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Food components/products:

nutrient (proteins, fatty acids, vitamins, minerals)

active (polyphenols, carotenoids...)

tfoxin

Drugs or Natural products:
activity/therapeutic effect
toxicity

Industrial/agro-chemicals (Contaminants):
toxicity
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Education and training
1,56%

Diagnosis of disease 1,61

12 million
Taxicological and other

UE Commission 2013_  satety evaluation 8,75%

Productien and quality
contrel of products for
weterinary medicine Biological studies of a
2,94% fundamental nature 46, 1%
Production and guality
contral for pro-ducts for
hurman medicine and
dentistry 10,87%

Ressarch and develop
human +veberin+dentis
18,8%
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BIOCHEMICAL

NO PHYSICAL PROCESS

SPEED
VERY LOW COST

CELL-BASED
IN SILICO-METHODS
FIRST REPRESENTATION OF
COMPUTATIONAL MODELLING LIVING SYSTEMS
Ve N

SPEED
LOW-HIGH COST




1990, TNO gastro-Intestinal Model (TIM)
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— I 2007, Dynamic Gastric Model (DGM)
Institute of Food Research (Norwich, UK)
a b
/acid + enzyme addition
* — «— pH electrode \ o B |‘ir-

—5 ‘\ rigid fundus ———"""

perforated hoop for
<> secretions
waler jacket
(37°C,pressurized)
\ flexible main body
i \ emplying point
valve assembly
\ antrum water jacket

(37°C)

flexible annulus

barrel
[ piston




2010, Human Gastric Simulator (HGS) Riddet Model

2014, DIDGI® SYSTEM

Institut national de la recherche agronomique (INRA)

pH probe

Gastric compartment Control system

Gastric emptying pump STORM software

Intestinal compartment

Intestinal emptying pump




Two pumps
Two interconnected circuits
Independent experiments

Flow rate range (100-450 pl/min)
Flow direction

Compatible with incubators and hoods

Interconnected cell co-culiure

LiveBoxes ‘

’ itro technologies
| \/ | & CH IVTech $1 - Innovative Start up, Massarosa (LU), Italy
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Mouth

*pH 57

* Enzymes

* Salts

* Biopolymers
*5-60s

Stomach

*pH 13

* Enzymes

* Salts

* Biopolymers

* Agitation

* 30 min - 4 hours

Colon

*pH 57

* Enzymes 4
* Bacteria

« Agitation

* 12-24 hours

Small Intestine
*pH 6-7.5

* Enzymes

« Salts, Bile

* Biopolymers
* Agitation

* 1 -2 hours
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Digestibility and solubility

Absorption/metabolization
and transport

From the circulation to target



Search Criteria

KEY WORDS: “in vitro
digestion” and “foods”

+« YEARS: from "all years” io
"20187

¢« TYPE OF DOCCUMEMNT:
“article” or “reviews”

Excluded (n=892)

+ Subject areas not directly related to

> foods and humans (n= 743)

+ Titles not directly related to foods and
humans (n=249)

Papers under analysis (n=2187}

'

Y

[ Static/Dynamic modeisj Type of food Fields of application ]
MACRONUTRIENTS

+ Proteins (n=1455)

+ Lipids {n=721)

+ Carbohydrates (n=708)

+ Siatic digestion models (n=1948 )
+ Dynamic digestion models (n=241) + Vegetables (n=568)

+ Dairy foods (n=503)

+ Bakery foods (n=372)
+ Meat products (n=284)
+ Marine foods (n=262)
+ Egg foods (n=154)

MICRONUTRIENTS
+ VWitamins (n=413) *
+ Minerals (n=191}

BIOACTIVECOMFOUNDS
+ Food Matrix-DF (n=692) -
N + Antioxidants (n=562)

{85) UNIVERSITA DI PAVIA © Coatings (1=339
: Department of Drug Sciences Lucas-Gonzdlez et al Food Res Int, 2018, 107, 423-436




INITIAL STEP
O

L R-NH,

R” "R,
carbonyl amine

TEMPERATURE, PH,
MOISTURE, METHOD OF
COOKING, CHEMICAL

COMPOSITION OF FOODS.

AROMA INTERMEDIATES
SRtnasET ' O
(C) R o0 PR © 0
>_< - ' < : + amino acids AGEs
N R N 2 i HO R Methyighyooal
i a-hydroxy carbonyl; 4
a-amino carbonyl - o SoTmooooosoomons a-dicarbonyl
Central intermediate in the Central intermediate which
formation of stable N-containing e accelerates AGE formation due to
heterocyclic aroma compounds, it high reactivity. Allows direct
such as pyrazines, pyrroles and reaction with protein-bound lysine

or arginine leading to cross-
binding. Also intermediate in color
formation.

oxazoles. Reacts with aldehydes
and ketones able to dimerize.

