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Abstract: The discovery of communication systems regulatiagtérial virulence has
afforded a novel opportunity to control infectiobsicteria without interfering with
growth. In this paper we describe the effect ofirghibitory concentrations of phenyl-
lactic acid (PLA) on the pathogenicity Bseudomonas aeruginosa in mice. The animals
were inoculated by oral (p.o.), intranasal (i.mj);avenous (i.v.) and intraperitoneal (i.p.)
routes withP. aeruginoasa wild and PLA-treated cultures. The mice were fokmiwp
during 16 days after infection and the body weighgrtality and morbidity rate were
measured every day. The microbial charge was stuoleviable cell counts in lungs,
spleen, intestinal mucosa and blood. The mice latatfected with wildP. aeruginosa
bacterial cultures exhibited high mortality rat@9@ % after i.v. and i.p. route) and very
high cell counts in blood, lungs, intestine andespl In contrast, the animal batches
infected with PLA treated bacterial cultures extadigood survival rates (0 % mortality)
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and the viable cell counts in the internal organsaled with one exception the complete
abolition of the invasive capacity of the testedhiss. In this study, using a mouse
infection model we show th&-3-phenyllactic acid (PLA) can act as a potent gomagst

of Pseudomonas (P.) aeruginosa pathogenicity, without interfering with the bacaér
growth, as demonstrated by the improvement of tnesal rates as well as the clearance
of bacterial strains from the body.

Keywords: Phenyllactic acidPseudomonas aeruginosa, in vivo holoxenic mouse model,
virulence attenuation

Introduction

Upon contact with the host cells many pathogensnisecellular communication mechanisms for
the regulation of virulence factors expression. @hehe newest strategies for the prevention and
treatment of bacterial infections is the inhibitiohcell-to-cell signalling by inhibitors which daot
interfere with the microbial growth [1]Pseudomonas aeruginosa is an increasingly prevalent
opportunistic pathogen and is the most common Gragative bacterium found in nosocomial and
life threatening infections of immunocompromisedigras [2]. P. aeruginosa, besides its natural
resistance to a large number of antibiotics effectigainst other Gram-negative bacilli such asAthe
group penicillins, 1st-3rd generation cephalospritetracyclins and trimetoprim, has developed
acquired resistance to the so-called “antipseudamstincarboxypenicillins (ticarcillin, carbenicitj
25-30 % resistance), acyl-ureidopenicillins (ceplitiane, cephsulodin), carbapenems (imipenem,
20-25 %), gentamycin (47 %) and ciprofloxacin (35%).

The intrinsic resistance d?seudomonas cells towards antimicrobial agents is further iased
when the bacteria is growing in biofilms. In fabipfilms are known for their high resistance to
antimicrobial agents, thus explaining their implioa in the etiology of infectious diseases, with a
incidence as high as 65 % [2]. HumBnaeruginosa infections involving bacterial adherence and
biofilm development on medical devices are verfialift to treat and eradicate, due to their inceshs
resistance to the anti-infective host defense T8 attempts made until present to attenuate balcter
pathogenesis due 8. aeruginosa by interfering withbacterial cell to celcommunication, without
interfering with growth have used natural antagsnmoduced by superior organisms (furanones) or
chemically synthesized [6].

The present study was aimed at attenuating theogetticity in P. aeruginosa by using
subinhibitory concentrations of phenyl lactic afiRLA). Our approach is based on the fact that this
compound was found in the cell-free cultures_attobacillus probiotic strains and its antibacterial
activity was already demonstrated for Gram-positiveroorganisms [7]. Our previous studies with
cell-free probiotic cultures liquids have also dewstoated that the probiotic bacteria secrete selubl
factors interfering with the pathogenic bacterid &ost cell signaling mechanisms, in the first dage
inducing changes in the expression of surface mtdscand consequently, the shift of the adherence
pattern from aggregative to the diffuse one, arel dtimulation of endocytic processes of cultured
cells, respectively [8].
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Results and Discussion

The ability of pathogenic bacteria to survive iffefient environments illustrates the importance of
understanding the regulation of bacterial virulegeaes and those implicated in the detection of the
environmental signals for the elaboration of adégaati-infective strategies [9]. The success of an
pathogen in the colonization of a sensitive hosl #me development of an infectious process is
dependent on its ability to sense its environmendtt@ modulate the expression of the gene encoding
factors required for the establishment and adagptat the new habitat [10].

