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Are agar and alginate beads interchangeable? BaCkgrou nd

Chronic infections Lung models of chronic infections
. (1) Biofilm bacteria
= P Models required that P. aeruginosa is embedded in polymer
o ) (e.g., agar, agarose, or alginate) to create an interface with
;‘,’;fj‘j,";.',f;"”"..‘ r{/""‘:/ y &, the host to prevent rapid bacteria clearing or host death
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Clusters of P. aeruginosa biofilms (<50-100 pum

wide) are found embedded in the conducting - -
airways mucus, often surrounded by immune b7 I, S —
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cells such as Neutrophils DAYS POST INFECTION

Sophie Moreau-Marquisa et al. Pseudomonas aeruginosa biofilm formation in the cystic fibrosis
airway. Pulmonary Pharmacology & Therapeutics 21 (2008) p. 595

Bjarnsholt, Thomas, et al. Pseudomonas aeruginosa biofilms in the respiratory tract of cystic
fibrosis patients. Pediatric pulmonology 44.6 (2009): 547-558.



Are agar and alginate beads interchangeable? hypothESIS

Depends on the physicochemical characteristics
and concentration of the antibiotic tested?

Ciprofloxacin (neutral pH7.4) vs Tobramycin (cation)



Planning

e Perform time-kill experiments in the presence of TOB or CIP
using blolumlnescent PAO1 (Pa01:1uxCDABE - gift from P. Plésiat) SFOWN

planktonically, \=:
as adherent biofilm, |\
entrapped in agar or Ca-alginate beads _\U,_

 Measure the diffusion coefficient of both drugs in agar and Ca-
alginate gels



Time-kill curve
planktonic vs 24 hours old biofilm

T\ [ T\ [

* CIP concentrations: 0.0625 to 50 pg/mL
0.25 to 100 x MIC
* TOB concentrations: 0.125 to 100 pg/mL
0.25 to 100 x MIC
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10 mL with PAO1 at

0D600 = 0.06
2% Agar
or
Alginate .
solution w %;gl‘xs"
—

Agar: 48 °C
Alginate: Room temperature

Polymer beads preparation
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Taa il 140
0il
Agar/ a i
\ gclbcads ET 1]
Centrifugation and\| = + +¥ “]l o
cleaning steps -
' mv = 111.2 | 10%="76.51 60%=111.2
mn = 9475 | 20% = 8677 70% =1173
oil ma = 106.1 30:4::: 9373 B0% =1244
071% SPAN 60 C5 = 0057 |aD% = 9977 90% =1355
' sd = 2256 |50% = 105.6 95% = 145.1

Calcium
Alginate
el bear

GROWCQOTT, E. J., COULTHARD, Alex, AMISON, Richard, et al. Characterisation of a refined rat model of respiratory infection with

Pseudomonas aeruginosa and the effect of ciprofloxacin. Journal of Cystic Fibrosis, 2011, vol. 10, no 3, p. 166-174



Normalised bicluminescence

Ciprofloxacin
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Normalised bioluminescence
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Normalised bioluminescence
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In airway, P. aeruginosa biofilms are embedded in mucus

Chronic infections

( 1 , Biofilm bacterio
B L = protected from
o antibiotic
¢ » o3
Antibiotic kills 3
free living Q"
(planktonic)
bocteria

Reduced antibiotic
penatration into
biofilm

Clusters of P. aeruginosa biofilms (<50-100 um wide)
are found embedded in the conducting airways
mucus, often surrounded by immune cells such as
PMNs

Alginate beads dispersed in
mucus simulating media could
be an interesting in vitro model
to mimic in vivo chronic
infections

wvcan  Applied and Environmental
SOORTY FOb P B\ L
—4 mcosiowoey Microbiclogy

83 (2017) p 113-17

Pseudomonas aeruginosa Aggregate
Formation in an Alginate Bead Model
System Exhibits In Vivo-Like
Characteristics

Majken Sonderholm,® Kasper Norskov Kragh,® Klaus Koren®

Tim Holm Jakobsen *2 Sophie E. Darch,© Maria Alhede,* Poter @strup Jensen,
Marvin Whiteley,© Michael Kdhl»#* Thomas Bjarnsholt><



Effect of mucus on time-kill curves

Alginate beads
Bioluminescent PA

Artificial sputum medium (ASM)
N~ m;mic the sputum of.cystic fibrosis

- 5 g/L mucin from pig stomach

4 g/L salmon sperm DNA

0.5% (v/v) egg yolk emulsion

5.9 mg/L of DTPA

Minerals and amino acids

- pH=7
Kirchner, Sebastian, et al. Journal of visualized

Alginate beads dispersed in ASM to experiments: JOVE 64 (2012).

e e . . T . Sriramulu, Dinesh D., et al. Journal of medical
mimic in vivo chronic infections microbiology 54.7 (2005): 667-676.
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Normalised bioluminescence
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Effect of mucus on Tobramycin time-kill curves
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susceptibility of P. aeruginosa
biofilms to tobramycin, but not
colistin.

Journal of Antimicrobial

Chemotherapy (2018).

A significant reduction of
tobramycin efficacy when P,
aeruginosa biofilms were
grown in the presence of

mucus-like medium

Biofilms in the presence of mucus-like medium respond differently to tobramycin



Hypothesis

Difference observed between
alginate and agar beads is due to a

change in antibiotics diffusion in
the beads ?



Stewart, P. S. (1996). Theoretical aspects of antibiotic diffusion into microbial biofilms.
Antimicrobial agents and chemotherapy, 40(11), 2517-2522.

