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“All disease begins 

in the gut”

– Hippocrates 

Father of Modern 

Medicine

c.460 – c.370 BC

“The prolongation of life”

– Metchnikoff, 1907

New Health Society

- Sir William Arbuthnot Lane

1856-1943

Let food be thy medicine and 

medicine be thy Food
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It can go wrong…..

4



NMI Summit 2023 Oct-23

3

Products of saccharolytic metabolism:
• Acetate

• Lactate
• Succinate
• Butyrate

• Propionate

Products of proteolytic metabolism:
• Phenol

• Indole
• Skatole
• Ammonia

• Branched chain fatty acids

Toxic products of metabolism:
• H2S

Known bacterial toxins:
• Shiga toxin

• C. difficile toxins
• C. perfringens toxins

LPS levels:
• LAL assay

Biotransforming enzymes:
• b-Glucosidase

• b-Glucuronidase
• Azoreductase

Vitamin levels:
• B12

• K

Gas formation:
• Rate

• H2
• CO2

• CH4

Antimicrobial activity:
• E. coli pathovars

• Salmonella Typhimurium
• Campylobacter jejuni

Genotoxic activity:
• Comet assay

Intestinal barrier function:
• TEER assay

Cytokines from PBMC:
• IL-10

• IL-8
• IL-6
• IL-1b

• IFNg

What is a healthy gut microbiota?
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Probiotics

• Live microbes in the diet
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Probiotics and gastrointestinal disorders

IBD
Ulcerative colitis
Crohn’s disease

Pouchitis

Constipation

Lactose 
Intolerance

H. pylori 
Eradication

Diarrhea
Acute infections

Antibiotic-associated 
diarrhoea 

C. difficile

Obesity?
ASDs?

Winter infections?
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How to choose a probiotic

• Safety: Good probiotics are safe

• Dose: Product should match levels used in human studies 

showing benefits 

– Different probiotics have been shown to be effective 

at different levels for varying conditions

– It is not possible to provide one count or one 

application for all “probiotics”

• Food or supplements? Probiotic content is generally more 

important than the way they are consumed.

      

ISAPP guidelines at www.isapp.net
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Irritable bowel syndrome

• A common gut complaint (up to 20%)

• Stress or gut? Are the 2 related? 

(migraine, schizophrenia and the 

gut)

• Mood vs food?

• Variable symptoms including 

abdominal pain, bloating; and bouts 

of diarrhoea or constipation or both

9

Overall

IBS

Abdominal

pain

Flatulence Bloating

Score

4

3

2

Irritable Bowel Syndrome

Control
Probiotic
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Probiotics and immunity

• Lactobacillus rhamnosus HN001

• 44-80 year old individuals

Macrophages Natural killer cells
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Probiotics and immunity
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• 479 healthy adults (18-67) given 
daily vitamins and minerals – half 
given a probiotic as well

• Trial over two winter-spring 
periods

• Probiotic had no effect on the 
incidence 

• 20% fewer symptoms and 2d 
reduction in duration

• Immune stimulation

Respiratory infections
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Days

Probiotic

Control
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Recent observvations

• Diarrhoea

- Probiotics have been used to reduce diarrhoea in infant day care centres, 
in frequent traveller’s. A new area is high level sportspersons and those 
with ‘stressful’ jobs

• Inflammatory Bowel Disease (IBD) 

– Studies suggest that administration of probiotics could benefit patients 
with UC and CD

• Autism

– Recent data suggests the gut microflora plays a role in autism – Altering 

the gut microflora by reducing the numbers of pathogens in ASD 

patients, while stimulating more beneficial gut bacteria, may help 

alleviate some of the gut related symptoms

14
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Carbohydrate vs protein fermentation

Microbial metabolism

Breath

Flatus

Blood

Faeces

Urine

Blood

Faeces

Urine

Blood

Faeces

Urine

Faeces

H2, CO2, 

H2S

Ammonia

Amines

Phenols

Acetate

Propionate

Butyrate

Branched-

chain fatty 

acids

Biomass
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Prebiotics

“a substrate that is selectively utilised by host 
microorganisms conferring a health benefit”

enterococci

bifidobacteria

bacteroides

streptococci

lactobacilli
E. coli

veillonellae
clostridia

staphylococci

Proteus sp.