Table 1. Mortality and body weight dynamics in animals ctldd withP. aeruginosa wild cultures.

Bacterial strain/ Day 0 Day 1 Day 2
No. Inoculation mode no. g/b g/m | no. a/b g/m| no. g/b g/m
1. P. aeruginosa
. 5 107 | 26.75 2 20 10 1 23 23
247/1464 i.p.
2. P. aeruginosa
. 5 102 | 255 - - - - - -
247/1464 i.v.
3. P. aeruginosa |
. 5 92 23 4 90 22.5 4 90 22.5
247/1464 i.n.
4, P. aeruginosa 492
. 5 110 | 275 - - - - - -
i.p.
5. P. aeruginosa 492
iy 5 99 | 24.75 3 55 | 18.53 - - -
6. P. aeruginosa 492
in 5 92 23 4 90 22.5 4 96 24
i.n.
7. P. aeruginosa 492 N
0.0 5 94 23.5 4 90 22.5 4 94 23.5
8. P. aeruginosa 37
) 5 95 | 23.75 - - - - - -
i.p.
9. P. aeruginosa 37
. 5 92 23 - - - - - -
i.v.
10. P. aeruginosa 37
in 5 92 23 4 89 | 22.25 4 96 24
11. P. aeruginosa 37
0.0 5 97 | 24.25 4 95 | 23.75 4 106 26,5
12. Ps. aeruginosa
. 5 88 22 - - - - - -
1489 i.p.
13. P. aeruginosa 1489
. 5 77 | 19.25 - - - - - -
V.
14. P. aeruginosa 1489
in 5 107 | 26.75 4 78 19.5 4 86 2156
15. P. aeruginosa 1489 |
0.0 5 82 20.5 4 87 | 21.75 4 95 23.75
16. | Control 5 | 74 | 185| 4| 76| 19| 4| 78| 19
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Table 1.Cont.

Bacterial strain/ Day 7 Day 9 Day 16

No. | Inoculation b / b / b /

no. m no. m no. m

mode g9 g9 g g9 g g

1. | P. aeruginosa 1 24 24 1 21 21 1 28 28
247/1464 i.p.

2. | P. aeruginosa - - - - - - - - -
247/1464 i.v.

3. | P.aeruginosa | 4 95 | 23.75| 4 95 | 23.7% 4 107  26.75

247/1464 i.n.
4. | P. aeruginosa | 4 93 | 23.25| 4| 100 25 4 112 28
247/1464 p.o.

5. | P. aeruginosa - - - - - - , - -
492 i.p.

6. | P. aeruginosa - - - - - - , - -
492  iv.

7. | P. aeruginosa 4 | 117 | 29.25| 4| 119| 297 4 135  33.75
492 i.n.

8. | P. aeruginosa 4 105 | 26.25| 4 105| 26.26 4 117 29.25
492 p.o.

9. | P. aeruginosa - - - - - - , - -
37 i.p.

10. | P. aeruginosa - - - - - - - - -
37 iv.

11. | Ps. aeruginosa 4 116 29 4 119 29.7% 4 121  30.25
37 i.n.

12. | P. aeruginosa 4 118 | 295 | 4 123| 30.7% 4 127 305
37 p.o.

13. | P. aeruginosa - - - - - - , - -
1489 i.p.

14. | P. aeruginosa - - - - - - - - -
1489 i.v.

15. | P. aeruginosa 4 118 27 4 112 28 4 130 3256
1489 i.n.

