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In vivo research following ingesting of commercially available
Lactobacillus tablets, which contain about 2X10° cfu/tablet of

Lactobacillus acidophilus and Lactobacillus bulgaricus cells in a dose

of four tablets daily, showed serum lipoprotein concentrations did not
change significantly. In order to increase the number of viable
Lactobacillus bacteria after challenging in low pH solution (gastric
fluid), enteric coating polymer was applied over dried calcium alginate
beads containing Lactobacillus. Survival of Lactobacillus bacteria was
generally higher from freeze dried calcium alginate beads compared to
vacuum dried products. However, after pretreatment with simulated
gastric fluid (pH = 1.5) for 2 hours, only the coated products from
vacuum drying showed promising results. Lactobacillus bacteria were
fully protected against gastric pH after formulating the bacteria inside
mini-tablets which were coated with Eudragit L30D, an enteric coating
polymer.

Alginic acids are naturally occurring substances found only in the
brown seaweeds. Alginic acid salts formed with most di-, and polyvalent

metals are insoluble in water. The most common application of alginate



precipitation in drug product formulation is based on insolubilization
of alginate by addition of calcium salt. By altering the composition of
calcium alginate, drug loading, enteric coating thickness, and sustained
release coating thickness, the lag time for drug dissolution can be
controlled. This formulation research provides oral dosage form design
for targeted delivery of drug to any desired site in the
gastrointestinal tract. Examples of site specific targeted delivery are
given for Lactobacillus bacteria, ibuprofen, sulfasalazine, and

5-aminosalicylic acid.
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CALCIUM ALGINATE GELS IN ORAL DOSAGE FORM DESIGN

INTRODUCTION

Many techniques for drug encapsulation are becoming well developed
and are now generally available to researchers. While the study of new
approaches and materials will undoubtedly continue, the specialized use
of alginate delivery systems for drugs should represent an important
area in oral dosage form design. Chapter I of this thesis deals with
use of traditionally formulated Lactobaciilus bacteria to decrease

cholesterol concentrations both in vitro and in vivo. Chapter II and

Chapter III deal with utilization of calcium alginate gels in developing
novel oral dosage forms which can be used for lactic acid bacteria or

colonic drug delivery.



CHAPTER 1
LACTOBACILLUS EFFECTS ON CHOLESTEROL:
IN VITRO AND IN YIVO RESULTS

la



ABSTRACT

A double-blind investigation was conducted on the influence of a
commercially available tablet containing Lactobacillus acidophilus and
Lactobacillus bulgaricus (Lactinex™, Becton Dickinson Microbiology
Systems, Cockeysville, MD) on human serum lipoprotein concentrations.
Tablets containing about 2X10° viable bacteria of Lactobacillus mixtures
or placebo tablets were ingested by 354 nonfasting informed subjects in
a dose of one tablet each, taken four times a day. There was a 3-week
washout period between two 6-week treatment periods. The number of
viable lactobacillus in unused returned tablets was the same at the end
of the study as in the beginning. Analysis of paired data using
Wilcoxon signed ranks test showed no major effects on lipoprotein
concentrations for either the placebo-treated group or Lactobacillus-
treated group. There were no statistically significant differences for
Tow density lipoprotein concentrations between the lactobacilli-treated
group and the placebo-treated group. The high-density lipoprotein
concentrations increased 1.8 to 3.0 mg/dl in both groups for both study
periods. For total cholesterol the placebo-treated group experienced a
statistically significant increase in the first period according to the
Wilcoxon signed-ranks test (from 208.0 mg/d1 to 215.0 mg/dl1, P < 0.001),
but not according to a two samples Student T test. Total cholesterol
did not change statistically significantly for the Lactobacillus-treated
group in either period. Cardiac risk factor (RATIO of total cholesterol
to high-density cholesterol) did not vary during the study. Lipoprotein

values increased immediately following vigorous exercise compared with



following 15 minutes of resting without either placebo or treatment.
Sample controls for assay and reassay gave virtually identical values
(coefficient of variation 1.6%), confirming that assay results were
quite reliable. Thus, ingestion of commercially available Lactobacillus
tablets which contain about 2X10° cfu/tablet of L. acidophilus aner.
bulgaricus cells in a dose of four tablets daily did not affect serum

lipoprotein concentrations.



INTRODUCTION

Americans generally have relatively high cholesterol levels that
appear to enhance the risk of coronary heart disease (CHD). Thus, the
goal of decreasing plasma cholesterol levels is receiving more emphasis.
It has been established that 1owering elevated blood cholesterol
(specifically Tow-density lipoprotein cholesterol) will reduce the risk
of heart attack due to CHD. Although dietary change is the first line
of therapy in most patients with hypercholesterolemia, drug treatment
must sometimes be considered. Currently, the American Heart Association
(AHA) recommends that aggressive effects be made to reduce cholesterol
in a full 25% of the American population (1).

In 1974, Mann and Spoerry observed that feeding Masai warriors
large amounts of fermented whole milk lowered serum cholesterol (2).
Mann hypothesized that dairy products contain a cholesterol-lowering
"milk-factor". He proposed hydroxymethylglutarate (HMG) as a possible
"milk factor", but it has not been demonstrated to be present in milk
(3). Since then, others have reported that consumption of large amounts
of dairy products (fermented or unfermented) lowered serum cholesterol
in United States subjects (4, 5, 6). Several compounds found in milk,
including orotic acid, uric acid, and bacterially produced substances
have been hypothesized to be hypocholesteremic agents (7, 8, 9). Not
all studies have shown that dairy products lower serum cholesterol (10,
11). Explanations for inconsistent findings are that amounts of
hypocholesteremic compounds naturally present may be different in

different milks, or a factor may be produced by only certain bacteria in



fermented milk.

Wostmann et al. (12) found an accelerating effect of normal
intestinal microflora on systemic cholesterol catabolism and elimination
in rats. This conclusion was based on lower systemic cholesterol in
rats in a normal environment compared with systemic cholesterol in rats
in a sterile, microbe-free environment. Mott et al. (13) mono-
contaminated germ-free pigs with Lactobacillus acidophilus before moving
them to a nonsterile environment and found that normal intestinal
bacteria could lower serum cholesterol concentration in cholesterol-fed
piglets. Harrison et al. (14) demonstrated that bottle-fed infants
experienced decreased serum cholesterol with added bicarbonate or L.
acidophilus in their milk formula. In 1977, Gilliland et al. (15)
observed deconjugation of bile acids (both glycocholate and

taurocholate) by L. acidophilus in vitro and suggested that an increased

excretion of bile acid might lead to a faster rate of catabolism of
cholesterol to bile acids. 1In 1985, Gilliland et al. (16) found that
certain strains of L. acidophilus could assimilate cholesterol in the
presence of oxgall (<0.5%) during anaerobic growth in MRS broth. He
demonstrated different bile tolerance and cholesterol assimilation by
different strains of L. acidophilus, and compared the ability of two
different strains of this bacterium to decrease serum cholesterol in 5-
week-old pigs. Massey et al. (17) stated that yogurt significantly
reduced fasting serum cholesterol by 10 to 12% in human adult males
initially, but serum cholesterol returned towards control values with
continued yogurt consumption (about 2 weeks later).

The purposes of this investigation were: 1) to study in vitro



uptake of cholesterol by two bacteria utilized in a commercially
available tablet; and 2) to study the in vivo effect of the two bacteria
(L. acidophilus and L. bulgaricus) on serum cholesterol in humans when
administered as a tablet which contained an equal proportion of the
bacteria (approximately 10% or 107 total viable cells per tablet). The

in vivo study involved an initial small group followed by a double blind

large group trial using commercially available tablets.



MATERIALS AND METHODS

Lactobacilli and Cholesterol Assimilation from Phosphate Buffer Solution

Source_and Maintenance of Cultures.

A commercially available product (Lactinex™ brand tables) that
contained L. acidophilus (ATCC 4962) and L. bulgaricus (ATCC 33409) was
blended using 5 tablets in 100 ml autoclaved 0.1% peptone water. These
organisms are present in a ratio of approximately 1:1 and are described
in the ATCC Catalogue of Bacteria, Phages, rDNA Vectors (16th edition,
1985) available from The American Type Culture Collection (Rockville,
MD). A 1-ml aliquot was transferred to a culture tube containing 20 ml
MRS broth (Difco, Detroit, MI). After 24 hr incubation at 37° C under
anaerobic conditions using a GasPak (Becton Dickinson Microbiology
Systems, Cockeysville, MD) jar, 1 ml of this subculture was transferred
to another culture tube for another 24 hr of anaerobic incubation. Then
1 ml was transferred to a culture tube containing 20 m1 MRS with 0.15%
oxgall (Difco, Detroit, MI). One ml of subculture from the 0.15% oxgall
MRS broth was inoculated into 20 ml MRS broth and incubated for 24 hr.
This subculture was treated as a stock subculture for testing
cholesterol assimilation by the commercially available bacteria.
Assimilation of Cholesterol.

Bacterial stock cultures were grown in three flasks containing 9 ml
MRS broth for 24 hr in a 37° C walk-in incubator with stirring (Lab-line
Multi-Magnestir, Lab-line Instruments Inc., IL). These subcultures were
centrifuged at 12,000 rpm, 0 to 4° C for 15 min, then the pellets were

resuspended and recentrifuged twice using 20 ml phosphate buffer



solution, pH=7 [413 ml monopotassium phosphate (9.073 g/1) mixed with
587 ml disodium phosphate anhydrous (11.87 g/1)] to wash the cells. The
final pellet was resuspended in 20 ml buffer solution, and 1 ml of this
suspension was inoculated into flasks which contained 18 ml buffer
solution with or without 2 m1 PPLO serum fraction (pleuropneumonia-like
organism serum fraction, control 751044, Difco, Detroit, MI), and
different percentages of oxgall (0, 0.1, or 0.2%). The PPLO serum
fraction was used as a source of cholesterol. The concentration of
bacteria after inoculation into solution was about 2X10% cfu/ml. These
flasks were incubated with stirring in a walk-in incubator at 37° C for
another 20 hr. No effort was made to produce anaerobic conditions.
Cells were removed from the broth by centrifuging for 20 min at 12,000
rpm and 1-4° C. The supernatant was collected in a test tube and
analyzed for cholesterol concentration and for pH change. Deionized
water (20 ml) was used to resuspend the cell pellet which was
recentrifuged for 10 min at 12,000 rpm and 1 to 4° C. Then the pellet
was resuspended in 4 ml deionized water. The cell suspension was filled
into a Manual-Fill Mini-Cell (FA-003) and pressed at 1,000 psi using a
French-Pressure Cell Press (SLM Instruments Inc., Urbana, IL). Pressed
suspension was collected in a test tube and centrifuged. The
supernatant was collected to analyze for cholesterol, which was released
from inside the cells by the French Pressure Cell treatment.

Standard Curve for Cholesterol Calibrator.

An enzymatic procedure available from Sigma Chemical Co., St.
Louis, MO was used for testing total cholesterol and high density

cholesterol. The analysis kit contained both cholesterol reagent (Lot.



37F-6189) and cholesterol calibrator (50 mg/d1, Lot. 37F-6114 and 200
mg/d1, Lot. 116F-6165). The macro-method for total cholesterol (> 1-ml
reaction volume) was followed according to the Sigma manual.
Cholesterol concentration in the sample was determined from absorbance
at 500 nm (Asq,) as compared with a standard curve to determine
concentrations of cholesterol using the commercially available kit.
Different known concentrations were made from Sigma’s cholesterol
calibrator, 400 and 200 mg/dl, by diluting them to produce 2000, 1500,
1000, 750, 500, 250, 125, 100, or 75 mcg/ml. These different
concentrations of cholesterol were measured at Ay, using a Beckman DU40
spectrophotometer (Beckman Instruments, Palo Alto, CA) and the
cholesterol assay kit.

Sample Analysis.

Cholesterol analysis was modified as follows: 1 ml sample was added
to 9 ml deionized water and mixed for about 30 s; then 1 ml was mixed
with 4 ml deionized water. One ml of the final diluted solution was
added to a cuvette followed by one ml cholesterol reagent. The final
concentration of sample in the cuvette was the same concentration as
Sigma suggests for testing total cholesterol in the sample. This method

avoids measuring 10 mcg/mc1 (a small volume) directly into the cuvette.

Ability of Bacteria in Study Tablets to Lower Cholesterol
Experimental design.

This study was conducted to determine if either Lactobacillus or
placebo tablets would remove cholesterol from media in _vitro. Four

screw cap test tubes were used, each containing 5 ml double strength MRS
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broth (Difco). They were incubated for 23 hr at 37° C under anaerobic
conditions using the GasPak anaerobic system (BBL). After incubation,
tubes were autoclaved for 15 min, and then 5 ml PPLO serum fraction
(Pleuropneumonia-like orgénism serum fraction, Difco) was added into
each tube using a disposable plastic syringe. Two tubes were used at 0
hr to measure the cholesterol concentration in the medium. Samples were
collected at 23 hr and 45 hr after incubation under anaerobic conditions
to measure the cholesterol concentration and plate viable bacteria on
MRS agar by series dilution in 0.1% peptone water. These were "blanks"
or "controls" as no bacteria or tablets were present. Procedure and
materials were the same when lactobacilli were used for each sample.
Five tablets from each group were blended for 30 s with 99 ml autoclaved
0.1% peptone water, and 1 ml of this suspension was added to each test
tube. The amount of cholesterol present at time zero was assumed to be
the same as for the blanks, and the concentration was calculated by

correcting for the volume difference.

Preliminary In Vivo Trial

Product Information.

A commerical product was studied that contained L. acidophilus and
L. bulgaricus and available without prescription (Lactinex™) for both
adults and children to treat diarrhea. No claim is made regarding the
product’s effect on serum lipoprotein levels. Each tablet contained a
total of about 107 cfu of L. acidophilus and L. bulgaricus.

Experimental Design.

Approval for the study was granted by the Committee for Protection
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of Human Subjects of Oregon State University. Thirty-eight volunteers
from the Oregon State University faculty and staff fitness class signed
an approved informed consent form and were involved in this open study
(see Table I.1). The study was designated "open" because there was no
attempt to control exercise, weight, or diet. The only instruction was
in regard to consumption of study tablets. Fifteen subjects were in a
control group which followed their normal daily diet without any tablet
treatment. The treatment group contained 23 subjects who followed their
normal daily diet plus one Lactobacillus tablet before each meal.
Tablets were taken three times a day, before meals with fruit juice or
water, and could be chewed before swallowing.

Blood samples were collected by licensed nurses and analyzed by
personnel at Good Samaritan Hospital (Corvallis, OR) using the
Boehringer Mannheim Diagnostics/Hitachi system H-704 (Boehringer
Mannheim Diagnostics Division, Indianapolis, IN). Subjects were
required to fast at least 12 hours before blood collection. Subjects
were required to return unused tablets and report any noticeable side

effects at the end of each study period.
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Table I.1  Preliminary in vivo trial treatments time schedule.