Ps. aeruginosa 2

11 No./g faeces (log scale)

Inhibition of growth of 

exogenous and harmful 

bacteria

Stimulate 

immune function

Digestion/ absorption of food 

ingredients & minerals

Vitamin 

synthesis

Diarrhoea, constipation,

infections, liver damage, 

cancer, toxigenesis,

encephalopathy

Production of 

carcinogens

Intestinal

putrefaction

16
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Prebiotics

selectivity a key condition that 

needs to be demonstrated, in vivo, 
in the complex human (animal) 

microbiota

utilised meaning a 

growth promoter

confer(s) refers to one or a 

limited number of beneficial
bacteria. 

17

Prebiotic effects and the gut: testing

In vivo studies are essential  to prove 

a prebiotic effect

In vitro tests allow comparative 

studies and eventually selection

of ingredients showing a potential 

effect

18
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Gut health (infants)

0
Any allergy

Arslanoglu et al (2012) J. Biological Regulators and Homeostatic Agents. 26: 49-59

Five year follow up of the cohort

Placebo n=50

Prebiotic n=42
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Arslanoglu et al (2008) J. Nutr. 138:1091

Two year follow up of the cohort

Placebo n=68

Prebiotic n=66
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Upper respiratory tract infections

GI infections
P<0.001

P<0.001

Moro  et al. Arch Dis Child 2006; 91: 814-819
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Clostridium histolyticum group

Effect on the gut microbiota
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Gut health (adults)

Single blinded randomised placebo controlled study

66 D/C/A-IBS patients stratified on 4wk treatment 

Significant improvements seen in:

• stool consistency

• flatulence

• bloating

• subjective global assessment

• composite score of symptoms

• anxiety
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Effect on immunity

IL-10 (■)

IL-1b (■)

TNF-a (■) 

IL-6 (■) – on the right axis

GOS vs Placebo

• IL-6, P<0.001

• IL-10 and TNF-a, P<0.01 

• IL-1b, P<0.05
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Two randomised, controlled, double-

blind crossover studies

To examine the effect of prebiotic in 60 adults (age 30

– 70 yrs) identified at risk of metabolic syndrome

Placebo and active products consumed

for twelve-weeks in a crossover manner,

with a six-week washout period in-

between.

Site visits at 0, 6 and 12 weeks.

Treatment 1 Treatment 2

Treatment 2 Treatment 1

Washout

Washout

Two study cohorts:

30 volunteers 

juice 

= 250 ml/day

30 volunteers 

bread

= 2 slices/day

24
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Screening 
Criteria

Insulin resistance

Fasting 
glucose>5.3<7mm

ol/l (2)

>5.5<7mmol/l (3)

Hypertension - blood 
pressure

Systolic≥140mm Hg (1)

Diatolic≥90mmHg (1)

Serum 
triglycerol
>1.3mmol

/l (1)

Dyslipidaemia

HDL Cholesterol

<1mmol/l(1) ♂

<1.3mmol/l (1) ♀

Central Adiposity

Waist circumference 

>94cm (1)*>102cm (2) ♂

>80cm (1) >88cm(2) ♀

OR

Body Mass Index >30Kg/m2

(2)

>25-30Kg/m2(1)

Score ≥4
To enter study 

(Max 10)

Scheme to identify participants 

at higher metabolic risk

25
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• Glycated haemoglobin (HbA1c)

• Plasma biomarkers of inflammation

• Fasting lipid profile

• Urinary micro-albuminuria and creatine concentrations 

• Faecal analysis, microbial profiles

• Insulin and glucose

• Calprotectin

• Anthropometrics (weight, BP, BMI)

• Habitual diet and physical activity levels

Outcome measures

26
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Faecal microbial analysis

P=0.024
P=0.022

P=0.002

P=0.07

Bacterial changes during intervention trials
Pre relates to before treatment – A/B is following 6 weeks; post is following 12 weeks 

Values are based on dry weight of faeces
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IL-6 plays an important role in inflammation and contributes to certain inflammatory conditions

including obesity and insulin resistance.

