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Wound healing process is a natural phenomenon but it is found to be delayed due to microbial infection. 
In addition, the formation of a biofilm further makes the condition more complex. The condition may 
become worse and may lead to necrosis and gangrene. The treatment may involve systemic antibiotics 
which may be required in high dose and also suffer the problem of antibiotic resistance. Topical antibiotics 
or antiseptics are successfully used but they are found to have various adverse effects although they have 
no issue of any resistance. Since early times mankind has a significant belief on natural substances for 
curing many ailments. Similarly, various plant parts have been used traditionally for treating wounds and 
also studied for wound healing activities. These phytoextracts can be used to formulate into various dosage 
forms to be applied topically on the wound area. These phytoconstituents work by complex mechanisms 
with minimal side effects. Apart from the conventional dosage forms, novel drug delivery systems are 
being developed for incorporating these herbal constituents and delivering them to the wound area in a 
more targeted and sustained manner. This review deals with the various herbal topical dosage forms with 
special focus on novel drug delivery systems for wound healing.
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Numerous drug delivery systems have been developed 
to minimize the drug degradation process to minimize 
harmful side-effects and to enhance the drug bioavail-
ability. Various new drug delivery systems have been 
employed like liposomes, phytosomes, microspheres, 
nanoparticles, nano-emulsions and nanofibers scaf-
folds. These drug delivery systems utilize various poly-
mers or carriers to release the drug in a targeted and 
controlled way. By targeting the drug is directed to the 
site of interest. The main reasons for the popularity of 
herbal medicines are their safety, effectiveness and bet-
ter result with minimal side effects[1]. Phytopharmaceu-
ticals are compounds which employ natural compounds 
derived from plants in place of synthetic chemicals. As 
they are easily metabolized in the body therefore, they 
produce fewer side effects and are absorbed in a better 
thus are very effective as a treatment. Pharmaceuticals 
obtained from chemical compounds show more ad-
verse side effects. The human body rejects these chem-
ical compounds from synthetic source in the form of 
adverse effects which are usually and sometimes may 

be lethal. These phytoconstituents if isolated as a single 
and purified compound can be easily incorporated in 
novel drug delivery system[2]. Wound is process which 
involves multiple mechanisms, the use of systemic an-
tibiotics has declined due to drug resistance. The top-
ically used antibiotics and antiseptics are also associ-
ated with adverse effects. Due to increase in antibiotic 
resistance and other adverse effects, a dramatic shift 
has been seen to study herbal drugs as a potential ap-
proach for wound healing. But these drugs when used 
as conventional dosage forms limit their effectiveness 
and decreased bioavailability. So, there is need of such 
a drug delivery system which may control the pharma-
cokinetics, pharmacodynamics, non-specific toxicity 
and effectiveness. These new strategies are called as 

*Address for correspondence
E-mail: azhardk@gmail.com

Accepted 03 March 2022
Revised 14 July 2021

Received 04 February 2021
Indian J Pharm Sci 2022;84(2):247-260

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which  
allows others to remix, tweak, and build upon the work non-commercially,  
as long as the author is credited and the new creations are licensed under 
the identical terms

mailto:azhardk@gmail.com
mailto:Dr.m.abdulaal84@gmail.com


March-April 2022Indian Journal of Pharmaceutical Sciences248

www.ijpsonline.com

Novel Drug Delivery Systems (NDDS), work by var-
ious interdisciplinary disciplines which are a combina-
tion of polymer science, pharmaceutics, bio-conjugate 
chemistry and molecular biology[3]. This NDDS solve 
the problems which are associated with conventional 
delivery systems of herbal drugs. They also eliminate 
various disadvantages associated with the conventional 
therapy. The main aim of any NDDS for wound heal-
ing is the quick healing of the skin so that it may re-
gain its functional and aesthetic value as well as reduce 
pain and inflammation[4].The deep understanding of the 
pathophysiology of wounds has resulted in the develop-
ment of various novel drug delivery systems which may 
not only provide physical protection to the wound but 
also maintain adequate moisture in the wound area[5]. 

WOUND

The skin is the largest organ of the human body. Its main 
function is to protect the body from external factors 
and it is called as first line of defense[6].The two other 
functions which are associated with the mechanism of 
defense are sensation and regulation. Skin is involved 
in protecting us from unwanted pressure and impact. 
It also minimizes the influence of temperature and ra-
diation. It also protects us from potential microorgan-
ism. The extensive network of nerve cells also helps us 
to detect changes in temperature, touch and pain. The 
integrity of skin is very pivotal for a healthy body[7]. 
A wound is a damage of living tissue or disruption in 
the epithelial cells of the top most layer of the skin. A 
wound may bring about the opening and break down 
of the skin and it may also cause disturbance to the 
anatomical and physiological functions of the skin[8]. 
Wound healing is a natural phenomenon which takes 
place by replacing the damaged cells and skin layers. 
This process involves various complex mechanisms.

