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[57] ABSTRACT 

A pharmaceutical composition containing several different 
bacteria including Streptococcus thermophilus, Lact/obacilli 
and Bi?dobacteria is disclosed. The bacteria are present in 
the composition at a total concentration of 1x1011 to 1x10“ 
per gram. Further, methods of using the pharmaceutical are 
disclosed which include treatment of a gastrointestinal dis 
order and hypercholesteremia Also a method for modulat 
ing a host’s immune response is disclosed. 

33 Claims, No Drawings 
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DIETARY AND PHARMACEUTICAL 
COMPOSITIONS CONTAINING 

LYOPHILIZED LACTIC BACTERIA, THEIR 
PREPARATION AND USE 

This application is a continuation of application Ser. No. 
08/117,751, ?led on Sep. 8, 1993, now abandoned, which is 
a continuation-in-part of application Ser. No. 07/983,839, 
?led Dec. 1, 1992, now abandoned. 

FIELD OF THE INVENTION 

The present invention relates to dietary and pharmaceu 
tical compositions useful for dietary or certain pharmaceu 
tical indications, said composition containing lyophilized, 
lactic bacteria. Said compositions, being useful for prophy 
laxis or treatment of gastrointestinal disorders, or for treat 
ment of hypocholesterolemia. 

BACKGROUND OF THE INVENTION 

In Bi?dobacteria Micro?ora, Vol. 3(1), 29-33, 1984, the 
bene?cial effect of administering Bi?dobacterium to 
patients suffering from leukemia is described. In FEMS 
Microbiology Reviews 46 (1987), 343-356, the therapeutical 
function of lactobacilli is disclosed, while Nobuo Suegara et 
al., Microecology and Therapy, Vol. 15, 271-280 (1985) 
state that oral administration of S. faecalis KAWAI greatly 
improves the lipid metabolism in human beings and animals. 
From Microecology and Therapy, Vol. 14, 109-126 (1984) 
the etfect of streptococcus cell extracts on hyperlipemia in 
rats, rabbits and human beings is known. Other references 
describing the bene?cial action of lactobacilli or other 
strains of activated lactobacilli are for example 
Bi?dobacteria Micro?ora 1, 3-24, 1982 Recent Trends in 
Research on Intestinal Flora. Microecology and Therapy 14, 
267, 1984 (Intestinal Flora Associated Endotoxin), Micro 
ecology Therapy 16, 27l—272, 1986 (Bg'?dobacterium bi? 
dum administration in Humans: a Controlled Clinical Study 
in Liver Cirrhosis), etc. 

In Italian Patent No. 1,022,625 food and pharmaceutical 
compositions which stimulates the production of gamma 
interferon and contain lactobacilli Streptococcus thermophi 
lus and Lactobacillus bulgaricus are described. 

In US. Pat. No. 4,806,368, Reddy envisaged the possi 
bility of preparing dietary ?ber based tablets with Lactoba 
cillus acidophilus and/orBl?dobacterium bi?dus, Leuconos 
tac citrovorum and Propionibacterium shermanii. To 
enhance the viability of L. acidophilus in the tablets, a 
combination of arninoacids, vitamins, calcium, magnesium 
salts, lactose and dietary ?ber were included. The optimal 
concentration of lactobacilli in each 750 mg tablet was not 
higher than 1x107. High concentrations were avoided. 

Fernandes et al. in their comprehensive review ‘Thera 
peutic role of dietary lactobacilli and lactobacillic fermented 
diary products,” published in FEMS Microbiology Reviews 
46:343-356, 1987, indicate moreover the bene?cial effects 
of lactobacilli, especially of L. acidophz'lus. 
Takano et al., US. Pat. No. 4,913,913, describes amethod 

for preparing a bi?dobacteria-containing fermented milk, in 
which Lactobacilius casei and Bi?dobacterium longum are 
cultivated in admixture or are mixed after being separately 
cultivated, and thus a bi?dobacteria-oontaining lactic acid 
bacteria-fermented milk with an elevated survival rate of 
Bi?dobacterium longum is obtained. 
No suggestion is found in the literature to prepare a 

composition which combines several different lactic bacte 
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2 
ria. In addition, there is no indication in the prior art to 
suggest administering to humans a concentration of lacto 
bacilli exceeding 109 per gram. 

SUIVIMARY OF THE INVENTION 

It has now been found that a composition comprising at 
least two lactic acid bacteria strains allows improved thera 
peutical results to be achieved of a kind never previously 
attained by prior art compositions, provided that the con 
centration of each of two lactic bacteria strains exceeds 1011 
viable lactic bacteria/gram of composition. 

