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 INTERVIEW 

INTERVIEWS PhD AWARD 
Doi: 10.36118/pharmadvances.2022.41

Volume 4, issue 3, 2022: 173-8

1│ What is your scientific background? 
What did you study?
FL: I graduated in biology and, thereaf-
ter, I’ve attended laboratories of patholo-
gy and immunology. In 2016 I started my 
experience in the Lab of ocular pharma-
cology in the department of Biomedical 
and Biotechnological Sciences (University 
of Catania). In 2020 I finished my PhD in 
Neuroscience.

AA: My background encompasses Biochem-
istry, Biotechnology, and Pharmacology. I 
finished my Bachelor and Master degrees 
in Biochemistry and PhD in life sciences (re-
search area: Vascular Pharmacology). 

PB: I studied Pharmacy at the University 
of Milan and I conducted the internship 
for my master thesis in the laboratory of 
“Psychopharmacology and Molecular Psy-
chiatry” directed by Professor Marco An-
drea Riva at the Department of Pharma-

As readers certainly remember, the Italian Society of Pharmacology (SIF) published a call ask- 
ing recent PhD graduates to submit a review article based on their thesis. This initiative was 
well received and we congratulate the winners. The possibility exists that SIF will make this a 
tradition and we encourage future graduates to start thinking of a suitable paper and submit it to 
PharmAdvances. In addition to facilitating a cash prize, single-author papers are valued by fund- 
ing bodies and provide some competitive advantages when it comes to obtain funds (read the 
interviews to see how this is a major hurdle in scientific research).
For this issue of PharmAdvances, we interviewed the winners of the PharmAdvances PhD awards, 
namely Drs. Francesca Lazzara (FL) (1), Amer Ahmed (AA) (2), Paola Brivio (PB) (3), and Chiara 
Colarusso (CC) (4). In particular, we wanted to learn about their experience in the lab and  
what obstacles they had to overcome.
Their answers are very instructive and should help us shape a better university and education system.

cological and Biomolecular Sciences of 
the University of Milan under the super-
vision of Professor Francesca Calabrese. I 
graduated in July 2015 with a thesis enti-
tled “Exposure to the chronic mild stress, 
in rats, alters the molecular mechanisms 
activated in response to a cognitive test”. 
In October 2015 I started the PhD pro-
gram in Experimental and Clinical Phar-
macological Sciences at the University 
of Milan and I defended the Ph.D. thesis 
entitled “Stress exposure as risk factor 
for psychiatric disorders: from functional 
characterization to pharmacological inter-
vention” in December 2018. 
Since 2019 I’m a post-doctoral fellow in 
the laboratory of Experimental Pharmacol-
ogy of Professor Fabio Fumagalli. Since I 
have started to work in science, the main 
purpose of my research has been to in-
vestigate the effect of stress exposure 
during adult life, by focusing on molec-
ular mechanisms responsible for the dif-
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ferent outcomes of stress response in the 
central nervous system.

CC: My scientific area of interest is to un-
derstand how lung inflammation fosters 
chronic lung diseases up to lung cancer. 
A particular interest concerns the role of 
the inflammasome, a multimeric complex 
that we proved to be involved in COPD-, 
pulmonary fibrosis- and lung cancer-relat-
ed inflammation. During my PhD training 
I found that the inflammasome is at the 
crosstalk between chronic obstructive pul-
monary disease (COPD) and lung cancer.

2│ What is the key message of your 
paper?
FL: Basically, the key message of this 
manuscript, and of my whole PhD thesis, 
is that pathological conditions, in my case 
diabetic retinopathy, can be characterized 
by novel and uninvestigated pathological 
mechanisms, that can be addressed af-
ter discovery and validation of druggable 
pharmacological targets. In particular, my 
thesis and this manuscript aimed at high-
lighting new putative pharmacological 
targets characteristic of the early stage of 
diabetic retinopathy.

AA: The key message of my paper, pub-
lished in PharmAdvances, could be sum-
marized as “Flavonoids consumption 
is associated with undoubtable benefi-
cial effect in the cardiovascular context; 
this effect is the result of the pleiotropic 
mechanism of these valuable products of 
nature. These compounds exert anti-obe-
sity effect, protect against hypertension 
development, ameliorate hyperlipidemia, 
and slow down the progression of diabe-
tes and atherosclerosis”.

PB: The key message of my paper “The 
multifaceted aspects of stress” is the fun-
damental need to study the consequenc-
es of stress exposure since it is one of the 

main environmental factors for develop-
ing psychiatric disorders. Moreover, it is 
necessary to pursue the research in this 
field to unravel the molecular mechanisms 
that may be at the basis of resilience for 
the study of novel pharmacological treat-
ments to promote resilience.

CC: This paper highlights that the activa-
tion of a specific inflammasome receptor, 
AIM2, could be at the crossroad between 
COPD and lung cancer by acting as one 
of the orchestrators for the establishment 
of lung cancer in smokers. Therefore, we 
believe that this is a novel scientific ap-
proach for COPD patients that develop 
lung cancer, focusing on the biology of 
the AIM2 inflammasome as a potential 
pharmacological target which could on 
one side represent a diagnostic tool to 
early prevent COPD patients to develop 
lung cancer, and on the other side could 
open new therapeutic perspectives. 

3│ If you had plenty of money, what 
would you study next?
FL: I would like to continue studies rela-
tive to several uninvestigated pathologi-
cal mechanisms of retinal diseases. In par-
ticular, I would like to investigate further 
the role of specific angiogenic factors, 
which are the main protagonists of retinal 
degeneration (PlGF or the different iso-
forms of VEGFA). As everybody knows, 
researcher’s activities and studies are cost-
ly, and my first purpose it would be to in-
vest money in innovative lab equipment, 
in order to keep us at the forefront of the 
pharmacological research.

AA: If I had more money, I would continue 
my PhD work to investigate the long-term 
or chronic effect of flavonoids treatment 
on perivascular adipose tissue (PVAT) func-
tion. I would study the protective effects of 
flavonoids toward PVAT function in some 
diseases such as hypertension and obesity.
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PB: In these years of academic research, 
I’ve increased my passion in science for 
the multifaceted effects of stress ex-
posure, from the positive and negative 
consequences of stress at behavioral 
level to the molecular basis of stress. 
Hence, if I had plenty of money, I would 
employ novel and advanced techniques 
to better dissect the mechanisms al-
tered in specific brain regions for the 
development of novel therapeutic strat-
egies. Moreover, I would combine the 
results obtained at preclinical levels with 
collaborations with clinicians to identify 
innovative and specific targets for more 
effective interventions to treat stress-re-
lated disorders.

CC: I would like to further explore the 
molecular/cellular mechanisms involved 
in chronic lung inflammation at the ba-
sis of pulmonary diseases such as COPD, 
pulmonary idiopathic fibrosis, and lung 
cancer. In particular, I would focus on 
the inflammasome-dependent pathways 
puzzling from the process of lung can-
cer establishment up to progression that 
occurs after therapeutic treatment. In 
this regard, another goal I would like to 
reach is to understand cellular and mo-
lecular mechanism/s at the basis of im-
mune checkpoint inhibitors’ resistance in 
lung cancer patients and try to identify 
predictive and/or prognostic biomark-
ers able to define diagnosis of disease, 
treatment, efficacy assessment and dis-
ease progression. To achieve all these 
goals, I would like to take advantages 
of innovative experimental approaches, 
such as the spatial biology.

4│ In your opinion, what are the 
major obstacles in post-doctoral 
research?
FL: I think that all Italian PhD students and 
post-doc know well which is the main ob-
stacles: access to research funds.

AA: In my opinion the major obstacles are 
funding and their scarcity.

PB: I believe that the major obstacles to 
post-doctoral research in Italy are the low 
number of grants to which post-doctoral 
fellows can apply to have money for con-
ducting independent research and build 
their own group, the high level of compe-
tition in academy due to the few positions 
available with respect to the number of 
post-doctoral fellows and the precarious 
contracts and the low salaries in compar-
ison to the other graduates who work in 
companies.

CC: Currently, I believe that the major ob-
stacles in post-doctoral research are, on a 
hand, the poor financial support and re-
sources and, on the other, the instability 
and uncertainty that characterize a post-
doc researcher’s life. 

5│ What was the major challenge 
(technical, budgetary, etc.) you had 
to face in your own research?
FL: Maybe during PhD studies everything 
seems difficult. The main problem is the 
learning process: theory & practice. Stu-
dents have to manage and balance time 
their own weakness and strength, in order 
to be productive and mentally healthy.

AA: The major challenge I faced in my 
PhD research was related to the ap-
proach I used to tackle my PhD research 
question. I have used a single classical 
pharmacological approach to investi-
gate the modulation of flavonoids vas-
cular reactivity by perivascular adipose 
tissue. I wanted to use in vivo experi-
ments and or molecular approach to val-
idate my result obtained by the classical 
pharmacological approach. This chal-
lenge also meant that I had less train-
ing during my PhD. This challenge was 
related to funding and bureaucracy re-
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lated to the work with animal models as 
well as this challenge was in part caused 
by Covid-19 pandemic.

PB: In my opinion, the major challenge 
my colleagues and I had to face is the 
lack of personal budget to start con-
ducting independent research. I believe 
that more calls for proposals directed 
to restricted groups or with specific the-
matic could increase the possibility to 
win a grant.

CC: The major challenge was to face a 
research project by using residual finan-
cial resources trying to obtain the more I 
could out of the planned experiments. 

6│ What did your mentor teach you in 
addition to the scientific method?
FL: Scientific rigor and diplomacy.

AA: He taught me to be calm and cool 
when things are not going well in research.

PB: Since I started my journey in science, 
my mentor has passed to me the passion 
for this work, and the desire to continue 
research to reach my objectives in the 
field of neuroscience. Moreover, she has 
given me the possibility to join nation-
al and international congresses to share 
my data and to meet other young scien-
tists to discuss about neuroscience, thus 
teaching me the importance of the atten-
dance to these meetings for my personal 
growth thank to the face with other neu-
roscientists.

CC: My mentor taught me that in work, as 
well as in life, respect for the others and 
for the rules, honesty, humility, learning, 
listening to others and not being afraid to 
express your opinions are important. My 
mentor transmitted me the passion for 
scientific research and the importance of 
struggling to achieve a goal. This was for 

me a lesson of professional and person-
al growth, and of making mistakes to im-
prove yourself.

7│ Should you become a mentor 
yourself, what would you tell your 
students upon joining your lab?
FL: Don’t be too sure of yourself; always 
challenge yourself and be humble. Work 
and make sacrifices, that’s the only way to 
get results.

AA: Yes, I wish to become a mentor and 
I will tell my student upon joining my 
lab “do not delay what you can do to-
day until tomorrow, manage your time 
effectively, work as hard but wise as pos-
sible, do not try to do all things togeth-
er, have enough time to work, read, relax 
and sleep”.

PB: During these years in academy, I have 
had the opportunity to be the tutor of 
several students during their master the-
sis internship. I hope to have passed onto 
them (and as mentor I will do the same) 
not only my passion for this work but 
also the importance to work with passion 
and respect.

CC: My mentor taught me that in work, as 
well as in life, respect for the others and 
for the rules, honesty, humility, learning, 
listening to others and not being afraid 
to express your opinions are important. 
My mentor transmitted me the passion 
for scientific research and the importance 
of struggling to achieve a goal. This was 
for me lesson of professional and person-
al growth, and of making mistakes to im-
prove yourself.

8│ If you were the Ministry of 
Research, how would you distribute 
funds?
FL: An equal distribution between Italian 
universities. Grades and scores assigned 
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to universities can be influenced by fac-
tors (e.g. environmental, economic) that 
create disparities between universities 
located in the northern and southern 
parts of Italy.
AA: I would focus the funds distribution 
towards more basic scientific research in 
medical and life sciences and toward in-
novative technologies in engineering and 
industrial sectors.

PB: If I were the Ministry of Research, I 
would distribute funds by opening sever-
al applications for the young scientists di-
vided for specific themes and directed to 
more closed groups (for example, 1-2/3-4 
(and so on) years after the PhD) to balance 
the curriculum vitae of the candidates and 
to increase the possibility of younger to 
win the grants.

CC: I would try to distribute funding in 
order to reduce the gap between the 
northern and southern universities, and 
between small and large universities. I 
would give more funding to applied re-
search, and in the field of pharmacologi-
cal research, to the basic one, and I would 
provide an increased number of grants 
pointing at increase investment in junior 
scientists.

9│ What are you planning to do in the 
future?
FL: I hope to continue my post-doc in the 
field of ocular pharmacology, specifical-
ly on retinal function in in-vivo model of 
retinal degenerative disease. After that, 
“what’s meant to be will be”.

AA: In future, my plan is to pursue some 
postdoc research training (3-4 years) in 
order to enhance my skills and techni-
cal expertise, after which I would like to 
apply for some fixed-term or permanent 
positions and to establish my own re-
search lines.

PB: I hope to continue my career in neu-
roscience and to conduct my indepen-
dent research in the field of studying 
the effects of stress during the different 
phases of life.
CC: I’m planning to continue my re-
search work by further enriching my 
cultural background, by expanding my 
knowledge in the pharmacological re-
search field, by discovering innovative 
experimental approaches. I would like to 
learn about novel scientific discoveries 
and integrate them with my ideas, con-
front myself with leading researchers/sci-
entists across the world in order to boost 
my career.

10│  Is there anything you would say to 
undergraduates?
FL: Study, be patient and try to under-
stand exactly what you want to do after 
graduation.

AA: Yes I would say them “find your in-
terest intellectually, try to be creative with 
it, seek help whenever you need, do not 
plan to go for higher studies because it 
is not the best choice if you think about 
making money and enjoying life with fam-
ily and friend, try to establish your own 
enterprise, higher studies do not suite ev-
eryone, academic life may compromise 
your happiness and enjoyment at several 
stages of life, and if mandatory that if you 
opt for higher studies you are mentally 
prepared for it”.

PB: Even if is not an obligatory step of 
your studies, join the laboratory of re-
search of your faculties to know this won-
derful world!

CC: As stated by Steve Jobs ‘The only way 
to do great work is to love what you do… 
Have the courage to follow your heart and 
intuition. They somehow already know 
what you truly want to become’
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 RESEARCH ARTICLE 

FASTER ABSORPTION OF IBUPROFEN LYSINATE  
THAN STANDARD IBUPROFEN ACID IN PEDIATRIC 
POST-SURGICAL PAIN
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SUMMARY 

Surgery represents one of the most painful events that a child may experience. Advanced pharmaceutical formulations, 
including salts of ibuprofen, were developed to provide faster drug absorption and rapid onset of analgesic effects. The 
aim of this pilot study was to evaluate the rate of early drug absorption of ibuprofen lysinate (Algidrin® Pediatrico, FARDI 
S.A., Barcelona, Spain) compared to standard ibuprofen (MomentKid®, Aziende Chimiche Riunite Angelini Francesco, 
Rome, Italy) in children receiving the drug for the treatment of post-surgical pain.
Twenty-one children (4-16 years) were enrolled in a randomized, open-label, controlled, pilot study. Patients were 
randomly assigned to the experimental-group (LYS-group, n = 10, treated with the lysinate formulation after surgery) or 
the standard-group (STAND-group, n = 11 treated with standard ibuprofen formulation). Four blood samples (immediately 
before and 5, 15 and 20 minutes after the oral administration) were collected 24-hours after starting ibuprofen; pain 
(faces pain scale) and vital parameters (heart rate, blood pressure, oxygen saturation) were also considered.
Patients from the LYS-group had significantly higher ibuprofen concentrations at 5 minutes after drug intake compared 
with those from the STAND-group (11.9 ± 8.6 versus 3.6 ± 3.6 mg/L, p = 0.010), with the same trend for all other 
pharmacokinetic parameters. Remarkably, ibuprofen basal concentrations, were more than doubled in the LYS- versus 
STAND-group (5.7 ± 7.8 versus 2.1 ± 1.0 mg/L, p = 0.141). The LYS-group was also associated with a trend for reduced 
inter-individual variability in the drug exposure compared with the STAND-group (coefficient of variation of the AUC0- 
20 min: 52% versus 84%. Pain control was also obtained.
The use of ibuprofen lysinate was associated with an early fast absorption and reduced pharmacokinetic variability 
compared to the traditional ibuprofen acid formulation, supporting fast action and an improved clinical response to 
mild-moderate post-surgical pain in children.

Impact statement
Ibuprofen lysinate presents faster absorption and reduced pharmacokinetic variability 
compared to standard ibuprofen in children.

