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Introduction 

A wound can be defined as a disruption of cellular and 
anatomic continuity of a tissue with or without micro-
bial infection. Disruption of epithelial tissue of the skin 
with the distraction of functional continuity of living 
tissue occurs in wound due to physical, chemical, 
thermal, immunological, and microbial exploitation 
(Lazarus et al., 1994). If wound remains untreated may 
lead to pain, inflammation, infection, and sometimes 
organ failure (Kumar et al., 2007). Healing of wound 
occurs by complex series of events such as inflamma-
tory phase, proliferative phase, and remodeling phase 
(Chan et al., 2008). 

Herbal medicine is a part of human health care for 
thousands of years. Myriad of chemical constituents 
obtained from herbs are active against a number of 
diseased condition. As per the World Health Organiza-
tion (WHO) reports more than 80% of the population in 
this world are dependent on herbal medicine (Ekor, 
2013; Priya et al., 2002). Recently many plant extracts 
have been reported for wound healing activity and 
their cellular mechanism of wound healing has been 

studied extensively. It has been demonstrated that 
many plant extracts processed wound healing via 
angiogenesis (Mirmalek et al., 2015; Shen et al., 2017), 
activation of NF-κB (Nicolaus et al., 2017), favoring pro-
inflammatory cytokines (Joshi et al., 2016), upregulation 
of iNOS (Pereira et al., 2016) and alpha-1 type-1 
collagen (Krishnappa et al., 2016), fibroblast prolifera-
tion (Seyed et al., 2016; Öz et al., 2016), and anti-oxidant 
activity (Joshi et al., 2016). Thus, the aim of this review 
was to collect information about the cellular mecha-
nisms of wound healing plants recently reported by the 
investigators and present them in an organized or 
systematic way. 

This mini-review comprises scientific (peer-reviewed) 
data available in international databases (PubMed, 
Science Direct, and Elsevier) and international as well 
as local scientific journals that are not indexed in these 
databases but are available online in Google Scholar or 
repositories and libraries of different academic institu-
tions have been also included. In such a way, the 
present review describes a simple and efficient review 
of recently reported medicinal plants with wound 
healing potential.  
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Abstract 

Wound occurs due to disruption of soft tissues that results from injury. 
Recently many medicinal plants have been demonstrated for wound healing 
potential through in vivo and in vitro preclinical models and their mechanisms 
of wound healing has also been reported. Medicinal plants have been 
reported to show wound healing potential via angiogenesis, activation of NF-
κB, favoring pro-inflammatory cytokines, increased expression of inducible 
nitric oxide synthase (iNOS) and alpha 1 type 1 collagen, and anti-oxidant 
activity. Thus, in this review, an attempt was made to give an insight into the 
recently reported medicinal plants with wound healing mechanisms which 
could be beneficial in therapeutic practice and development of new wound 
healing drugs for human use.  
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Healing of Wound 

Healing of wound occurs through an inflammatory 
phase, proliferative phase, and remodeling phase. 
Inflammatory phase starts instantly after the injury 
which lasts up to 48 hours and in some cases up to two 
weeks. Hemostatic mechanisms of this phase instantly 
stop bleeding via vasoconstriction and aggregation of 
platelets. Then vasodilatation and phagocytosis occur at 
the site of the wound and produce inflammation (Li et 
al., 2007). 

Proliferative phase starts after inflammatory phase and 
lasts from two days to three weeks. In this phase colla-
gen fibers accumulate and neovascularization occurs. 
Edges of the wound are pulled together and reduced 
the wound area and then epithelial tissues are genera-
ted over the site of the wound (Guo and DiPietro, 2010). 

Remodeling phase lasts up to three weeks to two years. 
In this phase, cross-linking between the collagen fibers 
through vitamin C-dependent hydroxylation increased 
the tensile strength of the tissue (Guo and DiPietro, 
2010).  

 

Medicinal Plants with Wound Healing Poten-
tial 

Many medicinal plants have been reported to show 
wound healing activity. Extensive investigation has 
been carried out in the field of wound healing manage-
ment by medicinal plants. Some recent studies on 
medicinal plants with significant wound healing acti-
vity are illustrated as follows: 

Alchemilla mollis and Alchemilla persica 

Plants of Alchemilla genus are perennial belonging to 
the family Rosaceae and popularly known as “Lady’s 
mantle” (ESCOP Monographs, 2003; Gruenwald et al., 
2000). Species of Alchemilla have been reported for the 
treatment of dysmenorrhea, gastrointestinal disorders, 
inflammation of the mouth and throat, eczema and skin 
rashes (Kupeli Akkol et al., 2015). Alchemilla mollis is 
traditionally used for the treatment of wounds and 
excessive menstruation (Makau et al., 2013; Trenda-
filova et al., 2011; Yarnel and Abascal, 2009). In addi-
tion, A. mollis has been reported for the antiviral, 
astringent, diuretic, antispasmodic and anti-oxidant 
activities due to the presence of phenolic content such 
as tannins and flavonoids (Makau et al., 2013; 
Trendafilova et al., 2011).  

