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Laboratorio di Farmacologia cellulare e molecolare

Principali temi di ricerca

Caratterizzazione farmacologica di nuovi ligandi per le integrine

Caratterizzazione farmacologica di nuovi ligandi per i recettori oppioidi

Identificazione di nuovi bersagli molecolari per lo sviluppo di farmaci RNA-based  
nell’ambito della neuroinfiammazione
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Caratterizzazione farmacologica di nuovi ligandi per le integrine
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Caratterizzazione farmacologica di nuovi ligandi per le integrine

Their physiological 
importance is 

reflected in the 
diverse range of 

diseases in which 
integrins play key 

roles 

Thrombosis

Infections

Wound 
healing

Inflammation

Angiogenesis

Autoimmune 
diseases

Tumor 
development 

and 
progression

Tumor 
metastasis

Alzheimer 
disease

Epilepsy

Schizofrenia

Addiction
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DeNardo et al., 2021

Caratterizzazione farmacologica di nuovi ligandi per le integrine

• Caratterizzazione di nuovi ligandi nell’ambito delle 
patologie infiammatorie croniche o autoimmuni o 
che presentano una forte componente 
infiammatoria (es. fibrosi cistica, SLA)

• Caratterizzazione di composti a potenziale attività 
antitumorale

• Caratterizzazione di composti teranostici

Reuning et al., 2025
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Caratterizzazione farmacologica di nuovi ligandi per i recettori oppioidi

Evaluation of ∆9-THC co-administration on morphine-mediated effects in human, rat, 

mouse neuronal cells to implement a Quantitative Systems Pharmacology platform 

for predicting combinational analgesic therapies 
Elisabetta Cuna, Santi Spampinato, Andrea Bedini 

Department of Pharmacy and Biotechnology -  University of Bologna, Bologna, Italy

CHRONIC PAIN
Unpleasant sensory and emotional experience associated with, or 

resembling that associated with, actual or potential  tissue damage

1/5 ADULTS 
suffer from 

chronic pain

60% 
OF PATIENTS

 report inadequate 

analgesia and/ or 

suffer with relevant 

adverse effects from 

currently available 

MONOTHERAPY  

MAJOR CHALLENGES
to translate discoveries 

made in animal models 

to pain therapies in 

humans

€ 200
BILLION

financial cost to 

society per 

annum in Europe

UNMET NEEDSBACKGROUND

OPIOID NON-OPIOID

+

COMBINATIONAL THERAPIES

Improved balance between

therapeutic benefits vs
adverse effects;

promising strategy for 

chronic pain treatment

More 

integrative and 

quantitative approaches

in the drug discovery

pipeline

QUANTITATIVE

SYSTEMS

PHARMACOLOGY

Approach to translational medicine 

that combines computational and 

experimental methods to elucidate, 

validate and apply new 

pharmacological concepts to the 

development and use of drugs

AIM

Identifying alternative combinational treatment paradigms, with 

improved analgesia and reduced adverse effects using algorithms 

and advanced in silico technologies, and then validate the most 

promising combinational medication paradigms in preclinical 

models, in healthy volunteers, and in clinical practice

HOW THE PLATFORM WORKS

The platform assembles mechanistic 

models based on existing medications, 

published data and new experimental 

preclinical and clinical data 

OUR ROLE WITHIN THE CONSORTIUM
Investigating the signalling pathways 

associated to opioid receptors in in-vitro 

cell models to produce quantitative 

relevant data for the model development 

and parameterization

Morphine + ∆
9-THCTesting the effects of co-administration

CELL MODELS
RAT

Striatal primary neurons

Dorsal Root Ganglion
primary neurons

Cortical primary neurons

MOUSE
Cortical primary neurons

Striatal primary neurons

HUMAN
PMA-differentiated SH-SY5Y 
neuroblastoma cells

Human Embryonic Kidney cells
(HEK-293)

ASSAYS

qPCR 
to evaluate the expression 
of pain/analgesia related 

genes

Site-directed
mutagenesis

to generate intentional
mutations and evaluate

how they may affect
receptors interaction

ELISA assay
to quantify morphine ability to 

inhibit forskolin-stimulated cAMP 
levels as a readout of MOR 

activation 

Confocal microscopy
to study receptors 
heteromerization

More effective

and safer

analgesics

QSPainRelief PROJECT

METHODS

RESULTSRAT
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EC50 (nM) Emax (%)

