Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

NVEO

Natural Volatiles &
Essential Oils

Natural Vs Therapeutic: An Insight On Wound Healing

Habibullah! , Muhammad Jamil? , Amar Nasir! , Muhammad Kashif! , Atta Ur Rehman3,
Fateh Ullah!, Abdul Rahman!, Bibi Sadia® , Imtiaz Khan® , Imran Qazi® , Muhammad
Rasheed’ , Mubarik Alié

IDepartment of Clinical Sciences, Sub Campus Jhang, University of veterinary and Animal Sciences,
Lahore, 54000, Pakistan

2PARC Arid Zone Research Center, Dera Ismail Khan-29050-Pakistan

3Faculty of Veterinary and Animal Sciences, Gomal University, Dera Ismail Khan-29050-Pakistan
4Sardar Bahadur Khan Womenn,s University Quetta-87300-Pakistan

>PARC Adaptive Research Cum Demonstration Institute Miranshah- 28190-Pakistan

®PARC Adaptive ResearchCum Demonstration Institute Wana- 21776 -Pakistan

’Animal science Institute, National Agricultural Research Center, -Islamabad- 54000-Pakistan

Abstract

Wounds on the skin can heal on their own through a process known as cutaneous wound healing. Haemostasis,
inflammation, proliferation, and remodelling are the four stages of wound healing that are usually recognised. To
close the wound and restore homeostasis in humans and animals, keratinocytes create a functional epidermis
(reepithelialisation) as quickly as feasible. "Granulation tissue" is formed when dermal fibroblasts move into the
wound bed and multiply, allowing for the formation of new blood vessels. In the end, the wounded tissue is
returned to its pre-injury form over an extended period. Various skin diseases, such as nonhealing or chronic
ulceration, can result from wound healing cascade dysfunction. For more than half of all medicines used today,
indigenous, and traditional treatments rely heavily on natural ingredients and their derivatives. A detailed
literature review has been carried out recognising the importance of traditional medicine and the use of medicinal
plants and plant-based products to treat cutaneous wounds. Curcuma longa, Aloe vera and Camellia sinesis are
some of the most often utilised wound healing products throughout a wide range of countries and ethnicities.
Traditional techniques still have a lot to teach us, as seen by their continuous use and popularity. Natural products
and derivatives from natural products are full of unknown combinations, reagents, and adjunct chemicals that

potentially have a position in today's therapeutic arsenal.
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Introduction:

Most important functions of our bodies is the skin's ability to detect and respond to changes in our
surroundings. It regulates our body's physiology and temperature, store nutrients for use, protect us
from harm and heals us after injury. To execute these vital functions, the skin must have systems in
place that can withstand trauma while also repairing and replacing any lost or damaged functions. For
millennia, humans have used many methods to cure their wounds [2]. When it comes to wound care,
traditional methods rely on what is at hand or can be procured locally: water; soil; plant/animal
products. Thousands of people throughout the world rely on traditional remedies produced from local
plants, animals, and natural items to treat their wounds [3]. For some, these medicines are their only

option for treating wounds.

Cutaneous Wound Healing:

Skin must have a powerful and effective repair system in order to ensure the survival of the organism.
Wound healing is the process through which the skin recovers from wounds inflicted by surgery, trauma,
and burns [4]. Coagulation, inflammation, and proliferation (granulation), and remodeling (maturation)
are the four stages of the healing process [5]. As soon as there are an injury, the blood vessel walls
contract, and a blood clot forms [6, 7]. Wound healing begins when platelets in the bloodstream activate
the clotting cascade and produce numerous growth factors. Neutrophils enter the wound, absorbing
foreign debris and destroying bacteria through phagocytosis and the release of proteolytic enzymes [8,
9] in the subsequent inflammatory phase. When blood monocytes infiltrate an injury site, they change
into macrophages, which release proteases to debride the wound and secrete a combination of
bioactive chemicals, including TGF-1, that encourages the migration of fibroblasts and epithelial cells.
Angiogenesis (by endothelial cells), granulation tissue development (by fibroblasts), and
reepithelialization (by keratinocytes) are some of the actions that take place during the proliferation
phase. A substantial amount of extracellular matrix (ECM), mostly collagen, is produced by fibroblasts to
build the granulation tissue that replaces the injured tissue at this stage. During this time, the
keratinocytes are regenerating a functional epidermis (reepithelialization) and seal the lesion to prevent
additional damage to the underlying tissues [13]. Decreased dermal fibroblast cell populations in
granulation tissue actively remodel ECM disorganization [14,15] that is characteristic of the wound as it

progresses. Scar tissue (also known as a fibrosis) forms as a result of wound healing, with fibroblasts

12978



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998
dispersed across a collagen-rich extracellular matrix (ECM). There are considerable differences between
the original tissue and scar tissue in terms of biomechanical and functional aspects [16].

Proliferation/Migration/

reepithelialization/granul

ation
1. Reepithelialization Remodeling/Matura
Coagulation Inflammation
2. Fibroblast Proliferation tion
1. Vasoconstricti 1. Killing
3. Collagen/ECM 1. Collagen/ECM
on Microbes
@ Synthesis @ remodelling
2. Platelet 2. Removing
4. Formation of 2. Fibroblast
aggregation Debris
granulation tissue apoptosis
5. Resolution of
inflammation
6. Angiogenesis
Minutes Hours/Days Days/Weeks Weeks/Months
Injury Healed Wound

Figure 1:

Humans' wound-healing cascade. Coagulation, inflammation, proliferation,
migration/reepithelialization/granulation, and remodeling/maturation are four separate phases of
wound healing that overlap and interact with each other. Fluid loss and pathogen entry are
temporarily prevented by the formation of an impermeable layer of the clot, which also provides
bioactive factors and antimicrobials, as well as a provisional ECM that supports immune cell
infiltration and migration. Tissue repair pathways are also triggered as a result of this process. An
increase in the permeability of blood vessels, the release of antimicrobial substances, the production
of alarmin (also known as DAMPSs) signals by infiltrating immune cells, as well as the activation of
keratinocytes and fibroblasts are all indicators of inflammation. There is an increase in the number of
keratinocytes as well as fibroblasts and endothelial cells migrating and proliferating, as well as
collagen and ECM synthesis, decreased blood vessel permeability, new capillary and lymphatic vessel
angiogenesis, cell reepithelialization, and the formation of new granulation tissue. collagen/ECM

turnover (production and breakdown), ECM remodeling and realignment, ECM contraction,
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endothelia, and fibroblast death, and repigmentation are some of the remodeling/maturity processes

that occur.