Ointments of an aqueous-methanol extract of aerial and 
roots of A. mollis were evaluated for wound healing 
activity by linear incision and circular wound models in 
Wistar rat. The ointment significantly increased the 
tensile strength (39.3%) and rate of wound contraction 

(51.4%) in linear the incision and circular wound 
models respectively compared to control rat. It also 
increased the hydroxyproline content. Histological 
study revealed fibroblast proliferation, epithelization, 
formation of collagen, and neovascularization (Öz et al., 
2016). The ointment of A. persica also showed similar 
result (Öz et al., 2016). 

Aloe vera  

Aloe vera is commonly known as aloe or Gwar patta 
(Hindi), belonging to the family Liliaceae. This plant is 
used in digestive problems, asthma, peptic ulcer, skin 
irritation, burns, wound, eczema, acne, psoriasis, der-
matitis and diabetes (Puvabanditsin and Vongtongsri, 
2005; Reuter et al., 2008; Mohamed, 2011;  Yagi et al., 
2011). Fresh juice of this plant leaf contains 96% water 
and mucilage. The main constituents of the mucilage 
are D-glucose and D-mannose, tannins, steroid, 
enzymes, plant hormones, amino acids, vitamins and 
minerals.  

It has been demonstrated that oral administration of 
mucilage of A. vera to type II diabetes Wistar rat 
improves the trend of wound healing by increasing in 
the expression of vascular endothelial growth factor 
(VEGF) and transforming growth factor-β1 (TGF-β1) 
which stimulates the fibroblast for reconstruction of 
extracellular matrix (Atiba et al., 2011; Mirmalek et al., 
2015).  

In a study, the effect of A. vera gel was investigated on 
round wound model in male rat. It was found that A. 
vera gel significantly reduced the wound thickness and 
altered the neutrophil, macrophage and fibroblast cells 
as compared with control group (Takzare et al., 2009). 

Wound healing property of filtered A. vera aqueous 
extract was investigated on excision wound model in 
Sprague Dawley rat. Application of 1.5 mL of aqueous 
extract of A. vera on the lesion caused significant wound 
contraction from days 15 to 20 post-injury. The extract 
also significantly decreased the number of lymphocytes 
and macrophages and increased the number of new 
blood vessels (Oryan et al, 2010). 

In another study, the effect of A. vera gel ethanolic 
extract on excision and incision wound was evaluated 
in streptozotocin-induced diabetic Wistar rat. Oral 
administration of A. vera gel ethanolic extract (300 mg/
kg/day) for 9 days to diabetic rat significantly reduced 
the blood glucose level, improved the plasma insulin 
level, increased DNA and glycosaminoglycans aid to 
the healing of excision wound in diabetic rat. In 
addition, the extract also significantly increased the 
tensile strength in the incision model (Daburkar et al., 
2014). 

In 2013, Eghdampour et al., conducted a randomized 
clinical trial on the impact of A. vera on perineal healing 
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after episiotomy in 111 qualified primiparous women 
admitted in Lolagar Hospital, Tehran, Iran. Patients 
were categorized into control group (n = 1) and 
experimental group (n = 2). Women in the experimental 
group (n=2) were allowed to apply A. vera ointment 
every 8 hours for five days. The control group (n=1)
used hospital routine on episiotomy for five days. 
Collections of data were done by demographic ques-
tionnaire and redness, edema, ecchymosis, discharge 
and approximate scale (REEDS) which investigated the 
episiotomy healing before and five days after interven-
tion in two groups. There was no significant difference 
in the demographic and other intervening variables in 
three groups. After delivery, the mean REEDS in five 
days showed a significant difference in the control and 
experimental groups. Thus, A. vera ointment signifi-
cantly increased the speed episiotomy wound healing 
(Eghdampour et al., 2013).       

From the above studies, it can be concluded that A. vera 
plant is having potential wound healing activity.  

Aloe littoralis  

A. littoralis Baker is the plant of genus Aloe belonging to 
the family Asphodelaceae. A. littoralis is a typical 
species cultivated in Iran (Soltanipoor, 2006). Persian 
scientists mentioned wound and burn and anti-
inflammatory properties of this plant (Hajhashemi et 
al., 2012).  

