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ABSTRACT
Wound healing is a complex process involving various cellular mechanisms. Despite of recent medical
advances in drug therapeutics, treating chronic wounds still remain a challenge. There are several naturally
occurring materials which have been explored and studied widely for their wound healing potential as well
as for relieving the wound associated complications. These phytoconstituents have potential anti-
inflammatory, antioxidant activity along with skin regeneration and tissue repair properties which aids in
wound healing. Incorporating these natural products into smart delivery systems would help to enhance
their efficacy and help the wounds heal faster. We describe the potential natural products along with their
specific wound healing properties and advancements in the delivery systems which would enhance the effect
of these products.Of the discussed natural products, few species covered in details include Aloe, Honey,
Papaya and Pomegranate. Also, the article mentions the patented herbal formulations for wound healing.
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INTRODUCTION:
Skin forms a major obstacle between the internal body system and the external environment. It plays a
vital role in sensing the environmental changes, maintaining bodies homeostasis, storing and providing
essential micronutrients, managing passive and active defence system and combating injuries and
wounds.(1) Wound is a severe condition involving disruption or breakage of various cellular systems,
tissues, tendons, muscles and bones.(2) Wounds are broadly classified as acute and chronic wound. Acute
wounds are characterized by disruption of external intact skin and are recovered within four weeks
through the natural wound healing process. Chronic wounds include foot, leg ulcers and pressure sores,
wounds in patients with metabolic diseases like diabetes mellitus and immunocompromised conditions
such as AIDS or patients undergoing chemotherapy and radiation therapy. It could be aggravated by
obesity, smoking and age. The main problem associated with chronic wound is bacterial contamination
which worsens the condition. Wound contamination, wound colonization and wound infection delays the
normal recovery due to which healing takes more than four weeks.(3)
Wound healing is a cycle of events which involves multiple phases. Figure 1 explains the phases and
associated factors of wound healing.(2) Interaction and imbalance between the phases with overlapping
cellular factors and mechanisms makes wound healing a difficult process. This is dependent on local
wound factors, systemic factors and various disease conditions.(4)
Available topical formulations for wound healing include solutions, suspensions, emulsions, creams and
ointments of conventional anti-microbial agents such as silver sulphadiazine, silver nitrate,
povidoneiodine, polyhexamethylene biguanide. Saline solutions are used as cleansing agents. Natural
products areexplored extensively to treat wounds due to their multiple benefits. Natural products contain
several active constituents which help to heal the wounds and also relieve the other associated
symptoms. Also, the associated adverse effects of natural products are less compared to the synthetically
derived products. Whole-plant extracts or extracts of specific part of plant contain various
phytoconstituents which acts as antioxidants, antimicrobials, anti-inflammatory agents, and re-
epithelialization enhancers. This can offer synergistic effect for wound healing and help the wounds to
heal faster.(5) Table No. I summarize examples of Natural Products and their actives exhibiting collective
effect at the wound site.
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Figure 1: Phases of wound healing and associated factors
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Table no. I: List of Natural Products and their actives

Minutes ‘ ‘ Hours/days ‘ ‘ Days/weeks ‘ ‘ Weeks/months ‘
Coagulation | LA R LR Remodeling
e re-epithelialization
. L]
Vasoconstriction Dc_str‘oymg Fibroblast ) CoIiag;n
microbes e remodeling
. s prolifeation 5
Platelet aggregation Clearing debris Collaiictn Fibroblast apoptosis
Formation of
granulation tissue
Inflammation
control
Angiogenesis

Source

Active constituents

Assessment method used
for wound healing
potential

Activities

Aloe barbadensis miller

Monosaccharides and
Polysaccharides,

20 Out Of 22 Essential Amino
Acids, Lectin Arachidonic Acid,
G-Linolenic Acid, Campesterol,

Cholesterol, B-Sitosterol,
Triglycerides, And Lignins

Thermal wound model,
incision wound model,
Carrageenan-induced paw
edema.(6)

