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State of the science: synbiotics

State of the science: microbiota, prebiotics & probiotics

Gaps & next steps



- Synbiotics

Synbiotic — a mixture comprising live microorganisms
and substrate(s) selectively utilized by host
microorganisms that confers a health benefit on the host.

Swanson, K. S., et al. (2020). The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus
statement on the definition and scope of synbiotics. Nature Reviews Gastroenterology & Hepatology.
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Complementary Synbiotic
Prebiotic + probiotic that work
independently to provide at least one
health benefits.

Prebiotic: a substrate that is selectively
utilized by host microorganisms conferring
a health benefit.

Probiotics are live microorganisms that,
when administered in adequate amounts,
confer a health benefit on the host.

v

Synergistic Synbiotic
Substrate enhances health benefit of co-
administered live microorganisms

Components work together

Live microorganisms do not need to be
probiotics

Substrate does not need to be a prebiotic

v

Demonstrated health benefit in target host
Study does not need to show prebiotic is
selectively utilized by microbiota.

Demonstrated health benefit in target host
Demonstrate both selective utilization and
health benefit.

Swanson, K. S., et al. (2020). Nature Reviews Gastroenterology & Hepatology.




- Synbiotics
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- Synbiotic Health Effects: Meta-Analyses

o Reduced respiratory tract infections (16 studies)’

o Reduced systolic blood pressure in adults (11 studies)?
o No effect on diastolic blood pressure

o Decreased body weight and waist circumference in adults with
overweight and obesity (23 studies)?

o No effect on body mass index (BMI) or body fat

1. Chan CKY, et al. (2020) Advances in Nutrition
2. Hadi A, et al. (2022) Crit Rev Food Sci and Nutrition
3. Hadi A, et al. (2020) Crit Rev Food Sci and Nuftrition



- Synbiotic Health Effects: Meta-Analyses

o Glycemic control is unclear due to combined probiotic/synbiotic
analyses (18 studies)’?

o Oxidative stress is unclear due to combined probiotic/synbiotic
analyses (9 studies)?

o Lack of randomized controlled trials on perinatal mental health*
o Limited evidence in chronic kidney disease (5 studies)®

Paul P, et al. (2022) Pharmacological Research

Xu D, et al. (2022) Crit Rev Food Sci and Nutrition

Pourrajab B, et al. (2020) Crit Rev Food Sci and Nutrition

Desai V, et al. (2021) Frontiers in Psychiatry

McFarlane C, et al. (2019) Renal Nutrition 3
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Limited Evidence on Synbiotic Health Benefits

Few studies meet criteria outlined in synbiotic definition

Complementary synbiotics
Prebiotics
Probiotics

Synergistic synbiotics
Substrates
Live microorganisms



State of the Science: Microbiota,

Prebiotics, & Probiotics




- Diet, Gut Microbiome, & Physiology
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__ | Prebiotics

Prebiotic — a substrate that is selectively utilized by host
microorganisms conferring a health benefit.

- Galactooligosaccharides (GOS)
o Fructooligosaccharides (FOS)
o Inulin

Gibson, G. R,, et al. (2017). Expert consensus document: The International Scientific Association for Probiotics and Prebiotics (ISAPP) 12
consensus statement on the definition and scope of prebiotics. Nature Reviews Gastroenterology & Hepatology.



1] Microbes Ferment Prebiotics

AN Bifidobacteria & N
Lactobaccili
| o Short-Chain Fatty Acids
Prebiotics (Acetate, Propionate, Butyrate)
281k )} -

Holscher, H. D. (2017). Dietary fiber and prebiotics and the gastrointestinal microbiota. Gut Microbes, 8(2), 172-184. 13



Derived Signaling

de Vos WM, et al. (2022) Gut
Berding K, et al. (2021) Advances in Nutrition 14
Alexander C, et al. (2019) Advances in Nutrition
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de Vos WM, et al. (2022) Gut
Berding K, et al. (2021) Advances in Nutrition 15
Alexander C, et al. (2019) Advances in Nutrition
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Alexander C, et al. (2019) Advances in Nutrition




Prebiotics: Health Benefits

Metabolites Energy : Blood lipid
MELE Weight profile

Management

Microbiota pH

Satiet :
Y Inflammation

Gastrointestinal
Health Metabolic

Immunity
Health

Bone Health

Mineral Glycemic
absorption control

| srtiian Regularity

Hughes RL, et al. (2022) Adv Nutr, So D, et al. (2018) AJCN; Lohner S, et al. (2014) Nutr Rev; Beserra BT, et al. (2015) Clin Nutr, McLoughlin RF, et al. (2017) AJCN,;
Kellow NJ, et al. (2014) Br J Nutr.; Liu F, et al. (2017). Eur J Clin Nutr, Zhang, et al (2020) J Clin Biochem Nutr; Yurrita LC, et al. (2014) Nutr Hosp




__| Probiotics

Probiotics are live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host.’

