Natural Products
for Medicinal Chemistry
(NPMC Lab)

Prof. Federica Pellati L Jj,[ A

Associate Professor, P.. L P

Component 2 (11.4%)

Intensity

Dr. Virginia Brighenti

research collaborator

Dr. Laura Bertarini BIOLOGICAL SAMPLES

PhD student :
o -

CELLS BRAIN TISSUE | PLASMA URINE TISSUES / OTHER
DORGANS BIOFLUIDS

{e.g., C5F, saliva)

Dr. Giulia Bottai
PhD student




Main research topics

Development of new methods for untargeted metabolomics/lipidomics

Development of new methods for targeted analysis of compounds in
biological matrices (bioanalysis)

|dentification of natural compounds as new hit/lead for drug discovery by
applying an integrated multi-disciplinary approach
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Understanding biological systems

f 1 — @ Targeted

Metabolomics (lipidomics):
Comprehensive measurement of all
metabolites and low-molecular-weight

molecules in a biological specimen
_ Q Untargeted

Mass spectrometry Data analysis
Key: metabolite
identification

Chromatography

Key: separation

Metabolite extraction

Key: rapid enzyme quenching

/’" il Cold organic 3]

Key: sensitivity

Biofluids Solwante %
(Serum, urine) B
Samples P —
Cold organic
solvents
T = — —_ —_—

Cells and
media

a / & Challenges
Cold organic Basis for Specificity Metabolits

solvents .
/ - separation e e
Liquid N -
: TOF, Orbitrap: misidentification:

cold grinding i o
and weighing GC: Volatility Mass resolution Fragments mimicking
real metabolites

S h
'tr:nﬁs id HILIC: Polarity
"N, cold RP: Hydrophobicity THpla-Quad: o
clamp ’ Fragmentation Identifying unknowns:
Need MS/MS or NMR

Tissues




Untargeteted metabolomics

Study on MASH patients to identify new biomarkers of the disease

Omics-data
Anakysis

Identification of: \
Diagnostic and pragnostic blomarkers
Malecular signatures
Metworks

111411 44
i

Integration

New potential therapeutic targets
Interpretation a L B
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Untargeteted metabolomics

Study on MASH patients to identify new biomarkers of the disease

Normal liver MASLD MASH Cirrhosis HCC

M etabolic dysfunction 5% or more M etabolic dysfunction hepatic steatosis with

A ssociated steatosis in the A ssociated inflammation and

S teatotic absence of S teato- hepatocellular injury in — %ﬁ

L iver significant alcohol H epatitis the absence of significant

D isease ingestion alcohol consumption ‘

MASLD at a glance MASH at a glance

Between 30-40%  Between 70-90% #1 By 2030, MASH will be ¥ Only two FDA-
2223 3 Type 2 diabetes the most frequent - approved drugs for
MM — w Obesity reason for liver MASH treatment

¢ Metabolic syndrome transplantation

Finanziato #%  Ministero _ ) &
dall'Unione europea G-iar dell'Universita L ltaliadomani 1 * UNIMDHE
MoxtenamnonEL * pdella Ricerca ey L R s WAOCHL A T L) AL




Untargeteted metabolomics

Study on MASH patients to identify new biomarkers of the disease

O.  Obesity—T2DM ccography Low-risk MASH i
Endocrinopathies >>>> N >>>>
. )" Elastosonography B
Metabolic Syndrome High-risk MASH J

Lipidome/
Metabolome -—
~—  UHPLC-HRMS
Extraction
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Targeted bioanalysis of p-cresol
Study on CNS tissues and cells

Cardiovascular disease

/ p

/ . Chronic Kidney Disease
Exposure | Metabolism

Uremic toxins (CKD)

Bone health

(o]
P d
m Industrial and vehicle " A O:CJJ\AOH
HO' OH

Az cmissions
- § CG
Plant derived & P
l material | Pl ,©/

Y
Gut Microbiota ) { @ ;CE/, c brai .
D - = ut-brain axis

Gastrointestinal disorders

Neurological impairment )