It is therefore an object of the present invention to provide 
an appropriate dietary and pharmaceutical composition 
comprising lyophilized lactic bacteria at high concentration 
per gram of product (>1011 bacteria/gram), qualitatively and 
quantitatively coordinated so as to be used for treatment or 
for prevention of certain gastrointestinal disorders, or for 
treatment or prevention of hypocholesterolemia or to poten 
tiate the host’s immune system. The composition of the 
present invention can be used in combination with any of a 
variety of compatible drugs. 
The present composition can be used to antagonize the 

onset of diarrhea, constipation, hypercholesteremia, endot 
oxin absorption or production of endogenous toxic sub 
stances. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The compositions of the present invention comprise as 
essential active ingredients: (a) from 10 to 95% by weight of 
total composition of lyophilized lactic bacterium Strepto 
coccus thermophilus, and (b) from 90 to 5% by weight of 
total composition of at least one further lyophilized lactic 
bacterium selected from the group consisting of Lactoba 
cillus plantarum and lactobacillus casei. An excipient in an 
amount of from 1 to 10% by weight of total components can 
be added, said amounts being all based on the total weight 
of the composition. The composition can be used in com 
bination with a compatible pharmaceutical in an amount of 
from 1 to 20% by weight based on the total weight of the 
composition. It is essential that the viable bacteria concen 
tration be at least 1x1011 for (a) and 1><1011 for (b) per gram 
of the composition. Preferably, the viable bacteria concen 
tration of both (a) and (b) should be used between 1><1O11 
and l><1013 per gram of the composition. ' 
The compositions of the invention can be prepared with 

methods well-known to those skilled in dairy technology, 
enabling the presence of viable bacteria at concentrations 
ranging between 1x1011 and 1><1013 bacteria per gram of the 
composition. 

According to a preferred embodiment, the composition 
should also contain from 85 to 5% by weight of one or more 
lyophilized lactic bacteria selected from bi?dobacteria 
(preferably a mixture of lyophilized Bi?dobacterium 
longum, Bi?dobacterium bi?dum, Bt'?dobacterium infantis, 
ratio of 1:1:1 by weight) at a concentration ranging between 
1><109 and 1><1012 viable bacteria per gram of the 
composition, lyophilized Lactobacillus acidophilus at a con 
centration of from 1x109 to 1x1012 viable bacteria per gram 
of the composition, lyophilized Iactobacillus delbruekii sub 
species bulgaricus at a concentration of from 1x109 to 
1x1012 viable bacteria per gram of the composition, and 
lyophilized Streptococcus faecium at a concentration of 
from 1><l09 to 1x1012 bacteria per gram of the composition, 
optionally with 1 to 10% of an excipient and 1 to 20% of a 
compatible pharmaceutical. 
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A particularly preferred composition according to the 
present invention contains: a) 31% by weight of lyophilized 
Streptococcus thermophilus, 7x10“; b) 7% by weight of 
lyophilized Lactobacillus casei, 1x10“; c) 8% by weight of 
lyophilized Lactobacillus plantarum, 1x10“; (1) 7% by 
weight of lyophilized Lactobacillus acidophilus, 2x101‘); e) 
8% by weight of lyophilized Lactobacillus delbrueckii sub 
species bulgaricus, 3x109; t) 27% by weight of lyophilized 
bi?dobacteria, 38x10“); and g) 12% by weight of an 
excipient, wherein all the amounts are based on the total 
weight of the composition and Bi?dobacterium Bi?dum, 
Bi?dobacterium longum and Bi?dobacterium infantis. 
As mentioned above, as further optional components the 

compositions of the invention may contain usual excipients 
as are conventionally used for preparing pharmaceutical 
compositions in which nonnally the ratio of the active 
ingredient to the excipient will range between 1:10 and 
99:90. 
The compositions of the invention can be made in con 

ventional pharmaceutical forms, such as for example tablets, 
coated tablets, capsules, packets, solutions, sachets, 
suspensions, emulsions, suppositories, pellets, syrups, vagi 
nal suppositories, and are prepared in the usual in manner by 
mixing active ingredients in the mentioned amounts, even 
tually adding excipients and/or carriers, adjuvants and/or 
dispersing agents. Water may be used as the diluent. Organic 
solvents can be used in the form of adjuvants. Adjuvants can 
be for example, non-toxic organic solvents such as 
paraf?nes, vegetable oils (peanut oil or sesame oil), 
glycerine, glycols (propylene glycol, polyethylene glycol), 
solid carriers such as for example natural mineral ?ours 
(kaolin, talc), synthetic mineral ?ours (silicates for 
example), sugar (cane sugar for example), emulsi?ers 
(alkylsulfonates or arylsulfonates and the like), dispersants 
(lignin, methylcellulose, starch and polyvinylpyrrolidone, 
for example) and lubricants (magnesium stearate, talc, 
stearic acid, sodium laurylsolfonate, for example). Preferred 
excipients for the composition of the invention are 
maltodextn'n, microcrystalline cellulose, maize starch, 
levulose, lactose and dextrose. 
The administration takes place in the usual manner, 

preferably by oral route. In this case pharmaceutical forms 
adapted to this end can obtain, in addition to usual 
excipients, also additives such as sodium citrate, calcium 
carbonate, calcium dihydrogen phosphate, together with 
several additional substances such as starch, gelatin and the 
like. In case of liquid compositions compatible colouring 
agents or ?avoring substances may be added. 
As an optional component, the compositions may contain 

such compatible pharmaceuticals as anticholinergies, 
antihistamines, analgesics, adrenergics, antiin?ammatories, 
antiseptics, hepatoprotective agents, or antilipemic drugs, in 
amounts of from 1 to 20% by weight, based on the total 
weight of the composition. As mentioned above, for prepar 
ing the compositions, the individual microorganisms in the 
dehydrated form are mixed in appropriate proportions and 
the mixture is then admixed with the excipients or optionally 
with other pharmaceuticals. 