Injuries heal through an ordered progression of physiological mechanisms that overlap and interact
(Figure 1). In juveniles, this process can take a few days to a few weeks, but in adults, it can take months.
It takes fewer than four weeks for wounds to heal without complications and restore homeostasis, the
skin's barrier function, flexibility, and physiological processes. Clinical evidence suggests that wound
closure in a shorter period is related to less scarring and fibrosis. When a wound heals slowly or
completely, it is more likely to cause fibrosis, which can lead to hypertrophic scars and keloids in some
people. Wounds that don't heal within six weeks appear to "stall" and fail to advance through the stages
of healing seen in Figure 1 (Figure 2). These wounds, which are difficult to heal, are referred to as
"chronic" wounds. Chronic wounds can be caused by a variety of illnesses, including diabetes, vascular
disease, hyperglycemia, ischemia, and neuropathy. These factors can make wounds difficult to heal.
Diabetic foot ulcers, venous leg ulcers, arterial leg ulcers, and pressure ulcers are all terms used to

describe wounds that have a specific underlying etiology.
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Figure 2:

Wounds that do not heal or are chronic—in humans. In chronic wounds, the orderly progression of
overlapping and interconnected wound healing processes is typically hindered by a failure to resolve
inflammation. In most cases, coagulation is unaffected. High pH; protease activation; keratinocyte
and/or fibroblast senescence and/or damage-associated molecular patterns; free radicals and
reactive molecular species; inflammation (vessel permeability sustained-aetiology specific).
Angiogenesis, angiogenesis, angiogenesis, angiogenesis, angiogenesis, keratinocyte migration,
keratinocyte reepithelialization, wound closure, inflammation, and ECM accumulation are all failures

in wound healing. Reorganization and maturation of the ECM are not initiated

For individuals who have non-healing chronic wounds, the consequences can be devastating. They can
lead to severe pain, restricted mobility, profuse exudates, wound malodor, and reduced quality of life,
all of which can have an impact on the health and well-being of the individual. A chronic wound affects
as many as 1-2 percent of the world's population at some point in their lives [20]. Chronic wounds harm
6.5 million people in the United States and cost more than $25 billion annually [21]. Alarmingly, global
increases in cardiovascular disease, diabetes, obesity, metabolic syndrome, and general population
aging are predicted to increase the burden of chronic wounds [21]. The pathophysiology of chronic
wounds is still poorly understood, despite the fact that wound healing mechanisms are widely
understood [22]. It is widely acknowledged that chronic wounds are caused by a malfunction in the
normal healing process. Wound healing is slowed down in the inflammation phase by factors such as
microbial biofilms, overexpression of inflammatory cytokines, high levels of proteases and reactive
oxygen species (ROS), and diminished mitogenic activity. MMPs, which break down connective tissue,
have also been shown to slow healing [23]. Wounds that are left open, do not heal, and eventually, turn

into chronic [24].

Clinical decision-making in wound care is guided by the underlying aetiology of each wound. First,
nonvital (necrotic) tissue is debrided; second, inflammation or infection may be present; third, managing
moisture (too wet or too dry); and fourth, the state of surrounding tissue is taken into account. This
method has its roots in Greek and Roman medicine [26], where it was prescribed to remove these
"barriers to healing" so that the healing cascade could advance to completion. When a wound is
debrided, the healing process can be restarted and brought back to an acute state. To promote cell
growth and migration, debridement exposes healthy, well-perfused tissue. Damage-associated

molecular patterns (DAMPs) and pathogen-associated molecular patterns (PAMP) can all be reduced or
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eliminated through debridement, in addition to the removal of dead and necrotic tissue (PAMPs).
Extracellular traps and bacteria from the wound are also removed during the process of debridement.
Many years have passed since microorganisms in wounds were thought to be harmful [28], but new
research shows that not all germs are harmful. There are many microorganisms commonly associated
with infection, including Staphylococcus sp., Streptococcus sp, Propionibacterium a, and Pseudomonas
a, but others, such as Malassezia p., Candida p., and Corynebacterium sp., can be isolated from non-
infected wounds and may even help wound healing [29]. However, the ideal frequency and timing of
debridement procedures are still a mystery [27]. An antibacterial agent can be delivered using dressings
(e.g., honey or iodine), and some dressing designs absorb wound exudates, allowing for some control

over moisture.

Traditional Medicine
Those practicing "modern" (western) medicine frequently describe traditional medicine with sceptical

terms such as "alternative," "conventional," "indigenous," and" complementary medicine, when in fact
many of the techniques and practices of "modern" medicine are little different from those used by
traditional healers when it comes to wounds. Water, plants, animals, and minerals are among the
natural resources that traditional ways rely on nearly exclusively. Traditional approaches continue to be
highly regarded and widely practiced by the majority of the world's population [3]. Traditional Chinese
medicine (TCM) is founded on the theories of the Five Phases and Yin-Yang, which are documented in
ancient Chinese medical texts such as the "ShenNong Ben Cao Jing" and the "Ben Cao Gang Mu."
Traditional Chinese medicine is a branch of medicine that originated in China. Several types of TCM,
although not all, make substantial use of herbs, ensuring that it is effective, inexpensive, and easily
accessible [30]. It is noteworthy that around 54 percent of the new anticancer medications discovered
between 1940 and 2002 were derived from natural ingredients [31], which is a significant proportion.
[32] According to the findings of another study, approximately 73 percent of all currently available
pharmaceutical medications contain components derived from natural sources. Because the therapeutic
activity of many traditional medicines is given by natural chemicals produced inside the plant, the
efficacy of TCM preparations can vary significantly and is influenced by the genotype, environmental,
and growth factors that each source plant is exposed to [30, 32]. The urbanization of the world and the
industrialization of pharmaceutical engineering have raised the need for TCM products that are "off the
shelf" and have uniform composition, quality, and clinical efficacy, among other things. In parallel with
industrialization, thorough product testing for evidence of biological activity and clinical efficacy has

