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Medical Devices Made of Substances (MDMS) are increasingly used in the healthcare
system alongside classic medicinal products and constitute an important field of
experimentation and innovation in the biomedical field. In fact, these products are
rapidly establishing themselves as a valuable therapeutic resource and are available in
various forms including, but not limited to, creams, syrups, nasal or oropharyngeal sprays,
and eye drops. MDMS are marketed to treat different diseases and the advantages and
benefits of the use of these products can be claimed, once proven their clinical activity.
What are the differences between medicinal products and MDMS? The substantial
difference lies in the mechanism of action: the first case is based on pharmacological,
metabolic, and immunological actions while the second one is based on mechanical, or
chemical/physical action. Sometimes the boundaries are not well defined and there is a
need for a reassessment and a consensus on the underlying concepts and definitions, also
in the light of the increasing ability to recognize molecular mechanisms underneath the
action of several substances not acting through an easy recognizable unique target (as a
receptor, for example). In the present paper, we discuss the role of eye drops as an
example of MDMS used in glaucoma, a widely diffused eye disease. The choice is due to
the fact that some products used in this field of application and containing similar
substances are marketed either as medicinal products or as medical devices or, using
other dosage forms, as food supplements. Accordingly, it is important to underscore in the
various cases what may be the principal mode of action and the contribution of additional
mechanisms as derived, for example, from system pharmacology data. Their analysis may
help to exemplify some of the problems around the sometimes fuzzy border between
MDMS and medicinal products suggesting the need for new definitions and regulatory
decisions about MDMS.
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INTRODUCTION

Medical devices made of substances (MDMS) are health products
used to cure or prevent an illness. From the patient’s point of view
are hardly distinguishable from conventional medicinal products
and they should comply with strict regulatory definitions
involving in their therapeutic action only physicochemical and
not pharmacological, immunological, or metabolic mechanisms
as, usually, medicinal products do.

Indeed, medical devices are vastly used in the healthcare
system alongside conventional medicinal products. The EU
Medical Devices Regulation (Regulation (EU) 2017/745)
recently placed several devices under new classification rules
(EUR-Lex - 02017R0745-20200424 - EN - EUR-Lex, 2022).
MDMS are designed to treat various diseases, and patients are
expected to obtain advantages and benefits with the use of these
products. Clinical data are required to claim any therapeutic
activity and the safety of the device should be corroborated by a
post-market clinical follow-up. It should also be stressed that
medical devices may be composed of substances or combination
of substances which may give origin to whole body exposure (see
Annex VIII of EUR-Lex - 02017R0745-20200424 - EN - EUR-
Lex, 2022), going beyond the physicochemical mean thus
requiring further refinement of the studies on the mechanism
of action.

Even if the European regulatory constraint defines precise
boundaries between MDMS and medicinal products in terms of
mode of action (physical-chemical versus pharmacological,
immunological, metabolic), this definition appears to be
limited and insufficient to describe the increased complexity of
the biological mechanisms elicited by several substances included
some of those present in the MDMS. The regulatory setting is
founded on the classical thinking of a pharmacological
(immunological, metabolic) action, based on an easy and
traceable primary hierarchically organized target and a lock-
key interaction between a substance and its target. This
definition is not incorrect, but it is presently insufficient to
explain the biological and therapeutic effects of several
substances and there is the need to expand and overcome this
dated setting while defining the mode of action of a medicinal
preparation, an MDMS, or, in general, a natural substance. The
definition of pharmacological mechanism of action has been
recently amended and further detailed in the non-binding
guideline proposed by the Medical Device Coordination
Group Document (MDCG 2022-5, 2022) substantially
expanding the possibility to recognize a mechanism as
belonging to pharmacological, immunological, metabolic
domain (as in the case, for example of substances of herbal
origin) when the principal mode of action is complex and
difficult to define or to tribute to a specific substance. On the
other hand, the same document is open to the possibility that a
product containing such substances having pharmacological
action could be qualified as a MDMS if the pharmacological
action is ancillary to the principal intended action of the device.

