Recent challenges in veterinary pharmaco
therapy

Medicinal plants as an alternative to antibiotics?

Maria Groot
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® \Veterinarian, researcher

" Wageningen Food Safety Research, part of Wageningen
University & Research

® \Works on herbal medicine since 1999

" Chair of the study group “Animals and herbs” from the
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" pasture with biodiversity, > 20 different grasses and
herbs

" Animal biodiversity, breeds per region
" | ess production (grass and milk/meat)
" Herbal medicine only available remedy

THE COMPLETE
HERBAL
HANDBOOK FOR
FARM AND STABLE
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Developments KEEP%THﬂE JUT!
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®" More animals/farm
® Specialisation
® | ess breeds/farm

" Genetic improvement for production
" Mechanisation

" Use of fertilizers, antibiotics for growth promotion,
prevention of disease ——
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Development of antibiotics

" Most between 1940-1970
" | ast years no new abs

Figure 1: 14 classes of antibiotics were introduced for human use between 1935 and 1968; since then, 5 have been introduced.
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* Beta-lactams include three groups sometimes identified as separate classes: penicillins, cephalosporins, and carbapenems.
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Antibiotic resistance

® spontaneous or induced genetic mutation in bacteria

" genes that confer resistance transferred between
bacteria by conjugation, transduction or transformation.

" Exposure to antibiotics selects for the antibiotic resistant
trait

(st ices Bzyig) ‘death  Continues to reproduce

and produce offspring
that resist antibiotics
used to treat it.
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Reduction of antibiotic use in the
Netherlands

® Aim: 50 % reduction from 2009-2013
® 70 % reduction in 2015

Figure ABuse01 Antimicrobial veterinary medicinal product sales 1999-2018 in kg (thousands).
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Formularia for antibiotics in animals

" Guidelines to improve efficacy and tot reduce antibiotic
resistance

" First, second and third choice of antibiotics
" Third choice only after susceptibility testing
" Goal is to reduce the induction of resistance
" And optimal efficacy of the antibiotics used
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Monitoring antibiotics in animals

®" Maran reports
" Use of antibiotics in different animal species and humans

" Occurrence of resistance
MARAN 2019

Monitoring of Antimicrobial Resistance
and Antibiotic Usage in Animals
in the Netherlands in 2018

NethMap 2019

Consumption of antimicrobial agents and
antimicrobial resistance among
medically important bacteria

in the Netherlands
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Some results on resistance

Table S04 Resistance (%) of S. Typhimurium (N tested) isolated from humans, cattle, pigs and other
sourcesin 2018.

S. Typhimurium (302)2
Humans (230) Cattle (24) Pigs(28) Othersources (20)°

Ampicillin

Cefotaxime 1.7
Ceftazidime 0.9
Gentamicin 2.2
Tetracycline 32.6
Sulfamethoxazole 31.7
Trimethoprim 13.5
Ciprofloxacin 14.8
Nalidixic acid 10.4
Chloramphenicol 17.8
Azithromycin 0.0
Meropenem 0.0
Tigecycline 1.3

a Monophasicvariants (1,4,[5],12:i:-) are excluded.
b Othersources include broilers, layers, goats, horses, food and feed products.




Antibiotic resistance

" Need for reduction of the use of antibiotics in production
animals

" Keeping animals healthy
" Prevention in stead of curing

AFTER
SURGERY SOME EXAMPLES OF

PROPHYLACTIC AND METAPHYLACTIC
USES OF ANTIBIOTICS IN ANIMALS

STRESSFUL
DRY-COW CONDITIONS

POTENTIAL

BEFORE
TRANSPORTATION
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Guides for farmers in the Netherlands

" Books for farmers, veterinarians and feed consultants

" Information on diseases, animal management, natural
products, research and documentation

" Books for poultry, veal calves, pigs, dairy cattle, turkeys,
rabbits, sheep and dairy goats

" Books in English, for organic farming ( )
pigs, poultry and dairy cows)
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Course for veterinarians Hﬂ
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" On behalf of Foundation Natural Livestock Farming with
support from the province of Overijssel

" 4 days, two days background, 2 days dairy cows
" In 2018 a pilot with 14 vets

" New course from September
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Herbs for animals

" As animal feed, feed ingredient, as feed additive or
complementary feed

" As veterinary medicine

" As herbal medicine (phyto-therapeuticals, homeopathic
medicine)