been introduced.
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Aloe vera

The Egyptians, Romans, and indigenous peoples of Africa, Asia, and the Americas have all utilised Aloe
vera to cure wounds for over 5000 years [34].1t is still considered a first-line treatment for burns, ulcers,
and surgical wounds. A variety of natural bioactive compounds are found in aloe vera [35], including
pyrocatechol, saponins, acemannan, anthraquinones, glycosides, oleic acid, phytol, and a variety of
simple and complex water-soluble polysaccharides. Pyrocatechol is a bioactive compound that has been
shown to have antioxidant properties. Acetone extracts from the leaves of Aloe vera have been shown
to have greater antibacterial activity than both alcohol and aqueous extracts of the plant. Aloe vera
appears to be more toxic to Gram-positive bacterial species than it is to Gram-negative bacterial species
[36]. Saponins, acemannan, and anthraquinone derivatives are examples of compounds having
demonstrated antibacterial action [37], [38]. Acemannan, a significant mucopolysaccharide
(mesoglycan) derived from the plant Aloe vera, is a powerful activator of macrophage and T-cell activity
and stimulates the transcription of proinflammatory mRNAs (such as interleukin 1a and 1b, interleukin
6a, TNF-a, PGE2, and nitrous oxide) [38]. In addition to binding and capturing endogenous mitogen
inhibitors and reactive oxygen species, mesoglycan moieties also stimulate phagocytosis (the capture
and retention of foreign substances). Glycans, by coincidence, help to maintain the stability of released
cytokines, growth factors, and other bioactives, allowing them to remain active for longer periods. Using
a rat wound healing model, it has been shown that topically applied acemannan can drastically reduce
the time it takes for a wound to close by acting on the cyclin D1 and AKT/mTOR signal pathways [39]. It
has also been observed that aloe veraglycans considerably increase the de novo development of

granulation tissue, while the exact mechanism is uncertain [40].

Andrographispaniculata

Green chiretta, also known as andrographispaniculata, is a traditional Chinese, Indian, and Southeast
Asian medicine for fever, snakebite, diarrhoea, infections, wounds, and itching [41-44]. Antioxidant [45],
anti-inflammatory [46], antidiabetic [47], anticancer [43], antimicrobial [48], antiviral [49], antimalarial
[50], hypotensive [51], immunostimulatory [43], and hepatoprotective [52] actions have been reported
for Andrographispaniculata extracts. Wound repair in rats was greatly improved after treatment with a
10% aqueous leaf extract of Andrographispaniculata in one study [53]. In healed wounds, animals
treated with Andrographispaniculata showed reduced inflammation, scarring, enhanced angiogenesis,
and a higher amount of collagen fibres [53]. Andrographolide, a bicyclic diterpenoid derived from
Andrographispaniculata leaves, has been formally investigated in clinical trials and shown to have

beneficial benefits on a number of autoimmune illnesses [54].
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Blumeabalsamifera (Camphor)

Blumeabalsamifera (also known as ngai camphor) is a plant that is found throughout Asia's tropics and
subtropics, and it is widely utilized as a traditional medicinal herb. Blumeabalsamifera, also known as
sambong in the Philippines, is a diuretic herb that is commonly utilized. Blumeabalsamifera is referred to
as kakoranda in Ayurvedic medicine, and it is used to cure fevers, coughs, pains, and rheumatism. Leaf
extracts are administered topically to treat eczema, dermatitis, skin injury, bruising, beriberi, lumbago,
menorrhagia, rheumatism, and skin injury [55]. Leaf extracts are also used topically to treat rheumatism
and skin injury. Blumeabalsamifera extracts have been shown to have a wide range of bioactivities,
including antimalarial [56], antitumor [57], antifungal [58], and antiobesity [59] effects, among other
things. Based on their findings, Pang et al. concluded that oils derived from the flowering plant
Blumeabalsamifera promote wound healing in mice by increasing angiogenesis and perfusion, as well as
collagen deposition and the formation of well-organized granulation tissue as well as reepithelialization

and wound closure [60].

Camellia sinensis (Green Tea)

For its purported health advantages [61], green tea, an aqueous extract prepared from the leaves of the
Camellia sinensis plant, has long been treasured throughout Asia. Century-old anecdotal evidence has
been experimentally validated by showing that Camellia sinensis has antioxidant [62], anti-inflammatory
[63], antimicrobial [64] activities, and that it also has anti-carcinogenic [65] activities, as well as anti-
obesity [66-68] activities, as well as cardioprotective [69] and neuroprotective [70] activities. Catechins,
the polyphenolic chemicals derived from the Camellia sinensis plant, are thought to be the primary
catalysts for these pharmacological effects [71]. EGCG [61], the most abundant catechin, increases the
proliferation and differentiation of keratinocytes [72]. EGCG is the most abundant catechin in nature.
The researchers discovered that EGCG reduces TGF-receptors in human dermal fibroblasts by changing
TGF-beta signaling, lowering MMP-1 and MMP-2 expression, and attenuating the synthesis of collagen
type 1 in the cells, among other things. These characteristics suggest that EGCG may have potential as
an anti-scarring agent [73]. Additionally, it has been proven that EGCG can cause keloid shrinking [74] as
well as decrease the growth and degenerative characteristics of keloids by inhibiting STAT3 signaling
[75]. According to certain reports, methanol extracts from the Camellia sinensis plant stimulate
fibroblast proliferation and collagen formation [65]. Further evidence suggests that Camellia sinensis
considerably improves wound healing in rats by boosting angiogenesis [71, 76]. This has been
established in animal research. It has also been found that extracts from the Camellia sinensis plant can

promote wound healing in a diabetic mice model [77].
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Carthamustinctorius (Safflower)

Carthamustinctorius is a Latin name for a thorny cactus. Safflower seeds, also known as
Carthamustinctorius or safflower seeds, are a major source of cooking oil in many parts of the world.
Carthamustinctorius, a plant that is less well-known, has a long history of use as a component in
Traditional Chinese Medicine formulations for the treatment of blood problems. According to recent
research, this compound is related to a wide range of biological actions, including vasodilation,
immunological modulation, anticoagulation and thromboprophylaxis, antioxidation, anti hypoxia,
antiaging, antifatigue, anti-inflammation, anti-cancer, and analgesia [78]. The safflower seed oil has also
been demonstrated to prevent melanogenesis in B16 melanoma cells, which makes it a good candidate
for skin whitening applications [79]. There has been evidence that hydroxysafflor yellow A (HSYA), the
primary water-soluble monomer of safflower yellow pigments, can protect against cerebral and cardiac
ischemia [80], and that it possesses anti-inflammatory, proangiogenic, and apoptosis-inhibiting activities
[81-84]. Streptozotocin-induced diabetic rats were given a topical application of HSYA at a modest dose
(4 mg/mL), and the results showed that it improved diabetic wound healing by encouraging
neovascularization, reepithelialization, and granulation tissue development. Wound healing, on the

other hand, is hindered at high levels (more than 10 mg/mL) [85, 86].