+
o
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=
(=]
o
Q.
[=%
7

1-amino acid-2-carbonyl

Central intermediate in the
formation of highly polymeric
nitrogen containing, but
structurally undefined, colored
compounds.

NIVERSITA DI PAVIA
epartment of Drug Sciences Poulsen et al Food Chem. Toxicol., 2013, 60, 10-37
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Brain and cognition:
Increased [3-amiloyd
deposition

Loss of dopaminergic
neurons

Cognitive decline
Cerebrovascular diseases

Arterial function:
* Impaired Ach-dependent + Impaired systolic and
refaxation 3 X 5
diastolic function
* Atherosclerosis = aration
+ Hypertension Decreased regen
[ L
(o N
Hepatic steatosis: fcell:
* Insulin resistance * Decreased insulin
« Inflammation secretion
T T
Nephropathy: (Mpou tissue: 0
* Glomerular sclerosis * Decreased
* Podocyte apoptosis and expandability and blood
loss of filtration barrier flow
* Tubulginterstitial lesions * Insulin resistance 4
Skeletal muscle :

*+ Insulin resistance

Peripheral Neuropathy:

* Hyperexcitability

* Pain

* Delayed wound healing

g o)

(%)) UNIVERSITA DI PAVIA
~  Department of Drug Sciences Matafome et al Med Res Rev, 2017, 37, 368-403



TO INVESTIGATE THE FATE OF EXOGENOUS
! -
METHYLGLYOXAL (MGO)  ° o
DURING THE DIGESTIVE PROCESS """
TWO different APPROACHES
/ WITH THREE DIFFERENT
MGO INTAKES

STATIC process DYNAMIC process
(biochemical approach) (cell-based assay)

_ Colombo R., Paolillo M., Papetti, A. accepted Food and Function
_i’ UNIVERSITA DI PAVIA

Department of Drug Sciences
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Solid
s _

Gastric Phase

Mix 1:1 with SGF + pepsin (2,000 U/mL), 2h, pH 3

0.17 mM phospholipids (non-standard condition) MULTI —O R G AN

Intestinal Phase

Mix 1:1 with SIF + enzymes

LiveFlow®

DYNAMIC
MODEL

2h,pH 7
Individual enzymes Enzyme extract
Trypsin (100 U/mL) Pancreatin (based on trypsin
Chymotrypsin (25 U/mL) activity at 100 U/mL) ’
Pancreatic lipase (2,000 U/mL) Bile (10 mM) In-vitro technologiea
Colipase (2:1 molar ratio with
lipase), e,
Pancreatic amylase (200 U/mL) Colan Phase:
Bhe- (10 mM) Pratease (0.20 mg/mi)
Minekus M., et al., Food Funct 2014, 5, 1113 +Viccanymed, 16h, pH 8.0

Hamzalioglu A., et al., Food Funct 2016, 7, 2544



Minekus M., et al., Food Funct 201, 5, 1113

_ Hamzalioglu A., et al., Food Funct 2016, 7, 2544
‘ Aw

s C vmemen

N Gastric Phase
\ Mix 1:1 with SGF + pepsin (2,000 U/mL), 2h, pH 3

W - COST INFOGEST
, 0.17 mM phospholipids (non-standard condition) network

-«

Intest'na] Phase
Mix 1:1 with SIF + enzymes

2h.pH 7
Individual onzymo' s Enzyme oxtract;
Trypsin (100 U/mL) Pancreatin (based on trypsin
Chymotrypsin (25 U/mL) activity at 100 U/mL)

Pancreatic lipase (2,000 U/mL) Bile (10 mM)

Colipase (2:1 molar ratio with \
ipase),

Pancreatic amylase (200 U/mL)
Bile (10 mM) Colon Phase:
~ . Protease (0.20 mg/ml)
N Sample collection and handling options + Viscozyme L, 16h, pH 8.0
W Snap-freeze in liquid nitrogen immediately
Add protease inhibitor (e.g. 1 mM AEBSF, Roche)

- Freeze dry




LiveFlow®

‘ \/T In-vitro technologies

LiveBox 2

LiveBox 1

.