B
a

sa
l 

co
n

d
it

io
n Vehicle + Morphine 2.26 ± 0.29 51 ± 5

THC (100nM) + Morphine 1.46 ± 0.62* 59 ± 9
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Morphine (1μM; 24h) + 
Vehicle + Morphine 

1.48 ± 0.55 27 ± 4****

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

16.7 ± 0.6**** 45 ± 7###
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0.201 - 1
1.001 - 1.5
1.501 - 2
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30.01 - 50
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60.01 - 115

*p<0.05 vs Vehicle + Morphine; ****p<0.0001 vs Vehicle + Vehicle + Morphine; ###p<0.001, 
####p<0.0001 vs Morphine (1μM; 24h) + Vehicle + Morphine; n=6
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RAT STRIATAL PRIMARY 
NEURONS

EC50 (nM) Emax (%)
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d
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n Vehicle + Morphine 0.34 ± 0.03 67 ± 5

THC (100nM) + Morphine n.d. 0 ± 9***
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Vehicle + Vehicle + Morphine 0.34 ± 0.03 67 ± 5

Morphine (1μM; 24h) + 
Vehicle + Morphine 

8.42 ± 0.45**** 33 ± 6****

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

0.51 ± 0.03#### 54 ± 5####

***p<0.001 vs Vehicle + Morphine; ****p<0.0001 vs Vehicle + Vehicle + Morphine; 
####p<0.0001 vs Morphine (1μM; 24h) + Vehicle + Morphine; n=6
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RAT DRG PRIMARY NEURONS EC50 (nM) Emax (%)
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THC (100nM) + Morphine 0.30 ± 0.09*** -65 ± 12***
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Vehicle + Morphine 

n.d. 0

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

0.10 ± 0.15 -196 ± 81

***p<0.001 vs Vehicle + Morphine; n=6 
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EC50 (nM) Emax (%)

B
a
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d
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n Vehicle + Morphine 0.45 ± 0.03 44 ± 3

THC (100nM) + Morphine n.d. 0 ± 12*
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Vehicle + Vehicle + Morphine 0.45 ± 0.03 44 ± 3

Morphine (1μM; 24h) + 
Vehicle + Morphine 

0.19 ± 0.09## 27 ± 7##

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

n.d. n.d.

*p<0.05 vs Vehicle + Morphine; ##p<0.01 vs Vehicle + Vehicle + Morphine; n=6  
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EC50 (nM)
Emax 
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THC (100nM) + Morphine 1.8 ± 0.5* 8 ± 11*
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0.41 ± 0.04 44 ± 5

Morphine (1μM; 24h) + 
Vehicle + Morphine 

152.3 ± 78.5 49 ± 10

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

14.84 ±
1.54# 34 ± 29

*p<0.05 vs Vehicle + Morphine; n=6. #p<0.05 vs Vehicle + Vehicle + Morphine; n=3 
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*p<0.05, ****p<0.0001 vs Vehicle + Morphine; n=6. ##p<0.01, ###p<0.001 vs Vehicle + Vehicle + Morphine; n=3.
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0 ± 0.13 5 ± 5

Morphine (1μM; 48h) + Morphine + 
THC (100nM)

1.33 ± 0.29## 41 ± 4###
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n.d. 7 ± 5***

Morphine (1μM; 48h) + Morphine + 
THC (100nM)

n.d. 0 ± 5***

***p<0.001 vs Vehicle + Vehicle + Morphine; n=6. 
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Representative immunofluorescence images showing MOR-CB1 heteromerization in HEK-293 cells  

co-expressing FLAG-MOR and HA-CB1 and quantification of the pixel-by-pixel covariance in the red and 

green channels expressed by the Pearson’s correlation coefficient.
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CONCLUSIONS
Prolonged exposure to 

therapeutic concentrations of 

morphine changed the 

expression of MOR and CB1 

genes in a species-specific and 

nervous system region-

specific manner

THC potentiated 

morphine-dependent 

signalling events

THC 

co-administration 

rescued MOR activation 

following its 

desensitization

MOR-CB1

possible heteromerization

F86 

Residue that may be important

for receptors interaction and 

crosstalk

Developing an in silico discovery platform to predict novel, 

personalized, and effective and safer combination of existing drugs 

using Quantitative Systems Pharmacology approaches
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Caratterizzazione farmacologica di nuovi ligandi per i recettori oppioidi