Cinnamomum cassia (cinnamon)

A common spice and flavoring agent, Cinnamomum cassia bark is also used to enhance blood circulation
and as an analgesic [87]. Cinnamomum cassia is also used to treat pain and inflammation [88]. As one of
the seven botanical components of ShexiangBaoxin pill (SBP), a well-known Traditional Chinese
Medicine (TCM) medication indicated for chest pain and discomfort associated with coronary artery
disease [88], Cinnamomum cassia is commonly combined with other herbs. Current clinical trials are
investigating the use of SBP in the treatment of coronary artery disease that is not susceptible to
revascularization [89] and is presently enrolling participants. SBP's anti-inflammatory [90] and
anticancer [91, 92] properties, as well as its effects on hypertension, insulin resistance, and noninsulin-
dependent diabetic Mellitus [93], have all been studied in depth. According to in vitro and in vivo
studies, the bioactive component of Cinnamomum cassia, which is a natural insecticide, is also an
antimicrobial, anti-diabetic, anti-lipidemic, anti-inflammatory, and neuroprotective agent [94], and
activates the PI3K/AKT and MAPK signaling pathways, increasing VEGF expression, and stimulating
angiogenesis in human umbilical vein endothelial cells [87]. Cinnam [54] It has also been observed that

cinnamon aldehyde can speed up wound healing in zebrafish.
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Curcuma longa (Turmeric)

In traditional Chinese medicine, curcumin, an active chemical found in the root of the Curcuma longa
plant, which is a member of the ginger family, has been used as a medication and as a food seasoning
for centuries [95]. Curcumin is used to treat inflammation, respiratory problems, liver disorders, and
diabetes by practitioners of traditional Ayurvedic medicine [96]. Curcumin, a compound found in
turmeric, is a popular therapy for stomach pain in traditional Chinese medicine. Since it has been used
by many ethnic groups for ages, curcumin has been one of the most widely investigated nutraceuticals
available today. At the transcriptional, translational, and posttranslational levels, it has been proven that
this highly pleiotropic protein interacts with critical physiological pathways. Proinflammatory cytokines,
apoptosis, nuclear factor-B, cyclooxygenase-2, 5-LOX, STAT3, C-reactive protein, prostaglandin E2,
prostate-specific antigen, cell adhesion molecules, phosphorylase kinase, transforming growth factor-
beta, triglycerides, ET-1, creatinine, heme oxygenase-1, AST, and ALT are all targets [97] Curcumin has
been the subject of more than 100 clinical trials and in vivo investigations, the majority of which have
focused on it as a therapy for epithelial malignancies. These in vivo and in vitro studies have revealed
that curcumin exerts the majority of its positive effects through changing the pericellular and
extracellular matrix [96], consistent with previous findings. The fact that curcumin increases fibroblast
proliferation, granulation tissue development, and collagen deposition in cutaneous wound healing may

therefore come as no surprise [98].\

Honey

Honey is a naturally occurring product that has just lately been incorporated into modern medical
practise as a therapeutic agent. Researchers have exhaustively researched honey's antimicrobial
qualities, as well as its effects on the healing of wounds. Honey has been demonstrated to be an
efficient broad-spectrum antibacterial agent in both laboratory and clinical trials, according to the
findings. It is evidenced that natural honey is useful in wound healing and that it has the power to
sterilise infected wounds. A review of studies on the therapeutic effects of honey gathered from various
geographical locations on skin wounds, skin and gastric ulcers, and burns is presented, as well as a
discussion of the mechanisms of action. Ulcers and burns are included as examples of wounds that are
difficult to treat. According to the research, honey's wound healing qualities include the promotion of
tissue growth, the enhancement of epithelialization, and the reduction of scar formation. Honey's
acidity, hydrogen peroxide content, osmotic action, nutritional and antioxidant contents, activation of
immunity, and the presence of undiscovered chemicals are all thought to be responsible for these

effects. Prostaglandins and nitric oxide are important mediators of inflammation, microbial death, and
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the healing process, among other things. Honey has been shown to reduce prostaglandin levels while
simultaneously increasing nitric oxide end products. These characteristics may contribute to the
explanation of some of the biological and therapeutic capabilities of honey, including its effectiveness as
an antibacterial agent and wound healer. The studies provided here reveal that honeys sourced from
various geographical locations had significant therapeutic effects on chronic wounds, ulcers, and burns
when applied topically. The findings support the use of honey in clinical practise as a wound healer that

is both natural and non-toxic.

Zinc Oxide

Zinc is a vital trace element in the human body, and its significance in both health and sickness has long
been recognised and acknowledged. Numerous transcription factors and enzyme systems, including
zinc-dependent matrix metalloproteinases that are involved in wound repair use zinc as a cofactor to
enhance autodebridement and cell migration. Zinc gives resistance to epithelial apoptosis through
cytoprotection against reactive oxygen species and bacterial toxins, which may be mediated through the
antioxidant activity of the cysteine-rich metallothioneins, according to the findings. Pathological
alterations and delayed wound healing can occur as a result of zinc deficiency, which can be caused by
inherited or nutritional factors. Oral zinc supplementation may be effective in the treatment of zinc-
deficient leg ulcer patients, although its role in the treatment of surgical patients requires further
investigation. Topical zinc administration appears to be superior to oral zinc administration due to its
ability to reduce superinfections and necrotic material through enhanced local defence systems and
collagenolytic activity, as well as the sustained release of zinc ions that stimulates epithelialization of
wounds in individuals who are not hypozincemic (low zinc levels). Protective and soothing properties of
zinc oxide in paste bandages (Unna boot) are provided for peri-ulcer skin that is irritated. Even though
the systemic effects of zinc from these formulations appear to be modest, zinc is delivered through the
skin from these formulations. The role of topical zinc therapy in autodebridement, anti-infective activity,
and the development of epithelialization has been overlooked despite clinical evidence demonstrating

its effectiveness.

