-bacterial agents, and it 
stimulates the production of specific antibodies 

(Bengtmark and Jeppsson, 1995)8. The gastrointestinal 

tract serves as an interface between the gut and immune 

system, with the intestinal lining functioning as a barrier, 

Lactobacilli colonization decreases the passage of bacteria 

from the gut into the bloodstream. Lactobacilli, can 

preferentially occupy a space or form a biofilm on the 

surface of intestinal lining, that would otherwise be 

colonized by a pathogen. Thus LAB induces a competitive 

environment, and follows survival of fittest. So in order to 

investigate the beneficial effect of Probiotics using 

experimental animals (In-vivo stuides), present study was 
carried out to determine their effect on immune system of 

test organism (Albino mice). 

MATERIALS AND METHODS 

Procurement and revival of microbial Culture: 

The strain of Lactobacillus acidophilus NCDC 

195 was procured in lyophilized form from National Dairy 

Research Institute (NDRI), Karnal and maintained in the 

laboratory. Culture was revived by sub-culturing 4-6 times. 

Strains were activated first on skim milk and then in MRS 

broth at 37°C for 24h. All strains were checked for 

specificity by microbiological analysis i.e. Gram staining 
and negative staining (Nigrosine). After activation, these 

were maintained on MRS agar slants and were kept under 

refrigerated condition and were sub-cultured after 10 days 

from the stock cultures. 

Animal for in-vivo studies 

Swiss albino mice employed for in-vivo study 

were procured from Central Research Institute (CRI), 

Kasauli. Each animal weighed 18-20gm. They were 

housed for acclimatization one week before the experiment 
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in the animal house of institute. They were maintained on 
standard diet with free access to water. 

Treatment Groups 

Group I (Untreated control group): 

No treatments were given to mice of this group. 

They were fed on normal diet for entire period of research 

i.e. 15 days. 

Group II (Control immunized group): 

Mice were subjected to immunization with 200µl 

BSA (1%) on every 5th day (starting from 0 day) and were 

fed on normal diet. 

Group III (Treated group): 

The animals were administered with prepared L. 

acidophilus NCDC 195 dosages (inoculated in skim 

milk/yogurt) for 15 consecutive days.  

Immunization 

200µl BSA (1%) solution was prepared. All mice 

were antigenically challenged with a single dose 

intraperitoneally (ip) after every 5 days.  

All the groups were treated and maintained under 

same atmosphere and all the subgroups were immunized 

on every 5th day of treatment starting from 0 day with a 

single dose of BSA intraperitoneally (ip).  

Preparation of probiotic dose (inoculum) 

 Probiotic cultures were inoculated in autoclaved 

skim milk and incubated at 37°C for 24h. After 24h, final 

inoculum was made 109 cells/ml. These inoculums were 

then transferred to small autoclaved vials in sterilized 

conditions under laminar air flow. The Probiotic doses in 

the form of Probiotic yogurt were then stored in 

refrigeration at 4°C. 

Nitroblue Tetrazolium (NBT) reduction test 

  NBT reduction test was measured by the method 

of Hudson and Hay (1989)9. For each test sample, two set 

of test tubes were taken one as control as other as test. 
100µl splenocytes were taken in both control and test set. 

Then 900µl of MEM was added into both test and control 

sets. Then incubated at 37oC for 20 minutes. After 

incubation samples were centrifuged at 4000 rpm for 3 

minutes. The pellet was taken and 100µl of PBS added in 

each test tube. 0.5 ml of dioxane was added in each test 

tube. Test tubes were incubated at 70oC for 20 minutes. 

O.D. was taken at 520 nm (Shimadzu, UV-1650 PC). The 

results are expressed as mean ± S.E.M. of percentage dye 

reduced to formazon using dioxane as standard. 