In order to discuss these points, we decided to deal with a
pathology, glaucoma, and a substance, citicoline, both topics on
which we accumulated some direct experience in the past years.

GLAUCOMA: A RELEVANT CLINICAL
PROBLEM AND AN UNMET MEDICAL
NEED
It is estimated that 67million people worldwide have glaucoma and
glaucoma is the second leading cause of irreversible blindness.
Glaucoma is a disease in which increased intraocular pressure is the
leading cause of a subsequent degeneration of the axons of retinal
ganglion cells (RGCs), which make up the optic nerve. The
neurodegenerative process can progress in spite of intraocular
pressure control (Davis et al., 2016). The loss of RGCs leads to
loss of vision, and if untreated, to blindness (Lavik et al., 2011;
Fahmideh et al., 2021). Drugs commonly used for glaucoma
treatment aim to decrease intraocular pressure, mostly in form
of eye drops, which, according to the clinician intention, should
slow the rate of disease progression sufficiently to avoid functional
impairment from the disease. Eye drops used in managing
glaucoma decrease eye pressure by helping the eye’s fluid to
drain better and/or decreasing the amount of fluid made by the
eye. Drugs to treat glaucoma are classified by their active
ingredient. These include prostaglandin analogs, beta-blockers,
alpha agonists, carbonic anhydrase inhibitors, and rho kinase
inhibitors. In addition, combination drugs are available for
patients who require more than one type of medication. An
older class of medications, the cholinergic agonists (such as
pilocarpine) are not commonly used nowadays due to their side
effects (Weinreb et al., 2014). Considerable efforts have been made
to develop neuroprotective glaucoma treatments that prevent optic
nerve damage.With the development of neurotrophic, antioxidant,
anti-ischemic, anti-inflammatory, antiapoptotic, and
immunomodulatory therapeutic approaches, the broad field of
neuroprotection in glaucoma shows progress in reducing
neurodegeneration and thus stabilizing visual function in
experimental studies. Unfortunately, no firm evidence exists that
these agents can prevent long-term disease progression in patients
with glaucoma, and still, there is a long way from basic research to
the clinic (Weinreb et al., 2014; Jünemann et al., 2021).
Complementary and alternative medicine is meant to be used as
adjuncts to traditional therapy, including oral food supplements
and MDMS (usually in the form of eye drops). It is estimated that
5–15% of glaucoma patients, reportedly spending billions of dollars
annually, take some form of alternative medicine based only on
their impression that it will help treat their glaucoma (John
Hetherington, 2013). Nutritional supplementation comprises a
broad array of products intended for ingestion to meet essential
nutritional requirements. These products can be categorized as
vitamins,minerals, herbals, botanicals, amino acids, fatty acids, and
other dietary supplements used individually or in combination
(Fahmideh et al., 2021). RegardingMDMS used in glaucoma, some
of the claims lay on neuroprotection (by restoring the integrity of
retinal ganglion cell membrane) and antioxidant activities
including topical coenzyme Q10, citicoline, hyaluronic acid,
mannitol, and vitamins B12 and E alone or in combinations. It
should be mentioned that, so far, no neuroprotective drugs have
been approved by the FDA and the clinical studies behind these
substances are few and the majority limited to non-
randomized ones.
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CITICOLINE AT THE BORDER OF VARIOUS
REGULATORY DOMAINS

Among the different substances, citicoline is a challenging
example, worthy of attention. Indeed, citicoline has been used
in several countries for several decades and, based on its
properties and route of administration, this substance can be
used as a drug, as a food supplement, as a food for special medical
purposes, or can be dispensed as an MDMS.

Citicoline, the generic name of the International
Nonproprietary Name of cytidine-5′-diphosphocholine (CDP-
choline, CDPCho), is a particular molecule with psychic
stimulating and nootropic activity (Adibhatla and Hatcher,
2002). In Japan and Europe, citicoline was originally used as a
prescription injectable drug for the treatment of cerebrovascular
and cognition disorders in people who are healing from a stroke.
Nowadays, it is world widely used as an over counter dietary
supplement.