TABLE 1. Diffusion coefficients of selected antibiotics in water at
37°C calculated by the Wilke-Chang correlation”

MW Dy, (10°°
Agent (g/mol)” ??:!:1 2s) ’
Ciprofloxacin 330.4 6.87
Benzylpenicillin 376.4 6.69
Tobramycin 465.5 5.56
Gentamicin 477.6 6.20
Piperacillin 517.6 5.25
Ceftazidime 548.6 5.12
Vancomycin 1.468.3 283

“ Reference 28,

® MW, molecular weight.

TABLE 2. Comparison of experimentally measured and predicted D, of selected antibiotics in polymer gels”

N o™ Expt D, (10°5) Predicied D, £
Agent T (°C) (crr;?r's) (10-5) (Cm:g) Conditions

Benzylpenicillin 25 338 3.01 10% porcine gastric mucus

Tobramycin 37 3.00 5.03 206 agar

Gentamicin 25 252 2 10% porcine gastric mucus
37 220 5.61 205 agar

Piperacillin 37 3.70 4.75 2% alginate
37 4.00 4.75 20% agar

Ceftazidime 25 342 230 10% porcine gastric mucus
37 290 4.63 2% alginate

“ The predicted value was derermined from equation 5 by using the values of D, given in Table 1 and wis correcied for iemperature as af riate.
P q ) g ay 5 pe ppr
diffusion coefficients.



Diffusion in 2% agar and Ca-alginate gels

The basic assumption that the

constant thickness and diffusivity ~ y = 0.0061x+ 25.435

3 e
s R? = 0.9993 e
" - -
ThinCert 4 I: 30 _’___,__.,-—""'—F
5 25
Well 3 20
]
> 15
Antibiotics in TRIS-HCI = 10
Agar L C
gar Layer o
or Alginate Layer
@ ’
TRIS-HCI .// 0 500 1000 1500 2000
(ng/cmZ/seC) Timo lcP\ (cm/sec)
(less than 5% of the initial Jse) P J D=—
amount cross the gel layer) (cm/sec) P = Co (cm2/sec) L (cm)
(ng/cm3)

diffusion coefficient



Diffusion in 2% agar and Ca-alginate gels

CIP in agar CIP in alginate

average 1.5 x 10 ®cm/s average 1.4 x 10 - cm/s
SD 0.2x 10 ® cm/s SD 0.4x 10 ® cm/s
Diff in H,0 at 37°C 6.9 x 10 °cm?/s * Diff in H,0 at 37°C 6.9 x 10 °*cm?/s *
% from Diff in H,0 at 37°C 22 % % from Diff in H,O at 37°C 21 %
average 1.6 x 10 ®cm/s average 0.8x10°cm/s
SD 0.7x 10 ® cm/s SD 0.5x10°cm/s
Diff in H,0 at 37°C 5.6 x 10 ®cm?/s * Diff in H,0 at 37°C 5.6 x 10 ®cm?/s *
% from Diff in H,0 at 37°C 28 % % from Diff in H,0 at 37°C 14 %

* Stewart, P. S. (1996). Theoretical aspects of antibiotic diffusion into microbial biofilms.
Antimicrobial agents and chemotherapy, 40(11), 2517-2522.



Antibiotic diffusion in a polymer sphere

The time required for a solute to attain 90% of the bulk fluid
concentration at the center of a spherical matrix is estimated by

R2 Stewart, Philip S. "Diffusion in biofilms." Journal of bacteriology 185.5

tgg = 0,37 — . 1485-
90 De (2003):1485-1491.

where R is the radius and De is the effective diffusion coefficient in
the polymer.

(50 x 10~4)*
8x10~7

For beads having a diameter of 100 um  t,,=0,37 x =12 seconds

And De=8x 107 cm/s

Tobramycin can be expected to penetrate in a matter of seconds or minutes in the Ca-
alginate or agar beads



PEGylation of Tobramycin Improves biofilm antimicrobial activity
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Tobramycin Tob-PEG

Du, J., Bandara, H. M. H. N, Du, P, Huang, H., Hoang, K., Nguyen, D., ... & Smyth, H. D. Improved biofilm
antimicrobial activity of polyethylene glycol conjugated tobramycin compared to tobramycin in pseudomonas
aeruginosa biofilms. Molecular pharmaceutics, 2015, vol. 12, no 5, p. 1544-1553. b

@  PEG-tobramycin

© Tobramycin

LR

Log Reduction (CFU/mL)
Py

Control  Tob Tob-PEG
Log-reduction of PA biofilms after

treatment with TOB-PEG

CF-like mucus

(75! PA biofilm

Bahamondez-Canas, T. F.,, Zhang, H., Tewes, F., Leal, J., Smyth, H. D. (2018) . PEGylation of tobramycin improves mucus
penetration and antimicrobial activity against Pseudomonas aeruginosa biofilms in vitro. Molecular pharmaceutics, 15(4),
(2018) p 1643-1652.



Conclusions

Are Agar and Ca-Alginate beads models interchangeable to evaluate ATB efficacy?
It depends on the ATB tested.

Ciprofloxacin readily penetrated both gels. According to diffusion coefficient
calculated, both beads were equilibrated with the CIP concentrations in the
dispersing broth in few seconds
To evaluate the effect of TOB (cationic ATB) - Depends on its concentration
At high (> 10 x MIC) and low (<0.25 x MIC) concentrations - beads are
interchangeable
Around MIC (0.25 — 10 x MIC) efficacy of TOB is reduced in Alginate beads
compare to Agar ones

Decrease in diffusivity of TOB in Ca-alginate compare to agar gel should not be the
main factor explaining the lower sensibility of PAO1 to TOB when entrapped in Ca-
alginate beads compare to its sensibility when entrapped in agar beads