Complications associated with wound healing:

The non-healing or the chronic wounds have a 
significant effect on millions of people every year 
and also remarkably contribute to their morbidity and 
mortality. These wounds lead to economic burden, 
low quality of life and increased risk of death for those 
who experience these non-healing wounds[9]. A study 
was conducted in 2014 by a US Medicare company 
which revealed a data that around 15 % or 8.2 million 
Medicare beneficiaries are affected by chronic non-
healing wounds and related complications. An annual 
cost between 28.1 billion dollars and 31.7 billion 
dollars was estimated by this study for curing these 

wounds[10].According to a study in India the prevalence 
of acute and chronic wounds was 10.55 and 4.48 
per 1000 of the population respectively[11].The most 
common complications associated with wound healing 
are infection, osteomyelitis, tissue necrosis, gangrene, 
oedema and periwound oedema[12-15].

TREATMENT STRATEGIES FOR WOUND 
HEALING

Antimicrobial agents:

As infection is a significant cause of delay in wound 
healing the main strategy for curing chronic wounds is 
the use of aseptic techniques and use of antimicrobial 
agents[16]. Antimicrobial agents especially systemic 
antibiotics are now being less used due to increased 
antimicrobial resistance cause by antimicrobial 
abuse[17]. Therefore, topical antimicrobials are gaining 
importance in the treatment for wound healing[18]. 
Topical antimicrobial agents can be antiseptics and 
antibiotics. They can be directly applied to the wound 
site at high concentration. Topical antiseptics have 
multiple mechanisms of action and have broad spectrum 
of antimicrobial activity. They hardly suffer from any 
resistance. Topical antibiotics have a narrow spectrum 
but are found less cytotoxic than antiseptics. But these 
synthetic topical agents have various local and systemic 
adverse effects reported but still fewer than systemic 
agents. The local effects include pain, rash cytotoxic 
effects on the cells involved in wound healing process. 
These effects occur at the application site. The systemic 
effects may include toxicity to liver, kidney and other 
organs[19]. Some of the reported adverse effects of 
topical antimicrobials and antiseptics are mentioned in 
Table 1[20-31].

Herbal alternatives for wound healing:

Nature has been a source of various alternative medicines 
in the form of phytoconstituents for curing different 
diseases. Many plants have been used traditionally 
for treating wounds due to their huge potential to 
influence the wound healing process[32].The extracts 
from these plants along with the isolated compounds 
have been found to heal the wound by multiple and 
connected mechanisms which work by the concept of 
synergism and improve the overall healing process[33]. 
The phytoconstituents responsible for wound healing 
activity possess antimicrobial activity, antioxidant and 
free radical scavengers, enhanced mitogenic activity, 
promoting angiogenesis and collagen production, 
increased Deoxyribonucleic Acid (DNA) synthesis[34]. 
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S.No Antimicrobial agent Adverse effects Reference

 Antiseptics   

1 Chlorohexidine Cytotoxicity [20]

2 Silver nitrate Stains black, effects mitochondrial function [21]

3 Silver nanoparticles Toxicity to brain, lungs kidney and reproductive system [22]

4 Povidone iodine Cytotoxicity, hyperthyroidism or hypothyroidism [23,24]

 Antibiotics

5 Bacitrain Allergic contact reaction, hypersensitivity [25]

6 Mupirocin Cytotoxicity, burning and itching [26]

7 Neomycin Renal and auditory toxicity, hypersensitivity [27,28]

8 Silver sulfadiazine Cytotoxicity, renal and silver toxicity [29]

9 Mafenide Pain, allergic responses and pulmonary complication [30,31]

TABLE 1: REPORTED ADVERSE EFFECTS OF SOME TOPICAL ANTIMICROBIALS/ ANTISEPTICS

Fig. 1: Phases of wound healing and role of various phytoconstitutents
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The phytoextracts obtained from the plant materials 
have been analysed and it was found the various 
phytoconstituents present in these plants are alkaloids, 
glycosides, carbohydrates, terpenoids, diterpenes, 
sesquiterpenes, phytosterols, phenolic compounds 
and different kinds of proteins, tannins, flavonoids, 
saponins, lignins, alkaloids and essential oils[35-37]. 
Medicinal plants heal the process of wound healing 
by aiding blood clotting, confronting against infection 
and thus speeding the wound healing process. The 
mechanism of wound healing and the role of various 
phytoconstituents have been mentioned in fig. 1[38,39]. 
So, it can be said that plants and phytoconstituents 
obtained from plants improve treatment and manage 
the process of wound healing[40]. Some of the plants 
with reported wound healing activity have been listed 
in Table 2[41-54].

