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INTRODUCTION
Probiotics are nonpathogenic micro-organisms or microbial mixtures
used to improve the microbial balance and to confer health benefits
to the receipient. The use of the term ‘Probiotic’ in greek means ‘for
life’. The deraingement of normal body flora causes various disorders.
Many revolutionary changes have taken place in the treatment of
infectious diseases with the introduction of antibiotics. But there is
risk of increased incidence of drug resistance and opportunistic
infections with the use of antimicrobial agents1. This can be avoided
if the use of antimicrobial therapy is minimized. The practice of
probiotics via fermented milk products in animals was first
documented by  Weese et al2. Fuller (1991)3 defined probiotics as a
live microbial feed supplement which beneficially affects the host
animal by improving its microbial balance. A  review  of  probiotics
in  health and diseases4-6 has been carried out by various workers. In
this article, an attempt has been made to further review the currently
used probiotics in health and disease in great details.

WHY ARE THEY IN DEMAND?
More than 500 different bacterial species (some of which having
important health functions) are present in the gastrointestinal
(GIT) tract. Normally a protective gut microflora develops and
thus there is no need for bacterial supplement. But due to many
factors like excessive use of antibacterial agents, change in life
style and food habits, consumption of processed food, drug
resistance and opportunistic infections, the probiotics always
remain in great demand to the consumer for better therapies.

PROBIOTICS IN USE
The probiotics are increasingly used in various clinical conditions3.
Lactobacillus and bifidobacterium are the commonest bacteria used
as probiotics as described under
(a) Bacteria : i)  Lactobacillus - examples are acidophilus,
plantarum, sporogenes, rhamnosum, lactis, casei, reuteri,        ii)
Bifidobacterium - examples are bifidum, infantis, longum,
thermophilum,  iii) Streptococcus - examples are lactis, intermedius,
alivarius sub sp thermophilus, iv)  Enterococcus - e.g. faecicum,  v)
Prophionibacterium,  vi)  Leuconostoc,vii)  Pediococcus,   viii) Bacillus,
(b) Moulds and Yeast; i)  A. niger, ii) A. cerevisiae,
iii) C. pintolopesii, iv) Saccharomyces boulardii,

PRE-REQUISITES OF PROBIOTICS
These are :i) Non pathogenic and nontoxogenic, ii) Human origin
iii) Stable in acid and bile, iv) Able to survive transit through GIT,
v) Able to adhere to human intestinal mucosa, vi) Able to colonise
in human GIT, vii) Should retain viability during storage and use4,

viii) Production of antimicrobial substances towards pathogens,
ix) Beneficial effects on human health,
L.rhamnosum strain GG is one of the most thoroughly explored
lactic acid bacteria and meets most of these criteria. The plantarum
species among lactobacillus has got many advantages like unique
adhesiveness to the mucosa and tolerate low pH, whereby potential
pathological micro-organisms fail to grow and thus microbial
translocation is prevented.

BENEFICIAL CLAIMS OF PROBIOTICS
The therapeutic and prophylactic claims of probiotics are depicted
in Table - 27

Table - 2  Benefits of Probiotics

A. Intestinal disorders :
Diarrhoea: a) Infectiousdiarrhoea,b) antiobioticassociated
diarrhoea (AAD), c) travelleer’s diarrhoea,  d) lactose
malabsoprtion associated diarrhoea (lactose intolerance),
e) infantile diarrhoea,

B. Other Uses :
a) Urogenital infections-vaginitis,
b) hypercholesterolemia, c) cirrhosis liver, d) food allergy, e)
hypertension,  f) renal stones, g) cancer,  h) vaccine adjuvant,
i) growth and well being,

