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Abstract: The administration of probiotic bacteria is emeggas a potential means of preventing the
onset or recurrence oflostridium difficile associated diarrhea (CDAD) and of attenuating
inflammatory activity and preventing relapses ifldimmatory bowel disease (IBD). We evaluated the
efficacy of Bacillus subtilis ‘PB6’ (ATCC — PTA 6737) in a hamster model of aidgtic-induced
CDAD and in a rat model of IBD. CDAD was induced rimale Golden Syrian hamsters usi@g
difficile and clindamycin. These hamsters received eith@img or, by gavage, vancomycin (5 days)
or PB6 (low, middle and high dose, 6 days). Diaath®dy weight loss and mortality were observed in
all groups in which CDAD was induced. Intensitydérrhea and body weight loss was least in the
groups treated with vancomycin or with the highdsse of PB6. At the end of the treatment period,
vancomycin and the highest dose of PB6 were eqeffiijient in preventing mortality in this hamster
model of CDAD. No adverse effects of PB6 treatmemste observed in healthy animals. In male
Wistar rats, colitis was induced using a single rargctal administration of 2,4,6-
trinitrobenzenesulfonic acid (TNBS). Treatments sisted of PB6 (low, middle and high dose),
Saccharomyces boulardii, mesalazine, infliximab, or no treatment. A poksiltbenefit of the
prophylactic use of PB6 was also tested. At the @nithe treatment period significant differences in
body weight gain, in colon inflammatory edema amdjiioss morphology of the colon intestinal lining
were observed between groups. The groups treatirdhigh dose PB6 could not be distincted from
the colitis-free negative control group nor frone tjroup treated with mesalazine. The data presented
are suggestive of possible therapeutic effectiven&®B6 in CDAD and IBD in humans.

Key words: Bacillus subtilis, Clostridium difficile associated diarrhea (CDAD), inflammatory bowel
disease (IBD), animal model

INTRODUCTION that has shownin vitro to produce antimicrobial
substances broadly active against various strains o
In 1965 the term “probiotics” was used for thestfir Campylobacter sp. and Clostridium sp. and more
time to indicate “substances produced Dbyspecifically againsC. difficile (27 November 2002, US
microorganisms which promote the growth of otherPatent Office).
microorganisms®. Since then, the definition of Clostridium difficile was first isolated by Hall and
probiotics has been modified several times. A widel O’ Toole in 1935! and originally namedBacillus
used definition, developed by the FAO/WHO, callsdifficilis. In 1938 this species was reclassified Gas
probiotics “defined, live microorganisms administér difficile (type strain ATCC 9689). Only in the late
in adequate amounts which confer to a beneficiall970’s, it was associated with antibiotic-related
physiological effect in the host”. diarrhea.C. difficile is a spore-forming gram-positive
Research and trials have shown that probiotics aranaerobic bacillus. Toxigenic strains can produte a
or may become an effective therapy for gastroiiitabt least two exotoxins, virulence factoesponsible foC.
infections, inflammatory bowel disease (IBD) and difficile disease: toxin A, primarily an enterotoxin and

irritable bowel syndrome (IB8). toxin B, a cytotoxin. Colonization occurs via trexél-
PB6 (ATCC-PTA 6737, Anaeban™, Kemin oral route. Ingested spores 6f difficile survive the
Pharma) is a unique and natuBakillus subtilis strain, gastric acid barrier and germinate in the clidh
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C. difficile is the primary cause of hospital-acquiredinduction of IBD, but no specific microorganism has
infectious diarrhea and colitis when patients reeei been convincingly associated with the pathogenesis.
antibiotics, chemotherapeutics or other drugs étar  Permeability defects in the intestinal epitheliuas
their normal intestinal flora. Antibiotics most €pgently ~ primary event or secondary to the inflammation, may
associated with the infection are clindamycin,play an important role in the onset or perpetuatibn
ampicillin, amoxicillin and cephalosporins, howewdr IBD. Although the exact mechanism of IBD is not
antibiotics might predispose a patient @ difficile  known, most probable inducers are commensal bacteri
infectiod® ™. The clinical presentation varies from and several immune and inflammatory mediators are
asymptomatic colonization to mild diarrhea to sever thought to be involvé®#?®. Current methods of
debilitating disease, with high fever, severe abdain treatment vary from eliminating luminal bacteria by
pain, pseudomembranous colitis, toxic megacolonantibiotics (e.g. metronidazole, ciprofloxacin), eov
colonic perforation, or even deftf!. Clostridium modulating one or more of these immune or
difficile associated diarrhea (CDAD) is currently treatedinfammatory =~ mediators  (e.g. corticosteroids,
with metronidazole or vancomycin. Although both areinfliximab, mesalazine), to immunosuppression (9.
highly effective, there is a strong medical need fo mercaptopurine). When antibiotics, anti-
alternative and better therapeutic options to cdmbainflammatories, immunomodulators or -suppressors do
CDAD. The main factors for this are undesirableesid not help, surgical removal of the affected areasese
effects associated with their use, reportedas a last resort. Bacterial resistance, undesirsiole
metronidazole-resistant. difficile isolates, spread of effects, high costs of productiom vivo instability,
vancomycin-resistant enterococci in vancomycin-poor bioavailability and limited routes of admimétton
treated patients and the fact that approximatetgd%  are major drawbacks of the current treatment drugs.
of the patients experience relapse after initiatapy*" In a first trial, PB6 was evaluated, in comparison
13 vancomycin, for its efficacy in a hamster model of