HERBAL DRUG DELIVERY SYSTEMS FOR 
WOUND HEALING

Conventional drug delivery systems:

 Topical delivery of herbal drugs is a type of conventional 
dosage form. The various examples of such type are 
creams, ointments and gel etc. They can be easily 
prepared but they have certain disadvantages like low 
bioavailability and inadequate retention[55]. Some of 
the recent reported works on conventional topical drug 

S.No Plant name Part used Reference

1 Allamanda cathartica Leaves [41]

2 Lawsonia alba Leaves [42]

3 Glycine max Seeds [43]

4 Annona squamosa Leaves [44]

5 Laurus nobilis Leaves [41]

6 Aegle marmelos Whole plant [45]

7 Nelumbo nucifera Rhizomes [46]

8 Aloe vera Leaves [47]

9 Embelia ribes Leaves [48]

10 Morinda citrifolia Fruit [49]

11 Bambusa vulgaris Leaves [50]

12 Moringa oleifera Leaves [51]

13 Elephantopus scaber Leaves [52]

14 Hemigraphis colorata Leaves [53]

15 Flaveria trinervia Leaves [54]

TABLE 2: LIST OF SOME PLANTS WITH REPORTED 
WOUND HEALING ACTIVITY

delivery systems of herbal drugs for wound healing 
have been summarized in Table 3[56-72].

NDDS:

As the conventional dosage forms for wound healing 
do not release the drug to a particular site in a required 
amount for a prolonged period, there is requirement 
of novel topical delivery system for chronic 
wounds. These novel formulations are found to have 
remarkable advantages over conventional formulations 
of herbal extracts like enhancement of solubility 
and bioavailability, non-toxicity, enhancement of 
pharmacological activity, high stability, improved 
tissue macrophages distribution, sustained delivery and 
protection from physical and chemical degradation. As 
already discussed above that the acute wounds heal in a 
timely manner where as there are problems associated 
with chronic wounds. Therefore, chronic wounds 
require a longer and more rigorous treatment. A high 
concentration in the localized area and prolonged 
delivery can be achieved by developing novel drug 
delivery systems for wound healing which can be given 
by topical route. In this way the high systemic exposure 
of antibiotics can also be avoided. Encapsulation of 
drugs can provide sustained effect and also maintain the 
safety of drugs by the preventing the contact of the drug 
with skin at once[73].

A delivery system for wound healing should perform 
the functions including maintaining its activity by 
protecting itself from proteolysis in the wound area, 
available at a localized level by avoiding getting diluted 
in the wound fluid and getting absorbed and distributed 
systematically, releasing the drug within the wound 
area at a proper rate and duration[74].

The above approaches can also be utilized for 
developing novel drug delivery system for herbal 
drugs as well. As there is a rich source of information 
available about the traditional uses of herbal drugs in 
various serious diseases including wound healing. 
With the development of different modern techniques 
for standardization, extraction and isolation of various 
phytoconstituents, it is the need of the hour to apply 
novel drug delivery to these herbal drugs to increase 
their efficacy. Various herbal novel drug delivery 
systems for wound healing have been discussed below

Hydrogel:

Hydrogels are becoming popular due to their distinctive 
properties e.g. high content of water, flexibility, softness 
and compatibility to biological systems. Hydrogels are 
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hydrophilic in nature with a three-dimensional network 
and are capable of imbibing large amounts of water or 
biological fluids and have significant resemblance to the 
biological tissue. They can be used to deliver various 
compounds to the body. Chen et al.[75] prepared a solid 
lipid nanoparticle enriched hydrogel for the topical 
delivery of astragaloside IV by solvent evaporation 
method. The effect of this hydrogel was studied for 
wound healing and anti-scar formation. They used 
scratch test for in vitro studies and excision model was 
used for determining various stages of wound repairing. 
The hydrogel was found to be an excellent method for 

topical delivery of astragaloside IV with good wound 
healing and anti-scar activity. Beyranvand et al.[76] 
studied the effect of alginate hydrogel of encapsulated 
extract of Satureja khuzistanica on wound healing 
in rats. Alginate solution was prepared by heating 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES) and sodium chloride and further adding 
sodium alginate followed stirring and adjusting the 
pH to 7.4. This alginate solution is added in calcium 
chloride solution to gel alginate beads. The extract of 
Satureja khuzistanica was diluted with ethanol and kept 
with alginate hydrogel for encapsulation. The animals 