C. Miscellaneous Uses :
a) stabilization of flora, b) recolonization of bowel after
antibiotic therapy,

DIARRHOEA
a)  Infectablediarrhoea including infantile diarrhoea : In
developing countries, incidence of infectious diarrhoea is very high
due to poor nutrition and sanitation. Diarrhoea is a major cause of
death in infants in developing countries. Thus the use of probiotics
has a definitive role in addition to improving sanitation and nutrition.
Lactobacilli GG, bifodbacterium and streptococcus thermophilus
have been shown to reduce the incidence of diarrhoea as compared
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to control groups8,9. The supplementation of infant milk with B.
bifidum and S. thermophilus reduced rotavirus sheeding and
episodes of diarrhoea in children9. The recovery (in terms of
reduction in duration of diarrhoea) from acute diarrhoea has been
reported to be good by lactobacilli GG, L. reuteri, L. casei and S.
boulardii10. The infants are more susceptible to get diarrhoea because
of immature intestinal mucosal barrier, low immunity and poor
growth of intestinal bacterial flora, which takes 1 year to reach
adult level and composition11. In AIDS associated diarrhoea, S.
boulardii has been shown toresolve symptoms in 10 of 18 patients
as opposed to 1 of 11 in placebo when given for 1 week12. E.faeciam
SF 68 has been shown to be effective in reducing diarrhoea in
adults when given for 1 week13.
(b)  Antibiotic associated diarrhoea (AAD) : Diarrhoea is one of
the most common adverse effect of antimicrobial agents. Its
incidence in children  ranges  from  20%  to  40%14. It is mostly
related to disturbances in normal intestinal flora leading to many
changes like (i) Loss of carbohydrates digesting gut bacteria resulting
in osmotic  diarrhoea15;  (ii) Direct stimulation of gut  motility.  For
example  erythromycin  acts as  motilin  agonist  to  cause
diarrhoea16;  (iii) Decrease in colonic fermentation to short chain
fatty acids, which are required for the nutrition  of  the  enterocyte
as  well  as  for absorption  of  water  and  electrolytes17; (iv)
Overgrowth by pathogens, (v) Invasion and translocation of toxins
by life threatening infections e.g. C.difficile. C.difficile leads to
20% of AAD18 and has been reported to colonsie 21% of
hospitalized patients14. Longum in the form of fermented Yogurt
has been reported to be useful if tetracyclines or Beta-lactam
antibiotics19-20. B. Longum in combination with lactobaccilus
acidophilus has been shown to be more effective in clindamycin
induced diarrhoea then when given alone21. C. difficile diarrhoea
(CDD) is characterized by simple diarrohoea which may progress
to colitis, pseudomembranous colitis and toxic megalcolon14. Its
prevention lies in consumption of probiotic containing both
lactobacilli and bifidobacterium22. As far as treatment of CDD is
concerned, a significant reduction in first episode of CDD or
recurrences has been reported in various studies using S.boulardii
given as 1 G/day for 4 weeks along with standard course of
metronidazole or vancomycin23 and another study using standard
dose of S.boulardii for 4 weeks and vancomycin 2 G/day for 10
days24. Another probiotic L-plantarum is useful in recurrent CDD25.
Although probiotics have shown beneficial effects in CDD, yet
they are not recommended for routine prophylactic use a larger
trials are needed.
(c)  Traveller’s diarrhoea : In traveller’s diarrhoea, L. rhamnoscus
GG26, S. Boulardii27, lactobacilli GG28,29 have been found to be
useful. Lactic acid bacterial in the gut are helpful in replenshing the
suppressed bacterial and inhibiting the growth of pathogenic
bacteria30. Volatile fatty acids produced by some lactic acid bacteria
control the colonization of gut by S. sonnet and E. coli31. Probiotics
like S. faecalis, C. butyricum and B. mesentericus liberate butyrate
and acetate, which by lowering intestinal pH, make a harmful
environment for pathogenic E-coli. salmonella and methicillin
resistant S. aureus32. The metabolites like butyrate and acetate
help in intestinal epithelial cells proliferation33 and glutamine
produced by B.mesenterieus plays a major role in maintaining
intestinal mucosal barrier damaged by endotoxins34.