Antibacterial
Anticancer
Antifungal

Anti-inflammatory
Antioxidant

Salicylic Acid
Anti-inflammatory
. Incisional wound model in Antimicrobial
Honey High Sugar Content rabbits(7) Antioxidant
Immunomodulating(8)
Anti-inflammatory
Excision wound model Antimicrobial(9)

Carica papaya

Papain And Chymopapain

anti-inflammatory

. Polyphenols, Alkaloids, . Antioxidant,
Punica granatum . . Excision wound model . .
Flavanoids, Tannins Antiartherogenic
Antimicrobial
Anthocyanins L Antibacterial
. Excision, incision and .
o . . Flavonoids antitumor,
Hibiscus rosasinensis L dead space wound . .
Polyphenolic acids models in rats antihypertensive,
Protocatechuic acid antioxidant(10)(11)
In vitro and in vivo Antidiabetic
Cinnamqmum Cinnamaldehyde angioger.li.c activity Anti-ir}ﬂz.immz?tory
cassia assay Excision wound Antimicrobial
model in rats(12) Antioxidant
Antidiabetic
L L . Anti-inflammatory
Curcuma longa Curcuminoids Antioxidant analysis o .
Antimicrobial
Antioxidant(13)
Laser burn and L
. Anti-inflammatory
excision wounds L .
. . . . . Antimicrobial
Panax ginseng Ginsenosides models in mice s
. . Antioxidant
Cell migration and .
. Immunomodulating(14)
wound healing assays
Scratch assay
Excision wound . .
model in BALB/c Antll?acterlal
Esculetin mice Anticancer
L Antif 1
Calendula officinalis Quercetin-3-Oglucoside Punch wound model . .ntl unga
in rats Anti-inflammatory
Burn wounds, full Antioxidant(7)(15)
thickness wounds(7)
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ADVANCEMENTS IN DRUG DELIVERY SYSTEMS:

Chronic non-healing wounds remain a significant public health issue especially in case of people affected
with diabetes and other chronic disorders and require advanced therapeutics. The treatment involves
development of new drug therapeutics or incorporating the existing therapeutic entities in novel delivery
systems which would enhance its efficacy. Several entities have been proved to show wound healing
activity by showing promising results in pre-clinical trials. Physical barriers and biological degradation at
the wound site limit the efficacy of drug delivery systems in wound healing. Despite of the recent
advancements, efficient delivery of these therapeutics at the wound site and its retention in harsh wound
environment still remains a challenge.(16) Scientists have worked on developing the new drug delivery
systems including cell or sealant-sprays, nanoparticles, hydrogel and nanofiber scaffolds, and
transdermal formulations which improve the effectiveness of several natural, biological and RNA based
therapies.(17)

Phytochemicals and several naturally derived products have immense ability and application in wound
healing due to their multiple active ingredients and minimum side effects.(5) Integration of naturally
available products with novel delivery formulation will help to improve the overall effect of the natural
therapeutics and aid in wound healing. Delivery of natural products by incorporating them into advanced
nano delivery systems has been explored for the management of chronic wounds. Nanoformulationsof
phytochemicals are found to improve their bioavailability, provide sustained delivery of the active
ingredient to the wound site, and improve the permeability of these actives to the deeper layers of skin
which is vital in the process of wound healing.(18)

1. Nanoemulsion:

Nanoemulsion provides a platform for nanosizing different essential oils thereby enhancing their effect.
Upon application of these nanoemulsions on the injury site, they leave a film after evaporation of liquid
content in it. Since essential oils have gained importance due to their versatile active ingredients, they can
be easily formulated in the form of nanoemulsion for improved effectiveness. Table no. II describes
natural products formulated as nanoemulsions.

2. Hydrogels:

Hydrogels and nanohydrogels have been widely explored for topical treatment of chronic wounds. These
systems have advantages like great flexibility and mechanical strength, hydrophilic, and the capacity to
adsorb wound exudates. These systems can be used to sustain the release of the incorporated entity at
the wound site thereby giving better results.(19) Table no. II describes natural products formulated as
hydrogels/nanohydrogels.