PHARMACOLOGICAL STUDIES 

The following studies were carried out using a composi 
tion of lyophilized viable Streptococcus thermophilus and 
Lactobacillus plantarum, at concentrations respectively of 
6x1011 and 4X1011 per gram of the composition. 
The formulation of the preparation was in form of sachets, 

each containing 3 g of the composition. All the following 
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4 
studies were carried out in human health volunteers and in 
patients enrolled after informed consent according to the 
Helsinki declaration. Medical and laboratory controls were 
done by physicians aware of the good usual clinical practice 
(GPC) as stated by the European Economic Community 
(EEC). Statistical analysis was carried out by a statistician, 
not directly involved in the study. T0, T1, T2. and T3 refer 
respectively to pre-treatment, after one, two and three weeks 
of treatment. 

EXAMPLE 1 

In 33 patients alfected by chronic hepatitis following C 
virus infection (anti-HCV+) the administration of one sachet 
per day (3 g of the composition containing 60% by weight 
of Streptococcus thermophilus and 40% by weight of Lac 
tobacillus plantarum) induced a reduction of the aspartate 
aminostransferase (AST) from 52132 IU at T0 to 45?7 
IOU at T2, of the alanine aminotransferase (ALT) from 
68:59 IU at T0 to 58$ 1 IU at T2 and of gamma-glutamyl 
transpeptidase (gGT) from 52:49 IU at T0 to 40:25 IU at 
T2. In the above patients the following symptoms improved 
during and/or the treatment: anorexia, itching, nausea, 
diarrhea, constipation and insomnia. N o undesired reactions 
or side-effects were noted. In 21 of the above patents, AST, 
ALT, and/or gGT resulted normalized at T3. As control 
group, 26 patients were treated with 15 capsules per day of 
In?oran Berna (trade mark), a marketed preparation of 
Bi?dobacerium bi?dum (1x10g bacterial per capsule) and 
Lactobacillus acidophilus (1x109 bacteria per capsule). The 
usual recommended daily dose of In?oran is 3 capsules per 
day; therefore the experiments were carried out administer 
ing a ?ve fold increased dosage of In?oran. Apart from the 
poor compliance on the treated patients, no subject evi 
denced any signi?cant variation in the AST, ALT and gGT 
levels at T3 (AS'I‘ from 54?0 in AT to TO 55% 1 IU; ALT 
from 6554 IU at T0 to 6431 IU at T2 and gGT from 
5 1B7 IU at T0 to 55i41 IU at T2. The di?erence among the 
two groups was always statistically signi?cant with p values 
<0.0S. 

EXAMPLE 2 

In 24 subjects with serum cholesterol levels at T0 of 
268i126 mgldl two sachets (6 gr per day of the composition 
comprising 68% by weight of Streptococcus thermophilus, 
28% by weight of Lactobacillus casei and 4% by weight of 
maltodextrin) were administered, and at T3 the levels were 
reduced to 219i175 mgldl (p<0.5). In the control group 
treated with 15 capsules of In?oran per day, the serum 
cholesterol levels did not change (from 254il56 mgldl at 
T0 to 250:168 mgldl at T3)_. 

EXAMPLE 3 

Fifteen patients with irritable bowel syndrome were 
treated for 2 weeks with a sachet (3 g of the composition of 
Example 1) per day. Before and after the treatment colon 
scopy was performed and multiple endoscopic biopsies, at 
least 2 samples in each site, were taken in the descending 
and sigmoid colon. On biopsy specimens histological stud 
ies have shown a reduced number of in?ltrating in?amma 
tory cells. In the faeces of the same patients the measure 
ment of tumor necrosis factor alpha has shown that the levels 
of this cytokine are reduced following the treatment with the 
preparation, from 45:12 pg/ml to faecal supernatant to 12:45 
pg/ml (p<0.01). 

EXAMPLE 4 

In 18 healthy volunteers, the following parameters were 
evaluated before, during and at the end of the administration 
of one sachet (3 g) per day. In this study, the composition per 
gram was: 
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31% by Weight of lyophilized Streptococcus 
themzophilus, 7X1011 

7% by weight of lyophilized Lactobacillus casei, 1><1011 
8% by 1vlveight of lyophilized Lactobacillus plantarum, 

1><10 
7% by weight of lyophilized Lactobacillus acidophilus, 

2><1010 
8% by weight of lyophilized Lactobacillus delbrueckii 

sub-species bulgaricus, 3x109, 
27% by weight of a mixture of lyophilized Bi?dobacteria, 

38x10“), 
12% by weight of microcrystalline cellulose. 