Calculations 

Percent NBT Reduction=   
𝑂.𝐷.𝑜𝑓  𝑇𝑒𝑠𝑡   𝑇 −𝑂.𝐷.𝑜𝑓  𝐶𝑜𝑛𝑡𝑟𝑜𝑙   𝐶 

𝑂.𝐷.𝑜𝑓  𝑐𝑜𝑛𝑡𝑟𝑜𝑙  (𝐶)
 × 100 

iNOS (Inducible Nitric Oxide synthase) test 

The inducible Nitric oxide synthase activity was 

assayed in lymphocyte suspension according to Stuehr and 

Marletta (1985)10 with certain modifications. The 

lymphocyte suspension was incubated for 2h at 37ºC, 5% 

CO2, 98% humidity. Arginine was added to the suspension 

and further incubated for 24h under similar conditions. The 

cells were then treated with Griess reagent. The purple 
color developed (indicating presence of citrulline) was 

measured spectrophotometrically at 540 nm against Griess 

reagent as blank and the results are expressed as 

percentage enzyme produced. 

Phagocytosis or Bactericidal activity 

Phagocytosis by immunocytes was measured by 

Raghuramulu et al.  (1983)11. Bactericidal activity was 

determined as described by Raghuramulu et al. (1983)11. 

The lymphocyte suspension was mixed with bacterial 

suspension (E. coli) in the ratio of 1:2 and incubated at 

37°C for 60min. 100µl of sterile distilled water was added 
to lyse the lymphocytes. Suspension so formed (100µl) 

was spread on nutrient agar plates. The plates were 

incubated at 37°C for 24h. Bacterial cell suspension was 

spread in the control plate. Number of colony forming 

units (CFU) developed in control and test plates were 

counted and the results are expressed as percentage 

bactericidal activity. 

Cell-mediated immune response (Delayed type 

hypersensitivity; DTH) 

Delayed type hypersensitivity response (DTH) 

was monitored as described by Titus and Chiller, (1981)12. 
All BSA treated groups were challenged intradermally on 

day 15 with 200µl BSA (1%) in the hind foot-pad. The 

control lateral paw was given an equal volume of saline. 

Paw thickness was measured with micro caliper at 24h 

interval upto 72h. The difference in paw thickness 

compared to control was taken as a measure of DTH and 

expressed in mm. Results are expressed as footpad 

thickness in mm up to 72h. 

The swelling was calculated according to following 

equation: 

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

Where 

T24/48 = Footpad thickness 24 and 48h after bacterial 

suspension challenge (left foot), 

T0 = Footpad thickness before bacterial suspension 

challenge (left foot), 

C24/48 = Footpad thickness 24 and 48h after normal saline 

challenge (right foot), 

C0 = Footpad thickness before normal saline challenge 

(right foot). 

RESULTS 

Probiotics posses Immunomodulatory properties 

as L. acidophilus has a significant effect on the intestine 
colonized organisms and immune system of an organism. 

15 days feeding of L. acidophilus to swiss albino enhances 

the immune responses significantly. 

The NBT reduction test is an indirect marker of 

the oxygen dependent bactericidal activity of the 

phagocytes and the metabolic activity of the granulocytes 

or the monocytes. The results of Probiotic consumption on 

NBT reduction are shown in Table. 1.1.  
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Table 1.1: Effect of Lactobacillus acidophilus NCDC 195 on NBT reduction values 

Treatment Name NBT reduction (%) Increase in NBT reduction 

Untreated Control 30a  - 

BSA Treated 42b  1.4 (↑) 

NCDC 195  59.40c  1.98 ( ↑) 

 

The figure in parenthesis ( ) shows number of times 

increase (↑) or decrease (↓) in % NBT reduction activity as 

compared to control. The values denoted by different small 

letters in column differ significantly (p<0.05) 

There was a significant increase (p ≤ 0.5) of NBT 
reduction i.e. 1.98 times, in L. acidophilus NCDC 195 

treated group as compared to the control group, whereas 

1.42 times increase in the NBT reduction was found in the 

BSA treated control group as compared to the untreated 

control group. 

 iNOS has been shown to play an important role 

in modulating macrophage cellular function during 

inflammation, and its level increases after stimulation with 

cytokines such as IL-1, TNF-α, and interferon-γ (Nathan, 

1992 and Alican et al., 1996)13-14. iNOS activity was 
analyzed in control and tissue extracts before and after 

probiotic treatment by  measuring arginine to citrulline 

conversion. The results of iNOS activity in control and 

treated group are listed in Table 1.2 as shown below. 