Evaluation of ∆9-THC co-administration on morphine-mediated effects in human, rat, 

mouse neuronal cells to implement a Quantitative Systems Pharmacology platform 

for predicting combinational analgesic therapies 
Elisabetta Cuna, Santi Spampinato, Andrea Bedini 

Department of Pharmacy and Biotechnology -  University of Bologna, Bologna, Italy

CHRONIC PAIN
Unpleasant sensory and emotional experience associated with, or 

resembling that associated with, actual or potential  tissue damage

1/5 ADULTS 
suffer from 

chronic pain

60% 
OF PATIENTS

 report inadequate 

analgesia and/ or 

suffer with relevant 

adverse effects from 

currently available 

MONOTHERAPY  

MAJOR CHALLENGES
to translate discoveries 

made in animal models 

to pain therapies in 

humans

€ 200
BILLION

financial cost to 

society per 

annum in Europe

UNMET NEEDSBACKGROUND

OPIOID NON-OPIOID

+

COMBINATIONAL THERAPIES

Improved balance between

therapeutic benefits vs
adverse effects;

promising strategy for 

chronic pain treatment

More 

integrative and 

quantitative approaches

in the drug discovery

pipeline

QUANTITATIVE

SYSTEMS

PHARMACOLOGY

Approach to translational medicine 

that combines computational and 

experimental methods to elucidate, 

validate and apply new 

pharmacological concepts to the 

development and use of drugs

AIM

Identifying alternative combinational treatment paradigms, with 

improved analgesia and reduced adverse effects using algorithms 

and advanced in silico technologies, and then validate the most 

promising combinational medication paradigms in preclinical 

models, in healthy volunteers, and in clinical practice

HOW THE PLATFORM WORKS

The platform assembles mechanistic 

models based on existing medications, 

published data and new experimental 

preclinical and clinical data 

OUR ROLE WITHIN THE CONSORTIUM
Investigating the signalling pathways 

associated to opioid receptors in in-vitro 

cell models to produce quantitative 

relevant data for the model development 

and parameterization

Morphine + ∆
9-THCTesting the effects of co-administration

CELL MODELS
RAT

Striatal primary neurons

Dorsal Root Ganglion
primary neurons

Cortical primary neurons

MOUSE
Cortical primary neurons

Striatal primary neurons

HUMAN
PMA-differentiated SH-SY5Y 
neuroblastoma cells

Human Embryonic Kidney cells
(HEK-293)

ASSAYS

qPCR 
to evaluate the expression 
of pain/analgesia related 

genes

Site-directed
mutagenesis

to generate intentional
mutations and evaluate

how they may affect
receptors interaction

ELISA assay
to quantify morphine ability to 

inhibit forskolin-stimulated cAMP 
levels as a readout of MOR 

activation 

Confocal microscopy
to study receptors 
heteromerization

More effective

and safer

analgesics

QSPainRelief PROJECT

METHODS

RESULTSRAT

RAT CORTICAL PRIMARY 
NEURONS

EC50 (nM) Emax (%)

B
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n Vehicle + Morphine 2.26 ± 0.29 51 ± 5

THC (100nM) + Morphine 1.46 ± 0.62* 59 ± 9
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Vehicle + Vehicle + 
Morphine 

2.26 ± 0.29 51 ± 5

Morphine (1μM; 24h) + 
Vehicle + Morphine 

1.48 ± 0.55 27 ± 4****

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

16.7 ± 0.6**** 45 ± 7###
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Rat cortical primary neurons

mRNA levels (fold change over MOR vehicle)

0.001 - 0.005
0.00501 - 0.01
0.01001 - 0.02
0.0201 - 0.04
0.0401 - 0.2
0.201 - 1
1.001 - 1.5
1.501 - 2
2.01 - 5
5.01 - 30
30.01 - 50
50.01 - 60
60.01 - 115

*p<0.05 vs Vehicle + Morphine; ****p<0.0001 vs Vehicle + Vehicle + Morphine; ###p<0.001, 
####p<0.0001 vs Morphine (1μM; 24h) + Vehicle + Morphine; n=6

Concentration-response curves of morphine-

mediated inhibition of adenylyl cyclase
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RAT STRIATAL PRIMARY 
NEURONS

