Preliminary evaluation of Lactobacillus rhamnosus

strain GG, a potential probiotic in dogs
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Abstract — Lactobacillus rhamnosus strain GG (LGG) has been studied extensively as a probiotic
in humans. However, the ability of an organism to survive passage through the intestinal tract and
exert beneficial effects cannot be directly extrapolated between species. This study evaluated the ability
of LGG to survive gastrointestinal transit in dogs and assessed whether oral administration of LGG
issafe, in order to determine whether studies evaluating the efficacy of LGG in the treatment of canine
disease are indicated. Dogs were divided into 5 groups receiving doses of 0 (control group, n = 4),
1 X 10° (group 1, n=8), 1 X 10 (group 2, n = 8), 5 X 10 (group 3, n=8) and 5 X 10! (group 4,
n = 4) colony forming units per day, orally, for 5 days. Lactobacillus rhamnosus GG was detected
in the feces of 4/8 dogsin groups 1 and 2, 5/8 dogs in group 3, 4/4 dogsin group 4, and 0/4 dogsin
the control group. Fecal colonization was significantly greater in group 4 than in any other group
(P < 0.001). Differences between groups 1, 2, and 3 were not significant. No adverse effects were
noted. Fecal colonization of LGG in dogs is somewhat variable; however, clinical studiesareindi-
cated to evaluate this organism in the treatment and prevention of canine disease.

Résumé — Evaluation préliminaire de Lactobacillus rhamnosus souche GG comme pr obio-
tique potentiel chez le chien. Le Lactobacillus rhamnosus souche GG (LGG) a été étudié exten-
sivement comme probiotique chez I’homme. Cependant, |a capacité d’ un organisme a survivre au
passage a travers le tube digestif et a exercer ses effets bénéfiques ne peut étre directement
extrapol ée entre | es espéces. Cette étude a évalué la capacité du L GG de survivre au transit gastro-
intestinal chez le chien et a vérifier si I'administration orale de LGG était sécuritaire, de facon a déter-
miner si les études évaluant I’ efficacité du LGG pour le traitement de maladies canines sont
indiquées. Les chiens ont été divisés en 5 groupes recevant les doses O (groupe témoin, n = 4),
1 X 10° (groupe 1, n=8), 1 X 100 (groupe 2, n=8), 5 X 10 (groupe 3, n = 8), et 5 X 10 (groupe 4,
n = 4), unités formatrices de colonies, par jour, par voie orale, pendant 5 jours. Lactobacillus rhamnosus
GG a été détecté dans les feces de 4/8 chiens des groupes 1 et 2, 5/8 chiens du groupe 3, 4/4 chiens
du groupe 4 et 0/4 chiens du groupe témoin. La colonisation fécale était significativement plus élevée
dans le groupe 4 que dans tout autre groupe (P < 0.001). Les différences entre les groupes 1,2 et 3
n' étaient pas significatives. Aucune réaction indésirable n’ a été notée. La colonisation fécale du LGG
chez le chien est plutdt variable, toutefois, des études cliniques sont nécessaires pour évaluer cet orga-
nisme dans le traitement et |a prévention des maladies canines.

(Traduit par Docteur André Blouin)
Can Vet J 2002;43: 771774

Introduction

P robiotics have been defined as “living microorgan-
isms, which upon ingestion in certain numbers,
exert health effects beyond inherent basic nutrition”
(1). The concept of probiotics was first reported by
Elie Metchnikoff in 1907 (2). He postulated that con-
sumption of fermented milk products was responsible for
longevity of certain ethnic groups and suggested that
these products manipulated the intestinal microflorato
maintain the normal balance between pathogenic and
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nonpathogenic bacteria (2). A variety of microorganisms,
typically lactic acid bacteria, such as lactobacilli, bifi-
dobacteria, and enterococci, have been evaluated as
potential probiotics (3). A small number of yeast have
also been evaluated (4,5). Probiotic therapy is being
used increasingly in human and veterinary medicine.
Appealing properties of probiotics include the ability
to reduce antibiotic use, the apparently high index
of safety, and the public’s positive perception about
“natural” or “alternative” therapies. Probiotics are clas-
sified, and generally regarded as safe, as opposed to
antibiotics, which have a number of recognized adverse
effects (6).