DATE

December 6, 1986
December 16, 1986
January 13, 1987

(a 7-week period)

March 2,1987
March 29, 1987°
(a 9-week period)

June 5, 1987

CONTROL GROUP
(n= 15)

first blood sample
seminar®

normal diet

second blood sample

normal diet

third blood sample

TREATMENT GROUP
(n=23)

first blood sample
seminar?
normal diet +

Lactobacillus tablet

second blood sample
normal diet +
Lactobacillus tablet

third blood sample

®The seminar was given by a physician from the local hospital to explain

to subjects the computer printout of cholesterol data and the

relationship of cholesterol to cardiac heart diseases.

®There was no Lactobacillus tablet treatment between March 2 and March

29, 1987.
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Double-B1ind Test of Lactobacillus Tablet Effects on Serum Cholesterol

Product Information.

Tablets were supplied in coded sets containing the Lactobacillus
mixture or placebo tablets. Each code number was for 200 tablets
divided into 4 plastic bottles of 50 tablets each, which had only the
code number shown outside. Code number "xxx" was assigned to only one
person, with 1-xxx given the first period of study (beginning February
16, 1988) and 2-xxx administered the second period of study (beginning
April 19, 1988). Thus, subjects received two different treatments in
these two periods in randomized sequence. Those who received
Lactobacillus tablets in the first period received placebo tablets in
the second period, and vice versa. A Tetter which contained the code
information was retained in a sealed envelope and not opened until the
end of this study (June 2, 1988).

Experimental Desian.

Approval for the study was granted by the Committee for Human
Subjects of Oregon State University and each subject signed an approved
informed consent form. Dosage instructions were to take one tablet
three times a day with meals plus one tablet at bedtime. This is lower
than the dosage recommendation as presently marketed. Subjects with
Tactose intolerance or sensitivity to milk products including yogurt
were excluded. Subjects were assigned a code number as they entered the
study. There were 460 people at the beginning of the study. Most
subjects were working on the campus of Oregon State University or were a
spouse of an employee. Some subjects withdrew from the study because of

preceived side effects, or were out of town, or generated incomplete
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cholesterol data (major reason) by missing a sampling time. The final
number of subjects was 334, including only 72 subjects from the faculty
and staff fitness class.

The first period started February 16 and ended March 30, a 6-week
study period. Unused tablets were collected and counted to calculate
percentage of compliance. A 3-week wash-out period without any
treatment was allowed to reduce residual treatment effects (if any), and
to reset the baseline for a second period of study (cross-over). The
second portion of the study started April 19 and ended June 2. Again,
unused tablets were collected and counted. Subjects were required to
report side effects at the end of each period. Some blood samples were
divided into two portions, and analyzed on the day collected and a day
later to test stability and storage effects on measured cholesterol
concentrations.

The effect of resting vs. exercise on measured lipoprotein
concentrations was also determined. Fourteen subjects who participate
in a 45 minute aerobic exercise class on a routine basis participated.
Subjects sat quietly for 15 minutes prior to collection of blood for
lipoprotein assay and then exercised vigorously for 45 minutes, and then
blood was again collected for Tipoprotein assay. All samples were
assayed at the same time in random fashion.

Statistical Analysis.

Data including total cholesterol (TC), low density lipoprotein
(LDL), high density lipoprotein (HDL), very low density lipoprotein
(VLDL), trigiycerides (TRI) and the ratio of TC/HDL (cardiac risk

factor) were analyzed using the two-tailed Wilcoxon signed ranks test.
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RESULTS AND DISCUSSION

The Lactobacillus product utilized contained two species of
bacteria, L. acidophilus (ATCC 4962) and L. bulgaricus (ATCC 33409).
Subculture of these two strains was inhibited by oxgall since the
optical density (at A,) of the fermentation medium after 20 hours
decreased from 1.4 to 1.0 to 0.8 to 0.3 as oxgall increased from 0 to
0.1% to 0.15 % to 0.2%, respectively. Optical density is directly
related to number of viable cells produced (see Table 1.2, OD footnote).
The MRS medium tested positive for cholesterol, and as expected, there
was no change after 20 hr incubation at 37°C with no bacteria. It may
be that steroids in MRS medium react with the cholesterol test reagent.
After adding PPLO serum fraction to MRS medium (with no bacteria) with
different percentages of oxgall, the assayed cholesterol concentrations
did not change with time (treatments 3, 7, 11, 15, and 19, Table I.2).
However, Lactobacillus bacteria decreased cholesterol from the
supernatant and were most effective when there were higher viable
bacterial numbers in the MRS medium than with lower bacterial numbers
(Treatments 2, 4 and 8 versus 6, 10 and 16, Table I.2). Because oxgall
is a normal bile salt that inhibits growth, especially L. bulgaricus, it
can be expected that the ability of these bacteria to reduce cholesterol
will decrease with increasing bile concentrations.

Because MRS tests positive for cholesterol, isotonic phosphate
buffer solution was used to evaluate lactobacillus uptake of cholesterol
to avoid the solution "background effect". It was expected that

phosphate buffer solution would prevent a pH decrease caused by lactic
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acid produced by lactobacilli. It is recognized that when pH in the
medium drops below 5.0, the bacteria are damaged and may lose some of
their metabolizing activity. With 0% oxgall, the phosphate buffer
solution contained an average of 145 mcg/ml cholesterol (Table I.3). 1In
buffer plus Lactobacillus bacteria, the cholesterol was reduced to about
13 mcg/ml or less fo]]owiﬁg 20 hr incubation (Table I.3, Treatments 1
and 2). When oxgall concentration reached above 0.1% there was almost
no bacterial effect to decrease cholesterol. These data again suggest
the bacteria lost activity in higher concentrations of bile salts in
phosphate buffer solution under the stﬁdy conditions (Table I1.3).

A small portion of cholesterol reduction in the supernatant was due
to precipitation of cholesterol after PPLO was added to phosphate buffer
solution. When PPLO was added to a flask containing autoclaved isotonic
buffer solution, the solution became turbid after 30 min. Visible
particles developed at the bottom of the flask, but no organisms were
found when plated on MRS agar. Table I.4 shows that the cholesterol
concentration (with no oxgall present) decreased an average of 40 mcg/ml
after centrifuging, which is due to cholesterol precipitation. 0Oxgall
inhibited precipitation as shown by Treatments 7 and 8 in Table I.3.

After cell walls were broken using a French-Pressure Cell Press,
steroid inside the cells was released and mixed with cell fragments and
precipitated particles of cholesterol (if any developed). When the
suspension was centrifuged, these cell walls and any solid cholesterol
particles present remained in the pellets, which were separated from the
dissolved cholesterol in the supernatant. Thus, the data for "CELL"

cholesterol in Table 1.3 are the result of cholesterol released from
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inside the cells and are not due to any precipitated cholesterol, which
would be removed with cell debris. There was no detectable cholesterol
in the cells from .2% oxgall medium indicating that bacterial
assimilation of cholesterol was inhibited (Table I.3).

Viable bacteria were isolated from both Lactobacillus and placebo
tablets. The colony type isolated from tablet code 1-001 was different
from the isolate from tablet code 2-001. Colonies from tablet code 1-
001 were mixed type colonies with both rough and smooth, round edges.
They were short rods in chains for rough type colonies, under
microscopic examination. Smooth type colonies from tablet code 1-001
appeared as two or three cocci in chains under the microscope. For
tablet 2-001, only smooth type colonies appeared on the agar plate.
These were very similar to the smooth type colonies in tablet 1-001.
Both were gram-positive and grew in MRS broth.

Plate counts were 1X10° cfu/tablet for 1-001 (Lactobacillus
tablets) and <10* cfu/tablet for 2-001 (placebo tablets). Incubation
for 23 hr at 37 °C was not enough time for microorganisms from tablets
code 1-001 or 2-001 to propagate to above 10° cfu/ml (Table I.5). When
the bacterial number in the broth did not increase, the cholesterol
concentration did not change significantly. After 45 hr incubation, the
bacterial number increased at least 1000-fold compared with time 23 hr,
and the cholesterol concentration decreased about 26% for tablet 1-001.
It appears that double strength MRS broth diluted 1:1 with PPLO may
delay growth of bacteria from tablet 1-001 as there were only 10*°
cfu/ml at 23 hr for 1-001. Dead cells from tablet 1-001 or 2-001 did

not change the total amount of cholesterol in the broth (Table I.5).
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Thus, the bacteria assimilated cholesterol only when they were alive and

at numbers above 108 cfu/ml.
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Table 1.2 Effect of Lactobacillus subcultures on cholesterol in
MRS broth found after incubation 20 hours at 37°C.
Cholesterol Concentration
TREATMENT 0D SUPERNATANT®  SUPERNATANT® % R® CELLY
1. MRS - 77 77 0 -
2. MRS+LAC 1.4 84 65 22.6 26
3. MRS+CHO - 120 120 0 -
4. MRS+CHO+LAC 1.6 130 80 38.5 39
5. MRS+0.1%0X - 84 84 0 -
6. MRS+0.1%0X+LAC 1.0 84 71 15.5 26
7. MRS+CHO0+0.1%0X - 140 140 0 -
8. MRS+CHO+0.1%0X+LAC 1.4 140 75 46.4 65
9. MRS+0.15%0X - 77 77 0 -
10. MRS+0.15%0X+LAC 0.8 84 71 15.5 20
11. MRS+CHO+0.15%0X - 120 120 0 -
12. MRS+CHO0+0.15%0X+LAC 1.3 130 110 15.4 26
13. MRS+0.2%0X - 84 84 0 -
14. MRS+0.2%0X+LAC 0.3 84 84 0 6
15. MRS+CHO0+0.2%0X - 135 135 0 -
16. MRS+CHO+0.2%0X+LAC 0.8 140 130 7.1 13
17. MRS+0.3%0X - 84 84 0 -
18. MRS+0.3%0X+LAC 0.1 84 84 0 0
19. MRS+CHO+0.3%0X - 130 130 0 -
20. MRS+CHO+0.3%0X+LAC 0.4 135 130 3.7 5
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Table 1.2 (continued)

MRS:

0X:

LAC:
CHO:

a:
b:

c:

0D:

MRS broth 20 ml

Bacto oxgall (a bile salt)

Lactobacilli bacteria (inoculum one ml 102 cfu/ml)

2 ml PPLO serum fraction (cholesterol concentration 1460 mcg/ml)
Total cholesterol concentration (mcg/ml) at 0 hr

Total cholesterol concentration (mcg/ml) after 20 hr incubation
Percentage of reduction by comparing the loss of cholesterol
concentration in supernatant (time O hr to 20 hr).

Total cholesterol in the cells after 20 hr incubation as released
by French Press treatment.

Optical density (at 650 nm). Note that OD is related to number of
viable cells as shown by the Table below. 0D was determined after

20 hr incubation.

0D CFU/ml (approximate
0.05 10%-2
0.25 107-2
0.50 108-°
1.00 1028

1.45 10°-2
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Table 1.3  Effect of Lactobacillus bacteria (2X10® cfu/ml) in phosphate

buffer solution on concentration of cholesterol found after

incubation at 37° C for 20 hours.

TREATMENT pH? SUPERNATANT®  SUPERNATANT® CELL®
1. BUF+0%0X+CHO+LAC 7.23 142 13 77
2. BUF+0%0X+CHO+LAC 7.22 148 0 90
3. BUF+0%0X+LAC 7.26 0 0 0
4. BUF+0.1%0X+CHO+LAC 7.18 148 52 52
5. BUF+0.1%0X+CHO+LAC 7.26 142 103 39
6. BUF+0.1%0X+LAC 7.21 0 0 0
7. BUF+0.2%0X+CHO+LAC 7.24 135 135 0
8. BUF+0.2%0X+CHO+LAC 7.23 148 148 0
9. BUF+0.2%0X+LAC 7.27 0 0 0
BUF: 18 ml Phosphate buffer solution

0X: Bacto oxgall
CHO: PPLO serum fraction
LAC: Lactobacilli bacteria

a: pH value after 20 hr incubation.

b: Cholesterol concentration at 0 hr (mcg/ml).

c: Cholesterol concentration after 20 hr incubation (mcg/ml1).

BUFFER SOLUTION: 413 ml monopotassium phosphate (9.073 g/1) mixed with
587 ml disodium phosphate anhydrous (11.87 g/1)



Table 1.4 Effect of centrifugation on the concentration of PPLO
cholesterol found in the supernatant at 0 hr and after
holding for 20 hr at 37° C.
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FLASK No. Supernatant (mcg/ml) Supernatant (mcg/ml)
0 hr 20 hr
1 201 156
2 188 136
3 175 162
4 214 143
5 208 162
6 208 162

The average concentration for 0 hr was 201 (mcg/ml)

The average concentration for 20 hr was 156 (mcg/ml)
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Table I.5 The hypocholesterolemic effect of viable and dead bacteria

from tablets in double strength MRS broth incubated at 37°C.

0 hr 23 hr 45 hr

TREATMENT TC! %2 cFu? C % CFU C % CFU

MRS + PPLO
BLANK 426 0 - 412 -3 <4 412 -3 <5
1 001* D’ 3877 0 - 412 +6 <4 412 +6 <5
1 001 V@ 3877 0 - 368 -5 4.9 287 -26 8.7
2001 D 3877 0 - - - 390 +1 <5
2 001 V 387" 0 - 390 +1 <4 390 +1 <5
1: Cholesterol concentration (mcg/ml) in MRS broth determined at

¥ O O A~ W

wavelength 500 nm using Beckman DU-40 and a Sigma cholesterol test
reagent. Numbers shown in this column are the average of two

readings.

: The percentage change of cholesterol concentration compared to time 0

hr.

: Colony forming units/ml. Numbers in this column are the logarithm.
: Tablet coded number.

: Dead cells.

: Viable cells.

: The number was calculated from 426*10/11 = 387, which corrects for

sample dilution.
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Preliminary In Vivo Trial

For the control group of 15 subjects, the mean concentration of TC,
LDL, HDL, and TC:HDL for December, March, and June were not
statistically significantly different over time (Table I1.6). Thus,
serum cholesterol concentrations were constant in the control group for
this preliminary in vivo trial. The TRI and VLDL did not change
significantly between December and March, but decreased statistically
significant during March to June (Table I.6). In the 23 subjects of the
Lactobacillus tablet-treated group, the mean concentration of TC and LDL
reduced statistically significantly in March and June compared with
December. Concentrations of HDL, TRI, and VLDL did not change
significantly (Table I1.6).

These results are different from those reported with feeding of
yogurt where the observed decrease in cholesterol is transient, lasting
only 2 or 3 wk (17). It is especially interesting to note that TC:HDL
ratio (known as the "cardiac risk factor") was unchanged in the control
group but decreased with time in the Lactobacillus treatment group,
becoming quite significant when December and June data are compared
(Table 1.6). It seems unlikely that diet or exercise changes lowered
cholesterol in the Lactobacillus treatment group but not in the control
group. However, that possibility must be considered. In addition, the
control group had an average initial TC of only 192 mg/d1 compared to
221 mg/d1 for the Lactobacillus-tested group (Table I.6). Lower values
of TC are more difficult to reduce than higher values. Also, the
subjects. in this preliminary study were aware of the treatment given,

which could bias their behavior and the results.
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Table 1.6 Effects of lactobacilli on serum lipoprotein concentrations

in preliminary trial.