Key words
Ibuprofen lysinate; Ibuprofen; 
children; post-surgical pain; 
pharmacokinetic.

https://orcid.org/0000-0001-6449-1724
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INTRODUCTION
According to the revised definition provided 
by Williams and Craig in 2016, pain is a “dis-
tressing experience associated with actual or 
potential tissue damage with sensory, emotion-
al, cognitive and social components” (1). Pain, 
among all the symptoms, undermines physical 
and psychological integrity of the subject who 
is experiencing it, affecting, at the same time, 
also family and caregivers. This applies espe-
cially to pediatric population, in which pain is 
a frequent finding. In fact, up to 80% of hos-
pital admissions into pediatric departments 
are due to pathologies which involve pain as 
a symptom.
Despite the tremendous advantages in knowl-
edge about pain reached in the last decades, 
this condition is still frequently under-recog-
nized and thus inadequately treated in chil-
dren. It is now widely known that there is no 
age limit to perception of pain, as the devel-
opment of anatomic substrates required for 
pain transmission occurs mainly during fetal 
life (2, 3).
The Italian Health Ministry in 1995 issued a 
document about correct pediatric pain man-
agement, in which is stated that “pain should 
always be assessed and treated whenever 
there are signs and symptoms of its presence, 
even if the child does not verbally express his 
discomfort, and when possible, with a prophy-
lactic approach” (4). 
In particular, in case of predictable onset of 
pain, such as in the postoperative period, it 
must be prevented with adequate prophylax-
is. Children who underwent surgery may not 
feel pain immediately after awakening from 
anesthesia, but this should not discourage cli-
nicians from starting a pharmacological pain 
prophylaxis. In fact, analgesic therapy should 
be administered “by the clock” and not on 
demand (5). 
In pediatric age, paracetamol and ibuprofen 
are the first-choice drugs to treat acute mild to 
moderate pain.
Ibuprofen, (±)-(R,S)-2-(4-isobutylphenyl)-propi-
onic acid, is a chiral 2-arylpropionic acid de-

rivative nonsteroidal anti-inflammatory drug 
(NSAID) widely used in the management of 
mild to moderate pain, fever and inflamma-
tion since early seventies acting as is a non-se-
lective inhibitor of cycloxygenase-1 and -2 de-
rived prostaglandin biosynthesis (6).
Ibuprofen free acid is a lipophilic compound 
with limited aqueous solubility. As dissolution 
is a key factor in the process of drug perme-
ation through the cellular membranes, poor 
water solubility may limit drug absorption, ulti-
mately delaying systemic bioavailability and in 
some cases restraining it. Therefore, one com-
mon way pursued to improve aqueous solu-
bility and dissolution rate of a drug without 
changing its chemical structure and biological 
properties is by the formation of salts with the 
conjugate acids. This concept well applies to 
ibuprofen, due to its carboxylic acid moiety. 
Indeed, although the free acid formulation is 
still largely used and prescribed worldwide, 
different salts of ibuprofen have been intro-
duced on the market in the past few years as 
gastrointestinal absorption enhancers, with the 
goal to improve ibuprofen absorption in terms 
either of higher peak of drug levels (Cmax) and 
faster time to reach maximum concentration 
(Tmax) compared with the conventional formu-
lation (7). Testing alternative ibuprofen formu-
lations, with rapid absorption and improved 
oral bioavailability may, therefore, be useful to 
obtain a more efficient acute pain control. 
Limited data is available on the lysinate for-
mulation of ibuprofen. In 2015 Ferrero-Cafiero 
et al evaluated the bioavailability of pediatric 
suspension of lysinate ibuprofen compared to 
pediatric suspension of standard ibuprofen, in 
healthy, adult volunteers and found that the 
rate of absorption of the ibuprofen lysinate 
suspension is quicker and less variable than 
that of the ibuprofen base reference suspen-
sion and it exhibits a shorter Tmax, which is of 
particular interest for achieving a rapid and 
homogeneous analgesic and antipyretic effect 
(8). However, to our knowledge, no compara-
tive pharmacokinetic study comparing the ear-
ly absorption of lysinate ibuprofen and stan-
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dard ibuprofen in the pediatric population has 
been carried out so far. 
The aim of the present pilot study was to 
evaluate the rate of early drug absorption of 
ibuprofen lysinate compared to standard ibu-
profen in children receiving the drug for the 
treatment of post-surgery pain. The secondary 
outcome was to evaluate the analgesic effica-
cy to control post-operative pain of the two 
ibuprofen formulations.

MATERIALS AND METHODS

Patients
Twenty-one pediatric patients (both genders), 
aged 4 to 16 years, undergoing surgical pro-
cedures at the Pediatric Surgery Unit, Vittore 
Buzzi Children’s Hospital, Milan, were sequen-
tially enrolled in this study. Inclusion criteria 
included: abdominal or thoracic surgery, op-
erative time < 3 hours, mild (FPS-R: 2-4) or 
moderate (FPS-R: 4-6) self-reported postop-
erative pain according to Faces pain scale–re-
vised (FPS-R) (9), no complications of surgery. 
Exclusion criteria included: chronic illness (in-
cluding heart failure, kidney disease, inflam-
matory bowel diseases), history of NSAIDs’ 
related gastrointestinal bleeding, use of any 
analgesic medication before surgery, hyper-
sensitivity or allergy to ibuprofen or excipients, 
language barrier. 
Participants were recruited between June 1, 
2021 and November 30, 2021.
This pilot study was performed in accordance 
with the Helsinki Declaration of 1975, as re-
vised in 2008. The institutional Ethics Com-
mittee approved the study (2020/EM/210). 
Written informed consent was obtained from 
subjects’ parents or guardians; the assent was 
also recorded in children and adolescents from 
8 to 16 years of age.

Study protocol 
This was a randomized, open-label, controlled, 
pilot study. The two arms consisted of an ex-
perimental group, treated with an Ibuprofen 

Lysinate (Algidrin® Pediatrico, FARDI S.A., 
Barcelona, Spain, 20 mg/ml oral suspension) 
formulation (LYS-group) after a surgical pro-
cedure and a control group, treated with a 
standard ibuprofen (MomentKid®, Aziende 
Chimiche Riunite Angelini Francesco, Rome, 
Italy, 100 mg/5ml oral suspension)  formulation 
(STAND-group) after surgery; doses adminis-
tered according to weight as reported in the 
summary of product characteristics (or in the 
patient leaflet) of the medicinal product. The 
flow chart of the progress through the phases 
of our pilot study is showed in figure 1. 
The study variables were determined in each 
patient independently of the assigned group, 
before and after the experimental intervention. 

Procedures and data collection 
At admission, a complete clinical examination 
including weight measurement and detections 
of the vital signs, including heart rate (HR), 
blood pressure (BP), oxygen saturation (SpO2) 
was performed in all enrolled children. All sub-
jects were in good physical condition. Pre-sur-
gery, enrolled children were randomly assigned 
to the experimental-group, where the lysinate 
formulation was adopted (LYS-group), or the 
standard-group (STAND-group) where they re-
ceived standard ibuprofen formulation as anal-
gesic medication for pain control after surgery.
A simple randomization based on a single se-
quence of random assignments was carried 
out. In all children, surgery was performed 
between 8.30 am and 12 am under general 
anesthesia. 
After surgery, all patients were transferred from 
the operating theater to the recovery room. 
After a complete awakening from anesthesia, 
the children received the first weight-calculat-
ed dose of one of the two ibuprofen formu-
lations, as an analgesic, according to the ran-
domization list. Administration of the assigned 
ibuprofen formulation was then continued 
on an 8-hours interval until 48 ± 6 hours af-
ter surgery. 
Vital signs, including HR, BP, SpO2 and mea-
sure the child’s self-reported pain, according 
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to Faces pain scale – revised (FPS-R) (9) (figure 
2), were monitored before the first administra-
tion of one of the two ibuprofen formulations 
on day 1 post-surgery, 20 minutes after, and 
48 hours after surgery. 

Estimation of early ibuprofen 
absorption
Based on early pharmacokinetic assessments in 
adult healthy volunteers (8) and with the goal to 
limit discomforts for the pediatric patients, we 
decided to focus on the rate of ibuprofen ab-
sorption in the first 20 minutes after oral drug 
intake. In particular, after 24 hours (to ensure 
steady state conditions) of the three times a 
day oral administration of one of the 2 ibupro-

fen formulations, we collected 4 blood samples 
at 0 (immediately before the administration of 
the fourth dose) and 5, 15 and 20 minutes after 
the oral administration for a maximum total vol-
ume collected for each individual equal to 8 mL 
(2 mL for pharmacokinetic evaluation).
Ibuprofen concentrations were quantified by a 
validated liquid-chromatography tandem mass 
spectrometry method. The lower limit of quan-
tification was set at 0,5 mg/L. Inaccuracy and 
imprecisions, tested during each analytical run 
by internal quality control samples, were in ev-
ery instance less than 15%.
As the main ibuprofen pharmacokinetic param-
eters, we considered the basal (trough) drug 
concentrations, drug concentrations at 5, 10 

Figure 1. Flow chart of the phases of the randomized pilot study of two groups 
(lysinate ibuprofen and standard ibuprofen after surgery).
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and 20 min after drug intake and the AUC0-20min 

estimated using the trapezoidal rule.

Statistical analysis 
Continuous variables were described as the 
mean and standard deviation (SD) or medi-
an and quartiles, and categorical variables as 
counts and percentages. The statistical signifi-
cance of the continuous variable comparisons 
was assessed using the unpaired Student’s t-test; 
the comparison of categorical variables was con-
ducted using the chi square test or Fisher’s Exact 
test if there was a small (< 5) expected cell size. 
A p-value below 0.05 was considered statistically 
significant. No multiple test correction was ap-
plied given the exploratory nature of the pilot 
study. The data analysis was performed with the 
STATA statistical package (release 15.1, 2017, 
Stata Corporation, College Station, Texas, USA).

RESULTS

Clinical data at the enrollment and 
follow-up
21 children (12 M and 9 F; mean age 10.46 
± 3.51 years; range 6.9-16.7 years), were ran-
domly assigned to one of the two groups: the 

LYS-group (n = 10) and STAND-group (n = 11). 
In LYS-group, 9 patients were submitted to ab-
dominal surgery (laparoscopic appendectomy) 
and one to thoracic surgery (breast abscess sur-
gery); all STAND-patients were submitted to ab-
dominal surgery (laparoscopic appendectomy). 
Pre-experimental intervention clinical, demo-
graphics and vital signs in the two groups are 
reported in table I; no significant differences 
for age, gender and vital signs were noted (p 
> 0.05 for all parameters).
Twenty minutes after ibuprofen administration, 
pain control (FPS 0-2) was obtained in 19/21 
(90.4%). At 48 ± 6 hours after surgery, pain 
control was reached in all but one patient in 
the lysinate group (with FPS = 4). 
As reported in figure 3, vital signs remained 
stable during monitoring, without significant 
differences between groups (p > 0.05). No ad-
verse effects were recorded.

Ibuprofen absorption
Data on ibuprofen pharmacokinetics during 
the absorption phase were available in 11 pa-
tients in the STAND-group and 8 patients in 
the LYS-group (blood samples collection was 
not performed in 2 LYS-children due to techni-
cal problems).

Figure 2. Faces pain scale-revised. Adapted from: Young KD. Assessment of Acute Pain in Children. Clin Pediatr 
Emerg Med. 2017;18:235-41.
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Features LYS-group 
(n = 10)

STAND-group 
(n = 11)

p-value

Age (years) 11.61 ± 3.3 10.18 ± 1.7 0.223

Gender (M/F) 5/5 7/4 0.397

Weight (kg) 43.6 ± 16.5 38.9 ± 17.6 0.545

Heart rate (bpm) 67.8 ± 7.1 66.7 ± 12.7 0.828

Systolic blood pressure (mmHg) 107.7 ± 12.0 107.0 ± 11.1 0.882

Diastolic blood pressure (mmHg) 60.5 ± 16.6 59.8 ± 12.2 0.910

Oxygen saturation (%) 99.8 ± 0.4 99.5 ± 0.5 0.304

Face pain scale
- < 4
-  ≥  4

7
3

9
2

0.403

Table I. Clinical and demographic features pre-experimental intervention in Lysinate Ibuprofen group (LYS-group) 
and Standard Ibuprofen acid (STAND-group).

Figure 3. Average values of the vital signs during monitoring in Lysinate Ibuprofen group (LYS-group) and 
Standard Ibuprofen acid (STAND-group).

As shown in table II, pediatric patients from the 
LYS-group had significantly higher ibuprofen 
concentrations at 5 minutes after drug intake 

compared with those from the STAND-group 
(11.9 ± 8.6 versus 3.6 ± 3.6 mg/L, p = 0.010). 
Although not reaching statistical significance, 
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the same trend was confirmed also for all the 
other pharmacokinetic parameters. Remarkably, 
ibuprofen basal concentrations, that represent 
the minimum measurable drug concentrations 
between two consecutive drug doses, were 
more than doubled in the LYS- versus STAND-
group (5.7 ± 7.8 versus 2.1 ± 1.0 mg/L, p = 
0.141). The LYS-group was also associated with 
a trend for reduced inter-individual variability in 
the drug exposure compared with the STAND-
group (coefficient of variation of the AUC0-20min: 
52% versus 84%).

DISCUSSION
Surgery represents one of the most painful 
events that a child may experience (10). Inad-
equate pain treatment may lead to short-term 
consequences, such as prolongation of hos-
pitalization and clinical worsening, but also to 
long term-consequences, as impairment of pain 
threshold and increased risk of chronic pain (11). 
Post-surgical pain is usually managed with 
multiple analgesics. The appropriate type, de-
livery and dose of medications depend on the 
type of surgery and the age of patients. In pe-
diatrics, paracetamol and ibuprofen have been 
thoroughly described and are widely used in 
children to treat mild-moderate pain (12, 13). 
To obtain a correct management of pain, ad-
vanced pharmaceutical formulations, including 
salts of ibuprofen, were developed to provide 
faster-acting analgesics (14). 

In the present observational, pilot study we 
have evaluated the rate of early drug ab-
sorption of two formulations of ibuprofen in 
pediatric patients requiring analgesic treat-
ment for post-surgery pain and we have doc-
umented that the use of the lysinate salt of 
ibuprofen was associated with a fast absorp-
tion in the first 20 minutes after drug intake 
compared with the traditional ibuprofen acid 
formulation, confirming previous results in 
adult healthy volunteers (8). Moreover, our 
study extends previous findings by showing 
that the rate of absorption of the ibuprofen 
lysinate suspension is quicker and less vari-
able than that of the ibuprofen acid reference 
in a population of pediatric patients at steady 
state conditions (that is 24-hours after start-
ing ibuprofen treatment). More specifically, 
we have documented that, once given at the 
same molar drug doses, patients in the LYS-
group at 5 minutes post-dosing had ibupro-
fen concentrations nearly 3-fold higher that 
those measured in the STAND-group. Re-
markably, this trend was confirmed up to 20 
minutes after drug intake. 
The main issue with pain management is of-
ten the difficulty in evaluating it, especially 
in younger children. Many different tools and 
pain scales have been developed to help cli-
nicians to identify pain in pediatric population, 
either based on observation of the child or on 
self-assessment, depending on the child’s age. 
Faces pain scale has firstly been developed in 

Main pharmacokinetic parameters Ibuprofen lysinate Ibuprofen 
acid

P-value

Patients, n 8 11 ------

Ibuprofen basal, mg/L 5.7 ± 7.8 2.1 ± 1.0 0.141

Ibuprofen 5 min after intake, mg/L 11.9 ± 8.6 3.6 ± 3.6 0.010

Ibuprofen 10 min after intake, mg/L 17.3 ± 9.0 10.6 ± 10.2 0.153

Ibuprofen 20 min after intake, mg/L 23.0 ± 12.4 20.7 ± 18.0 0.762

Ibuprofen AUC0-20 min, mg/L*min 318 ± 168 206 ± 173 0.176

Min: minutes; AUC: area under the curve

Table II. Main ibuprofen pharmacokinetic parameters in pediatric patients treated with ibuprofen lysine versus 
standard ibuprofen base.
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1990 and then revised in 2001 and it is widely 
used. As used in our study, FPS-R is made up 
of 6 faces resembling different severity of pain, 
starting from the first face on the left, corre-
sponding to “absence of pain” and finishing 
with the last face on the right, corresponding 
to “the worst pain ever”. The scale has been 
validated in children and has some advantag-
es respect to other self-reported pain scales, 
as the absence of smiles and tears, that may 
be associated with misinterpretation of severi-
ty of pain with the related emotions. Moreover, 
the use of this scale has been recommended 
in clinical trials involving pediatric patients re-
porting their pain (15). With the aid of these 
tools, together with clinical information such 
as vitals and physical examination, pain can be 
classified as mild, moderate, or severe, and, 
for each category, appropriate treatment can 
be started (5). 
Even though in our patients a pain control and 
vital signs stability were obtained, the study 
was not powered to test potential differenc-
es between the two formulations in terms of 
clinical efficacy. However, consistent evidence 
is available showing that a clear relationship 
exists between the maximum ibuprofen con-
centrations and the peak of analgesic effect or 
duration of analgesia (16, 17). Consequently, 
it can be assumed that the use of ibuprofen 
lysinate – due to the improved absorption – 
may result in a fast drug action and improved 
clinical response, especially when ibuprofen is 
given with the goal to treat acute pain, such 
as migraine attacks, dental or ears pain. In the 
only clinical trial published so far, Kyselovic 
et al. have documented that a single dose 
of ibuprofen lysinate was non-inferior to ibu-
profen acid in terms of analgesic efficacy, on-
set of action, and tolerability in patients who 
have recently undergone dental surgery (18). 
However, as indirect support of this hypothe-
sis, several investigations are available in liter-
ature showing that ibuprofen associated with 
arginine, which also provides fast absorption 
was significantly more effective than standard 
ibuprofen at the same dose in patients with 

osteoarticular pain, postoperative dental pain, 
periodontitis and primary dysmenorrhea (7). 
We acknowledge some study limitations, in-
cluding the small sample size; thus, further 
studies with a larger number of patients are 
mandatory to confirm the results. Secondly, 
to limit discomforts for the pediatric patients, 
we decided to focus on the rate of early drug 
absorption; additional data are useful to de-
fine a detailed pharmacokinetic profile of the 
drug.  Finally, in addition to pain scale, endo-
crinological response on the hypothalamic–pi-
tuitary–adrenal axis could be useful to a better 
evaluation of the adaptive behavioral response 
to pain and to define the clinical efficacy of 
the formulation. The safety profile and the tol-
erability of ibuprofen lysinate have been thor-
oughly described by previous studies (19, 20). 
As of today, there is no evidence of increased 
rate of ADRs in lysinate ibuprofen compared 
to standard formulations, as both pharmaco-
kinetic studies and efficacy ones, have shown 
a comparable incidence of ADRs between the 
two formulations (18, 21, 22). Although we did 
not include safety profile evaluation as an aim 
of our study, we did not record any ADRs in 
both LYS and STAND-groups.