3. Liposomes/Nanoliposomes:

Nanoliposomes are the potential nanoformulation which can helpto enhance the solubility and
effectiveness of poorly soluble herbal-agents. These nanoliposomal systems have advantages of
encapsulating both hydrophilic and hydrophobic moieties in their aqueous core or lipid layer thus,
altering the physicochemical properties to the active agent and help in better permeation and sustained
effect of the drug. Liposomes can be modified further with polymers to sustain the drug delivery. Table II
includes natural products formulated as liposomes/nanoliposomes

4. Nanoparticles:

Researchers have reported the encapsulation of nanoparticles specifically zinc oxide, titanium oxide and
silver particles which are proven antibacterial agents in the hydrogel like formulation. Also, formulating
several natural products/extracts as nanoparticles in combination with silver or zinc nanoparticles is
found to exhibit multiple benefits. Such combinations have proven to show anti-inflammatory and anti-
bacterial effect along with the wound healing activity. Table no. II includes few examples of natural
products delivered in the form of nanoparticles.

5. Nanofibers:

Nanofiber membranes and electrospun nanofiber scaffolds are explored extensively for their application
in wound dressing. The porous structure of these nanofibers allows oxygen permeation through the
dressing making it an ideal dressing for the management of non-healing wounds. Several studies have
been reported where in these herbal phytoconstituents are fused with nanofibrous membranes which
combine the benefits of these fibrous scaffolds and herbal agents in restructuring chronic wounds.(18)
Table no. Il shows few natural products formulated as Nanofibers.
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Table no. II: Natural products formulated as nanoemulsions

NANOEMULSIONS

Sr. | Natural Product Study Summary Inference Reference

No.

1 Eucalyptus oil Ultrasonic emulsification was | Eucalyptus oil nanoemulsion | (20)
carried out to get nanoemulsion | was non-irritant and by the
having droplet size 3.8 nm. Using | virtue of its antibacterial and
Staphylococcus aureus the | anti-inflammatory activity
antibacterial studies were carried | exhibited greater = wound
out \ to study the bacterial kill time | contraction rate when
and wound healing potential. compared with the control and

neomycin treated Wistar rats

2 Clove oil Clove oil was encapsulated into | Treated rats showed no signs | (21)
nanoemulsion with an optimum | of inflammation. = Wound
droplet size of 29.0lnm and its | healing capacity was
wound healing activity in rats was | significantly enhanced in
examined contrast with pure oil and

control

3 Curcumin Nanoemulsion of curcumin was | The optimized nanoemulsion | (22)
formulated for transdermal delivery | formulation showed good anti-
to check its potential wound healing | inflammatory activity and the
properties and anti-inflammatory | outcome of wound healing
activity. process were statistically

significant in rat paw edema
model.
HYDROGELS

1 Curcumin Injectable in situ nano-composite | DNA, protein and | (23)
hydrogel ~was prepared and | hydroxyproline was tested in
evaluated for dermal wound | animals after 7days. Nano-
dressing properties. The hydrogel | curcumin and CCS-0A
included curcumin, N,0- | hydrogel dramatical increase
carboxymethyl chitosan and | in the rate of wound healing
oxidized alginate . It was testedby | process.
injecting hydrogels on rat dorsal
wounds.

2 Alginate-Gum Alginate-Gum Arabic Hydrogel with | Invitro studies confirmed | (24)

Arabic Micro/Nano-scale Structures was | higher rate of re-epithelization
formulated for Controlled Drug | in treating dermal wounds in
Release in Chronic Wound Healing. mouse model. In vivo studies
facilitated wound healing in
mouse model.

LIPOSOME/ NANOLIPOSOME

1 Curcumin Curcumin loaded liposomes were | Good permeation, small size, | (25)
prepared, optimized and | and  greater entrapment
investigated for their potential to | proved liposomes to be a
cure wounds. promising  drug  delivery

system. It showed acceptable
results by enhancing wound
healing effect.

2 Silymarin Silymarin  Nanoliposomes  were | Silymarin-loaded (26)
formulated and tested for its anti- | nanoliposomes showed higher
bacterial potential against | killing rate when compared
Methicillin-resistant Staphylococcus | with free silymarin.The MICs
aureus which is responsible to cause | of Silymarin nanoliposome
infections at the wound site. was 500mg/ml while that for

free Silymarin was around
125mg/ml when tested against
isolated strainely and can be
thus considered further for
preventing bacterial infections
at wound site.

