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Abstract

Wound healing, especially diabetic ones, is a relevant clinical problem, so it is not

surprising that surgical procedures are often needed. To overcome invasive proce-

dures, several strategies with drugs or natural compound are used. Recently, in an

experimental study, we described an increase in keratinocyte proliferation after

their exposition to quercetin plus oleic acid. In the present clinical study, we eval-

uated both the clinical efficacy and the safety of nano-hydrogel embedded with

quercetin and oleic acid in the treatment of lower limb skin wound in patients

with diabetes mellitus (DM). Fifty-six DM patients (28 men and 28 women, mean

age 61.7 ± 9.2 years) unsuccessfully treated with mechanical compression were

enrolled and randomised to receive an add on treatment with hyaluronic acid

(0.2%) or nano-hydrogel embedded with quercetin and oleic acid. The treatment

with nano-hydrogel embedded with quercetin and oleic acid significantly

(P < .01) reduced the wound healing time, in comparison to hyaluronic acid

(0.2%) without developing of adverse drug reactions, suggesting that this formula-

tion could be used in the management of wound healing even if other clinical tri-

als must be performed in order to validate this observation.
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1 | INTRODUCTION

Wound healing is the physiological restorative and
homeostatic response to tissue injury and consists of four
overlapping classic phases (ie, haemostasis, inflamma-
tion, proliferation, and remodelling) where several cell
populations and soluble mediators are involved.1 Pathologi-
cal impairment of wound healing response causes persis-
tent ulceration, as seen in diabetic patients or in subjects

with vasculopathy, leading to a poor quality of life and a
higher risk to develop infections.2 To date, the therapeutic
approaches include surgical debridement (for local wound
care), dressings promoting, a moist wound environment,
wound off-loading, vascular assessment, treatment of active
infection, and glycemic control.3-9 Full thickness skin grafts
are commonly used to cover the fingertip soft tissue defects
and in some case the use of autologous growth factor blood
derivatives is mandatory.1 However, new compounds from
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natural source as well as synthetic polymeric approaches
based on hyaluronic acid, named nanohydrogel, represent
an intense and promising field of research.10,11 Previously,
we documented the beneficial effects of flavonoids, in the
treatment of chronic venous ulcerations4 and recently, it
has been reported that, among the plethora of flavonoids,
quercetin (Que) is able to promote wound healing pro-
cess.12-14 On the other hand, oleic acid (OA), locally applied
or took orally, is able to both modulate immune response
and restore inflammatory acute phase in wound healing.14

Therefore, the aim of this pilot study was to evaluate both
efficacy and safety of the nano-hydrogel embedded with
Que and OA as new topical formulation in the treatment
of skin wound in diabetic patients.

2 | METHODS

2.1 | Drugs

Hyaluronic sodium salt (HA-Na, Mw = 280 × 103) was
provided by Contipro (Dolní Dobrouč, Czech Republic).
Twelve men and 12 women, mean age 62 ± 9 years.

2.2 | Patients

We performed a randomised, prospective, and parallel
groups double blind study (patients and physicians did not
know the group of treatment) from February 2017 to
October 2019 in diabetes mellitus (DM) patients with foot
skin wound admitted to the vascular division of the
“Pugliese Ciaccio” Hospital of Catanzaro. The study proto-
col was approved by the Local Ethics Committee, and the
work was conducted in agreement with Institutional
Review Board/Human Subjects Research Committee
requirements. Before the beginning of the study, all partici-
pants were informed about the aim, procedures, risks, and
benefits of the study and they signed the informed consent.

2.2.1 | Inclusion criteria

Patients of both sexes >18 year-old and with chronic his-
tory of DM with foot skin wound.

2.2.2 | Exclusion criteria

Hypersensitivity to flavonoids or to nutrients, severe clinical
conditions (such as cancer, chronic hepatitis, human immu-
nodeficiency virus, autoimmune diseases, platelet disorders,
thrombocytopenia, bone marrow aplasia, uncompensated

diabetes, sepsis, osteomyelitis, and loss of substance rep-
resenting more than 50% of the segments); neuropsychiatric
diseases (eg, psychosis and depression for the risk of low
adherence to the treatment); local or systemic treatments
(chemotherapy or radiotherapy, antiplatelets); non-diabetic
wound; patients that did not sign the informed consent.

2.3 | End points

The primary efficacy end-point was the statistically signifi-
cant difference (P < .05) in the wound area between the
two groups of treatment recorded during the follow-ups.

The secondary efficacy end-point was the statistically
significant difference (P < .05) in the time of wound
healing, between the two groups as well as the decrease
in the indirect signs of inflammation (ie, oedema, red-
ness, and pain). The primary safety end-point was the dif-
ference (P < .05) in the development of skin adverse
effects (eg, skin allergy or skin discomfort) during the
topical administration of the compounds, resulting or not
in a therapeutic intervention (eg, glucocorticoid adminis-
tration). The relationship between adverse drug reactions
(ADRs) and drug treatment was evaluated using the
Naranjo adverse probability scale in agreement with our
previous studies.15,16 The secondary safety end-point was
defined as a statistically significant difference (P < .05) in
the development of infections between the two groups.
The development of infections was defined as the devel-
opment of indirect signs of inflammation (ie, oedema,
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redness, and pain), resulting in a major therapeutic inter-
vention (eg, surgery or antibiotic treatment).