CONCLUSIONS
Despite the acknowledged limitations, this 
study may be considered a first step suggest-
ing the necessity to test new drug formula-
tions for treating pain in pediatrics. 
In conclusion, the use of ibuprofen lysinate 
in the form of oral suspension was associat-
ed with an early fast absorption after drug in-
take, compared to the traditional ibuprofen 
acid formulation, supporting fast action and 
an improved clinical response to mild-moder-
ate postsurgical pain in children.
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SUMMARY 

Nutraceuticals can be used in addition to conventional treatments to improve glycemic control. The aim of this study was 
to evaluate the efficacy of Morus alba, Ilex paraguariensis, and Chromium picolinate, alone and in association, on glucose 
tolerance in glucose-induced hyperglycemic mice. Male CD1 mice were treated for 6 weeks with Chromium picolinate (0.8 
mg/kg) (A), Ilex paraguariensis (1000 mg/kg) (B) and Morus alba (50 mg/kg) (C), following these combinations: A; B; C; A 
+ B + C; A + B; A + C; B + C. The control animals were administered with the vehicle only. The oral glucose tolerance test 
(OGTT) was carried out in mice 4 and 6 weeks after the start of treatment with Chromium picolinate, Ilex paraguariensis and 
Morus alba, alone or in combination, or by the administration of vehicle (CMC 1%) in the control group, 24 h after the last 
daily administration. 
The complete mixture A + B + C reduced the glycemic values   recorded in animals 60 min after glucose administration 
compared to the control group values and the B + C mixture showed a significant prevention of the glycemic peak at 30 min 
after 4 weeks of treatment. The combination of A + B + C induced the best effect, preventing the glycemia increase at 60 min 
after 6 weeks of treatment. In conclusion, the nutraceutical resulted effective for use in the prevention of diabetes mellitus.

Impact statement
The synergic effect of a nutraceutical containing all three components Morus alba, Ilex 
paraguariensis, and Chromium picolinate, at 1000 mg of dosage, could be effective 
for use in the prevention of diabetes mellitus.

List of abbreviations:
OGTT: Oral Glucose Tolerance Test; AUC: area under the curve.

Key words
Ilex paraguariensis;  
Morus alba; botanicals; 
glucose; mice.

INTRODUCTION
The World Health Organization (WHO) es-
timates that more than 190 million people 

worldwide are affected by type 2 diabetes 
mellitus and this number is constantly on the 
rise. The pathogenesis of type 2 diabetes mel-
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litus is very complex and see different actors 
playing a role: the main mechanisms involved 
are an increased peripheral insulin resistance 
and a decrease of beta cell function (1). Due to 
these mechanisms, blood glucose levels grad-
ually rise, causing endothelial damage and in-
creasing cardiovascular risk. In the latest years, 
several new drugs have been marketed for di-
abetes, but also phytotherapy may play a role 
in improving glucose metabolism and insulin 
resistance (2-4).
Nutraceuticals can be used in addition to con-
ventional treatments to improve glycemic con-
trol (5, 6), or can be used to prevent type 2 
diabetes mellitus, in addition to diet and phys-
ical activity, in subjects affected by dysgly-
cemia (7). 
Recently, numerous herbs, such as various 
Mulberry species (Moraceae family), showed 
anti-diabetic action by acting on various as-
pects of the pathology. White Mulberry (Morus 
Alba), for example, decreases body weight and 
adiposity (8), improves insulin resistance (9), in-
creases glucose uptake, GLUT4 translocation 
and adiponectin (10), inhibits α-glucosidase 
activity (11), and improves endothelial func-
tion (12). On the other hand, Ilex paraguarien-
sis (Yerba Maté) has some beneficial effects on 
glucose absorption (13), it also has hypocho-
lesterolemic, anti-inflammatory (14), and anti-
oxidant effects (15). Xanthines and Polyphe-
nols, Caffeoyl derivatives, and Saponins have a 
role in many of the pharmacological activities 

of Yerba Maté (16, 17). Finally, chromium ap-
parently has a role in maintaining proper car-
bohydrate and lipid metabolism in mammals. 
This role probably involves empowerment of 
insulin signaling, reduction of fat mass and in-
creasing of lean body mass. Chromium pico-
linate has a greater bioavailability compared 
to Chromium and this formulation may explain 
the superior efficacy in glucose and lipid con-
trol (3). Human studies suggest that Chromi-
um picolinate decreases insulin levels and im-
proves glucose disposal in obese and type 2 
diabetic population (18, 19).
On this basis, we evaluated the effects and 
synergy of a nutraceutical supplementation 
(Glicoset® 1000, produced by Nutrilinea S,r.l., 
Gallarate (VA), Italy), containing a mineral 
(Chromium picolinate, A) and two botanicals 
(Ilex paraguariensis, B, and Morus alba, C) (ta-
ble I), in normal mice on glucose tolerance af-
ter an Oral Glucose Tolerance Test (OGTT). In 
particular, the aim of this study was to evalu-
ate the anti-hyperglycemic effect of three sub-
stances: A, B, and C, alone and in combina-
tion, on glycemic profile in a mice model.

MATERIALS AND METHODS

Study design
In this study we valuated the anti-hypergly-
cemic effect of A, B and C, alone and in as-
sociation, in a sample of mice subjected to a 

Table I. Composition of the nutraceutical supplement (Glicoset® 1000).

Ingredients Daily intake:

Chromium picolinate 100 mcg (250% RDD)

Ilex paraguariensis 1000 mg

Morus alba 2% I-deoxinojirimcina Of which 1 mg DNJ

Silicon dioxide q.s.

Magnesium stearate q.s.

Dicalcium Posphate q.s.

Microcrystalline cellulose q.s.

E172 q.s.

RDD: Recommended Daily Dose; DNJ: I-deoxinojirimcina; q.s.: quantum sufficit.
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load of glucose. The following combinations 
were evaluated: A; B; C; A + B + C; A + B; A 
+ C; B + C.

Animals 
Male CD1 mice (Envigo, Varese) that weighed 
about 20-25 g at the start of the experiment 
were used, housed in the Laboratory Animal 
Stable Center of the University of Florence 
(Ce.S.A.L.). The animals were placed in cages 
of 26 cm x 41cm, in environments with a tem-
perature of 23 ± 1 °C with a 12-hour circadian 
cycle and fed according to the standard diet 
and ad libitum water.
All treatments were carried out following the 
Directives 2010/63/EU of the European Par-
liament and of the Council of the European 
Union (September 22, 2010) regarding the 
protection of animals used for scientific pur-
poses. The ethical policy of the University of 
Florence conforms to the National Institutes 
of Health Guide for the care and use of lab-
oratory animals (NIH Publication n. 85-23, re-
vised 1996; University of Florence Assurance 
n. A5278-01). Formal approval for conducting 
the experiments was given by the university 
council. The experiments were carried out ac-
cording to the ARRIVE guidelines (20) trying as 
much as possible to minimize the suffering of 
the animals and their number.

Administration of the mixture
The mixture, consisting of Chromium picolinate 
(0.8 mg/kg), Ilex paraguariensis (1000 mg/kg) 
and Morus alba (50 mg/kg), was suspended in 
a 1% carboxymethylcellulose (CMC) solution 
and administered orally daily for 6 consecutive 
weeks. The control animals were administered 
with the vehicle only.

Oral glucose tolerance test 
The OGTT was carried out in mice 4 and 6 
weeks after the start of treatment with the 
mixture consisting of Chromium picolinate, 
Ilex paraguariensis and Morus alba or by 
the administration of vehicle (CMC 1%) in 
the control group, 24 h after the last daily 

administration. Glucose (3 g/kg) was solubi-
lized in water and administered orally after 
fasting the animals for 4 h; blood glucose 
values   were measured at minute 0, 30, 60 
and 90 by blood sampling from the caudal 
vein and analysis with the Accu-Check Avi-
va planar sensor based on the glucose oxi-
dase method.

Statistical analysis
All experimental results were expressed as 
mean ± standard error (M ± SE). Each group of 
treatment was represented by 10 mice. A one-
way analysis of variance (one-way ANOVA) was 
conducted, followed by the Bonferroni test to 
verify the significance between two averages. 
Residual analysis showed that ANOVA residu-
als followed a normal distribution. The analysis 
of variance and the Bonferroni test were per-
formed with the statistical program Origin 9.1. 
Differences with p value < 0.05 were consid-
ered significant.

RESULTS
The animals were treated daily for 6 consecu-
tive weeks orally using, alone or in combina-
tion, 0.8 mg/kg of A, 1000 mg/kg of B and 
50 mg/kg of C. On weeks 4 and 6, we evalu-
ated the effectiveness of these substances in 
protecting animals from the glycemic peak in-
duced by a glucose load (3 g/kg per os; per-
formed after a 4 h fast). The results were com-
pared with those of a group of vehicle-treated 
animals. The results obtained were reported 
in figures 1 and 2. On week 4 of treatment, 
the acute administration of glucose 3 g/kg sig-
nificantly increased the glycemic values   in the 
control animals after 30 min (147.3 ± 9.0 mg/
dL vs. 103.3 ± 1.5 mg/dL), this increase peak-
ed 60 min (171.0 ± 6.1 mg/dL) after the ad-
ministration of sugar (figure 1 a). Daily treat-
ment with the complete mixture A + B + C 
significantly reduced the glycemic values   re-
corded in animals 60 min after glucose admin-
istration (131.3 ± 5.0 mg/dL) compared to the 
control group values (figure 1 b). The B + C 
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mixture showed a significant prevention of the 
glycemic peak at 30 min (134.6 ± 2.9 mg/dL) 
(figure 1 b). 
The experiments were repeated after 6 weeks 
of treatment with the mixture. The glucose 
load induced a significant increase after 30 
and 60 min after administration (144.8 ± 7.7 
mg/dL and 180.5 ± 4.6 mg/dL, respectively vs 
the control group -93.5  ±  6.1 mg/dL) (figure 
2).  The repeated treatment with the complete 
mixture A + B + C induced the best effect, 
significantly preventing the glycemia increase 
at 60 min (138.5 ± 4.3 mg/dL) (figure 2 b). At 
60 min also the mixtures B + C (154.6 ± 4.7 
mg/dL), A + B (158.4 ± 6.1 mg/dL) (figure 2 
b) and the product A (166.4 ± 3.3 mg/dL; fig-
ure 2 a) gave significant lower results. To note, 
neither after 4 weeks nor after 6 weeks none 
the tested formulations modified the basal 
glycemic threshold measured at time 0 before 
the glucose intake. 

DISCUSSION
In this study, it has been demonstrated that 
Chromium picolinate (one of the three compo-
nents) reduced glycemia values (-14.1 mg/dL, 
-7.8%) 60 min after the oral glucose load at 6 
week of treatment.

Mita et al showed that everyday consumption 
of Chromium picolinate, at the dose of 2 mg/
kg or 10 mg/kg for 12 weeks and of 10 mg/kg 
for 4 weeks in obese diabetic mice, significantly 
decreased blood glucose levels at 120 and 180 
min after OGTT compared to control when the 
higher dosage was utilized for a 12-week peri-
od (21). It has been also reported that, in dia-
betic rats subjected to glucose tolerance test, 
Chromium picolinate daily intake at the dose 
of 1 and 10 mg/kg for 32 and 16 weeks, re-
spectively, ameliorated glucose tolerance simi-
larly for both amounts used. However, the low-
est dose of Chromium picolinate after 6 weeks 
produced reductions in the relative changes in 
glucose area under the curve (AUC) that were 
resulted significant only at the end of the treat-
ment period for both dosages (22). 
The consumption, separately, of Ilex paraguar-
iensis and Morus alba, the two other com-
pounds contained in nutraceutical used in our 
study, slightly reduced glycemic values at 60 
min following OGTT after 4 and 6 weeks of 
treatment. However, though the lowering did 
not attain statistical significance, it represents 
a trend towards reduction.
Mate tea is an infusion derived from Ilex para-
guariensis leaves. Hussein et al. reported that, in 
obese diabetic mice subjected to intraperitone-

Figures 1 a, b. Evaluation of glycemia levels after 4 weeks of treatment. Each value was expressed as mean ± S.E.M. 
of 10 mice. * P < 0.05 and ** P < 0.01 vs values recorded at time 0 (0 min) in the same group; ° P < 0.05 and °° P < 
0.01 vs. vehicle-treated group.
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al glucose tolerance test, daily consumption of 
mate aqueous extract at the dose of 100 mg/
kg for 7 weeks significantly decreased blood 
glucose levels at 60 (-69.2 mg/dL, -13.0%) and 
120 min (-93.0 mg/dL, -22.1%) after sugar load 
compared to untreated obese diabetic mice uti-
lized as controls (16). In addition, Pereira et al. in-
vestigated the acute effect of two fractions (ethyl 
acetate (EtOAc) and n-butanol (n-BuOH)) of na-
tive Ilex paraguariensis and two infusions (green 
and roasted mate) of commercial Ilex paraguar-
iensis in rats after OGTT. The authors observed 
that 200 mg/kg of EtOAc fraction significantly 
reduced glycemia at 15 (-48.6 mg/dL, -28.5%), 
30 (-54.0 mg/dL, -28.2%) and 60 min (-36.0 mg/
dL, -21.2%) after oral sugar administration, re-
spect to hyperglycemic rats adopted as con-
trols. The n-BuOH fraction (200 mg/kg) showed 
a significant blood glucose lowering 15 (-28.0 
mg/dL, -16.4%), 30 (-46.5 mg/dL, -24.3%) and 
60 min (-28.8 mg/dL, -17.0%) following OGTT 
compared to hyperglycemic controls, respec-
tively. The n-BuOH and EtOAc fractions at the 
dose of 100 mg/kg reduced likewise glycemia 
(-19.5 mg/dL, -11.4% for n-BuOH and -19.3 mg/
dL, -11.4% for EtOAc) at 15 and 60 min respec-
tively compared to hyperglycemic control group. 
The green mate infusion (200 mg/mL) decreased 
blood glucose levels at 15 (-41.4 mg/dL, -24.3%), 

30 (-35.6 mg/dL, -18.6%) and 60 min (-30.1 mg/
dL, -17.7%) after OGTT, respect to hyperglyce-
mic controls, and this dose has resulted more 
effective than 50 and 100 mg/mL in improving 
glucose tolerance. As regard roasted mate in-
fusion, the best sugar-lowering effect was ob-
tained with the dose of 100 mg/mL, compared 
to 50 and 200 mg/mL, and this dosage led to a 
glycemia reduction of -27.9 mg/dL (-16.3%) at 
15 min and of -26.4 mg/dL (-13.8%) at 30 min 
after oral glucose administration respect to hy-
perglycemic control group (23).
The consumption of two polysaccharides ex-
tracted from Morus alba fruit, generally known 
as White Mulberry, in murine model of type 
2 diabetes mellitus has been also evaluated. 
The two fractions have significantly decreased 
blood glucose levels at 180 min after oral sug-
ar administration and the OGTT-AUC values 
(158.71 and 157.53, respectively) compared to 
that of untreated diabetic rats (176.83) follow-
ing 7 weeks of supplementation (24). Another 
study reported that, in type 2 diabetes mel-
litus rats subjected to oral glucose tolerance 
test, the extract of Mulberry leaf (Folium Mori) 
at the daily dose of 2 g/kg b.w. determined a 
significant lowering in the AUC of OGTT af-
ter 4 weeks of treatment compared to normal 
controls and untreated diabetic rats (25).