16. | P. aeruginosa 4 100 25 4 120 30 4 138§ 3456
1489 p.o.

17. | Control 4 77 | 19.25| 4 79| 19.7% 4 10( 25

no. = number of mice/batch; g/b = gram/batch; grem/mouse; — = animals died during the experiment
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Table 2. Mortality and body weight dynamics in animals infstwith PLA treated

P. aeruginosa cultures.

Bacterial strain/ Day 0 Day 1 Day 2

No. | Inoculation no /b /m | no /b /m| no /b /m
tode . g g . g g . g g

1. | P. aeruginosa | 5 122 | 305 | 4 | 118 | 295| 4 120| 30
247/1464 i.p.

2. | P. aeruginosa | 5 120 | 30 4 127 | 3173 4 132| 33
247/1464 i.v.

3. | P. aeruginosa | 5 130 | 325 | 4 | 135 | 3375 4 122|  30.5
247/1464 i.n.

4. | P. aeruginosa | 5 130 | 325 | 4 | 119 | 29.7% 4 140| 35
247/1464 p.o.

5. | P. aeruginosa | 5 120 | 30 4 117 | 2923 4 120| 30
492 ip.

6. | P. aeruginosa | 5 115 | 28.75| 4 119 | 29.7% 4 120| 30
492 iv.

7. | P. aeruginosa | 5 115 | 28.75| 4 128 | 32 4 133| 33,2
492 i.n.

8. | P. aeruginosa | 5 120 | 30 4 123 | 30.73 4 124 31
492 p.o.

9. | P. aeruginosa | 5 120 | 30 4 116 | 29 4 118 | 29.5
37 i.p.

10. | P. aeruginosa | 5 120 | 30 4 124 | 31 4 122 | 30.5
37 V.

11. | Ps aeruginosa | 5 115 | 28.75| 4 120 | 30 4 121 30.2
37 i.n.

12. | P. aeruginosa | 5 120 | 30 4 122 | 305| 4 122| 305
37 p.o.

13. | P. aeruginosa | 5 110 | 275 | 4 | 106 | 265| 3 70 23.3
1489 i.p.

14. | P. aeruginosa | 5 130 | 325 | 4 | 120 | 30 4 130| 325
1489 i.v.

15. | P. aeruginosa | 5 120 | 30 4 117 | 2923 4 119|  29.7
1489 i.n.

16. | P. aeruginosa | 5 120 | 30 4 110 | 2723 4 120| 30
1489 p.o.

17. | Control 5 130 | 26 5 132 | 26.4| 5 122| 305

587

no. = number of mice/batch; g/b = gram/batch; g/gram/mouse; — = animals died during the experiment
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Table 2.Cont.

Bacterial strain/ Day 7 Day 9 Day 16

No. | Inoculation b / b / b /

no. m | no. m| no. m

mode g 9 I 9 J ’

1. | P. aeruginosa | 4 130 | 325 | 4 140 | 35 4 149| 37.25
247/1464 i.p.

2. | P. aeruginosa | 4 135 | 33.75| 4 143 | 357% 4 148| 37
247/1464 i.v.

3. | P. aeruginosa | 4 141 | 35.25| 4 146 | 365| 4 150| 37.%
247/1464 i.n.

4. | P. aeruginosa | 4 143 | 35.75| 4 155 | 38.7% 4 158  39.5
247/1464 p.o.

5. | P. aeruginosa | 4 131 | 32.75| 4 145 | 36.25 4 147|  36.75
492 i.p.

6. | P. aeruginosa | 4 129 | 32.25| 4 138 | 345| 4 144| 36
492 ..

7. | P. aeruginosa | 4 136 | 34 4 142 | 355| 4 147| 36.75
492  i.n.

8. | P.aeruginosa |4 | 139 | 34.75| 4 | 147 | 36.7% 4 152| 38
492 p.o.