The minimal inhibitory concentration of a PB6 clindamycin-induced CDAD, a well established and
fermentation broth diethyl ether crude extract agit. highly sensitive model of this infectiBf. Clindamycin
difficile ATCC 9689 was between 5 and 10 ppm. Theinduces in hamsters a lethal colitis that is accamgd
antimicrobial actives identified in the PB6 fermatidn by severe diarrhea and body weight loss. Thisisafit
product were surfactins. These are amphiphaticicycl hamsters is more extreme, but similar to antibiotic
lipoheptapeptides belonging to the nonribosomalssociated colitis in man.
peptide family of natural products that also in@sd In three other trials the efficacy of PB6 in tingt
other important therapeutic agents, such as vanciomy TNBS-induced colitis in a rat model of IBD was
and daptomycin. Surfactins have exceptionaldetermined and evaluated in comparison to the
emulsifying but also antibacterial, antiviral and probiotic S boulardii and the standard drugs
antitumoral propertié$™®. As inhibitors of cytosolic mesalazine and infliximab. The TNBS-induced colitis
phospholipase A(PLA,), surfactins are also putative model is a well established, reliable model thadiesg
anti-inflammatory agents’. Oral bacteriotherapy with widely used to examine the efficiency of drugs alraée
PB6 therefore could deliver a potential therapeutidreating IBD®.
benefit in pathologies involving inflammation ofeth
intestinal wall. MATERIALS AND METHODS

Based on the association of intestinal inflamnratio
with luminal bacteria, considerable research isi$edd Hamster model of clindamycin-induced CDAD
on modifying the intestinal flora with probiotic ¢teria  Study design:The study was done on behalf of Kemin
to antagonise pathogenic bacteria and/or to attenuaPharma bvba at the test facility of Kemin Nutrigdn
inflammatory activity, induce remission and preventTechnologies (Gummidipundi, India) and has complied
relapses in ulcerative colitis, Crohn’'s disease andvith all relevant federal guidelines and institukd
pouchiti€®?* policies. 42 male Golden Syrian hamsters were

Ulcerative colitis, Crohn’s disease and pouchitisobtained from the National Centre for Laboratory
are chronic inflammatory disorders of the bowelAnimal Sciences, NIN (Hyderabad, India). At the
categorised as inflammatory bowel diseases. Ibeginning of the treatment period, the animals wi&re
genetically susceptible subjects the mucosal immun& 14 weeks old. Upon their arrival at the tesilitgc
system displays an unbalanced response towardke animals were given a complete clinical exanmmat
luminal antigens. Extensive research has wellunder the supervision of a veterinarian to ensheg t
established that gut microbial flora is essentiml the they were in good condition. The animals were
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acclimatized to the study conditions for a peridcab  hydrochloride (Pharmacia, Puurs, Belgium) and
least 7 days. Body weights were recorded befor&rancomycin (Neon Laboratories, Mumbai, India) were
allocation of the animals into the study groupghet  suspended in double distilled water to a concentrat
start of the trial. The animals were housed indigity  of 10 and 50 mg mil* respectively. Dose volumes were
in polycarbonate cages (290x220x140 mm, LxWxH).10 and 1 mL kg body weight for clindamycin and
The animal room and test room conditions were set avancomycin respectively. PB6 Dry (Kemin Health, Des
follows: temperature: 22 + 4°C, relative humidi0 +  Moines, USA), aBacillus subtilis ‘PB6’ fermentation
20%, light/dark cycle: 12 hr / 12 hr (light 07.00:@0) broth dried on a malto- and cyclodextrin carriegsw
and ventilation: approximately 7 cycles'hof filtered,  suspended in double distilled water to concentnatiof
non-recycled air. All animals had free access tol.5 x 16, 1.5 x 16 or 1.5 x 16 CFU mL™". Dose
Hamster Pellet Feed (NIN, Hyderabad) and Aquaguargolume was 10 mL Kg bodyweight. More than 90% of
purified waterad libitum. Animals were allocated to the viable cells in PB6 Dry were present as spores.
one of 7 study groups (A to G). In groups A toCE  Fresh preparations were made prior to each
difficile associated diarrhea was induced byadministration. Clindamycin, vancomycin and PB6
administering 10000 CFU'’s of toxigeni€. difficile  were administered on the basis of the last indisfidu
ATCC 9689 orally on day O, followed by a body weight measuredAll preparations were stirred
subcutaneousjection, in the trunk region just behind vigorously before each dosing.

the ears, with clindamycin 100 mgk@n day 1. Group

A received no further treatment. Group B was tréate Rat model of IBD

once daily from days 2 to 6 with vancomycin 50 mgStudy design: Three consecutive trials were done on
kg™ by oral gavage. Groups C, D and E were treatetbehalf of Kemin Pharma at the test facility of Kemi
with PB6 at a dose of 1.5 x 1(PB6 high), 1.5 x 10  Nutritional Technologies (Gummidipundi, India) in
(PB6 medium)and 1.5 x 10 CFU kg* (PB6 low), 3 compliance with all federal government guidelinesl a
times daily (tid, ter in die) with 4 hrs interdogfirst  institutional policies. The first trial was interdieo
dose at 9.30 am) from day 1 to 6 by oral gavage. Ogearch for a possible effect of PB6 on 2,4,6-
day 1 the first dose of PB6 was given 1 hr after th trinitrobenzenesulfonic acid (TNBS)-induced colitis
injection of C|indamycin_ The treatments with PBérey rats. The next two trials served to evaluate tHecef
started 1 day earlier than the vancomycin treatrtent found, in comparison with mesalazine and infliximab
allow for the transport of the bacterial cells, msnan N all 3 trials the day of induction of colitis waet as