TIME TC LDL HDL VLDL TRI TC/HDL
(mg/d1)

CONTROL (n=15)

December 191.8  123.9  46.1 21.8 109.3 4.45
March 189.9  122.0  44.6 23.3 116.9 4.56
June | 191.5  125.9  45.7 19.82 99,1 4.43

TREATMENT (n=23)

December 220.6  148.6  50.4 21.5 107.9 4.76
March 203.0"  130.2' 49.0 23.9 119.9 4.48
June 208.9%3 136.1%3 50.9 21.9 109.6 4.38°

TC: Total cholesterol

LDL: Low-density cholesterol

HOL: High-density cholesterol

VLDL: Very-low-density cholesterol

TRI: Triglyceride

1: The average of March data was statistically significantly different
compared to December data (p <0.05).

2: The average of June data was statistically significantly different
compared to March data ( p <0.05).

3: The average of June data was statistically significantly different

compared to December data (p <0.05).
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The Double Blind In Vivo Test

Total Population.

A large number (334) of subjects completed the entire study and
provided cholesterol data from February 1988 through June 1988. There
were 157 people in the Lactobacillus tablets-treated group and 177
people in the placebo treatment group (first phase). The average
starting serum total cholesterol (TC) was 208.0 mg/d1 for the placebo
group (Group 2) and 206.3 mg/dl for the Lactobacillus tablets (Group 1)-
treated group (Table I.7, Figure 1.1, February data). After 6-wk of
treatment, the average TC in the Lactobacillus tablets-treated group
increased to 210.0 mg/d1 vs. 215.0 mg/dl for the placebo group. The HDL
incréased on average from 52.2 mg/d1 to 54.0 mg/dl during the first
study period for the Lactobacillus tablets-treated group and from 50.0
mg/d1 to 53.0 mg/dl in the placebo group. There was also a small
average increase of about 1 mg/dl for LDL in the first period (from
131.2 mg/d1 to 132.3 mg/dl) for people receiving Lactobacillus and 2
mg/d]l increase in the placebo group.

‘The Wilcoxon signed ranks test for paired samples was used to test
differences between, before and after treatment for these three
variables (TC, HDL, LDL). This test evaluates the number of subjects
whose value of interest (TC, HDL, etc.) goes up compared to the number
which go down. If there is no treatment effect, it is expected that
there will be about the same number of increases as decreases over time.
No statistically significant differences in TC or LDL occurred for the
Lactobacillus treatment. The TC did statistically significantly

increase according to the Wilcoxon test (208 to 215 mg/d1) in the



27
placebo group. That is, TC increased for 114 subjects but only
decreased for 60 subjects. The average increase was 18.4 units and the
average decrease was 14.8 units. The HDL was significantly increased in
the first period of study for both treatments, although the actual
change was quite small (Table I.7, Figure I.1). However, using a paired
Student’s T test, two tailed, the mean TC (=208) before placebo and
after placebo (=215) was not statistically significantly different with
this test; HDL in the Lactobacillus group also did not change
statistically significantly (52.2 to 54 mg/d1), but HDL in the placebo
group did change statistically significantly (from 50 to 53, p=0.02).
These differences in statistical significance as a result of the test
used suggest that a conservative (and reasonable) conclusion is that
significant differences did not occur. None of the above is considered
clinically significant in terms of influencing coronary heart disease.

After a 3-week wash-out period, blood samples were collected and
used as a baseline of the second study period. Total cholesterol
averaged 214.9 mg/d1 for the Lactobacillus tablets-treated group and
211.3 .mg/d1 for the placebo group (Table I.8, Figure I.1, April data).
At the end of the second study period, average TC increased to 219.3
mg/d1 following Lactobacillus treatment and 213.4 mg/d1 with placebo
treatment (June data). The increases in TC were not statistically
significant. The HDL increase was statistically significant with the
Wilcoxin test for both groups but was actually quite small, about 3.5
mg/d1. The LDL decreased 2 mg/d1 in the placebo group and was unchanged
with the Lactobacillus treatment. Once again, there were no significant

changes of LDL in these two groups. The ratio of TC to HDL, known as
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the "cardiac risk factor", did not change significantly during the study
for either treatment group (Tables I.7, 1.8, and Figure I.2).

Tablets remaining at the end of each treatment were counted and
bacterial number remained about 10° cfu/tablet for Lactobacillus tablets
and less than 10* cfu/tablet for placebo tablets.

High Cholesterol Level Population.

Subjects whose TC concentration was equal to or greater than 240
mg/d1 were assigned in this subgroup. Fifty-nine subjects qualified, 29
in the placebo group and 30 in the Lactobacillus treatment group in the
first treatment period. A statistically significant change in the TC
and LDL levels did not occur through the study for either group. A
statistically significant increase in the HDL occurred with the Wilcoxin
test in the second period of study for the Lactobacillus tablets treated
group (Tables I.7 and I.8), but the mean concentration did not change
significantly (t-test, p=0.3).

Medium Cholesterol Level Population.

Subjects whose TC was 239 to 200 mg/dl were assigned to this
subgroup. There were 126 people in this subpopulation, 72 in the
placebo group and 54 in the Lactobacillus treatment group in the first
study period. The TC, HDL, and LDL responses were the same in the
subpopulation as for the total population (Tables I.7 and 1.8).

Low Cholesterol Level Population.

People whose TC was Tower than 200 mg/d1 were assigned in this
category. There were 148 subjects who satisfied this criterion, 72 in
the Lactobacillus treatment group and 76 in the placebo group in the

first study. The patterns of the three main variables during the study
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were the same as in the total population (Tables I.7 and I.8).

Reqular Exercise Population.

There were 72 people in this study who were also in the Oregon
State University faculty and staff fitness class. Subjects in this
group were expected to have regular exercise every week and to have the
same average physical activity compared to the subjects in the
preliminary in vivo trial (38 subjects involved). The cholesterol
concentration varied in the same pattern in this group aé in the total
study group. No significant difference existed in total cholesterol,
LDL or TC:HDL (Table I.9). Subjects in this group were in the same
environment as in the preliminary in vivo trial, except in the latter
case the subjects did not know what kind of treatments they received
during each study period. The results were different compared to the
preliminary trial results in that with the larger population study there
were no significant effects of Lactobacillus tablets on lipoproteins.

In a separate exercise group (14 subjects), blood lipoprotein
concentrations were determined following 15 minutes of rest (sitting)
prior to exercise and again immediately following 45 minutes of
exercise. Figure I.3 shows that the total cholesterol increased in all
subjects following exercise, and the average increase was 17.2 mg/dl.
Other average lipoprotein increases were 5.1 mg/d1 for HDL, 8.0 mg/dl
for LDL, 4.2 mg/d1 for VLDL and 21.2 mg/d1 for TRI. Average weight loss
due to perspiration during the 45 minutes was 1.1 pounds. The slopes of
the lines in Figure I.3 are nearly parallel, suggesting a uniform effect
of exercise on lipoproteins. The uniform response considered with

randomized assay suggests the assay is quite reliable (also, see
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Validity of Assay section) and the exercise effect is real. These
results are consistent with suggestions that patients should sit quietly
for 15 minutes prior to donating blood to be used for lipoprotein

evaluation.
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Table 1.7 Effects of lactobacilli on serum lipoprotein concentrations

in a cross-over, double-blind study (first 6-week period).

SUBLECT  TC' HDL®  TRI® LDL* RATIO®
NO.

GROUP-2 (placebo treated, F= February, M= March)

TOTAL® 0-wk(F) 177 208.0 50.0 119.7 134.1 4.39
6-wk (M) 215.0 53.0 125.0 136.7 4.26

HIGH’ 0-wk(F) 29 270.1 55.6 152.9 183.9 5.15
6-wk (M) 264.0 55.0 156.0 177.9 5.01

MEDIUM® 0-wk(F) 72 220.5 50.0 126.7 104.6 4.71
6-wk (M) 229.0 54.0 133.0 149.1 4.58

LOW® 0-wk(F) 76 172.6 47.8 100.4 104.6 3.84
6-wk (M) 182.0 52.6 106.0 109.3 3.68

GROUP-1 (Lactobacillus tablets treated)

TOTAL®  0-wk(F) 157 206.3 52.2 114.9 131.2 4.22
6-wk (M) 210.0 54.0 120.0 132.3 4.10

HIGH’ 0-wk(F) 30 259.0 55.7 139.7 175.4 4.99
6-wk (M) 254.0 57.0 145.0 168.2 4.76

MEDIUM® 0-wk(F) 54 219.2 49.2 136.8 142.7 4.79
6-wk(M) 224.0 51.0 135.0 146.6 4.69

LOW’ 0-wk(F) 72 174.3 53.0 87.2 104.0 3.47
6-wk (M) 181.0  55.0 97.0  106.3  3.45
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Table 1.7  (continued)

A O AW

~

. Average serum total cholesterol concentration, mg/dl.

. Average serum high-density lipoprotein concentration, mg/dl.

. Average serum triglyceride concentration, mg/d1.

. Average serum low-density lipoprotein concentration, mg/dl.

. Cardiac risk factor, a ratio of TC to HDL.

. Total= all subjects in this group.

. High= subjects with their TC > 240 mg/d1 at the beginning of study.
. Medium= subjects with their TC 239 to 200 mg/d1 when beginning the

study.

. Low= subjects with their TC < 200 mg/d1 when beginning the study.



33

Table 1.8 Effects of lactobacilli on serum 1ipoprotein concentrations

in a cross-over, double-blind study (second 6-week period).

SUBJECT 1C!
NO.

HDL2

TRI?

LDL*

RATIO’

GROUP-2 (Lactobacillus tablet treated, A= April, J= June)

TOTAL®  0-wk(A) 177 214.9
6-wk (J) 219.3
HIGH”  0-wk(A) 29 265.1
6-wk(J) 266.9
MEDIUM® 0-wk(A) 72 228.2
6-wk(J) 231.6
Low? 0-wk(A) 76 183.2
6-wk (J) 189.5

GROUP-1 (placebo treated)

TOTAL®  0-wk(A) 157 211.3
6-wk(J) 213.4
HIGH  0-wk(A) 30 260.4
6-wk(J) 261.7
MEDIUM® 0-wk(A) 54 223.1
6-wk(J) 224.7
Low® 0-wk(A) 72 181.9

6-wk (J) 184.7

52.2
55.9
55.9
59.7
52.2
55.9
50.9
54.5

53.0
56.7
55.8
58.7
50.0
53.7
54.2
58.1

118.6
118.0
147.8
144.8
129.8
128.9

97.0

97.4

108.3
111.6
130.4
148.6
122.8
120.6
88.1
88.8

139.0
139.8
179.6
178.3
150.1
150.0
112.9
115.6

136.7
134.3
178.5
173.1
148.5
146.5
110.2
108.8

4.38
4.12
4.99
4.68
4.73
4.43
3.82
3.62

4.20
3.99
5.00
4.77
4.70
4.42
3.60
3.33
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Table 1.8 (continued)

(32 IR~ TN 8 )

o

. Average serum total cholesterol concentration, mg/d1.
. Average serum high-density lipoprotein concentration, mg/d1.
. Average serum triglyceride concentration, mg/dl.

. Average serum low-density lipoprotein concentration, mg/dl.

Cardiac risk factor, a ratio of TC to HDL.

. Total= all subjects in this group.
. High= subjects with their TC > 240 mg/d1 at the beginning of study.
. Medium= subjects with their TC 239 to 200 mg/d1 when beginning the

study.

. Low= subjects with their TC < 200 mg/d1 when beginning the study.
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Table I.9  Serum lipoprotein concentrations in subjects with both
exercise class and Lactobacillus treatment (double-blind in

vivo test).

TIME TRI’ TC? HDL3 LDL VLDL®>  RATIO®

GROUP-17" (n=48)

0-wk 111.7 200.1 48.1 129.5 22.3 3.85
6-wk 112.7 204.6 51.4 130.7 20.0 3.98
9-wk 100.0 202.5 50.9 131.6 20.0 3.98
15-wk 103.7 208.5 54.6 133.2 20.7 3.82
GROUP-27 (n=24)

0-wk 96.5 198.6 51.6 127.7 19.3 3.85
6-wk 102.5 205.0 54.3 130.3 20.5 3.78
9-wk 98.6 207.0 53.5 133.8 19.7 3.87
15-wk 104.4 208.1 57.2 130.0 20.9 3.64
1: Serum plasma triglyceride concentration (mg/d1).

2: Serum plasma total cholesterol concentration (mg/d1).
3: Serum plasma high-density Tipoprotein concentration (mg/d1).
4: Serum plasma low-density lipoprotein concentration (mg/d1).

5: Serum plasma very-low-density lipoprotein concentration (mg/d1).
6: Cardiac risk factor (TC/HDL).

7: Group-1 were treated with placebo tablets from Feburary to March and

Lactobacillus tablets from April to June. Group-2 had the opposite
treatment compared to group-1.



Figure I.1
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Mean lipoprotein concentrations in group 1 and group 2.
Group 1 received Lactobacillus tablets from February (F) to
March (M), and placebo tablets from April (A) to June (J);
vice-versa for group 2. TC: total cholesterol; HOL: high-
density lipoproteins; LDL: lTow-density lipoproteins;

1: group 1; 2: group 2.
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Figure 1.2
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Mean lipoprotein concentrations in group 1 and group 2.
Group 1 received Lactobacillus tablets from February (F) to
March (M), and placebo tablets from April (A) to June (J);
vice-versa for group 2. TRI: triglyceride; VLDL: very-low-
density lipoproteins; RATIO: TC/HDL; 1: group 1; 2: group
2.
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Figure I.3
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Total cholesterol concentrations before and after exercise.
(O : before exercise and following 15 minutes resting in
the sitting position; @@ : immediately after 45 minutes of

vigorous exercise.
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Side Effects.

There were no statistically significant differences of mean serum
lipoprotein concentrations for subjects who identified side effects
during the study period. About 15% of subjects who received the placebo
treatment in the first study period reported side effects and this
number decreased to 6% when they received Lactobacillus treatment in the
second period of the study. In the other group, about 21% of subjects
reported side effects when they received Lactobacillus in the first
period and the number decreased to 7% when the treatment changed to
placebo (Table I.10). The most common side effects reported were
flatulence (gas) and diarrhea (loose stool). For both treatments,
subjects reported less side effects during the second phase. Side
effects reported by subjects were almost the same for both groups in
both periods. Serum lipoproteins of subjects whose compliance was
higher than 90% showed no statistically significant differences, as was
also seen when evaluating all subjects.

Validity of Assay.

Thirty-seven blood samples were divided into two portions and
analyzed both on the day of collection and the day after. The TC
concentration did not vary much and no statistically significantly
difference occurred between these repeat measurements (Figure 1.4).
According to a comprehensive chemistry survey done in 1987 supported by
the College of American Pathologists (CAP), the Boehringer Mannheim
Diagnostics/Hitachi systems 704 (the method used to analysis subjects
blood samples) for measuring serum total cholesterol concentrations had

a standard deviation less than 3%. In addition, repeated testing of CAP



cholesterol standards during each analytical day of this study gave
reproductible results with a coefficient of variation of only 1.6%.