Citicoline plays a vital role in the biosynthesis of
phospholipids and their precursors and in maintaining the
phospholipid components in the cell membranes. Its
mechanism of action as well as its biological effects are
multifactorial and include, but are not limited to, 1)
preservation of cardiolipin and sphingomyelin; 2) restoration
of phosphatidylcholine; 3) stimulation of glutathione synthesis; 4)
reduction of glutamate concentration; 5) rescue of mitochondrial
function, preventing neural apoptosis; 6) synthesis of myelin; 7)
improvements of acetylcholine synthesis. These actions (see also
Oddone et al., 2021 for a review) may lead to the prevention of
endothelial dysfunction and exert a neuroprotective role of the
retina (Pascale et al., 2012; Parisi et al., 2018). Thus, the
neurotherapeutic effect of citicoline could be multifarious,
mainly by improving neuronal membrane integrity,
maintaining cellular communications with its environment,
reducing oxidative stress, and improving the synthesis of
neurotransmitters such as acetylcholine and dopamine. There
is, in fact, evidence of a clinical effect of citicoline on several
neurodegenerative diseases such as Parkinson’s disease, senile
and vascular dementia, and stroke (Vale, 2008; Alvarez-Sabín
et al., 2013; Gareri et al., 2017; Mehta et al., 2019).

Indeed, the route of administration, dosage form, and
consumption do affect its indication. When this molecule is
given, it is metabolized, resulting in the production of choline.
The latter is a precursor of acetylcholine, one of the most
important neurotransmitters of our nervous system, involved
in numerous cognitive functions, such as, for example, memory
and attention (Grieb et al., 2015). In fact, nootropic substances
generally carry out their actions by promoting the production of
neurotransmitters, providing the body with the molecules
necessary for their synthesis (Gandolfi et al., 2020).

USE OF CITICOLINE IN GLAUCOMA

Recently, due to its neuroprotective properties, citicoline has been
proposed and studied as a complementary treatment of glaucoma
(both as special food for medical purposes and as MDMS

available as eye drops, in the latter case in association with
hyaluronic acid, based on its activities in preserving the cell
membrane, see below for further comments) (See Table 1).

Systemic Administration (as a Food
Supplement or Food for Special Medical
Purposes)
A recent review extensively summarized the relationship between
the cholinergic nervous system and visual function and the
potential implications for glaucoma neuroprotection and/or
neuroenhancement (Faiq et al., 2019).

Nevertheless, in 2014, EFSA (European Food Security
Authority) pronounced on the scientific substantiation of a
health claim related to the new food cytidine 5-
diphosphocholine and maintenance of normal vision in elderly
subjects sincemiddle age. EFSA concluded that a cause-and-effect
relationship has not been established between the consumption of
CDP-choline and the maintenance of normal vision; therefore,
the previously mentioned health claim cannot be supported
(Agostoni et al., 2014).

In the aforementioned examples the use of citicoline in
symptomatic disease (glaucoma), is proposed whereas its
intake by the asymptomatic general population for possible
prophylaxis of this disease is not considered as supported.

Eye Drop Administration
Citicoline in eye drops can counteract the visual impairment of
glaucoma (see also Table 1 summarizing the main characteristics
of clinical studies with citicoline in patients with glaucoma).
Notably citicoline (2%) eye drop administration can give
origin to substantial intravitreal concentrations of the
compound (Carnevale et al., 2019). A study highlighted that
the combination of citicoline in eye drops reduces eye pressure
and slows down both anatomical and functional glaucomatous
damage (Rossetti et al., 2020a). The study results showed that if
glaucoma patients are accompanied by eye drops containing
citicoline, in addition to ocular hypotensive therapy, the
glaucomatous damage slows down significantly. Literature data
show the positive effects of citicoline in glaucoma and more
general in neurodegenerative diseases (Parisi et al., 1999, 2008,
2015; Ottobelli et al., 2013). It is interesting to note that in some
studies (Roberti et al., 2014; Parisi et al., 2015, 2019), when
glaucomatous patients were treated with citicoline eye drops,
the improvement of retinal ganglion cell function (detected by
pattern electroretinogram) and neural conduction along the
visual pathways (detectable by shortening of visual evoked
potentials) were observed. These outcomes demonstrate that
citicoline not only prevents the progression of glaucoma but
may assist the functional recovery of injured retinal ganglion cells
as shown by recovery in the nerve signal conduction in treated
patients possibly due to the RGC membrane stabilization (Parisi
et al., 2015, 2019).