Gel formulations of A. littoralis (12.5 and 100% w/v 
Aloe mucilage in carbomer base) 500 mg daily were 
evaluated in 24 days burn wound model in Wistar rat. 
100% Aloe gel formulation and A. littoralis raw 
mucilaginous gel (500 mg daily) were evaluated in the 
incision wound model. In burn wound model, the gel 
formulations of A. littoralis (12.5 and 100% w/v Aloe 
mucilage in carbomer base) showed significant wound 
healing and 100% Aloe gel formulation and A. littoralis 
raw mucilaginous gel significantly healed incision 
wound (Hajhashemi et al., 2012).  

Caesalpinia ferrea  

Caesalpinia ferrea Mart (Caesaalpinioideae) is a legumi-
nous plant distributed in Brazil. The bark of this plant is 
used in folk medicine to treat enterocolitis (Balbach, 
1972), rheumatism, cancer (Nakamura et al., 2002) and 
wounds (Braga, 1976). Aqueous extract of barks of C. 
ferrea have been investigated for antiulcer (Bacchi and 
Sertie, 1994), anti-inflammatory and analgesic (Carval-
ho et al., 1996), antimicrobial (Sampaio et al., 2009) and 
antitumor (Nakamura et al., 2002) activities.  

Cutaneous wound healing of ointment composed of 
bark powder of C. ferrea mixed with sterile vaseline was 
evaluated in mongrel goats. The ointment was found to 
reduce the wound area and complete epithelialization 
on 21st day. On the other hand, microbiological evalua-

tion showed the presence of Enterobacteriaceae and 
Staphylococcus aureus only in control group but not in 
treatment group (Oliveira et al., 2010). 

To find out the mechanism of wound healing effect, the 
polysaccharide-rich extract of C. ferrea stem bark was 
investigated. It was found that the polysaccharide-rich 
extract reduced the wound area, leukocyte infiltration, 
vascular permeability, and stimulated angiogenesis, 
fibroplasias, collagen deposition and epithelial layer 
formation in Wistar rat. It also reduced the tumor 
necrosis factor-α (TNF-α) expression, and the levels of 
prostaglandin E2, interleukin-1, malondialdehyde 
(MDA), total protein and myeloperoxidase (MPO). 
Moreover, it increased the expression of iNOS and TGF-
β (Pereira et al., 2016). 

Calendula officinalis  

Calendula officinalis (Asteraceae) flowers have a long las-
ting traditional use in ethnopharmacology. This plant, 
also known as pot marigold, has been cultivated in 
Europe for centuries and used all over the world due to 
its medicinal properties (Muley et al., 2009). The use of 
preparations from Calendula flowers has a long-lasting 
tradition for the external treatment of inflammation and 
wound (Basch et al., 2006; Leach, 2008). 

The ethanolic extract of C. officinalis flowers showed a 
significant decrease of the presence of fibrin and 
hyperemia when compared to the control group at 4th 
and 7th post-operative days in cutaneous wound model 
in Wistar female rat. There was no major difference in 
the hemorrhage, inflammatory infiltration, epitheliali-
zation and hyperplasia of epithelial cells between the 
analyzed groups. The ethanolic extract also showed 
increase in collagen deposition at 4th and 7th post-
operative days. Immunohistochemical evaluation 
revealed an increase in the number of blood vessels and 
VEGF expression in the dermis (Parente et al., 2012). 

Wound healing activity of gel of ethanolic extract of C. 
officinalis flowers (5, 7 and 10%) was studied on the 
cutaneous wound healing in Sprague Dawley rat. The 
gel reduced wound size in rat when compared to 
control rat. 7% gel showed highest tensile strength. At 
microscopic level, the treated tissue at 14th post-injury 
day showed epithelialization, few macrophages, lym-
phocytes, fibroblasts and loops of new blood vessels 
(Shafeie et al., 2015).  

The mechanism of C. officinalis tincture cell viability and 
wound closure was studied. The tincture was found to 
increase the proliferation of Swiss albino mouse fibro-
blast cells (NIH-3T3), Human primary dermal fibroblast 
(HDF) and Human Caucasian fibroblast-like fetal lung 
cell (WI38) cells. In scratch assay, the tincture showed 
the migration of NIH-3T3, HDF and WI38 cells. In 
presence of phosphatidylinositol-3-kinase (PI3K) inhibi-
tors (wortmannin and LY294002) C. officinalis tincture 
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failed to migrate NIH-3T3, and WI38 cells which indi-
cate fibroblast  migration by  C. officinalis tincture is 
most probably via the activation of PI3K pathway. The 
same study also demonstrated that inhibition of the 
PI3K pathway reduces the pAkt expression and thus 
decreased cell proliferation (Dinda et al., 2015). 