9. | P. aeruginosa | 4 120 | 30 4 124 | 31 4 146 | 36.5
37 i.p.

10. | P. aeruginosa 4 122 30.5 4 145 36.2% 4 152 38
37 iv.

11. | P. aeruginosa 4 122 30.5 4 137 34.2% 4 142 35.5%
37 i.n.

12. | Ps. aeruginosa | 4 135 | 33.75| 4 144 | 36 4 148| 37
37 p.o.

13. | P. aeruginosa 3 72 24 2 58 29 2 62 31
1489 i.p.

14. | P. aeruginosa | 4 120 | 30 4 148 | 37 4 150 | 37.5
1489 i.v.

15. | P. aeruginosa 4 119 29.75| 3 92 30.6 3 105 35
1489 i.n.

16. | P. aeruginosa | 4 125 | 31.25| 4 122 | 305| 4 137| 34.25
1489 p.o.

17. | Control 5 124 | 248 | 5 143 | 286| 5 148| 29.6

no. = number of mice/batch; g/b = gram/batch; g/gram/mouse; — = animals died during the experiment
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Table 3. Viable cell counts (CFU/mI) in internal organ tissuof animal batches infected with
untreated (PLA-) and PLA treated (PLAR)aeruginosa cultures.

CFU/mI CFU/mI CFU/mI CFU/mI

No. Bacterial strain/ dil. 10° dil. 107 dil. 10°® dil. 10°

Inoculation route

PLA- | PLA+ | PLA- | PLA+ | PLA- |PLA+ |PLA- |PLA+

1 P. aeruginosa 1489i.p.

Gall bladder NC - 300 - 91 - 5 -

Lung NC 61 460 17 80 9 30 -

Intestine 100 20 31 - - - - -

Blood NC - NC - NC - NC -
2 P. aeruginosa 247/1464.p.

Gall bladder NC - 173 - 95 - 10 -

Lung NC - NC - 121 - 28 -

Intestine NC - NC - 150 - 60 -

Blood NC - NC - NC - NC -
3 P. aeruginosa 247/1464i.v.

Gall bladder 107 - 20 - - - - -

Lung 241 - 64 - 10 - - -

Intestine 26 - - - - - - -

Blood NC - NC - NC - NC -
4 P. aeruginosa 492i.v.

Gall bladder NC - NC - 130 - 80 -

Lung 300 - 96 - 42 - 4 -

Intestine NC - NC - 50 - 30 -

Blood NC - 234 - 67 - 7 -
5 P. aeruginosa 492i.v.

Gall bladder NC - NC - NC - NC -

Lung NC - NC - 27 - 2 -

Intestine NC - NC - NC - NC -

Blood - - - - - - - -
6 P. aeruginosa 37i.p.

Gall bladder - - - - - - - -

Lung - - - - - - - -

Intestine - - - - - - - -

Blood - - - - - - - -
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Table 3.Cont.
No Bacterial strain, inoculation CFU/mI CFU/mlI CFU/mI CFU/mlI
route dil. 10° dil. 10" dil. 10°® dil. 10°
PLA- | PLA+ PLA- PLA+ PLA- PLA+ |PLA- |PLA+
7 P. aeruginosa 37i.v.
Gall bladder NC - NC - NC - NC -
Lung NC - NC - NC - NC -
Intestine 10 - - - - - - -
Blood - - - - - - - -
8 P. aeruginosa 1489i.p.
Gall bladder 127 - 21 - - - - -
Lung NC - NC - 260 - 96 -
Intestine NC - NC - - - - -
Blood NC - NC - NN - NC -
9 P. aeruginosa 1489i.v.
Gall bladder NC 356 186 110 62 23 6 -
Lung NC - NC - NC - NC -
Intestine 108 - 36 - - - - -
Blood - - - - - - - -

NC- not countable at the chosen dilution

For opportunistic bacteria, such Rseudomonas aeruginosa, the outcome of the complex bacterial
cell-host interactions depend on cellular dens3fy Qurin vivo experimental study using a holoxenic
mice infection model showed that subinhibitory camications of PLA could act as a potent inhibitor
of P. aeruginosa pathogenicity, without affecting the bacterial seliability, this antagonistic effect
depending on the infection route and the microlgsied strain.