Thus, assay results were quite reliable.
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Table I.10 Side effects and compliance reported by subjects in both
Lactobacillus and placebo tablet treated groups.

SIDE EFFECTS FIRST 6-WEEK SECOND 6-WEEK
TREATMENT TREATMENT
PLACEBO  LACTOBACILLUS PLACEBO  LACTOBACILLUS
(group-2) (group-1) (group-1) (group-2)
TOTAL SUBJECTS 177 157 157 177
CONSTIPATION 5 6 2 1
(firm stool)
FLATULENCE 11 15 2 3
(gas)
DIARRHEA 10 9 6 4
(Toose stool)
STOMACH UPSET 1 3 1 2
TOTAL SIDE EFFECTS 27 33 11 10
% OF TOTAL SUBJECTS 15 21 7 6
COMPLIANCE' NUMBER OF SUBJECTS
100% 15 17 46 68
99 - 90% 99 84 50 64
89 - 80% 36 24 36 25
79 - 70% 9 11 9 8
<70% 18 21 16 12

1: Percent of tablets consumed based on the number which should be
consumed determined by counting the number of tablets returned. All
unconsumed tablets may not have been returned which would inflate
these compliance figures.



Figure 1.4
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Stability and storage effects on measured total cholesterol
(TC) concentration. (O : first day measurement of

individual TC (mg/d1); @@ : second day measurement of
individual TC (mg/dl).
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Generally, TC concentrations are a good reflection of LDL
concentrations and both have a significant relationship to coronary
heart disease. Epidemiologic studies show an inverse correlation
between HDL Tevels and coronary heart disease in populations with
relatively high levels of total plasma cholesterol. In those
populations, a 1% increase in HDL correlates with (on an average) a 5%
decrease in coronary heart disease risk (1). None of the large in vivo
study results reported herein suggest any significant effects for either
treatment. These findings are interesting in Tight of several reports
in the literature which suggest that lactobacilli can lower blood
cholesterol. Large individual variations did occur, with cholesterol
levels in some people increasing as much as 50 mg/d1 regardless of
whether the Lactobacillus or the placebo was received. In other people
cholesterol decreased as much as 50 mg/dl1 regardless of whether they
were receiving Lactobacillus or placebo. The majority of changes were
much smaller with the cholesterol changing less than 10 mg/d1 in about
one-half of the subjects. For example, at the end of the first placebo
treatment period the average TC change was 7 mg/dl with a standard
deviation of 20.4 mg/d1. Thus, although the average fluctuation in TC
was small, the individual biological variation was quite large
independent of treatment. The HDL changed an average of 3 mg/d1 with a
standard deviation of 7 mg/dl and TRI changed only about 5 mg/dl with a
standard deviation of 37 mg/d1 (Figures I.1 and I.2).

This is the first study where the number of participants consuming
Lactobacillus was sufficiently large (334 completed the study) to

prevent large individual variation from biasing the results. From the
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in vitro study, when these bacteria were maintained at about 10° cfu/ml

in the medium, they decrease cholesterol concentration substantially.
However, Robins-Browne and Levine (18) reported that orally fed 2X10°
viable L. bulgaricus and L. acidphilus (in equal proportions) do enter
the small intestine but elevated counts in jejunal fluids only persisted
for 3 to 4 hr and the number of viable Lactobacillus bacteria was only
10 cells. Other studies (18, 19) demonstrate that bacterial strains
which remain viable after passage through the human stomach may only
remain in the small intestine for several hours. It is difficult to
extrapolate the data reported herein involving 10° cfu/tablet to an
expected effect with dairy products. Sweet Acidophilus milk, for
example, contains at least 10° cfu/ml and will provide at least 3 to 8 x
10® bacterial cells/day if 250 to 750 ml are consumed. This is more
than 100 times the dose used in the current study, but such doses are
reported to not produce much change in the number of viable L.
acidophilus in the intestine (18, 19). A major consideration in the
choice of lactic acid bacteria to be used as possible hypo-
cholesterolemic agents may be to choose a strain or dosage form that
will allow establishment of large numbers of viable bacteria in the

digestive tract.
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INTRODUCTION

Lactobacillus acidophilus is one of the predominant lactobacilli
present in the intestine of humans and animals (1, 2). The ingestion of
lactic acid bacteria, which was initially proposed by Metchnikoff as a
means to reduce intestinal putrification and prolong 1ife (3), has been
extensively investigated as a beneficial dietary adjunct for
gastrointestinal disorders in humans and animals (4). More recently,
Lactobacillus therapy has been advocated for the prevention and
treatment of travelers’ diarrhea, a condition usually associated with
enterotoxigenic strains of Escherichia coli (5, 6, 7). Some workers
have shown a correlation between L. acidophilus consumption and a
decreased need for laxatives in constipated elderly people (8).
Gilliland et al. reported a significant hypocholesterolemic effect on
pigs using L. acidophilus (9). However, Lin et al. in the largest study
ever conducted of Lactobacillus effects on cholesterol in people (10),
demonstrated that oral lactobacilli had no significant cholesterol
reduction effects. This finding occurred in spite of the authors
deliberate use of a Lactobacillus mixture demonstrated to assimilate

cholesterol in vitro.

Many antitumor and anticarcinogenic properties of lactobacilli also
have been reported (11, 12, 13). In contrast to these reported
desirable effects, many investigators have concluded that oral
administration of lactobacilli is not helpful in the conditions
mentioned (14, 15, 16, 17, 18). Because of the Targe number of reports

at each end, as well as all along the spectrum of possible benefit, it
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seems most likely that the studies have been variable in the number of
viable lactobacilli delivered through and into the upper intestine.

This variation in "bioavailability" is well known in the pharmaceutical
and medical literature for drug products which are far easier to prepare
than oral dosage forms of lactobacilli.

Many commercial dried L. acidophilus containing products, claiming
to contain large numbers of viable L. acidophilus, are now available at
retail stores for use as dietary adjuncts for humans. However, many of
these products actually have very low numbers of viable L. acidophilus
(19, 20). The ineffectiveness of some dried acidophilus products in
counteracting GI tract maladies in humans could be related to these low
numbers of viable cells in these products (15). Although drying is used
as a means of preservation of bacterial cells, both drying and
subsequent storage are known to be lethal to a large fraction of the
cells, often resulting in > 99% kill of a given population (21). Freeze-
drying of microorganisms has been practiced commercially for more than
two decades. In a typical process, starter culture is frozen in liquid
nitrogen at -196° C, then subjected to vacuum drying for 12 to 16 hr to
yield freeze-dried starter culture with less than 1% moisture content
(22).

Unfortunately, the bacterial cells are likely to Tose viability
both during and after freeze-drying, and after digestion if taken
orally. Major factors that cause cell injury during drying are
summarized by Marth (23). Among them, cold shock, change of cell wall
permeability, and metabolic injury appear most important. For many

microorganisms, the stomach represents a hostile environment that can
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discourage bacterial growth or survival (24, 25). Several other
environmental factors also affect the survival of freeze-dried bacteria;
the type and concentration of the drying medium, the residual moisture
of the dried product, and oxidation are considered to be the most
important (26). The amount of water remaining after drying affects not
only the viability of bacteria but also the rate of loss of viability
during subsequent storage (27). The optimum residual moisture content
varies with the composition of medium used to suspend organisms, with
the storage atmosphere, and probably with the species and physiological
state of the organisms (28, 29, 30). It is important to choose an
appropriate suspending medium to increase the survival rate of
microorganisms during and after freeze-drying. Some low-molecular-
weight compounds such as sodium glutamate and aspartate are reported to
protect lactic acid bacteria during freeze-drying (31).

In addition to drying, microencapsulation of bacteria has also been
studied to increase shelf-life of cultures and increase durability of
the cells (32). There has been considerable interest during the last
decade in the immobilization of enzymes and cells. Immobilization is
usually carried out by one of the following procedures: 1) covalent
binding, 2) adsorption, 3) entrapment or microencapsulation, or 4)
cross-liking (33). Alginic acid is a naturally occurring polysaccharide
isolated from brown seaweeds and is a random copolymer of D-mannuronic
acid and D-guluronic acid. One of the most useful characteristerics of
alginates is the ability to form gels. A product is generally formed by
first adding bacterial cells as a suspension to an aqueous solution of

the gelling material. This material is then formed into droplets either
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by forcing it dropwise through a nozzle or orifice or by dispersing it
into a hardening liquid medium. The droplets are subsequently
stabilized with entrapped organisms via polymerization or other types of
crosslinking. For example, alginate droplets can be stabilized with
divalent ions such as Ca®*, and carrageenan droplets are crosslinked
typically with K*. Both of these materials interact reversibly with the
cation and tend to disintegrate when it is removed. The structure of
calcium alginate gels have been varyingly described as 1) porous
structures, 2) honeycomb-1ike structures with pores ranging in diameter
from 0.1 to 5 mm, 3) macroporous structures with pore diameters in the
order of 0.1 mm, and as 4) solid structures (34). Calcium alginate is
one of the most widely employed carriers for the immobilization of both
microbial cells and plant cells (35). Such immobilized preparations
have found use in three major areas: 1) for the production of
biotechnologically interesting substances, 2) in analysis, and 3) in
medicine (35).

Before Lactobacillus bacteria can be utilized as dietary adjuncts
to produce a therapeutic effect, those bacteria must pass through
stomach acidity and have a suitable transit time in the intestinal
tract. Robins-Browne et al. suspended Lactobacillus bacteria in skim
milk and studied the fate of ingested lactobacilli in the proximal small
intestine (36). They found only 10 to 10 cfu/ml in the small
intestine after ingesting 2X10® cells, and the transit time was about 3
hr in fasting subjects and 6 hr in nonfasting subjects. It has been
known that survival of lactic acid bacteria within the human stomach is

closely related to pH, which can vary largely among individuals. The
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ability of L. acidophilus NCDO 1748 to pass the human stomach was
studied by Pettersson et al. (37). After consuming 500 mi of
acidophilus milk which had 10° cfu/ml of bacteria, the number of L.
acidophilus was 107 cfu/ml in the lower small intestine, 1.5 hr after

consumption. In 1988, Kim et al. published an in vitro study of

polyvinyl acetate phthalate coated L. plantarum bacteria upon exposure
to simulated gastric fluids (32). After 6 hr treatment in this low pH
environment (pH = 2), survival of bacteria was maintained around 100%.
Uncoated L. plantarum bacteria had about 20% survival after 2 hr
exposure to this low pH stress. Recently, some researchers have placed
their emphasis on selection and preparation of resistant L. acidophilus
strains (38, 39, 40). Kleeman and Klaenhammer reviewed the need to
select strains that can survive and establish within an environment as
hostile as the gastrointestinal tract (38). Conway et al. reported that
the ability of various strains to survive in human gastric stomach and
to adhere to human ileal cell suspensions could be enhanced by 1% skim
milk (39). It seems feasible that if some minimum amount of
Lactobacillus bacteria (107 to 10® cfu/g) can pass through the human
stomach without being hurt, and then release quickly in the intestine,
desirable therapeutic effects of the bacteria may occur.

Objectives of this study were to develop a method for preparation
of a viable and stable, dry, microorganism-containing oral dosage form,
which can: 1) protect bacteria against the low pH environment of the
stomach, 2) have a shelf-life of about 2 years at room temperature, and
3) have about 108 cfu/dose. This product could be administered for the

conditions identified in the introduction to this paper.
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MATERIALS AND METHODS

Cultures.

Lactinex granules (Lot 1397) and Lactinex paste (Lot 4704 and 4762)
were both supplied by BBL Microbiology Systems (Cockeysville, MD).
These granules and paste contained equal portions of dried cultures of
Lactobacillus acidophilus and Lactobacillus bulgaricus. For fermented
evaporated milk cultures, overnight cultures of strains L. acidophilus
(ATCC 4962) and L. bulgaricus (ATCC 33409) grown in 11% non-fat dry milk
were used as starter.

Chemical Compounds.

Three antioxidants were used as received: (1) L-cysteine HCIl
monohydrate (LOT 95F-0614, Sigma), (2) sodium bisulfite (LOT 7444,
Mallinckrodt), and (3) d-a-tocopherol (LOT 16F-0666, Sigma) which
contained 1000 I.U./g vitamin E. Two different Tipophilic substances
were used to entrap bacteria: light mineral oil (density 0.83 g/c.c.)
and Hershey’s cocoa butter. Malt extract broth (Control 0113-01,
Difco), glycerol, monosodium glutamate, and polyvinylpyrrolidone (mw.
40,000) were used as stabilizers. Magnesium phosphate tribasic was used
as an internal pH neutralizer during cell propagation. Alginic acid
sodium salt (LOT 115F-0670, Sigma) is a biodegradable polymer which was
used to microencapsulate bacteria. The hardening agent was calcium
chloride dihydrate (Control 4152, Mallinckrodt). Polymers used for
coating were Aquateric (FMC Corp., PA), Aquacoat (FMC Corp., PA), and
Eudragit L30D (Rohm Pharma, GMBH). Substances used to plasticize

coating polymers were dibutyl sebacate (Lot 28F0389, Sigma), polyethlene
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glycol 6000 (Lot 70F0648, Sigma), diethyl phthalate (Lot 07710JW,
Aldrich), and triethyl citrate (Lot 00815LV, Aldrich).

Study-1. Effect Of Additives On Drying Lactobacillus Bacteria

Table II.1 is a 1list of formulations used in study-1. Three
different liquid phase combinations were investigated (water only, water
+ liquid oil, and water + solid o0il) for their influence on
Lactobacillus survival in study 1. For solid oil phase products, cocoa
butter was melted in a water bath with stirring and the temperature was
maintained close to 40° C. After the cocoa butter melted completely,
the temperature was lowered to 37° C, followed by variable addition of
other ingredients as identified by superscripts in Table II.1 (see
footnote to Table II.1). The water phase and remaining formulation
ingredients (Table 1) were mixed and kept in a ice bath with stirring.
With the temperature in water cooled to 4° C, the o0il phase (cocoa
butter) was poured into the water phase slowly to allow bacteria in the
0il to be trapped in solid oil particles formed by cooling and
suspending in the sodium alginate phase. Substances added into water or
mineral oil were blended in a commercially available blender. When
mixed with another phase (if any), stirring was continuous using a
magnetic stirring bar.

For formation of beads, mixtures were extruded from a 10 cc. plastic
syringe through a No. 20 G hypodermic needle. The syringe was attached
to a single drive Harvard infusion pump. Pump speed was altered often
to form uniform droplets at the tip of the needle, which then dripped

into a stirring 1 M calcium chloride solution. Calcium alginate beads



60
for formulae 35 to 41 were produced using a device which included a
stainless steel container with multiple extruder and an air compressor.
There were no beads formed for formulae which did not have sodium
alginate (formulae 25-27, and 39). Temperature of the calcium chloride
solution was controlled by using an ice bath when making bacteria
trapped in solidified cocoa butter. Calcium alginate beads were
collected and dried using air drying, freeze drying, or vacuum drying.
Freeze drying and vacuum drying were done by Oregon Freeze Dry Inc. and
air drying was done in a air hood at room temperature. Vacuum drying
conditions for formulae 35 and 36 were 60° F for the first day followed
by drying at 80° F for a second day with vacuum pressure between 120 and
130 torr. For formulae 37 and 38, vacuum drying conditions were changed
to 60° C for 4-8 hr at vacuum equal to 29 inches of mercury. For
formulae 39 to 41, vacuum drying conditions were 104° F overnight at
vacuum equal to 29 inches of mecury. Viability of Lactobacillus
bacteria was tested on MRS agar plates. Samples were dissolved
overnight in previously autoclaved phosphate buffer solution (pH close
to 7.4) and then blended before series dilution for plate counts.
Diluted sample solutions were spread on MRS agar plates and incubated at

37° C for two days.