In another study, the n-hexane, ethanolic, and aqueous 
extracts of C. officinalis flowers were tested on the infla-
mmatory phase of wound healing on human immorta-
lized keratinocytes and dermal fibroblast cells. The n-
hexane extract was found to increase the activity of 
transcription factor NF-κB and the extract also increa-
sed the chemokine (Interleukin-8) in human immorta-
lized keratinocytes. Migration and spreading of kerati-
nocytes were little influenced in the scratch assay 
(Nicolaus et al., 2017). 

Synergistic effect of hydroalcoholic extract of C. officina-
lis leaves in combination Ocimum basilicum leaves in 
form of carbopol gel was assessed in excision and burn 
wound model on Swiss albino mice. In both the models, 
the formulation showed a significant reduction in the 
period of epithelialization and increase in the rate of 
contraction of the wound which may be due to 
synergism (Sengupta, 2017).  

Citrus tamurana 

Citrus tamurana (Rutaceae) is a citrus crop of Miyazaki, 
Japan. This crop has been traditionally used as a 
supplement to increase digestion and appetite, relieve 
flatulence and abdominal distention and helps in 
respiratory difficulties and in the prevention of cough. 
Peel extract of C. tamurana has been reported to inhibit 
the cytochrome P450 3A (Fujita et al., 2003) and 
midazolam 1-hydroxylase activity of human CYP 3A 
(Hosoi et al., 2006). Moreover, C. tamurana has been 
reported to suppress the loss of bone in ovariectomized 
rat (Yamaguchi et al., 2012).  

To find out whether C. tamurana facilitates the process 
of in vitro wound healing, the effect of water extract of 
peels of C. tamurana was studied on the proliferation of 
skin fibroblast (TIG-119). The extract showed inhibition 
of proliferation of TIG-119 cells at higher concentration 
(>1 mg/mL) but at lower concentration (0.1, 0.25, 0.50, 
and 0.75 mg/mL) it exhibited linear and time-depen-
dent TIG-119 cells proliferation. In scratch wound 
healing model, the extract increased the migration of 
cells towards the wounded area. The extract (0.8 mg/
mL) also accelerated the G2 and M phases of cell cycle. 
The extract increased the expressions of Rac-1, Rho-A, 
and Cdc-42 m-RNA and cyclin-dependent kinase 1 and 
2 (Cdk-1 and 2) gene. However, it did not induce the 
protein level of Cdk-1 and 2 (Madhyastha et al., 2013). 

Cynodon dactylon 

Cynodon dactylon is a perennial grass belonging to the 

family Poaceae (Sastry and Kavathekar, 1990). This 
plant has various medicinal properties. Traditionally 
farmers apply crushed leaves to prevent bleeding from 
minor wounds (Oudhia, 1999). The roots of this plant in 
the form of a paste with water are taken against fever 
(Natarajan and Paulsen, 2000). The aqueous fluid 
extract of the rhizome is used as anti-inflammatory, 
diuretic, antiemetic, purifying agent and also in dysen-
tery (Kirtikar and Basu, 1980). This plant has been 
reported to possess antidiabetic (Singh et al., 2008a), 
antiulcer (Patil et al., 2005), diuretic, antimicrobial 
(Artizzu et al., 1996), hepatoprotective (Singh et al., 
2008b), cardioprotective (Najafi et al., 2007), and 
immunomodulatory (Manga-thayaru et al., 2009) 
activities. 

Topical application of carbopol gel formulation of aque-
ous and alcoholic extracts of C. dactylon plant showed 
rapid wound contraction in excision wound model in 
Wistar rat. In incision wound model, gel formulation of 
both aqueous and ethanolic extracts increased the ten-
sile strength (Dande and Khan, 2012).  

Application of ointment of the hydromethanolic extract 
of C. dactylon plant showed increased collagen deposi-
tion and decreased inflammatory cells infiltration and 
necrosis at 21st post-surgery day in Wistar rat (Kumar 
and Kashyap, 2013). 

Moreover, wound healing activity of the ointment of 
hydroalcoholic extract C. dactylon plant was preclinic-
cally and clinically evaluated. In the preclinical study, 
wound contraction size, wound index, healing period, 
tensile strength of the wound, DNA, RNA, total protein 
and hydroxyproline of treated group were measured 
and significantly better result was found in C. dactylon 
ointment-treated group. C. dactylon ointment-treated 
group also showed epithelialization, collagen deposi-
tion and generation of new blood vessels. In the clinical 
study, there was significant generation of granulation 
and epithelial tissue. Polymorph (%), lymphocytes (%) 
and erythrocyte sedimentation rate (mm/hour) were 
also significantly improved (Biswas et al., 2017). 