S.No Plant(s) Part used Extract Dosage form Wound model Reference

1 Hibiscus sabdariffa Calyx Methanol Cream Excision [56]

2 Clinacanthus nutans Leaves Aqueous Polyherbal cream Excision [57]

Elephantopus scaber ethanol Incision

3 Vitex negundo Leaves Aqueous Polyherbal cream Excision [58]

Emblica officinalis Bark

Tridax procumbens Stem

5 Oliveria decumbens 
Pelargonium graveolens Flowering Aerial Oils Polyherbal cream Diabetic [59]

6 Tridax procumbens Leaves Aqueous juice Ointment Excision [60]

7 Malva sylvestris Leaves Aqueous Polyherbal ointment Burn [61]

Solanum nigrum Leaves Aqueous

Rosa damascena Petals Oily

8 Lawsonia inermis Leaves - Polyherbal ointment Excision [62]

Punica granatum Fruits Dead space

Commiphora myrrha Resins

9 Bidens pilosa Leaves Ethanol Polyherbal ointment Fresh wound [63]

Aloe barbadensis

10 Psorolea corylifalia Leaves Ethanol Polyherbal ointment Excision [64]

Achryanthes aspera

11 Aloe vera Leaves - Polyherbal paste Excision [65]

Commiphor amyrrha 
Boswellia carteri Oleo gum resin

12 Pothos scandens Leaves Ethanol Gel Burn [66]

13 Ziziphus nummularia Leaves Ethanol Gel Excision [67]

14 Aloe vera leaves Juice gel Excision [68]

16 Lawsoniainermis Leaves - Gel Excision [69]

17 Pistaciaatlantica Fruit powder n-hexane Gel Incision [70]

18 Aegle marmelos, Leaves Methanol Gel Excision [71]

Mucuna pruriens seeds Ointment

19 Alchemilla vulgaris Whole plant Aqueous ethanol, 
Propylene glycol Gel - [72]

TABLE 3: CONVENTIONAL HERBAL DOSAGE FORMS FOR WOUND HEALING
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were treated with both the Satureja khuzistanica 
extract and encapsulated Satureja khuzistanica 
alginate hydrogel for 22 d. The encapsulated Satureja 
khuzistanica alginate hydrogel dressing was found to 
be more effective.

Wang et al.[77] isolated a polysaccharide fraction 
from Periplaneta americana herbal residue. This 
residue was found to have a potential wound healing 
effect. For improving the topical delivery, a hydrogel 
of the polysaccharide fraction was formulated 
using Carbopol® 940 (Cross linked polyacrylic acid 
polymer) and carboxymethyl cellulose. Different 
ratios of polymers were used and the formulation was 
optimized. The gel was confirmed for cytotoxicity 
using 3T3 fibroblast proliferation assay. The hydrogel 
proved to be safe as it contained a natural substance and 
it accelerated the wound healing in diabetic rat model. 
Mittal et al.[78] prepared a polymeric hybrid hydrogel of 
dimethyl aminoethyl acrylate and hyaluronic acid and it 
was impregnated with herbal extract of Didymocarpus 
pedicellatus. These hydrogels were evaluated of 
swelling property. The swelling ratio was observed 
to be 1600 % in both types of gels. Wistar rats full-
thickness excision model was used to study the wound 
healing activity. It was found that this gel can be used as 
an effective treatment for curing wounds. As hyaluronic 
acid has significant role in wound healing mechanism, 
this hydrogel was found to be better as compared to the 
standard market treatment. 

Microspheres:

The technique of microencapsulation is used to prepare 
microspheres in which a thin coating is applied to 
small solid particles, liquid droplets and dispersions. 
They are formed in the size range of 1-1000 μm. They 
are found to be compatible for various dosage forms 
due to their swelling and bio-adhesion characteristics. 
Microspheres are found to control drug release rate 
and can be used for treating chronic wounds[79]. Basha 
et al.[80] developed a topical formulation for treating 
wounds and bacterial infection of skin. Microspheres 
of Lawsone loaded with chitosan were prepared by 
the method of emulsification and cross linking. These 
prepared microspheres were incorporated into chitosan 
scaffolds by emulsification and freeze-drying method. 
Lawsone scaffolds were evaluated for wound healing 
ability using excision wound model in albino rats. The 
anti-bacterial activity was determined by agar disc 
diffusion method. The results obtained were found to 
be satisfactory.

Wound dressing can also be formulated as a film but in 
order to achieve a sustained release of the herbal drug, 
Poly-Lactic-co-Glycolic Acid (PLGA) microspheres 
were prepared. Liu et al.[81] embedded curcumin 
encapsulated PLGA microspheres in the chitosan/
aloe membrane by using high-power ultrasonic 
emulsification and a tape-casting process. It was found 
that as the release of curcumin was in a controlled 
manner in the form of microspheres, the aloe/chitosan 
film promoted the tissue regeneration in full-thickness 
skin wound model in Wistar rats.

Polymeric, gold and silver nanoparticles:

Some free drugs have problems of low aqueous 
solubility, narrow bio distribution, rapid degradation 
and fast clearance. Such drugs can be encapsulated 
into nanoparticles[82]. These nanoparticles have small 
size and high surface-to-volume ratio which provide 
a facility of intracellular ingress and passage across 
the skin barrier which is ideal requirement for topical 
drug delivery[83]. Chereddy et al.[84] prepared PLGA-
encapsulated curcumin nanoparticles for wound 
healing. The nanoparticles exhibited two type of drug 
release pattern. The two mechanisms were found to 
be diffusion and degradation or erosion. The wound 
healing potential was evaluated using the splinted 
mouse full-thickness excision model. The animal group 
treated with PLGA curcumin nanoparticles was found 
to be recovered almost completely by the 10th d whereas 
the groups which received curcumin only and PLGA 
nanoparticles only showed around 75 % recovery. 
Leu et al.[85] studied the effect of Gold Nanoparticles 
(AuNPs) with antioxidant Epigallocatechin Gallate 
(EGCG) and A-Lipoic Acid (ALA) in wound healing 
in mice. The preparation when applied topically 
showed a satisfactory effect. The mixture of AuNPs, 
EGCG and ALA was found to enhance the wound 
healing in vivo in mice through its anti-inflammatory 
and antioxidant activity. Medina et al.[86] prepared 
chitosan-sodium tripolyphosphate nanoparticles loaded 
with Arrabidaea chica standardized extract. The 
Antiulcerogenic activity of extract loaded nanoparticles 
was also evaluated using an acute gastric ulcer 
experimental model which was induced by ethanol and 
indomethacin. It was found that nanoparticles loaded 
with Arrabidaea chica extract lessened the ulcerative 
lesion index at lower doses as compared to the free 
extract. This suggests that encapsulation of the extract 
in chitosan nanoparticles leads to dose reduction for 
a gastro protective effect. Sharma et al.[87] studied the 
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wound healing potential of aqueous alcoholic extract of 
seeds of Madhuca longifolia. Several flavonoids were 
isolated from the extract. They prepared flavonoids 
loaded gold, silver and Au-Ag bimetallic nanoparticles. 
A statistically significant (p<0.001) enhancement in the 
wound healing efficacy was observed in swiss albino 
mice model. Among the prepared nanoparticles, silver 
nanoparticles showed an extraordinary enhancement in 
the wound healing efficiency of 80.33 % attaining very 
close the level of reference drug Placentrex of 84.02 %.

Liposomes:

Liposomes are bilayer phospholipid vesicles which are 
capable of incorporating both hydrophilic and lipophilic 
drugs. Liposomes have been studied for topical delivery 
of numerous synthetic and herbal compounds.These 
vesicles can play a vital role in enhancing the solubility 
and permeability of drugs. Cui et al.[88] used a Chinese 
herb formula Danggui Buxue decoction for studying 
its effect on wound healing. For this purpose, Danggui 
Buxue loaded liposomes were prepared using thin-film 
dispersion-ultrasonic method and then incorporated 
into a thermo sensitive gel. It was evaluated for wound 
healing using the excision wound model. The results 
showed the significant improvement in wound healing 
which may be due the various mediators and signaling 
pathways. This gel provided a sustained delivery for 
the Chinese extract and proved to be valuable approach 
for enhanced wound healing.

Jangde et al.[89] prepared quercetin loaded liposomes 
for wound healing. Liposomes were prepared 
using thin-film hydration technique by dissolving 
quercetin, phospholipids and cholesterol in 25 ml of a 
chloroform-methanol mixture in a molar ratio of 4:1. 
By using response surface methodology this liposomal 
formulation was optimized. It was observed that the 
liposomes provided a sustained release of quercetin in 
the wound area. Castangia et al.[90] prepared bio-nano 
vesicles containing polyphenols such as quercetin 
and curcumin. These bio-nanovesicles were evaluated 
against 12-O-tetradecanoylphorbol 13-Acetate (TPA) 
induced skin inflammation and ulceration. These 
polyphenols are excellent free radical scavengers and 
also show significant anti-inflammatory activity. After 
treatment with polyphenolic bio-nanovesicles it was 
found that skin lesions formation was prevented. Also, 
the biochemical processes which are involved epithelial 
loss and skin damage during the TPA treatment were 
also nullified. The liposome loaded with quercetin 
and curcumin and the penetration enhancer containing 
vesicles exhibited an excellent ability compared to the 

herbal drug dispersion to decrease myelo-peroxidase 
activity in damaged tissues. 

Nanoemulsions, microemulsions, self-
nanoemulsifying drug delivery systems, self-
microemulsifying drug delivery systems:

Nanoemulsion and microemulsion are sometimes 
misunderstood on the basis of their droplet size. As 
far as the terminology is considered the nanoemulsion 
means 10-9 while the microemulsion fall in the 
micrometer range i.e. 10-6. But despite of this the size 
ranges may overlap. Microemulsions are in the size 
range of 10-100 nm whereas nanoemulsions are in 
the range of 100-500 nm[91]. Microemulsions are more 
stable thermodynamically and clear in appearance 
whereas nanoemulsions are more stable kinetically and 
they are opalescent to milky white in colour[92]. They 
are widely accepted as promising vehicle for drugs 
used for wound healing. The reasons may be their small 
droplet size, high stability, extended shelf-life, simple 
formulation process, high surface area and enhances 
efficiency of solubilization. Nanoemulsions enhance 
the solubility of both hydrophilic and hydrophobic 
drugs and can modify the release of drugs in sustained 
manner. Therefore, their use has become significant 
for the delivery of herbal based wound healing 
formulations[93]. Apart from these new self-emulsifying 
lipid carriers are becoming popular for enhancing 
solubility and bioavailability of poorly soluble drugs. 
These lipid carriers have been classified on the type of 
and amount of excipients and their morphology. There 
are four classes Type I containing only oily phase, Type 
II self-dispersing carriers called as Self-Emulsifying 
Drug Delivery Systems (SEDDS), Type IIIA called 
as Self Nano-Emulsifying Drug Delivery System 
(SNEDDS) and Type IIIB Self Micro-Emulsifying Drug 
Delivery System (SMEDDS) and Type IV are made of 
surfactants. Type IIIA forms oil in water nanoemulsion 
with a droplet size in the range of 100-250 nm whereas 
Type IIIB forms oil in water microemulsion with droplet 
size 10-100 nm range. These type IIIB when diluted 
small droplets are formed and the system appears to be 
transparent[94].