Conclusion

We reviewed the evidence that explains why numerous medicinal plants are used to heal cutaneous
wounds and clinical skin problems. Medicinal herbs have been used to treat trauma, infection, sickness,
and injury since ancient times. Humans have learned to detect and transform botanical resources from

their immediate surroundings as food and medicine throughout millennia. Uncontrolled clinical
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experiments have proven the therapeutic advantages of many of these “ancient” and traditional
medicinal herbs. Unexpectedly, many medicinal plants synthesise the same or similar chemicals. As a
result, many biological traits are shared by unrelated species. Many of the same biological targets and
pathways are involved in the mammalian wound healing cascade. These chemicals target mitogenic
pathways (AKT, PI13K, SMAD, and cyclins), proinflammatory NF-B pathways (caspases, interleukins, TNF-,
and TGF-1) and differentiation pathways (e.g., -SMA).

On the basis of their bioactivities, medicinal practices have been evaluated for their clinical efficacy and
economic viability. While each plant has been tested in vitro or in vivo, not every mechanism of action
has been confirmed. Several compounds, including acemannan (Aloe vera), hydroxysafflor yellow A
(Carthamustinctorius), polysaccharide (Ganodermalucidum), phthalide lactones, and alkaloids
(Ligusticum striatum), saponins (Panax ginseng), shikonin and arnebin-1 (Lithospermumerythrorhizon),

Curcuma longa, Aloe vera and Camellia sinesis are popular therapeutics worldwide.

In our opinion, traditional traditions still have much to teach us, some of which could lead to innovative
reagents and therapies for today's therapeutic difficulties. Unavoidably, modern medicine and
medications remain inaccessible (and pricey) to the majority of humanity. For this reason alone,
traditional medicine is the first, and often only, treatment option for many. More individuals will
appreciate and benefit from traditional methods as they become more understood. We hope that

“modern medicine” does not reject this information but rather uses it to benefit all.
References

1. R. Xu, G. Luo, H. Xia et al., “Novel bilayer wound dressing composed of silicone rubber with
particular micropores enhanced wound re-epithelialization and contraction,” Biomaterials, vol.

40, pp. 1-11, 2015.
2. ). H.Talbott, “A short history of medicine,” JAMA, vol. 180, no. 9, p. 794, 1962.

3. WHO Traditional Medicine Strategy: 2014-2023, ISBN:

9789241506090, http://www.who.int/traditional-complementary-integrative-medicine/en/.

4. A. Ghahary and A. Ghaffari, “Role of keratinocyte—fibroblast cross-talk in development of

hypertrophic scar,” Wound Repair and Regeneration, vol. 15, no. 1, pp. 46-53, 2007.

12988


http://www.who.int/traditional-complementary-integrative-medicine/en/

Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

5.

10.

11.

12.

13.

14.

15.

16.

S. A. Eming, P. Martin, and M. Tomic-Canic, “Wound repair and regeneration: mechanismes,
signaling, and translation,” Science Translational Medicine, vol. 6, no. 265, Article ID 265sr6,

2014.

A. K. Arya, K. Tripathi, and P. Das, “Promising role of ANGPTL4 gene in diabetic wound

healing,” The International Journal of Lower Extremity Wounds, vol. 13, no. 1, pp. 58—-63, 2014.

E. M. Golebiewska and A. W. Poole, “Platelet secretion: from haemostasis to wound healing and

beyond,” Blood Reviews, vol. 29, no. 3, pp. 153-162, 2015.

S. Enoch and D. J. Leaper, “Basic science of wound healing,” Surgery (Oxford), vol. 26, no. 2, pp.

31-37, 2008.

P. Martin and S. J. Leibovich, “Inflammatory cells during wound repair: the good, the bad and

the ugly,” Trends in Cell Biology, vol. 15, no. 11, pp. 599-607, 2005.

B. M. Delavary, W. M. van der Veer, M. van Egmond, F. B. Niessen, and R. H. J. Beelen,

“Macrophages in skin injury and repair,” Immunobiology, vol. 216, no. 7, pp. 753-762, 2011.

A. Kasuya and Y. Tokura, “Attempts to accelerate wound healing,” Journal of Dermatological

Science, vol. 76, no. 3, pp. 169-172, 2014.

D. Fan, A. Takawale, J. Lee, and Z. Kassiri, “Cardiac fibroblasts, fibrosis and extracellular matrix

remodeling in heart disease,” Fibrogenesis& Tissue Repair, vol. 5, no. 1, p. 15, 2012.

N. Kioka, T. Ito, H. Yamashita et al., “Crucial role of vinexin for keratinocyte migration in vitro
and epidermal wound healing in vivo,” Experimental Cell Research, vol. 316, no. 10, pp. 1728-

1738, 2010.

S. K. Sarkar, B. Marmer, G. Goldberg, and K. C. Neuman, “Single-molecule tracking of collagenase
on native type | collagen fibrils reveals degradation mechanism,” Current Biology, vol. 22, no. 12,

pp. 1047-1056, 2012.

Y. Akasaka, I. Ono, T. Kamiya et al., “The mechanisms underlying fibroblast apoptosis regulated
by growth factors during wound healing,” The Journal of Pathology, vol. 221, no. 3, pp. 285-299,
2010.

S. McDougall, J. Dallon, J. Sherratt, and P. Maini, “Fibroblast migration and collagen deposition

during dermal wound healing: mathematical modelling and clinical implications,” Philosophical

12989



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, vol. 364,

no. 1843, pp. 1385-1405, 2006.

R. Sharma and J. John, “Role of stem cells in the management of chronic wounds,” Indian

Journal of Plastic Surgery, vol. 45, no. 2, pp. 237-243, 2012.

D. Deufert and R. Graml, “Disease-specific, health-related quality of life (HRQolL) of people with
chronic wounds-a descriptive cross-sectional study using the wound-Qol,” Wound Medicine,

vol. 16, pp. 29-33, 2017.

R. G. Frykberg and J. Banks, “Challenges in the treatment of chronic wounds,” Advances in

Wound Care, vol. 4, no. 9, pp. 560-582, 2015.