Commercial probiotic preparations are available for
human and animal use; however, little or no objective
research has been done on many. Based on the definition
of probiotics stated above, it is clear that adequate
numbers of viable organisms must reach the intestinal
tract. For this to happen, probiotic organisms must be
able to survive transit through the acidic environment
of the stomach and resist digestion by bile. Organisms
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Table 1: Frequency of colonization of Lactobacillus rhamnosus GG in dogs following

oral administration

Group Dose? Day 0 Day 1 Day 3 Day 5 Day 6 Day 7 Day 9 Day 11
Control 0 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4
1 1x10° 0/8 0/8 3/8 2/8 0/8 0/8 0/8 0/8
2 1x 10 0/8 2/8 3/8 1/8 1/8 0/8 0/8 0/8
3 5 x 10%0 0/8 4/8 4/8 4/8 1/8 0/8 0/8 0/8
4 5 x 104 0/4 4/4 4/4 4/4 3/4 1/4 0/4 0/4

aColony-forming units, g24h, PO, for 5d

that survive acid and bile must possess a variety of
other properties, including the ability to adhere to
intestinal epithelial cells, colonize the intestinal tract,
produce an antimicrobial factor, and inhibit enteric
pathogens (7-11). Other properties, such asimmunomod-
ulation, modulation of metabolic activities, and inacti-
vation of procarcinogens, are also desirable (8,12). An
organism can only be considered to be a probiotic after
these properties have been identified and a positive
health effect has been documented.

One of the best-studied probiotics in human medicine
is Lactobacillus rhamnosus strain GG (LGG). Lacto-
bacillus rhamnosus GG has been shown to survive acid
and bile digestion and colonize the gastrointestinal
tracts of humans (13-16). It also possesses powerful
adhesive properties, suppresses bacterial enzyme activ-
ity, can displace or eliminate certain components of
the normal intestinal flora, and produces an antimicro-
bial substance active against a variety of bacteria,
including Escherichia coli Salmonella spp., Clostridium
spp., Streptococcus spp., and Bacteroides spp. (11). In
humans, LGG has been shown to be effective in the
treatment of several forms of diarrhea, including rotavi-
ral diarrheain children, acute nonrotaviral diarrheain
children, antibiotic associated diarrheain children and
adults, “travellers’” diarrhea, and relapsing C. difficile
diarrhea in placebo-controlled studies (11,17-24).
Recent studies using animal models have suggested
that LGG may be beneficial in the treatment of inflam-
matory bowel disease, pouchitis, and ulcerative colitis
in humans (25). These results suggest that probiotics, par-
ticularly LGG, might be of value in the treatment of
canine gastrointestinal disease.

Some authors believe that probiotic organisms should
be naturally occurring in their target species to be
effective (9). However, cross-species efficacy has been
demonstrated for some probiotic strains, including LGG
(26). Therefore, despite being of human origin, LGG
may possess probiotic properties in dogs. However,
prior to evaluating the efficacy of any probiotic, it
should be demonstrated that the organism has the abil-
ity to survive transit through the gastrointestinal tract
of the intended host. This does not indicate that an
organism will have probiotic properties in the given
species; however, intestinal survival and fecal colo-
nization are a prerequisite for efficacy. This study was
designed to determine the ability of LGG to adequately
survive intestinal transit in dogs, to evaluate whether
intestinal survival is dose dependent, and to deter-
mine whether any adverse effects occur following LGG
administration.

Materials and methods

Thirty-two clinically healthy adult beagles were enrolled
in the study. Animals were housed according to
University of Guelph Animal Care Committee guidelines.
Diet and management were not altered. Dogs were housed
in close proximity, but comingling was not allowed. Dogs
were divided into 5 groups. Lactobacillus rhamnosus GG
was administered, PO, at doses of 1 X 10° colony-
forming units (cfu) (group 1, n = 8), 1 X 10%0 cfu
(group 2, n=8), 5 X 10% cfu (group 3, n=8), 5 X 1011
cfu (group 4, n = 4), and 0 cfu (control group, n = 4),
once daily for 5 d (days O through 4). The LGG was
administered by opening capsules containing freeze-
dried LGG and mixing the contents with a small portion
of canned food. Dogs were monitored daily for changes
in clinical condition, vital parameters, appetite, and
fecal consistency. Freshly passed fecal samples were col-
lected ondaysO, 1, 3,5, 6, 7, 9, and 11. Fecal samples
were refrigerated and processed within 4 h or stored at
-80°C until being processed.