EC50 (nM) Emax (%)

B
a
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l 
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n

d
it

io
n Vehicle + Morphine 0.34 ± 0.03 67 ± 5

THC (100nM) + Morphine n.d. 0 ± 9***
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Vehicle + Vehicle + Morphine 0.34 ± 0.03 67 ± 5

Morphine (1μM; 24h) + 
Vehicle + Morphine 

8.42 ± 0.45**** 33 ± 6****

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

0.51 ± 0.03#### 54 ± 5####

***p<0.001 vs Vehicle + Morphine; ****p<0.0001 vs Vehicle + Vehicle + Morphine; 
####p<0.0001 vs Morphine (1μM; 24h) + Vehicle + Morphine; n=6
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mRNA levels (fold change over MOR expression in rat cortex vehicle)

0.001 - 0.005
0.00501 - 0.01
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RAT DRG PRIMARY 
NEURONS

Concentration-response curves of morphine-

mediated inhibition of adenylyl cyclase
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RAT DRG PRIMARY NEURONS EC50 (nM) Emax (%)

B
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n Vehicle + Morphine 1.3 ± 0.3 51 ± 4

THC (100nM) + Morphine 0.30 ± 0.09*** -65 ± 12***
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Vehicle + Vehicle + Morphine 1.3 ± 0.3 51 ± 4

Morphine (1μM; 24h) + 
Vehicle + Morphine 

n.d. 0

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

0.10 ± 0.15 -196 ± 81

***p<0.001 vs Vehicle + Morphine; n=6 
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MOUSE

Concentration-response curves of morphine-

mediated inhibition of adenylyl cyclase

Concentration-response curves of morphine-

mediated inhibition of adenylyl cyclase
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MOUSE CORTICAL 
PRIMARY NEURONS

MOUSE STRIATAL 
PRIMARY NEURONS

MOUSE CORTICAL PRIMARY 
NEURONS

EC50 (nM) Emax (%)

B
a

sa
l 

co
n

d
it

io
n Vehicle + Morphine 0.45 ± 0.03 44 ± 3

THC (100nM) + Morphine n.d. 0 ± 12*

P
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d
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O
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ti
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ti

o
n

Vehicle + Vehicle + Morphine 0.45 ± 0.03 44 ± 3

Morphine (1μM; 24h) + 
Vehicle + Morphine 

0.19 ± 0.09## 27 ± 7##

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

n.d. n.d.

*p<0.05 vs Vehicle + Morphine; ##p<0.01 vs Vehicle + Vehicle + Morphine; n=6  
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Mouse cortical primary neurons

mRNA levels (fold change over MOR vehicle)

0.001 - 0.005
0.00501 - 0.01
0.01001 - 0.02
0.0201 - 0.04
0.0401 - 0.2
0.201 - 1
1.001 - 1.5
1.501 - 3
3.001 - 50
50.001 - 80
80.001 - 100
100.001 - 150
150.001 - 230

MOUSE STRIATAL PRIMARY 
NEURONS

EC50 (nM)
Emax 
(%)

B
a
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d
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n Vehicle + Morphine 0.41 ± 0.04 44 ± 5

THC (100nM) + Morphine 1.8 ± 0.5* 8 ± 11*
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Vehicle + Vehicle + 
Morphine 

0.41 ± 0.04 44 ± 5

Morphine (1μM; 24h) + 
Vehicle + Morphine 

152.3 ± 78.5 49 ± 10

Morphine (1μM; 24h) + 
Morphine + THC (100nM)

14.84 ±
1.54# 34 ± 29

*p<0.05 vs Vehicle + Morphine; n=6. #p<0.05 vs Vehicle + Vehicle + Morphine; n=3 
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Concentration-response curves of morphine-

mediated inhibition of adenylyl cyclase
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*p<0.05, ****p<0.0001 vs Vehicle + Morphine; n=6. ##p<0.01, ###p<0.001 vs Vehicle + Vehicle + Morphine; n=3.
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mRNA levels (fold change over MOR vehicle in wild-type SH-SY5Y)
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PMA-differentiated SH-SY5Y 
cells

EC50 (nM) Emax (%)
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THC (100nM) + Morphine 1.49 ± 0.19**** 50 ± 3*
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Vehicle + Vehicle + Morphine 5.46 ± 0.28 59 ± 5

