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Abstract

Background and aim: In this study, an attempt has been made to investigate the clinical
efficacy of nano-hydrogel (0.2%) embedded with oleic acid and quercetin in comparison
with the results of nano-hydrogel (0.2%) alone in the treatment of diabetic foot ulcers in
diabetes mellitus patients.

Method: The current study was a randomized clinical trial study in 200 diabetic patients
with diabetic foot ulcers referred to Amir-ol-momenin Hospital in Savad Kuh,
Mazandaran, Iran during the years 2021 to 2022 were divided into two intervention groups
(nano-hydrogel) by random sampling method and based on the inclusion criteria (0.2%)
embedded with oleic acid and quercetin) and control group (hyaluronic acid (2%) alone)
were divided (100 patients in each group). Statistical analysis was done with SPSS
software version 23. Differences with p-value<0.05 were considered significant. Both
groups received topical treatment daily for two months. Follow-up was done every week
for six months from the beginning of the study.

Result: The mean pain in the intervention group (2.12+0.95) was significantly lower
compared to the control group (4.72+1.34) (p<0.01). 64 patients in the intervention group
and 31 patients in the control group experienced complete healing with a shorter average
time (p>0.05).

Conclusion: The present study showed that the use of nano-hydrogel (0.2%) embedded
with oleic acid and quercetin can significantly reduce the recovery period compared to
nano-hydrogel (0.2%) alone; It also significantly reduced the amount of pain.
Keywords: Nano-hydrogel, Diabetes mellitus, Quercetin , Oleic acid, Diabetic foot ulcer

Introduction

Despite the medical and surgical advances in the last decade, problems related to the diabetic
foot ulcer, which is one of the most important chronic complications of diabetes, still remain
as a health problem and include the single biggest risk factor of non-traumatic foot
amputations(1). The probability of a diabetic patient suffering from foot lesions
(ulcers/gangrene) throughout his life is estimated to be 15-25% with an annual incidence of
1.4-1%, and more than 15% of these wounds will eventually lead to limb amputation(2). The
risk of developing a diabetic foot ulcer for the first time increases in patients with a history of
diabetes for more than 10 years, men, people with poor blood sugar control and suffering from
cardiovascular, kidney and eye diseases(3).

Wound healing progresses in an organized manner and involves four processes; Homeostasis,
inflammation, proliferation and remodelling(4). Although the stages of wound healing progress
within a certain range, depending on the internal and external conditions of the patient, wounds
may worsen or progress(5). Impaired healing of diabetic foot ulcers may be caused by the
following: chronic inflammation at the wound site, changes in small vessels, thickening of the
capillary basement membrane, favorable wound environment for infection, decreased blood
flow, and resulting hypoxia. From that, the reduction of intracellular glucose and the increase
of blood sugar in the diabetic wound site may inhibit the xenophagy action of macrophages,
and as a result, necrotic and waste materials are not removed from the wound site, and thus
new vessels, fibroblasts and food They are reduced in the wound.(6, 7). The documentation

shows the great importance of prevention methods and intervention approaches to control and
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treat diabetic foot ulcers(8-12). So far, various treatment approaches have been reported, which
can be referred to as active infection treatment, dressing reinforcement, blood sugar control,
wound drainage, and surgical debridement(13). However, today, the use of nano-hydrogels has
been able to show promising findings in wound treatment(14). Studies have shown that
quercetin can help the wound healing process(15, 16). On the other hand, studies show that
oleic acid can play a role in the wound healing process by modulating the immune response(17-
19). Therefore, in this study, an attempt has been made to investigate the clinical efficacy of
nano-hydrogel (0.2%) embedded with oleic acid and quercetin in comparison with the results
of nano-hydrogel (0.2%) alone in the treatment of diabetic foot ulcers in diabetes mellitus

patients.

Method

The current study was a randomized clinical trial study in which 200 diabetic patients with
diabetic foot ulcers referred to Amir-ol-momenin Hospital in Savad Kuh, Mazandaran, Iran
during the years 2021 to 2022 were divided into two intervention groups (nano-hydrogel) by
random sampling method and based on the inclusion criteria (0.2%) embedded with oleic acid
and quercetin) and control group (hyaluronic acid (2%) alone) were divided (100 patients in

each group).