Ghosh et al.[95] developed Cinnamon oil microemulsion 
using a non-ionic surfactant Tween®20 (Polysorbate 
20) and water. Oil and surfactant were taken in the 
ratio of 1:4. The microemulsion was formed with a 
droplet diameter of about 5.79 nm and was found 
to be kinetically stable. This microemulsion was 
found to exhibit antibacterial activity and triggered 
the process of wound healing in wistar rats. Shakeel 
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et al.[96] prepared a SNEDDS using the Piper cubeba 
Oil (PO) by utilizing the low energy emulsification 
technique. The prepared SNEDDS were characterized 
for thermodynamic stability and self-emulsification 
power. The excipients used for preparation of SNEDDS 
were Sefsol-218 (Propylene glycol caprylate) as the 
oil phase, Triton X100™ (Octylphenol ethylene oxide 
condensate1) as the surfactant, Transcutol®-HP (Diethyl 
glycol monoethyl ether) as cosurfactant and deionized 
water as aqueous phase. It was concluded that the use of 
surfactants Transcutol®-HP along with surfactant Triton 
X100™ lead to the formation of a stable SNEDDS. It 
was found that SNEDDS of PO showed better wound 
healing as compared to PO alone. However, the healing 
was comparable to the standard Gentamycin. 

Oliveria decumbens developed a wound healing 
dressing based on Propolis (EPP AF®) containing a self-
microemulsifying formulation which was incorporated 
in biocellulose membranes. Various formulations were 
prepared by varying the proportion of Capmul® MCM EP 
(medium chain mono- and diglycerides,) as surfactant. 
Polyethylene glycol 400 (PEG 400), as cosurfactant, 
and the oil phase, which was composed of a mixture of 
propolis (EPP-AF®) soft extract and C. cassia essential 
oil. The optimized self-microemulsifying formulation 
was incorporated in the biocellulose membrane. The 
results showed that the developed wound dressing can 
be used successfully to treat chronic infected wounds[97].

Phytosomes:

Phytoconstituents have been used extensively for 
curing many ailments. In order to enhance their 
bioavailability and targeted delivery they can be 
complexed with phospholipids. The complexes 
between phytoconstituents and phospholipids are 
called as phytosomes. Phospholipids are integral part 
of our cell membrane so they are biocompatible and 
safe for use. Phytosomes provide high entrapment 
efficiency and can be successfully used for topical, 
delivery of phytoconstituents for wound healing[98,99]. 
Few of the phyto-extracts are poorly soluble in aqueous 
substances and their permeation across biomembrane is 
also limited. Therefore, these extracts can be formulated 
as phytosomes. Demir et al.[100] developed phytosomes 
of Calendula officinalis extract. These phytosomal 
formulation was loaded with Au nanoparticles thus 
utilizing the wound healing and antioxidant properties 
of gold nanoparticles. The Au loaded phytosomes were 
found to have a particle size of about 100 nm along 
with high entrapment efficiency. It was found that the 
preparation was safe and had significant antioxidant 

and wound healing activities. The phytosomal vesicles 
proved to novel drug delivery system by enhancing the 
biological activity of Au nanoparticles and Calendula 
extract.

Mazumder et al.[101] developed phytosomes of sinigrin 
to enhance its bioavailability and therapeutic efficacy 
and studied the wound healing and cytotoxic activity. 
The phytosomes formed were found to have an 
average particle size of 153±39 nm, a zeta potential 
of 10.09±0.98 mV and an entrapment efficiency 
of 69.55 %. The phytosomal complex exhibited 
complete wound healing after 42 h as compared to 
only sinigrin which showed only about 71 % wound 
closure. As far as cytotoxic studies are concerned a 
nominal toxicity towards HaCaT cells and a potent 
activity towards A-375 was found. Moringa oleifera 
leaves are found to possess wound healing activity 
due to the presence of polyphenols. These polyphenols 
have large molecular size and low lipid solubility so 
therefore their permeation across cell membrane is low. 
To enhance the bioavailability of these polyphenols, 
aqueous extract of leaves of Moringa oleifera was 
complexed with phospholipids to form phytosomes[102]. 
Cell cytotoxicity study and cell migration assay for 
prepared phytosomes were determined using in vitro 
normal human dermal fibroblast cells. The phytosomes 
were found to be nontoxic and can be successfully used 
as a wound healing dressing.