I. Garcia-Orue, J. L. Pedraz, R. M. Hernandez, and M. Igartua, “Nanotechnology-based delivery
systems to release growth factors and other endogenous molecules for chronic wound

healing,” Journal of Drug Delivery Science and Technology, vol. 42, pp. 2-17, 2017.

A. Budovsky, L. Yarmolinsky, and S. Ben-Shabat, “Effect of medicinal plants on wound

healing,” Wound Repair and Regeneration, vol. 23, no. 2, pp. 171-183, 2015.

S. Schreml, R.-M. Szeimies, L. Prantl, M. Landthaler, and P. Babilas, “Wound healing in the 21st

century,” Journal of the American Academy of Dermatology, vol. 63, no. 5, pp. 866—881, 2010.

M. P. Caley, V. L. C. Martins, and E. A. O'Toole, “Metalloproteinases and wound
healing,” Advances in Wound Care, vol. 4, no. 4, pp. 225-234, 2015.

G. Han and R. Ceilley, “Chronic wound healing: a review of current management and

treatments,” Advances in Therapy, vol. 34, no. 3, pp. 599-610, 2017.

M. C. Robson and A. Barbul, “Guidelines for the best care of chronic wounds,” Wound Repair

and Regeneration, vol. 14, no. 6, pp. 647-648, 2006.

S. Bhattacharya, “Wound healing through the ages,” Indian Journal of Plastic Surgery, vol. 45,
no. 2, pp. 177-179, 2012.

G. Han and R. Ceilley, “Chronic wound healing: a review of current management and

treatments,” Advances in Therapy, vol. 34, no. 3, pp. 599-610, 2017.

R. Edwards and K. G. Harding, “Bacteria and wound healing,” Current Opinion in Infectious

Diseases, vol. 17, no. 2, pp. 91-96, 2004.

12990



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

L. Kalan, M. Zhou, M. Labbie, and B. Willing, “Measuring the microbiome of chronic wounds with
use of a topical antimicrobial dressing-a feasibility study,” PLoS One, vol. 12, no. 11, Article ID

e0187728, 2017.

F. Han, Y. Li, X. Zhang, A. Song, H. Zhu, and R. Yin, “A pilot study of direct infusion analysis by FT-
ICR MS for rapid differentiation and authentication of traditional Chinese herbal

medicines,” International Journal of Mass Spectrometry, vol. 403, pp. 62—67, 2016.

H. Yuan, Q. Ma, L. Ye, and G. Piao, “The traditional medicine and modern medicine from natural

products,” Molecules, vol. 21, no. 5, 2016.

P. Wangchuk, “Therapeutic applications of natural products in herbal medicines, biodiscovery
programs, and biomedicine,” Journal of Biologically Active Products from Nature, vol. 8, no. 1,

pp. 1-20, 2018.

Y. Qj, S. Li, Z. Pi et al., “Chemical profiling of Wu-tou decoction by UPLC-Q-TOF-MS,” Talanta, vol.
118, pp. 21-29, 2014.

I. Garcia-Orue, G. Gainza, F. B. Gutierrez et al., “Novel nanofibrous dressings containing rhEGF
and Aloe vera for wound healing applications,” International Journal of Pharmaceutics, vol. 523,

no. 2, pp. 556-566, 2017.

B. Salehi, S. Albayrak, H. Antolak et al., “Aloe genus plants: from farm to food applications and
phytopharmacotherapy,” International Journal of Molecular Sciences, vol. 19, no. 9, p. 2843,

2018.

R. Lawrence, P. Tripathi, and E. Jeyakumar, “Isolation, purification and evaluation of
antibacterial agents from Aloe vera,” Brazilian Journal of Microbiology, vol. 40, no. 4, pp. 906—

915, 2009.

D. Martinez-Romero, N. Alburquerque, J. M. Valverde et al., “Postharvest sweet cherry quality
and safety maintenance by Aloe vera treatment: a new edible coating,” Postharvest Biology and

Technology, vol. 39, no. 1, pp. 93—-100, 2006.

P. Ali, Y.-F. Chen, and E. Sargsyan, “Chapter 12-bioactive molecules of herbal extracts with anti-
infective and wound healing properties,” in Microbiology for Surgical Infections, K. Kon and M.

Rai, Eds., pp. 205-220, Academic Press, Amsterdam, Netherlands, 2014.

12991



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

39.

40.

41.

42.

43,

44,

45.

46.

47.

W. Xing, W. Guo, C.-H. Zou et al., “Acemannan accelerates cell proliferation and skin wound
healing through AKT/mTORsignaling pathway,” Journal of Dermatological Science, vol. 79, no. 2,
pp. 101-109, 2015.

S. Jettanacheawchankit, S. Sasithanasate, P. Sangvanich, W. Banlunara, and P. Thunyakitpisal,
“Acemannan stimulates gingival fibroblast proliferation; expressions of keratinocyte growth
factor-1, vascular endothelial growth factor, and type | collagen; and wound healing,” Journal of

Pharmacological Sciences, vol. 109, no. 4, pp. 525-531, 2009.

S. Akbar, “Andrographispaniculata: a review of pharmacological activities and clinical

effects,” Alternative Medicine Review, vol. 16, no. 1, pp. 66—77, 2011.

M. Kabir, N. Hasan, M. Rahman et al., “A survey of medicinal plants used by the Deb barma clan
of the Tripura tribe of Moulvibazar district, Bangladesh,” Journal of Ethnobiology and

Ethnomedicine, vol. 10, no. 1, p. 19, 2014.

R. A. Kumar, K. Sridevi, N. V. Kumar, S. Nanduri, and S. Rajagopal, “Anticancer and
immunostimulatory compounds from Andrographispaniculata,” Journal of Ethnopharmacology,

vol. 92, no. 2-3, pp. 291-295, 2004.

L.-X. Chen, H. He, G.-Y. Xia, K.-L. Zhou, and F. Qiu, “A new flavonoid from the aerial parts

of Andrographispaniculata,” Natural Product Research, vol. 28, no. 3, pp. 138-143, 2014.

A. A. Adedapo, B. O. Adeoye, M. O. Sofidiya, and A. A. Oyagbemi, “Antioxidant, antinociceptive
and anti-inflammatory properties of the aqueous and ethanolic leaf extracts of
Andrographispaniculata in some laboratory animals,” Journal of Basic and Clinical Physiology

and Pharmacology, vol. 26, no. 4, pp. 327-334, 2015.