Figures 2 a, b. Evaluation of glycemia levels after 6 weeks of treatment. Each value was expressed as mean ± S.E.M. of 
10 mice. * P < 0.05 and ** P < 0.01 vs. values recorded at time 0 (0 min) in the same group; ° P < 0.05 and °° P < 0.01 
vs. vehicle-treated group.
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In agreement to the literature data, our results 
highlight that mostly Chromium picolinate, and 
to a lesser extent Ilex paraguariensis and Morus 
alba, individually, are able to ameliorate glucose 
tolerance thanks to their glucose-lowering activity.
As regard the associations of different nutra-
ceutical compounds, we observed that the 
combination of Chromium picolinate, Ilex para-
guariensis and Morus alba (A + B + C) caused, 
at 60 min afterwards OGTT, a significant blood 
glucose lowering of -39.7 mg/dL (-23.2%) and 
-42.0 mg/dL (-23.3%) after 4 and 6 weeks of 
treatment respectively. Also the association of 
Ilex paraguariensis and Morus alba (B + C) has 
decreased glycemia levels at 30 (-12.7 mg/
dL, -8.6%) and 60 min (-25.9 mg/dL, -14.3%) 
following oral glucose administration after 4 
and 6 weeks of supplementation, respectively. 
Moreover, Chromium picolinate plus Ilex para-
guariensis (A + B) 60 min after oral sugar load 
has reduced blood glucose values (-22.1 mg/
dL, -12.2%) at 6 weeks of treatment.
Kan et al reported that, in a murine model of 
insulin resistance and type 2 diabetes melli-
tus, the administration of a mixture containing 
Mulberry leaf (120 mg), Fenugreek seed (88 
mg) and American ginseng (300 mg) extracts 
at 3 different doses (42.33, 84.66 and 169.33 
mg/kg b.w.) has significantly decreased glyce-
mia levels at 30 and 120 min after OGTT with 
a significant AUC reduction respect to control. 
Moreover, the lowering induced by the three 
dosages was similar (26). 
In our study, the combination of Chromium pico-
linate, Ilex paraguariensis and Morus alba (A + B 
+ C) was found to be the most effective in reduc-
ing glycemia following OGTT at the end of treat-
ment period. Since Chromium picolinate, alone, 
exhibited the best anti-hyperglycemic effect af-
ter OGTT at 6 week and each compound of our 
supplement has its own mechanism of anti-hy-
perglycemic action, although still unclear, the 
higher effect of Chromium picolinate, Ilex para-
guariensis and Morus alba mixture on postpran-
dial glycemia than that of the single compounds 
as well as the other associations has proved that 
the improvement of glucose tolerance is due to 

the ability of the different hypoglycemic agents 
to synergize among them. 

CONCLUSIONS
Our study showed the synergic effect of the 
three components (A + B + C) of the proposed 
nutraceutical, suggesting that a nutraceutical 
containing all three components, at 1000 mg 
of dosage, could be effective for use in the 
prevention of diabetes mellitus.
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SUMMARY 

COVID-19 disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is one of the major emergencies 
that have affected health care systems and society in recent decades. At the end of winter 2021-2022, the number of patients 
infected with SARS-CoV-2 and especially those suffering from severe COVID-19 is decreasing in Europe. This is due to the 
protective effect of anti-SARS-CoV-2 vaccines and the increasing number of people who had COVID-19, thus developing 
a certain immunity. However, vaccines to prevent the disease did not appear until more than one year after the emergence 
of SARS-CoV-2, so the initial medical approaches to control the disease focused on the existing drugs that were considered 
suitable for controlling the pathological events caused by the virus as far as was known at the time. Unfortunately, due in 
part to the limited initial knowledge of the molecular details of the pathology of COVID-19, many of the proposed drugs fell 
short of expectations and were abandoned. Over time, the challenge of understanding the mechanisms behind COVID-19 
has generated a large body of knowledge about how this beta-coronavirus gains control of the host during infection, a 
knowledge that has been used to redefine treatment strategies by repurposing existing drugs and to explore new drugs.
Here, we draw a picture of the major strategies and groups of drugs studied and provide a critical overview of their 
efficacy and safety based on the available literature data. The main topics covered are repurposed drugs, anticoagulants, 
anti-cytokine agents, monoclonal antibodies against SARS-CoV-2, and small antiviral molecules.

Impact statement
The impact of the review is to collect together successes and failures in the 
use of drugs to treat COVID-19, the reasons for the repositioned drugs and 
the corresponding responses of the relevant clinical trials as well as the re-
sponses to new monoclonal antibodies and antiviral drugs.

Key words
COVID-19; drug repositioning;  
anti-inflammatory and anticoagulants; 
antiviral MoAbs; antiviral small molecules.

https://orcid.org/0000-0002-5138-6041


A. berGAMo, A. bitto, A. GrollA, et Al.

198

INTRODUCTION
Severe Acute Respiratory Syndrome due to 
CoronaVirus-2 (SARS-CoV-2) appeared as a 
novel, highly dangerous, virus that caused 
the coronavirus disease-2019 (COVID-19) in 
humans at the end of 2019. First identified 
in Wuhan, China, SARS-CoV-2 rapidly spread 
throughout the world, leading to a pub-
lic health emergency. SARS-CoV-2 infection 
caused patients to develop severe disease 
with an acute respiratory distress syndrome 
(ARDS), associated with coagulation disorders, 
an exuberant cytokine storm leading to multi-
ple organ failure, and resulting in fatal events 
in about 3% of the infected people (1). The 
risk for the severity of COVID-19 disease de-
pends on several comorbidities (diabetes, 
hypertension, lung-related diseases, cardio-
vascular diseases and obesity), older age, 
ethnicity, genetic factors, vaccination status 
and other conditions (2). The morbidity and 
mortality associated with the COVID-19 have 
pushed the development of SARS-CoV-2 vac-
cines as a priority for human health. As a result 
of that emergency, several effective vaccines, 
targeting the SARS-CoV-2 spike protein, rapid-
ly emerged and gained conditioned approvals 
by the regulatory agencies (3).
However, vaccines dedicated to the preven-
tion of the disease appeared after more than 
one year after SARS-CoV-2 appearance. There-
fore, the initial medical approaches to this vi-
rus and the COVID-19 were focused on the 
existing drugs suitable for the control of the 
pathological events caused by the virus. Un-
fortunately, also because of the limited initial 
knowledge of the molecular pathology details 
of COVID-19, many of the proposed drugs 
have often missed expectations and were 
abandoned. Indeed, it was crucial to under-
stand how this beta coronavirus gained con-
trol of the host during infection, a knowledge 
that was applied to the development of treat-
ment strategies by the repurposing of existing 
drugs but also to the study of new ones. The 
emergency of the pandemic made the mar-
keted drug repurposing the best approach to 

identify therapeutic options for COVID-19 in a 
limited time (4). In the absence of clear clini-
cal evidence, many treatment regimens have 
been explored in the treatment of COVID-19. 
Some of these treatments could refer to the 
experience gained with the Middle East Respi-
ratory Syndrome (MERS) and with the Severe 
Acute Respiratory Syndrome (SARS); some of 
them showed effects on COVID-19 patients 
(5). However, the published data often suf-
fered from limited rigorousness of the clinical 
trials, particularly regarding randomization, ge-
netic causes and differences in study design 
and treatment regimens, leading to contrast-
ing results (6). In other cases, side effects pre-
cluded the use of the drug itself (4).
Although vaccines have made a difference in 
significantly reducing SARS-CoV-2 diffusion 
and COVID-19 frequency, with the acquired 
and increased knowledge on the modalities of 
virus infection, it became possible for research-
ers and pharmaceutical companies worldwide 
to work and develop new drug candidates. 
There is still a need for effective therapies for 
COVID-19 for many reasons: 1) some people 
do not properly respond to vaccines, 2) the 
appearance of virus variants that escape or 
reduce the vaccine effectiveness and 3) some 
patients develop severe forms of the patholo-
gy (7). Also, drugs can be useful in patients on 
chemotherapy, patients with hematologic ma-
lignancies, immunocompromised people or in 
other pathologic conditions.
Drug development is mainly focused on differ-
ent strategies: i) to avoid the virus entry into 
the cells, ii) to inhibit viral replication and vital-
ity, and iii) to regulate the human immune sys-
tem. These drug categories include anticoag-
ulants, immunosuppressors, anti-inflammatory, 
corticosteroids, janus kinase inhibitors, immu-
noglobulins, monoclonal antibodies, antivirals 
and cell therapy (8). 
The aim of this review is to examine all the 
strategies adopted for the control and treat-
ment of COVID-19, with particular emphasis of 
the role and effectiveness of the different cat-
egories of drugs on the stages of the disease. 
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REPURPOSED DRUGS FOR THE 
CONTROL OF COVID-19
In the search for an effective treatment for 
SARS-CoV-2 infection, many attempts have 
been made using existing drugs which, on the 
basis of their mechanisms of action, or given 
some preliminary clinical evidence, seemed 
to be effective in managing the disease (9). If, 
before vaccination and up to the spread of the 
omicron variant, the medical need was urgent, 
nowadays clinicians are more cautious in pre-
scribing unapproved drugs for COVID-19. A 
database has also been developed (10) con-
taining all the available in in vitro anti-SARS-
CoV-2 activity and in vivo pharmacokinetic 
data to facilitate the extrapolation from in vitro 
antiviral activity to potential in vivo antiviral ac-
tivity for choosing drugs that could be useful 
in saving lives.
The main problem concerning repurposed, or 
any other drug treatment for COVID-19 is the 
need for mechanical ventilation or high flux, 
as the availability of resources and the real se-
verity of the patient respiratory function great-
ly influence the efficacy of the therapy. As an 
example, tocilizumab, an interleukin 6 antag-
onist, in randomized clinical trials has shown 
mixed results compared with control or usual 
care in hospitalized patients with COVID-19 
(11). However, the real benefit was evident only 
for those patients who did not require invasive 
mechanical ventilation (IMV) at randomization 
and no further details were provided regard-
ing the respiratory status. Despite the absence 
of these data, guidelines have suggested the 
use of tocilizumab in patients with either se-
vere or critical COVID-19 independent of their 
respiratory condition. From a re-analysis of the 
published evidence, it appears that the real 
benefit of using tocilizumab might have been 
overestimated also in subjects without IMV, as 
it was used in association with high doses of 
corticosteroids that by themselves blunt the 
inflammatory reaction (12).
Another drug that has been used for treat-
ing COVID-19 was Ivermectin, an inexpen-
sive, easy-to-administer, and widely available 

antiparasitic drug, because an in vitro study 
showed inhibitory effects against SARS-CoV-2. 
Despite the initial reports on its supposed effi-
cacy in reducing viral load in 45 patients (13), 
a 5-day course of ivermectin, compared with 
placebo, did not significantly improve the time 
to resolution of symptoms in 400 patients (14). 
Further evidence on 490 high-risk hospitalized 
patients with mild to moderate COVID-19, 
demonstrated no benefit from this treatment 
regarding the need for mechanical ventilation, 
intensive care unit admission, or death (15).
Among the drugs used to treat COVID-19, the 
anti-malarial drugs chloroquine (CQ) and hy-
droxychloroquine (HCQ) deserve special atten-
tion. These have been suggested as promising 
agents, from early trials in China, for shorten-
ing the duration of the viral disease,  reducing 
the fever duration, and improving lung health 
(16) also in combination with azithromycin, a 
commonly prescribed antibiotic for lung infec-
tions (17). The antiviral effects of CQ and HCQ 
have been demonstrated in vitro due to their 
ability to block viruses like coronavirus SARS in 
cell culture (18, 19). Given this preliminary ev-
idence and considering the low cost of HCQ, 
most pharmacies, as a detrimental conse-
quence of the rapid dissemination of over-in-
terpreted data, in Europe and Italy have been 
struck by people asking for this drug, hoping 
for a miraculous cure for the deadly virus (20). 
However, a few months later, emerging clinical 
evidence demonstrated the ineffectiveness of 
HCQ, together with the severe adverse events, 
including death, when used at high dose. Cur-
rently, no direct supporting data on the effec-
tive role of CQ and HCQ in the treatment for 
COVID-19 exist, and the international RCTs for 
COVID-19 treatments launched by WHO (21) 
concluded that HCQ had little or no effect on 
overall mortality, initiation of ventilation, and 
duration of hospital stay in hospitalized pa-
tients (22, 23).
Finally, also azithromycin, a macrolide anti-
biotic with alleged antiviral efficacy against 
COVID-19, was widely prescribed up to the 
second quarter of 2021 because several 
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guidelines in 2020 recommended the use of 
empirical antimicrobial treatment (24). Howev-
er, its alleged efficacy was eventually unsup-
ported by the results of the Recovery trial that 
enrolled over 7000 patients that did not bene-
fit from azithromycin treatment, in terms of the 
need for IMV or death (25). The same trial in-
deed revealed that corticosteroids are indeed 
useful in the treatment of COVID-19. In fact, 
before Recovery trial results were available, 
there was a wide debate regarding the role 
of corticosteroids in mitigating inflammatory 
organ injury (26, 27) and these were general-
ly not included in most guidelines. However, 
the first results obtained in 2104 hospitalized 
patients showed that dexamethasone lowered 
mortality among those who were receiving ei-
ther invasive mechanical ventilation or oxygen 
alone at randomization (28).
Considering the great medical need, a special 
effort has been made in these past 2 years to 
assess the safety and efficacy of drugs pro-
posed or used to treat COVID-19, but little 
evidence exists to date on the prescribing pat-
terns for repurposed and adjuvant drugs in 
routine clinical practice.

ANTICOAGULATION TREATMENTS IN 
COVID-19
Since the beginning of the COVID-19 pan-
demic, altered coagulation has been reported 
in hospitalized patients, with both thrombot-
ic as well as hemorrhagic events. In some pa-
tients, a pro-thrombotic status was the alleged 
cause, but for many others, the problems seem 
related to the cytokine storm, leading to hy-
perinflammation, endothelial disruption, plate-
let activation, and thrombotic complications 
(29). Arterial and venous thrombotic complica-
tions are common in hospitalized patients with 
COVID-19 and are an independent predictor 
of poor outcome. Microvascular thrombi also 
determine multi-organ dysfunction, starting 
with acute respiratory distress and then involv-
ing other tissues (30). Early studies also indi-
cated that standard prophylactic doses of anti-

coagulant therapy appeared to be inadequate 
for preventing thrombotic events in hospital-
ized patients (31). 
More recently, larger trials have been pub-
lished, providing more insight into treat-
ment strategies for hospitalized patients with 
COVID-19. The ACTION trial (32) showed 
that clinically stable hospitalized patients with 
COVID-19 receiving rivaroxaban, compared 
to unstable patients receiving enoxaparin, did 
not improve the primary efficacy outcome on 
the death rate, duration of hospitalization, or 
duration of supplemental oxygen. Therapeutic 
anticoagulation was associated with increased 
bleeding in both clinically stable and clinically 
unstable patients.
The ATTACC, ACTIV-4a, and REMAP-CAP In-
vestigators in 2 trials (33, 34) using therapeu-
tic-doses anticoagulation compared with “usu-
al-care” thromboprophylaxis in noncritically ill 
patients, defined as not needing respiratory 
or cardiovascular support, showed that thera-
peutic dosing improved survival and reduced 
the use of cardiovascular or respiratory organ 
support as compared with usual-care thrombo-
prophylaxis.
In the HEP-COVID study (35), adult patients 
with evidence of coagulopathy (by laboratory 
means) affected by COVID-19 and random-
ized to receive standard prophylactic or inter-
mediate-dose low-molecular-weight heparin 
(LMWH) or unfractionated heparin (UFH) or 
therapeutic-dose LMWH throughout hospital-
ization, demonstrated interesting results. The 
primary efficacy outcome of thromboembolic 
occurrence, or all-cause mortality, was reached 
only in non-severe patients with therapeu-
tic-dose anticoagulation, but ICU patients did 
not improve with this therapeutic regimen. 
Anticoagulation with LMWH or UFH at a thera-
peutic dose in COVID-19 hospitalized patients 
with an elevated D-dimer level did not signifi-
cantly reduce the rate of death or severe con-
sequences such as ICU admission, noninvasive 
or invasive mechanical ventilation, as demon-
strated in the RAPID Trial (36). Also, consider-
ing the results of the INSPIRATION trial in ICU 
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patients, no benefit was obtained from using 
an intermediate dose of LMWH over standard 
prophylactic-dose anticoagulation in prevent-
ing thromboembolic events or death (37).
Despite the methodological differences in de-
fining the criteria for considering critically or 
non-critically ill COVID-19 patients in these 
studies, the take-home message regarding the 
efficacy and safety of anticoagulant therapy in 
hospitalized patients can be summarized in 3 
crucial points. First, patients that are non-crit-
ical and have elevated D-dimer levels benefit 
of therapeutic anticoagulation with LMWH or 
UFH; second, critically ill and/or ICU patients 
do not benefit from therapeutic anticoagula-
tion and have a higher risk of hemorrhage; fi-
nally, a dose between prophylactic and ther-
apeutic is not recommended in either ICU or 
non-ICU patients.
The use of LMWH in the prophylaxis of throm-
boembolic events or in patients with an acute 
respiratory infection is recommended by the 
main guidelines in the absence of contraindi-
cations. LMWH or UFH are necessary in case 
of thromboembolic manifestations; it is indeed 
reasonable to recommend enoxaparin prophy-
laxis or an intermediate dose when pneumo-
nia is present and hypomobility occurs in the 
bed rest patient (38).
Although many limitations and a small number 
of high-quality, well-designed studies, heparin 
treatment should be preferred to anticoagu-
lants in the treatment of COVID-19 patients at 
high risk or with thromboembolism.