90% of which were in spore form, to the colon aad f day 1. ) ) _
their probable germinatiéfﬁ] and production of Male Wistar rats were obtained from the National

antimicrobials. In groups F and G CDAD was not Centre for Laboratory Animal Sciences (Hyderabad,
induced and the animals were given PB6 at a dose ¢Rdid) (trial 1 and 2) or from the Department ofival

1.5 x 16 CFU kg, tid with 4 hrs interdose, from day 1 Medicine, TANUVAS (Chennai, India) (trial 3). Ateh
to 6 by oral gavage. Twice daily, up to day 15 beginning of the treatment period, the animals wi&te

observations were made for clinical signs and ntityta E) 15 Ethri"’.“ 1) f"m? 1t0ﬂt10 %2 t(t][ialﬁ_tZ "’md 3) _wea(;k:k
Signs of diarrhea were scored as being mild, madera pon their arrival at the test tactiity, tne anisiavere

or severe. Body weights of animals were recorded oglven a complete c_:hmpal examination under. the
supervision of a veterinarian to ensure that theyewn
day 0, 7 and 14. For groups A to E fecal sample® we ” . .
ood condition. The animals were acclimated to the
tested on days 1, 2 and 7 for the presence

Clostridium toxin A and B using ImmunoCard Toxins tudy conditions for a period of at least 7 days. tal,

A&B (Meridian life sciences). On day 1 fecal sammple animals were randomised and allocated to one of the

X : 7 ) study groups. Each group consisted of 5 animalg. Th
were taken before clindamycin administration. Opsda animyaI% wepre housec? perpstudy group in polycarteonat

2 and 7 fecal samples were taken between the secoggges (421x290x190 mm, LxWxH). The animal room
and third treatment dose. and test room conditions were set as follows:
) ) ] temperature: 22 + 3°C, relative humidity: 50 + 20%,
Study  preparations: A Culti-loop  (Oxoid, |ight/dark cycle: 12 hr / 12 hr (light 07.00-19.08)d
Basingstoke, England) containing the toxigeic  yentilation: approximately 7 cyclesiof filtered, non-
difficile ATCC 9689 (type strain) was inoculated recycled air. All animals had free access (exceptie
according to the manufacturer’s instructions and th overnight fasting prior to TNBS administration) tat
broth was diluted with saline to obtain 10000 CFUpellet feed from the National Institute of Nutritio

mL™. C. difficile ATCC 9689 is an A+/B+ strain (NIN, Hyderabad, India) and Aquaguard purified wate
producing both toxins A and B. Clindamycin ad libitum.
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Colitis was induced, after an overnight fast, gsan

malto- and cyclodextrin carrier, was suspended in

single intrarectal administration of TNBS at 100 mgdistilled water to a concentration of 8 x°10.5 x 10 or
kg™ body weight, 8 cm proximal to the anus. Thel.5 x 16 CFU mL™. Dose volume was 10 mL Ky

colitis-negative control rats were given
intrarectally (0.5 ml per animal once) on day litl
negative and colitis-positive control groups weneeg
distilled water orally at 10 mL k§ tid with 4 h inter
dosing, starting on day 1 and up to and includiag d.
In the first trial one group was given PB6 (8 X TFU
kg™), tid with 4 hrs inter dosing, starting 7 daysdref
induction of colitis and up to and including dayThe
other groups were treated with PB6 (8 X 10 1.5 x
10° CFU kg* respectively), tid with 4 hrs inter dosing,
starting on day 1 and up to and including day 7thin

saline body weightS. boulardii (Enterof, Biodiphar, Brussel,

Belgium) was suspended in distilled water to a
concentration of 1.5 x I&CFU mL™™. Dose volume was
10 mL kg™* body weight. Mesalazine (5-aminosalicylic
acid) (Mesacol, Sun Pharmaceutical Ind. Ltd,
Mumbai, India) tablets were powdered using pesi® a
mortar and a solution in distilled water was pregar
containing 25 mg 5-aminosalicylic acid per ml. Dose
volume was 10 mL Kg body weight. Infliximab
(Remicadé, Centocor B.V., Leiden, The Netherlands)
was first reconstituted with 10 ml water for inject

second trial, groups with TNBS-induced colitis wereand was further diluted to 2 mg fiLconcentration

treated with PB6 (1.5 x £0or 1.5 x 18 CFU kg*
respectively), tid with 4 hrs inter dosing, stagtion day
1 and up to and including day 7; with mesalazirg0(2

using sterile saline. Dose volume employed wasviL5
kg™ body weight. All body weight dependant doses
were administered on the basis of the last indsfidu

mg.kg.day"), starting on day 1 and up to and including body weight takenEresh preparations were made prior

day 7; or with infliximab (3 mg kg) as a single dose
on day 1. The third trial partially repeated thewsw
one concerning the PB6 (1.5 x ®1@CFU kg}),

mesalazine and infliximab treatments and included a

additional treatment wittS. boulardii (1.5 x 1§ CFU
kg™), tid with 4 hrs inter dosing, starting on dayrida
up to and including day 7. The first or only (inseaof

infliximab) dose of treatment was given within 2

(distilled water, PB6S. boulardii and mesalazine) or 3
(infliximab) hrs after administration of TNBS. Exite
for infliximab, which was injected intraveneousigi]
treatments were administered by gavageice daily
observations were made for clinical signs and ntityta

to each administration. The preparations wereestirr
vigorously before each dosing.