Table II.1

Formulations in study-1 which were used to produce lactobacilli trapped in

gelled calcium alginate beads.

No. LACTINEX Na-Alg MALT GLY MSG PVP Mg,(PO,), CYS Vit-E Na-2S OIL BUTTER H,0 _DRYING
AD FD VD
1 5 2 100 +
2 5 2 25 100 +
3 5 2 5 12.5 1.5 0.1 90  +
4 5 2 5 100 +
5 5 2 3 12.5 1.5 90  +
6 5 2 3 12.5 100  +
7 5! 2 5" 12.5 1.5 0.1 41 90  +
8 5! 2 5" 12.5 1! 25 90  +
9 5! 2 25 100  +
10 5! 2 57 12.5 1.5 1! 41 90  +
11 5! 2 3 12.5 0.1 33 100+
12 5! 2 57 12.5 1.5 2.3' 41 90  +
13 5! 2 3' 12,5 1.5 0.1 25 90  +
14 51 2 3" 12.5 1.5 33 90  +
15 5! 2 3V 12.5 1.5 0.1 33 100 +
16 52 2 1.5 0.02 28 100+
17 52 2 1.5 0.02° 28 100+

19



Table II.1  (continued)

No. LACTINEX Na-Alg MALT GLY MSG PVP Mg,(PO,), CYS Vit-E Na-2S OIL BUTTER H,0 _DRYING

AD FD VD
18 52 2 1.5 0.1° 28 100 +
19 52 2 0.02° 28 100  +
20 52 2 3 1.2 0.1° 28 100 +
21 52 2 3 1.5 0.1 28 100 +
22 52 2 3 1.5 0.16° 28 100 +
23 52 2 3 1.5 2.5° 28 100 +
24 52 2 5 12.5 1. 2.2% 28 90  +
25 50 +
26 50 2.5 +
27 50 14 +
28 5.5 2 3 12.5 1.5 0.1 100 +
29 5.6 2 5 1.5 100 +
30 4.8 2 3 12.5 1.5 33 100 +
31 6.5 2 3 1.5 0.1 28 100 +
32 5.5 2 0.3 100 +
33 6 2 3 - 100 +
34 5.1 2 100 +
35 5.2 2 12.5 1.5 100 +
36 5.2 2 1.5 0.1 12 100 +

29



Table II.1 (continued)

No. LACTINEX Na-Alg MALT GLY MSG PVP Mgy(P0,), CYS Vit-E Na-2S OIL BUTTER H,0 _DRYING

AD FD VD
37 5 2 3 12.5 1.5 100 + + +
38 5 2 3 1.5 0.1 12 100 + + +
39 50 + +
40 15 2.5 3 3 3 1.5 8 100 + +
41 13 2.2 3 10 3 1.5 0.08 100 + + +

Amounts shown in this table are in grams.

LACTINEX: Lactinex granules or pastes (formulae 1 to 24 used Lactinex granules Lot 1397 and
formulae 25 to 41 used Lactinex pastes Lot 4704 and 4762, both provided by BBL).

Na-Alg: sodium alginate, low viscosity.

MALT: malt extract GLY: glycerol

MSG: monosodium glutamate PVP: polyvinylpyrrolidone (mw. 40,000)
CYS: L-cysteine HCI Vit-E: vitamin E

Na-2S: sodium bisulfite OIL: 1light mineral oil or cocoa butter

DRY: air-dry (AD), freeze-dry (FD), or vacuum-dry (VD)

1: substances were added into oil phase (1light mineral o0il) before mixing with water phase.
2. substances were added into oil phase (cocoa butter) before mixing with cold water phase.
+: indicates drying method employed.

€9



64
Study-2. Effect Of Additives On Lactobacillus Acidophilus And
‘ Lactobacillus Bulgaricus Grown In Evaporated Milk
This section contains experimental details for investigation of
growing the lactobacilli with a variety of additives, followed by also
varying additives post fermentation. The underlined section headings
(1-4) liét the fermentation media ingredients.

1. 1400 ml Evaporated Milk + 42 g PVP K-30 (polyvinylpyrrolidone) + 21

g Mg;(PO,), + 7.4 g Yeast Extract + 20 ml L. Acidophilus + 20 m] L.

Bu]géricus.
The medium was incubated with stirring in a walk-in incubator at
37° C for 15 hr. After fermentation, 1200 ml of the milk culture was
collected. 24 g of MSG (monosodium glutamate) and 30 g of sodium
alginate were added into this fermented milk. The pH of this alginate-
fermented bacterial mixture was adjusted to 7.0 with 1 N NaOH and
combined as follows:
la. No extra treatment (0% whey).
l1b. 100 g whey powder added into 400 ml of the alginate
bacterial mixture (20% whey). The shape of gelled calcium
alginate product produced by this mixture after extrusion
from the needles was a string instead of spheres.

lc. 100 g whey powder was mixed into 200 ml of the alginate
bacterial mixture (33% whey). Calcium alginate beads were
not produced for this formula.

ld. 40 ml mineral oil was mixed with 400 ml of the alginate
bacterial mixture (10% v/w 0il). This mixing produces an

‘oil-in-water emulsion. Gelled calcium alginate beads or
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strings were collected after 1 hr or 12 hr "soaking" in the
1 M calcium chloride solution. Samples were dried by either
freeze drying or vacuum drying.

2. 1000 ml Evaporated Milk + 0.5 g Yeast Extract + 15 g Mq;(PQ,), + 20

ml L. Acidophilus + 20 ml L. Bulgaricus.

The medium was incubated for 15 hr with stirring at 37° C in a
walk-in incubator. After fermentation, the pH was adjusted to 7.0 with
1 N NaOH. 15 g trimagnesium phosphate, 20 g MSG, and 20 g sodium
alginate were added into this fermented milk culture and combined as
follows:
2a. No extra additives.
2b. 170 g whey powder was mixed with 170 m]l alginate bacterial

mixture (50% whey).
2c. 15 ml mineral o0il was mixed with 150 ml alginate bacterial
mixture (10% v/w 0il) to produce an oil-in-water emulsion.
2d. 3 g PVP K-30 was mixed with 150 m1 alginate bacterial
mixture (2% PVP).
2e. 4 g PVP K-30 + 200 g whey powder were mixed with 200 mi
alginate bacterial mixture (2% PVP + 50% whey).
2f. 3 g PVP K-30 + 15 ml mineral oil were mixed with 150 ml
alginate bacterial mixfure (2% PVP + 10% v/w 0il).
Alginate bacterial mixtures (except formulae 2b and 2e) were dripped
into 0.5 M calcium chloride solution and kept at 4° C for 10 hr.
Samples were collected and then dried using either freeze drying or

vacuum drying.
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3. 1400 ml Evaporated Milk + 21 g Mg,(PO,), + 7 g Yeast Extract + 14 ml

L. Acidophilus + 14 ml L. Bulgaricus.

The medium was fermented either at 33° C for 20 hr or 37° C for 15
hr using a computer controlled fermentor (nicknamed "Oscar" in our
laboratory) which can control pH and temperature automatically. NH,OH
was used as external neutralizer to maintained pH = 5.0. The sodijum
alginate solution contained 44 g sodium alginate, 20 g Mg;(PO,),, 40 g
MSG, 30 g PVP K-30, and 800 ml water. 400 ml of sodium alginate mixture
was mixed with 700 m1 fermented milk (from either 33° C or 37° C
fermented milk culture). The alginate bacterial mixture was dripped
into 0.5 M calcium chloride cooled in an external ice bath. Samples were
collected after 1 hr or 12 hr soaking in calcium chloride solution and
tested for viability of Lactobacillus bacteria after being freeze dried

or vacuum dried.

4. 2000 ml Evaporated Milk + 10 g Yeast Extract + 30 g Mg (PO ), + 40

ml_ L. Acidophilus + 40 m] L. Bulgaricus.

The medium was fermented at 33° C for 33 hr or 37° C for 24 hr
using the Oscar fermentor and using NH,OH for continuous external
neutralization (pH = 5.0). Treatments of 37° C or 33° C fermented milk
culture were:
4a. 400 ml fermented milk culture was mixed with sodium alginate

solution which contained 12 g sodium alginate, 9 g PVP, 9 g MSG, 6
g Mg;(PO,),, and 200 ml water. 0.5 M calcium chloride solution
with or without 1.5% of PVP + 1.5% MSG was used as hardening
agent. Samples were collected after 0.5 hr in calcium chloride

solution and were freeze dried or vacuum dried.
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4b. The formula was almost the same as in 4a except one extra additive
(12 g malt extract) was added into the sodium alginate solution.
4c. Besides those additives in 4a, other ingredients were also added
into sodium alginate solution: 12 g malt extract, 0.6 g cysteine

and 70 ml mineral oil. The calcium chloride solution contained 2%
each of PVP, MSG, and malt extract. Some calcium alginate beads
were air dried in the hood for 3 hr before being freeze dried or

vacuum dried.

Study-3. Effect Of Enteric Coating On Lactobacillus Bacteria Survival

1. 2100 ml Evaporated Milk + 10 g Yeast Extract + 30 g Mg,(PO,), + 42

ml_L. Acidophilus + 42 ml L. Bulgaricus.

The medium was fermented for 20 hr at 37° C using the computer
controlled fermentor (Oscar). pH was controlled to remain at 5.0 with
NH,OH. Sodium alginate solution (contained 30 g Malt extract, 22.5 g
MSG, 22.5 g PVP K-30, 15 g Mg5(PO,),, 150 ml mineral oil (forms an oil
in water emulsion), 30 g sodium alginate, and 500 ml water) was
autoclaved before being mixed with 1000 m1 fermented milk culture. The
pH of fermented milk culture was adjusted to 6.2 using 3 N NaOH before
mixing. 0.5 M calcium chloride solution containing 1.5% of MSG + 1.5%
PVP K-30 + 2% Malt extract (protectives) was used as hardening agent.
This is referred to later as a "mass balance" hardening solution because
the concentration of "protectives" inside and outside the beads is
equal. Calcium alginate beads were collected after 1 hr in calcium
chloride solution and dried by freeze drying or vacuum drying. Only the

freeze dried product (moisture content = 7%) was used for enteric
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coating because the vacuum dried product had about 26% moisture. A

STREA-1 spray coater (Aeromatic Corp.) + modified fluid bed dryer was

used for coating.

Enteric coating conditions:

Treatment

Polymer

Plasticizer

Spray coating conditions

sealing coat

(3% coat)

enteric coat
3% coat
6% coat
9% coat
12% coat

(pH adjusted)

Aquateric 35% DBS +

Eudragit L30D 30% PEG +
3% Talc

5% tween 80

air inlet = 15 psi
liquid inlet = 3 ml/min
Temp = room Temp.
blower = 4

nozzle size = 0.8 mm

air inlet = 10 psi

liquid inlet = 3 ml/min

Temp = 30° C
blower = 5
nozzle = 1.2mm mm

Coated samples were tested for viability of Lactobacillus bacteria after

treatment with simulated gastric fluid (pH = 1.5) for 2 hr at 37° C

using a USP dissolution apparatus, basket method at 75 rpm.
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2. 2100 ml Evaporated Milk + 10 g Yeast extract + 30 g Mg, (PO ), + 42

ml L. acidophilus + L. bulgaricus.

The medium was fermented for 20 hr at 33° C in the computer
controlled fermentor and pH was controlled to remain at 5.0 using NH,OH.
Sodium alginate solution (containing 22.5 g MSG, 22.5 g PVP K-30, 15 g
Mg;(PO,),, 30 g sodium alginate, and 500 ml water) was autoclaved before
mixing with 1000 m1 fermented milk culture (same as 1 above except there
is no mineral oil, and fermentation was at 33° C rather than 37° C). pH
of this fermented milk culture was adjusted to 6.6 using 3 N NaOH before
mixing with sodium alginate solution. 0.5 M calcium chloride solution
(containing 1.5% MSG and 1.5% PVP K-30) was used as harding agent.
Calcium alginate beads were collected after 1 hr in calcium chloride
solution. Only the freeze dried product (moisture content 5%) was used
for enteric coating because the vacuum dried product had 23% Moisture.

Enteric coating conditions:

Treatment __Polymer Plasticizer Spray coating conditions
sealing coat Aquateric 35% DEP + air inlet = 15 psi
(3% coat) (pH adjusted) 1% tween 80 fluid inlet = 6 ml/min
Temp = 40° C
Blower = 4

nozzle size = 0.8 mm

enteric coat Aquateric 35% DEP + air inlet = 10 psi

10% coat 1% tween 80 fluid inlet 3 ml/min
15% coat Temp = 40° C

20% coat Blower = 4
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30% coat nozzle size = 1.2 mm

Coated samples were tested for viability of Lactobacillus bacteria after
2 hr in simulated gastric fluid (pH = 1.5). A USP dissolution apparatus
was used in this study (basket method, 75 rpm, 37° C).

3. 2100 m] Evaporated Milk + 10 g Yeast extract + 30 g Mq,(PO,), + 42

ml L. acidophilus + 42 ml L. bulgaricus.

The medium was fermented for 20 hr at 33° C in the fermentor and pH
was controlled to remain at 5 using NHOH. Sodium alginate solution (10
g MSG, 10 g PVP K-30, 10 g Mg;(PO,),, 30 g sodium alginate, and 500 mI
water) was autoclaved before mixing with 1000 ml pH adjusted fermented
milk culture (pH = 6.5). 0.5 M calcium chloride solution containing 2%
of MSG + PVP K-30 was used as hardening agent. Calcium alginate beads
were collected after 2 hr in calcium chloride solution and washed with
deionized water for one minute. Conditions for vacuum drying were 6 hr
at 60° C, and then some of this vacuum dried product was also freeze
dried. Both freeze dried and vacuum dried products were used for
enteric coating. The moisture content was 4% for both products.
Coating conditions:

A. Vacuum dried product

Treatment Polymer Plasticizer Spray coating conditions
sealing coat Aquacoat 15% DBS + air inlet = 15 psi
(3% coat) 15% TEC fluid inlet = 6 ml/min

Temp = 40° C.



enteric coat
3% coat

6% coat

9% coat

12% coat
20% coat

Eudragit L30D 30% PEG +
6% Talc

B. Freeze dried product

Treatment
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Blower = 4

nozzle size = 0.8 mm

air inlet = 20 psi
fluid inlet = 6 ml/min
Temp = 40° C.