2.4 | Experimental protocol

Enrolled patients were randomised to receive an add on
treatment with topical formulation of hyaluronic acid (2%)
(Group A) or a topical formulation of nano-hydrogel (0.2%)
embedded with Qu and OA (equimolar doses) (Group B). In
all patients, elastic (mechanical) compression was applied in
order to avoid venous-lymphatic interference with the regen-
eration process. To reduce the bias during the study, topical
formulations were administered to patients, only for the first
time, from the same nurse blinded to both treatment and
experimental protocol. Before the hospital discharge, to each
enrolled patient was given an anonymous formulation jar to
continue the topical treatment at home. To exclude the loss
of adherence at home, each patient and their caregiver
(when older than 75 years) received a daily message on their
mobile throughout the study period. During the study, a

topical or systemic antimicrobial treatment was administered
in accordance with clinical evaluation. Wound healing was
assessed at the time of enrolment and after the discharge and
during the follow-ups using a direct ulcer tracing onto clear
plastic sheet and subsequent computerised polarimetry, in
agreement with our previous papers.17 In both groups, topi-
cal treatment was administered for 2 months, the follow-ups
were performed every week after the beginning of the treat-
ment up to 12 months later (end of the study). The unre-
sponsive patients were changed of group or made to undergo
other treatments. In the presence of local infection detected
during the follow-up, the physician must add an antimicro-
bial treatment and in agreement with patient can choose to
continue the study, to change the group, or to stop the study.

2.5 | Statistical analysis

The statistical analysis was performed using the analysis
of variance one-way followed by Student–Newman–
Keuls as post-hoc test. The threshold of statistical

FIGURE 1 CONSORT 2010 flow diagram
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significance was set at *P < .05. All statistical procedures
were performed using the SPSS 21.0 software (SPSS Inc.,
Chicago, Illinois). In this experimental study, we did not
determine a power calculation; therefore, this study must
be evaluated as explorative.

3 | RESULTS

After a detailed clinical history, 83 patients (43 men and
40 women, mean age 68.5 ± 9.6 years) with a history of
diabetic foot ulcers (DFUs) unresponsive to the standard
treatments were recruited, and 56 of these (28 men and
28 women, mean age 61.7 ± 9.2 years) were enclosed and
randomised in two groups (Figure 1):

Group A: hyaluronic acid (0.2%): 28 patients (14 men
and 14 women; mean age 67.9 ± 8.4 years);

Group B: nano-hydrogel embedded with Qu and OA:
28 patients (14 men and 14 women; mean age 69.3 ±
9.2 years).

At admission, enrolled patients showed similar
comorbidity (ie, hypertension and chronic obstructive
pulmonary disease [COPD]) and similar characteristic of
ulcers (Table 1). All patients successfully completed the
protocol and no one was lost during the follow-ups.

3.1 | EFFICACY OUTCOMES

Discomfort pain was more frequent in Group A (pain score
measure through the visual analogical scale [VAS]: 4) than
in Group B (VAS: 2), 5 days after procedure (P < .05). After
1 month of treatment, we documented a complete healing
in nine patients of Group A (32.2%; VAS: 2) and in 19 of
Group B (67.8%; VAS: 1) (P < .01), with a shorter time of
healing (P < .01) in Group B (10 ± 5 days) with respect to

the Group A (25 ± 4 days), depending on the wound size,
wound depth, and general patient condition. Within
60 days, we documented a total re-epithelization in
16 patients in Group A (57.1%) and in 26 patients enrolled
in Group B (92.8%) (P < .01). The unresponsive patients
enrolled in Group A (N:3 2 women and 1 man) were chan-
ged to Group B (nano-hydrogel embedded with Qu and
OA) with a complete wound healing in 1 month. Only two
patients of 56 (3.6%) were unresponsive to the treatment
after 3 months. In particular, one of these enrolled in
Group B underwent surgery, the second patient changed
from Group A to Group B with an initial healing 40 days
later. No local recurrence was observed during the follow-
up period.

3.2 | SECURITY OUTCOMES

Sixteen of 28 patients (57.2%) enrolled in Group A, devel-
oped a local infection, the patients chose to continue the
study and to start an antimicrobial drug that induced the
healing of infection. This event was not recorded in
Group B. Moreover, during the study we did not record
the development of other ADRs (eg, topical skin allergy,
skin discoloration, or keloid scars) in any group.