In another study, flavonoid fraction of C. dactylon was 
revealed wound healing property in Swiss albino mice. 
This fraction was found to decrease the lipid peroxide-
tion and increased collagen, protein and hexosamine 
content in tissue (Saroja et al., 2012). 

Delonix elata 

Delonix elata is a tree species belonging to the family 
Fabaceae (Leguminosae). Its leaf and bark are used to 
relieve pain, joint stiffness, inflammation, and arthritis 
(Hegazi, 2011).   

Wound healing activity of simple 5 and 10% ointment 
of hydro-ethanolic (70%) and aqueous extract of D. elata 
flowers were evaluated in excision, incision and dead 
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space wound model in Wistar rat. Both the extracts 
showed a significant increase in wound contraction and 
epithelialization in excision wound model, tensile stren-
gth in incision wound model and formation of granu-
loma tissue with elevated hydroxyproline content in 
dead space wound model. Histopathological study 
revealed skinny epidermis with the hair follicle and 
inflammatory cells in the dermis (Mohd et al., 2012). 

Aqueous and ethanolic extract of the leaf and bark of D. 
elata (0.8 mg/kg) were evaluated for the wound healing 
activity in Wistar rat. Both the extract increased the rate 
of wound contraction and also increased the serum 
total protein, ascorbic acid, and zinc. Protease activity 
was found to decrease in the treatment group (Sunday 
et al., 2014). 

Beside this, wound healing activity of D. elata bark 
extract and isolated compound quercetin-3-rhamno-
pyranosyl-(1-6) glucopyranoside (QRPG) were assessed 
in Wistar rat. Topical application of the ointment of D. 
elata bark extract and QRPG showed rapid epithelializa-
tion and wound contraction and also increased the 
tensile strength. Both the ointment and QRPG increased 
the hydroxyproline, hexosamine, and uronic acid 
content. Moreover, the ointment and QRPG also up-
regulated the expression of alpha-1 type-1 collagen 
encoded by Col 1α (I) gene contributes to wound heal-
ing (Krishnappa et al., 2016). 

Drypetes klainei 

Drypetes klainei (Putranjivaceae) is traditionally used by 
Baka pygmies in Cameroon in the wound healing 
process and for the burn. Fine powder of stem bark is 
applied on the skin injury or consumed along with 
water. There are very fewer data available on D. klainei 
and for the validation of the traditional use of D. klainei 
by Baka Pygmies (Ngueyem et al., 2008; Brusotti et al., 
2013, Cesari et al., 2015) wound healing property of 
water, dichloromethane, and methanolic extract of 
Drypetes kalinei stem bark was evaluated. It was found 
that water, dichloromethane, and methanolic extract 
increased the murine and human fibroblast cell viability 
and migration which was determined by scratch assay. 
The methanolic extract exhibited highest activity 
(Brusotti et al., 2015). 

Ephedra alata 

Ephedra alata is a perennial tough shrub belonging to the 
family Ephedraceae (Natho and Mandaville, 1991). In 
folk medicine, this plant is used for treat cancer. More-
over, E. alata is also suggested by some research group 
for the treatment of diabetes mellitus (Jaradat et al., 
2016; Shabana et al., 1990). 

An ointment prepared from the extract of E. alata was 
accessed for wound healing activity by excision and 
burn wound model in male healthy adult Syrian 

hamster. It was found that the ointment enhanced the 
fibrosis, improved healing of wound ulcers and 
deposition of collagen fibers but it showed no such 
improvement in the burn wound. The ointment 
increased the fibrosis in excision wound ulcers (Kittana 
et al., 2017). 

Hibiscus rosa-sinensis 

Hibiscus rosa-sinensis (Malvaceae) is a glabrous shrub. 
This plant is widely cultivated in the tropics as an 
ornamental plant. This plant has been reported to 
possess various medicinal properties including anti-
tumor, antihypertensive, anti-oxidant and antiammo-
nemic (Hou et al., 2005; Hirunpanich et al., 2006; Chang 
et al., 2006; Herrera-Arellano et al., 2004). The leaves 
and flowers help in hair growth and ulcer healing (Ali 
and Ansari, 1997; Kurup et al., 1979). Moreover, flowers 
are also has been found to be effective for the treatment 
of arterial hypertension and have antifertility activity 
(Singh et al., 1982; Sethi et al., 1986).  

The ethanolic extract of H. rosa-sinensis flowers was 
accessed for the wound healing activity in excision, 
incision and dead space wound model in Sprague 
Dawley rat. The extract at the dose of 120 mg/kg/day 
in drinking water showed an increase in epithelializa-
tion and wound contraction. The extract also showed 
higher skin-breaking strength, granulation tissue and 
hydroxyproline content (Nayak et al., 2007). 