Blower = 5

nozzle size = 0.8 mm

Spray coating conditions

sealing coat

(6% coat)

enteric coat
5% coat

10% coat

15% coat

20% coat

Polymer Plasticizer
Aquacoat 15% DBS +
15% TEC

Eudragit L30D 30% PEG +
1% Talc

air inlet = 10 psi
fluid inlet = 6 ml/min
Temp = 40° C.

Blower = 3

nozzle size = 0.8 mm

air inlet = 15 psi
fluid inlet = 6 ml/min
Temp = 40° C.

Blower = 5

nozzle size = 0.8 mm

Samples were tested in simulated gastric fluid for 1 hr or 2 hr at 37°

C. (75 rpm, basket method).
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4. Enteric coating of lactinex aranules (Lot: 1411)

Lactinex granules were sieved using No. 28 mesh sieve, and only
those which did not pass the sieve were used. These granules were
directly coated with Eudragit L30D at different percentages, from 5 to
35%. The coating solution was plasticized with 15% DBS and 15% TEC, and
stirred for one hour at room temperature before application. The
coating conditions were: air inlet = 10 psi, fluid inlet = 5 ml/min,
temp. = 40° C, blower = 5, and nozzle size = 0.8 mm. No sealing coat

was applied in this enteric coating of Lactinex granules.

Study-4. Survival Lactobacillus in Enteric Coated Mini-Tablets.

1. 1000 ml MRS medium + 3 g Lactinex granules (Lot: 1399).

The medium was incubated at 37° C. with stirring for 24 hr in a
walk-in incubator. The "MRS Cell culture" was then concentrated to 100
ml usfng a Minitan filter (Millipore). Corn starch (20 g) was added and
allowed to hydrate in this concentrated bacterial culture for 24 hr at
4° C. Lactobacillus mini-tablets were made by mixing 4 g MSG, 4 g PVP
K-30, 100 g whey powder, and 110 g flour into this starch-MRS mixture,
and then hand pressed on tablet triturate plates to produce tablets with
diameters about 5 mm. These mini-tablets were rounded by tumbling in a
closed container. Vacuum dry conditions were: Temp = 50° C., vacuum =

29 inches of Hg, time = 5 hr.
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Enteric coating conditions:

Treatment Polymer Plasticizer Spray coating conditions
sealing coat Eudragit L30D 15% DBS + air inlet = 20 psi
(2% coat) (pH adjusted) 15% TEC fluid inlet = 4 ml/min
Temp = 40° C.
Blower = 7

nozzle size = 0.8 mm

(without Wurster column)

enteric coat Eudragit L30D 15% DBS + air inlet = 20 psi

5% coat 15% TEC fluid inlet = 5 ml/min
10% coat _ | Temp = 40° C

15% coat Blower = 8

nozzle size = 0.8 mm

-{without Wurster column)
Dissolution of coated mini-tablets was conducted only in simulated
gastric fluid at pH = 1.3 for 2 hr (basket method, T = 37° C and rpm =
75).

2. 2100 ml Evaporated Milk + 10 g Yeast Extract + 30 g Mg,(PQ,), + 40

ml Lactinex strains (Lot 1397).

The medium was fermented for 20 hr at 37°C in a computer controlled
fermentor and the pH was controlled to remain at 5 using NH,OH. 800 ml
of fermented milk culture was used and the pH was adjusted to 6.5 using
3 N NaOH, and then cooled in an ice bath and concentrated to 390 ml

using a Minitan ultra-filtration system. 14 g MSG, 14 g PVP K-30, 7 g
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Mg;(P0O,),, 350 g whey powder and 35 g corn starch were added and allowed
to hydrate in this concentrated bacterial culture for 24 hr at 4° C.
Lactobacillus mini-tablets were made by mixing 300 g flour with this
mixture, and hand pressed on a tablet triturate plate to produce tablets
with diameters about 5 mm. These mini-tablets were rounded by tumbling
in a closed container. Vacuum drying conditions were: Temperature =
50° C, vacuum = 29 inches of Hg, time of 5 hr.

Enteric coating conditions (without using Wurster column):

Treatment Polymer Plasticizer Spray coating conditions
sealing coat Eudragit 15% DBS + air inlet = 25 psi
2% coat L30D 15% TEC fluid inlet = 4 ml/min
(pH = 5.2) Temp = 40° C
blower = 7
nozzle = 0.8 mm
enteric coat Eudragit 15% DBS + air inlet = 20 psi
5% coat L30D 15% TEC fluid inlet = 5 ml/min
Temp = 40° C
blower = 7
nozzle = 0.8 mm

Dissolution of coated mini-tablets was conducted in both simulated
gastric fluid (1000 m1, pH = 1.3) and simulated intestinal fiuid (1000
ml, pH 7.4), basket method at 37° C with rpm = 75. The moisture content
in these vacuum dried mini-tablets was 1.5%, determined by measuring the
difference of weight loss before and after 4 days oven-drying (with air-

flow) at 55° C.
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3. 2100 ml Evaporated Milk + 10 g Yeast Extract + 30 g Ma,(PO,), + 40

m] lactobacillus Mixture (Lot 1397).

600 ml1 of fermented milk culture was used, and concentrated to 450
ml using the Minitan ultrafiltration system. 45 g corn starch, 450 g
whey powder, 9 g MSG, and 9 g PVP K-30 were mixed with this concentrated
mi]k'cu1ture, and allowed to hydrate for 5 hr at 4° C. Lactobacillus
mini-tablets were made by mixing 300 g flour with this mixture, and hand
pressed on a tablet triturate plate to produce tablets with diameters
about 5 mm. These mini-tablets were rounded by tumbleing in a closed
container. Different vacuum drying times were applied to these mini-
tablets to study the effect on bacteria survival. The conditions for
vacuum drying were Temperature = 50° C, Vacuum = 29 inches of Hg, Time =
2, 3, 4, or 5 hours. Each batch of dried mini-tablets was spray coated
with Eudragit L30D. The coating conditions were almost the same as in 2
(study-4), except the fluid inlet was changed to 4 ml/min when doing the
5% enteric coating.

4. 100 g Whey Permeate + 30 g Casein Hydrolysate + 10 g Trptone + 20 g

Yeast Ectract + 2 ml Tween 80 + 0.045 g MnSO, + 20 g Mg.(PO,), + 40 ml

Lactobacillus Mixture (Lot 1397).

Medium was fermented for 21 hours at 37° C. NH,OH was used to
maintain pH around 5, and the final pH of fermented medium was adjusted
to 6.3 using 3 N NaOH. 800 ml of this fermented medium was concentrated
to 100 ml using the Minitan system. 50 g whey powder, 50 g microc-
crystalline cellulose RC-581 (from FMC, Co.), 3 g MSG, 3 g PVP K-30, and
30 g flour were added and mixed into this concentrated medium. Mini-

tablets were prepared after 20 minutes of mixing. Procedures for making
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mini-tablets, vacuum drying, and enteric coating were almost the same as
in 2 (study-4), except the vacuum drying time was changed to 3 hours

ihstead of 5 hours.
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RESULTS AND DISCUSSION

Study-1
Immobilization of whole cells in calcium alginate is mild and easy.

It has been reported that the viability of Pseudomonas dentrificans

trapped in calcium alginate beads was 80-85% in phosphate buffer
solution (41). Garde et. al. found that after immobilization of
Rhodopseudomonas capsulata in calcium alginate beads, there was one
bacterium per cavity which increased to 8-12 bacteria after 24 hours of
incubation (42). For lactic acid bacteria like L. helveticus, the
number of living lactic acid bacteria cells was about 3.0X107 to 8.9X10’
/g9 calcium alginate beads, which increased to 1.2x108 /9 beads after 20
days fermentation in milk (43). Calcium alginate beads can be dissolved
using calcium chelating agents such as phosphates and citrates. The
calcium alginate beads made in study-1 were soaked in phosphate buffer
solution (pH 7.4+0.1) overnight and blended to ensure that beads were
completely dissolved. During overnight soaking the beads swell to
several times the size of their dry state. Plate counts (cfu/g) in the
column "WET" in Table II.2 are the number of Lactobacillus bacteria
trapped inside the wet calcium alginate beads. Results show that
bacterial numbers were very stable after suspending Lactinex in sodium
alginate solution and then forming into calcium alginate beads.
Micfoencapsulated Lactobacillus bacteria coated with sodium alginate
reportedly showed a 40-fold increase in stability compared to uncoated
particles after 15 days of storage at 22° C (32).

There were three different basic types of Lactobacillus bacterial
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preparations in study-1: bacteria were suspended in either water, 1liquid
mineral oil, or a solidified o0il phase (cocoa butter). In this early
study, viable cell counts were measured but mass balance of cells was
not determined. Some cells are lost in product preparation and the
percentage recovery was not calculated. Effect of additives on viability
of bacteria during air drying was determined by comparison of actual
plate count numbers (cfu/g) compared to a control.

Product formulations for study-1 are in Table II.1 and results are
shown in Table II.2. When Lactinex cells were suspended in the water
phase, addition of mineral o0il to form an emulsion did not improve
survival during air drying (compare formula 2 with formula 1 in Table
I1.2). Malt extract addition into the water phase stabilized the
Lactinex bacteria to 3 hours of air drying (compare formulae 3-6 to
formula 1). Glycerol (10% v/v) in the alginate solution did not provide
additional benefit compared to malt extract without glycerol after 3
hours of air drying (compare formulae 4 and 6). This is interesting
sinte glycerol is considered by many researchers to be an absolute
requirement for good survaa] during freezing and freeze-drying. A
mixture of neutralizer (Mg;(PO,),), cryoprotectant (glycerol) and malt
extfact with or without antioxidant (cysteine) did help protect
Lactobacillus bacteria against air drying (compare formulae 3 and 5 to
formula 1); but most of these additives were not necessary as formula 4
(malt extract) was equally good compared to formulae 3, 5, and 6.

For formulae 7-15, bacteria were suspended in oil before being
mixed with the water alginate phase. It was hypothesized that mineral

0il might form a barrier between the Lactinex granules and water, and
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thus protect bacteria during drying. When using only mineral oil, the
decrease of cfu/g was still too rapid (formula 9). The decline in
viable cfu/g could only be changed by adding more substances into either
the oil phase or watef phase (formulae 7-8 and 10-15). When cysteine
was added into the oil phase and trimagnesium phosphate in the water
phase (formulae 7 and 15), the protection was decreased compared to
having cysteine in the wafer phase (formula 13) or without trimagnesium
phosphate (formula 11). Using other antioxidants Tike sodium bisulfite
or vitamin E instead of cysteine gave about equivalent results during
air drying (compare formulae 10 and 12 to formula 13). |

When cocoa butter has been melted slowly below 40° C, it solidifies
when the temperature is 1owered to room temperature (25° C), and then
wi]] not melt again until the temperature reaches 37° C. This
chékacteristic of cocoa butter was,uti]jzed to trap bacteria in a
solidified oil phase. Cocoa butter was used in formulae 16-24 and 31 to
hold bacteria inside a solidified oil phaSe. However, cocoa butter
without additives did not protect Lactobacillus bacteria against oxygen
flow any better than mineral oil without additives during air drying.
When both cysteine and trimagnesium phosphate were added into the solid
oi],phasé (cocoa butter) the cfu/g decreased faster during the first 2
hour§ (formulae 17, 18, 20, and 22) compared to including only cysteine
in the solid oil phase (formula 19) or both cysteine and trimagnesium
phosphate in the water phase (formula 21). The outcome was almost the
same as occurred when using mineral o0il as a vehicle. The undesirable
effect of combining trimagnesium phosphate and cysteine in the oil phase

was altered by putting cysteine in the solid oil phase and trimagnesium
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phosphate in the water phase (formula 21).

Formulae 25 to 27 were the first products freeze dried. They
contained Lactinex paste mixed with other protectants (no sodium
alginate). The % recovery of viable bacteria was almost the same for
these three formulations, suggesting that neither 5% glycerol nor 22%
malt extract were necessary or effective protectants to help
Lactobacillus bacteria survive during freeze drying when already
formulated as Lactinex paste. After dilution of the Léctinex paste with
water, the % recovery was less than 10% for freeze dried products except
those which had malt extract MSG, and PVP K-30 in the formulation
(formulae 28 to 41). The effect of these additives on viability of
Lactobacillus bacteria agéinst freeze drying was significant when
compared to other additives. The current high solids Lactinex paste
prepared by BBL affords excellent protection during drying when compared
against diluted products. Diluted products require additives, and
dilution is necessary to form.ca]cium alginate beads. Lowering the
temperature for vacuum drying, and increasing the drying time, did not
increase the survival of Lactobaéi11us bacteria (formulae 35 and 36).

Among environmental factors affecting the survival of air dried,
freeze dried or vacuum dried bacteria, the type and concentration of the
drying medium, the residual moisture of the dried product, and oxidation
are considered to be the most important to increasing survival rate of
microorganisms during and after drying. In 1959, Ota studied the effect

of drying medium on preservation of L. bifidus (Bifidobacterium

bifidum). He found the best survival of L. bifidus was obtained with

sodium glutamate, and next best with skim milk (26). After that, in
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196i, Ota and coworkers also found that with 3% sodium glutamate and 3%
PVP'fn the drying medium, the effect-to stabilize bacteria against heat
was bétter than other combinations or sodium glutamate alone (26). 1In
formulae 40 and 41 which contained MSG and PVP in alginate beads; the
results also show that thé combination of additives ﬁas the best among
the formulations tested.‘ In this combination, both freeze dried and
vacuum dried products‘had more than 25% recovery of viable cells from
diluted cells compared to very low recovery for the others.

v-The sublimation rate of water, when drying a baéteria] product,
reportedly decrease as the concentrat%on of~sodium’g]utamaté increases,
and does not decrease with 1ncre§sing concentration of PVP (26). The
protective effect of glycerol on Tactic acid bacteria subjected to
freeie drying was examined by Valdez et al. (44). They found that the
effect of glycerol to protect lactic acid bacteria varied from strain to
strain. For L. bu]gariéus, the effect of glycerol and sodium glutamate
were less than for cysteine as a protectant against freeze drying (45).
Bozoglu.et al. demonstrated superior survival and less injury for L.
acidophi]u s with 5% glycerol in suspending medium before freeze drying
(46). From the results in study 1, it is difficult to draw definite
conclusions for glycerol, cyste1ne and 011 as cryoprotective agents to

protect bacteria against freeze drying.
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Effect of additives on drying Lactobacillus bacteria

trapped inside calcium alginate beads.

FORMULA®

No.

