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Abstract

The article reviews some recent developments in the textile wound dressings for treatment of diabetic ulcers.
Given their severity and non-healing nature, diabetic chronic wounds are a significant concern to the 30.3
million Americans diagnosed with diabetes mellitus. Peripheral arterial diseases, neuropathy, and infection
contribute to the development of these wounds, which lead to an increased incidence of lower extremity
amputations. Early recognition, debridement, offloading, and controlling infection are imperative for timely
treatment. However, wound characterization and treatment are highly subjective and based largely on the
experience of the treating clinician. Functional wound dressing with tailored physicochemical and biological
properties is vital for diabetic foot ulcer (DFU) treatment. Our main objective in the current study was to
fabricate Cellulose Acetate/Gelatin (CA/Gel) electrospun mat loaded with berberine (Beri) as the DFU-specific
wound dressing. The wound healing efficacy of the fabricated dressings was evaluated in streptozotocin-induced
diabetic rats.

Key words: Diabetic foot ulcer, Nano composite, Non woven fabrics, Electrospun mat, Wound dressing,
Nanofibres.

Date of Submission: 27-04-2021 Date of acceptance: 11-05-2021

l. INTRODUCTION

One of the major causes of death in North America is diabetes mellitus, and has become a cause of
increasing health concern that affects more than 9% of the population above teenage [1,2]. Diseases like
peripheral arterial disease, neuropathy, limited joint mobility, abnormal foot pressures, minor trauma, and foot
deformity relate to diabetes and pose major health risks. Improved treatment of diabetes could significantly
decrease associated healthcare costs, given that the cost of healing a single ulcer, infected ulcer, and amputation
are estimated at $8000, $17,000, and $45,000, respectively [3]. Diabetes mellitus is classified as a metabolic
disease that has various complications such as chronic wounds, arterial damage, and neuropathy resulting from
uncontrolled blood sugar. The wound healing process is a complex and multiphase process that is delayed in
diabetic patients because of various complexities [4,5]. In such patients, owing to low interaction between
growth factors and their target site, the angiogenesis and re-epithelialization are not sufficient. Another
deleterious effect arising from neutrophil infiltration is severe inflammation. Furthermore, factors like intense
inflammation, limited nutrients and poor blood circulation lead to another complication known as diabetic foot
ulcer (DFU). Despite the tremendous breakthroughs over the last decades, effective treatment of DFU remains a
challenge [6-8].

1.  SMART WOUND DRESSINGS
There exists a certain possibility of developing a chronic wound in patients afflicted with diabetes.
Chronic wounds associated with diabetes include foot, venous and pressure ulcers [9]. Diabetic foot ulcers
(DFUs) can be categorized into chronic, non-healing wounds which lead to a disruption in the skin and the
healing process is prolonged causing frustration to the patient. With a global prevalence of 6.3%, DFUs place a
heavy burden on public health [10]. The onset of diabetic ulcer results in peripheral neuropathy and causes
damage to the peripheral nerves in the limbs. It renders the limb insensitive in feeling excessive pressure or pain
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from minor injuries. The lack of response to what may initially be minor incidents, combined with the poor
blood circulation and impaired healing capacity of diabetic patients eventually leads to ulceration [11]. Those
affected by DFUs and other chronic wounds are at increased risk for lower extremity amputation due to the
threat of osteomyelitis and/or sepsis resulting from wound infection. Several studies have concluded that 85% of
amputations are preceded by ulcers, and the incidence of new ulcer formation at a collateral wound site may be
up to 50% [12,13].

A restricted scope is available for effectively treating diabetic chronic wounds and it becomes
necessary to find a solution which takes into account all aspects related to inflammation and repair and is
considered crucial. A smart dressing fabricated from optimal material combinations oriented in a specific multi-
layered architecture needs to possess qualities that inhibit bacterial growth, manage excess exudate, and promote
re-epithelialization, all while maintaining a moderately moist environment [14]. Besides delivering antibiotics
and growth factors, composites of natural and synthetic polymers can contribute a similar composition as ECM.
The type of scaffold and geometry of fibre can also influence the parameters such as antiobiotic elution,
mechanical strength and porous structure. The smart wound dressings can be fabricated so as to tackle the
clinical problems. But, they are unable to identify the specific condition of the wound.