During both juice prebiotic and placebo interventions no changes in IL-6 levels were observed. On the
bread intervention IL-6 was raised following consumption of placebo bread. This elevated IL-6 level

was significantly greater than that following prebiotic bread. This suggests that bread led to increased
IL-6, this stimulation was however suppressed with the prebiotic.

          Biomarkers of inflammation

29

Fasting lipid profile - TAG

TAGS are non-polar lipid complexes – elevated levels are associated with atherosclerosis.

Focusing on volunteers whose baseline TAGS were more than 1mmol/L (n=17, juice; n=22, bread).

During both bread prebiotic and placebo interventions no changes in triacylglceride levels were

observed.

During prebiotic juice preparation, however, a significant decrease in TAGS were seen following the

intervention. (P=0.025)

30
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• The use of prebiotic GOS supplement 

influenced gut microbiology 

• Positive influence on some markers of MS

• Effects seen in food matrices that had good 

sensory properties, but a milder prebiotic 

influence than when used as a supplement

31

How may prebiotics work?

Host Immune 
function

Pathogen 
reduction

Prebiotic 
properties

Prebiotics

Stimulate

growth

colonocytes

bifidobacteria

Pathogens

faecal bulking improved bowel function

Colonisation

resistance

block adhesion

reduce exogenous

and endogenous
intestinal infection

dendritic cell

M  cell

Immunomodulation

IL-10
IL-6

Anti-inflammatory

suppress

IBD inflammation 

pathogen/viruses protection

lamina propria

Selective proliferation of beneficial bacteria

Direct effect on invasion of

GI pathogens 

Direct effect on host 

epithelium
Phagocytosis

Nk cell activity

32
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Prebiotics today

Effects of a High-Prebiotic Diet 

versus Synbiotics on Mental Health

Consuming mangos boosts gut microbiome 

diversity: Benefits for overweight and obese 

individuals

Regular intake of prebiotics may 

promote recovery of normal sleep 

patterns after stress

Probiotics and 

prebiotics can reduce 

the risk of frailty 

syndrome among the 

elderly
Prebiotic fiber inulin 

offers a protective 

effect against the 

damage of high-salt 

diet

Daily prebiotic intake can 

reduce anxiety levels and 

improve wellbeing

Women who took four 

weeks of prebiotic 

supplements consumed 

less sugar, study finds

Researchers to develop prebiotics 

from non-edible forest and sea 

resources

Prebiotics could enhance the learning and 

memory skills of infants

Prebiotics keep intestinal barriers 
strong

33

Differences between probiotics and 

prebiotics

34

PREBIOTICS

Non-living, non-digestible, selectively 

metabolised carbohydrates (usually). 

Stable compounds not affected by 

temperature, stomach acid or time.

Selectively nourish the good bacteria 

already in the gut. 

In vivo studies are the preferred test.

Newer concept

PROBIOTICS

Live, active micro-organisms.

Probiotics must be kept alive to be 

effective. 

Need to compete well in the gut (or other 

appropriate ecosystem).

Approaching 50000 research articles.