One gram of feces was serially diluted in phosphate
buffered saline (pH 7.2). Aliquots of the serial dilu-
tions were inoculated onto deMan, Rogosa, Sharpe
(MRS) agar, a culture medium for the isolation of lactic
acid bacteria, and incubated in an anaerobic chamber at
37°Cfor 72 h. Colonies were identified as L GG based
on colonial morphology (large, white, creamy colonies),
gram stain appearance (gram positive uniform rods), and
the inability to ferment lactose (27). Randomly selected
isolates were confirmed as L GG by using a biochemical
identification assay (API 50 CHL; BioMerieux, St. Laurent,
Quebec). Overall growth on MRS agar on day 0 was also
recorded.

A general linear model procedure with contrasts of the
overall mean LGG level was used to compare the area
under the curve for LGG over days between groups.
Univariate analysis on the residuals of the log,, LGG
level wasrun. Linear regression was used to evaluate the
association between day 0 MRS growth and LGG col-
onization on each sampling day. A statistical software
package (SAS; SAS Institute Inc., Cary, North Carolina,
USA) was used and a P-value of < 0.05 was considered
significant for all comparisons.

Results

Lactobacillus rhamnosus strain GG was not detected in
the feces of any dog prior to administration. All dogsin
groups 1-3 readily consumed the food containing the
probiotic. One dog in group 4 was slow to consume the
food containing the probiotic, but all was consumed
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Figure 1. Fecal recovery of Lactobacillus rhamnosus strain GG
(LGG) in dogs following oral administration.

eventually. No adverse effects were noted. Lactobacillus
rhamnosus strain GG was not present in the feces of
control dogs at any point during the study. Detectable
levels of LGG were present in the feces of 4/8 dogs
in group 1, 4/8 in group 2, 5/8 in group 3, and 4/4 in
group 4 (Table 1). The mean number of positive sam-
ples per dog was 0.63 in group 1 (range 0-2), 0.9 in
group 2 (range 0-3), 1.6 in group 3 (range 04), and 4 in
group 4 (range 3-5). The LGG was detected in feces 24 h
after cessation of administration in 2/8 dogsin group 1,
1/8 in group 2, 4/8 dogs in group 3, and 4/4 dogs in
group 4. Forty-eight hours after cessation of adminis-
tration, LGG was still present in the feces of 1/8 dogsin
each of groups 2 and 3, and 3/4 of dogsin group 4. After
72 h, LGG was present in the feces of only 1 dog in
group 4.

Fecal levels of LGG in group 4 were significantly
higher than in groups 1, 2, and 3 (P < 0.001, 0.001, and
0.004, respectively). Differences between groups 1, 2,
and 3 were not statistically significant (P > 0.09).

The mean growth on MRS agar at day 0 was log,,
7.5 + 1.2 (mean + standard deviation) with a range
of log,, 4.8 to log,, 9.1. There were no significant
intergroup differences in day-0 MRS growth (mean
log,, 7.2 -7.7). There was no association between the
levels of MRS growth on day 0 and fecal LGG levelsfor
any day of the study (P 0.51-0.95).

Discussion

This study has demonstrated that LGG can survive
gastrointestinal transit in dogs and do so without caus-
ing any clinically evident adverse effects. Fecal colo-
nization of LGG in dogs appearsto be less efficient than
in humans. Mean fecal levels of 10° to 107 cfu/g were
reported following PO administration to humans at a
dose of 1 X 1010 CFU/d (16,27) This level was
achieved only in group 4, which received a higher oral
dose (5 X 10 CFU/d) of LGG. The significant differ-
enceinfecal LGG level between group 4 and the other
groups cannot be attributed simply to a higher oral
dose moving passively through the intestinal tract. The
differencein dose between group 1 and group 4 was only
2.710g,,, while the difference between mean fecal lev-
els during the administration period was 5.6-7.3 log,,.
This suggests that intestinal adhesion and colonization