3 Curcumin Propylene glycol based | Curcumin nanoliposomal | (27)
nanoliposomes of average size 145 | formulation in low doses
nm containing curcumin were | effectively = enhanced  the
prepared and evaluated using burn | recovery from injuries and
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wound model in rat. The cytotoxicity
was tested on human dermal
fibroblast (HDF) cells.

infections associated with burn
wounds by exhibiting activity
similar to standard 1% silver
sulfadiazine cream, hence can
be considered to have a good
potential in burn therapy.

effect by scavenging excessive
ROS.

NANOPARTICLE

1 Pluchea indica The effect of ethanolic Pluchea indica | The formulation helped in | (28)
leaf extract and its nanoparticle | enhancing the colloidal
formulation usedas an oral spray for | stability of the herbal extract.
the treatment of oral cavity wounds | Also the wound healing
was investigated process was ameliorated due

to increased rate of the cell
migration at low concentration

2 Droserabinata The investigation focused on | It was found to exhibit | (29)
evaluating the antibiotic properties | excellent anti-bacterial effect
of silver nanoparticles containing | and had no cytotoxicity on
Droserabinata extract using resistant | human keratinocytes even at
Staphylococcus aureus. smaller concentrations of both

the agents.

3 Bambusabambos The wound healing properties of | It was found to be highly | (30)
silver nanoparticles and bamboo | effective, biocompatible and
cellulose nanocrystals delivered as | showed anti-inflammatory and
in situ nanobiocomposites was | antibacterial action.
evaluated.

NANOFIBRES

1 Fenugreek An antioxidant silk fibroin nanofiber | This scaffold demonstrated | (31)
scaffold was prepared by | increased epithelialization,
incorporating fenugreek. Wound | enhanced collagen formation
healing activity was tested using full | and faster wound healing.
thickness excisional wounds in rat
model.

2 Curcumin Nanofiber mats were designed and | The rate of wound closure | (32)
developed by electrospinning for | using Curcumin loaded
prevention and accelerating the rate | nanofiber was found to
of wound healing and minimizing | increase significantly (99%)
the severity of infection at wound | after 10 days in comparison
site. Curcumin was loaded in | with plain polycaprolactone
polycaprolactone and poly ethylene | fiber mat (59%). Thus,
glycol base to increase the rate of | incorporation of curcumin
wound healing. showed enhanced wound

healing.

3 Spirulina Spirulina extract loaded | Spirulina loaded PCL nano | (33)
Polycaprolactone nanofibers were | fibers showed  promising
synthesized and evaluated for | results by skin regeneration
cutaneous wound healing. and enhancing antioxidant

NATURAL POLYMERS AS WOUND DRESSINGS:

Natural products are widely utilized as wound dressings since they are claimed to be biocompatible and
biodegradable. These natural polymers induce wound healing and also help in regenerating the damaged
tissues. The polymers have a three-dimensional structure and are of utmost importance in wound
dressing, drug delivery and tissue engineering. Commonly used natural polymers as wound dressings are
Homoglycans, a and  Glucans, Dextran, Cellulose, chitosan, Alginates, Heteroglycans, Carrageenan,
Glycosaminoglycans, Gelatin, Fibrin, Silk fibroin, Keratin, etc.(34) These polymers are subjected to
electrospinning in order to form a biomimetic dressing with improved bioactivity for promoting tissue
regeneration.(35) Table no. VII explains the properties of these dressings designed with naturally

available polymers.
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Table no. III: Natural polymers as wound dressings

Natural Polymers Properties of Dressings References
Collagen and Gelatine | e  Wound re-epithelialization (36)
Enhanced proliferation of fibroblasts and keratinocytes.
Fibrinogen e  Haemostatic and anti-inflammatory activity (37)
e  Tissue remodelling
Chitosan e  Haemostatic and antibacterial activity (38)
e Wound re-epithelialization
Silk fibroin e  Haemostatic and anti-inflammatory activity (39)
Reduced scar formation
Alginate e Anti-inflammatory activity (40)
e Absorption of exudates.