Films/Membranes:

For the purpose of an effective wound healing it 
is desirable to cover the wound with a suitable 
covering or dressing to prevent contamination from 
microorganism[103]. Various materials like animal fat, 
plant fibers and honey etc. have been used earlier for 
covering the wounds. Several studies have reported use 
of polymers for preparing films to be used as wound 
dressing. Chin et al.[104] developed Moringa oleifera 
standardised aqueous leaf extract-loaded hydrocolloid 
film dressing for studying wound healing in diabetic rat 
model along with in vivo dermal safety. The polymers 
used for the preparation of films were pectin and sodium 
alginate. Based on the wound healing assay and cell 
proliferation studies films were prepared in polymer 
concentration of 0.1, 0.5 and 1 % by using solvent 
casting method. The 0.5 % film remarkably augmented 
the wound closure by 77.67 %±7.28 % at the 7th d as 
compared to the control group. Whereas in abrasion 
wounds, 0.5 % films expedited the wound closure 
notably at 81 %±4.5 % as compared to the control 
group. The study proves the use of Moringa leaves 
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extract loaded films for accelerated wound healing in 
diabetic rat model.

Huanbutta et al.[105] utilized the pharmacological 
activities of propolis extract for preparing a natural gum-
based film for enhancing its effectiveness for wound 
healing. Tamarind seed gum was used as a film forming 
agent. Several ratios of the solvents water, ethanol and 
concentration of gum were tried and finally a ratio of 
55 %:45 % of water: ethanol, 7.5 % of tamarind seed 
gum and 1 % Polyethylene Glycol 400 (PEG400) as 
plasticizer was obtained as an optimized formulation. 
This optimized formulation exhibited a fast drying time 
and excellent rheological properties to be used as a 
spray formulation for film forming. The propolis extract 
loaded film system was found to inhibit Staphylococcus 
aureus and Staphylococcus epidermidis. Tong et al.[106] 
developed antimicrobial cellulose nanocrystals film 
wound dressings loaded with curcumin. The cellulose 
nanocrystals films were encapsulated with curcumin. 
These films were found to be flexible and soft. A 
remarkable inhibitory efficacy against, Yersinia sp,  
E. coli, Pseudomonas aeruginosa and Proteus mirabilis 
was seen in the antimicrobial studies of the films. 
The in vivo wound healing activity was studied using 
diabetic rat models which demonstrated a decrease in 
the wound area on 7th d after the topical treatment of 
films loaded with curcumin. Curcumin speeded up the 
wound healing by enhancing the level of TGF-β1 which 
is essential for cell growth and proliferation. Curcumin 
also safeguard the skin cells from damage by oxidation.

Nanofibers:

Nanofibers are fibers in which drug is inserted for 
topical application in wound healing. These nanofibers 
act as barrier for invasion of microorganisms due to high 
specific surface area, extensive permeability of about  
60 % to 90 %. The nanofibers also show a nano-
porosity as a network which inhibits microbes. The 
electrospinning technique provides sustained drug 
release. Thus, these nanofibers provide an excellent 
barrier and a controlled environment for wound 
healing[107]. Yao et al.[108] developed Lithospermi radix 
(LR) extract containing bilayer nanofiber scaffold for 
stimulating wound healing in a rat model. LR is a 
traditional herbal drug used for wound healing. They 
used different mammalian gelatin and fish collagen 
for electrospinning on to chitosan scaffolds to prepare 
bilayer nanofiber scaffold. The chitosan scaffold had a 
porous structure with a very high swelling ratio of about 

1909 wt % and thus enabled the material to absorb the 
exudates properly. The gelatin nanofibers showed a 
greater cell attachment in vitro using the fibroblasts. 
From the cytotoxicity analysis it was found that the 
gelatin, fish collagen and chitosan released from the 
membranes were non-toxic to L929 fibroblasts. These 
LR loaded bilayer nanofiber scaffold exhibited the 
highest wound healing rate. 

Almasian et al.[109] developed Polyurethane (PU) 
based nanofibers containing Malva sylvestris extract. 
The effect of these nanofibers was evaluated on 
diabetic wound model. To improve the absorption 
ability of wound exudates various concentrations of 
Carboxymethyl Cellulose (CMC) were tried. It was 
found that smooth morphology with a moderate release 
of the phytoconstituent in 85 h was due to 20 % w/w 
CMC in the polymer mixture and formed nanofibers 
with a mean diameter of 386.5 nm. This extract loaded 
PU based nanofiber dressing showed significant 
antibacterial effect against Staphylococcus aureus 
and Escherichia coli. The wound dressing containing 
15 % w/w herbal extract demonstrated the wound 
healing rate of 95.05 %±0.24 % by the 14th d. It was 
found from the histological analysis that macrophage 
infiltration, neovascularization activity and fibroblastic 
proliferation were enhanced on the 7th d. Also, the 
degree of collagenization and epithelium regeneration 
was increased on the 14th d.