GENUS, SPECIES, STRAIN

Lactobacillus Acidophilus

1. Hill, C et al. (2014). Expert consensus document: The International Scientific Association for Probiotics and Prebiotics (ISAPP)
consensus statement on the scope and appropriate use of the term probiotic. Nature Reviews Gastroenterology & Hepatology. 18



__| Probiotics

0 Strains and dosages impact

M | -
health outcomes ost commonly studied

« Bifidobacterium

nStrains . B. lactis
- [actobacilli

« L. acidophilus

m taxonomically defined
®m genome sequence available

« L. casei
oDoses . L. plantarum
m Adequate - L. rhamn_osus
= 100 millions to 450 billion CFUs * L. reuteri

« Saccharomyces boulardii

1. Hill, C et al. (2014). Expert consensus document: The International Scientific Association for Probiotics and Prebiotics (ISAPP)
consensus statement on the scope and appropriate use of the term probiotic. Nature Reviews Gastroenterology & Hepatology. 19



-] Probiotics: Clinical Guide 2023
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http://usprobioticguide.com/

Prebiotics and Probiotics Confer Health Benefits

Build upon existing research to design synbiotics

Complementary synbiotics
Strategic selection of probiotic(s) and prebiotic(s)
Use of next generation probiotics and prebiotics

Synergistic synbiotics
Strategic selection of substrate(s) and live microorganism(s)
Innovative pre-clinical screening and testing

21



-] State of the Science

o Svnbioti
Probiotics Bt Prebiotics
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Cunningham et al. (2021). Shaping the future of probiotics and prebiotics. Trends in Microbiology.



1] Areas of New Discovery

Fermentable
fibres

Candidate prebiotic
oligosaccharides

Prebiotics

Polyphenols

: Non-carbohydrate
Feallyecs substrates

Vitamins

Postbiotics

(A) Microbes and microbe-derived preparations (B) Microbial substrates 23
Cunningham et al. (2021). Shaping the future of probiotics and prebiotics. Trends in Microbiology.



. Next Steps



1l Next Generation Prebiotics

- Accepted Prebiotics
oGalactooligosaccharides (GOS)
oFructooligosaccharides (FOS)
alnulin

o Candidate Prebiotics
oOther oligosaccharides (e.g., mannanoligosaccharide, PN
xylooligosaccharide \ Ho/
oHuman milk oligosaccharides Ve
oPhenolics and phytochemical
nConjugated linoleic acid
oPolyunsaturated fatty acid

Gibson, GR, et al. (2017) Nature Reviews Gastroenterology & Hepatology; Cunningham et al. (2021) Trends in Microbiology. 25



1l Next Generation Probiotics

o Commonly Studied
nBifidobacterium
olLactobacilli
oSaccharomyces boulardii

- Next Generation' %3
OFaecaelebacterium prausnitzii
nAkkermansia muciniphila
nBacteroides fragilis
nDysosmobacter welbionis*

1. O’'Toole PW, Marchesi J & Hill C (2017). Nature Microbiology

2. Kazmierczak-Siedlecka K, et al. (2022) Gut Microbes

3. https://www.nccih.nih.gov/news/events/precision-probiotic-therapies-challenges-and-opportunities
4. Le Roy T, et al. (2022) Gut 26



https://www.nccih.nih.gov/news/events/precision-probiotic-therapies-challenges-and-opportunities

- Synbiotics: Blood Pressure

o Acetylated and butyrylated high-amylose maize starch
(40g/d)' decreased systolic blood pressure 4.1 mmHg’

- Probiotics?

o Lactobacillus helveticus reduced blood pressure (7 studies)

m Systolic: 2.3 to 15.8 mmHg reduction
m Diastolic: 1.8 to 10.3 mmHg reduction

1. Jama HA, et al. (2023) Nature Cardiovascular Research
2. Zhao TX, et al. (2022) Food Science Nutrition

27



- Synbiotics: Formulations

Food Sources
° Bakery products
* Beverages
* Breakfast cereals
* Cereal bars
* Dairy alternatives
* Dairy products
* Desserts
* Dry mixes
* Fillings
°* Formula
* Fruit preparations
* Meat products
* Soups & sauces




- Next Steps: Pre-clinical Studies

o Computational approaches
o Pipelines for discovery and testing
o ldentifying novel substrates and microorganisms

o Model systems
o /n vitro
o/n vivo
o Ex vivo




- Next Steps: Clinical Studies

0 Need high quality clinical trials on synbiotics
o Health benefits from prebiotics and probiotics
o Growing evidence for synbiotics

0 Reporting and Reproducibility
o Preparation and storage methods/records
o Detailed analysis of the synbiotic (as consumed)
o Consumption and compliance measures

0 Establish causal relationships: synbiotics & health
o Design
o Population
o Interventions & Comparators
o Outcomes & Statistics 30



1] Key Takeaways

Synbiotics are Build upon probiotic Causally link health
complex. and prebiotic to consumption of
research. synbiotics.




Discussion

Twitter: @HolscherLab
Email: hholsche@illinois.edu
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