ANTI-CYTOKINE AGENTS FOR COVID-
19 TREATMENT 
SARS-CoV-2 virus infection triggers an inflam-
matory response and subsequent produc-
tion of immune mediators such as cytokines, 
chemokines, and complement, initially local-
ly and in moderate amounts: this response 
is essential to fight the infection. Howev-
er, in severe COVID-19 infection, cytokines 
and chemokines are released in increased 
amounts, leading to massive recruitment of 

immune cells and consequent hyperinflam-
mation, which eventually causes the cytokine 
storm (CS) (39). This increased inflammatory 
response leads to severe complications such 
as acute respiratory distress syndrome (ARDS) 
in the lungs, intravascular coagulation, mul-
tiorgan failure, and ultimately death. Higher 
concentrations of cytokines in the plasma of 
patients have been associated with disease 
severity (40, 41). These pro-inflammatory cyto-
kines and chemokines include tumour necrosis 
factor alpha (TNF-α), interleukin 1beta (IL-1β), 
IL-6, IL-10, IL-17, Granulocyte/macrophage 
colony-stimulating factor (GM-CSF), interfer-
on gamma (IFN-γ), monocyte chemoattractant 
protein-1 (MCP-1), and macrophage inflamma-
tory protein-1-alpha (MIP-1α) (42-45). The IL-1/
IL-6 axis is probably one of the most biologi-
cally relevant signalling pathways in the SARS-
CoV-2-induced hyperinflammatory response 
(44, 46, 47). Consequently, monoclonal anti-
bodies or drugs targeting specific cytokines 
among the host defence immune mediators 
triggered by the virus were considered early 
on as a potential class of adjunctive therapies 
for COVID-19 (48).

IL-1 blockers
IL-1 induces local effects such as macrophage 
activation, endothelial leakage, and fluid ex-
travasation, as well as systemic effects such 
as fever, drowsiness, and synthesis of acute-
phase proteins. Blocking IL-1 signals reduces 
inflammation, which in turn may reduce the 
need for respiratory support and deaths from 
COVID-19. Three IL-1 blockers are available: 
anakinra, canakinumab, and rilonacept.
Anakinra is a recombinant soluble IL-1 recep-
tor antagonist (IL -1Ra) that competitively in-
hibits the binding of both IL-1α and IL-1β to 
their receptor (IL-1 type I) (49-51) and is cur-
rently approved for rheumatoid arthritis and 
other autoinflammatory diseases. Randomized 
trials with anakinra, compared to placebo, 
in patients with mild to moderate COVID-19 
pneumonia reported no significant effect on 
the proportion of patients who died or re-
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quired non-invasive or mechanical ventilation, 
or on survival without the need for mechani-
cal or non-invasive ventilation, or on discharge 
from organ support in the intensive care unit 
(ICU) (52, 53). These findings are consistent 
with a Cochrane systematic review that ex-
amined the effects of IL-1 blockers compared 
with standard of care (SoC) alone or placebo 
on efficacy and safety in patients with mod-
erate to severe COVID-19 (54). Overall, there 
was no evidence of a significant beneficial ef-
fect of IL-1 blockers or of adverse effects. Sim-
ilarly, a study on canakinumab, a monoclonal 
antibody that blocks only IL -1β, did not reach 
significance for its primary outcome, surviv-
al without invasive mechanical ventilation at 
day 29 (55). Again, the results are supported 
by the findings of the Cochrane systematic re-
view, which states that canakinumab is likely 
to result in little or no improvement in COVID 
-19 symptoms, defined as improvement on a 
clinical scale or discharge from hospital at day 
28 after treatment. No studies of rilonacept in 
COVID-19 were found in either the EU Clini-
cal Trials Register or on ClinicalTrials.gov (ac-
cessed February 17, 2022).
In contrast to these disappointing results, a dif-
ferent approach based on stratifying patients 
by immunologic profiles identified patients 
who would likely benefit from IL-1 blockade. 
In the SAVE-MORE trial, treatment with anak-
inra was guided by plasma levels of soluble 
urokinase plasminogen receptor (suPAR) as a 
biomarker of risk of progression to severe re-
spiratory failure (56-58). Treatment with anak-
inra resulted in significant clinical improvement 
on the 11-point WHO clinical outcome scale, 
both toward complete resolution and toward 
critical illness or death at 28 days (59). In this 
study, anakinra also improved outcomes in pa-
tients treated concomitantly with dexametha-
sone, suggesting that suPAR-based treatment 
with anakinra is a therapeutic strategy before 
critical illness occurs. Other useful information 
on the use of anakinra comes from a retro-
spective observational study suggesting that a 
shorter time between hospitalization and treat-

ment with anakinra in patients with moderate/
severe COVID-19 is associated with a signifi-
cantly lower number of intensive care admis-
sions and lower mortality (60).

IL-6 blockers
In severe COVID -19 patients, a significant in-
crease in the levels of IL-6 is observed (47, 61). 
IL-6 is a strong predictive marker of acute se-
vere systemic inflammatory response requiring 
support by mechanical ventilation. Moreover, 
elevated levels of IL-6 activate the coagulation 
cascade and increase the risk of death (62-64). 
Accordingly, blockade of IL-6 has emerged 
as a potentially promising approach to con-
trol SARS-CoV-2-associated cytokine release 
syndrome (CRS). IL-6 promotes monocyte 
differentiation into macrophages, recruits im-
mune cells to the site of injury, and increases 
cytokine production. Interaction of IL-6 with 
its transmembrane IL-6 receptor (IL-6R) leads 
to dimerization of glycoprotein 130 and the 
“classical” signalling process via JAK /STAT, 
MAPK and RAS /RAF. However, cells that do 
not express IL-6R also respond to IL-6 through 
circulating soluble IL-6Rα (sIL-R), known as 
“trans-signaling”. Recently, three drugs have 
been used to treat COVID-19 infections and 
are in clinical trials: tocilizumab, sarilumab, 
siltuximab. 
Tocilizumab is a humanized IgG1-type mAb 
that targets both the membrane-bound and 
soluble forms of IL-6R (63), inhibiting both 
classical and trans-signalling. It is used to treat 
rheumatoid arthritis (RA) and CRS concomi-
tant with CAR-T therapy in cancer, a syndrome 
similar to the hyperinflammatory phase of 
COVID-19 (64, 65). A prospective meta-anal-
ysis of clinical trials of patients hospitalized for 
COVID -19 showed an association with lower 
28-day all-cause mortality in patients treated 
with IL-6 antagonists compared with patients 
receiving usual care or placebo (65). Tocili-
zumab resolved respiratory symptoms and 
improved overall health (11). In addition, pa-
tients with hypoxemia requiring oxygen ther-
apy have benefited from anti-IL-6 strategies, 
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as shown by the results of two large-scale ran-
domized clinical trials (65, 66). In the open-la-
bel trial RECOVERY, which enrolled predom-
inantly non-critically ill patients, a significant 
reduction in mortality was observed in the to-
cilizumab arm compared with the usual care 
arm (66). In the REMAP-CAP trial, both tocili-
zumab and sarilumab were effective compared 
with the control group and likely equivalent 
in improving survival and discharge from or-
gan support (67). In the same study, treatment 
with anakinra was not effective, as previously 
reported. Overall, these data support the use 
of blockade of IL-6 in patients with COVID-19 
who are hospitalized and require oxygenation.
Unlike tocilizumab and sarilumab, which target 
the IL-6 receptor, siltuximab modulates IL-6 
signalling by directly binding the cytokine (68). 
The COV-AID study examined the effects of 
tocilizumab and siltuximab within the anti-IL-6 
therapy group and found no significant differ-
ence between the two different anti-IL-6 strat-
egies (69).

Inhibitors of JAK /STAT
Several studies suggest that activation of host 
NF-kB and IL-6/JAK/STAT signalling pathways 
by SARS-CoV-2 viral proteins is likely a critical 
factor in virulence, promoting overexpression 
of proinflammatory cytokines, viral replica-
tion, and pathogenicity. The JAK/STAT path-
way transmits extracellular signals conveyed 
by a large number of cytokines, lymphokines, 
and growth factors, with IL-6 being one of the 
most important activators (70). Binding of IL-6 
to its receptor activates STAT3, which contrib-
utes to the cytokine storm, then the ability of 
STAT3 to promote IL-6 gene expression leads 
to an autocrine loop that enhances cytokine 
expression (71). JAK/STAT signalling pathway 
in COVID-19 has also been implicated in the 
inflammatory response of IFN-γ, the signalling 
of which involves JAK1 and JAK2 as well as 
STAT1 (72). Last but not least, detachment of 
ACE2 from the cell surface after endocytosis 
increases angiotensin II levels (Ang II), whose 
effects are also mediated by the JAK/STAT 

pathway and contribute to the development 
of ARDS (73). Therefore, it is not surprising 
that one of the therapeutic strategies being 
investigated for COVID-19 is targeting the 
JAK/STAT pathway, whose inhibition may have 
pleiotropic effects on the actions of multiple 
cytokines, including IL-6 and GM-CSF, while 
overcoming the limitations of mAbs that nor-
mally target only one cytokine. There are sev-
eral JAK/STAT inhibitors that differ in their se-
lectivity toward members of the family, namely 
JAK1, JAK2, JAK3, and Tyk2 (74).
The efficacy and safety of the pan-JAK inhib-
itor tofacitinib were evaluated in a clinical tri-
al of 289 patients hospitalized with COVID-19 
pneumonia (75). Tofacitinib resulted in a lower 
risk of death or respiratory failure than place-
bo by day 28, with serious adverse events oc-
curring in 14.1% in the tofacitinib group and 
12.0% in the placebo group. Further promising 
results were also obtained in combination with 
hydroxychloroquine (76). Further evidence is 
available on the use of ruxolitinib and barici-
tinib, both inhibitors of JAK1 and JAK2. Rux-
olitinib is a potent JAK1/2 inhibitor and sig-
nificantly suppresses the increase in IL-6 and 
TNF-α levels in COVID-19 patients. Compared 
with placebo, treatment with ruxolitinib result-
ed in significantly improved chest computed 
tomography and faster recovery from lymph-
openia (77). In addition, ruxolitinib in combi-
nation with steroids reduced mortality and 
resulted in a 75% recovery rate in COVID-19 
patients enrolled in the MAP program (78). 
Nevertheless, ruxolitinib failed to significant-
ly reduce inflammation in patients who expe-
rienced respiratory failure or ICU admission. 
Baricitinb is not only a JAK inhibitor but also 
impedes the entry of SARS-CoV-2 into target 
cells (73). Although the virus enters the host 
cell mainly through ACE2 receptors, JAK and 
AP-2 (Adaptor Protein Complex 2) associated 
protein kinase-1 (AAK1) are also involved in vi-
ral attack and endocytosis (79, 80). Baricitinb 
inhibits viral endocytosis and assembly by in-
hibiting AAK1 and cyclin G-associated kinase 
(GAK). Baricitinib treatment attenuates the cy-
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tokine storm by decreasing expression levels 
of IL-6, IL-1β, and TNF-α, resulting in improve-
ment in lymphocyte counts in patients with 
COVID-19 (81). A double-blind, randomized, 
placebo-controlled trial of 1,033 adults hospi-
talized with COVID-19 who were randomized 
to receive either baricitinib or placebo showed 
that patients receiving this JAK inhibitor had 
a shorter time to recovery than patients in the 
placebo group (82). Importantly, the effect was 
more pronounced in the subgroup that re-
quired high-flow oxygen or non-invasive ven-
tilation compared with placebo. Encouraging 
results came from a double-blind phase 3 trial 
of 1,525 participants randomized to baricitinib 
or placebo (83). The relative reduction in mor-
tality was 38.2% for baricitinib versus placebo 
when considering 28-day all-cause mortality; 
this effect is in addition to standard treatment, 
including corticosteroids. Positive feedback 
comes from the use of baricitinib in combi-
nation with remdesivir, better than baricitinib 
alone, in accelerating recovery time and im-
proving the clinical condition of COVID-19 pa-
tients dependent on high-flow oxygen or non-
invasive ventilation, with fewer adverse events 
(82). The FDA recently approved baricitinib for 
the emergency treatment of COVID-19 (July 
2021). On the other hand, it should also be 
considered that baricitinib, as a potent immu-
nosuppressant, may lead to an additional risk 
of infection in critically ill patients.
One concern with the use of pan-JAK in-
hibitors for COVID-19 is that such inhibitors 
may interfere with host responses mediated 
by type I and type II interferons, which have 
important antiviral effects through their abili-
ty to inhibit viral replication in infected cells 
(84,85). Because JAK2 is not involved in cell 
signalling that regulates type I interferons and 
is not essential for type II and III interferons 
in host immunity, selective JAK2 inhibitors 
might be preferred over other JAK inhibi-
tors to block signalling by cytokines such as 
IL-6 and GM-CFS, leading to suppression of 
COVID-19-associated CRS. The hypothesized 
benefits of JAK2 inhibition in the treatment of 

COVID-19-associated CRS are currently being 
investigated with FDA-approved inhibitors. 
Fedratinib is an FDA-approved JAK2 inhibitor 
that has nanomolar activity in the treatment of 
myelofibrosis (MF) (86); it has also been report-
ed to prevent the worsening outcomes that 
follow Th17 cell differentiation and the associ-
ated cytokine storm, helping to control pulmo-
nary oedema in COVID-19 (87). Several other 
JAK2 inhibitors are currently under investiga-
tion for the treatment of various human dis-
eases, including acute myeloid leukemia, MF, 
psoriasis, GvHD (graft versus host disease) (88, 
89). Given that JAK2 inhibitors likely do not 
interfere with the type I interferon response in 
immunity but inhibit cytokines including IL-6 
and GM-CSF in COVID-19 associated CRS, 
JAK2 inhibition should be an attractive thera-
peutic option for blocking the cytokine storm 
in COVID-19.
The need to find effective therapies against 
COVID-19 in the shortest possible time has 
forced the entire scientific community to 
make great efforts. The experience accumu-
lated so far suggests that host-specific thera-
py is a rather complex approach and that the 
heterogeneity of the immunological milieu 
of COVID-19 patients must be taken into ac-
count. It is now clear that not all patients ben-
efit from the same immunomodulatory treat-
ment and that the same patient may respond 
differently depending on the stage and sever-
ity of the disease. In particular, the experience 
with the IL-1 antagonist anakinra points to the 
need to evaluate and use biomarkers to guide 
patient-specific immunotherapy.

ANTI-SARS-CoV-2 MONOCLONAL 
ANTIBODIES
Soon after the discovery that SARS-CoV-2 en-
ters the cells, after binding the human angio-
tensin-converting enzyme 2 (ACE2) receptor 
through the spike protein (90) the idea of pre-
paring monoclonal antibodies (MoAb) capa-
ble of binding the Spike protein in the recep-
tor-binding domain (RBD) and inhibiting the 
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Spike/ACE2 binding was pursued. Neutraliz-
ing MoAbs (NMoAbs) would inhibit viral rep-
lication and cure patients. However, in the fol-
lowing months, it became progressively clear 
that what might seem a simple and successful 
idea presented some critical issues: 1) the role 
of antibodies in the fight against SARS-CoV-2 
infection, 2) the decreasing efficacy of the 
MoAbs during the development of the infec-
tion so that the treatment has become half a 
way between cure and prevention, 3) the cost 
of antibodies considering the relatively low 
mortality rate also in patients at high risk of 
death, 4) the need to use the parental route, 
making more difficult the administration, 5) rel-
evant changes in the Spike protein over time. 
Point 1. The role of antibodies in COVID-19 
remains to be fully defined. After SARS-CoV-2 
appearance, it was clear within months that 
the more severe the COVID-19 disease, the 
higher the anti-Spike antibody titers (91), pos-
sibly suggesting that naturally arising antibod-
ies were not protective. The idea seemed to 
be confirmed when several studies demon-
strated that administration of polyclonal anti-
body-containing sera of patients who recov-
ered from COVID-19 did not cure patients 
(92-94). In addition, some data suggest that 
certain patient-produced antibodies may lead 
to antibody-dependent potentiation (ADE) of 
the disease, favoring the entry of the virus into 
cells, as observed for other viruses, including 
coronavirus (95-98). On the contrary, some 
studies suggested a protective role of natu-
rally arising antibodies. For example, hospi-
talized patients with no anti-Spike antibodies 
showed a mortality rate almost twice that of 
patients with anti-Spike antibodies (99).
Thus, it seemed reasonable to conclude that 
antibodies inhibiting ACE2/Spike binding and 
the entry of virus in the cells are protective if 
devoided of ADE effect. Indeed, the first clin-
ical studies using one monoclonal antibody 
(MoAb) or two MoAbs in association demon-
strated a relevant protective activity (100, 101).
A second crucial issue (point 2) was the timing 
of antibody administration relative to the evo-

lution of the infection. Some studies demon-
strated that antibodies were effective when 
administered early (e.g., in the patient positive 
for SARS-CoV-2 but with few symptoms) and 
inactive when the patient is hospitalized and/
or in intensive care (102,103). Therefore, all 
antibodies entered in the clinical use must be 
given as soon as possible, even if the patient 
does not have a serious disease. The need for 
early administration made it necessary to es-
tablish the type of patients that need to be 
treated. Indeed, it was and is still impossible 
to treat all the COVID-19 patients with antiviral 
MoAb, due to the shortage of the drugs (par-
ticularly soon after their approval) and their 
cost. Moreover, considering the very low mor-
tality rate of COVID-19 in a large portion of 
the young-adult population, the administration 
may be non-ethical due to the very low bene-
fit versus the potential risk of adverse events. 
Therefore, each Health Organization estab-
lished the patient categories that should be 
treated, including old patients and those with 
co-morbidities known to increase the mortality 
rate (see below). Nonetheless, when treating 
paucisymptomatic patients, the NNT of antivi-
ral monoclonal antibodies is quite high, rang-
ing between 25 and 29 in the hypothesis of 
5% risk of hospitalization (104). Therefore, the 
cost of the treatments is rather high (point 3).
The need for MoAb administration as soon as 
possible means that they are given to patients 
still at home and in a relatively good condi-
tion (see below for details). Considering that 
they must be given through the endovenous 
route, home administration of the drug to a 
patient positive for SARS-CoV-2 was a critical 
issue (point 4), considering the susceptibility of 
specialized personnel to CoViD-19 (especially 
before vaccination) and the lack of available 
medical and paramedical personnel, especial-
ly during the pandemic peaks.