All patients over 18 years of age who had diabetic foot ulcers were included in the study and
any sensitivity to flavonoids or nutrients, having other diseases such as cancer, platelet
disorders, chronic hepatitis, sepsis and other diseases with severe clinical conditions, mental

disorders - Nerve, non-diabetic wound were excluded from the study.

Informed consent was obtained from all the patients participating in the study, the information
was clearly explained to the patients in an understandable language, and in case of complete
and heartfelt consent, an informed consent was obtained from them. If the patient himself did
not understand or did not have sufficient literacy, it was fully explained to his legal
representative and his child or first-degree relative, and consent was obtained in their presence
and with their approval. The patients included in the study and their companions were fully
assured that if any of the patients are not able to continue cooperating in the research, they can
be withdrawn from the study at any time and that all treatment measures will be performed for

them on time and according to the usual routine, and there will be no interruptions. It is not
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created in their treatment process. It should be mentioned that in the present study, all patients

and doctors did not know the treatment group.

For the intervention group, supplemental treatment was done with the topical formulation of
nano-hydrogel (0.2%) + oleic acid + quercetin, and in the control group, the topical formulation
of nano-hydrogel (0.2%) was performed alone. In the present study, to reduce the bias, the
treatment protocol was given to all patients by one person, and before discharge from the
hospital, he was given the same unknown formulation to use at home. All patients were
followed up every day to remind them by SMS. Both groups received topical treatment daily
for two months. Follow-up was done every week for six months from the beginning of the
study. Twelve patients (7 patients in the control group, 5 patients in the intervention group)
died during one year of observation, 8 patients (3 patients in the control group, 5 patients in the
intervention group) refused to continue the treatment. A total of 20 patients were excluded and

180 patients were examined (90 patients in each group).

Wound healing at the time of entering the study, after discharge and during follow-up was
evaluated using direct wound tracking on a transparent plastic sheet followed by computerized
polarimetry. Visual Analogue Scale (VAS) was used to evaluate pain. the VAS measures pain
intensity. The VAS consists of a 10cm line, with two end points representing 0 ('no pain’) and
10 (‘pain as bad as it could possibly be"). Ask the patient to rate their current level of pain by

placing a mark on the line(20).

Statistical analysis was done with SPSS software version 23. Differences with p-value<0.05
were considered significant. In order to check the normality of the data, the Kolmogorov-
Smirnov test was used. Two study groups were examined in terms of demographic variables.
Due to the normal distribution of the data, statistical tests of one-way analysis of variance,

paired t and independent t were also used.
Result

In the current study, the mean age of participants in the intervention and control groups was
64.84+9.82 and 63.18+9.20, respectively; According to the independent t-test, two groups were
similar and no significant difference was observed in terms of age (p=0.245). 57.8% (n=52)
and 58.9% (n=53) of participants in the intervention and control groups were male,
respectively, according to Fisher's exact test, the two groups were similar (p=0.88). 46.7%

(n=42) and 55.6% (n=50) in intervention and control groups had comorbid hypertension
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(p=0.233); also 46.7% (n=42) and 42.2% (n=38) in intervention and control groups had chronic

obstructive pulmonary disease (p=0.549).

The mean pain in the intervention group (2.12+0.95) was significantly lower compared to the
control group (4.72+1.34) (p<0.01) (Fig.1). After one month from the start of the treatment, a
statistically significant difference was observed between the two groups in terms of complete
healing (p<0.05); Thus, 64 patients in the intervention group and 31 patients in the control
group experienced complete healing with a shorter average time (p>0.05) (Table 1). After two

months of follow-up, all patients in the intervention group reported complete healing, while in
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the control group, after two months, 80% of patients reported complete healing(p>0.05).

Table 1. Efficacy outcome between Intervention and control group

Variable Intervention group | Control group | p-value
Complete healing after one months 64 (71.1%) 31 (34.44) 0.007
Time of healing after one months (day) | 15.64+3.02 23.41+2.54 0.000
Complete healing after two months 26 (100%) 41 (45.5%) 0.01
Time of healing after two months (day) | 32.50+2.24 35.46+2.45 0.000
Complete healing after three months 0 18 (20.1%) -

Time of healing after three months (day | - 62.88+1.27 -

local infection 5 (5.6) 14 (15.6) 0.025

VAS: visual analogical scale
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Figure 2. mean of pain score (VAS) in intervention and control group.