RESULTS

CDAD hamster trial

Effect of PB6 on C. difficile-associated diarrhea:
About 6 hrs after clindamycin was administered mild
diarrhea was observed in 3 animals of the no treatm
group (A) and in 1 animal of the group to be trdate
with vancomycin (B). In the groups C, D and E, in
which the animals received their first dose of RB6Ut

Body weights of animals were recorded on days —7, 4 hr after the administration of clindamycin, narighe

and 8 (trial 1), or daysl, 4 and 7 (trials 2 andP®rcent
body weight gain was calculated based on the dinst
last recording. On day 8 animals were sacrificedl ab

animals showed any sign of diarrhea that sameTay.
number of animals suffering from diarrhea and the
severity of diarrhea evolved differently between

cm long segment of the colon (from 10 to 5 cMyeatment groups the following 2 days. All groups i
proximal to the anus) was excised. These segmen(g,i-, cpAD was induced, showed signs of diarrhea.

were opened longitudinally. Contents were remowed b
washing with saline and gross morphology was score

using the following scale: 0. no ulcers or inflantioa,

1. no ulcers only local hyperaemia, 2. ulceration

without hyperaemia, 3. ulceration and inflammatain
one site only, 4. two or more sites of ulceration a
inflammation and 5. ulceration extending more tl2an

In groups F and G, without induction of CDAD, no
iarrhea was observed. On day 3 the number of dsima
with diarrhea was 6, 2, 4, 6 and 6 in groups A td ke
intensity of diarrhea was less in the group treatit
vancomycin and the group treated with the high ddse

PB6. In the no treatment group as well as in tiedad

cm. The weight of each 5 cm colonic segment was alsmid dose PB6 groups the stool was very watery and

recorded to assess inflammatory induced edema.

Study preparations: TNBS 5% (w/v) in water (Sigma-
Aldrich, St Louis, USA) was diluted to a 2.5% sabat
with ethanol 50%. Dose volume was 4 mLkgody

whole the abdominal area was wet.

Effect of PB6 onC. difficile-associated mortality: At
the end of day 3 all animals of groups in which GDA
was induced were still alive but several of thenreve

weight. PB6 Dry (Kemin Health, Des Moines, USA), a showing signs of severe diarrhea. On day 4, theses d

Bacillus subtilis ‘PB6’ fermentation broth dried on a
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more animals surviving on day 6 died post-treatment
All animals of the PB6 low dose treatment group ever

dead at day 9, those of the PB6 medium dose treatme
\ group at day 11. Vancomycin and PB6 high dose, with

100 f——tt

80

respectively 2 and 1 survivor, were the only tresita

\\ D \ that prevented a 100% mortality at day 14 (Fig. 1).
40

% survival

Y o oo IBD rat trials
K \ \\ Trial 1: Shortly after induction of colitis with TNBS
¥ Clindamycin \*—‘—H several animals showed signs of diarrhea. The numbe
,yc dificle . . o 4 of observations of diarrhea recorded (and the nurobe
0 1 2 34 56 7 8 s 1ou oL oLou animals affected) in the different treatment grofripsm
€ vancomycin > days day 1 up to and including day 7 were 5 (2), 38 §9),

Fig. 1: Percent survival in groups in which CDAD snviaduced. (3){ _26 (4) and 12 (3) for colitis-nega:[ilve_ control
(No treatment<, vancomycinJ, PB6 high 4, PB6  colitis-positive control, PB6 8 x 10CFU kg™ tid pre-

medium®, PB6 lowm) and post-induction treatment, PB6 8 X TFU kg™ tid
_ post-induction treatment and PB6 1.5 X TTFU kg™
At the end of the treatment period, on day 6, alljg post-induction treatment respectively. The t®li
hamsters in the no treatment group had died. Saiviv 5ng accompanying diarrhea, in some cases probably
was highest in the vancomycin and PB6 high doSggmpered by the treatment, also reflected in tioeims
treatment groups, where 4 out of 6 had survived. (Fi mean body weight and body weight gain data (Taple 2

1). In groups F and G, treated with a high dosPB6 i, :
without prior induction of CDAD, no animals died. D_ue to the_ administration of TNBS, prece_d_ed by an
overnight fasting and to the onset of colitis, body

Effect of PB6 onC. difficile-associated weight loss: we?ght gain retarded or animals _even_started Io_s_ing
On day 7 a decreased average body weight Wa\g/elgh_t. on days 4 an_d 8 after_lnductlon Of.CO“t'S’
observed in all groups in which CDAD was induced Statistically significant differences in mean basgight
There was a clear inverse dose response relatitm wiere observed between groups. At the end of the
PB6 concerning this decrease in weight (Table bp T treatment period, only the coI|t|s-negat_|ve co_ngmgp
animals receiving a low dose of PB6, on averagedos and the group treated for 7 days post-inductioih it
times more weight than the animals which received & 10" CFU kg* tid had an average body weight and
high dose. Weight loss was least with vancomycirbody weight gain that was clearly higher than the
treatment. The average body weight in the two gsoupcolitis-positive control group (P<0.05) (Table 2).
treated with a high dose of PB6 in which CDAD was Statistically significant differences were also
not induced, had slightly increased over the same t observed between groups in score for gross morghkolo
period. of the intestinal wall of a 5cm colon segment amthie

wet weights of these segments (Table 3). The only
C. difficile toxins in fecal samples:The presence of groups that could be clearly distinguished from the
Clostridium toxin A and B in fecal samples of the colitis-positive control group (P<0.05) were agélie
animals in which CDAD was induced, was checked orxolitis-negative control group and the group trdate
days 1, 2 and 7. As expected, groups showing highith PB6 1.5 x 18 CFU kg™ tid. All other groups
mortality and a high decrease of average body weighspnowed an increased colon segment weight (as a
also had a higher percentage of animals testedi®Si maa5ure of inflammatory edema) and a clear uleerati
for these toxins. The number of animals testedtpesi ¢ the colon wall comparable to that of the colitis

in groups A to E respectively (n=6) was on day 103 positive control group. The macroscopical colonlwal

