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Introduction

Wounds are physical injuries that occur due to internal 
and external breakage of skin that results in an opening 
or rupture of the skin (1,2). An instant and proper wound 
healing is necessary for the re-establishment of functional 
tissues and disordered structural maintenance following an 
injury (3). This complex phenomenon involves constant 
cell-cell and cell-matrix interactions that promote healing 
of wounds in three different overlapping phases that are 
inflammatory phase, proliferative phase and remodelling 

phase as represented in Figure 1 (4).

Inflammatory phase

Inflammatory response is the reaction of body towards 
injuries that are caused by toxins, microorganisms and 
other means of pathogens. These injured cells secrete 
histamine that triggers the blood vessels to release fluid 
into tissues. This phenomenon results in inflammation. 
Blood coagulation and homeostasis are two significant 
events that occur in inflammatory phase immediately 
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after injury to prevent extensive blood loss at site of injury 
wound and this phase persist for two days. The activation 
of blood coagulation results in aggregation of platelets 
and formation of clot. The process requires two important 
pathways, which are intrinsic and extrinsic pathways. The 
inflammation phase begins when homeostasis is attained (5).

Proliferative phase

In wound healing, proliferative phase begins on the third 
day of injury and persist for about two weeks. As this phase 
progress, transforming growth factor beta (TGF-β) released 
by macrophage, T lymphocytes and platelets become an 
important indicator to control the functions of fibroblast 
cells. Moreover, the fabrication of proteases that is essential 
for the breakdown of matrix is reduced by TGF-β. TGF-β 
also has the capability to trigger the production of tissue 
inhibitor of metalloproteinase (TIMP) (4). The process of 

wound healing in proliferative phase involves angiogenesis, 
fibroblast migration and epithelialisation.

Angiogenesis
Angiogenesis is essential in normal processes such as 
corpus luteum formation, embryo development and wound  
healing (6).  Following an injury, site of wound is 
comparatively avascular.  It  is  ful ly dependent on 
distribution from healthy and normal capillaries at the 
damaged area. The activity of angiogenesis produces a 
rich vascular network of capillaries all over the lesion 
from branches of undamaged vessels (7). The confined 
factors such as reduced oxygen tension and lower pH that 
present surrounding the wound area are responsible for the 
induction of angiogenesis. Fibroblast cells, macrophages 
and epidermal cells fabricate basic fibroblast growth factor 
(bFGF), vascular endothelial cell growth factor (VEGF) and 
TGF- β that stimulates angiogenesis (8). 

Figure 1 Phases of wound healing. (A) Inflammatory phase. The neutrophils attached to endothelial cells surrounding the wound bed 
initiate the inflammatory phase, a day after an injury. (B) Proliferation phase. Macrophages activated by fixed tissue monocytes kill the 
microorganisms and eliminate damaged extracellular matrix by releasing proteases. They release growth factors that stimulate fibroblasts to 
proliferate and fabricate scar tissue. (C) Remodelling phase. The disorganized scar tissue is gradually substituted by a matrix that merely be 
similar to the extracellular matrix of normal skin.
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Fibroblast migration
Fibroblasts are predominant cells in proliferative phase 
as these cells responsible to produce new matrix required 
to re-establish the structure and shape of wounded tissue. 
The proliferations of fibroblast are triggered by TGF-β 
and PDGF, discharged from haemostatic clot and then 
travel to the injury vessels (9). Fibroblast cells produce 
fibronectin and collagen by adhering to the fibrin matrix in 
the third day of wound. Following the release of collagen 
and fibronectin, granulation of tissue occurs at the wound  
area (7). 

The healthy wound healing process involves the mass 
activity of fibroblast cells. The stimulation and proliferation 
of fibroblast cells are significant in the proliferative phase 
of wound healing (10). Collagen is an important factor that 
involves in wound healing. The reformation of granulation 
tissues are mediated by products of collagen breakdown that 
stimulates the cellular migration of cells (11). On the fifth 
day of wound, collagen matures and forms intermolecular 
and intramolecular cross-links between the capillaries that 
improve the efficiency of weak tissues (12). 