T0 T1 T2 T3 

CHOLESTEROL (mg/d1) 

average 190,6 179,0 174,4 184,2 
Maximum 285,3 264,8 247,5 267,4 
Minimum 108,3 118,1 108,6 113,6 
SD 59,9 44,7 44,0 54,3 

AST (lU/ml) 

average 29,8 25,8 26,0 23,3 
Maximum 97,3 88,1 81,5 59,1 
Minimum 13,2 6,8 10,8 10,8 
SD 23,1 22,0 19,1 13,7 

ALT (IU/ml) 

average 31,9 31,2 26,6 24,5 
Maximum 131,6 132,6 99,1 91,0 
Minimum 10,1 7,1 7,5 6,7 
SD 34,5 35,4 26,3 24,1 

8'3 T (111/1111) 

average 41,2 40,3 37,5 38,5 
Maximum 127,0 137,8 129,1 125,6 
Minimum 12,3 12,5 9,2 9,7 
SD 34,3 37,1 35,4 34,3 

NK Activity (12.521) 

average 44,0 67,5 49,9 41,0 
Maximum 62,0 97,0 62,0 56,0 
Minimum 24,0 47,0 25,0 14,0 
SD 12,2 16,9 11,4 14,1 

NK Activity (251) 

average 56,4 80,5 54,6 48,1 
Maximum 66,0 100,0 69,0 63,0 
Minimum 42,0 51,0 37,0 23,0 
SD 9,8 13,3 9,5 12,0 

NK Activity (50:1) 

average 60,8 87,8 59,1 51,8 
Maximum 74,0 100,0 65,0 63,0 
Minimum 48,0 69,0 42,0 30,0 
SD 7,5 10,5 6,9 11,1 

CD4 TO CD8 CELL RATIO 

average 1,45 1,75 1,64 1,27 
Maximum 2,71 4,10 4,32 276 
Minimum 0,96 1,05 0,97 0.58 
SD 0,57 0,87 0.95 0,60 

In the above subjects, fecal examination showed a mean 
increase of lactobacillus species ?'om <1><106 colony form 
ing units (CFU) per gram of fecal material to 64><106 CPU 
and of bi?dobacteria species from <1><106 CFU to 68x10‘. 

Preparations of the Strains 

Strains used in the following formulation, given by way 
of example only, are as follows: 

thermophile Streptooocci (AT CC 19987) consists of a 
mixture of two strains from a yogurt culture and a 
starter used for preparation of cheeses; 
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6 
Lactobacillus delbrueckii sub-species bulgaricus (AT CC 

7994) is represented by a strain isolated from a yogurt 
culture; 

Lactobacillus acidophilus (A'I‘CC 43121) is present in a 
mixture consisting of two strains of human origin 
isolated from a special yogurt; 

Bi?dobacteria (Bi?dobacterium infantis (ATCC 15697), 
Bi?dobacterium longum (ATCC 15707), 
Bzjidobacten'um bi?dum (AT CC 35914)) come from 
the intestinal ?ora of newborn babies; 

Lactobacillus casei (ATCC 334) has been isolated from a 
culture employed in the production of cheeses, and 

lactobacillus plantarum (ATCC 8289) has been isolated 
from vegetables in progress of fermentation. 

In order to obviate problems due to possible phage 
attacks, these strains can obviously be replaced by other 
cultures having the same features and origins, but provided 
with a di?erent phage sensitiveness. 

Culture Preparation 

The individual strains maintained in a lyophilized and 
frozen form have been grown in synthetic media speci?c for 
each species. The fundamental component of the culture 
medium is permeate obtained by ultra?ltration of serum or 
milk, to which minimal amounts of biological activators are 
added depending on the species. After sterilization, the 
culture medium is inoculated with a strain per species or 1 
to 3 strains belonging to the same genotype. Cultures have 
been incubated upon determination of optimal parameters 
for each strain: temperature, time, pH values and stirring. 

Industrial cultures have been concentrated by centrifuga 
tion and lyophilization has been then carried out according 
to standard methodologies. 

After lyophilization the cell mass has been pulverized 
under sterile conditions. The individual cultures submitted 
to chemical and microbiological tests have been maintained 
at 5° C. in hermetic vessels. 

Preparation of the Individual Species 

1) Streptococcus thermophilus (AT CC 19987) 
Mother 

The mother has been prepared by inoculating the strain in 
a medium consisting of 5% of permeate +l% of yeast extract 
and incubated at 44° C. over 3 hours. 

Medium 

Permeate 5% 
Yeast extract 1% 

Fermentation parameters 

Fermenter: 72% 1 Applikon 
Percent of inoculation: 1% 
Incubation temperature 44° C. 
Stirring speed 160 rpm 
Neutralization set point pH = 6.00 
Neutralizing substance type: ammonium hydrate 

(sol to 10%) 
Fermentation time: 3 h 30 In 
Final cooling: 24° C. 

Concentration parameters 

Centrifuge type: Westfalia SAl 
Centrifugation temperature: 24° C. 
?ow rate: 24 llh 
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-continued 

(The concentrate was then centrifuged again using a stcps U ECG count/g in 
laboratory centrifuge at 6000 rpm over 20 minutes). 