Biosensing provides a special set of quantitative merits in real time, like exudate levels, bacteria
concentrations, and tissue regeneration. A number of kinds of sensor and potential target biomarkers are
available. But, in order to render them useful in sensing the wound environment they should become disposable,
biocompatible, able to detect clinically relevant parameters, conform to the shape of the ulcer and have flexible
properties similar to the applied dressing. Biochemical sensors offer the required sensitivity. However,
miniaturization and integration with a smart dressing could prove relatively difficult in comparison with the use
of an impedance or pressure sensor device. The use of a biochemical sensor would provide increased specificity,
but these devices are typically limited with respect to shapes for fabrication.

On the other hand, impedance and pressure sensors can be designed as an array which can be implanted
into the selected dressing. In order to evaluate the use of biological, impedance, or pressure sensors in the use of
real-time detection of the chronic wound environment more research and study needs to be done. Development
in the integration of a smart dressing can enable to avoid ulcers and amputation and improve the process of
healing. Timely detection of the chronic wound environment and evolving a feedback system can quantify and
classify the healing process and enable therapists with a valuable tool for fast detection of the chronic wound
degeneration

1. ELECTROSPUN CELLULOSE ACETATE/GELATIN NANOFIBROUS WOUND
DRESSING WITH BERBERINE

Since DFU is an acute wound, it needs to be dressed with proper dressing materials able to enhance the
healing process and also isolate the wound site from pathogen microorganisms [15,16]. Furthermore, the wound
dressing should be capable of absorption of the exerted exudates from the wound and also offer the best possible
environment in order to carry out the healing process. Besides, the healing process of DFU requires to be
accelerated via bioactive molecules or drugs, and the proposed dressing must be able to load a proper amount of
the drug and release it in a sustain release manner[17-19]. A wide range of biomaterials and nanostructured
materials have been evaluated as wound dressings for DFU, such as natural and synthetic polymers in the forms
of hydrocolloids, hydrogels, foams, and electrospun nanofiber dressing[20,21].

Of the possible options, electrospun nanofibrous mats provide a broad range of prospective possibilities
appropriate for wound dressing applications. Electrospinning is a sophisticated and efficient technique which
provides a low-cost, scalable, flexible, relatively simple approach for nanofibers fabrication from a wide variety
of synthetic and natural substance [22-25]. It is possible to adjust the porosity and the pore size of the electro
spun mats to prevent microorganism penetration, while permitting oxygen to smoothly pass through the dressing
and reach the area of wound. It is possible to design the water vapor transmission to offer the ideal moisture
state in the process of wound healing. The drug loading and sustained delivery is aided by the high surface area
of nano fibres.

The intended drugs, natural substance, or bioactive molecules can be adsorbed onto the surface of
nanofibers or encapsulated into the nanofibers matrix [26,27]. Moreover, the electrospun nanofibrous dressings
are self-standing and their handling during the wound treatment is easy [28-30]. A number of natural as well as
synthetic polymers have been used to produce electrospun nano fibers, which have been applied as the wound
dressing. Among them, natural polymers have grabbed considerable attention due to their desirable properties.
Most of them are biocompatible, non-toxic, biodegradable, abundant, inexpensive, renewable, and versatile [31-
33]. Cellulose is one of the most abundant natural polymers on earth, which has various derivatives. Still, the
most promising derivative is cellulose acetate (CA), the acetate ester form of cellulose [34,35]. CA is applicable
in various applications such as membrane separation, biomedical, textile fibers, cigarette industries, and plastics
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[36-39]. The biomedical applications of CA are mainly categorized in drug delivery systems, tissue engineering,
and wound dressing [37-40]. Biocompatibility, water absorption abilities, and good interaction with fibroblast
cells have mad CA the right candidate for wound dressing applications [41]. Gelatin (Gel) is a widely used
natural polymer with fascinating biological properties such as biocompatibility, biodegradability, and
bioactivity, which is obtained from collagen hydrolysis [42-44]. Different types of gelatin can be designed, like
the hydrogel, layered, freeze-dried, and micro- and nanofibers for various end uses. Due to the presence of cell
adhesion domains such as the Arg-Gly-Asp (RGD) domains in the structure of gelatin, it is widely used in tissue
engineering and wound dressing applications [45-47].