14 patients in the control group and 5 patients in the intervention group had a local infection,

for which antimicrobial medication was started (Figure 2).
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Figure 2. Incidence of local infection in two groups

Discussion

According to the reports of the International Diabetes Federation, about 9 to 26 million diabetic
patients suffer from diabetic foot ulcer every year(21). On the other hand, reports indicate that
diabetic foot ulcer increases the death rate by 2.5 times(22). Therefore, the treatment of diabetic
foot ulcer is very important. Hydrogel is produced from polymeric compounds of starch and is
suitable for wounds with low secretion, and because it causes autolysis of necrotic tissues and

slough, it is suitable as an auxiliary treatment in surgical debridement(23).

In the current study, the clinical results of nano-hydrogel (0.2%) embedded with oleic acid and
quercetin in diabetic patients with diabetic foot ulcer were compared to nano-hydrogel (0.2%)
alone; Oleic acid and quercetin were used in molar concentration. In the present study, the
mean time of healing after one month in the group that treatment with nano-hydrogel embedded
with quercetin and oleic acid (15.64+3.02) was significantly lower compared to the control
group (23.41+2.54). Yong-jun et al., 2013 showed the wound closure time in oleic acid group
and control group was (17.2+2.6) d and (19.5+1.9) d respectively (P<0.05)(24). Gallelli et al.,
2020 reported similar result that nano-hydrogel embedded with quercetin and oleic acid can
reduced the wound healing time(18). A recent study found that curcumin-loaded

nanocomposite hydrogels can prolong the local treatment time of curcumin compared with
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ordinary curcumin hydrogels(25). Other study has found that gelatin microspheres containing
curcumin nanoparticles can ensure the stable release of curcumin in the wound surface,
significantly improve the antioxidant effect and migration-inducing ability of curcumin and
promote skin wound healing of diabetic mice(26). As evidence has shown, keratinocytes
contain a set of enzymes that are able to form esters; Oleic acid can modulate the immune
response in wound healing and thus restore the acute inflammatory phase. Also, the reduction
of pain in the intervention group was significantly higher than the control group. Hyaluronic
acid hydrates and modulates the cellular microenvironment and can increase the entry of cells
into the wound(27). Previous studies have confirmed that quercetin or oleic acid alone can

promote wound healing(26, 28).

Also, the mean pain score was significantly lower in the group receiving the nano-hydrogel
embedded with quercetin and oleic acid than control group. These findings show the effect of
the nano-hydrogel embedded with quercetin and oleic acid on the feeling of pain reduction in
patients. In line with these findings, the study showed that the pain in the group receiving the
nano-hydrogel embedded with quercetin and oleic acid in the Italian population was less than
the control group(18). Gokhale et al., 2019 showed quercetin loaded nano-emulsion based gel

formulation is an effective topical treatment strategy for rheumatoid arthritis(29).

Due to their porous and hydrated molecular structure, hydrogels are one of the candidates that
can mimic the skin's biological environment. They can be used as a permanent or temporary
dressing for various wounds to regenerate and repair damaged epidermis, dermis or both.
Hydrogels can be divided into two main groups, natural and synthetic, based on the materials
used to make them. In addition, hydrogels can be reinforced using nanoparticles(27). Hydrogels
help heal diabetic wounds by creating a moist environment for wound healing, promoting cell
migration and tissue regeneration, and continuous release of therapeutic agents(30). They have
a high-water retention ability that conventional bandages do not have, and they mimic the
natural environment of the extracellular matrix and provide a suitable environment for cell
proliferation. Hydrogels can be easily loaded with drugs or cytokines that specifically target
the underlying problems of diabetic ulcers, such as blood sugar control(30). In addition, they
can be designed to be stimuli-responsive and multifunctional, exhibiting antibacterial, pro-
angiogenic and generally pro-therapeutic effects. In addition, hydrogels can be used as vehicles
to carry therapeutic drugs and their unique structural properties do not cause secondary

mechanical damage(31).
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Conclusion

Although various advances have been made in the field of leg ulcer treatment, most of these
treatments have had relative effects and were complementary to each other, and more effective
treatments are needed to treat this condition. The present study showed that the use of nano-
hydrogel (0.2%) containing oleic acid and quercetin can significantly reduce the wound healing
time and pain compared to nano-hydrogel (0.2%).
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