The ointment (5 and 10% w/w) of ethanolic extract H. 
rosa-sinensis flower was studied in excision, incision, 
and dead space wound models in Wistar rat. The 
extract increased cellular proliferation and collagen 
synthesis and enhanced wound contraction and 
epithelization in excision wound. In incision wound 
model, it increased the wound breaking strength. In the 
dead space wound, the extract increased the weight of 
granulation tissue and hydroxyproline content (Bhaskar 
and Nithya, 2012). 

In another study, wound healing activity of ethanolic 
extract of H. rosa-sinensis leaf was evaluated in Wistar 
rat. The extract enhanced wound contraction and 
epithelialization in both excision and burn wound 
models. In incision wound model it increased the 
wound breaking strength. Histological observation of 
excised wound revealed restoration of normal archi-
tecture of the skin. In dead space wound, the extract 
increased superoxide dismutase (SOD) and catalase 
(CAT) activity, the weight of granulation tissue and 
hydroxyproline content (Mondal et al., 2016). 

Recently, N-butyl alcohol extract of H. rosa-sinensis 
flower was evaluated in excision wound model in rat. 
Hematoxylin and eosin and Masson’s trichrome stai-
ning showed epithelialization, fibroblast distribution, 
and collagen distribution. Increased in the expression of 
vascular endothelial growth factor (VEGF) and 
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transforming growth factor-β1 (TGF-β1) was observed 
by immunohistochemistry study, responsible for angio-
genesis and formation of collagen fibers (Shen et al., 
2017). 

Leea macrophylla 

Leea macrophylla (Leeaceae), is an edible plant. It is 
commonly known as Hastikarnapalasa (Jadhao and 
Wadekar, 2010). Traditionally, the plant has been repor-
ted to be effective against guinea-worm, ringworm and 
is applied to sores and wound (Kirtikar and Basu, 1975; 
Bhavamishra, 2010). Roots are applied externally to 
alleviate pain (Kirtikar and Basu, 1975). Pharmaco-
logically, this plant has been reported to possess anti-
inflammatory (Dewanjee et al., 2013) and anti-urolithia-
sis (Nizami et al., 2012) effects.  

The ethanolic extract of L. macrophylla roots was investi-
gated for wound healing activity. The ethanolic extract 
(500 mg/kg, p.o.) and topical bioadhesive gel (5% w/v) 
showed an increase in wound breaking strength. 
Topical application of bioadhesive gel (5% w/v) also 
increased the activity of CAT, SOD, and reduced 
glutathione (GSH) and decreased lipid peroxidation 
(LPO). It also decreased the level of myeloperoxidase. 
Topical application of gel also produced favorable 
effects on the level of pro-inflammatory cytokines 
(tumor necrosis factor-α, interleukin-1β, and interleukin
-6), and VEGF (Joshi et al., 2016). 

Iris florentina 

Iris florentina is a member of Iris family. This plant is 
copiously found in Iran, India, and China. There is no 
literature about the biological activity of this plant (Guo 
and DiPietro, 2010; Ashkani-Esfahani et al., 2012). 
Recently, it has been reported wound healing effect of 
10% ointment of hydroalcoholic extract of a mixture of 
different parts of I. florentina in female Wistar rat. In this 
study, fibroblast population, the formation of collagen, 
and vascularization were determined by the histomor-
phometrical method in excision wound model. The 
ointment exhibited fibroblast proliferation, the forma-
tion of collagen, and increased vascular density 
Mirmalek et al., 2016). 

Sambucus ebulus 

Sambucus ebulus (Caprifoliaceous) is widely distributed 
in Iran. In Iranian herbal medicine, this plant is used for 
the treatment of inflammation and arthritis (Ebrahim-
zadeh et al., 2007). This plant is also effective against 
Paederus dermatitis (Ebrahimzadeh et al., 2014).  
Pharmacologically this plant has been reported to 
possess antibacterial and anti-oxidant activities and also 
effective against burn, wound, eczema, rash, inflamma-
tion, and rheumatism (Ebrahimzadeh et al., 2007; 
Süntar et al., 2010).  

Wound healing activity of ointments prepared from n-

hexane, ethyl acetate and methanol extract of S. ebulus 
leaves and isolated quercetine 3-O-glucoside were 
studied using linear incision and circular excision 
wound models on Sprague Dawley rat and Swiss albino 
mouse. The methanolic extract ointment (1%) showed 
significant wound healing activity. It also showed 
84.3% contraction in circular excision wound model. 
The ointment also increased the wound tensile strength. 
The isolated compound quercetine 3-O-glucoside also 
showed significant wound healing property in both the 
model. Different subfractions obtained from methanolic 
extract also showed wound healing property. 
Histopathological study revealed collagen deposition in 
excision wound (Süntar et al., 2010).     