MRS PLATE COUNT (cfu/g) RECOVERY®

%

WET

AIR DRY

(hr)

- FREEZE DRY VACUUM DRY  FD VD

10

11

12

.0X10°

.9x107

.6X107

.7X107

.9x10°

3.8x10%

6.5X10°

.3x10°

.0x107

.9X107

<10

7.2X10°
<10
<10*

5.5X107
4.7X107
4.0X107
5.4X107
5.2X107
4.8X107
6.2X107
3.4X107
7.0X10°
6.9X10°
1.3X10°
8.8X10°
5.4X10°
6.3X10°
4.0x10°
7.4X10°
2.6X10°
2.0X107
1.8x107
1.3X107
1.8X107
2.1Xx107

(12)
(1)
(2)
(3)
(1)
(2)
(3)
(3)
(1)
(2)
(1)
(3)
(1)
(2)

(Note:

Freeze Dry and % Recovery
data begin with formula 25;
Vacuum Dry data begin with
formula 35.)
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Table II.2 (continued)
FORMULA® MRS PLATE COUNT (cfu/q) RECOVERY?
| %
No. WET AIR DRY (hr)  FREEZE DRY  VACUUM DRY FD VD
13 JX10% 0 1.3X107 (1)
1.4X107 (2)
14 .2X107  1.7X107 (1)
4.9X10° (2)
15 .2X107  1.4X107 (1)
1.2x10% (2)
16 .5X10%  4.7X10° (1)
' 2.3X10° (2)
<10  (3)
17 .5X10%  2.0X10° (1)
1.6X10° (2)
<10*  (3)
18 L4X107  9.4X10° (1)
7.3X10° (2)
1.5X10° (3)
19 .0X10”  1.6X107 (3)
1.2X10° (5)
20 L4X107  4.8X10° (1)
1.4X10° (2)
8.2X10° (3)
21 .5X107  1.7X107 (1)
1.5X107 (2)
| 1.1x10% (3)
22 .2X107  1.4X107 (1)
7.4X10% (2)
_ 4.9X10° (3)
23 .5X107  1.2x107 (1)
6.7X10° (2)
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Table I11.2  (continued)
FORMULA® MRS PLATE COUNT (cfu/g) RECOVERY®
' %
No. WET AIR DRY (hr)  FREEZE DRY  VACUUM DRY FD VD
24 2.8X107  2.0X107 (1)
1.8X107 (2)
25 9.6X108 -- 2.4X108 -- 25
26 9.1X108 -- 2.6X10° -- 29
27 7.5X10® - 1.9x108 -- 25
28 2.3X107 -- 4.6X10° -- 0
29 3.3X107 -- 2.0X10° - 0
30 5.4X107 -- 3.1X107 -- 2
31 4.5X107 -- 1.3X107 -- 8
32 7.3X107 -- -- --
33 8.2X107 - 1.9X10° -- 0
34 5.5X107 -- 3.7x10° -- 0
35 2.3X107 -- -- <10%
36 2.9X107 - -- <10
37 2.1X107 <10 2.2X10° <10 2
38 3.6X107  1.2X10° (6) 3.9X10° <10* 0
39 4.5X108 2.6X10° 2.9X107 58 6
40 5.4X10°  4.5X10° (4) 9.4Xx107 8.1X107 50 43
41 6.2X107  3.5X10° (4) 7.6X107 8.0X10° 28 29

WET: Samples were collected as soon as the calcium alginate beads

formed.

FD: freeze drying

VD: vacuum drying
a: see TABLE 1.
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Table II.2 (continued)

b: The percentage of recovery was calculated base on the ratio of cfu/g
in freeze dried or vacuum dried product vs "theoretical Lactobacillus
cfu/qg after drying in the formulation". In this calculation, the water
content before and after freeze drying or vacuum drying was assumed to
be 100% and 0% remaining, respectively. For example, in formula 30 the
total solid content was (4.8 + 3 + 1.5 + 10X1.25 + 2 + 40X0.83) = 55.5
g, and the total weight (including wt. from water) was 155.5 g. The
value in column "WET" (5.4X107) X 155.5/55.5 = 15.1X107/g represented
the cfu/g which should be obtained after drying, theoretically. The
ratio of cfu/g from dried product vs the theoretical.cfu/g would be %
recovery. That means the % recovery of freeze dried product in formula
30 was 2%.
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Study-2

Survival results for Lactobacillus bacteria grown in our laboratory
in evaporated milk and dried by freeze drying or vacuum drying are given
in Table II1.3. The cfu/g of lactobacilli grown in flasks with pH
adjusted after fermenfion were similar to those grown in a computer
controlled fermentor with external continuous neutralization using
ammonium hydroxide during fermentation (formula ingredients are given in
the Materials and Methods section, study 2, for Table II.3 data). 1In
study-2, the evaporated milk cultures reached pH < 5 after fermentation
in flasks (formulae la-2f), and were neutralized to pH 6.2-6.6 prior to
formu]dtion and drying. This was to help prevent acid injury of
lactobacilli after formation into calcium alginate beads and either
freeze drying or vacuum drying.

It was expected that continuous neutralization during computer
controlled fermentation would produce Lactobacillus numbers higher than
without neutralization. The essentially equivalent cfu/g, independent
of fermentation method, (see "WET" column in Table II.3) was surprizing.
It was observed by Peri and Pompei that yogurt spray dried after
neutralization gave ten times higher survival than unneutralized yogurt
(47). Others have also suggested neutralization or pH adjustment of
ferménted milk before spray or vacuum drying (31, 48, 49, 50).
Approximately 10° cfu/g of viable cells were reported in spray dried
cultures of L. acidophilus and L. helveticus with pH adjusted to 6.5
followed by addition of ascorbic acid and monosodium glutamate prior to
drying (31).

It is interesting to note that a protective effect against freeze
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drying occurred with longer soaking of calcium alginate beads in calcium
chloride solution (la, 1d, and 3-33° in Table II.3). This difference
was minimized when 20% whey powder was included in the formulation
(formula 1b, Table II.3). This "high solids" product (formula 1b) gave
excellent survival which is consistent with the findings of study 1. It
was, however, impossible to form a]ginate‘beads from this high solids
mixture. Wright and Klaenhammer demonstrated that the presence of
calcium in MRS medium protected L. acidophilus NCFM and L. bulgaricus
from freezing death and injury (51). The specific role of calcium in
protecting Lactobacillus bacteria against freeze drying is unknown.
Fontana et al. observed that the accumulation of divalent cations
appeared necessary for the peptidoglycan of Klebsiella pneumoniae to
acquire sufficient rigidity for shape determination and cell protection
(52). Increased survival of L. bulgaricus was accompanied by a
morphological transition of the bacterial cells to bacilloid state (53).
Hurst and Stubbs found that growth initiation of Streptococcus lactis
involved structural and permeability changes requiring calcium (54).

With mass balance of major protectants (monosodium glutamate, PVP K-
30, and malt extract) obtained by placing the protectants in both the
sodium alginate solution and in the calcium chloride solution, the
survival of lactobacilli increased (4a-37° to 4b-33°, Table II.3).
Also, Tactobacilii fermented at 33° C with continuous neutralization,
survived better during freeze drying compared to when fermented at 37° C
(4a and 4b, Table II.3). Pretreatment with 3 hours of air drying before
freeze drying was fatal to the bacteria even though additives were in

the formulations, plus a mass balance of additives in each solution was
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used (4c, Table II1.3). Beads which are air dried shrink and become
hard,-WHich is very helpful for coating.. Freeze dried bead$ are porous
and fragile, and very difficult to spray coat. Thus, the failure of the
bacteria in beads to survive air drying'fq11owed by freeze drying
blocked one avenue of producing beads easy to spray coat.

The percentage recovery was usually higher for freeze drying
compared to vacuum drying (Tab]es IT1.2 and II.3). L. acidoghi]us cells
surviving freeze drying, and reportedly became sensitive during vacuum
drying to oxgall and lysozyme, prbbably from damage to the cell wall
(21). The dried cells, especfa]]y from vacuum drying, also became
sensitive to NaC] and permeable to orthonitrophenol beta-galactoside
from damage to the cytoplasmic membrane (21). Brenﬁan et al. also found
that L. acidophilus strains wére susceptible to drying, with vacuum
drying being more lethal than freeze drying (19). In the ;urrent study,
a vacuum dried product was prefered because the resultant beads were
sma11er, harder and less porous, making them easier to coat.

Table II.4 summarizes the effects of additives as a % of
fermentation medium (same data as Tables II.2 and II.3) on Lactobacillus
bacteria survival after freeze drying or vacuum drying. When the
initial bacteria loading was 107 cfu/g, and the product contained 2.2%
malt extract survival was greater than 25% (formulae 40 and 41 in Table
I1.4). Reduction of PVP to 1;1%, and omitting oil and Mg;(PQ,), from
formula 40, resulted in a decreased protection of about 2-fold.

However, the actual number of bacteria per gram in dried calcium
alginate beads was almost the same due to the decreased dilution effect

with less additives. For direct coating, beads without o0il are
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preferred as the oil has a tendency to "leak" from the beads making them
difficult, or impossib]é to coat.

When the loading was increased to 108 cfu/g in alginate beads,
addition of 2% MSG and PVP did not help protect Lactobacillus bacteria
against freeze drying or vacuum drying (la, 1d, and 2d ianab1e 11.4).
This result is consistent with Obayashi et al. They found the»optima]
concentration of sodium glutamate was dependent on bacterial
concéntration. The higher-the concentration of bacterial cells used,
the higher the concentration of sodium glutamate necessary-(26). When
Smittle et al. studied the death of L. bulgaricus resulting from 1iquid
nitrogen freezing, they also observed a better protection (73% killed)
from 4% monosodium glutamate for culture with 10° cfu/ml compared to
when 2% sodium glutamate had been used (92% death during frozen storage)
(55). | |

Adding whey powder into the alginate bacterial mixture did increase
the survaa] of lactobacilli to above 45 % after freeze drying (1b, Ic,
2b, and 2e in Table II.4). This may be attributed to a "shielding
effect" of whey powder for the microorganisms, which reduced the
interfacial area between living cells and water molecules. In 1979,
Espina and Packard reported that recovery of spray dried L. acidophilus
was related to solids content in the mi]k and outlet air temperature for
the.drier (56). Results obtgined in this study consistently suggest
that fhe highest recovery was from relatively high solids loading prior
to drying (TaB]e IT1.4). None of the ingredients (2% malt extract, 7%
0il or 1% trimagnesium phosphate) protected L. acidophilus and L.

bulgaricus against freeze drying and vacuum drying when used alone or in
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partial combination (Table II.4) in dilute cultures. When used together
with PVP and MSG, the solids content was increased and viable cell
recovery was good, but not superior to using whey to increase the

solids.
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Table II.3  Survival of lactobacilli (grown in evaporated milk) after

drying.
FORMULA MRS PLATE COUNT cfu/g %RECOVERYP
No.?
WET WET BEADS (hr) DRY BEADS
F.D.C v.0.* F.D. V.D.
la 6.3X108 5.4X10% (1)  7.1x107 <10% 3
9.7X10% (12)  2.5x108 <108 10
1b 4.6X10% 6.2X10% (1)  9.4x10® 2.1x10®8 78 18
6.5X10% (12)  8.8X10®  4.0x10”7 73 3
lc 2.6X108 -- 3.7X108  2.9x10®. 47 37
1d 5.4X10° 7.7X10% (1)  3.3Xx107 <10° 2 0
6.3X10% (12)  2.9x108 <108 16 0
2a 5.2X108 3.0X10% (10) <10% <10® 0 0
2b 9.4X107 -- 8.0X10°  2.9x107 53 18
2¢ 4.9X108 2.6X10% (10) <10° <10% 0
2d 2.1X108 4.1X10% (10) <10° <10% 0
2e 1.3X108 -- 1.1x108  1.9x107 52 9
2f 1.9x108 3.0X10% (10) <10% <10% 0 0
3-33°.  1.7X108 6.5X10% (1)  1.8x10® .- 19
5.6X10% (24)  2.8x108 .- 29
3-37°  3.0X108 2.9x10% (1) -- <10° 0
3.3X108 (24) -- <10% 0
4a-37°  4.6X108 1.1x10° (NO)  1.2x108 <10% 5 0
1.5X10° (YES) 6.3X108 <108 24 0
4a-33° 1.8x108 5.8X10% (NO)  4.2x10%8  1.2x10® 43 12¢
8.4X10% (YES) 4.2x10®  1.5X10®% 43 15°
4b-37°  4.5x10% 1.5X10° (NO) <108 <10° 0
1.5X10° (YES) 1.3X10®  2.9x107 1
4b-33°  1.9X108 2.3X10% (NO)  4.9x107 <10% 0
2.8X10% (YES) 2.1x108 <10° 21 0
4c-37°  3.9X108 1.1X10° (YES) 5.8X10%8  2.0Xx107 39 1
2.1X10° (AIR)  <l0° 1.1X107 0 1
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Table II.3  (continued)

FORMULA MRS PLATE COUNT cfu/g %RECOVERY®
No.? | A
WET WET BEADS (hr) DRY BEADS
' F.D.C v.D.9 F.D. V.D.
4c-33° 1.6X108 1.3X10° (YES) 6.6X107  5.7x10®8 11 93f
1.2X10° (AIR):  <10° 1.5X108 0 259

33%: 33° C fermented milk culture

37°: 37° C fermented milk culture

a: see STUDY 2, see Materials and Methods section.

b: see footnote b in TABLE 2

c: freeze dried calcium alginate product

d: vacuum dried calcium alginate product

e: moisture content 25%

f: moisture content 22%

g: moisture content 12%

NO: no MSG or PVP K-30 in the calcium chloride solution

YES: had MSG and PVP K-30 (and Malt for 4c) in calcium chloride solution
AIR: the wet calcium alinate beads were dried in the hood at room
temperature for 3 hr before freeze drying or vacuum drying.



Table IT.4  Summary comparison of additives effects on Lactobacillus survival.
FORMULA  WET MSG  PVP Mg  WHEY  OIL  MALT H,0 %RECOVERY®
No. cfu/g % % % % % % % F.D. V.D.
STUDY-1
40 5.4X10° 2.2 2.2 1.1 6.1 2.2 73 50 43
41 6.2x107 2.2 1.1 2.2 75 28 29
STUDY-2
la 6.3x108 2 2.7 75 3 0
1b 4.6x102% 1.6 2.7 20 60 78 18
1c 2.6x102 1.3 2.7 33 50 47 37
1d 5.4x10° 1.8 2.7 7.6 69 2
2a 5.2x10% 1.8 1.3 77 0
2b 9.4x10" 0.9 0.7 50 38 53 18
2¢ 4.9x10% 1.6 1.2 7.7 71 0 0
2d 2.1x10% 1.8 2 1.3 77 0 0
2e 1.3x108 0.9 1 0.7 50 38 52
2f 1.9x10®% 1.6 1.8 1.2 7.7 71 0
3-33°  1.7x108 1.6 1.2 0.8 82 19 ND
3-37°  3.0x10% 1.6 1.2 0.8 82 ND 0

€6



Table II.4  (continued)

FORMULA WET MSG PVP Mg WHEY OIL MALT H,0 %RECOVERY®
No. cfu/g % % % % % % % F.D. V.D.
4a-37° 4.6X10% 1.4 1.4 1 82 5 0
4a-33° 1.8X10% 1.4 1.4 1 82 43 12°
4b-37° 4.5X10® 1.4 1.4 1 1.8 82 0 0
4b-33° 1.9X10® 1.4 1.4 1 1.8 82 5 0

see footnotes in table 1 for abbreviations
a: The % recovery shown in this table is the number for the shortest soaking time
tested in calcium chloride solution, and without mass balance additives in

the calcium chloride solution.

b: moisture content 25%

33°: 33° C fermented mlik culture
37°: 37° C fermented milk culture

ND: not determined

¥6
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Study-3

Results of study-3 are shown in Tables II.5 to II.8. See Materials
and Methods for formulations used in study-3. Formulae 1-3 in Table
I1.5 used gvaporated milk as the growth medium and the pH was adjusted
to between 6 and 7 before making calcium alginate beads. The hardening
agent (calcium chloride solution) used in study-3 contained the same
percentage of MSG, PVP, and malt extract ( ie., mass balanced additives)
as the alginate bacterial mixture. Initial growth and loading of
bacteria in wet calcium alginate beads provided 10° cfu/g (formulae 1-3)
which was higher than for previous efforts. After freeze drying or
vacuum drying, cells were maintained above 10° cfu/g for formulae 1 and
2. The percentage of MSG and PVP used in formula 3 was only half the
amount used in formulae 1 and 2, and the recovery of viable bacteria
decreased almost 3-fold during freeze drying (Table II.5). Because of
the high moisture content in vacuum dried products from formulae 1-2,
comparison of Lactobacillus survival was not meaningful.