NATURAL PRODUCTS AND THEIR DELIVERY STRATEGIES:

Several natural products have been investigated for their wound healing activity as presented in Table
no.l. Studies have reported the potential advantages of these natural actives and their effect at the wound
site. This review focuses on Aloe, Honey, Papaya and Pomegranate as potential natural products with
respect to their wound healing activity, efficacy studies, formulations, novel drug delivery strategies and
advanced delivery systems associated.

1. Aloe:

Scientists have been exploring Aloe and its biological activity through various studies. Aloe vera is known
to be the most biologically active form amongst the 420 known species of Aloe. The potentially active
constituents in aloe vera are known to possess different properties such as anti-inflammatory, antiseptic,
wound and burn healing, antifungal, antioxidant, etc.(41)

Aloe vera is reported to exhibit wound healing property by the activation of Fibroblasts and
macrophages. Fibroblast activation increases collagen synthesis after topical application of aloe vera. It
also changes the type and structure of collagen and its crosslinking which further helps in faster wound
healing. Also, aloe vera consists of cinnamonic acid, lupeol, salicylic acid, phenols and sulphur which help
to inhibit fungal and bacterial infection at the wound site giving additional benefit.(42) An increased
synthesis of dermatan sulfate and hyaluronic acid upon topical and oral treatment of aloe vera has been
reported by Warren J. Goux et. al. which contributes in wound healing.(43)

A study was carried out by Ahmad Oryan et. al. to explore the effect of topical application of Aloe vera on
cutaneous wound healing in rats. Aloe vera gel was applied topically on 2 x 2 cm wound and wound
surface contraction and epithelization were observed. Decrease in inflammation and scar tissue, dose
dependent increase in collagen and regenerated tissue thereby proving the wound healing activity of aloe
was observed.(44) Similar study has been carried out by Dr. Subramanian et. al. wherein the ethanolic
leaf extract was applied as a 10% ointment on the rabbit wounds. The results obtained supported the
efficiency of aloe vera in healing and sealing the wounds.(45) Aloe vera is also explored for its efficiency
in treating harsh burn wounds. Afshar Bargahi et. al. via their study emphasized on its burn healing
activity.(46)Seyed Jalal Hosseinimehr et. al. performed a comparative study between Aloe Cream and
Silver Sulfadiazine to study their effect on burn wound healing in rats. A thermal burn wound was
induced in rats and further they were treated by topical application for 25 days. The results depicted that
aloe vera cream had a significant potential in healing the burn wound as compared to the silver
sulfadiazine.(47)

Since the effectiveness of Aloe Vera gel is proven in conventional systems, it can be further coupled with
the novel drug delivery system to get an effective delivery of Aloe vera. Paulo Bartolo et. al. investigated
the effect of alginate-aloe vera hydrogel films on wound healing and potential of hydrogel system in drug
delivery. They inferred that the hydrogel film can be effectively used as a wound dressing for dry and
exuding wounds.(48) Ahmad Oryan et al also evaluated in vivo efficacy of Aloe vera loaded hydrogel on
rat burn wound model. This hydrogel was intradermally injected into wound area and was observed to be
effective in burn wound healing in rat models.(49) Hydrogel made by combining aloe vera with PVA and
PVP mixture were reported to cure the wounds in rats in 15 days even in the absence of pre-dressing as
studied by Young Chang Nho et. al thereby proving the efficiency of hydrogel formulation.(50) Narayan
Bhattarai et. al. prepared electro spun nanofibers containing aloe vera blended with polycaprolactone
(PCL). The results of in vitro testing of these nanofibers depicted that they demonstrated higher cell
affinity, increased adhesion and caused fibroblast proliferation near the wound and enhanced skin
regeneration.(51) Silver nanoparticles containing aloe vera extract can be used as an antibacterial at the
wound site due to its synergistic antibacterial activity as studied by Patcharaporn Tippayawat et. al.(52)
Md Abul Barkat et. al. developed and studied the effect of silver sulfadiazine nanosuspension loaded in
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aloe vera gel. Nanogel application for 14 days showed increased wound healing rate in rats compared to
the marketed formulation.(53) Nanocomposites Zinc oxide containing aloe vera were found to show a
good antibacterial effect and can be used at the wound site as studied by A. Ayeshamariam et. al.(54)]