Besides the structural needs, a proper DFU dressing is expected to have an active ingredient for
improvement of the healing process or even provide the antibacterial property. Biological functions have been
incorporated in the dressings by different kinds of biological, natural, and chemical moieties. Berberine is a
natural substance belongs to the alkaloid family found in the rhizome, roots, and stems of various plants such as
Oregon grape, Goldenseal, and Barberry [48]. Berberine is known for its anti-diabetic, antimicrobial, and anti-
inflammatory activities [49].

Moreover, some studies reported the diabetic wound healing efficacy of berberine [50-53]. Hence, the
major focus has been directed towards design of CA/Gel electrospun nanofibrous mat containing berberine as a
DFU wound dressing.

10 pm Loox 10 pm

Figure SEM images of the electrospun (a) CA/Gel and (b) CA/Gel/Beri nanofibers [54].

Diabetic foot ulcers create complications in mellitus diabetes and calls for major care and wound
management. In the case of DFU, the healing is slow. Hence it becomes necessary to accelerate the process by
use of certain agents. Moreover, the wound site must be isolated from pathogenic microorganisms via a well-
designed dressing [54]. Owing to their nanometric scale, high surface to volume ratio, adjustable porosity, and
ability to load different drugs and bioactive molecules, electrospun nanofibrous dressings are considered perfect
wound dressing. The electrospinning technique has been adopted to design CA/Gel nanofibrous dressing
containing berberine after characterization used as a DFU dressing material. It has been shown that the designed
dressing is found appropriate as the wound dressing material without causing any adverse effect on the cultured
cells and also show antibacterial activity against gram-positive and negative bacterium. Investigations on the
STZ-induced diabetic rats have shown that the CA/Gel/Beri dressing improved the process of wound healing.
The investigation proves that the designed A/Gel/Beri dressing is considered appropriate dressing material for
improvement of the healing process of DFU and also isolate the wound site from the pathogenic
microorganisms invasion.

IV. CONCLUSION

Many wound dressings have been designed to address particular clinical presentations, but a
prescriptive method is lacking for identifying the particular state of chronic, non-healing wounds.

The authors suggest that recent developments in wound dressings and biosensing may allow for the
quantitative, real-time representation of the wound environment, including exudate levels, pathogen
concentrations, and tissue regeneration. Development of such sensing capability could enable more strategic,
personalized care at the onset of ulceration and limit the infection leading to amputation. This review presents
an overview of the pathophysiology of diabetic chronic wounds, a brief summary of biomaterial wound dressing
treatment options, and biosensor development for biomarker sensing in the wound environment. It is found that
an average nanofiber diameter of 502 + 150 nm, and the tensile strength, contact angle, porosity, water vapor
permeability and water uptake ratio of CA/Gel nanofibers were around 2.83 + 0.08 MPa, 58.07 + 2.35°, 78.17 +
1.04%, 11.23 + 1.05 mg/cm2/hr, and 12.78 + 0.32%, respectively, while these values for CA/Gel/Beri
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nanofibers were 2.69 + 0.05 MPa, 56.93 + 1°, 76.17 + 0.76%, 10.17 + 0.21 mg/cm2/hr, and 14.37 + 0.42%,
respectively. The antibacterial evaluations demonstrated that the dressings exhibited potent antibacterial activity.
The collagen density of 88.8 + 6.7% and the angiogenesis score of 19.8 + 3.8 obtained in the animal studies
indicate a proper wound healing. These findings implied that the incorporation of berberine did not compromise
the physical properties of dressing, while improving the biological activities. In conclusion, our results indicated
that the prepared mat is a proper wound dressing for DFU management and treatment.
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