Plasiia Intestinal
‘l‘ Lungs ‘ St Excretion
@7 Lver B Urine % f.
r’ Kidney Saliva ACS
= Renal Pharmacolog |
\ / \ Excretion | & Translational Science SR, ...
\\_‘ 3 // \.,, _,,/ pubs.acs.org/ptsc

Para-Cresol and the Brain: Emerging Role in Neurodevelopmental
and Neurodegenerative Disorders and Therapeutic Perspectives

Laura Bertarini, Federico Imbeni, Virginia Brighenti, Isabella Martusciello, Federica Pellati,*
and Silvia Alboni*



p-Cresol (ng/mg)

Targeted bioanalysis of p-cresol
Study on CNS tissues and cells

P Extraction <=  Derivatization \E HPLC-MS/MS
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Brain/CNS/
Spinal Cord
* Cortical Regions
+ Cerebellum

+ Basal Ganglia

» Olfactory Bulb

+ Thalamus

* Hypothalamus

* Pituitar

Thyroid I
(Endocrine Gland)

Upper Airways

Liver

* Kupffer Cells

* Hepatocytes

* Hepatic Stellate Cells

Adrenals
(Endocrine Gland)

Ovaries
(Gonads & Endocrine
Gland)

Uterus
(Myometrium)

Prostate
* Epithelial Cell
* Smooth Muscle Cells

Testes
* Epithelial Cell
* Smooth Muscle Cells
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Targeted analysis of endocannabinoids
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Study on CNS tissues and cells

# Eye

(Retinal Pigment
Epithelial Cells)

Lymphatic &

Immune System

Tonsil
* Lymphocytes
+ Thymus
+ Spleen
+ Blood

- Heart

Gastrointestinal
Track

+ Stomach

* Pancreas

* Digestive Track

Bone
Skin

(Keratinocytes)
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Targeted analysis of endocannabinoids

Study on CNS tissues and cells

CENTRAL NERVOUS SYSTEM

o Neurotransmission and synaptic
signalling

o Neuroprotection and
neuroinflammation

o Regulation of stress and behaviour

IMMUNE SYSTEM
o Modulation of immune cell activity
o Regulation of inflammatory responses

METABOLISM and ENERGY BALANCE

o Appetite and food intake regulation

o Lipid and glucose metabolism

o Involvement in obesity and insulin
resistance

o Gut—brain axis

CARDIOVASCULAR SYSTEM
o Regulation of vascular tone
o Cardioprotective mechanisms

The brain as a central target of endocannabinoid
signalling
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NEURON

Alzheimer’s Parkinson'’s Anxiety and Neurodevelopmental
disease disease depression disorders

Understanding these roles requires accurate quantification of
ECs in brain tissue




Targeted analysis of endocannabinoids

Study on CNS tissues and cells

Method optimization

[ SEEe peees ][ Chromatographic ] - SN W W | N S—

conditions
Quantification in brain areas
Amygdala
Hypothalamus
Cerebellum

Prefrontal cortex

Hippocampus

Quantification in cells and medium
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Research collaboration

Prof. Federica Pollastro (UNIUPO)

Prof. Daniele Merli (UNIPV)

Prof. Gianni Sacchetti (UNIFE)

Prof. Laura Mercolini (UNIBO)

Prof. Roccaldo Sardella (UNIPG)

Prof. Coral Barbas (CEU-San Pablo University of Madrid, Spain)

Prof. Fabrizio Manetti (UNISI)
Prof. Claudia Mugnaini (UNISI)

Prof. Lorenzo Corsi (UNIMORE)

Prof. Silvia Alboni (UNIMORE)

Prof. Antonietta Vilella (UNIMORE)

Prof. Fabio Nascimbeni (UNIMORE)

Prof. Nicoletta Galeotti (UNIFI)

Prof. Celestino Santos-Buelga (University of Salamanca, Spain)
Prof. Victor Lopez Ramos (Universidad San Jorge, Zaragoza, Spain)
Prof. Francesco Tamagnini (Reading University, UK)

> Extraction and
analysis

J

} In silico study
2 and synthesis

> Biological activity

J



Number of experimental thesis for CTF: 2

Number of experimental thesis for Pharmacy: 2

federica.pellati@unimore.it
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