Epithelialisation
The migration of epithelial cells from the wound area begin 
within a few hours of injury and the process prolongs until a 
single layer of cells are formed over the damaged area (13).  
As the mitotic activity of epithelial cells increases, the 
migrating cells form a complete layer over the wound and 
attach to cell matrix (7). This process completes when 
the matured epithelial cells assemble thus resulting in the 
formation of basement membrane (13).

Remodelling phase

Remodelling is the last phase in normal wound healing 
process that lasts for about one to two years, or even longer. 
The remodelling phase is characterized by balancing 
the synthesis and degradation of the extracellular matrix 
components (4). This progression marks the growth of 
regular epithelium and development of wound tissue (7).  
The development of granulation tissue indicates the 
initiation of regeneration of extracellular matrix in both 
proliferative and remodelling phases (13). 

In remodelling phase, the contraction in surface of wound 
indicates fibroblasts differentiation into myofibroblasts (14).  
This stage involves equilibrium between production and 
deprivation, as the protein and collagen accumulated in 
the wound area become gradually better structured (7). 

About 80% of the tissue strength can be recovered due to 
the activity of collagen fibres; however the final recovery of 
tissue depends on source of the repair and its period (13). 
As the wound healing process progresses, the quantity of 
macrophages and fibroblasts decreased, by a process called 
apoptosis. Following this phenomenon, development of 
capillaries stops, decrease in the blood flow to the wound 
site and decline in the metabolic activity is observed at the 
wound area, as the wound completely heals (12). 

Wound healing: pre-existing treatment 

Wound healing includes a well-organized biological and 
molecular sequences that involve cell migration, cell 
proliferation and deposition of extracellular matrix (15). 
This requires the assistance of traditional or modern 
approaches to further accelerate the wound healing process. 
Wound care experts use the conventional and alternative 
medicines to treat acute, normal and chronic wounds due to 
the development of multi-resistant microorganisms and a 
decline in novel antibiotics (16).

Traditional approaches in wound healing

World Health Organization (WHO) defines traditional 
medicine as the understanding on skills and applications 
based on the philosophies and knowledges native to diverse 
cultures, used in the health management and diagnosis, 
precaution or cure of mental and physical ailment (17). 
Traditional medicines are preferred by people due to their 
efficacy and milder side effects. Various range of traditional 
approaches such as plant extracts and herbal medicines are 
used in wound care management to treat the acute, normal 
and chronic wounds. 

Curcumin 
Curcumin is the indigenous polyphenol present in the 
rhizome of Curcuma longa and other Curcuma spp. (18). 
In Asian countries, Curcuma longa is used as a traditional 
herb in wound care and other physical illnesses due to its 
anti-inflammatory, anti-oxidant (19), anti-microbial (20) 
and anti-cancer properties (21). Curcumin modulates the 
inflammatory, proliferative and remodelling phases of 
wound healing (22).

Curcumin increases the production of anti-inflammatory 
cytokines vital for the inflammatory response by recruiting 
M2-like macrophages (23) to reduce the inflammation. 
Besides being an anti-inflammatory, curcumin possess 
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antioxidant properties by scavenging the reactive oxygen 
species (ROS) produced by extrinsic factors (24). Curcumin 
increases the production of collagen and hydroxyproline in 
proliferative phase of wound healing (25). Curcumin has 
the capability to accelerate the process of wound healing by 
shortening the inflammatory phase (26).

Aloe vera
Aloe barbadensis Miller is a cactus-like houseplant grows in 
hot environment (27). Aloe vera gel is used extensively in 
various natural treatments. The translucent mucilaginous 
gel is obtained from the parenchymal tissue of the leaf (28). 
The healing property of aloe vera can be used to treat skin 
damages, ulcers and acute burns. Aloe vera gel comprises 
therapeutic properties such as analgesic, anti-inflammatory 
and wound healing (29). The anti-inflammatory property 
of aloe vera improves the oxygenation at wound site, remove 
the free radicals, increases collagen and facilitates the 
vasoconstriction reduction (30). 

Modern approaches in wound healing

Modern medicine is an extensive set of healthcare 
applicat ions that  are not a  part  of  tradit ional  or 
alternative medicine (31). Moreover, modern medicine 
is not completely incorporated into the main healthcare 
management, where they are practised interchangeably with 
traditional medication. A vast range of modern approaches 
are being used by healthcare professionals for wound care 
management. However, excessive consumption of modern 
medicines may result in mild or severe side effects. 