Once again, all the eye drops preparations containing
citicoline used in these studies were medical devices and, as
highlighted before, a medical device should not base its
activity on pharmacological, immunological, or enzymatic
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TABLE 1 | Clinical studies with citicoline in patients with glaucoma.

Product
Dispensed
as*

Indicated Dose
and Time

of Treatment

Other Active
Substances
Present
in the

Product

Study Design
and Number
of subjects

Parameter Measured,
Comparator, and
Observed Results

References

Medicinal
product

1 g IM injection per day for
10 days

— Non-randomized clinical study Improvement of visual fields was
observed in the patients who had
already taken beta-blocker eye drops.
The authors suggested decreased
glaucomatous optic nerve damage

Giraldi et al.
(1989)

30 patients (47 eyes) suffering from
open-angle glaucoma

Medicinal
product

1 g IM injection per day for
2 cycles of 60 days with
120 days of washout period

— Randomized placebo-controlled
clinical study. Citicoline group (n =
25) and placebo group (n = 15)

The placebo group was treated with a
physiologic solution. Visual evoked
potentials and pattern-
electroretinograms improved in the
citicoline group at different timelines

Parisi et al.
(1999)

Medicinal
product

1 g IM injection per day for
15 days repeated every
6 months lasted for 10 years

— Placebo-controlled clinical study. 11
patients were treated with citicoline,
while 12 patients received no
treatment at all

They all had an ocular pressure
normalized by topical

Virno et al.
(2000)

pharmacological treatment. Citicoline
administration seems
to prevent the progression of perimetric
deficits in glaucomatous patients

Food
supplement

1 g orally taken per day for
2 weeks, 2 days of washout, and
repeated another 14 days of
treatment

— Non-randomized clinical study. 21
glaucomatous eyes

Improvement of visual evoked
potentials in glaucomatous patients

Rejdak et al.
(2003)

Food
supplement

500 mg orally taken citicoline per
day for 4 months, followed by a
2-months of washout, after
which the therapy cycle was
repeated again for another
6 months

— Randomized clinical study.
Citicoline group (n = 30) and control
group (n = 30), the latter did not
receive any treatment

Increased retinal nerve fiber layer
thickness and ganglion cell complex
thickness were observed in the
citicoline group compared to the control
(without citicoline) group after
12 months. The authors suggested that
citicoline therapy seems to be effective
in slowing POAG progression

Lanza et al.
(2019)

Food
supplement

500 mg orally taken citicoline per
day in 2 groups: Group 1 topical
IOP lowering therapy alone for
the first 4 months, after which
they received treatment in
addition to the topical therapy for
the next 4 months. Group 2
received treatment in addition to
the topical IOP lowering therapy
for 4 months and then continued
with the topical therapy alone for
the next 4 months

homotaurine
50 mg, and vitamin
E 12 mg

Observational, cross over study. 41
glaucomatous patients in group 1
and 63 glaucomatous patients in
group 2

A daily intake of a fixed combination of
citicoline, homotaurine, and vitamin E in
addition to the topical medical
treatment significantly increased the
total score of the contrast sensitivity test
and the quality of life in patients with
POAG.