In another study, ointment (5%) of methanolic extract of 
S. ebulus fruits was investigated for wound healing 
activity by excision wound model in Wistar rat. It 
increased the rate of wound closure, epithelialization, 
and collagen formation. Application of the ointment 
also enhanced granulation tissue formation (Ghabaee et 
al., 2017). 

Furthermore, wound healing progression of 2 and 5% 
ointments of 70% methanolic extract of roots were 
studied at 7, 14, and 21 days interval in Wistar rat. The 
ointments increased the epidermal thickness, granulo-
matous tissue, new capillary formation, and the number 
of fibroblasts (Babaei et al., 2017).  

Urtica dioica 

Urtica dioica (Urticaceae) is commonly known as nettle 
or stinging nettle. It is an herbaceous perennial flower-
ing plant growing in the temperate zones of Asia, 
America, North Africa and Europe (Borchers et al., 
2000). Powdered leaf extract of this plant is traditionally 
used to reduce the nose bleeding and excessive 
menstrual flow (Mueen Ahmed and Parsuraman, 2014). 
In folk medicine, this plant is used for the treatment of 
rheumatism, arthritis, anemia and prostate diseases 
(Vogl et al., 2013). Pharmacologically Urtica dioica has 
been reported to possess anti-inflammatory (Chrubasik 
et al., 2007), antibacterial, anti-oxidant, hypoglycemic 
(Ahangarpour et al., 2012) and antiviral activities 
(Uncini et al., 2005). 

Wound healing progression of 2 and 5% ointment of 
70% methanolic extract of a mixture of leaves, areal and 
roots, U. dioica were studied at 7, 14, and 21 days 
interval in rat. The ointments increased the epidermal 
thickness, granulomatous tissue, angiogenesis, and 
fibrogenesis (Babaei et al., 2017).  

The efficiency of the hydroethanolic extract of U. dioica 
leaves on hemostasis and wound healing activities was 
investigated in Wistar rat. The extract increased the rate 
of excision wound closure. It also increased the tissue 
hydroxyproline content. Histopathological examination 
showed epithelial regeneration, neovascularization, 
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fibroblasts, and considerable inflammatory cells. The 
extract also significantly increased the bleeding time 
(Zouari et al., 2017). 

Wound healing activity of saponin fraction isolated 
from Algerian U. dioica leaves was evaluated by 
excision wound model in Wistar rat. Treatment of rat 
with crude saponin mixed with vaseline (2:10) showed 
100% of wound contraction which was higher than that 
obtained by the standard drug (Razika et al., 2017). 

 

Wound Healing Mechanisms of Medicinal 
Plants 

Medicinal plants heal wound via several mechanisms 
such as up-regulation of VEGF and TGF-β, activation of 
NF-κB, activation of interleukin-8, increased expression 
of iNOS and alpha-1 type-1 collagen, and anti-oxidant 
activity.  

It has been demonstrated that A. vera and H. rosa-
sinensis cause wound healing by increasing the 
expression of VEGF and TGF-β1 (Mirmalek et al., 2015; 
Shen et al., 2017). It is well known that VEGF is 
responsible for angiogenesis. These growth factors act 
on their respective receptors present in keratinocytes 
and macrophages and carry out the important functions 
during wound healing. Insufficient vascularization is 
the common features of the chronic and nonhealing 
wound. In diabetic animal models delayed wound 
healing has been demonstrated, in which poor 
vascularization is the factor responsible for delayed 
wound closure, epithelialization, and granuloma tissue 
formation (Stallmeyer et al., 2001). TGF-β is one of the 
major factors in the recent research of wound healing. It 
acts via intracellular SMAD pathway which regulates 
cell proliferation (Klass et al., 2009). TGF-β cause 
migration of leukocytes into the injured tissue. As a 
result, monocytes transform into macrophages and 
clear the area of debris and itself to release TGF-β and 
other growth factors, which in turn help in the 
formation of granulation tissue (Behm et al., 2012). 

PI3K pathway plays a crucial role in wound healing by 
rendering proliferation of cells. Activation of PI3K path-
way causes phosphorylation of Akt (serine/threonine-
specific protein kinase) at serine 473 residues. This 
signaling pathway has been revealed to be essential for 
directional migration of corneal and skin epithelial cells 
in response to wound or injury (Vanhaesebroeck, 2006; 
Zhao et al., 2006). Medicinal plants are reported to 
induce wound healing via the PI3K pathway. For 
example, C. officinalis tincture encourages wound heal-
ing through activation of the PI3K pathway (Dinda et 
al., 2015). Aqueous extract of Korean red ginseng also 
kindles in vivo and in vitro angiogenesis through active-
tion of the PI3K/Akt pathways (Kim et al., 2007).  