2. Honey:

The osmotic effect causing dehydration of bacterial cell produced by high sugar content of honey along
with its low pH value of 4.4 makes honey exhibit a strong anti-microbial effect.(55)(56)(57)(58) It also
has effect on bacterial cell size and shape. Lu et al in their study observed that when a sub lethal dose of
manuka honey was incubated with Staphylococcus aureus and Bacillus subtilis significant reduction in
size was seen with DNA condensation when compared with non-honey treated bacteria.(59) The anti-
microbial activity is still noticeable even after dilution with water because of continuous production of
hydrogen peroxide. An increase in reactive oxygen peroxide activity was observed along with
antimicrobial activity of honey reported by Cooke et al.(56)(57)(60)In a study it was proved that Manuka
honey had significantly caused partial detachment of Proteus biofilms at 50% concentration of honey.(61)
Honey comprises of numerous compounds which exhibit varied mechanisms and are thereby responsible
for significant immunomodulatory activity. Majtan postulates that honey has the ability to produce
inflammatory cytokines, TNF-a and interleukin-bwhen the infection rate is low and can alsostop the
production of the same cytokines during the infection. Honey is popularly known for its antioxidant
properties where in inhibiting neutrophilic respiratory burst(61)(59) and decreasing the production of
human neutrophilic superoxide.(62)

The process of wound healing involves various steps like coagulation, inflammation, proliferation and
wound remodelling.(63) Honey can contribute in some of the steps there by improving the physiology of
wound healing. It can reduce edema and oozing of exudates from wounds.(64) Topical application of
honey can change the inflammatory action by increasing the nitric oxide end product formation and
decreasing prostaglandin levels.(65) Studies have reported that honey can help in rapid autolytic
debridement of wounds, restore epithelialization and keep the microenvironment around the wound
moist to slow down scar formation.(64)(55) One of the specific honey type, Fir honeydew can change the
effect of a protease, matrix metalloproteinase-9 (MMP-9), involved in matrix degradation and cell growth
promoting agents which are found in the fluid of chronic wounds of human keratinocytes.(66)

A wound gel based dressing of Medihoney®contains active Leptospermum Manuka honey, along with the
excipients like myristyl myristate, Plantacare is further gamma irradiated at a 25-45 kGy dosage. This is
widely given as OTC for Minor abrasions, lacerations, minor cuts, minor scalds, and burns. The same is
prescribed in controlling diabetic foot ulcers, leg ulcers including arterial, venous stasis ulcers, for non-
draining to moderately exuding wounds, 1st and 2nd degree partial thickness burns, traumatic and
surgical wounds.

Maghsoudi et al. compared the days required for epithelialization of fresh partial burns using
unprocessed pure honey dressings and mafenide acetate in 50 patients. Patients treated using honey
dressings showed 84% and 100% recovery while those treated with mafenide acetate showed 72% and
84% recovery in 7 days and 21 days respectively. Novel honey-based hydrogel has been investigated for
the treatment of burn wounds and compared with marketed formulation. The hydrogel was found to
exhibit a higher in vitro and in vivo performance in comparison with the marketed formulation.(67)
Honey/Chitosan Nanofiber Wound Dressing was designed and developed by Hassan Azazzy et. al. These
nanofiber mats helped in improved wound healing and wound closure. It was also found to show a good
antimicrobial effect thereby reducing the microbial load at the wound site.(68)

3. Papaya:

The botanical name of Papaya is Carica papaya and is investigated for several biological applications.(69)
The important constituent in papaya is papain which is responsible for its ulcer protective effect. Papaya
is used for treating several skin conditions including wound healing. It also contains antibacterial and
anti-inflammatory characteristics which help to heal the wounds faster.