Lyophiiization Thoma 
5 End of fermentation 9.258 — 

Lyophilizer Edwards MINI - Lyophilized -— 1.0E11 

FAST 3400 
Lyophilization protector: a solution of UFC. = colony-forming units 

lactose E8 = one hundred millions 

Results: the number of microorganisms during the different 
steps of the process are reproduced in the following Table: 

Steps U.F.C.lg 

End of ?ermentation 2.4E9 
Concentrate 1.6E11 
Lyophilized 7.4E11 

U.F.C. : Colony-forming units 
E9 = one thousand millions 

E11 = one hundred thousand millions 

N o particular problems have been found in the prepara 
tion of this microorganisms. Therefore the cell loss during 
the di?erent steps of the process could be greatly limited and 
a high bacterial charge could be achieved in the lyophilized 
product. 

2) Lactobacillus plantarum (AT CC 8289) 

Mother 

Prepared in MRS culture medium and incubated at 33° C. 
over 5 hours. 

Medium 

Perrneate 5% 
Yeast extract 1% 
Glucose 2.5% 

Fermentation parameters 

Fermenten Applikron 
Percent of inoculation: 1% 
Incubation temperature 33° C. 
Stirring speed 110 rpm 
Neutralization set point pH = 6.00 
Neutralizing substance type: ammonium hydrate 

(sol to 10%) 
Fermentation time: 15 h 

Cell inactivation after fermentation by pasteurization at 80° 
C. over 15 minutes. 

Concentration parameters 

Centrifuge type: Westfalia SAl 
Centrifugation temperature: 60° C. 
Flow rate: 40 l/h 

Lyophilization 

Lyophilizer Edwards MINI - 
FAST 3400 

Lyophilization protector: a solution of 
lactose 

The number of microorganisms during the different process 
steps is reproduced in the following Table: 
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E11 = one hundred thousand millions. 

3) Lactobacilllus casei (ATCC 334) 
Mother 

Prepared in MRS culture medium and incubated at 37° C. 
over 8 hours and 30 minutes 

Medium 

Permeate 5% 
Yeast extract 1% 
Glucose 1% 

Fermentation parameters 

Fern-renter. Applikon 
Inoculation percent: 1% 
Incubation temperature 37° C. 
Stirring speed 110 rpm 
Neutralization set point pH = 5.40 
Neutralizing substance type: ammonium hydrate 

(sol to 10%) 
Fermentation time: 15 h 

Concentration parameters 

Centrifuge type: Westfalia SAl 
Centrifugation temperature: 60’ C. 
Flow rate: 46 l/h 

Lyophilization 

Lyophilizer Edwards MINI - 
FAST 3400 

Lyophilization protector: a lactose solution 

Results: the number of microorganisms during the different 
process steps is reproduced in the following Table: 

Steps U.F.C.G Count/g in 

Thoma 
End of fermentation 1.0E9 — 
Lyophilized —— 1.0E11 

U.F.C. = Colony-forming rmits 
E8 = one hundred millions 

E11 = one hundred thousand millions. 

4) Mixture of bi?dobacteria (Bi?dobacterium infantis 
(ATCC l5697)--Br?dobacte?um longum (ATCC 15707)—- 
Bzfadobacterium bi?dum (HT CC 35914), ratio 1:1:1 by 
weight) 

Mother 

The mother has been prepared by inoculating the strains 
in a medium consisting of 10% of powdered skimmed milk 
+05% of glucose +1% of yeast extract and incubated at 38° 
C. over 15 hours. 

Medium 

Permeate 4% 
Yeast extract 1% 
Bacto Soytone 0.25% 
Glucose 0.5% 
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Fermentation parameters 

Fermenten Applikon 
Inoculation percent: 2% 
Incubation temperature 38° C. 
Stirring speed 110 rpm 
Neutralization set point pH = 6.00 
Neutralizing substance type: ammonium hydrate 

(sol to 10%) 
Fermentation time: 15 h 
Cooling at the end of fermentation: 24° C. 

Concentration parameters 

Centrifuge type: Westfalia SAl 
Centrifugation temperature: 24° C. 
Flow rate: 42 ]!h 
(The obtained concentrate has been then centrifuged again 
with a laboratory centrifuge at 6000 rpm over 20 minutes) 

Lyophilization 

Lyophilizer Edwards MINI - 
FAST 3400 

Lyophilization protector: a solution of powdered skimmed 
milk+yeast extract+lactose+sodium maleate has been pre 
pared. 

Results: the number of microorganisms during the differ 
ent process steps is reproduced in the following Table: 

Steps UF.C.G 

End of fermentation 1.7E9 
Concentrate 7.0E10 
Lyophilized 3.8E1l 

UF.C. = Colony-forming units 
E9 = one thousand millions 
E10 = ten thousand millions 
Ell = one hundred thousand millions. 

In this case too, in which bacteria are considered of “hard” 
growing, no particular problems have been found during the 
different preparation steps and the number of microorgan 
isms is high both in the fermentation and on the lyophilized. 

5) Lactobacillus acidophilus (AT CC 43121) 
Mother 

Prepared in a medium consisting of 5% of permeate-t-1% 
of yeast extract+1% of glucose+1% of Tween (Registered 
Trademark) 80 and incubated at 37° C. over 15 hours. 