T. Shen, W. S. Yang, Y.-S. Yi et al, “AP-1/IRF-3 targeted anti-inflammatory activity of
andrographolide isolated from Andrographispaniculata,” Evidence-Based Complementary and

Alternative Medicine, vol. 2013, Article ID 210736, 2013.

M. Akhtar, M. B. MohdSarib, I. Ismail et al., “Anti-diabetic activity and metabolic changes
induced by andrographispaniculata plant extract in obese diabetic rats,” Molecules, vol. 21, no.

8, 2016.

12992



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

M. M. Rahman, S. H. Ahmad, M. T. M. Mohamed, and M. Z. Ab Rahman, “Antimicrobial
compounds from leaf extracts of Jatrophacurcas, Psidiumguajava,

and Andrographispaniculata,” Scientific World Journal, vol. 2014, Article ID 635240, 2014.

C. Wiart, K. Kumar, M. Y. Yusof, H. Hamimah, Z. M. Fauzi, and M. Sulaiman, “Antiviral properties
of ent-labdenediterpenes of Andrographispaniculata nees, inhibitors of herpes simplex virus

type 1,” Phytotherapy Research, vol. 19, no. 12, pp. 1069-1070, 2005.

K. Mishra, A. P. Dash, and N. Dey, “Andrographolide: a novel antimalarial diterpene lactone
compound  from Andrographispaniculataand its interaction with  curcumin and

artesunate,” Journal of Tropical Medicine, vol. 2011, Article ID 579518, 2011.

C. Zhang and B. Tan, “Hypotensive activity of aqueous extract of Andrographispaniculata in

rats,” Clinical and Experimental Pharmacology and Physiology, vol. 23, no. 8, pp. 675—678, 1996.

R. Nagalekshmi, A. Menon, D. K. Chandrasekharan, and C. K. K. Nair, “Hepatoprotective activity
of Andrographispaniculata and Swertiachirayita,” Food and Chemical Toxicology, vol. 49, no. 12,

pp. 3367-3373, 2011.

F. H. Al-Bayaty, M. A. Abdulla, M. I. A. Hassan, and H. M. Ali, “Effect
of Andrographispaniculata leaf extract on wound healing in rats,” Natural Product Research, vol.

26, no. 5, pp. 423-429, 2012.

A. Shamsizadeh, A. Roohbakhsh, F. Ayoobi, and A. Moghaddamahmadi, “Chapter 25-the role of
natural products in the prevention and treatment of multiple sclerosis,” in Nutrition and
Lifestyle in Neurological Autoimmune Diseases, R. R. Watson and W. D. S. Killgore, Eds., pp. 249—
260, Academic Press, Cambridge, MA, USA, 2017.

M. Chen, J.-J. Qin, J.-J. Fu et al, “Blumeaenes A-J, sesquiterpenoid esters
from Blumeabalsamifera with NO inhibitory activity,” PlantaMedica, vol. 76, no. 9, pp. 897-902,
2010.

A. Noor Rain, S. Khozirah, M. A. MohdRidzuan et al.,, “Antiplasmodial properties of some

Malaysian medicinal plants,” Tropical Biomedicine, vol. 24, no. 1, pp. 29-35, 2007.

J. Li, G.-Z. Zhao, H.-H. Chen et al., “Antitumour and antimicrobial activities of
endophyticstreptomycetes from pharmaceutical plants in rainforest,” Letters in Applied

Microbiology, vol. 47, no. 6, pp. 574-580, 2008.

12993



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

C. Y. Ragasa, A. L Kristin, and J. A. Rideout, “Antifungal metabolites

from Blumeabalsamifera,” Natural Product Research, vol. 19, no. 3, pp. 231-237, 2005.

H. Kubota, A. Kojima-Yuasa, R. Morii et al., “Anti-obesity effect of Blumeabalsamifera extract in
3T3-L1 preadipocytes and adipocytes,” The American Journal of Chinese Medicine, vol. 37, no.

05, pp. 843-854, 2009.

Y. Pang, D. Wang, X. Hu et al., “Effect of volatile oil from Blumeabalsamifera (L.) DC. leaves on
wound healing in mice,” Journal of Traditional Chinese Medicine, vol. 34, no. 6, pp. 716-724,

2014.

C. S. Yang, G. Chen, and Q. Wu, “Recent scientific studies of a traditional Chinese medicine, tea,
on prevention of chronic diseases,” Journal of Traditional and Complementary Medicine, vol. 4,

no. 1, pp. 17-23, 2014.

C. Espinosa, J. A. Lopez-Jiménez, F. Pérez-Llamas et al., “Long-term intake of white tea prevents
oxidative damage caused by adriamycin in kidney of rats,” Journal of the Science of Food and

Agriculture, vol. 96, no. 9, pp. 3079-3087, 2016.

B. T. Chen, W.-X. Li, R.-R. He et al., “Anti-inflammatory effects of a polyphenols-rich extract from
tea (Camellia sinensis) flowers in acute and chronic mice models,” Oxidative Medicine and

Cellular Longevity, vol. 2012, Article ID 537923, 7 pages, 2012.

D. Anwar lbrahim and R. NomanAlbadani, “Evaluation of the potential nephroprotective and
antimicrobial effect of Camellia sinensis leaves versus Hibiscus sabdariffa (in vivo and in vitro

studies),” Advances in Pharmacological Sciences, vol. 2014, Article ID 389834, 5 pages, 2014.

S. Er and M. Dikmen, “Camellia sinensis increased apoptosis on U20S osteosarcoma cells and
wound healing potential on NIH3T3 fibroblast cells,” Cytotechnology, vol. 69, no. 6, pp. 901—
914, 2017.

S. Jadoon, S. Karim, M. H. H. Bin Asad et al., “Anti-aging potential of phytoextract loaded-
pharmaceutical creams for human skin cell longetivity,” Oxidative Medicine and Cellular

Longevity, vol. 2015, Article ID 709628, 17 pages, 2015.

R.-r. He, L. Chen, B.-h. Lin, Y. Matsui, X.-s. Yao, and H. Kurihara, “Beneficial effects of oolong tea
consumption on diet-induced overweight and obese subjects,” Chinese Journal of Integrative

Medicine, vol. 15, no. 1, pp. 34-41, 2009.