The emerging SARS-CoV-2 variant: the 
most relevant issue
A crucial issue concerning antibodies effica-
cy is the appearance of variants of concern of 
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SARS-CoV-2 (point 5). Errors (point mutation) 
in RNA viruses such as SARS-CoV-2 are a rule. 
Despite SARS-CoV-2 codes for a polymerase 
with proofreading activity (105, 106), SARS-
CoV-2 variants are quite frequent. 
The issue was well known at the beginning 
of the pandemic. Now we know that the fre-
quency of mutation in the viral RNA coding 
the Spike is much higher than the frequen-
cy of mutation in the RNA coding the other 
viral proteins (107). In particular, comparing 
303,250 human SARS-CoV-2 spike protein se-
quences with the reference sequence of Wu-
han-Hu, authors found mutations of each of 
the 195 amino acid residues forming the RBD, 
including the amino acid residues crucial for 
ACE2 binding (8 residues), which is somewhat 
surprising. We can conclude that: 1) no amino 
acid residues are indispensable to bind ACE2, 
2) more importantly, we cannot bet on the ef-
ficacy over time of neutralizing MoAbs bind-
ing the RBD. Reasonably, the high frequency 
of mutation is due to a selective advantage for 
the virus having a Spike with a higher affinity 
for the ACE2 receptor, more able to favor virus 
entry or not recognized by anti-SARS-CoV-2 
Abs produced by the host following infection 
with another variant of SARS-CoV-2 or the vac-
cination with a vaccine expressing the Spike of 
Wuhan-Hu virus.
In theory, the same use of monoclonal anti-
bodies favors the appearance of variants, but 
we believe that their use in the population 
had been so infrequent that it did not exert 
sufficient selective pressure. Moreover, most 
MoAbs are administered as an association of 
two antibodies, making unlike the appearance 
in one virus particle of mutations conferring re-
sistance to both antibodies (108). The conse-
quence of the appearance of specific variants 
on the efficacy of the antibodies in clinical use 
will be discussed later.
Interestingly, forty-four invariant residues are 
present in the Spike protein outside the RBD 
and correspond to ten domains/regions in the 
SARS-CoV-2 Spike protein (107),  possibly sug-
gesting that MoAbs binding these amino acid 

residues may be effective not only against the 
present but also future SARS-CoV-2 variants. 

Patients for which MoAbs treatment is 
indicated
As reported above, not all patients affected 
by COVID-19 are treated with MoAbs. Treat-
ment is indicated soon after the occurrence of 
COVID-19 symptoms in non-hospitalized pa-
tients with laboratory-confirmed SARS-CoV-2 
infection who are at high risk for progressing 
to severe disease and/or hospitalization. The 
patients must be aged > 64 years or aged 12-
64 years with relevant comorbidities or con-
ditions, such as obesity (BMI > 25), diabetes, 
cardiovascular and chronic lung diseases, in-
cluding hypertension. Other patients poorly 
represented in the study leading to MoAb au-
thorization but considered to be at high risk 
when infected with SARS-CoV-2 are patients 
under immunosuppressive treatment or immu-
nocompromised, with chronic kidney disease, 
pregnant, with neurodevelopmental disorders, 
conditions that confer medical complexity and 
dependant on medical-related technologi-
cal devices. Even infants with less than 1 year 
are considered at high risk. For sure, the an-
ti-SARS-CoV-2 MoAbs are not authorized for 
use in the patients hospitalized for COVID-19 
and/or who require oxygen therapy due to 
COVID-19, because MoAbs do not improve 
any parameter, including survival.
More recently, some anti-SARS-CoV-2 MoAbs 
have been found to be effective in reducing 
the risk of infection when used as pre-expo-
sure prophylaxis (109) and as post-exposure 
prophylaxis in a household and other high-risk 
settings (110, 111).
The list of patients who are to be treated with 
anti-SARS-CoV-2 monoclonal antibodies over-
laps with that of patients that should be treat-
ed with anti-SARS-CoV-2 small molecules (see 
paragraph Antiviral small molecules). Future 
studies will indicate which drug class has to 
be preferred in a specific category of patients 
also regarding the safety, the cost, and avail-
ability of the drugs.
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Anti-SARS-CoV-2 MoAbs with 
emergency use authorization/full 
authorizations from EMA/FDA
Eight anti-SARS-CoV-2 MoAb products have 
received emergency use authorizations from 
EMA and/or FDA. They are bamlanivimab 
plus etesevimab given in association (previ-
ously called LY-CoV555 and LY-CoV016, re-
spectively), casirivimab plus imdevimab given 
in association (previously called REGN10933 
and REGN10987, respectively), regdanvimab 
(previously called CT-P59), tixagevimab and 
cilgavimab (previously called COV2-2196 
and COV2-2130, respectively), and sotro-
vimab (previously called VIR-7831, the parent 
MoAb of S309).
Bamlanivimab, etesevimab, casirivimab, im-
devimab, regdanvimab, tixagevimab, and cil-
gavimab are neutralizing mAbs binding to 
the RBD of SARS-CoV-2 Spike protein. Bam-
lanivimab and etesevimab bind to different but 
overlapping epitopes, whereas casirivimab/
imdevimab and tixagevimab/cilgavimab bind 
to non-overlapping epitopes. Regdanvimab is 
not given in association. 
Phase 3 BLAZE-1 trial had demonstrated that 
bamlanivimab plus etesevimab, compared 
to placebo, was associated with 4.8% abso-
lute reduction and 70% relative reduction in 
COVID-19-related hospitalizations or all-cause 
deaths (112). Casirivimab plus imdevimab, 
compared to placebo, was associated with 
7.5% absolute reduction and 70% relative risk 
reduction in COVID-19-related hospitalizations 
or all-cause deaths (113). Regdanvimab, com-
pared to placebo, was associated with 2.2% 
absolute reduction and 78% relative risk re-
duction in progression to severe COVID-19 
disease (114).
In March 2021 EMA’s Committee for Medici-
nal Products for Human undertook the review 
of data on bamlanivimab plus etesevimab as 
part of a rolling review and supported the use 
at the National level before market authoriza-
tion. On November 2, 2021, the manufacturer 
informed the EMA of the decision to withdraw 
from the approval process. The broad distri-

bution of bamlanivimab plus etesevimab has 
been paused in the United States because the 
Omicron variant has markedly reduced in vitro 
susceptibility to this mAb regimen (see below) 
(115). In Italy, the authorization for the tempo-
rary use of bamlanivimab as monotherapy was 
revoked in May 2021, while, on March 1, 2022, 
the authorization for the use of the association 
has not yet been revoked.
On November 11, 2021, EMA’s CHMP has rec-
ommended authorizing regdanvimab and the 
association of casirivimab with imdevimab for 
treating patients with COVID-19. The recom-
mended dosage of regdanvimab in adults is a 
single IV infusion of 40 mg/kg within 7 days of 
developing symptoms of COVID-19. Casiriv-
imab and imdevimab are administered at the 
dose of 600 mg each by IV infusion or by SC 
injection within 7 days of developing symp-
toms of COVID-19. Moreover, Casirivimab and 
imdevimab can be used to prevent COVID-19 
after contact with an infected person or even 
when no contact has occurred. Moreover, a 
recent study demonstrated that hospitalized 
patients receiving high doses of casirivimab 
plus imdevimab (4,000 mg each) showed a 
significant reduction in 28-day all-cause mor-
tality when seronegative for the anti-spike pro-
tein antibody (24% mortality in the mAb-treat-
ed group vs. 30% mortality in the standard 
care group) (99). However, the treatment of 
hospitalized patients is authorized by neither 
EMA nor FDA.
Tixagevimab and cilgavimab are in rolling re-
view at EMA and have received emergency 
use authorization by FDA for the pre-exposure 
prophylaxis of COVID-19. In Italy, its temporary 
distribution was authorized for the prophylaxis 
of COVID-19 on 28 January 2022. Tixagevimab 
and cilgavimab were optimised using a pro-
prietary half-life extension technology, which 
could afford up to 12 months of protection. An 
interim analysis of the PROVENT phase III tri-
al having as the primary efficacy endpoint the 
first case of any SARS-CoV-2 RT-PCR positive 
symptomatic illness occurring post-dose prior 
to 6 months, demonstrated a reduced risk of 
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developing symptomatic COVID-19 (HR 0.23 
with a median follow-up 83 days and HR 0.17 
with a median follow-up 6.5 months) (116). 
Moreover, there were no severe or critical 
COVID-19 events in the antibody group com-
pared to 5 in the placebo group. Tixagevimab 
and cilgavimab should be given as separate, 
sequential IM injections at different injection 
sites, preferably one in each of the gluteal 
muscles. The recommended dosage is 150 mg 
of each mAb every 6 months. The incidence of 
serious cardiac adverse events (e.g., myocar-
dial infarction, cardiac failure, arrhythmia) was 
higher in the antibody group than in the pla-
cebo group (0.6% vs. 0.2%) (116).
Sotrovimab is a neutralizing mAb binding to 
SARS-CoV-2 Spike protein outside the RBD. 
In particular, it recognizes an epitope that is 
highly conserved within the Sarbecovirus sub-
genus and prevents the virus from entering 
the cell by inhibiting the mechanisms down-
stream of the spike/ACE2 bond (117). Inter-
estingly, it was derived from a parent antibody 
(S309) isolated for the first time in 2003 from 
an individual who recovered from SARS (118). 
Sotrovimab was designed to possess an Fc LS 
mutation (M428L/N434S) which confers great-
er binding to the neonatal Fc receptor result-
ing in prolonged half-life. Sotrovimab also 
demonstrated antiviral activity through anti-
body-dependent cellular cytotoxicity (ADCC) 
and antibody-dependent cell phagocytosis 
(ADCP) of virus-infected cells. In the first stud-
ies demonstrating the efficacy of Sotrovimab, 
three patients (1%) in the sotrovimab group, 
as compared with 21 patients (7%) in the pla-
cebo group had disease progression leading 
to hospitalization or death with a relative risk 
reduction of 85%. Moreover, only in the place-
bo group, five patients were admitted to the 
intensive care unit, including one who died 
(119). On December 17, 2021, EMA’s CHMP 
has recommended sotrovimab for treating 
patients with COVID-19. The recommended 
dosage of sotrovimab in adults is a single IV 
infusion of 500 mg within 5 days from the de-
veloping symptoms. 

Safety
The safety of anti-SARS-CoV-2 antibodies is 
quite high. Anaphylaxis and infusion-related 
reactions have been reported in a few patients 
who received anti-SARS-CoV-2 mAbs. More 
frequently, it is observed nausea, vomiting, 
diarrhea, dizziness, hyperglycemia, rash, and 
pruritis (120-124).

Neutralizing activity of MoAbs on 
SARS-CoV-2 variants
The above-mentioned MoAbs have been test-
ed in clinical studies when the SARS-CoV-2 
variant of concern Omicron was not present 
and most of them were effective in the treat-
ment of patients infected with variants other 
than the Omicron variant. The Omicron vari-
ant encodes 37 amino acid substitutions in 
the Spike protein, 15 of which are in the RBD, 
and represents a major antigenic shift in SARS-
CoV-2. Indeed it determines a marked reduc-
tion in neutralizing activity in plasma from con-
valescent patients and individuals who had 
been vaccinated against SARS-CoV-2. Due to 
the high infectivity of Omicron, currently, most 
patients are infected by this variant.
Some studies evaluated whether the above-de-
scribed MoAbs retain neutralizing activity 
against Omicron variant (125, 126). For all the 
MoAbs binding the RBD of the Spike protein, a 
significant drop in the neutralizing activity was 
described (in practice, loss of activity), with the 
only exception of cilgavimab, which showed a 
slight drop only (about 12 fold decrease). Inter-
estingly, the neutralizing activity of sotrovimab, 
binding to the Spike protein outside the RBD, 
was minimally affected. Consequently, FDA 
assessed that “the broad distribution of bam-
lanivimab plus etesevimab and casirivimab 
plus imdevimab has been paused because the 
products have reduced activities against Omi-
cron variant of concern” (115, 127).

Anti-SARS-CoV-2 MoAbs in the clinical 
study
Several MoAbs are still in the clinical study. Two 
approaches appear very interesting: 1) MoAbs 
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binding to the Spike protein outside the RBD 
and active against Omicron variants (128); 2) 
The MoAbs MAD0004J08 showing an extreme-
ly high affinity for the RBD of the S protein and 
being one of the most potent antibodies se-
lected by screening 453 neutralizing antibodies 
produced by B lymphocytes from 14 COVID-19 
survivors (129). Its potency allows administra-
tion by i.m. injection and lower production cost. 

ANTIVIRAL SMALL MOLECULES
At the outbreak of the pandemic, the avail-
able antiviral drugs seemed the obvious choice 
to fight the SARS-CoV-2 virus responsible for 
COVID-19. The virus was new, but it was an 
RNA virus of which much was known about bio-
logical and pathological characteristics. The pa-
thology caused by SARS-CoV-2 infection, that 
is COVID-19, indeed showed entirely new and 
unexpected characteristics. We were therefore 
faced with a new virus and a new pathology. 
Obviously, neither against the first nor against 
the second there were already specific drugs 
available. The biological characteristics of the vi-
rus, in particular being an RNA virus, have how-
ever suggested the possibility of contrasting it 
with anti-retroviral drugs developed for similar 
viruses, such as those against HIV. This is why 
the WHO immediately suggested carrying out 
a multicenter study using the Lopinavir-Ritona-
vir combination, a drug capable of inhibiting 
viral- RNA-dependent RNA-polymerase. Also, 
the fact that SARS-CoV-2 was a member of the 
beta coronavirus family suggested that it could 
be contrasted with other drugs such as those 
developed for the treatment of the less-lethal 
but very widespread influenza viruses. Thus, 
antiviral drugs such as Favipiravir, Oseltamivir, 
Umifenovir and Ribavirin have been studied 
in different combinations. Obviously, antiviral 
drugs with activity on liver RNA viruses, such as 
those for hepatitis B (Remdesivir) and for hepa-
titis C (Sofosbuvir), have not been ignored.
The results obtained using these antiviral drugs 
have often been very disappointing. These 
drugs were expected to reduce the spread of 

the virus in the body and, consequently, the se-
verity of COVID-19. Indeed, in the various clin-
ical studies of which the outcomes have been 
reported, there have been no significant advan-
tages both in reducing the severity of the dis-
ease and even less in mortality. In some studies, 
the lack of therapeutic success was attribut-
ed to the viral load, while in others to the ad-
vanced state of the disease. Ultimately, regard-
less of the drug combinations used, the state 
of the temporal course of the infection or the 
state of the pathology, with the exception of 
Remdesivir, which, in some cases, has reduced 
the risk of aggravation of the disease and con-
sequent hospitalization of the patient, all other 
approaches have reported negative or unsuit-
able results for planning the use of these drugs 
in an appropriate and more extensive manner.
Of these antiviral drugs, their pharmacolog-
ical and therapeutic characteristics and their 
effects in patients with COVID-19 have been 
revised in an exhaustive review that summariz-
es their value in controlling COVID-19 and in 
the progression of this disease to more severe 
stages leading to hospitalization and/or death 
(130). Indeed, another review (131) written at 
the end of 2020, already anticipated the often 
discordant and almost always negative results 
of the use of these drugs in patients with differ-
ent statuses of COVID-19 severity. In this work, 
the reader can find the tables that summarize 
the results of clinical studies, often well-con-
trolled, which highlight Remdesivir, among all 
the antiviral drugs examined, for which a cer-
tain response, expressed as a reduction in hos-
pitalization and the risk of disease progression, 
was found in 3 of the four studies examined.
In the present review we will focus on the 
three antivirals currently authorized by regu-
latory agencies, remdesivir, molnupiravir and 
paxlovid; the second with a mechanism similar 
to that of remdesivir, and the third totally new 
and with a new and different molecular target.