Medium 

Permeate 5% 
Yeast extract 1% 
Glucose 1% 
Tween (Registered Trademark) 80 0.1% 

Fermentation parameters 

Fermenter: Applikon 
Inoculation percent: 1% 
Incubation temperature 37° C. 
Stirring speed 110 rpm 
Neutralization set point pH = 6.00 
Neutralizing substance type: ammonium hydrate 

(sol to 10%) 
Fermentation time: 15 h 
Cooling at the end of fermentation: 24° C. 

Concentration parameters 

Centrifuge type: Westfalia SAl 
Centri?lgation temperature: 24° C. 
Flow rate: 42 11b 
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(The obtained concentrate has been then centrifuged again 
with a laboratory centrifuge at 6000 rpm over 20 minutes). 

Lyophilization 

Edwards MINI - 

FAST 3400 
Lyophilizer 

Lyophilization protector: a solution of lactose and anhydrous 
mixture consisting of powdered skimmed milk+yeast 
extract+lactose+sodium maleate+TWeen (Registered 
Trademark) 80. Results: the number of microorganisms 
during the different process steps is reproduced in the 
following Table: 

Steps U.F.C./g 

End of fermentation 2.9E8 
Concentrate 2.3E10 
Lyophilized 2.0E10 

U.F.C. = Colony-forming tmits 
E8 = one hundred millions 
E10 = ten thousand millions 

6) Lactobacillus delbrueckiii sub-species bulgaricus 
(AT CC 7994) 

Mother 
Prepared in a medium consisting of 5% of permeate+1% 

of yeast extract+l% of beef extract+1% of glucose+0.l% of 
Tween (Registered Trademark) 80 and incubated at 44° C. 
over 4 hours and 30 minutes. 

Medium 

Permeate 5% 
Yeast extract 1% 
Beef extract 1% 
Glucose 1% 
'Iween (Registered Trademark) 80 0.1% 

Fermentation parameters 

Fermenter: Applikon 
Inoculation percent: 1% 
Incubation temperature 44° C. 
Stirring speed 110 rpm 
Neutralization set point pH = 5.60 
Neutraiizing substance type: ammonium hydrate 

(sol to 10%) 
Fennentation time: 7 h 
Cooling at the end of fermentation: 24° C. 

Concentration parameters 

Installation: pilot unit for Hydro Air Research 
micro?ltration with two serial ceramic diaphragms each 
having a 0.2 m2 ?ltrating surface. 
Micro?ltration temperature 
Operating conditions 

30° C. 
recirculation 
?ow rate 4000 l/h 
input pressure 
2.7 bar 
output pressure 
1.2 bar 
average ?ow of 
the permeate 30 11h X m2 

(The obtained concentrate has been then centrifuged again 
with a laboratory centrifuge at 6000 rpm over 20 minutes). 

Lyophilization 

Edwards MINI - 

FAST 3400 
Lyophilim 

Lyophilization protector: a solution of lactose and anhydrous 
mixture consisting of powdered skimmed milk+yeast 
extract+lactose+sodium glutamate+'l‘ween (Registered 
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Trademark) 80. Results: the number of microorganisms 
during the di?erent process steps is reproduced in the 
following Table: 

Steps U.F.C./g 

End of fermentation 2.9159 
Concentrate 2.4E1U 
Lyophilized 3.5139 

U.F.C. = Colony-forming units 
E9 = one thousand millions 
E10 = ten thousand millions 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A pharmaceutical composition comprising: 
a) from 10% to 95% by weight of total composition of 

lyophilized Streptococcus thermophilus, and 
b) from 5% to 90% by weight of total composition of at 

least one lyophilized bacterium selected from the group 
consisting of lactobacillus plantarum and Lactobacil 
lus casei, and 

c) from 0% to 10% by weight of total composition a 
pharmaceutically acceptable excipient, 

wherein said Streptococcus thermophilus and the bacte 
rium b) are present in a concentration of 1><1011—1>< 
1013 total bacteria per gram of the composition. 

2. The pharmaceutical composition of claim 1 which 
further contains an excipient in an amount of 1 to 10% by 
weight based on total composition. 

3. The pharmaceutical composition of claim 2, wherein 
said excipient is selected from the group consisting of 
maltodextrin. microcrystalline cellulose, maize starch, 
levulose, lactose and dextrose. 

4. The pharmaceutical composition of claim 1 which 
further contains from 85% to 5% by weight of one or more 
lyophilized bacteria selected from the group consisting of 
bt?dobacten'a, Lactobacillus acidophilus, Lactobacillus 
delbrueckii sub-species bulgart'cus and Streptococcus 
faecium, wherein the concentration of this bacterium is ?'om 
1x109 to 1><l012 bacteria per gram of the composition. 

5. The pharmaceutical composition of claim 4, wherein 
said bi?dobacteria is a mixture of Btfidobacterium longum, 
Bi?dobacterium bi?dum and Bi?dobacterium infantis is 
approximately in equal weight distribution. 

6. The pharmaceutical composition of claim 1, which 
further comprises from 1 to 20% by weight of total com 
position of a drug which is compatible with the bacteria in 
said composition. 