Table II.6 shows coating freeze dried calcium alginate beads
resulted in a rapid decrease in cfu/g between the "none" and "sealing
coat" (1, 2, and 3-FD). The decline in viable bacterial number slowed
after applying the sealing coat to freeze dried beads. However, none of
these enteric coated freeze dried beads gave good bacterial survival
after treating with simulated gastric fluid for 2 hr. Eudragit L30D
(coating of formula 1-FD, Table II.6) gave better protection against Tow
pH solution (pH = 1.5) compared to Aquateric (coating of formula 2-FD,
Table II.6), based on the percent weight-by-weight coating. For vacuum

dried products, cfu/g were more stable during spray coating compared to
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freeze dried products (3-VD, Table II.6). There was only 50% kill of
bacteria from product soaked for 2 hr in simulated gastric fluid
treatment for vacuum dried beads when the Eudragit L30D coating was
higher than 9% (3-VD, Table II.5).

It is shown in Table II.7 that Lactinex granules contain almost
equal numbers of Lactobacillus bacteria distributed within "powder form"
and "granule form". When Lactinex granules were coated with Eudragit
L30D, the number of bacteria per gram did not decrease without having a
sealing coat. The resistance of enteric coated Lactinex granules to Tow
pH solution challenge (simulated gastric fluid treatment) increased with
increase of Eudragit L30D loading (Table II.7). After coating the
granules with 15% Eudragit L30D, a desired survivalfor Lactobacillus
bacteria against simulated gastric fluid challenge was observed.

The effect of storage conditions on enteric coated Lactobacillus
granules is shown in Table II.8. Lactobacillus viability was maintained
stable in dessicated conditions at room temperature for 60 days.

Without dessication, the counts of viable bacteria decreased 100-fold in
19 days storage at room temperature (from 10’ cfu/g to 10° cfu/g, Table
[1.8). Refrigerated products gave the highest and most stable counts,
which indicated that temperature and moisture were the major factors

affecting the survival of Lactobacillus bacteria during storage.
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Table II.5 Viability of Lactobacillus bacteria after drying (study-3)

and prior to spray coating.

FORMULA MRS PLATE COUNT (cfu/g) % RECOVERY®
No. WET BEADS (HR) DRY" BEADS
F.D. V.D. F.D. V.D.
1 1.0X10° (0)
1.6X10° (1)  1.3x10°  1.7x10° 33 44°
2 1.0x10°  (0)
1.3X10° (1) 1.3X10°  1.8X10° 26 36°
3 1.0x10° (0)
1.4X10° (2)  4.6x10%°  2.1x108 8 4

a: See footnote b in Table II.2 for calculation. The cfu/g for "wet" is
represented by the number in column "wet beads" at time 0 hr.
b: moisture content 26%

¢: moisture content 23%



Table II.6 Enteric coating effect on Lactobacillus survival in

low pH solution (study-3).

FORMULA® % COATING

COUNTS, cfu/g; (hr®)

% SURVIVAL®

1-FD¢ none

sealing coat

3%
6%
9%
12%

2-FD none

sealing coat

10%
15%
20%
25%

3-vpd none

sealing coat

3%
6%

9%

12%

1.3X10° (0)

N O~ WD NN =N N

2.2X10% (0)
3.1X10% (0)
1.9X10% (0)
2.2x10% (0)
6.8X10° (2)
1.
1
1
4
3
2
2

8X10% (0)

.1X107 (2)
.3x10° (0)
.3X10% (0)
.9X10% (0)
.9x10% (0)
.2X108 (0)

<10° (2)

.5X10% (0)

<10° (2)

.1x102 (0)
.2X108 (0)
.8X10% (0)
.1x10% (0)
.0X108 (1)
.4X107 (2)
.7X107 (0)
.2X107 (1)
.7X107 (2)
.2X108 (0)
.0X107 (1)
.4X107 (2)

100
17
25
16
19

0
13
1

100
34
34
27
22

0
27
0

100

206
91

110
52
13
42
28
20
67
28
13
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Table II.6 (continued)

FORMULA® % COATING COUNTS, cfu/g; (hrP) % SURVIVAL®
20% 1.3X108 (0) 80
1.3X10% (1) 80
7.3X107 (2) 45
3-FD none 4.6X10% (0) 100
sealing coat 2.5X108 (0) 58
5% 1.3X10% (0) 31
10% 7.5X107 (0) 19
15% 1.1X102 (0) 29
1.6X107 (1) 4
5.4X10% (2)
20% 1.1X10% (0) 31
5.2X10% (1)
3.0X10% (2) 0

a: see: STUDY 3.

b: simulated gastric fluid treatment time

c: the % survival was calculated by compared cfu/g of coated dosage form
to its uncoated dosage form. For example: the cfu/g in formula 4 was
2.0X107 for "none" and 2.1X107 for "sealing coat" which was a 2 %
seal coat, thus the actual bacteria number per gram in the seal
coated tablets should be 2.1X107/0.98, and the % recovery was
(2.1/0.98)/2 = 107 %

d: "FD" means freeze dried product and "VD" means vacuum dried product
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Table II.7  Survival of Lactobacillus bacteria in Eudragit L30D
coated Lactinex granules (Lot: 1411).

SAMPLE GASTRIC (2 hr) %R INTESTINE
POWDER -- 2.9X108
GRANULE .- 1.9x108
MIXTURE -- 7.9X107
5% EU 2.0x10° 2% 9.8X10’
7.5% EU 1.5X107 13% 1.2X108
10% EU 4.6X107 33% 1.4x102
12.5% EU 7.8X107 65% 1.2X108
15% EU 1.1X108 100% 1.1x108
1.8X108 86% 2.1X108
25% EU 2.0X108 133% 1.5X108
35% EU 1.7x10% 71% 2.4X108

Gastric acid test (GF): Samples were dissolved in 500 ml simulated
gastric fluid [(7 ml 37% HC1 + 2 g NaC1)/liter, pH = 1.3 + .1]

for 2 hours, using USP paddle method at 37° C and 50 rpm. Then,
remainder of granules were transfered to intestinal fluid,
dissolved, and counted.

Intestinal fluid survival test (IF): 100 ml isotonic simulated
intestinal fluid [(6.8 g KH,PO, + 200 ml 0.2N NaOH + 2 g NaCl)/liter,
pH=7.4+.1] in 100 ml culture bottle was used to dissolve samples.
Samples were magnetically stirred for 0.5 hour at 30° C.

plate counts: MRS agar plate, incubated at 37° C for 48 hours.

%R: Percent recovery = (cfu/g after GF 2 hr) / (cfu/g in IF)

POWDER: Lactinex granules which passed through mesh No. 28 sieve.
GRANULE: Lactinex granules which were retained on mesh No. 28 sieve.
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Table I1.8 Effect of storage conditions on Lactobacillus bacteria
survival in Eudragit L30D enteric coated Lactinex
granules (Lot: 1411).

condition Refrigerator Room Temp. Desiccator
at Room Temp.

at day 0
0% EU 2.0x10° 2.5X108 2.0X108
15% EU 2.1x10° 2.1x108 2.1X108
25% EU 1.5x108 1.5X108 1.5x108
35% EU 2.4X108 2.4X10° 2.4X108

at day 15
0% EU 3.3X108 7.8X107 1.8X108
(13.5%) (10.4%) (7.8%)
15% EU 2.7x108 7.4X107 1.1x108
(11.8%) (10.1%) (8.1%)
25% EU 2.1X108 -- 1.3X108
(10.7%) (7.6%)
35% EU 1.3X108 5.6X107 1.3%108
(10.3%) (10.6%) (7.6%)

at day 34
0% EU 1.4X108 1.1X10° 8.8X107
15% EU 3.3xX108 1.8X10° 4.4X10°
25% EU 2.1X10° . 9.5X107
35% EU 1.3x108 3.2X10° 8.4X107

(10.5%) (9.3%)
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Table I1.8 (continued)

condition Refrigerator Room Temp. Desiccator
at Room Temp.

at day 60

0% EU -- <10 --
15% EU 1.8x108 <10* 4.7X107
25% EU 2.7X10% -- 4.6X107
35% EU 2.8X10% <10* 8.9X107

Number in parenthesis is the moisture content of product determined

by heating testing at 135° C in an oven for 2 days.

Dissolving solution: isotonic simulated intestinal fluid, pH=7.3,
stirred at room temp. for 30 minutes.

Desiccator: Using "DRIERITE" (anhydrous CaS0,) as desiccant.

Temp.: Temperature
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Study-4

The low cfu/g for formula "1" in study-4 was because the pH of
fermented MRS medium culture was not adjusted before concentration
(Table II.9). Using mini-tablets to trap bacteria gave a good
percentage survival with excellent hardness of dried product after
vacuum drying. This is much different from the freeze dried product
which had a very fragile structure (formulae 1 and 2 in study-3). The
degree of hardness in the dried product influences results of spray
coating. Particles with weak and porous structures can not tolerate the
high oxygen flow and air pressure which crushes particles during spray
coating. Although this formula gave a complete protection with only 5%
Eudragit L30D coating, ealier data suggests that lower starting numbers
(cfu/g) in the formulation are easier to protect.

Data in Tables II.10 and II.11 are confounded somewhat by the
discovery that release of Lactobacillus from mini-tablets is less than
complete in 100 ml of intestinal fluid, resulting in some counts which
are underestimates of the true number of viable cells. It can be seen
that about 10° cfu/ml were produced during fermentation, providing
2.5X108 cfu/g after addition of large quantitites of tabletting binder
and filler. The loss of Lactobacillus bacteria was negligible when
taking the influence of dilution into account. By comparing the data in
Tables I1.11 and 11.12, only 10% of bacteria (about 2X107 cfu/g) were
released into intestinal fluid from vacuum dried mini-tablets.

The finding of almost 100% recovery of bacteria loading in the
dried mini-tablets was quite encouraging (Tables II1.11 and II.12). Most

promising is discovery that the enteric coating process did not damage



104
the Lactobacillus in mini-tablets, and complete recovery of bacteria
from coated mini-tablets after 2 hours acid solution treatment (pH =
1.4). This compares favorably to the nearly 100% kill in traditional
Lactinex tablets in 15 minutes when treated with simulated gastric
fluid, as well as rapid bacterial death for uncoated mini-tablets. It
is interesting to note that the moisture content in those dried mini-
tablets was similar to the commercial Lactinex product (between 3 to
5%), except the one using whey permeate as medium (Tables II.12 and
II.13). Increasing the vacuum drying time from 2 hr to 5 hr did not
significantly change the survival counts of Lactobacillus or the
moisture content (Table II.12).

Efforts to concentrate fermented evaporated milk medium do not
result in greater than a doubling of cell numbers because of the higher
solids (> 20%) initially present. Time and pressure are the main
concerns in using the Minitan u1tfafi]tration system. Selecting a
medium which favors Lactobacillus bacterial growth, but contains less
solid (proteins) could be a potential way to increase the number of
bacteria counts after concentration. Whey permeate was chosen as a
growth medium. After fermentation and concentration, the major residues
from concentrated medium are bacterial cells. Table II.13 results
suggests that by switching the growth medium to whey permeate, a 10-fold
increase of viable bacteria cells was collected in concentrated medium.
This is the first time a 10" cfu/ml counts for Lactobacillus were
obtained in this research. Another encouraging result is that the
viable cell counts remained 10® cfu/g after 2 hours acid treatment.

The stability of Lactobacillus mini-tablet products are shown in
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Table II.14. Product from formula "2" was more stable at room
temperature compared with product from formula "4" in study-4. The
Lactobacillus bacteria were maintained stable in product "2" after
storaging 50 days in a glass bottle with screw cap at room temperature,
compared to product "4" which had almost 100% ki1l after storaging in a
p]astic container for 54 days (Table II.14). Reasons for product "4"
better stability could be attributed to the lower initial bacterial

loading and lower moisture content inside the product.
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Table II.9 Survival of Lactobacillus bacteria in enteric coated

mini-tablet using MRS as growth medium (study-4).

SAMPLE PLATE COUNTS % SURVIVAL
GASTRIC FLUID TREATMENT (hr)

Wet dough 3.6X107 (0)
Vacuum dried 2.0X107 (0) , 100

ENTERIC COATED PRODUCT

Sealing coat 2.1X107 (0) 107
| 1.3X107 (2) 66

5% 4.9X107 (0) 263
2.9X107 (2) 156

10% 5.0X107 (0) 283
2.9X107 (2) 164

15% 4.1X107 (0) 246

3.0X107 (2) 180
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Table II.10 Lactobacillus counts at each stage of preparation in
formula "2" (study-4) using evaporated milk as growth

medium.

SAMPLE COUNTS COUNTING METHOD
inoculum 2.7X10%/m1 (a)

after fermentation 1.0X10%/ml (a)

after concentration 2.4X10%/m1 (a)
formulation dough 2.5X10§/g (a)

after drying 2.5X10§/g (a) underestimate
mini-tablets 5.6X10§/g - (b) underestimate
| 1.4X107/g (c)

after sealing coat 4.0X10§/g (a) underestimate
after enteric coat 4.4X10§/g (a) underestimate

Immediately after 2 hr simulated gastric fluid treatment:
sealing coat 2.0X10?/g (a) underestimate
enteric coat 4.4X10i/g (a) underestimate

a) Product was stored in 100 ml of simulated intestinal fluid at 4° C
for-24 hr, followed by treatment in a stomacher, and counting. It
was discovered that this method underestimates the true number for
finished mini-tablets.

b) Product was stored in 100 ml simulated intestinal fluid at room
temperature for 5 hours before stomaching and counting. This method
also underestimates viable cells in mini-tablets.

c) Product was stored in 1000 ml simulated intestinal fluid at room
temperature for 5 hours prior to stomaching and counting. Based on
dissolution data collected later, these counts may be correct or may
still be an underestimate.
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Table II.11 Dissolution of mini-tablets from formula "2" in study-4
(in 1000 m1 simulated intestinal fluid, basket method,
75 rpm, 37° C).

SAMPLE TIME (min) . COUNTS

1. Following 2 hr pretreatment of simulated gastric fluid

enteric coated 30 min