Maintain its activity by protecting itself from  
proteolysis in the wound area incorporated standardized 
extract of four reputed wound healing plants namely 
Acalypha indica, Aristolochia bracteolate, Lawsonia 
inermis and Thespesia populnea in Electrospun 
nanofibrous Guar gum based nanofibrous scaffold 
matrix for wound healing[110]. The prepared nanofibrous 
scaffold or dressing was found to be non-toxic during 
dermal toxicity studies on female wistar rats. Thus, by 
this study a herbal drug loaded nanofibrous mat as a 
dressing and also a skin like scaffold with Gingival 
of Mesenchymal Stem Cells (GMSC’s, a novel 
concept by combining the biological and technological 
advantage of a herbal drug and stem cell therapy can be 
successfully used for regeneration of skin.

RECENT PATENTS

Several herbal formulations have been patented for 
wound healing. Patents in the past few years are listed 
in the Table 4[111-129].
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CONCLUSION

Various novel herbal wound healing formulations 
like microspheres, nanoparticles, liposomes, nano-
emulsions, nanoparticles, nanofibers, hydrogels, 
dressing etc. were reviewed. The main discussion was 
mainly concerned about their in vitro drug release and 
in vivo wound healing studies. It was found that these 
novel formulations not only cover the wounds but also 
stimulate the tissue regeneration and remodelling. They 
also speed up the regeneration of skin thus minimizes 

the size of scar and its formation. These herbal drugs 
work by various mechanisms and help in the healing 
of wounds in a more efficient way. The disadvantage 
of antibiotic resistance and serious adverse effects 
is also minimized while using herbal approaches for 
wound care. Treatment with conventional dosage is 
time consuming and also the release of drug is not in 
a sustained manner. Novel herbal formulations utilize 
the traditional phytoconstituents and convert them into 
a new advanced delivery system thus improving patient 

S No Patent no. Title Indication Reference

1 WO2013091056A1
Pharmaceutical compositions comprising 

Arrabidaea chica extract in controlled release 
systems, production process and use thereof 

Tissue wound healing [111]

2 US 20140199367A1
Topical transdermal method for delivering 
nutrients through the skin for expedited 

wound healing and skin rejuvenation 

Riboswitch-like activation and 
curation of wounds

[112]

3 WO2014147638A1 A multifunctional natural wound healing 
matrix Wound healing [113]

4 US8741353B1 Ointment for healing burns and wounds. Burns and wounds [114]

5 EP 2586450B1 Cream for burns For effective recovery of burn 
without leaving any scar

[115]

6 US9101508B2 Electro spun nanofibrous wound dressing and 
a method of synthesizing the same Dressing for wounds [116]

7 WO2017060535 A topical herbal healing formulation Treatments of wounds [117]

8 WO2017122224A1
A nano-biocomposite formulation for wound 
healing and a process for the preparation 

thereof
Wound healing [118]

9 EP 2704729B1 Antimicrobial silver hydrogel composition for 
the treatment of burns and wounds

Antimicrobial silver and 
acemannan composition for the 
treatment of wounds or lesions 

or burns.

[119]

10 US 20180185428A1 Herbal combinations for wound healing in 
fibroblasts

Enhancing fibroblast cell 
migrations

[120]

11 US 20180318375A1
Herbal preparations for accelerating wounds 

and skin inflammation healing and its 
application

Healing of wound and skin 
inflammation

[121]

12 US 20190183954A1

Herbal preparation for accelerating 
wounds and skin inflammations especially 
for treatment of herpes and acne and its 

application

Treating herpes and acne [122]

13 IN201721046295 A herbal antiseptic and wound healing 
preparation Healing of wounds and burns [123]

14 EP2895209B1 Improved wound healing compositions 
comprising microspheres Wound healing [124]

15 US10206886B2 Lipid nanoparticles for wound healing For promoting wound healing [125]

16 US20200330543A1 A topical herbal healing formulation Topical herbal formulation for 
wound

[126]

17 US20180015133A1 Topical formulation for promoting wound 
healing Promotion of wound healing [127]

18 RU2736214C1 Ointment for wound healing For wound healing, burn and 
antibacterial purpose

[128]

19 US20200376170A1 Biomimetic pro-regenerative scaffolds and 
methods of use thereof Scaffolds for wound healing [129]

TABLE 4: RECENT PATENTS ON HERBAL FORMULATIONS FOR WOUND HEALING
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convenience and compliances. These novel formulation 
approaches when compared to the traditional pure 
herbs were found to be more effective in facilitating the 
wound healing and the repairing process. In future more 
and more traditional herbs can be explored and utilized 
in novel drug delivery systems for better management 
of chronic wounds. 
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