 

Table 1.2: Effect of Lactobacillus acidophilus NCDC 195 on iNOS Activity values 

Treatment Name iNOS Activity (%) Increase in iNOS activity 

Untreated Control 24.65a - 

BSA Treated 23.32a 1.0 (↓) 

NCDC 195 42.30b 1.71(↑) 

 

The figure in parenthesis ( ) shows number of times 

increase (↑) or decrease (↓) in % iNOS activity as 

compared to control. The values denoted by different small 
letters in column differ significantly (p<0.05). 

The result shows an increase of 1.71 times in 

iNOS activity in L. acidophilus NCDC 195 treated group 

as compared to the control group. The results are in 

agreement with results as studied by Ulisse et al. (2001)15. 

The iNOS activity is correlated to the bactericidal activity 

of the macrophages and has been documented as a measure 

of the immunomodulatory potential (Park et al., 2001)[16].  

These results for iNOS and NBT corroborate the 

earlier report by Pawan & Bhatia (2007)[17], who observed 

the increase in the iNOS  and  NBT  activity  of 
macrophages, when the test organism were administered to 

yogurt. 

Phagocytosis activity was observed to be 1.82 

times in L. acidophilus NCDC 195 treated group as 

compared to the control group as shown in Table 1.3. 

 

Table 1.3: Effect of Lactobacillus acidophilus NCDC 195 on Phagocytosis Activity values 

Treatment Name Phagocytosis  

Activity (%) 

Increase in iNOS activity 

Untreated Control 35a - 

BSA Treated 51b 1.4 (↑) 

NCDC 195  63.70c 1.82 (↑) 

 

The figure in parenthesis ( ) shows number of times 

increase (↑) or decrease (↓) in % phagocytosis activity as 

compared to control. The values denoted by different small 

letters in column differ significantly (p<0.05) 

These results support the observations as 

observed by Perdigon et al. (1988)[18], that L. acidophilus 
and L. casei performed a systemic immunostimulation by 

increasing the phagocytosis capacity of murine peritoneal 

macrophages. Perdigon et al. (1986)[19] and Gill et al. 

(1999)[20] also observed the immune-enhancing response 

due to increased non-specific phagocytic activity against 

bacteria. Donnet-Hughes et al, (1999)[21] and Schiffrin et 

al. (1997)[22], observed the increase in the phagocytosis 

capacity of leucocytes isolated from the blood of humans 

who had consumed Probiotics (Lactobacillus La1), which 

is consistent with the adhesion potential of this bacterium.  

The L. acidophilus NCDC 195 treated group also showed 

an enhanced DTH response. The results are shown in 

Table 1.4. 
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Table 1.4: Effect of Lactobacillus acidophilus NCDC 195 on Delayed Type Hypersensitivity 

 (Time) Untreated 

Control (mm) 

BSA immunized control 

(mm) 
10

9
 cells/ ml 

(L. acidophilus NCDC 195) 

0 h 1.67a 1.68 a 1.68
 a
 (1.00↑) 

24 h 1.67
a
 1.72

b
 1.75

b
 (1.04↑) 

48 h 1.68a 1.71b 1.80
c
 (1.07↑) 

72 h 1.67
a
 1.67

 a
 1.71

b 
(1.02↑) 

 

The figure in parenthesis ( ) shows number of times 

increase (↑) in DTH response as compared to control. The 

values denoted by different small letters in row differ 

significantly (p<0.05). 