INTESTINAL phase
CaCo-2cells

GASTRIC phase
GIST882 cells



Pump

4h circulating

Monitoring times: 30°-24h

Reservoir

(RPMI medium+MGO)
(80 uM 300 pM,
1,3mM)

Colombo R., Paolillo M., Papetti, A. accepted Food and Function



l 5000 rpm,
10 min, 25 °C

with PCA (0.5 M), 1:9 v/v
4°C, 10 min

(]
l 5000 rpm, \(
5 min, 4°C g

methylglyoxal

with OPD 0.25% w/v,
37°C,1h

l

Colombo R., Paolillo M., Papetti, A. accepted Food and Function



HPLC-DAD

* Loop: 20 pl

* [socratic elution
e Flow: 0.3 ml/min
e T=25°C

*A 315nm

« Column: Gemini 5um C18 110A, 150 x 2.00 mm,
(Phenomenex® Torrance, CA, USA)

» Mobile phase: 0,5 % CH;COOH- MeOH, 50:50 (v/v)

[Modified method of Nemet ef al. (2004), Clin Biochem, 37. 875 - 881]

|
Culture medium
/“\ +MGO
\

INTERNATIONAL CONFERENCE ON HABMONISATION OF TECHNICAL
REQUIREMENTS FOR REGISTRATION OF PHARMACEUTICALS FOR HUMAN

USE

ICH HARMONISED TRIPARTITE GUIDELINE

VALIDATION OF ANALYTICAL PROCEDURES:
TEXT AND I‘JETHODOLbGY

Q2(R1)

— min

Specificity

Selectivity

Linearity

| 5.0-405.9 puM; 500-1500 uM; RZ>0.9900

Accurocy| 94.02 to 102.60% |

Precision (infra and inter-day)
Limit of detection (LOD)
Limit of quantification (LOQ)

Intra-day < 2%
Inter-day < 2%

LOD 1.1 uM
LOQ 3.5 uM




MGO concentration (uM)

Phase 80 uM 300 pM 1300 uM
acute daily weekly
oral 48.39 + 3.44 207.87 £4.57 | 959.66 + 38.96
82.22 +9.22 |300.24 +12.46 |1316.90 + 21.60

4.30 + 0.01

10.29 £ 0.09

148.98 + 2.34




Hypotized that the reduction of MGO level

w\‘,{ registered after oral phase could be due to a
Pt potential interaction between salivary a-amylase
and MGO

S v Following static process, MGO metabolization rate
| F reached the highest peak after duodenal phase



a) passage through gastric chamber; b) passage through intestinal chamber

oo

MGO concentration (uM)

80 uM 300 pM 1300 pM
acute daily weekly
42 21.33+3.24 | 85.75+2.40 | 556.79 +45.14
0.5° 16.42 +1.47 | 72.33+0.91 | 496.47 + 60.86
1° 1466 +1.05 | 66.87+1.11 | 473.59 + 56.43
2° 1348 +1.20 | 54.06+3.24 | 411.45 + 36.68
4P 10.03+ 1.01 | 43.14+3.46 | 304.72 +34.15
6P 7.56+1.26 | 28.26+1.97 | 231.14+21.70




@gw MGO is always submifted to a strong
!\i\ metabolization rate at gastric level

,..;/ MGO at 80 and 300 concenftrations are
}f totally metabolized after 24h



Cell viability (arbitrary units)

Cell viability (arbitrary units)

GIST-882 cells 250 GIST-822 cells

20000 4 1 1 1 11 E 150 r/‘J
| e v' Exogenous MGO in
10000 o i - S .
E S — acute and daily dose has
1] ’ o' 1h 2h dh &h 2ah not a tOXic effect
C MGO B0uM MG(’J.%D{)UM'U‘IGOj.EmM MGO 8mM e MGO BOUM eeeenn MGO 300uM ——— MGO 1.3mM —bGO SmM

O30 O6h mM2dh

8 v MGO exerted a strong
CaCo-2 cells — CaCo-2 cells toxic effect Only at1.3

10000 - *

concentration of 8 mM
0 ¥ kA e @ was used as positive

C MGO B0uM  MGO 300uM lMGO 1.3mM MG 8mM - MGOB0UM seeees MGO 300uM ——MGO 1,3mM e—niG0 GmM . .
- toxicity control

. J mM and at 24hours
20000 =il [ : =
l gmo : . *
Y| N NS v' MGO at the

(=]

O30 O6h m2dh

ALAMAR blue test MTS assay



Caspase 3/7 activity (arbitrary units)

30000 -

20000 -

10000 -

A significant increase of
caspase 3/7 activity at 1.3 mM
concentration was observed in
both cell lines, so
the observed decrease of cell
T viability in presence of MGO is

due to apoptosis

Protective

MGO80uM  MGO 300uM  MGO 1,3mM CICﬁO" Of
W GIST-882 @ CaCo2 . .
intestinal cells!



MGO static digestion approach MGO dynamic digestion approach

Complete metabolization of

) ) Gastric compartment’s role
MGO at intestinal level (NOVELTY)

(literature data confirmed)

BOTH APPROACHES ARE NEEDED i‘f.

Future...
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