Morphine (1μM; 48h) + Vehicle + 
Morphine 

0 ± 0.13 5 ± 5

Morphine (1μM; 48h) + Morphine + 
THC (100nM)

1.33 ± 0.29## 41 ± 4###

HEK-293 + hMOR/hCB1 PMA-DIFFERENTIATED 
SH-SY5Y

Concentration-response curves of morphine-

mediated inhibition of adenylyl cyclase
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HEK+MOR-CB1 cells EC50 (nM) Emax (%)
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THC (100nM) + Morphine 0.082 ± 0.034 52 ± 5
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Vehicle + Vehicle + Morphine 0.12 ± 0.03 58 ± 4

Morphine (1μM; 48h) + Vehicle + 
Morphine 

n.d. 7 ± 5***

Morphine (1μM; 48h) + Morphine + 
THC (100nM)

n.d. 0 ± 5***

***p<0.001 vs Vehicle + Vehicle + Morphine; n=6. 
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Representative immunofluorescence images showing MOR-CB1 heteromerization in HEK-293 cells  

co-expressing FLAG-MOR and HA-CB1 and quantification of the pixel-by-pixel covariance in the red and 

green channels expressed by the Pearson’s correlation coefficient.
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***p<0.001, *p<0.05 vs Not transfected 
cells; n=3.

 

CONCLUSIONS
Prolonged exposure to 

therapeutic concentrations of 

morphine changed the 

expression of MOR and CB1 

genes in a species-specific and 

nervous system region-

specific manner

THC potentiated 

morphine-dependent 

signalling events

THC 

co-administration 

rescued MOR activation 

following its 

desensitization

MOR-CB1

possible heteromerization

F86 

Residue that may be important

for receptors interaction and 

crosstalk

Developing an in silico discovery platform to predict novel, 

personalized, and effective and safer combination of existing drugs 

using Quantitative Systems Pharmacology approaches

Buffer reagents & 

dNTPs

DNA polymerase

Gene-specific

primers

created with Biorender.com

HUMAN

Gene expression
fold change

Gene expression
fold change

Gene expression
fold change

Gene expression
fold change

Gene expression
fold change

Gene expression
fold change
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Caratterizzazione farmacologica di nuovi ligandi per i recettori oppioidi

ANALGESIA
Side effects
Respiratory depression

IMMUNOMODULATION

TOLERANCE

ADDICTION
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Caratterizzazione farmacologica di nuovi ligandi per i recettori oppioidi

ANALGESIA
Side effects
Respiratory depression

IMMUNOMODULATION

TOLERANCE

ADDICTION
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Caratterizzazione farmacologica di nuovi ligandi per i recettori oppioidi

• Caratterizzazione di nuovi ligandi nell’ambito di 
molteplici patologie (ad es. dolore, patologie 
neuropsichiatriche, patologie 
neuroinfiammatorie)

• Caratterizzazione di nuovi ligandi oppioidi 
multitarget



13

Identificazione di nuovi bersagli molecolari per lo sviluppo di nuovi 
farmaci RNA-based nell’ambito della neuroinfiammazione

miRNA or siRNA

Activated microglia co-cultured 
with cortical neurons

• Studio delle interazioni tra neuroni 
e astrociti/microglia

• Individuazione di potenziali bersagli 
molecolari

• Sviluppo e caratterizzazione di 
farmaci RNA-based in modelli di co-
cultura
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Strategie sperimentali e metodologie

Colture cellulari: linee cellulari o cellule primarie umane

Espressione genica, mediante Real Time PCR

Espressione di proteine, attivazione di 
pathway intracellulari, mediante Western Blot

Saggi di vitalità, apoptosi, espressione
mediante citofluorimetria

Saggi di binding recettoriali, saggi di gene reporter…
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Il laboratorio si trova presso la sede del Fabit in via Irnerio 48, 
Bologna (ex Farmacologia)

Disponibilità per 2/3 tesi sperimentali all’anno per studenti di 
Farmacia

Durata del tirocinio per tesi: circa 4-6 mesi

andrea.bedini@unibo.it

monica.baiula@unibo.it

Disponibilità anche per tesi compilative o pratico-professionali

Laboratorio di Farmacologia cellulare e molecolare
https://site.unibo.it/cellular-molecular-pharmacology-unit/en
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