0, 0, 0 and on day 2: 5, 2, 3, 3, 5. On day 7 rlnals :
in group A had died and in groups B to E 1, 2, 2, 2health status of the group treated with PB6 1.50% 1

P
animals out of 4, 4, 3, 2 survivors tested positiveCF.U. kg t'd. for 7 days was comparable to that 0; the
respectively. colitis-negative control group. PB6 at a dose of B0

CFU kg* tid for 7 days was possibly close to the
Post-treatment effect of PB6:Last day of treatment minimal dose effective to suppress colitis as irdliby
was day 6. In all groups in which CDAD was induced TNBS in rats in this trial. Some of the animalstlis

'group had clear signs of colitis while in@ththese
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Table 1: The effect of treatment on body weight Body weight gain in male Golden Syrian hamstets wiindamycin-induced. difficile
associated diarrhea

Treatment Body weight (g) Body weight gain (%)
Day 0 Day 7 DayOto7
CDAD Induced
No treatment 219.0 + 531(n=6) q q
Vancomycin 218.0 + 4.8(n=6) 215.8 + 1.7°(n=4) -1.7+1.8°
PB6 1.5 x 18CFU kg™ tid 218.8 + 4.0 (n=6) 206.5 + 5.7° (n=4) 5.0+2.F
PB6 1.5 x 10CFU kg™ tid 217.8 + 3.7 (n=6) 189.0 + 2.7 (n=3) -12.9+0.7
PB6 1.5 x 16CFU kg™ tid 217.2 £ 4.3 (n=6) 176.5 + 2.2 (n=2) -179+1.2
No CDAD induced
PB6 1.5 x 18CFU kg™ tid 217.8 £ 2.3 (n=6) 230.0 + 7.6 (n=6) 56+3.F
PB6 1.5 x 18CFU kg™ tid 219.2 + 3.9 (n=6) 225.8 + 4.8° (n=6) 31+3.2°

Data are expressed as mean = SBo data, all animals had digBYvalues within the same column not bearing a comswperscript are
significantly different (P<0.05, Tukey-Kramer mplé comparisons procedure[33]). tid, ter in diedéntimes a day).

Table 2: The effect of treatment on body weight bhady weight gain in male Wistar rats with TNBSH4iieed colitis. Trial 1.

Body weight (g)
Treatment Day -7 Day 4 Day 8 Body weight gain (%)
Colitis-negative control 253 £ 15 287 £5 288 +8 14.1+5.2
Colitis-positive control 252+ 16 238+ 14 237 +13 -5.7+5.3
PB6 8 x 16 CFU kg™ tid
(pre- and post-induction) 254 +12 257 +2 262+9 3.1+7.7
PB6 8 x 16CFU kg™ tid 256 £11 248 +19 248 £ 31 -3.1+117
PB6 1.5 x 18CFU kg™ tid 255+8 263+ 11 277 £ 10 8.4+18

Data are expressed as mean + SD. The day of induaticolitis is defined as day 1. PB6 was admamnesd for 7 days post-induction. One group
received PB6 also prophylactically for 7 days prtiction.” Significantly different from the positive contrgtoup (Dunnett, P<0.05).
tid, ter in die (three times a day).

Table 3: The effect of treatment on the gross malgyy score for the colon wall and the wet weigha& cm colon segment in male Wistar
rats with TNBS-induced colitis. Trial 1.

Treatment Gross morphology score Wet weight (g)
Colitis-negative control 02+04 0.465 + 0.147
Colitis-positive control 32+11 0.858 £ 0.152
PB6 8 x 16 CFU kg™ tid

(pre- and post-induction) 20+14 0.692 £0.135
PB6 8 x 10CFU kg™ tid 24+13 0.745 +0.231
PB6 1.5 x 18CFU kg™ tid 06+05 0.504 +0.172

Data are expressed as mean + SD. The day of imtuaticolitis is defined as day 1. PB6 was admanesi for 7 days post-induction. One group
received PB6 also prophylactically for 7 days pretiction.” Significantly different from the positive contrgtoup (Dunnett, P<0.05).
tid, ter in die (three times a day).

were almost absent. This was also the case inrthpg animals affected) in the different treatment grofips
treated both pre- and post-induction with that samejay 1 up to and including day 7 were in the sedoiad
dose. An additional prophylactic treatment with P86 ¢ 22 (2), 4 (1), 0 (0), 0 (0) and 8 (1) for caditiegative
x 10° CFU kg tid for 7 days did not improve the ¢oprg), colitis-positive control, PB6 1.5 x 8@FU
results of a 7 days treatment post-induction. kg™ tid, PB6 1.5 x 1D CFU kg* tid, mesalazine 250
mg.kg.day* and infliximab 3 mg kg single dose
respectively; and in the third trial 0, 42 (4), (10, 34
(3), 12 (1) and 24 (2) for colitis-negative control

Trials 2 and 3: In the second trial one of the rats
treated with infliximab died on day 2. This aninted

peen given a secor?d injection on day 1-becau.sleeat L colitis-positive control, PB6 1.5 x $@FU kg tid,.S
first one drug solution oozed out. Also in thesaldr boulardii 1.5 x 16 CFU kg—l tid, mesalazine 250

§ome_an|mals s_h_owed_ mild signs of diarrhea aﬂefng.kg.dayl and infliximab 3 mg kg single dose
induction of colitis with TNBS. The number of respectively.

observations of diarrhea recorded (and the number o
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Fig. 2: Longitudinally opened colon segments of tditis-negative control group (A), the colitisgitive control group (B) and of the
groups treated for 7 days post-induction with PB& (L& CFU kg tid) (C), S. boulardii (1.5 16 CFU kg™ tid) (D), or mesalazine
(250 mg.kg.day) (E) or treated with a single dose of infliximabrag kg*) (F) post-induction on day 1. Photographs of Bi@olon
segments

Table 4: The effect of treatment on body weight bady weight gain in male Wistar rats with TNBS4iieéd colitis. Trials 2 and 3.