Nonsteroidal anti-inflammatory drugs (NSAIDs)
NSAIDs are some of the modern medicines available in the 
market for wound healing. Aspirin, naproxen and ibuprofen 
are examples of pain relievers that characterised as NSAIDs. 
NSAIDs depend on prostaglandins, a compound formed by 
a special enzyme that aids in reducing swelling and relieving 
pain and fever (32). NSAIDs reduce pain by suppressing the 
production of prostaglandin E2 (PGE-2), an inflammatory 
mediator (33). The NSAIDs drug has known anti-
proliferative effect on blood vessels and skin that delays the 
rate of wound healing (34). 

Liposome-encapsulated buflomedil hydrochloride
Wound healing process involves neovascularization, 
the natural development of new blood vessels that are 
capable of perfusion by red blood cells. The progression 

of neovascularization can be accelerated through intake 
of modern drugs. Liposome-encapsulated buflomedil 
hydrochloride is a drug applied topically to quicken the 
neovascularization in wound healing. The use of liposome-
encapsulated buflomedil hydrochloride is significant 
in wound healing as it accelerates wound closure rate 
compared to unloaded liposomes (35). However, the 
delivery of this drug faces biological challenges, as 
liposomes encounter several defence systems intended at 
recognition, neutralization and elimination of invading 
substances (36).

Stem cells

Stem cells are special human cells that are capable to 
mature into various different cell types (37). Stem cells 
are also characterized as undifferentiated cells that have 
significant prospective to mature into different cell types 
in human body throughout early growth and life (38). 
These cells have the ability to differentiate into any cell 
types and self-regeneration. Stem cells have two significant 
features that differentiate them from other cell types. 
These unspecialized cells able to renew themselves by cell 
division. These cells can be triggered to proliferate as tissue 
or organ specific cells with distinct purposes, under certain 
experimental or physiologic parameters (38).

Sources and types of stem cells

Stem cells originate mainly from adult body tissues and 
embryos. The accessible autologous stem cells sources are 
from the bone marrow, brain, skeletal muscles, blood and 
blood vessels, umbilical cord, skin, and liver (39). There are 
numerous types of stem cells that can be used for different 
purposes (40).

Adult stem cells (ASCs)
ASCs are undifferentiated cells originate from specific 
differentiated tissues in our body. These cells can 
differentiate themselves and produce new cells (40). 
ASCs are used to repair and replace the damaged or dead 
tissues in the same area, where the stem cells are found in 
our body (41). Researchers have classified the ASCs into 
hematopoietic stem cells, mesenchymal stem cells (MSCs), 
neural stem cells, epithelial stem cells, and skin stem cells. 
Hematopoietic stem cells are immature cells that grows 
into numerous types of blood cells. This stem cells are also 
known as blood stem cells. This stem cells originate from 
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bone marrow and peripheral blood (42). 
MSCs are progenitor cells of mesodermal source. In 

1970s, MSCs were isolated from bone marrow by their 
intrinsic capacity to adhere to tissue culture surfaces like 
plastic (43). Neural stem cells are mostly undifferentiated 
cells originate from central nervous system. NSCs have the 
possibility to give rise to offspring cells that develop and 
differentiate into glial cells and neurons (44). Epithelial 
stem cells have the potential to generate new tissues that 
exhibit specific and distinctive purposes (45). Skin stem 
cells are multipotent ASCs found in adult skin. It occurs 
in the basal layer of the epidermis and the base of hair 
follicles. This type stem cells are capable of self-renewal and 
differentiate into various cell heredities of the skin. Skin 
stem cells are lively throughout skin regeneration and skin 
repair after wound (46). 

Embryonic stem cells (ESCs)
ESCs originate from the inner cell mass of an embryo that 
has been fertilized in vitro. ESCs does not develop from 
fertilized eggs from human body. These stem cells have 
the possibility to develop into any cell type and are only 
available during the primary phases of development. ESCs 
can be used to regenerate and regrow cells such as skin, 
nerve and liver for transplantation (40).

Induced pluripotent stem cells (iPSCs)
iPSCs are produced in the laboratory condition, by means of 
embryonic and ASCs. iPSCs are generated by introducing 
the embryonic genes into a somatic cell that causes it to 

degenerate back into a “stem cell like” condition (40). 