There was an increase of 1.04, 1.07 and 1.02 

times in DTH as compared to control. The increase in 

footpad thickness is also shown graphically in Figure 1.1.

 

 

Figure 1.1: Effect of Lactobacillus acidophilus NCDC 195 on Foot pad thickness (Cell Mediate Immune Response) 

 The results corroborates the studies as conducted 
by Shu et al. (2000)[23], who, observes that dietary 

consumption of probiotic LAB has the potential to offer 

significant immune-mediate improvement in health. 

There is remarkable increase in the % 

Immunomodulatory activity i.e. Nitroblue Tetrazolium 

(NBT) reduction (NBT), Inducible Nitric Oxide synthetase 

Activity (iNOS), Phagocytosis and Delayed Type 

Hypersensitivity i.e. Cell mediate immune response which 

suggests the potent immune enhancement effect of L. 

acidophilus.  

DISCUSSION: 

 Probiotics posses Immunomodulatory properties, 

as Lactobacillus acidophilus has significant effect on the 

intestine colonized organisms and immune system of an 

organism. Only 15 days feeding of L. acidophilus to swiss 

albino mice enhances the immune responses significantly. 

There is remarkable increase in the Immunomodulatory 

activity i.e. Nitroblue Tetrazolium reduction (NBT), 

inducible Nitric Oxide synthetase (iNOS) activity, 

Phagocytosis and Delayed Type Hypersensitivity i.e. cell 

mediate immune response, which suggest the potent 

immune enhancement effect of L.acidophilus.

 

REFERENCES: 

1. Isolauri E, Salminen E,  Salminen S, Lactic acid bacteria: 

microbiology and functional aspects. Salminen, S. and Von 

Wright, A. (Eds.), New York: Marcel Dekker Inc. 1998, 255-268. 

2. Perdigon G, Alvarez S, Rachid M, Aqero G, Gobboato N, 

Immune system stimulation by probiotics. J. Dairy Sci. 1995, 78: 

1597-1606. 

3. Fang H, Elina T, Heikki A, Seppo S (2000). Modulation of 

humoral immune respone through probiotic intake. FEMS 

Immunol. Med. Microbiol., 29: 47-52. 

4. Perdigon G, Alvarez S, Macias NEMD, Roux ME, Holgado De 

Ruiz PA, The oral administration of lactic acid bacteria increases 

the mucosal intestinal immunity in response to enteropathogens. 

J. Food Prot. 1999, 53: 404-410. 

5. Perdigón G, Medina M, Vintiñi E, Valdez JC, Intestinal pathway 

of internalisation of lactic acid bacteria and gut mucosal 

immunostimulation. Int. J. Immunopath Pharmacol, 2000, 13: 

141-150 

6. Valeur N, Engel P, Carbajal N, Connolly E, Ladefoged K, 

Colonization and immunomodulation by Lactobacillus reuteri 

ATCC 55730 in the human gastrointestinal tract.  Appl. Environ. 

Microbiol. 2004, 70(2): 1176-81. 

7. Aattouri N, Bouras M, Tome D, Marcos A, Lemonnier D, Oral 

ingestion of lactic acid bacteria by rats increases lymphocytic 

proliferation and interferon-γ production. Br. J. Nutr. 2002, 87: 

367-373. 

8. Bengtmark S, Jeppsson B, Gastrointestinal surface protection and 

mucosa reconditioning.  J. Panent. Enteral. Nutr. 1995, 19, 410–

415. 

9. Hudson L, Hay FC, A handbook of practical immunology, 3
rd

, 

Oxford. Blackwell Scientific Publication, London; 1989. 

10. Stuehr DJ, Marletta MA, Mammalian nitrate biosynthesis: mouse 

macrophages produce nitrite and nitrate in response to E. coli 

lipopolysaccharide. Proc.  Natl.  Acad.  Sci. 1985, 82: 7738-

7742. 