was responsible for the difference. Differentiation of
delayed gastrointestinal transit from true intestinal col-
onization can be difficult, and intestinal biopsies would
be required for confirmation that intestinal colonization
had actually occurred. The reason that LGG was detected
in relatively high levels in the feces of some dogs,
while it was infrequently or never detected in other
dogs administered the same dose is unclear. Differences
in the gastrointestinal microflora between dogs could play
arolein the variation that was seen in the study. Dogs
with high, preexisting colonization by lactic acid bacteria
may be more resistant to colonization with “foreign” lac-
tobacilli. Bacterial species may be able to limit colo-
nization of similar organisms through stable occupation
of certain environmental or nutritional niches, or through
the production of specific antibacterial products. Many
lactobacilli can produce bacteriocins, bactericidal sub-
stances that are only effective against lactobacilli or
closely related species (28). In this study, however,
there was no association between day-0 MRS growth and
colonization. Specific identification of resident lactic acid
bacteria was not performed, so it is possible that colo-
nization by L GG was inhibited by specific, unidentified
components of the bacterial microflorain some dogs. Our
understanding of the interactions between components
of the intestinal microflorais poor, so critical assessment
is difficult. It is possible that LGG, being of human
origin, is better adapted to colonize the human gastro-
intestinal tract at alower dose than isrequired in dogs.
This may relate to inherent differences in the bacterial
microflora among species, or it may be due to avariable
ability to adhere to intestinal epithelial cells of different
species.

Persistence of LGG in dogs is shorter than that
reported in humans. Goldin et al (13) reported that 87%
of humans excreted LGG in feces for 4 d following
cessation of administration, while 33% shed L GG after
7 d. While LGG persists better in some humans than in
others, it is accepted that daily administration of high
dosesis required to maintain high fecal levels. Clinicaly,
persistence should be less important than colonization
during administration.

Fecal levels of LGG were used as an indicator of the
ability to colonizein thistrial. While fecal colonization
iswidely used to assess probiotic colonization (13,15,27),
fecal samples may underestimate colonization when
compared with mucosal biopsy samples (14). Mucosal
biopsies were not performed, as it was desired to assess
intestinal levels of LGG over time. Mucosal biopsies
would have required anesthesia, which could have
affected intestinal motility and, potentially, colonization.

Determining the optimum dosing regimen prior to
commencing clinical trialsisimportant. This may be par-
ticularly true for probiotic organisms that are not being
administered to their natural host, as is the case with
administration of LGG to dogs. In humans, doses of
6 X 10°to 1 X 10 CFU/d have been used in clinical
trials (17,20,22—24,29). The optimum dosing of LGG
for future studies is unclear. Colonization was best
in group 4 with a dose of 5 X 10! CFU/dog/d. This
required 50 capsules of probiotic per day. The commer-
cial form of LGG (Culturelle; CAG Functional Foods,
Omaha, Nebraska, 63103-0820) contains at |east
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2 X 10% cfu/capsule, however, 25 capsules would
still be required daily. This level of administration
would be difficult and expensive. There was not a sta-
tistically significant difference in colonization between
groups 1, 2, and 3. Despite the lack of significance
between groups 1, 2, and 3, it seems logical that a
higher dose would be preferable. Since the group 4
dose may not be practical, a dose of approximately
5 X 10 CFU/d could be considered; however, fur-
ther studies are required to determine the optimum
therapeutic dose.

Lactobacillus rhamnosus strain GG cannot be termed a
canine probiotic at this point; however, this study pro-
vides the basis for future research involving this organ-
ism in canine disease. Because this study demonstrated
that LGG could be safely administered to dogs and that
it can survive gastrointestinal transit, it would seem
logical to pursue further studies regarding this organism.
Efficacy studies are indicated to determine whether
LGG hasarole in the prevention or treatment of canine
disease. It is aso possible that LGG would colonize bet-
ter in dogs with diarrhea, because of disruption of the
normal, protective intestinal microflora. This should
be examined further. cvo
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