4 | DISCUSSION

DFUs are a prevalent complication of DM and the Inter-
national Diabetes Federation reports that 9.1 to 26.1 mil-
lion patients develop DFUs annually18 Walsh et al,19

described that patients with DFU have a 5% mortality in
the first 12 months, 42% within 5 years, and a 2.5-fold
increased risk of death compared with diabetic patients
without foot ulcers. Although the principles that guide
the standard of care are rigorous, there is still a signifi-
cant gap between our current and desired wound healing
outcomes.20,21 In this study, we evaluated the effects of a
new compound (nano-hydrogel embedded with Qu and
OA) in the management of DFU.

We decide to use Qu and OA in equimolar concentra-
tion because recently we documented both in vivo and
in vitro studies that an ester synthetic, derivative of those
molecules, is able to restore skin lesions acting as a
GPR40 agonist.22 It is worth noting that keratinocytes
contain the enzymatic set capable to form esters. In the
present observational blinded study, we recognised that
this new topical formulation induced a rapid wound
healing compared to topical administration of hyaluronic
acid (2%).20 Currently, Qu and related flavonoids are
well-known phosphatidylinositol 3 kinase (PI3-kinase),
xanthine oxidase, cyclooxygenase inhibitors, and GPR40

TABLE 1 Characteristics of patients enrolled in Group A

(hyaluronic acid 2%) and in Group B (nano-hydrogel embedded

with quercetin plus oleic acid)

Characteristics Group A (n) Group B (n)

Mean age 67.9 ± 8.4 69.3 ± 9.2

Male 14 14

Female 14 14

Diabetes type II 28 28

Blood hypertension 21 20

COPD 15 14

Malleolar wound 16 17

Hell wound 8 8

Finger wound 4 3
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agonist; therefore has anti-inflammatory anti-plateles
and antiedematous effects. Similarly, OA modulates
immune response in wound healing and restores inflam-
matory acute phase supporting the synergic effect of Qu
and OA in the management of DFU. In order to improve
these effects, we embedded these molecules in a nano-
hydrogel containing hyaluronic acid that is able both to
reduce pain and improve tissue viscoelasticity. Moreover,
several authors reported that hyaluronic acid hydrates
and modulates the cellular microenvironment, while its
cell surface receptor bindings induce cell-to-cell adhe-
sions, cell-substrate adhesions, proliferations, and cell
migrations. Therefore, hyaluronic acid facilitates the
entry of a large number of cells to the wound site and
also contributes to the orientation of the extracellular
matrix and fibrous component.23-25 Considering these
effects, we reported an improvement with both formula-
tions even if we reached the primary end-point in nine
patients treated with the new compound (nano-hydrogel
embedded with Qu and OA) respect to four patients
treated with hyaluronic acid alone, supporting a synergis-
tic affects between hyaluronic acid, quercetin, and
OA. Interestingly, this formulation also induced a signifi-
cant decrease in pain that could facilitate the topical
treatment in chronic conditions. Only two patients did
not reach the primary end-point efficacy, but this could
be related to the clinical condition of DFU. Furthermore,
patients living with DFUs suffer great morbidity, lower
health-related quality of life, and poorer psychosocial
adjustment26 and have a high risk of ADRs or local
infections.

In our study, patients treated with hyaluronic acid
alone developed a local infection that required an antimi-
crobial treatment, while the association of Qu plus OA
embedded in nano-hydrogel did not induce the develop-
ment of topical or systemic side effects suggesting that it
can be safely used in diabetic patients. This issue is very
relevant and represents a strong opportunity considering
that diabetic foot infection (eg, related to Staphylococcus
aureus or Pseudomonas aeruginosa infection) is a fre-
quent and severe complication in those patients27 in
which antimicrobial/antibiotic treatment is mandatory,
despite the presence of drug resistance.2,28 This latter
issue represents both, clinical and social problem and it
is actually under consideration by the world health orga-
nisation. The clinical evidence herein highlighted by this
formulation is in agreement with the action of each com-
pound used alone. In fact, Qu by itself has strong antimi-
crobial and antioxidant activity,29-31 while AO increases
the expression of vascular endothelial growth factor-
alpha (VEGF-α) and interleukin-1beta (IL-1β).32 Finally,
several authors documented that the treatment of DFUs
accounts for approximately one-third the total cost of

diabetic care,33 but only few patients, about 20%, have
unhealed DFUs at 1 year34,35 and about 40% have a recur-
rence in 1 year.18 Even if in our study we do not per-
formed an economic evaluation, we can affirm that the
topical treatment was performed at home and did not
require other treatment or hospitalisation, and also no
recurrence occured, suggesting that this treatment could
be cost/saving. The little number of enrolled patients rep-
resents the limitation of this study, but it has the merit to
evaluate for the first time the effect of a new compound
that could play a role in the management of this chronic
disease. In conclusion, this pilot study documented that
this new topical pharmacological formulation may be
effective and safe for skin repair in diabetic patients. Fur-
thermore, other clinical trials should be performed in
order to validate these data in a large group of patients.
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