Remdesivir
Remdesivir is the first antiviral medicine to be 
authorised by the European Medicines Agen-
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cy (EMA) with specific indication for the “treat-
ment of coronavirus disease 2019 (COVID-19) 
in adults and adolescents (aged 12 years and 
over and weighing at least 40 kg) with pneu-
monia requiring supplemental oxygen thera-
py”. In December 2021, the EMA authorized 
an extension of indication relating to the treat-
ment of coronavirus disease 2019 (COVID-19) 
in “adults who do not require supplemental 
oxygen therapy and have an increased risk of 
progression to severe COVID-19”.
Remdesivir is a monophosphoramidate nu-
cleoside analogue prodrug that was originally 
developed for Ebola virus and utilized in re-
sponse to the 2014–2016 outbreak in West 
Africa (132, 133). It displayed broad-spectrum 
activity against different coronaviruses in pre-
clinical models and has been suggested for 
COVID-19 clinical trials (132,134,135). It com-
petes with endogenous nucleotides for incor-
poration into replicating viral RNA through 
the RNA-dependent RNA polymerase (RdRp) 
and inhibits viral replication (132). The RdRp 
is an attractive target for antiviral drugs, as it 
is highly conserved across coronaviruses. As 
a prodrug, remdesivir undergoes intracellular 
conversion by kinases to its active nucleoside 
triphosphate metabolite. Remdesivir and its 
metabolites display higher selectivity for RdRp 
compared to human polymerases (132).
Coronaviruses express a unique exoribonucle-
ase (ExoN) which functions as a proofreading 
enzyme correcting errors in the growing RNA 
chain (136). The development of effective nu-
cleoside analogues is, therefore, particularly 
challenging. Remdesivir is able to partly evade 
proofreading and maintain potent antiviral ac-
tivity in the presence of ExoN. The reason rem-
desivir’s activity is only modestly decreased by 
ExoN relates to two unique properties: i) it is 
incorporated into replicating RNA more effi-
ciently than natural nucleotides (136-138); ii) 
it functions as a non-obligate or delayed RNA 
chain terminator (136-138). The incorporation 
of the delayed chain terminators perturbs the 
RNA structure, and synthesis is halted at some 
point downstream (138). In SARS-CoV-1, SARS-

CoV-2, and MERS-CoV, remdesivir consistently 
induces chain termination after the addition 
of three nucleotides (136, 137), thus escaping 
ExoN excision.
Remdesivir is administered intravenously and 
is a substrate of several cytochrome P450 en-
zymes in vitro, however clinical implications 
are unclear since the prodrug is rapidly me-
tabolized by plasma hydrolases (139). Conse-
quently, hepatic impairment has little effect 
on remdesivir plasma levels, although specific 
studies have not been conducted in patients 
with hepatic impairment, and the drug is con-
traindicated in patients with severe hepatic im-
pairment (139). Remdesivir exhibits low renal 
excretion (< 10%) (140). To date, there are no 
recommendations for dose adjustments in pa-
tients with mild to moderate renal impairment. 
There are no PK data available for children or 
women who are pregnant or breastfeeding.
The main randomized studies that evaluated 
the clinical efficacy of remdesivir in the treat-
ment of hospitalized subjects, albeit open and 
with different primary endpoints, consistently 
did not show clinical benefit of remdesivir re-
garding mortality (141-145), with the exception 
of a clinical trial carried out among non-hos-
pitalized patients who were at high risk for 
COVID-19 progression (146). In this study, a 
3-day course of remdesivir had an acceptable 
safety profile and resulted in an 87% lower risk 
of hospitalization or death than placebo (146). 
Beneficial effects on time to recovery are con-
firmed in a single study, especially in the low-
er-risk population (subjects receiving low-flow 
oxygen therapy and starting treatment within 
10 days of the onset of symptoms) (147).
Remdesivir is generally well tolerated and ad-
verse effects are rare. However, since early 
reports, transient asymptomatic alanine ami-
no-transferase (ALT) elevations were observed 
in most subjects in PK studies (148, 149). Trans-
aminase increases have also been reported in 
COVID-19 patients treated with compassionate 
use remdesivir (150-152). Although transami-
nase elevation has been reported as a feature 
of COVID-19, there is a concern for possible 
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hepatotoxicity associated with remdesivir (152, 
153). Based on the data regarding the adverse 
effects of remdesivir on hepatic function, cau-
tion must be taken by evaluating baseline liver 
function, avoiding the use of potentially hep-
atotoxic drugs, and monitoring liver function 
when using remdesivir in patients hospitalized 
with COVID-19 (153).

Molnupiravir
On 19/11/2021, the EMA’s Committee for Me-
dicinal Products for Human Use issued an opin-
ion on the use of Lagevrio (the trade name of 
molnupiravir) for the treatment of COVID-19. 
The medicine can be used to treat adults with 
COVID-19 at high risk of developing severe 
forms of the disease.
Molnupiravir is an oral antiviral also known by 
the names EIDD-2801 and MK4482. The drug 
was originally developed by Drug Innovation 
Ventures at Emory University and subsequent-
ly acquired by Ridgeback Therapeutics in part-
nership with Merck & Co, USA. It belongs to 
the class of ribonucleoside analogues with 
broad-spectrum antiviral activity against a se-
ries of RNA viruses, including coronaviruses. 
MK-4482 was first developed as a flu shot and 
later “repositioned” as an oral treatment for 
adults with COVID-19 in a mild to moderate 
form. MK-4482 is a prodrug that is rapidly ab-
sorbed in the intestine and hydrolyzed into the 
ribonucleoside analogue N-hydroxycytidine  
(NHC) (154), which is widely distributed to tis-
sues (including lungs and brain) and, similarly 
with remdesivir, converted to the pharmaco-
logically active triphosphate form (NHC-TP).
The mechanism of the antiviral activity of MK-
4482 is a two-step process that inhibits the 
RdRp through an accumulation of viral muta-
tions beyond a biologically tolerable thresh-
old, with consequent impairment of the nor-
mal fitness of the virus, leading to its death 
(154, 155). In fact, coronaviruses use the RdRp 
for the replication and transcription of their 
RNA genomes and it is therefore clear that 
this enzyme represents an important target for 
hitting the virus (156). This mechanism is dis-

tinct from that of remdesivir in which its incor-
poration into nascent RNA causes premature 
termination of RNA synthesis, stopping the 
growth of the RNA strand after the addition of 
some nucleotides. Because of this, MK-4482 
has demonstrated in vitro activity against rem-
desivir-resistant SARS-CoV-2. Given its unique 
mechanism of action, NHC is expected to be 
active against viruses resistant to other antivi-
ral agents.
At the start of the pandemic, MK-4482 was in 
the preclinical phase as an anti-flu drug, but 
a number of factors helped to move the mol-
ecule quickly into phase 1. These include: i) 
the favorable characteristics of the molecule 
to meet public health needs, 2) the in-depth 
non-clinical program that included model test-
ing of various viral diseases and 3) collabora-
tion between sponsors, multinational CROs 
and regulatory agencies in the US and UK 
(157,158). Based on the results of the planned 
interim analysis of the Phase 3 MOVe-OUT 
study (NCT04575597), Merck has discontin-
ued patient enrollment and sought approval 
from the FDA. The planned interim analysis 
evaluated data from 775 patients enrolled in 
the Phase 3 MOVe-OUT study through August 
5, 2021. Specifically, molnupiravir significant-
ly reduced the risk of hospitalization or death 
in non-hospitalized at-risk adult patients with 
COVID-19 mild to moderate. In the interim 
analysis, molnupiravir reduced the risk of hos-
pitalization or death by approximately 50%; 
7.3% of patients receiving molnupiravir were 
hospitalized or died until day 29 after ran-
domization (28/385), versus 14.1% of patients 
treated with placebo (53/377); p = 0.0012. Up 
to day 29, no deaths were reported in patients 
who received molnupiravir, compared with 8 
deaths in patients who received placebo. The 
incidence of any adverse events was compa-
rable in the molnupiravir and placebo groups 
(35% and 40%, respectively). Similarly, the inci-
dence of drug-related adverse events was also 
comparable (12% and 11%, respectively). Few-
er subjects discontinued study therapy due to 
an adverse event in the molnupiravir group 
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(1.3%) compared to the placebo group (3.4%). 
On the recommendation of an independent 
data monitoring committee and in consulta-
tion with US FDA, recruitment into the study 
was terminated early based on these positive 
results. In England, on November 4, 2021 mol-
nupiravir was approved by the UK drug reg-
ulatory agency (Mhra) under the trade name 
of Lagevrio.
Molnupiravir displays in vitro activity against 
SARS-CoV-2 variants of concern such as 
B1.1.529 (omicron) (159-164), and B.1.1.7 (al-
pha), B.1351 (beta), P.1 (gamma) and B.1.617.2 
(delta) (Merck Sharp & Dohme (UK) Limited. 
Lagevrio 200 mg hard capsules: UK prescrib-
ing information 2021) (165).

Paxlovid
Paxlovid, is the combination of Pfizer’s inves-
tigational antiviral PF-07321332 (nirmatrelvir) 
and a low dose of ritonavir, an antiretroviral 
drug traditionally used to treat HIV. On April 6, 
2021, Pfizer released the structure of an inhib-
itor of the 3-CLPRO enzyme of the SARS-CoV-2 
virus, named PF-07321332, which has been 
shown to be able to suppress the replication of 
the virus in human cells at submicromolar con-
centrations (166-168). PF-07321332 is the first 
molecule to target the SARS-CoV-2 main pro-
tease (3-CLPRO). 3-CLPRO is responsible for the 
cleavage of SARS-CoV-2 polyproteins 1a and 
1b. Without the activity of SARS-CoV-2 3-CL-
PRO, non-structural proteins 1a and 1b (includ-
ing proteases) cannot perform their functions 
and, consequently, viral replication is inhibited 
(169-170). In particular, PF-07321332 is an in-
hibitor of a cysteine   residue of 3-CLPRO respon-
sible for the enzymatic activity of the protease. 
The co-administration of a low dose of ritona-
vir (a drug used to treat HIV) helps slow down 
the metabolism, in which cytochrome p450 
enzymes are involved, and breakdown of PF-
07321332 and, consequently, to maintain high-
er concentrations for longer times resulting in 
a prolongation of its activity. A Phase 1 study 
(NCT04756531), conducted in double-blind 
and in which both single and multiple doses 

were tested, evaluated the safety, tolerabili-
ty and pharmacokinetics of PF-07321332 in 
healthy individuals (171).
On November 5, 2021, Pfizer announced 
the first results of the NCT04960202 EP-
IC-HR (Evaluation of Protease Inhibition for 
COVID-19 in High-Risk Patients) trial. The EP-
IC-HR trial is a quadruple-blind study (NB: 
double-blind is specified in the title of the trial, 
but under MASK it is reported that the study 
was conducted so that the “Participant, Care 
Provider, Investigator, Outcomes Assessor” 
the type of treatment proposed was masked 
(171)) on non-hospitalized adult patients with 
COVID-19, who are at high risk of developing 
severe disease. The interim analysis assessed 
data from 1219 adults enrolled by September 
29, 2021. By the time of the decision to stop 
patient recruitment, enrollment had reached 
70% of the expected 3,000 patients from clin-
ical trial centers throughout North and South 
America, Europe, Africa and Asia, with 45% of 
patients in the United States. Enrolled individ-
uals had a laboratory-confirmed diagnosis of 
SARS-CoV-2 infection within a five-day period, 
with mild to moderate symptoms, and must 
have had at least one medical condition as-
sociated with an increased risk of developing 
COVID-19 severe. Each patient was random-
ized (1:1) to receive orally Paxlovid or placebo 
every 12 hours for five days. The scheduled in-
terim analysis showed an 89% reduction in the 
risk of hospitalization or death from any cause 
related to COVID-19 compared to placebo in 
patients treated within three days of symptom 
onset (primary endpoint). On day 28, 0.8% of 
patients treated with Paxlovid went into hos-
pitalization (3/389 hospitalized and 0 deaths), 
compared with 7.0% of patients who received 
placebo and were hospitalized or died (27/385 
hospitalized with 7 subsequent deaths) (p < 
0.0001). Similar rates of COVID-19-related 
hospitalization or death have been observed 
in patients treated within five days of symptom 
onset. Specifically, 1.0% of patients treated 
with Paxlovid were hospitalized (6/607 hospi-
talized, 0 deaths), compared to 6.7% of pa-
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tients who received placebo (41/612 hospital-
ized with 10 subsequent deaths). (p < 0.0001). 
Overall, in the global population, no deaths 
were reported in patients who received Pax-
lovid compared with 17 (1.6%) deaths in pa-
tients who received placebo.
The review of the safety data included a larg-
er cohort of 1881 patients in EPIC-HR, whose 
data were available at the time of the analy-
sis. Treatment-associated adverse events were 
comparable between Paxlovid (19%) and pla-
cebo (21%), most of which were mild in inten-
sity. Among patients evaluable for av events, 
fewer serious adverse events (1.7% vs. 6.6%) 
and fewer study drug discontinuation (2.1% vs. 
4.1%) were observed in patients treated with 
Paxlovid versus those receiving placebo, re-
spectively.
Paxlovid will be administered twice daily for 
five days at a dose of 300 mg (two 150 mg 
tablets) of PF-07321332 with one 100 mg tab-
let of ritonavir.

CONCLUSIONS AND PERSPECTIVES
The pharmacologic approach to control the 
SARS-CoV-2 diffusion in humans and the con-
sequent COVID-19 pathology has been chal-
lenging the scientific community in the last 
couple of years. Here we focus on the two 
main aspects governing the pharmacological 
approach to this pandemic: i) the possibility of 
using drugs already available and ii) the need 
for new and appropriate drugs for this specific 
virus. After two years of a considerably high 
number of experiences (clinical trials of differ-
ent kinds with a number of drug candidates, 
mainly based on the concept of “try-and-er-
ror” research) we can conclude that we have 
selected and adapted old drugs (treatment of 
COVID-19) and we have developed new drugs 
for the SARS-CoV-2 (prevention of COVID-19). 
It is reasonable to think that the results ob-
tained are the best we could get in this short 
time-lapse.
The main medical aspects of the SARS-CoV-2 
infection are a strong inflammation, variably 

distributed in different organs but with a par-
ticular propensity for the respiratory system, as-
sociated with the risk of blood coagulation. We 
were prepared for treating such diseases since 
anti-inflammatory drugs were available either 
from the panel of anti-cytokine medicines (small 
molecules or MoAbs) or with corticosteroids. By 
generalizing the observed results, we can admit 
that corticosteroids helped COVID-19 patients 
much more than the anti-cytokine drugs. The 
anticoagulants were the other family of drugs 
that made the difference between life and 
death in COVID-19 patients. All major interna-
tional Societies on thrombosis rapidly produced 
and diffused the guidelines for the best use of 
anticoagulation in high-risk patients.
These approaches can be considered the best 
treatment options for patients with COVID-19.
It must be said that all the other drugs test-
ed on COVID-19, all of them selected on the 
basis of their mechanism of pharmacological 
action, almost failed or showed minimal effec-
tiveness, often because of the low degree of 
the trial with which they were examined.
Better results, considering the appearance of 
new drugs, were observed with the preven-
tion of the COVID-19, namely the control of 
SARS-CoV-2 infectivity. In this case, we have 
two separate approaches being developed: 
MoAbs directed to control the virus’s ability to 
bind to the target cells and small molecules 
(conventional antiviral drugs) hampering the 
viral replication inside the infected cells. The 
knowledge of the virus’s chemical structure 
and the molecular biology of its replication 
has considerably helped the research for opti-
mal treatment options.
Similar to what was shown with anti-COVID-19 
drugs, also these approaches suffered from 
successes and failures. At the beginning of the 
pandemic, when the only available data simply 
indicated that SARS-CoV-2 was a RNA corona-
virus, the idea of the control of the infection 
lead to the use of antiviral agents already in our 
hands and known to be active against virus-
es with similar replicative steps. Unfortunate-
ly, among all the antiviral drugs tested, only 
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remdesivir showed some activity, sufficient to 
convince the regulatory agencies to suggest 
its use to contain the viral diffusion inside the 
body of the infected patients. Similar success 
has been documented with another reposi-
tioned anti-viral small molecule, molnupiravir. 
The target is the same as remdesivir, e.g. the 
RdRp, but the consequences on the viral rep-
lication, at least from the molecular aspect of 
this interaction, are dramatically greater, lead-
ing to the accumulation of mutations ending 
with a sort of replicative catastrophe. However, 
the most real advantage in the control of viral 
diffusion in the body is given by the new an-
ti-viral small molecule nirmatrelvir that, when 
used in combination with ritonavir (namely 
Paxlovid), warrants a greater than 90% pro-
tection against the development of a severe 
COVID-19. The target of nirmatrelvir (the viral 
protease) is a specific locus of the protein that 
is relevant for SARS-CoV-2, and this makes the 
difference from the other re-positioned drugs 
that were tested and found inactive.
On the other hand, the control of patient’s 
infection towards a severe COVID-19 with 
MoAbs showed the most intense activity by 
the pharmaceutical companies. A number of 
MoAbs became rapidly available, mostly tar-
geting the viral proteins responsible for the vi-
ral attack on the target cells. The chapter on 
these drugs is exhaustive and here we simply 
remark the advantages and limitations of these 
therapies. The most important advantage 
is the high specificity of the MoAbs therapy 
and the rapid washout of the viruses from the 
body. At the same time, the high specificity of 
these drugs is also their weakness, given the 
high rate of mutations of their target operat-
ed by the SARS-CoV-2. In fact, the experience 
with these drugs showed how the virus mutat-
ed the target proteins without losing its ability 
to infect the target cells. This viral behaviour 
made the MoAbs to rapidly reduce their effec-
tiveness with the appearance of the new vari-
ants of SARS-CoV-2, a process that forced the 
use of combinations of these MoAbs to pre-
vent the viral escape.