Researchers have explored its wound healing activity by testing the extracts on animal models. Dr. BS
Nayak et. al. tested the wound healing efficacy of ethanolic extract of Carica papaya seeds. The seed
extract was tested on Sprague-Dawley rats and rate of wound contraction was observed. The results
suggested that C. papaya promoted significant healing of wounds in test rats.(70) Further, in order to test
the potential of root extract, Prashant Tiwari et. al. performed activity testing on Albino rats. They tested
aqueous extract of C. papaya roots on wounds of Albino rats and found a higher rate of epithelization
compared to the control rats.(71) Rachmi Fanani Hakim et. al. tested the effect of Carica papaya extract on
oral wound incision in mice for 10 days by topical application. The result was clinically noted by
measuring the length of wound closure. It was inferred that the extract showed significant effect on the
wound healing process and has the potential to cure the wounds in oral cavity by formation of perfect
epithelial layer, fibrillation and wound contraction.(9)
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Carica papaya is also explored for its burn wound healing property. Papaya latex formulated in Carbopol
hydrogel (1% and 2.5%) were used to treat burn wounds in Swiss albino mice. The efficacy of treatment
was evaluated based on the hydroxyproline content, wound contraction and epithelialization time and
compared with silver sulphadiazine and chlorhexidine gluconate cream. Significant wound contraction
and increased hydroxyproline content was observed in case of hydrogel containing papaya
latex.(72)Bapurapu Rajaram et. al. demonstrated the use of papaya dressing in the treatment of Diabetic
foot ulcers. The study included 94 patients with diabetic foot ulcers and their wounds were treated with
grated papaya dressing. The dressing was changed every 24 hours. It was concluded that topical grated
papaya dressings lead to successful enzymatic wound debridement and also reduced the healing time
thereby reducing the incidences of amputation.(73) The use of papaya for treating patients with
postoperative wound gape was studied by Mangala B. Murthy et. al. They compared the activity of papaya
dressing with hydrogen peroxide solution on patients with post-caesarean section. The patients with
papaya dressing were treated in less duration of time, decreased hospitalization of patients and
development of healthy granulation tissue in comparison with the hydrogen peroxide solution.(74)
Further, considering the wound healing potential of Carica papaya, incorporating it into novel systems
would make its delivery more efficient. ]. Balavijayalakshmi et. al. designed and synthesized Carica
papaya peel mediated silver nanoparticles which would provide anti-bacterial activity along with wound
healing. These nanoparticles showed good anti-bacterial activity against several pathogens and can be
used to prevent bacterial infection at the wound site.(75) Bioactive polymers are being utilized for
preparation of nanofiber scaffolds which can be used as wound dressings for chronic non-healing
wounds. Scientists have tried the incorporation of Carica papaya into polyvinyl alcohol-gelatin based
nanofiber scaffold by electrospinning method. These scaffolds were tested for its antibacterial activity as
well. It was found that it has a good antibacterial activity against Staphylococcus aureus and Escherichia
coli which would minimize the possibility of bacterial infection. The formulated nanofibers allow re-
epithelization and wound healing process at a faster rate and show a great potential in wound healing
process.(76)

4. Pomegranate:

Punica granatum of Punicaceae family have been used in treating opthalmic disorders ulcers,
cardiovascular ailment, snakebites, dysentery, acquired immune deficiency syndrome (AIDS), oral
hygiene. It has important constituents like polyphenols, alkaloids, flavanoids,tannins which exhibit
antibacterial, anticonvulsant, anti-inflammatory,antifungal, immunomodulatory.(77)(78)(79)

E.A. Hayouni et al, formulated ointment containing 5%w/w methanolic extract and evaluated on guinea
pigs. The formulation was applied uniformly on the paravertebral part for ten days daily on twelve pigs.
The extract exhibited a potential wound healing property with increase in wound contraction, enhanced
epithelialization process and promising histopathological features. Strong anti-bacterial and anti-fungal
activity against various bacterial and fungal strains including Pseudomonas aeruginosa, Escherichia coli,
Salmonella anatum, Candida albicans and Aspergillus niger helped in better infection control over the
wound.(80)