(d)  Lactose intolerance : 90% of Africans, Asians and South
Americans lack enzyme lactase, which utilizes lactose. Lactase
disappears after weaning. Utilization of dairy products in such
persons cause lactose intolerance characterised by flatulence and
loose motions35. S. thermophilus and lactobacilli delbrueckii in live
yogurt cultures has been found to be useful in lactose
digestion36.Lactobacillus acidophilus as dietary adjunct for milk
has been documented to assist lactose digestion in humans37.
L.rhamnosus GG has been found to stimulate local IgA secretion in
human intestine in rotavirus infection38 while S. bouldardii stimulate
IgA secretion in rats intestine39. E.acidophilus has been shown to
inhibit the attachment of E.coli to mucosal cells in pig ileum40. L.
rhamnosus GG and L. reuters have been shown to produce
inhibitory substances like microcin41 and reutericin42 respectively,
which are harmful to pathogens. S. boulardii destroys CI. difficile
toxin A receptor in rat ileum43. Bifodbacterium produces butyrate
which stimulates the proliferation of normal intestinal epithelium
and maintains mucosal barrier defences4.
II)  H.Pylori infections : Helicobacter pyrloi (microaerophilic and
gram negative bacilli) organisms lead to atrophic gastritis, gastric
ulcers and gastric cancer. Lactobacilli johnsonii strain produce
antibacterial substances which inhibit the growth, colonization and
survival of H.pylori44. But lactobacilli GG45 and bacilus clausi46

have been shown to be helpful in H. pylori infection but more
studies are needed to establish their role in such infections.
III)  Inflammatory bowel disease (IBD) : UBD is caused by
luminal commensual bacterial flora (antigen) and immunological
responses47. Because of immunodulatory and bowel flora
manipulating properties, probiotics have been shown to be beneficial
in IBD48. In Crohn’s disease, commensal E. coli strain stimulate
the release of tumour necrosis factor-alfa (TNF-alfa) and interleukin-
8 (IL-8) by inflammed mucosa. Lactobacillus casei has been shown
to downregulate the release of TNF-alfa by the inflammed mucosa
and also inflammatory response by E.coli49. Kruis et al50 reported
relapse rates and 11.3% with measalazine and 16% with E.coli
when they were given for maintenance remission therapy for a
period of 12 weeks in ulcerative colitis. Gioncetti P. et al51 reported
remission in 80% patients of ulcerative colitis with the use of
probiotics given for 1 year. Another probiotic S.boulardii when
given in patients with quiescent Crohn’s disease as coadjuvant
therapy with mesalazine, produced lower clinical relapse rate as
compared to measalazine alone52. Gionchetti et al53 has reported
diminished occurrence of pouchitis, a common inflammatory
condition which occurs in surgically created ileal reservoirs after
total proctocolectomy for ulcerative colitis. More studies are
required to evaluate the role of probiotics for the treatment of
chronic IBD.

OTHER USES
Urogenital Infections : Probiotics have been found to be useful in
the management of nonsexually transmitted urogenital infections
like urinary tract infections (UTI), bacterial vaginosis (BV) and
vaginal candidiasis. Intravaginal insertion and perineal implanation
of lactobacilli GR I strain twice weekly in patients suffering from
recurrent UTI have been found to result in infection free period
ranging from 4 weeks to 6 months54. The administration of
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lactobacilli as vaginal suppositories significantly reduced recurrent
UTI55. Lactobacilli rhamnosus GR-I and L-fermentum RC-14
significantly alter and improve vaginal flora as well as decrease
yeast, bacteria and coliform count56,57. Lactobacilli acidophilus
Yogurt two doses given for 7 days have been found to be useful in
pregnancy bacterial vagionsis58. Vaginal flora prevents vaginal
infections by creating unfavourable vaginal conditions for pathogens
by producing H2O2 and fermenting glycogen to produce lactic  acid
and an acidic pH. Since only few strains of lactobacilli have been
shown to be beneficial in bacterial vaginosis and vaginal candidiasis,
more studies are needed before probiotics can be recommended for
routine prophylactic use in such conditions59.
Hypercholesterolemia : Consumption of Yogurt containing
E.faecium is effective in lowering LDH and total cholesterol60.
Maan GV et al61 have also documented the beneficial effect of
probiotics in lowering cholesterol. A study by Kiebling et al62 has
reported increase in HDL levels with the use of probiotics and fall
in the ratio of lDL to HDL from 3.24 to 2.48. The proposed
mechanisms include direct assimilation of cholesterol by bacterial
cells, deconjugation of bile acids by bacterial acid hydrolases and
inhibition of hepatic cholesterol synthesis63.
Cirrhosis Liver : Various studies64,65 have reported that endotexmia
secondary to bacterial infection is responsible for hemodynamic
alterations leading to cirrhosis liver, esophageal varies and portal
hypertension. Administration of lactic acid bacteria in liver cirrhosis
has been shown to increase mean blood velocity and flow in portal
vein and reduction in splenic vein by way of fall in endotoxin
levels66.