In conclusion, the take-home messages of the 
pharmacological experience for the control of 
the SARS-CoV-2 pandemic, a very important 
message also for the pharmacological disci-
pline as a whole, can be summarized as fol-
lows. Drug repositioning cannot be success-
ful simply based on the knowledge of their 
molecular mode of action and the new drugs, 
even though based on a specific and selec-
tive target, may need a continuous arrang-
ments in order to fulfill a complete therapeu-
tic success.
Nonetheless, the experiences gained during 
these two years in the pharmacological treat-
ment of the virus responsible for the pandemic 
and COVID-19 has demonstrated the possibili-
ty of significantly accelerating the development 
of new drugs with measurable innovation.
The MoAbs have highlighted the rapid versa-
tility of their curvature on the targets of the 
virus in constant evolution and, in perspec-
tive, solve the pharmacokinetic problems of 
the earlier preparations with measures that 
significantly extend the therapeutic range. It 
is hoped that the new MoAbs under devel-
opment will meet the needs of prescribers 
and patients and, together with the develop-
ment of new vaccines, will prevent the spread 
of the virus in the body, hospitalizations and 
deaths of patients. In this context, an import-
ant role is attributed to the new antiviral drug 
nirmatrelvir, whose most intriguing advantage 
over existing antivirals is that it has a pecu-
liar mechanism of action on a specific target 
of SARS-CoV-2 and can be easily taken oral-
ly compared to MoAbs. Considering that the 
SARS-CoV-2 pandemic may stabilize with an 
annual frequency very similar to winter flu, it 
is desirable that this molecule provides the 
inpetus for the development of other specific 
agents against SARS-CoV-2. Thus, this virus 
can be expected to offer a range of thera-
peutic options for its control, regardless of 
the type of mutations that will occur in the fu-
ture. Indeed, in addition to nirmaltrevir, other 
products could be developed that target con-
served viral pathways or whose mutations are 
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extremely rare, ensuring the stability of the 
product in therapy.
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Figure 1. The main drugs studied and/or recommended for the treatment of CoViD-19 and their therapeutic targets. 
This figure summarizes the available or proposed medications for COVID-19 prevention or treatment and their sites 
of action.
(A) Drugs that inhibit viral replication. Remdesivir, paxlovid (nirmatrelvir/ritonavir) and molnupiravir are small antiviral 
molecules recommended by AIFA for the treatment of adults with CoViD-19 at high risk to develop severe disease. These 
drugs inhibit viral replication. Chloroquine (CQ) or hydroxychloroquine (HCQ) are not recommended. (B) Monoclonal 
antibodies (mAbs) to prevent virus attachment to cellular proteins. Monoclonal antibodies directed towards the 
RBD of the SARS-CoV-2 Spike proteins are approved as an early treatment or as pre-exposure or post-exposure prophylaxis 
in high-risk patients (see text for further details). (C) Drugs that modulate the host inflammatory response. A 
number of IL-1 blockers, IL-6 blockers, Jak-Stat inhibitors have been tested as repurposed drugs to dampen the host 
inflammatory response and the “cytokine storm” that might lead to severe complications such as acute respiratory distress 
syndrome (ARDS) in the lungs, intravascular coagulation, multiorgan failure, and ultimately death. Corticosteroids are also 
standard therapy for hospitalised patients requiring supplemental oxygen therapy (with or without mechanical ventilation) 
and are also recommended for home management of patients with severe CoViD-19 disease requiring supplemental 
oxygen. (D) Anticoagulants. Unfractionated heparins (UFH) or low molecular weight heparins (LMWH) are approved 
for the prophylaxis of thromboembolic events in patients with an acute respiratory infection and limited mobility. Oral 
anticoagulants such as rivaroxaban have also been tested in clinical trials but showed no evidence of efficacy.
CQ: chloroquine; HCQ: hydroxychloroquine; LMWH: low molecular weight heparins; UFH: unfractionated heparins.
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SUMMARY 

The essential oil of bergamot (BEO; Citrus bergamia Risso et Poiteau) is endowed with analgesic activity in inflammatory 
and neuropathic pain models. Modulation of endogenous peripheral and central opioid system and morphine dose rescue 
are among the main pharmacological activities of the phytocomplex. Due to the tight link between undertreated pain and 
agitation in patients suffering from severe dementia, aromatherapy can turn out to be a useful approach if an essential oil 
with powerful analgesic activity is used. Methodological limitations of most aromatherapy trials hamper any conclusion 
about its effectiveness in dementia. Based on the strong preclinically proven antinociceptive and anti-allodynic activity 
of BEO, a nanotechnology-based delivery system consisting of odorless alpha-tocoferyl stearate solid lipid nanoparticles 
loaded with BEO deprived of furocoumarins (NanoBEO; patent EP 4003294), has been engineered and tested, confirming 
the previously demonstrated efficacy of the phytocomplex. Thus, the actually active BRAINAID (NCT04321889) double-
blind, randomized, placebo-controlled, clinical trial has been designed to assess the effectiveness of NanoBEO on agitation 
and pain in severely demented patients to offer a safe tool able to provide relief to this fragile population.

Impact statement
BEO is the first essential oil to be deviced in a nanotechonology delivery system (Na-
noBEO) to allow double-blind, randomized, clinical trial (NCT04321889) for the control 
of agitation in patients with severe dementia. 

Key words
Bergamot essential oil; 
agitation; pain; dementia.

INTRODUCTION
Bergamot is a citrus fruit classified as Citrus ber-
gamia, Risso belonging to the Rutacee fami-

ly, genus Citrus. The essential oil of bergamot 
(BEO) is obtained by cold pressing of the epi-
carp and, partly, of the mesocarp of the fresh 
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fruit, according to what is reported in the Far-
macopea Ufficiale Italiana (1). It is world widely 
known for its great demand by perfumery and 
cosmetic industries but also employed by phar-
maceutical, food and confectionery industries. 
BEO is composed of a volatile (93-96% of to-
tal) and a non-volatile (4-7% of total) fraction. 
Among these, the volatile contains oxygenat-
ed compounds, as linalool and linalyl acetate, 
and monoterpenes and sesquiterpenes, as lim-
onene, mainly responsible for its pharmacologi-
cal activity (2). On the other hand, the non-vola-
tile contains coumarins and psoralens (3), within 
which bergapten is responsible for phototoxicity 
(4). Essential oils extracted from different organs 
of aromatic plants, have been extensively used 
in aromatherapy for mood disturbances for inha-
lation or massage, although their effectiveness 
remains controversial due to the lack of ade-
quate methodology in preclinic and clinic stud-
ies originating poor quality evidence, mainly in 
dementia (5). In fact, insufficient methodological 
quality of clinical trials has been highlighted al-
ready two decades ago (6); indeed, despite the 
increased amount of clinical trials (figure 1) the 
critical appraisal cannot be considered remark-

ably improved, as demonstrated by Cochrane 
analyses concerned with aromatherapy confirm-
ing conduct or reporting problems in half of the 
studies or inconsistent results, preventing from 
drawing any convincing evidence (5, 7). 
With all the above in mind, over the last two 
decades a series of controlled preclinical re-
searches have led to the characterization of 
the pharmacological profile of BEO, that now 
provides the rationale for its clinical translation. 
BEO has been proven to interfere with basic 
mechanisms finely tuning synaptic communi-
cation, modulating excitatory amino-acids re-
lease and affording neuroprotection (figure 2).
In particular, brain microdialysis and synapto-
somes superfusion have demonstrated that 
BEO modulates hippocampal synaptic amino 
acid neurotransmitters: at low concentrations 
it causes exocytosis of glutamate from pre-
synaptic nerve endings, while at high concen-
trations it may induce glutamate release via a 
Ca2+-independent, carrier mediated, process 
(9). Moreover, it induces neuroprotection in fo-
cal cerebral ischemia preventing glutamate ac-
cumulation (10), along with blockade of spinal 
Extracellular Signal-Regulated Protein Kinase 

Figure 1. Studies concerned with aromatherapy clinical trials since PubMed/MEDLINE inception 
(date of last search May 16th, 2022).



Translation of bergamot essential oil in clinical trial

229

Figure 2. Neuropharmacological and behavioral effects of BEO (adapted with 
permission from (8)). 
EEG = electroencephalography; Akt = Protein kinase B, PKB; GSK = Glycogen synthase 
kinase).

(ERK) activation, and it enhances autophagy 
(11), an evolutionarily conserved process un-
dergoing derangement in chronic pain (12). Fi-
nally, BEO exerted anxiolytic-like effects, not 
superimposable to those of diazepam, thus 
devoid of sedative action, and involving sero-
tonergic neurotransmission in the animal be-
havioural tasks Open Field Test, Elevated Plus 
Maze Test and Forced Swimming Test (13). 

PHARMACOLOGICAL ACTION OF BEO 
IN PAIN
The potential for analgesic efficacy of BEO has 
been investigated in models of inflammatory 
(capsaicin model in mice), neuropathic [mice 
subjected to spinal nerve ligation (SNL) or par-

tial sciatic nerve ligation (PSNL)] and biphasic 
pain (formalin test in mice). In particular, BEO 
has proven to reduce the time spent in licking/
biting induced by the intraplantar (i.pl.) admin-
istration of capsaicin, an acute inflammatory al-
gogen input (14, 15). Interestingly, BEO resulted 
effective also in the formalin test, reputed rele-
vant to clinic conditions due to its biphasic na-
ture (16), characterized by: 1) an early phase of 
about 5-10 minutes since formalin injection, re-
sulting from the direct activation of nociceptive 
primary afferents; 2) a late phase, following the 
recovery interphase and up to 30 min follow-
ing the administration of formalin, produced by 
sensitization of the dorsal horn neurons (17). In 
particular, BEO exerts analgesia in both phases 
of the formalin test (18), also when adminis-



D. sCuteri, l. roMbolà, l. A. Morrone, et Al.

230

tered via inhalatory (19) (figure 3) or transder-
mal route, as it occurs in aromatherapy (20, 21). 
Pretreatment with the opioid receptor antag-
onist naloxone methiodide decreases the an-
tinociceptive effect of BEO, supporting the in-
volvement of opioid system together with the 
evidence of enhancement of morphine-induced 
antiallodynic effect in the partial sciatic nerve li-
gation (PSNL) model of neuropathic pain (22); 
under the latter experimental conditions, BEO 
is also active by means of continuous admin-
istration through an osmotic pump mimick-
ing chronic pain treatment (23). Moreover, the 
subcutaneous (s.c.) administration of BEO for 
7 days attenuates long-lasting tactile allodynia 
induced by spinal nerve ligation (SNL) of the 
spinal nerve L5 (8). The first systematic review 
and meta-analysis investigating the preclinical 
evidence in favor of the working hypothesis of 
analgesic properties of the essential oils (24), 
following the PRISMA (Preferred Reporting 
Items for Systematic reviews and Meta-Analy-
ses) criteria, highlighted that: 1) studies present 
different experimental design and rise serious 
concerns in terms of selection, performance 
and detection biases, not following the Animal 
Research: Reporting In Vivo Experiments (AR-
RIVE) guidelines for accurate in vivo preclini-
cal research (25); 2) BEO is the most suitable 

candidate for clinic translation since proving 
strong analgesic properties in the most reliable 
models of pain relevant to clinic in a method-
ologically rigorous manner. Accordingly, the 
preclinically demonstrated antinociceptive and 
antiallodynic properties of BEO provide a ro-
bust rational basis for its translation in clinical 
settings in which pain has a pivotal role.

DEMENTIA AND PAIN-LINKED 
NEUROPSYCHIATRIC SYMPTOMS (NPS)
Patients suffering from severe dementia often 
receive insufficient treatment of pain, particu-
larly neuropathic, (26, 27) and this undertreat-
ment is associated with widespread use of an-
tipsychotics and antidepressants (28), usually 
due to their lack of communication skills pre-
venting self-reporting (29). In particular, age-re-
lated comorbidities are responsible for chronic 
pain in up to 80% demented patients living in 
nursing homes (30). A tight link between un-
relieved pain and the development of agita-
tion, one of the most challenging and resistant 
neuropsychiatric symptoms (NPS) of dementia, 
has been demonstrated (31, 32)  pointing at 
the priority of analgesia in the management 
of agitation (33). In fact, the latter can be sig-
nificantly reduced by adequate pain treatment 
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and regular review of therapy (34, 35). There 
is growing evidence in favor of the significant 
correlation of pain intensity with dementia se-
verity, NPS and antipsychotic prescriptions 
(36). However, the treatment of agitation often 
consists in the off-label use of antidepressants 
and atypical antipsychotics, known to increase 
up to almost doubling the risk of death for 
cardiocerebrovascular accidents (37). There-
fore, pain control plays a fundamental role to 
decrease the use of unnecessary and poten-
tially harmful atypical antipsychotics (33, 38), 
often used without evidence of the benefits 
and even increasing mortality risk after initia-
tion of treatment (39). In this complex frame, 
aromatherapy with the melissa and lavender 
has proven efficacy for agitation in dementia 
(34), but the quality of the evidence has been 
downgraded (5, 7), as for all clinical trials in 
aromatherapy, due to sources of methodologi-
cal biases (5). One of the major causes of poor 
quality is linked to strong aroma of essential 
oils hampering adequate allocation masking 
and double-blinding and to the lack or repro-
ducibility and active principle titration in inha-
latory systems. Moreover, because of the link 
existing between pain and agitation (40) the 
essential oil investigated for clinic treatment of 
agitation needs to be endowed with analgesic 
activity (41), as it is the case for BEO. 

ENGINEERING BEO FOR 
TRANSLATION IN CLINIC
The illustrated limitations leading to poor 
quality clinical research in the field of aroma-
therapy have been overcome by the produc-
tion of a nanotechnology delivery system, i.e., 
NanoBEO, consisting in solid lipid nanoparti-
cles (SLN) encapsulating BEO-bergapten free 
to avoid phototoxicity (European Medicine 
Agency [EMA], September 13rd, 2011 EMA/
HMPC/56155/2011 Committee on Herbal Me-
dicinal Products [HMPC]), and developed in 
the pharmaceutical form of a cream for trans-
dermal application (42). Quite importantly, the 
antinociceptive and antiallodynic properties of 

NanoBEO have been studied in the capsaicin, 
formalin and PSNL pain models, demonstrat-
ing that it keeps all the pharmacological ac-
tivities of BEO. Nano-BEO shows efficacy on 
scratching behavior, a typical neuropsychiatric 
symptom associated to dementia. This nano-
technology delivery system prevents the con-
tent in the active ingredients from declining 
after two and six months of light exposure 
over 10% and 18%, respectively, with no fur-
ther degradation at 12 months. The prolonged 
physicochemical stability and titration in its 
main components (linalool, linalyl acetate, and 
limonene) are remarkable advantages allow-
ing reproducible antinociceptive and anti-itch 
responses to be measured. Added to this is 
the possibility to perform double-blind clinical 
trials, impossible so far because of the strong 
smell of essential oils used in aromatherapy. 
The present invention has been recently pat-
ented (EP4003294) and this makes it possible 
to effectively test NanoBEO deprived of furo-
coumarins in clinical trials for the treatment of 
acute and chronic pain and the prevention or 
treatment of NPS. Furthermore, the presence 
of anxiolytic activity and the documented ab-
sence of sedative effects is very relevant for 
the use of NanoBEO in cognitively impaired 
patients (43). In fact, the actually ongoing clin-
ical trial BRAINAID (NCT04321889) (44) has 
been designed with the purpose to study the 
effectiveness and safety of NanoBEO on the 
NPS agitation and on related pain in 134 pa-
tients (n = 67 per arm) over 65 affected by se-
vere dementia (Mini-Mental State Examination 
≤ 12) (44). The primary outcome is reduction 
of the Cohen-Mansfield Agitation Inventory 
(CMAI) (45), used to assess agitation. The sec-
ondary outcome is represented by decrease of 
the score of the recently translated, adaptat-
ed and validated scale in the Italian setting for 
the assessment of pain in non-verbal, severe 
demented patients Italian Mobilization–Ob-
servation–Behavior–Intensity–Dementia (I-MO-
BID2) (46). The latter is able to unravel even 
concealed musculoskeletal and visceral pain 
states by means of active guided movements 
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(47, 48). Incidentally, the clinical trial BRAIN-
AID (NCT04321889) could provide rational ba-
sis for use in e-health setting, important during 
the pandemic (49-51). 
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