" Zoopharmacognosy: self medication of animals with
herbs, soils or insects to treat or prevent disease
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Indications for use (production animals)

" Improving appetite and taste

" Stabilizing gut flora

" Improving resistance to stress

" Anti-oxidant activity

" Anti-microbial activity

® Stimulating digestion (enzymes, glandular secretions)
" Modulating immune system

" Animal welfare
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Vaccines

non-antibiotic antibacterials _
(ZnO, butyric acid -ester, butyrins) . . - ( Bacterlophages/enzymes

Prebiotics + o - d(,,[ — Bacteriocines

Phytogenics Probiotics

‘& A\ /}’/’ \
S— AMP & Defensins
QSI-
Anti-biofilm agents f \
Cpg motifs

Hygiene programs
Genetics
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Antimicrobial effects essential oils

Table 2
Rankings of in vitro antimicrobial capacity of some essential oil components.

Reference Test methods Pathogens Rankings

Kim et al., 1995 ! Disk diffusion method E. coli Citronellal = perillaldehyde = citral = geraniol > linalool = eugenol =
terpineol > carvacrol
Kim et al., 1995 ! Disk diffusion method S. typhimurium Citronellal = citral = geraniol > perillaldehyde = linalool = eugenol =
terpineol = carvacrol
Ait-Ouazzou et al,, 2011 Disk diffusion method S. enteritidis Carvacrol = terpineol = linalool
Ait-Ouazzou et al, 2011 Disk diffusion method E. coli 0157:H7 Carvacrol > terpineol = linalool
Frideman et al., 2002 Microdilution + agar culture E. coli Carvacrol, cinnamaldehyde > thymol > eugenol > geraniol
Frideman et al., 2002 Microdilution + agar culture S. enterica Cinnamaldehyde = thymol > carvacrol > eugenol = geraniol
Frideman et al., 2002 Microdilution + agar culture C. jejuni Cinnamaldehyde = carvacrol > eugenol > thymol = geraniol
Si et al., 2006 2 Microdilution + optical density E. coli K88 Thymol, carvacrol = cinnamon oil = clove oil > eugenol
Si et al., 2006 2 Microdilution + optical density E. coli 0157:H7 Cinnamon oil > thymol > geraniol, clove oil, carvacrol = eugenol
Si et al., 2006 2 Microdilution + optical density S. typhimurium DT 104 Cinnamon oil = carvacrol = thymol = clove oil
Van Zyl, 2006 3 Microdilution + p-iodonitrotetrazolium 5. aureus ATCC 25923 Carvacrol > geraniol = linalool = citronellal = eugenol
violet
Van Zyl., 2006 2 Microdilution + p-iodonitrotetrazolium  B. cereus ATCC 11778 Eugenol = carvacrol = geraniol = linalool > citronellal
violet
Van Zyl, 2006 3 Microdilution + p-iodonitrotetrazolium  E coli ATCC 11775 Eugenol = carvacrol = geraniol = linalool = citronellal
violet
Michiels et al., 2009 * Simulated stomach Total anaerobic bacteria  Carvacrol > thymol = eugenol > trans-cinnamaldehyde
Michiels et al., 2009 Simulated jejunum Coliform bacteria Trans-cinnamaldehyde = carvacrol = thymol > eugenol
Michiels et al., 2009 Simulated jejunum E. coli Trans-cinnamaldehyde = carvacrol = thymol = eugenol

! The ranking was based on 5% concentration.

? The ranking was based on minimum bactericidal concentrations.

# The ranking was based on the concentration that resulted in complete growth inhibition of 107 cfu/mL.

* The ranking was based on the concentration that gives a reduction of 0.5 logp cfu/mL compared to control.

Zhai, H., Liu, H., Wang, S., Wu, J., Kluenter, A.-M. 2018. Potential of essential oils for
poultry and pigs. Animal Nutrition 4(2), pp. 179-186
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Quorum sensing

Quorum Sensing in a Nut Shell i

Production and release of signalling molecule (Auto inducer).

Diffusion of Auto inducer (Al) molecule at low cell density leaving the QS
circuit in-active

Activation of QS circuit by Al at higher concentration due to Higher

cell density.

Transcriptional activation of down regulating genes by Al receptor %

complex or other activated signalling molecule.

Activation of virulence, biofilm formation, sporulation, competence and
antibiotic production.
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Quorum sensing

QS IN GRAM NEGATIVE QS IN GRAM POSITIVE
BACTERIA BACTERIA

» The autoinducers are typically * The autoinducers are

molecules called acyl- oligopeptides, short peptides

homoserine lactones typically 8-10 amino acids

(AHLs). long.