Food allergy : The colonic microbiota affects both the mucosal as
well as systemic immunity in the host through modulation of both
cellular and humoral mechanisms64. Administration of probiotics
has been shown to be associated with disappearance of food allergy
manifestations with decreased concentration of IgE in the serum67.
Bifidobacteria and lactobacilli have been shown to increase IgA
production in Pever’s patches in response to harmful agents68.
This enhanced IgA response prevents some potentially allergenic
dietary antigens from invading the intestinal mucosa and further
alleviates intestinal inflammation and downregulates inflammatory
responses69 as well as induction of regulating T cells and
counterregulation of Th 1 cells70. Lactobacilli also modify
immunomodulatory properties of native food protein71.
Casein, a milk protein, upregulates the production of IL-4 and
IFN-p in milk hypersensitive atopic infants but LGG degraded
casein downregulates IL-4 production with no effect on TNF-p
release. These facts highlight that probiotics potentially inhibit
aberrant IgE secretion and eosinophil activation hypertension.
Hypertension : There are limited studies of the utility of probiotics
in hypertension. A study by Hata Y et al72 has reported that milk
fermented with lactobacilli helveticus and succharomyces cerevisiae,
reduced systolic blood pressure by 9.4 mmHg and 14.1 mmHg
after 4 and 8 weeks respectively and diastolic BP by 6.9 mm after
8 weeks of consumption in known hypertensives. The proposed
mechanism may be due to bacterial cell wall component or ACE
inhibiting peptides released by probiotics44.
Renal Stones : Increased levels of oxalate in the urine is a risk

factor for the development of kidney stones. An intestinal microbe
known as oxalobacter-formigenes can degrade oxalate through the
enzyme oxalayl - CoA decarboxylase and thus decreases it
absorption. Patients with calcium oxalate stone have been shown
to have lower rate of colonization with oxalobacter formigenes.
Absence of intestinal oxalobacter among stone formers correlates
with higher oxalate concentration and increased risk of
hyperoxaluria73. Bifidobacterium has been found to be useful as a
probiotic in oxalate stone diseases for prophylaxis against new
stone formation74.
Cancer : Colerectal cancer is one of the leading causes of mortality
in both men and women75. Probiotics have been found to be useful
in the prevention and suppression of colonic cancer. In humans,
administration of fermented dairy products containing lactobacilli
or B. Longum has been found to be beneficial in colon cancer76,77

and breast cancer78.
The proposed mechanisms include :
(a) detoxification of ingested carcinogens.
(b) Production of enzymes like Beta-glucoronidase,

nitroreductase, Beta-glucosidase and urease by
enteropathogens such as E.coli and C.perfringens.

(c) Lowering of intestinal pH creates bacteriocidal environment.
(d) Colonization at the expense of enteropathogens may bind

the ultimate carcinogen by physically removing it via faeces.
(e) Stimulating immune system to defend better against cancer

cell proliferation.
(f) Producing metabolic products (like butyrate) which improve

programmed cell death (apoptosis).