Conclusions

The present study has proved the role of subirdrpitoncentrations of PLA in the attenuation of
P. aeruginosa virulence and pathogenicity, using amvivo holoxenic mouse infection experimental
model. Our results are accounting for the hypoth#st subinhibitory concentrations of PLA, which
are not acting by affecting the bacterial cell Viahy are probably interferring with the intracelar
communication and the sequential and coordinat@dession of different virulence factors, altering
the success of this pathogen in the colonizatiora densitive host and the development of an
infectious process.
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Experimental

General

The pathogenids. aeruginosa strains used in our study were isolated in 2006nfiavasive
infections and identified comparatively by claskisechemical reactions and APl 20NE microtests
(BioMérieux). D-3-phenyl lactic acid, purity97.0 % (PLA, Figure 1) supplied by Sigma-Aldrich
Division (Milan, Italy) was used in the study.

Figure 1. D-3-phenyllactic acid.

COOH

Conventional (holoxenic) mice, purchased from BarFarm (Bucharest), were used in these
experiments. In order to obtain comparative reghiésanimals were grouped in different batches of
five animals each as follows: one negative conftratch 1) and six infection batches and six batches
for investigation of the influence of PLA on bacsipathogenicity. Each batch contained 5 animals.

Sudy design

The bacterial strains were seeded on agar mediuhin@abated for 24 hours at 3€. Starting
from isolated colonies developed on the agar mediomarobial suspensions of 0.5. MacFarland
density (1-3x18CFU/mI) were prepared in sterile saline. 100 pthi$ inoculum were distributed in
two culture tubes for each strain, one containi@gril nutrient broth and the other one 10 ml nutrien
broth withD-3-phenyl lactic acid at a final concentration ofngy/ml. The concentration of PLA used
in this study (1 mg/ml) proved to be subinhibitdoy all tested strains, meaning that it did noeeff
the cultures viability, as demonstrated by the dgatell counts (CFU/ml) performed on the inoculum
giving similar values in the presence as well ashm absence dD-3-phenyllactic acid. The initial
solution of 100 mg/ml was prepared in vol:vol metblavater solution. The solution was sterilised by
22 pm filter mambrane. After adding tBe3-phenyllactic acid in the nutrient broth, the ptédium
was controlled (in order to exclude the medium iéication due to the addition of the PLA). The two
tubes were incubated for 24 hours at°87 The obtained overnight cultures Rf aeruginosa grown
with and without addition of subinhibitory conceations of PLA (1 mg/ml) were centrifuged and the
sediment was washed three times in PBS (phosphfferdd saline). Starting from the cell sediment,
bacterial suspensions of ~1GFU/ml were prepared in PBS and used for micetilaion in one
single dose given by oral (p.o.), intranasal (j.mfravenous (i.v.), and intraperitoneal (i.p.)it@s. The
mice were followed up to 16 days after infectiord dhe body weight, mortality and morbidity rate
were measured at different time intervals. The seuof infection was determined by daily
examination of the animals in each batch, as vgehyafinal viable cell count (Colony Forming Units,
CFU number) performed on different organs and éssin order to appreciate the pathogen invasion
(lungs, spleen, intestinal mucosa and blood). T$sué specimens (collected after the animals died
from infection or were euthanized) were weighted &alomogenised in sterile PBS. Serial ten-fold
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dilutions from homogenate were plated (0.1. mlglainto King A medium specific for the isolation
and counting ofP. aeruginosa. The seeded media were incubated at 37 °C for 24shand the
specificP. aeruginosa colonies were counted and the results were exptesseFU/ml.
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