» Oligopeptides excretes in

» AHLs diffuses extracellular
and intracellular via passive
transport.

extracellular environment via
active transport.
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Plant metabolites effects

Inhibition of Quorum Sensing

Cell signaling by organisms using auto inducers called
Quorum Sensing determines gene expression,
virulence, resistance, and the development of biofilms.

Botanicals which
are known to inhibit
Quorum Sensing:

Low

harmless type

- Garlic

- Oregano

- Bilberry

- Bladderwrack

QS signalreceptor Virulence genes
complex

up-regulated

e.g. biofilm formation, toxin production
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Terminalia bellerica leaves

!
Methanol Extraction

2

Anti-Quorum Sensing
activity

Anti-biofilm activity
(Fluorescence microscopy)

Antioxidant Activity
Antimicrobial Actrvity

- Essential 0ils | sy ~AMI-quorum sensing

Eucalyptus globulus l Properties

Eucalyptus radiata
Svnergistic Effect with antibiotics
agamnst Acmetobacter banimcninii



Quorum sensing

" Scopus essential oil quorum sensing: 102 hits

" Recent research (Vasconcelos et al., 2018): Cinnamon
extracts, essential oils, and their compounds have been
reported to inhibit bacteria by damaging cell membrane;
altering the lipid profile; inhibiting ATP-ases, cell division
membrane porins, motility, and biofilm formation; and
via anti-quorum sensing effects.

Vasconcelos, N.G., Croda, J., Simionatto, S. 2018. Antibacterial mechanisms of
cinnamon and its constituents: A review Microbial Pathogenesis 120, 198-203

Nazzaro, F.,, Fratianni, F., Coppola, R. 2013. Quorum sensing and phytochemicals.
International Journal of Molecular Sciences 14(6), pp. 12607-12619
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Biofilms

Almost all pathogens can form biofilms
involved in
:
N

reservoirs of

ORIGINAL BIOLOGICAL
PROPERTIES -

involved in

. s COMMENSAL/PATHOGEN
WIDESPREAD | ; = RELATIONSHIPS

-~ LIFESTYLE

Surface cavnnaaaaaa Tl TR ANARAN

Biofitm (£. col) on bladder Biofilm (E.) in urinary Biofilm (N. meningitidis) on

epithelial cells catheter ung epithelial cells Biofilm (S. aureus) on catheter
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Other effects of herbal extracts

Improving nutrient utilization

metabolism

Antiviral activity

anti-hypernociceptive effect

Anti-obesity activity

Hepatoprotective effect

Anti-inflammatory effects

Anticarcinogenic and

. latelet antiaggregating activi
antitumor effects P ggregating ty
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Improve digestion and growth and production
promoter

Antimicrobial activity

Antispasmodic and antitussive
effect

Immunomodulatory effect

antiseptic and antifungal activities

Anti - Alzheimer disease

Antioxidant activity and
scavenging of free radicals
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Diversity food

B Recent research with humans

" Diet with many different plant species lead to increased
biodiversity of the microbiome

® Reduction of the expression of some antibiotic resistance
genes

" More than 30 different plant species a week led to
significant less antibiotic resistance of the microbiome

McDonald et al. American gut: an open platform for citizen science microbiome research.
mSystems 2018;3(3): pii:e00031-18. doi: 10.1128/mSystems.00031-18.
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Need for information

" Farmers, veterinarians, governments, feed industry,
consumers

" Goal: safe food from healthy animals with minimal
use of antibiotics

® Guides for different countries?

" Check the guides for what is important for the specific
situation

® Involve stakeholders for commitment

® Monitor the use of antibiotics

.

—
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Knowledge bank for herbs for animals

Planning

" Website

" Databases

" Literature, publications

" Forum for farmers and veterinarians

" Workshops
® Education for veterinarians
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Conclusion

" Herbs have a broad spectrum of activity
" Contribute to the biodiversity of the feed
" Have several different systemic effects

" Concerning gut heath anti-QS, anti-biofilm and prebiotic
effects important

" Can help stabilise the gut flora
® More resilient animals
® Contribute to health and animal welfare
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Conclusions

® Need to reduce antibiotics

" Holistic approach needed: management, breeding, feed,
herbal products

" Education of farmers and veterinarians
" Dissemination of knowledge
" Joining forces
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