1.6

1.65

1.7

1.75

1.8

1.85

0 24 48 72

Fo
o

t 
P

ad
 T

h
ic

kn
es

s 
(m

m
)

Time period (in hours)

Footpad thickness V$ Time period

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Valeur%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Engel%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Carbajal%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Connolly%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ladefoged%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Appl%20Environ%20Microbiol.');
javascript:AL_get(this,%20'jour',%20'Appl%20Environ%20Microbiol.');
javascript:AL_get(this,%20'jour',%20'Appl%20Environ%20Microbiol.');


Mandeep et al                                Journal of Drug Delivery & Therapeutics; 2013, 3(3), 56-60   60 

© 2011, JDDT. All Rights Reserved                                                        ISSN: 2250-1177                                                     CODEN (USA): JDDTAO 

11. Raghuramulu N, Madhavana KN,  Kalyansundham S, A manual 

of laboratory techniques . NIN, ICMR, Silver Prints, Hyderabad, 

India; 1983. 

12. Titus R.G. and Chiller J.M., A simple and effective method to 

assess murine delayed type hypersensitivity to proteins. J. 

Immunol. Methods,1981, 45: 65-78. 

13. Nathan C, Nitric oxide as a secretory product of mammalian 

cells. FASEB J. 1992, 6:3051–64.38.  

14. Alican I, Kubes P, A critical role for nitric oxide in the intestinal 

barrier function and disfunction. Am J Physiol. 1996, 270:G225–

37. 

15. Ulisse S, Gionchetti P, D'Alo S, Russo FP, Expression of 

Cytokines, Inducible Nitric Oxide Synthase, and Matrix 

Metalloproteinases in Pouchitis: Effects of Probiotic Treatment. 

Am J Gastroenterol, 2001, 96: 2691-2699. 

16. Park KM, Kim YS, Jeong TC, Joe CD, Shin HJ, Lee YH, Nam 

KY, Park JD, Nitric oxide is involved in the immunomodulating 

activities of acidic polysaccharide from Panax ginseng. Planta. 

Med. 2001, 67(2), 122-126. 

17. Pawan R, Bhatia A, Systemic immunomodulation and 

hypocholesteraemia by dietary probiotics: A clinical study 

journal of clinical and diagnostic research, 2007, 6:467-475. 

18. Perdigon G, de Macias ME, Alvarez S, Oliver G, de Ruiz 

Holgado AP, Systemic augmentation of the immune response in 

mice by feeding fermented milks with Lactobacillus casei and 

Lactobacillus acidophilus. Immunology, 1988, 63: 17-23. 

19. Perdigón G, de Macias ME, Alvarez S, Oliver G, de Ruiz 

Holgado AP, Effect of perorally administered lactobacilli on 

macrophage activation in mice. Infect. Immun. 1986, 53: 404–

410. 

20. Gill HS, Rutherford KJ, Prasad J, Gopal PK, Enhancement of 

natural and acquired immunity by Lactobacillus rhamnous 

(HN001), Lactobacillus acidophilus (HN017) and 

Bifidobacterium lactis (HN019), Br. J. Nutr. 1999, 83:167-176. 

21. Donnet-Hughes A, Rochat F, Serrant P, Aeschlimann JM, 

Schiffrin EJ, Modulation of nonspecific mechanisms of defense 

by lactic acid bacteria: effective dose. J Dairy Sci. 1999, 82, 863-

869.  

22. Schiffrin EJ, Brassart D, Servin AL, Rochat F, Donnet-Hughes 

A, Immune modulation of blood leukocytes in humans by lactic 

acid bacteria: criteria for strain selection. Am J Clin Nutr. 1997, 

66, 515S- 520S. 

23. Shu Q, Lin H, Rutherfurd K J, Fenwick SG, Prasad J, Gopal PK, 

Gill HS, Dietary Bifidobacterium lactis (HN019) enhances 

resistance to oral Salmonella typhimurium infection in mice. 

Microbiol. Immunol. 2000, 44:213-222. 

 