Marino et al.
(2020)

Food
supplement

250 mg orally taken citicoline per
day for 3 months and 1 month
washout period

— Randomized clinical study. 27
glaucomatous patients were in the
treatment group while 27 patients
were assigned to the control group

Increased inferior quadrant retinal nerve
fiber layer thickness in the citicoline
group at 3 months was significantly
greater than in the control group. Study
data show that citicoline may have a
significant impact on slowing glaucoma
progression, which could have a
potential neuroprotective effect

Sahin et al.
(2022)

MDMS Eye
drops

200 mg citicoline eye drops
3 times daily for 4 months
followed by 2 months washout
period

Hyaluronic acid
20 mg

Randomized clinical study Topical treatment with citicoline in
POAG eyes induces an enhancement
of the retinal bioelectrical responses (an
increase of pattern electroretinogram

Parisi et al.
(2015)

(Continued on following page)
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properties. The view is not easy to be reconciled with the observed
actions unless played exclusively at the plasma membrane level
preserving its integrity.

From a more general point of view it will be important to
thoroughly compare the doses used in the various studies
following the different ways of administration to gain
information on the citicoline eye levels when given topically
and systemically.

SOME ADDITIONAL NOTES INVOLVING
THE MECHANISM OF THE DESCRIBED
ACTIONS AND THEIR RELEVANCE TO THE
REGULATORY CLASSIFICATION OF THE
PRODUCT

According to the literature data, there is the possibility that
citicoline, given systemically, as a food supplement or food for
special medical purposes, may act through its multiple
interactions (described in the previous sections and also
depicted in Figure 1) which do not fit the definition of
pharmacological (immunologic, metabolic) mechanism because
the final effect derives from complex interactions that bring about
changes in a way that cannot be pinpointed at the single target/
receptor level (Bilia et al., 2021).

As suggested by some of the nodes in Figure 1 there are
elements indicating citicoline involvement in glaucoma in
pathways known to have an important role in
neurodegeneration and apoptosis. Neurodegenerative pathways

are of interest in the development of glaucoma since this
condition is recognized not only as an ocular disease but also
as a neurodegenerative disorder. In these years, many
experimental and clinical studies have shown that in
glaucoma, neuronal degeneration occurs not only at the level
of the retina and optic nerve but also along the entire visual
pathway and the brain.

A pathway that acts on glaucoma pathogenesis is caspase-3
(CASP3), citicoline has a potential neuroprotective effect by being
involved in apoptosis through the CASP3 target and therefore
management of neurodegenerative disorders. The citicoline effect
is attributed to the control of neuronal apoptosis and to the
induction of the regeneration of newborn RGCs neurites in
experimental models including retinal explants and rat optic
nerve crush model (Oshitari et al., 2010; Kitamura et al.,
2019). In an in vitro study, citicoline administration to rat
primary retinal cell cultures protected from apoptosis, by
means of a reduced frequency of caspases activation and
accumulation of apoptosis markers, in the presence of
glutamate-induced excitotoxicity and high glucose challenge
(Matteucci et al., 2014). In addition, in a recent study on a
methanol-intoxicated retina model in rats, it is hypothesized
that citicoline is able to minimize the loss of retinal ganglion
cells and the disruption of photoreceptors, to suppress ganglion
layer edema, to increase the expression of the antiapoptotic BCL-
2 protein, and finally to decrease the expression of the
proapoptotic caspase-3 protein (Laksmita et al., 2021).

The treatment with eye drops containing citicoline may be
effective in suppressing oxidative stress and controlling
inflammation in UVB corneal injury. Not only CASP3 was

TABLE 1 | (Continued) Clinical studies with citicoline in patients with glaucoma.

Product
Dispensed
as*

Indicated Dose
and Time

of Treatment

Other Active
Substances
Present
in the

Product

Study Design
and Number
of subjects

Parameter Measured,
Comparator, and
Observed Results

References

amplitude) with a consequent
improvement of the bioelectrical activity
of the visual cortex

24 glaucomatous eyes were treated
with topical citicoline, and another
23 glaucomatous eyes were only
treated with IOP lowering treatment

MDMS Eye
drops

200 mg citicoline eye drops
3 times daily for 3 years

Hyaluronic acid
20 mg

Randomized, double-masked,
placebo-controlled, clinical study.
40 patients were in the citicoline
group whereas 38 patients were in
the placebo group