Body weight (g)
Treatment Day 1 Day 4 Day 7 Body weight gain (%)
Trial 2
Colitis-negative control 178 + 17 191 +13 203 +13 143+45
Colitis-positive control 182 +15 167 + 16 159& 1 -13.0+45
PB6 1.5 x 18CFU kg* tid 180 +13 186 +13 195 + 10 8.8+8.0
PB6 1.5 x 18CFU kg™ tid 180+ 16 187 +15 199 + 17 10.3+1.1
Mesalazine 250 mg kY 181+11 187 +10 196 + 10 88+1.4
Infliximab 3 mg kg* 180+ 14 183+7 186 +'6 1.3+54
Trial 3
Colitis-negative control 207 £ 20 210+19 214 +£17 35+1.8
Colitis-positive control 208 + 21 196 + 21 19391 -7.5+3.2
PB6 1.5 x 16 CFU kg™ tid 206 + 23 206 + 23 212+ 26 29+31
S boulardii 1.5 x 1§ CFU kg*tid 207 + 17 196 + 16 195 + 24 -5.7+5.6
Mesalazine 250 mg Ky 207 £12 199 +18 201+20 -3.3%55
Infliximab 3 mg kg* 208 + 15 197 +14 197 +13 -52+34

Data are expressed as mean = SD. The day of imduaficolitis is defined as day 1. PB® boulardii and mesalazine were administered for 7
days post-induction. Infliximab was administeredday 1 only.” Significantly different from the positive contrgtoup (Dunnett, P<0.05).
tid, ter in die (three times a day).
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Table 5:  The effect of treatment on the gross malgyy score for the colon wall and the wet weigha& cm colon segment in male Wistar
rats with TNBS-induced colitis. Trials 2 and 3.

Treatment Gross morphology score Wet weight (g)
Trial 2

Colitis-negative control 02+04 0.378 +£0.047
Colitis-positive control 3.8+0.8 1.406 + 0.209
PB6 1.5 x 18CFU kg™ tid 1.0 +0.0 0.443 +0.063
PB6 1.5 x 18CFU kg™ tid 06+0.5 0.513 +0.317
Mesalazine 250 mg kY 08+0.4 0.435 + 0.052
Infliximab 3 mg kg* 3.0+14 1.055 + 0.490
Trial 3

Colitis-negative control 0.0+0.0 0.274 +0.049
Colitis-positive control 34+1.1 0.832£0.216
PB6 1.5 x 18CFU kg™ tid 06+0.5 0.280 + 0.039
S boulardii 1.5 x 16 CFU kg tid 28+1.3 0.735+0.221
Mesalazine 250 mg kY 1.2+0.8 0.445 + 0.145
Infliximab 3 mg kg* 20+0.7 0.657 £ 0.076

Data are expressed as mean + SD. The day of ilduaficolitis is defined as day 1. PB® boulardii and mesalazine were administered for 7
days post-induction. Infliximab was administereddary 1 only. Significantly different from the positive contralaup (Dunnett, P<0.05).
tid, ter in die (three times a day).

The colitis-positive control groups showed subséint was some effect of infliximab, although not sttty
body weight loss accompanying the colitis. In tr2al significant in these trials. In the colon segmenftsats
this loss was higher than in trial 3, what may dlated treated with PB6 there were no ulcerations. Only
to a difference in genetic background and a poassiblhyperaemia was observed in the majority of these
difference in age and growth rate at the moment ofegments. PB6 clearly attenuates inflammation & th
induction of colitis. In trial 2 there was a lowaverage rat colon wall as induced by intrarectal administra
body weight in general at the start and a highetybo of TNBS. The efficacy of a 7 days post-induction
weight gain in terms of percentage over the trimignd ~ treatment with 1.5 x T0OCFU kg tid observed in trial
of the colitis-negative control group. While common 1 was confirmed in trial 2. While a 7 days post-
treatments in trial 2 all significantly suppressé®  induction treatment with PB6 8 x 1GFU kg™ tid from
negative effect of colitis on body weight gaintiral 3 ~ the first trial was concluded to be ineffective, an
this was only the case with PB6 treatment (Table 4)  increase of the CFU kytid to 1.5 x 18 proved in both

The greater impact of colitis on the animals ialtr following trials to be sufficient to reduce inflanation
2 probably left more room for improvement by any ofto an extent that the data of this treatment codd
the treatments. PB6 and mesalazine always resul®@d longer be statistically distinguished from thosetloé
colon segment weight and a gross morphology sawre f colitis-negative control group.
the colon wall that could be clearly distincted nfro
those of the colitis-positive control group (Table DISCUSSION