One of the earliest genetic alterations associated with human cancer
especially colonic cancer is Ras activation79. Increased levels of
Ras p-21 have been correlated with increased cell proliferation,
histologic grade, nuclear aplasia and degree of undifferentiation80.
Consumption of dietary B. longum cultures significantly
supporessed the expression of total and mutated Ras p-21 in the
colonic mucosa and tumours compared with control diet81. The
proposed mechanism of inhibition of Ras activation by R. longum
cultures includes modulate induction of methyl guanine repair
protein called O6 methylguanine DNA methyltransferase, which
acts as a suicidal enzyme and accepts a methyl group on itself from
guanine by demethylation and restores the original guanine in DNA.
the administration of L.casie fermented milk in humans has been
shown to significantly reduce the recurrence of bladder cancer82.
Vaccine adjuvant : Increase in rota virus specific IgM secreting
cells was reported in a study83 when children were given
lactobacillus GG as an adjuvant to an oral vaccine to rotavirus
compared to placebo on 8th vaccination day. Still more studies are
required in this field.
Growth and well being : The administration of 50 ml of fermented
curd for 6 months in malnourished children has shown gain in
weight, height, lower incidence of diarrhoea and fever84.
Administration of milk formulae supplemented with
bifidobacterium lactis and streptococcus thermophilus reduced the
occurrence of colic and irritability in infants as compared to control
group85. A study by Robinson and Thompson86 has reported that
bottle fed infants during the first month of life gained an average
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21.9 ozs weight when fed a standard fomula and 26.5 ozs weight
when L.acidophilus was added to the formula. The proposed
mechanism of this enhanced growth includes infection control and
increased bioavailability of nutrients.
Various problems associated with probiotic use : The major
problem with probiotics is the maintenace of their viability to
produce beneficial effects to the consumer. The probiotics need to
survive in many environments like processing treatments, storage
condition and human body condition (especially gastric acidity
and action of bile salts). The ability to live through the stressful
acidic conditions and bile solutions in human body varies among
the strains of probiotic bacteria. Only those strains, which
toleratethese adverse conditions, should be preferred. Storage at
40c  temperature is reported to be a most important factor in
keeping probiotic bifidobacterium viable during 4 weeks storage
time87. Viability of lactobacilli has been enhanced by encapsulation
in artificial sesame oil for storage and in simulated high gastric or
bile salt condition as compared to free cells88. The use of prebiotics
like 150 maltoligosaccharides has been found to be associated with
higher level of probiotics like lactobacillus and bifidobacterium
after 1 month storage89. Still more studies are required in the field
of viability.
Safety of probiotics
Fermented dairy products and cereals have been in use for centuries.
Generally, probiotics are considered non-pathogenic but occasional
isolated reports of their adverse effects have cropped up including
liver abscess90 and lactobacillemia91. S.boulardii has been used
without complications in AIDS patients with chronic diarrhoea92.
L.plantarum can be safely given in AIDS patients including
immunsuppressed individuals. Salminen et al94 reviewed the safety
data and found no evidence of probiotics being involved in human
infections. This is supported by epidemiological data on safety of
dairy products95. But other limitations include risk of transfer of
resistance via probiotics because these agents have to be resistant
to antibiotics since they are to be used concurrently. Yet an other
limitation is depletion of nutrients, which are essential for the
proliferation of pathogens. An example is the depletion of
monosaccharides, which is essential for C.difficile96.
Areas for future research include ;

(a) Regulation of intestinal motility
(b) Modulation of intestinal and systemic immune response
(c) Reduction and protection of radiotherapy associated

intestinal dysfunction
(d) Prevention of intestinal cancers
(e) Characterisation of the possible antimicrobial properaties

and their metabolic activities
(f) Competitive exclusion
(g) Cholesterol lowering effect

CONCLUSION
Various above mentioned studies have documented the beneficial
effects of probiotics as preventive and therapeutic agents in various
disorders including diarrhoeal diseases, urogenital infections,
hypertension, hypercholesterolemia, oxalate renal stones, allergy,
cancer and in children as growth promoters. However further larger

studies are needed to establish their role in the management of
these conditions. On account of worldwide epidemic of resistant
bacterial and increasing competition for health care resources, the
use of cost effective microbial interference therapy should be a top
priority. Some major limitations in establishing their role in the
therapeutics may be lack of adequate knowledge about them among
prescribers and probably the preparations available in the market
contain non-viable organisms or strains which possess no
antipathogenic activity. Probiotics are likely to emerge as alternative
to conventional antimicrobial t herapy since they are relatively
cheap and may have lower risk of resistance.
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