Patients receiving citicoline eye drops
lost lesser retinal nerve fiber layer
thickness in 3 years, versus the placebo
group. The authors suggest that
citicoline could be a complementary
treatment in the management of
patients with progressing glaucoma

Rossetti et al.
(2020b)

*Different commercially available forms of citicoline are present in Europe, The reported classification was done by the authors based on the route of administration and does not
necessarily reflects regulatory boundaries. In the case of the Medicinal Product category it was considered that the injectable form of citicoline is approved in Europe and Japan for use in
stroke, head trauma, and other neurological disorders. The use of the injectable preparation for glaucoma is experimental. Several oral preparations of citicoline alone or in combination are
used as a dietary supplements with no claims allowed but their use was experimental in the quoted studies. However citicoline is also available in oral formulations as food for special
medical purposes for the dietary management of patients with glaucoma pharmacologically stabilized and with progressive loss of visual field. The drop dosage form of citicoline in
European countries is available and considered a medical device indicated in glaucomatous patients as coadjutant to hypotensive therapy.
AbbreviationsIM: intramuscular; MMDS, medical devices made of substances; POAG, primary open-angle glaucoma; IOP, intraocular pressure.
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evaluated but also other targets of the protein-protein
interactions as Matrix metalloproteinase (MMP) −2 and −9. In
particular, after immunofluorescent staining and Western blot
analysis, an increased MMP-2, -9, and caspase-3 in the UVB-only
group compared with the UVB/citicoline group have been shown.
Citicoline treatment may be effective in suppressing oxidative
stress and consequently controlling inflammation in UVB corneal
injury. Citicoline exerts this effect by inhibiting lipid peroxidation
and increasing antioxidant defense mechanisms (Tokuc et al.,
2021).

AKT1 also is an interesting “crowded” node emerging from
Figure 1. Indeed the PI3K/AKT pathway plays a role in
neurodegeneration and in glaucoma, being involved in retinal
ganglion cells and trabecular meshwork cell apoptosis, and in
autophagy (He et al., 2018). However, as far as to our knowledge,
there are only indirect data showing in animal studies that

citicoline may act regulating such pathway in a radiation-
induced brain injury rodent model (Abdel-Aziz, Moustafa and
Saada., 2021).

As it emerges from the previous paragraphs citicoline has many
biological interactions with cellular mechanisms. As depicted in
Figure 1 a bioinformatic analysis based on the interaction between
targets of citicoline and glaucoma involved genes provides a
conspicuous list of plausible targets, including some major
crossroad intersections with neurodegeneration, apoptotic
processes, vascular and metabolic pathways linked to oxidative
stress. The questions arising are: 1) can all these nodes and
putative pathways be confirmed by direct experimental data? 2)
are these pathways engaged at the doses used clinically and through
which route of administration? And, further, do these mechanisms
fit exactly any of the present regulatory constraints to distinguish
whether the product is an MDMS or a medicinal product?

FIGURE 1 | PPI (protein-protein interaction) Network. The chemical structure of Citicoline was imported into SwissTargetPrediction data library (www.
swisstargetprediction.ch) and the target of citicoline was predicted (Gfeller et al., 2014). In DisGenNet (https://disgenet.org/) the keyword of “Glaucoma”was selected to
collect the targets of this disease. In order to analyze the interaction between target proteins, the targets of citicoline and glaucoma were selected and imported into the
STRING database (https://string-db.org); the interactions were analyzed by selecting “Homo sapiens” as organism and setting the confidence basis to 0.4 as done
by Lian and Zheng (Liang et al., 2016; Zheng et al., 2021). The image uses connectivity strength as the driving force for the layout, posing strongly connected nodes
closely together, at the same time the more edge enters each node, the more involved each enzyme is in the pathogenesis of glaucoma (edges represent functional
associations) (ACDY10: adenylate cyclase type 10; AKT1: protein kinase B (serine-threonine specific protein kinases); CA12: carbonic anhydrase 12; CA2: carbonic
anhydrase 2; CA9: carbonic anhydrase 9; CASP3: caspase-3; EDNRA: endothelin receptor type A; EP300: histone acetyltransferase p300; HDAC1: histone deacetylase
1; HSPA1A: heat shock protein family A; MDM2:mouse double minute 2; MMP1: matrix metallo proteinase-1; MMP2: matrix metallo proteinase-2; MMP3: matrix metallo
proteinase-3; MMP9: matrix metallopeptidase 9; P2RY6: pyrimidinic receptor P2Y6; VHL: Von Hippel-Lindau tumor suppressor).
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The findings of the studies briefly summarized above confirm
the suggestion stemming out from the bioinformatic model
involving multiple targets and a network of various
correlators. The relevance of some of these targets were
already suggested by clinical studies or literature searching
whereas others are presently based only on bioinformatics data
and are waiting for an experimental confirmation.