The health status of the colon wall in rats with
TNBS-induced colitis treated with PB6 and mesakazin CDAD hamster trial: Vancomycin and in first place
was macroscopically the same as that in colitis-fre metronidazole are the drugs of choice for the tneat
rats. For an unknown reason mesalazine treatmest waf C. difficile infection. Trials have repeatedly indicated
somewhat less effective in trial 3, resulting ifmso  that in hamsters death from clindamycin-inducedtisol
ulcerations. Macroscopic pictures of the longitadlyn  can be delayed by either of these two as longeasahe
opened colon segments clearly show the ulceratiods administered. Death almost invariably occurs howeve
areas of necrotic tissue present in the positivetrog  after treatment is stopp&t”. Also in this trial, at the
the S. boulardii and the infliximab treatment groups and end of the observation period and 8 days afteretiok
the absence thereof in the PB6 group (Fig. 2). of the treatment, half of the surviving animalsatssl

Common treatments in trial 2 resulted in colonwith vancomycin had died. Vancomycin and
segments with the same macroscopical appeararice asmetronidazole fail to correct the predisposing
trial 3. At the end of the treatment period therage conditions in the gut and being antibiotics, miglien
body weight gain and colon segment weight of ratsaggravate disruption of the intestinal flora whaduld
treated with infliximab were intermediary to thosé  account for the relapse of colitis in the hamstedet
the colitis-negative and the colitis-positive caohtr and in humans once the antibiotic treatment ispsdp
groups in both trials. This probably indicates ttietre ~ Agents that help to maintain or are able to restbee
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microbiological equilibrium within the intestinatact (1.5 x 18 CFU kg* tid) suffered most from diarrhea
may prevent proliferation ofC. difficile and the and lost the most weight. The weight loss with aigm
occurrence of CDAD. The prophylactic use of receiving the high dose (1.5 x LGFU kg* tid) was
probiotics in humans to help prevent possible Hear much less distinct and almost at the same levelits
and other gastrointestinal disturbances associattd ~ vancomycin treatment (Table 1). Under the condgion
antibiotic treatment is well established and mayused in this trial, treatment with PB6 three tindesly
constitute a valuable treatment supPdrf®. Studies at 1.5 x 18 CFU kg* for 6 days could not prevent
conducted to date on a possible protective offurther animal deaths after cessation of treatniEiaf
therapeutic effect of probiotics against CDAD in 1). The hamster model however represents an extreme
humans however provide insufficient evidence faith form of CDAD of which the counterpart in humans, in
routine clinical use with this infecti6fl. Studies on the most instances, is a milder condition.

efficiency of probiotics in an animal model of CDAD The lack of knowledge on their mode(s) of action
are very scanty. Colonization with nontoxigen@  or the fact that these are at least not well ddfirie
difficile strains has proven to be highly effective in something most probiotics have in common. Lactid ac
preventing CDAD in hamstéfd. AlthoughC. difficile  bacteria, so far, are the best-documented probiolic

is usually not associated with probiotics, the Hssu contrast, the mechanisms responsible for the beakfi
obtained suggest that use of a probiotic stratemwy f effect of other probiotics, especially thBacillus
CDAD prevention might be beneficial. The probiotic species, have remained relatively unexplored.
yeast Saccharomyces boulardii at 8 x 10°  Additional experiments are needed to provide irsigh
CFU.kg.day*, as a 5% suspension of a lyophilizedinto the mechanism(s) responsible for the probiotic
powder in drinking water, has been shown to helpeffect of PB6. At the moment we can only hypothesiz
prevent extensive overgrowth . difficile and to based on the data we have. The production of giréac
reduce clindamycin-induced cumulative mortality inactive against Clostridium certainly could be an
hamsters by 10 to 35% when consumption of thistyeaslement in it. The biological activity of surfaciris
started prophylactically during at least 3 daysobef supposedly related to its ability to destabilized an
clindamycin exposure. Clindamycin doses exceedingermeabilize membranes at very low concentrations,
0.6 mg kg* however obliterated the protective effé&t  leading to membrane disintegration at higher
In current trial a hundredfold higher, single concentrations. Micrographs from transmission
subcutaneous dose of clindamycin (100 mg)k@4 hr  electron  microscopy have shown that whe@.
after a single oral administration of “lCCFU of  perfringens was incubateth vitro with PB6 culture
toxigenic C. difficile ATCC 9689, was used to induce supernatans centrifuged at 140009 for 15 nand
CDAD in hamsters. The difference in the number offilter-sterilized, the cell wall of the bacteriaas
animals that tested positive fo€. difficile toxins  disrupted and cytoplasmic contents leaked into the
observed at the end of day 1 between the no tresitmeexterior (Fig. 3). Disruption of viral lipid membras
and the vancomycin groups, might seem to indidedé t and mycoplasma membranes by surfactin also has been
induction of CDAD failed in the latter. The onset o observed by electron microscdisy'”.

diarrhea in this group at the end of day 1, thesgmee Another possible mechanism is
of toxin positives on day 2 and the further trialicse is  immunomodulation. As described in this article, AB6
convincing of the opposite. Hamsters that were notery effective in reducing the severeness of
treated after induction of CDAD this way all govsee  inflammation in trinittobenzenesulfonic acid (TNBS)
diarrhea, lost weight and died within 3 to 5 dafse  induced colitis in rats. This may be due to theapue
administration of PB6 in this trial started on t®@me  anti-inflammatory activity of surfactin but may alse

day as the administration of clindamycin and noty ndication that PB6 has immunomodulatory
several days before, as was the case @iiboulardii in propertie&?.