NF-κB activation is noticed in both immune and non-
immune cells affected by chronic inflammation. Activa-
tion of NF-κB increases the expression of pro-inflamma-
tory mediators which organize and sustain the 
inflammatory processes which cause tissue damage. 
However, there are many reports are there that 
inhibition of NF-κB may cause harmful effect to the 
organisms and sometimes it may cause inflammatory 
disease also. The beneficial effect of NF-κB in epithelial 
cells has been reported. NF-κB signaling has a major 
role in the maintenance of immune homeostasis in 
epithelial cells (Wullaert et al, 2011). It has been 
demonstrated that plant extract can promote wound 
healing by NF-κB activation. The n-hexane extract of C. 
officinalis has been reported to increase the activity of 
transcription factor NF-κB in human immortalized 
keratinocytes and dermal fibroblast cells (Nicolaus et 
al., 2017). 

Interleukin-8 is a pro-inflammatory cytokine. Keratino-
cytes are rich in interleukin-8. Effect of recombinant 
interleukin-8 on migration and adhesion of HaCaT 
keratinocytes has been demonstrated. It was found that 
interleukin-8 increased the migration and adhesion of 
HaCaT keratinocytes. Interestingly it was also observed 
that inhibition of phospholipase C-γ (PLC-γ) is comple-
tely eradicated the migration of HaCaT keratinocytes. 
Thus, interleukin-8 directs the migration of via PLC-γ 
pathway. Medicinal plant extracts also endorse wound 
healing by activation of interleukin-8. The n-hexane 
extract C. officinalis was found to increase the activity of 
interleukin-8 in human immortalized keratinocytes 
(Nicolaus et al., 2017).  

Nitric oxide (NO) is a small radical. Synthesis of NO 
has been reported during the proliferative phase after 
wound formation. Increased iNOS expression release 
NO regulates collagen formation, cell proliferation, and 
wound contraction (Witte and Barbul, 2002). Moreover, 
iNOS regulates keratinocytes proliferation (Frank et al., 
1998). Polysaccharide-rich extract of C. ferrea has been to 
increase the expression of iNOS (Pereira et al., 2016).  

Alpha-1 type-1 collagen encoded by Col 1α (I) gene. 
This gene contributes to wound healing by the 
production of pro alpha-1 (I) chain which is a 
component of type 1 collagen. This pro alpha-1 (I) chain 
is combined with another pro alpha-1 (I) chain and also 
with pro alpha-2 (I) chain to produce a molecule of type 
I pro-collagen which undergo processing and 
rearrangement to produce type 1 collagen fibers. It has 
been demonstrated that topical application of ointment 
of D. elata showed up-regulation of alpha-1 type 1 
collagen encoded by Col 1α (I) gene contributes to 
wound healing. 

Rho family GTPase like Rac-1, Rho-A, and Cdc-42 plays 
a pivotal role in fibroblast cell proliferation and 
migration (D'Souza et al, 2011). Cell cycle regulators 
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such as cyclins, and cyclin-dependent kinase 1 and 2 are 
involved in cytoskeleton formation in fibroblasts 
(Yoshizaki et al, 2004). C. tamurana has been reported to 
increase the migration of mammalian cells towards the 
wounded area through activation of Rac-1, Rho-A, and 
Cdc-42 m-RNA and Cdk 1 and 2 genes.  

Many shreds of evidence suggest that wound experi-
ence oxidative stress due to increased activity of 
neutrophils resultant oxidants and MPO activity. 
Increased activity of neutrophils resultant oxidants and 
MPO activity causes tissue damage in the chronic 
wound (Song et al., 2008). Generation of reactive 
oxygen species (ROS) results in cell toxicity via 
oxidative stress in chronic wound and delay wound 
healing (Mikhal'chik et al., 2006). Anti-oxidant activity 
of medicinal plants is due to the presence of various 
phytochemicals (Pawar et al., 2007). It has been repor-
ted that topical application of bioadhesive gel of 
ethanolic extract of L. macrophylla (5% w/v) increased 
the activity of catalase, superoxide dismutase, and 
glutathione and decreased MPO activity (Joshi et al., 
2016).  

Thus, medicinal plants potentiate wound healing by 
multiple mechanisms. Mechanisms of wound healing 
by medicinal plants are recapitulated in Figure 1.  

 

Conclusion 

Plants are effective wound healer and they repair 
wound in a natural way. This review exposed the 
cellular mechanisms of recently reported medicinal 
plants with wound healing potential which could be 
beneficial in therapeutic practice and development of 
new wound healing drugs for human use. 
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