Cannot extrapolate studies

34

https://prebioticassociation.org/effects-of-a-high-prebiotic-diet-versus-synbiotics-on-mental-health/
https://prebioticassociation.org/effects-of-a-high-prebiotic-diet-versus-synbiotics-on-mental-health/
https://www.news-medical.net/news/20230417/Consuming-mangos-boosts-gut-microbiome-diversity-Benefits-for-overweight-and-obese-individuals.aspx
https://www.news-medical.net/news/20230417/Consuming-mangos-boosts-gut-microbiome-diversity-Benefits-for-overweight-and-obese-individuals.aspx
https://www.news-medical.net/news/20230417/Consuming-mangos-boosts-gut-microbiome-diversity-Benefits-for-overweight-and-obese-individuals.aspx
https://www.news-medical.net/news/20170210/Regular-intake-ofc2a0prebioticsc2a0may-promote-recovery-of-normal-sleep-patterns-after-stress.aspx
https://www.news-medical.net/news/20170210/Regular-intake-ofc2a0prebioticsc2a0may-promote-recovery-of-normal-sleep-patterns-after-stress.aspx
https://www.news-medical.net/news/20170210/Regular-intake-ofc2a0prebioticsc2a0may-promote-recovery-of-normal-sleep-patterns-after-stress.aspx
https://www.news-medical.net/news/20221026/Probiotics-and-prebiotics-can-reduce-the-risk-of-frailty-syndrome-among-the-elderly.aspx
https://www.news-medical.net/news/20221026/Probiotics-and-prebiotics-can-reduce-the-risk-of-frailty-syndrome-among-the-elderly.aspx
https://www.news-medical.net/news/20221026/Probiotics-and-prebiotics-can-reduce-the-risk-of-frailty-syndrome-among-the-elderly.aspx
https://www.news-medical.net/news/20221026/Probiotics-and-prebiotics-can-reduce-the-risk-of-frailty-syndrome-among-the-elderly.aspx
https://www.news-medical.net/news/20221026/Probiotics-and-prebiotics-can-reduce-the-risk-of-frailty-syndrome-among-the-elderly.aspx
https://www.news-medical.net/news/20220627/Prebiotic-fiber-inulin-offers-a-protective-effect-against-the-damage-of-high-salt-diet.aspx
https://www.news-medical.net/news/20220627/Prebiotic-fiber-inulin-offers-a-protective-effect-against-the-damage-of-high-salt-diet.aspx
https://www.news-medical.net/news/20220627/Prebiotic-fiber-inulin-offers-a-protective-effect-against-the-damage-of-high-salt-diet.aspx
https://www.news-medical.net/news/20220627/Prebiotic-fiber-inulin-offers-a-protective-effect-against-the-damage-of-high-salt-diet.aspx
https://www.news-medical.net/news/20220627/Prebiotic-fiber-inulin-offers-a-protective-effect-against-the-damage-of-high-salt-diet.aspx
https://www.news-medical.net/news/20210427/Daily-prebiotic-intake-can-reduce-anxiety-levels-and-improve-wellbeing.aspx
https://www.news-medical.net/news/20210427/Daily-prebiotic-intake-can-reduce-anxiety-levels-and-improve-wellbeing.aspx
https://www.news-medical.net/news/20210427/Daily-prebiotic-intake-can-reduce-anxiety-levels-and-improve-wellbeing.aspx
https://www.news-medical.net/news/20211221/Women-who-took-four-weeks-of-prebiotic-supplements-consumed-less-sugar-study-finds.aspx
https://www.news-medical.net/news/20211221/Women-who-took-four-weeks-of-prebiotic-supplements-consumed-less-sugar-study-finds.aspx
https://www.news-medical.net/news/20211221/Women-who-took-four-weeks-of-prebiotic-supplements-consumed-less-sugar-study-finds.aspx
https://www.news-medical.net/news/20211221/Women-who-took-four-weeks-of-prebiotic-supplements-consumed-less-sugar-study-finds.aspx
https://www.news-medical.net/news/20190424/Researchers-to-develop-prebiotics-from-non-edible-forest-and-sea-resources.aspx
https://www.news-medical.net/news/20190424/Researchers-to-develop-prebiotics-from-non-edible-forest-and-sea-resources.aspx
https://www.news-medical.net/news/20190424/Researchers-to-develop-prebiotics-from-non-edible-forest-and-sea-resources.aspx
https://www.news-medical.net/news/20180119/Prebiotics-could-enhance-the-learning-and-memory-skills-of-infants.aspx
https://www.news-medical.net/news/20180119/Prebiotics-could-enhance-the-learning-and-memory-skills-of-infants.aspx
https://medicalxpress.com/news/2021-09-pre-probiotics-intestinal-barriers-strong.html
https://medicalxpress.com/news/2021-09-pre-probiotics-intestinal-barriers-strong.html
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Acetate Butyrate Propionate Methane
NH4

+

Amines

H2S

akkermansia

eubacteria
propionibacteria 

Methanogens

Sulphate 

Reducing 
Bacteria

Clostridium IX

roseburia

F. prausnitzii

Lactate

Oligosaccharides

Bifidobacterium

Lactobacillus

Polysaccharides

prot. bacteroides
Succinate

Mucins Proteins & peptides

clostridia

peptostreptococci
peptococci

SO4
--

CO2

Acetogens H2

p-cresyl sulphate

Indoxyl sulphate

Expanded gut microbial diversity
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