'7. The pharmaceutical composition of claim 6, wherein 
said drug is selected from the group consisting of 
anticholinergics, antihistamines, analgesics, adrenergics, 
antiin?ammatories, antiseptics, hepatoprotective agents and 
antilipemics. 

8. The pharmaceutical composition according to claim 1, 
which contains 1 to 10% by weight of total composition of 
said pharmaceutically acceptable excipient. 

9. A pharmaceutical composition comprising: 
(a) from 30-35% by weight of lyophilized Streptococcus 

thermophilus; 
(b) from 7-10% by weight of lyophilized Lactobacillus 

casei; 
(c) from 8-10% by weight of lyophilized Lactobacillus 
plantarum; 

(d) from 7—10% by weight of lyophilized Lactobacillus 
acidophilus; 
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12 
(e) from 8—10% by weight of lyophilized Lactobacillus 

delbrueckii sub-species bulgaricus; 
(D from 27-30% by weight of a mixture of lyophilized 

bi?dobacteria; and 
(g) from 840% by weight of a pharmaceutically accept 

able excipient, 
wherein all amounts are based on the total weight of the 

composition and said bi?dobacteria is a mixture of 
Bi?dobacterium longum, Bi?dobacterium infantis, and 
Bi?dobacterium bi?dum; 

wherein said excipient is selected from the group con 
sisting of maltodextrin, levulose, microcrystalline 
cellulose, maize starch. lactose, and dextrose; and 

wherein said Streptococcus thermophilus, said Lactoba 
cillus casei, and said Lactobacillus plantarum are 
present in said pharmaceutical composition in a total 
concentration of 1><1011 to 1X1013 bacteria per gram. 

10. The pharmaceutical composition of claim 9. wherein 
said bi?diobacten'a is a mixture 1:1:1 by weight. 

11. A method for treating hypercholesteremia, comprising 
administering to a patient in need thereof an effective 
amount of a composition, said composition comprising: 

(a) from 10 to 95% by weight of total composition of 
lyophilized Streptococcus thermophilus; 

(b) from 5 to 90% by weight of total composition of at 
least one lyophilized bacteria selected from the group 
consisting of Lactobacillus plantarum and Lactobacil 
lus casei; and 

(c) from O to 10% by weight of total composition of a 
pharmaceutically acceptable excipient; 

wherein said Streptococcus thermophilus, Lactobacillus 
plantarum, and Lactobacillus casei are present in such 
amounts that the total bacteria concentration in said 
composition is 1><1011 to 1><1013 total bacteria per gram 
of composition. 

12. The method‘lof claim 11, wherein said composition 
comprises 1 to 10% by weight of said excipient. 

13. The method of claim 12, wherein said excipient is 
selected from the group consisting of maltodextrin, micro 
crystalline cellulose, maize starch, levulose, lactose, and 
dextrose. 

14. The method of claim 11, wherein said composition 
further comprises from 85% to 5% by weight of one or more 
lyophilized bacteria selected from the group consisting of 
bt'?dobacteria, Lactobacillus acidophilus, Lactobacillus 
delbrueckii sub-species bulgaricus and Streptococcus 
faecium, in a concentration of from 1><109 to 1><1012 bacteria 
per gram of said composition. 

15. The method of claim 14, wherein said bi?dobacteria 
is a mixture of Bi?dobacterium longum, Bi?dobacterium 
bi?dum and Bi?dobacterium infantis in approximately an 
equal weight distribution. 

16. The method of claim 11, wherein said composition 
comprises: 

(a) from 30-35% by weight of lyophilized Streptococcus 
thermophilus; 

(b) from 7-10% by weight of lyophilized Lactobacillus 
easel; 

(c) from 8-10% by weight of lyophilized Zactobacillus 
plantar-um; 

(d) from 7—10% by weight of lyophilized Lactobacillus 
acidophilus; 

(e) from 23-10% by weight of lyophilized Lactobacillus 
delbrueckii sub-species bulgaricus; 

(f) from 27-30% by weight of lyophilized bi?dobacreria; 
and 
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(g) from 8-10% by weight of an excipient, wherein all 
amounts are based on the total weight of said compo 
sition and said bi?dobacteria is a mixture 1:1:1 by 
weight of Bz?dobacterium longum, Bi?dobacterium 
infantis, and Bi?dobacterium bi?dum, and said excipi 
cut is selected from the group consisting of 
maltodextrin, levulose, microcrystalline cellulose, 
maize starch, lactose, and dextrose. 

17. The method of claim 11, wherein said administering 
is oral administration. 

18. A method for treating a gastrointestinal disorder, 
comprising administering to a patient in need thereof an 
e?’ective amount of a composition, said composition com 
prising: 

(a) from 10 to 95% by weight of total composition of 
lyophilized Streptococcus thermophilus; 

(b) from 5 to 90% by weight of total composition of at 
least one lyophilized bacteria selected from the group 
consisting of Lactobacillus plantarum and Lactobacil 
lus casei; and 

(c) from 0 to 10% by weight of total composition of a 
pharrnaceutically acceptable excipient; 

wherein said Streptococcus thermophilus, Loctobacillus 
plantarum, and Lactobacillus casei are present in such 
amounts that the total bacteria concentration in said 
composition is 1X1011 to 1X1013 total bacteria per gram 
of composition. 