The semisolid formulations used for wounds healing have now been replaced with membranes containing
some additive agents which form in situ delivery system. These membranes are usually gelatin based as
they provide sustained release of drug along with prevention of fluid loss because of exudation. Gelatin
acts as a film forming agent which is biodegradable as it enhances the physiological absorption thus
easing the removal of dressing. Recently these gelatin membranes contain biointeractive materials which
acts as anti-microbial, antioxidant and anti-inflammatory agents which decrease the severity of wound
and reduce the time of healing. Marismar F. do et al., developed a biointeractive membrane containing
extract of punica granatum. The gelatin containing membranes was compared with the membrane
containing P. granatum extract on the basis of tensile strength, swelling index and water permeability.
Based upon the statistical analysis the extract containing membrane showed good tensile strength,
optimum swelling properties and lower water permeability with p values 0.021,0.003 and 0.033
respectively. The formation of granular tissues, collagen deposition with early epithelialization was seen
in case of extract containing membrane showing an improved dynamics of wound healing.(81)

Aline Fleck et al.,, in their report mentioned a case of a 76-year-old patient with no prior history of any
vascular disease suffering from non-healing left leg ulcer with intense pain and swelling. Various
conventional treatments including topical steroids like betamethasone, gentamicin, clostebol, advanced
dressings were used but there was no positive outcome. When 2% (w/w) Punica granatum peel ethanolic
extract (PGMF) based on a hydrophilic cream and zinc oxide was applied on the ulcer once a day the ulcer
size was reduced by one quarter and was entirely cured in six weeks after ninety applications with no
side effects.(82)
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Table no. IV Patented herbal formulations for wound healing

Sr.

No.

Patent Number

Patent Title

Summary

Reference

US 7,714,183 B2

Use of honey in
dressings

Designed for acute and chronic wounds.

Honey is saturated in alginate fibre sheet which
when applied on wound, the exudates is formed
which is gel like in appearance. It includes 11
claims with various combinations of medicinal
extracts.

(83)

US 2013/0323337 Al

Herbal composition
for the treatment of
wound healing, a
regenerative
medicine

Mentions about the preparation of novel herbal
extract combinations of Curcuma

longa, Glycyrrhiza glabara, Hamiltonia
suaveolens, Tipha angustifolia, and Azadirachta
indica, at their effective concentration with Pig
fatin Sesamum indicum (Til) oil as a base for
wound healing

(84)

EP 2896396 A1

Herbal formulation
for topical wound
treatment

This invention discusses about the solution and
gel based formulation containing Comfrey
Symphytum officinale L. extract and/or

(85)

Commiphora molmol tincture having potential
anti-bacterial, analgesic and anti-inflammatory
activity. Along with herbal extract they propose
the use of anti-microbial agent,
polyhexamethylene biguanide, and poloxamer
amer. It will be useful in treating oromucosal
wounds.

4. GB254091A A Topical Wound

Healing formulation

This invention concerns about developing
formulation which will be used in treating
wound, prevent scar formation and helps in re
growth of hair in the affected area. Herbal
agents having both anti-inflammatory and anti-
microbial properties like Gotu kola (Centella
asiatica), Figwot (scrophularia nodosa), yarrow
(Achillea millefolium), Plantago major, and
Echinacea purpurea will be incorporated.

(86)

CONCLUSION

Natural products have constituents like phenols, polyphenols, tannins, glycosides which possesses anti-
oxidant, anti-inflammatory and anti-microbial activity there by reliving symptoms associated with acute
and chronic wounds. We have presented here some detailed information on the potential herbal agents
and their probable mechanisms to improve the rate of wound healing. With advancements in
pharmaceutical sciences there are numerous drug delivery platforms developed to alter the
physicochemical properties of the active thereby enhancing the delivery of active molecules in and
around wounds thus improving bioavailability and therapeutic effects of the molecules. With the use of
such advances, better and more reliable drug delivery systems should be designed and tested to improve
the bioavailability of these naturally occurring therapeutics at the site of injury.Few novel technologies
can be developed to upgrade the characterization of the developed delivery systems which will ultimately
indicate the site improvement in would healing process.
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