Uses of stem cells 

Stem cells can regenerate damaged tissues and function 
as any type of cell, under precise stimulations and  
parameters (39). Scientists believe that stem cells can be 
useful for understanding and treating illnesses due to their 
capability to develop into different types of cells (41). This 
possibility could repair wounds or tissue damage and save 
lives in people after an injury or disease. The role of stem 
cells in wound management is illustrated in Figure 2 (47). 
The uses of stem cells include wound care management, 
tissue regeneration, cardiovascular and brain disease 
treatment, test new drugs and more (48).

Pros and cons of using stem cells

Understanding the advantages and disadvantages of various 
types of stem cells are important in order to avoid the 
issues of histocompatibility with donor or recipient during 
transplantation. It is also essential for scientists in drug 
development and developmental studies. Table 1 outlines 
some of the pros and cons of stem cells usage in medical 
industry (49).

Stem cells in wound healing

The medications available for wound healing require 
longer duration for recovery. The delay in wound 

Figure 2 The use of stem cells in wound healing process.
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healing procedure leads to development of pus and other 
complications. Besides, comorbidity such as diabetes 
delays the normal wound healing process and raise the 
development of chronic wound (50). Moreover, the intake 
of certain drugs give rise to side effects such as constipation, 
liver damage, kidney problems and more. Therefore, 
several new treatments for wound healing are presently 
being evaluated in preclinical and clinical studies. Among 
these new therapies, stem cell-based modality has gained 
attention to improve tissue regeneration in wound care 
management (51).

The basis of stem cell-based therapy is the vaccination of 
cells acquired by various methods. The adult primary cells 
are developed in in vitro parameters and then implanted 
directly to the patient. The biopsied tissues comprise of 
ASCs that are capable to multiply and differentiate into a 
specific type cells that are essential in healing of wounds (52).  
Stem cell’s wound healing prospective is mainly due to 
their capability to secrete pro-regenerative cytokines (53). In 
patients with critical limb ischemia, treatment with autologous 
MSCs could lessen the practice of amputation (54).  
Therefore, stem cell-based therapy can be considered as an 
effective treatment for diabetic foot ulcer, since it can be 
used as a substitute for amputation.

Molecular mechanisms of stem cells in wound healing

MSCs has the tendency to attach on a malleable surface due 
to their expression of the surface markers CD73, CD90 and 
CD105 and deficiency of hematopoietic markers expression (55).  
MSCs that are incorporated both locally and systemically 
for treating cutaneous wounds are generally isolated from 
umbilical cord, bone marrow, nerve tissue and adipose 
tissue (56). 

MSCs has significant roles in the three overlapping 
phases of wound healing: inflammatory phase, proliferative 

phase and remodelling phase. MSCs exhibit their 
immunomodulatory properties through secretion of 
proinflammatory cytokines tumor necrosis factor-α (TNF-α) 
, interferon-λ, interleukin-1α (IL-1α) and IL-1β (57). The 
administration of MSCs to an active immune response 
declines the secretion of IFN-λ and TNF-α and increases 
the fabrication of anti-inflammatory cytokines IL-10 and 
IL-4 (58). 

MSCs exhibit its significance by promoting the 
formation of new vessel and extracellular matrix, mediates 
cell proliferation and cell differentiation during wound 
management through the secretion of VEGF, keratinocyte 
growth factor, matrix metalloproteinase-9, insulin-like 
growth factor, and epidermal growth factor (59,60). MSCs 
normalize inflammation and promote wound healing 
through secretion of PGE-2 (61). Lastly, MSCs also possess 
bactericidal properties by secretion of antimicrobial factors 
and by increasing the process of phagocytosis in wound 
healing (62). 

Conclusions

Stem cells hold a great prospective in tissue regeneration 
and promoting wound repair. MSCs therapy in wound 
care management showed a great potential as a therapeutic 
modality in clinical approach. The use of MSCs in tissue 
regeneration and wound healing hold a great challenge for 
modern regenerative medications. However, further studies 
are essential to distinguish and categorize the best source of 
stem cells and the most effective approach of cell delivery in 
wound care.
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