19. The method of claim 18, wherein said composition 
comprises 1 to 10% by weight of said excipient. 

20. The method of claim 19, wherein said excipient is 
selected from the group consisting of maltodextrin, micro 
crystalline cellulose, maize starch, levulose, lactose, and 
dextrose. 

21. The method of claim 18, wherein said composition 
further comprises ?om 85% to 5% by weight of one or more 
lyophilized bacteria selected from the group consisting of 
bi?dobacteria, Lactobacillus acidophilus, Lactobacillus 
delbrueckii sub-species bulgaricus, and Streptococcus 
faecium, in a concentration of from 1x109 to 1><1012 bacteria 
per gram of said composition. 

22. The method of claim 21, wherein said bi?dobacteria 
is a mixture of Bi?dobacterium longum, Bi?dobacterium 
bi?dum, and Bi?dobacterium infantis in approximately an 
equal weight distribution. 

23. The method of claim 18, wherein said composition 
comprises: 

(a) from 30-35% by weight of lyophilized Streptococcus 
thermophilus; 

(b) from 7—10% by weight of lyophilized Lactobacillus 
caset; 

(c) from 8—10% by weight of lyophilized Lactobacillus 
plantarum; 

(d) from 7—10% by Weight of lyophilized Lactobacillus 
acidophilus; 

(e) from 8—10% by weight of lyophilized Lactobocillus 
delbrueckii sub-species bulgaricus; 

(i) from 27—30% by weight of lyophilized bi?dobacteria; 
and 

(g) from 8—10% by weight of an excipient, wherein all 
amounts are based on the total weight of said compo 
sition and said bi?dobacteria is a mixture 12111 by 
weight of Bi?dobacterium longum, Bi?dobacterium 
infantis and Bi?dobacterium bi?dum, and said excipi 
ent is selected from the group consisting of 
maltodextrin, levulose, microcrystalline cellulose, 
maize starch, lactose, and dextrose. 
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24. The method of claim 18, wherein said administering 

is oral administration. 
25. The method of claim 18, wherein said gastrointestinal 

disorder is diarrhea. 
26. The method of claim 18, wherein said gastrointestinal 

disorder is irritable bowel syndrome. 
27. A method for modulating a host’s immune response, 

comprising administering to a patient in need thereof an 
elfective amount of a composition, said composition com 
prising: 

(a) from 10 to 95% by weight of total composition of 
lyophilized Streptococcus thennophilus; 

(b) from 5 to 90% by weight of total composition of at 
least one lyophilized bacteria selected from the group 
consisting of lactobacillus plantarum and Lactobacil 
lus casei; and 

(c) from 0 to 10% by weight of total composition of a 
pharmaceutically acceptable excipient; 

wherein said Streptococcus themwphilus, Lactobacillus 
plantarum, and Lactobacillus casei are present in such 
amounts that the total bacteria concentration in said 
composition is 1><1O11 to 1X1013 total bacteria per gram 
of composition. 

28. The method of claim 27, wherein said composition 
comprises 1 to 10% by weight of said excipient. 

29. The method of claim 28, wherein said excipient is 
selected from the group consisting of maltodextrin, micro 
crystalline cellulose, maize starch, levulose, lactose, and 
dextrose. 

30. The method of claim 27, wherein said composition 
further comprises from 85% to 5% by weight of one or more 
lyophilized bacteria selected from the group consisting of 
bi?dobacteria, Lactobacillus acidophilus, Lactobacillus 
delbrueckii sub-species bulgaricus, and Streptococcus 
faecium, in a concentration of from 1x109 to 1x1012 bacteria 
per gram of said composition. 

31. The method of claim 30, wherein said bi?dobacteria 
is a mixture of Bi?dobacterium longum, Bi?dobacterium 
bi?dum and Bi?dobacterium infantis in approximately an 
equal weight distribution. 

32. The method of claim 27, wherein said composition 
comprises: 

(a) from 30-35% by weight of lyophilized Streptococcus 
thermophilus; 

(b) from 7-10% by weight of lyophilized Lactobacillus 
C0881,’ 

(c) from 8—10% by Weight of lyophilized Lactobacillus 
plantarum; 

(d) from 7—10% by weight of lyophilized Lactobacillus 
acidophilus; 

(e) from 8—10% by weight of lyophilized Lactobacillus 
delbrueckii sub-species bulgaricus; 

(f) from 27—30% by weight of lyophilized bi?dobacte?a; 
and 

(g) ?om 8—10% by weight of an excipient, ‘wherein all 
amounts are based on the total weight of said compo 
sition and said bi?dobacteria is a mixture l:1:1.by 
weight of Bl?dobacterium longum, Bi?dobacterium 
infantis, and Bi?dobacten'um bt?dum, and said excipi 
ent is selected from the group consisting of 
maltodextrin, levulose, microcrystalline cellulose, 
maize starch, lactose, and dextrose. 

33. The method of claim 27, wherein said administering 
is oral administration. 
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