the aforementioned trial. Additionally, the facatiPB6 In summary, our results indicate that in hamsters
s susceptiblg to clindamycin might have impairs%g(t treatment of cIi’ndamycin—induced CDAD with PB6
effect o_flthe initial doses. Nonetheless P.BG (. .. resulted in a dose related response. Diarrhea, body
CFU kg~ tid for 6 days) reduced cumulative mortality =~ . : ;

weight reduction and mortality were least with the

the treat t period by 66%, to th lasel . .
over the treatment period by 0 10 e Same 1age highest dose of PB6. At treatment stop, the higtese

vancomycin (Fig. 1). A strong indication for the T
therapeutic potential of PB6 is the inverse doseOf PB6 showed to have been equally efficient as

response relation observed with difficile—associated V&ncomycin in - helping hamsters to  survive
weight loss. Animals receiving the low dose of PBgClindamycin-induced CDAD.
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PLA,, which is known to contribute in the biosynthesis
of several inflammatory mediatéts *°. By its action
on membrane phospholipids Pifeleases arachidonic
acid and lysophospholipids;  precursors  of
proinflammatory mediators, such as prostaglandins,
thromboxanes, leukotrienes and platelet-activating
factor. Diverse of these have been found to bengtro
mediators of intestinainflammatiod®®. Arachidonic
B . acid also upregulates P38 mitogen-activated protein
w0 AT ' B kinase (MAPK)-induced production of TNk&-and
S— TR associated proinflammatory mediatd¥s Inhibition of
Fig. 3: The effect of PB6 (ATCC — PTA 6737) culugepernatant ~ Cytosolic PLA therefore suppresses both the release of
on Clostridium perfringens at 37°C. (A) disruption of cell precursors of proinflammatory mediators and the
wall and loss of cytoplasmic contents into the eateafter 1~ upregulation of the P38 MAPK-induced production of
hr; (B) rupture and death of cell after 4 hrs (smission  proinflammatory mediators. Inhibitors of PhAsuch as
electron micrograph: X 29500) quinacrine, p-bromophenacyl bromide and
carboxymethylcellulose-linked phosphatidyl-
IBD rat trials: Studies conducted with animal models ethanolamine have been shown to attenuate intestina
of colitis demonstrate that probiotic treatment caninflammation in chemically  induced and
sometimes reduce the development of colitis anat tre immunologically mediated animal models of 18D
or attenuate established disease. Immunomodulatioigsurfactins have shown their antiinflammatory ativi
improvement of epithelial barrier function, compigd  in different animal models. They ameliorated both
exclusion of gastrointestinal pathogens and sexreif  tetradecanoyl phorbol-acetate- and acetic acidéadu
antimicrobial compounds which suppress the grovith omouse ear edema, carrageenan-induced rat paw edema
harmful enteric bacteria, are all basic mechanibms and showed a potent dose dependant analgesic effect
which probiotics can exert an effect. Overall stisdin  the acetic acid-induced abdominal constriction assa
animal models indicate that various probiotic seeci mice when administered intraperitoneally. In thieia
have different effects in selected hosts andest surfactins outperformed indomethacin, a common
inflammatory conditions, linked to the likely non-steroidal antiinflammatory drug, by 10-
involvement of multiple mechanisms of actf8i®. In ~ Taking into account firstly the literature findings the
the current studyBacillus subtilis ‘PB6’ and the pivotal role of PLA in the inflammation process, on the
standard drug mesalazine showed to be very effiaien suppression of inflammation by PLAnhibitors and on
suppressing TNBS-induced colitis in a rat model ofthe inhibition of PLA by surfactin and secondly the
IBD. Mesalazine ha® vitro andin vivo pharmacologic  production of the latter by PB6, it can be reastnab
effects that decrease leukotriene production, swwe hypothesised that PB6 in the intestine mediates
for free radicals and inhibit leukocyte chemotaxis.inhibition of PLA, through the production of surfactins,
While its exact mode of action is currently unknown thus reducing the deteriorating effects of TNBS-
any of these biochemical mechanisms may play a rolsduced inflammation. Future studies, focusing be t
in the clinical effectiveness of mesalazine. Inffiab, fate of PB6 in the intestines, the possible proiducof
the other standard drug we used as a referencerin osurfactinsin situ and the effect of PB6 on the levels of
evaluation, is a genetically engineered hybridproinflammatory mediators, should verify this
monoclonal antibody manufactured using cellshypothesis. In humans, clinical trials suggest that
containing human and mouse antibody genes. The druselected probiotic species can preventecurrent
works by binding to TNFRy, a promotor of intestinal inflammation and possibly treat actigDlI
inflammation and essentially removing it from The most convincing results to date are obtaingt wi
circulation. Our results with infliximab are comphte  VSL#3 in maintaining remission in recurrent or
to those of a similar trial in rats where infliximavas  refractory pouchitié* *® VSL#3 is a probiotic-mixture,
administered at the same single dose of 3 myikg 2 consisting of four strains of Lactobacillus, thgeains
days before induction of colitis with TNBS. In thatl,  of Bifidobacterium and one strain of Streptococcus.
8 days after induction, infliximab was shown to dav VSL#3 decreases the level of proinflammatory
some effect on body weight gain and colon grossytokines and the activity of inducible nitric ogid
morphology but not to reduce the level of edemasynthase and matrix metalloproteirfa¥e Its actual
significantly below that of the colitis-positive mimol ~ mechanism of action and whether all eight bactaréa
groug®. For the anti-inflammatory effect observed required for its efficacy still remains under
with the oral administration of PB6 we hypothedizat  investigation. In ulcerative colitis and Crohn’sease
this may be due to the probable germination of PBGesults with probiotics are less convincing or ke
spores in the intestines, followed by bacterialvgto 2% 2" 5% The results obtained witBacillus subtilis
and production of surfactiié °2. The demonstrated ‘PB6’ in TNBS-induced colitis in rats, a well
suppression of antiinflammatory responses by stinfac established, reliable model of human IBD, are
possibly relates to the selective inhibition ofasdlic suggestive of possible therapeutic effectivene$28§.
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