CONCLUSION

The case of the medical applications of citicoline and in
particular of its use of glaucoma is emblematic of the
difficulties of classifying some substances neatly and
unambiguously as belonging to a regulatory class
(medicinal product, medical device based on substances,
food supplement, food for special medical purposes) (as
also summarized in Figure 2). There are several variables
including commercial choices (development investments,
market access easiness, price/reimbursement) and the
difficulties emerging when examining the mechanism of
action of a given substance. As far as the latter point, the
new investigational and bioinformatic techniques have
opened to the concept of system pharmacology, which may
apply to a single substance having multiple targets (as in the
citicoline example) as well as to complex mix of substances, as
derived from natural sources, for which is not possible to
tribute the effect to a an easy and traceable primary
hierarchically organized target and a lock-key interaction
between a substance and its target, but rather to the
resultant balanced action on multiple targets (see also

Racchi et al., 2016; Bilia et al., 2021). In some cases these
substances have already an history of either food or medical
(albeit not registered) use in humans and a known profile of
safety. Presently their development either as drugs or as
MDMS is paved by difficulties and one is the
discrimination between pharmacological and non-
pharmacological mode of action that, as shown in the case
of citicoline, may not be easy to discriminate and may differ
according to associated variables such as the way of
administration, the dose, the selection of a target among
many possible/available. Provided the demonstration of a
clinical activity consistent with the intended proposed use
and the compliance to safety standards it may be proposed
that such active substances, not fully complying with the
present regulatory definitions concerning the mode of
action, may follow either the MDMS or the medicinal
product registration procedure rather than be confined to
the fuzzy domain of food supplements which does not prevent
their use but does not impose clinical demonstration of their
efficacy and therefore, correctly, does not allow specific
claims.

The way of reasoning here used for citicoline as a case study
may be applied also to a mix of substances or to complex
substances of natural origin at the cost of exponentially
increasing difficulties because of the need to: 1) identify all
the potential targets for each single molecule in study and
match them with critical pathogenic biological targets/
pathways underlying the disease; 2) verify to what extent
each target is critical in the development/control of the
disease and their hierarchical organization; 3) verify to what
extent the activation and/or inhibition of the biological target

FIGURE 2 |Mode of action of a substance and relationships with regulatory pathways. The figure shows that the advancements in the knowledge of cell signaling
pathways and in bioinformatics and system pharmacology have led to the understanding of novel mechanisms underlying the activity of several substances. These
mechanisms do not fit the usual definitions used to classify a substance as belonging to a medicinal product or a MDMS domain. A revision of the present criteria when
evaluating a mode of action of a substance integrating these new aspects may be needed. See text for further comments.
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takes place at the doses/routes of administration used for the
intended purposes. It has then to be decided whether these
mechanisms involve specific interactions, at the molecular
level, with the biological targets and whether their
engagement orientates toward the classification as medicinal
product or allows also the MDMS classification depending
upon the use, the dose, the mode of administration. On the
other hand these aspects dealing with system biology and
network pharmacology are further blurring the boundaries
between drugs and MDs underscoring the need to further
develop the scientific debate.
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