Mechanism of action of naturally occurring
antimicrobials against Clostridium difficile
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* Clostridium difficile causes infections of “5 . .75
the gastrointestinal tract.? g
 Disease severity can range from self-

Time-kill kinetics

Table 1. Mean log10 cfu/ml reductions for C. difficile NCTC 13366 following of exposure to

treatments.
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extracts against C. difficile. 0 — T

Nisin 8 x MIC (4 pg/ml), vancomycin 8 x MIC (8 pg/ml), cinnamon
root powder 8 x MIC (150 mg/ml), peppermint oil 8 x MIC (16%
v/v), trans-cinnamaldehyde 8 x MIC (1.6% v/v), menthol 8 x MIC
(18.8 mg/ml), zingerone 8 x MIC (37.5 mg/ml).
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Cell permeability assays

Table 2. Effect of products on C. difficile NCTC 13366, measured by protein leakage
and propidium iodide uptake assays.

The mechanism of action of five compounds with
bactericidal activity (cinnamon root powder, peppermint oil,
trans-cinnamaldehyde, menthol and zingerone), and four

All five bactericidal compounds damaged the cell

with bacteriostatic activity (fresh garlic bulb extract, garlic Treatment membrane in both cell permeability assays.
.. : 1h 2h 6h 1h 2h 6h : . .
clove powder, Leptospermum honey and allicin) against two Sramon oot owder Treatment  with  peppermint oil, trans-
FFini - : : 1 x MIC (75 mg/ml) 7.0%2.3 3.0:1.8 24.8%5.7 324153 376 136 602 + 128 cinnamaldehvde menthol and zineerone
C. difficile strains was investigated. 2 x MIC (150 mg/ml) 4.7+5.0 24.4+10.6 83.1+ 10.6 446 + 64 616 + 168 1061 + 228 . y o ] . &
Assays: Peppermint ol resulted in significant increases in OD.y
y 1 x MIC (8% v/v) 19.2+6.8 23.6+5.2 743 +3.9 241 + 60 444 + 108 1206 + 186 TP .
1. Bactericidal activity: Time kill 2 x MIC (16% v/v) 29.6+9.1 62.9+2.7 90.7 + 11.2 431 + 156 548 + 111 1387 + 294 mdlcatmg protein Ieakage after 1 h of exposure
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system for circular DNA linked to the '™ :‘:at!o”/ protein Values in bold differ significantly from controls (SOW and DMSO). synthesis/prokaryotic translation. Other than
PYMENESES streptomycin and tetracycline, Leptospermum

Steady-Glo®.
4. Detection of antimicrobial cross-resistance: broth
microdilution, comparing the MICs of products against a

Detection of antimicrobial cross-resistance honey (MGO 514+*) was the only treatment that

showed a reduction in RFU ratio compared to

Table 3. MIC values for products against antimicrobial resistant and susceptible C. difficile.

panel of antimicrobial C. difficile strains previously — Treatment untreated controls (SDW and DMSO) with
. res . . ° (o) ()
characterised :SDOIate Phenotype [-ETHIT Garlic (cjlove Allicin Lfiptospeic/irr(rsuom Peppermint Clrinamc()jn Menthol Zingerone . tm?j_h 4 values ranging from 42.1% to 68.9%.
fOr AMR extract (pn:):gN/anI; (mg/ml) 51041(2)»1(5/ W/v) oil (% v/v) ro?mg;)n\qll)er (mg/ml)  (mg/ml) cmna(:;ail/ve) yae
(% v/v) ’ ’
phenotype EITEN Misg/tetR 04 04 04 8 N 7> +7 04 0.02 None of the compounds showed elevated MICs
. 5Q383 0.8 9.4 9.4 8 8 75 9.4 9.4 0.03 ] - ) ] o
and associated MLS, 0.8 9.4 9.4 16 8 75 9.4 9.4 0.01 against antibiotic-resistant strains of C. difficile
genotype. 08 04 04 16 8 > 04 04 0.02 harbouring DNA gyrase mutations, or
MLSg/tetR 0.8 4.7 9.4 8 8 75 9.4 9.4 0.03 ) ) )
0.8 9.4 9.4 16 8 75 9.4 9.4 0.03 conjugative transposons carrying ermB and tetM,
RO g: zj zj iz : ;2 :Z zz ggi suggesting that antibiotic resistance mechanisms

are not cross-protective for natural products.

R, resistant; S, susceptible; MLS;, macrolide-lincosamide-streptogramin-B; tetR, tetracycline resistant; FQR, fluoroquinolone resistant.

CONCLUSIONS

1. Poxton IR, McCoubrey J, Blair G. The pathogenicity of Clostridium difficile. Clinical Microbiology and Infection. . . . . . .

2001;7(8):421-7. Overall, this study provides a fundamental framework regarding the possible mechanism of action of natural

2. Riley TV. From obscurity to superbug; The rise of Clostridium difficile. Healthcare Infection. 2010;15(3):59-61. . . . . . cppe o . . . . .

3. Trubiano JA, Cheng AC, Korman TM, Roder C, Campbell A, May MLA, et al. Australasian society of infectious occurring antimicrobials against C. difficile. The findings indicate that damage to the cytoplasmic membrane may

di dated guideli f h f Clostridi difficile infection in adul d child [ . . . . . . . . cppe o

e o oot Tternal Mo ot 201e ey a70gs o aduis and chldren i eantribute to the mechanism of action of several naturally occurring antimicrobials against C. difficile. Also, a lack of
cross-over mechanisms of resistance between standard antibiotics and natural compounds are shown. Further

studies are required to determine the efficacy of these compounds in vivo.

Australia and New Zealand. Internal Medicine Journal. 2016;46(4):479-93.

4. Num SM, Useh NM. Clostridium : Pathogenic roles , industrial uses and medicinal prospects of natural
products as ameliorative agents against pathogenic species. Jordan Journal of Biological Sciences. 2014;7(2):81-
94.

5. Rossiter SE, Fletcher MH, Wuest WM. Natural products as platforms to overcome antibiotic resistance.
Chemical Reviews. 2017;117(19):12415-74.

[=] 3


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjfjNLThsvbAhUBopQKHU8GCEUQjRx6BAgBEAU&url=https://www.123rf.com/photo_10768900_various-mother-tincture-plant-extracts-of-homeopathic-medicine.html&psig=AOvVaw2uF3j5O7eRyjATAHvYVsH8&ust=1528787270584990