12994



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

68.

69.

70.

71.

72.

73.

74.

75.

76.

S. Hasani-Ranjbar, Z. Jouyandeh, and M. Abdollahi, “A systematic review of anti-obesity
medicinal plants-an update,” Journal of Diabetes & Metabolic Disorders, vol. 12, no. 1, p. 28,

2013.

G. Khan, S. E. Haque, T. Anwer, M. N. Ahsan, M. M. Safhi, and M. F. Alam, “Cardioprotective
effect of  green tea extract on doxorubicin-induced cardiotoxicity in

rats,” ActaPoloniaePharmaceutica, vol. 71, no. 5, pp. 861-868, 2014.

Y. Levites, O. Weinreb, G. Maor, M. B. H. Youdim, and S. Mandel, “Green tea polyphenol (-)-
epigallocatechin-3-gallate prevents N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced
dopaminergic neurodegeneration,” Journal of Neurochemistry, vol. 78, no. 5, pp. 1073-1082,

2001.

F. Hajiaghaalipour, M. S. Kanthimathi, M. A. Abdulla, and J. Sanusi, “The effect of Camellia
sinensis on wound healing potential in an animal model,” Evidence-Based Complementary and

Alternative Medicine, vol. 2013, Article ID 386734, 7 pages, 2013.

S. Hsu, W. B. Bollag, J. Lewis et al., “Green tea polyphenols induce differentiation and
proliferation in epidermal keratinocytes,” Journal of Pharmacology and Experimental

Therapeutics, vol. 306, no. 1, pp. 29-34, 2003.

B. R. Klass, O. A. Branford, A. O. Grobbelaar, and K. J. Rolfe, “The effect of epigallocatechin-3-
gallate, a constituent of green tea, on transforming growth factor-B1-stimulated wound

contraction,” Wound Repair and Regeneration, vol. 18, no. 1, pp. 80—88, 2010.

F. Syed, R. A. Bagabir, R. Paus, and A. Bayat, “Ex vivo evaluation of antifibrotic compounds in
skin scarring: EGCG and silencing of PAI-1 independently inhibit growth and induce keloid

shrinkage,” Laboratory Investigation, vol. 93, no. 8, pp. 946—960, 2013.

G. Park, B. S. Yoon, J.-H. Moon et al.,, “Green tea polyphenol epigallocatechin-3-gallate
suppresses collagen production and proliferation in keloid fibroblasts via inhibition of the
STAT3-signaling pathway,” Journal of Investigative Dermatology, vol. 128, no. 10, pp. 2429-
2441, 2008.

S.Y. Asadi, P. Parsaei, M. Karimi et al., “Effect of green tea (Camellia sinensis) extract on healing
process of surgical wounds in rat,” International Journal of Surgery, vol. 11, no. 4, pp. 332-337,

2013.

12995



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

H. Kim, T. Kawazoe, D.-W. Han et al., “Enhanced wound healing by an epigallocatechingallate-
incorporated collagen sponge in diabetic mice,” Wound Repair and Regeneration, vol. 16, no. 5,

pp. 714720, 2008.

D. Yao, Z. Wang, L. Miao, and L. Wang, “Effects of extracts and isolated compounds from
safflower on some index of promoting blood circulation and regulating menstruation,” Journal

of Ethnopharmacology, vol. 191, pp. 264-272, 2016.

J. S. Roh, J. Y. Han, J. H. Kim, and J. K. Hwang, “Inhibitory effects of active compounds isolated
from safflower (Carthamustinctorius L.) seeds for melanogenesis,” Biological & Pharmaceutical

Bulletin, vol. 27, no. 12, pp. 1976-1978, 2004.

S.-Q. Gao, C. Chang, X.-Q. Niu, L.-J. Li, Y. Zhang, and J.-Q. Gao, “Topical application of
Hydroxysafflor yellow A accelerates the wound healing in streptozotocin induced T1DM

rats,” European Journal of Pharmacology, vol. 823, pp. 72-78, 2018.

X. Wei, H. Liu, X. Sun et al.,, “Hydroxysafflor yellow A protects rat brains against ischemia-

reperfusion injury by antioxidant action,” Neuroscience Letters, vol. 386, no. 1, pp. 58—62, 2005.

L. Song, Y. Zhu, M. Jin, and B. Zang, “Hydroxysafflor yellow a inhibits lipopolysaccharide-induced
inflammatory signal transduction in human alveolar epithelial A549 cells,” Fitoterapia, vol. 84,

pp. 107-114, 2013.

N. Zhang, M. Xing, Y. Wang et al., “Hydroxysafflor yellow A improves learning and memory in a
rat model of vascular dementia by increasing VEGF and NR1 in the hippocampus,” Neuroscience

Bulletin, vol. 30, no. 3, pp. 417-424, 2014.

D. B. Ji, L. Y. Zhang, C. L. Li, J. Ye, and H. B. Zhu, “Effect of hydroxysafflor yellow A on human
umbilical vein endothelial cells under hypoxia,” Vascular Pharmacology, vol. 50, no. 3-4, pp.

137-145, 2009.

W. Yuan, D. Yang, X. Sun et al., “Effects of hydroxysafflor yellow A on proliferation and collagen
synthesis of rat vascular adventitial fibroblasts induced by angiotensin II,” Int J ClinExpPathol,

vol. 7, no. 9, pp. 5772-5781, 2014.

F. Yang, J. Li, J. Zhu, D. Wang, S. Chen, and X. Bai, “Hydroxysafflor yellow A inhibits angiogenesis
of hepatocellular carcinoma via blocking ERK/MAPK and NF-kBsignaling pathway in H22 tumor-

bearing mice,” European Journal of Pharmacology, vol. 754, pp. 105-114, 2015.

12996



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

X. Yuan, L. Han, P. Fu et al.,, “Cinnamaldehyde accelerates wound healing by promoting
angiogenesis via up-regulation of PI3K and MAPK signaling pathways,” Laboratory Investigation,

vol. 98, no. 6, pp. 783—-798, 2018.

K. J. Zhang, J.-Z. Zhu, X.-Y. Bao, Q. Zheng, G.-q. Zheng, and Y. Wang, “Shexiangbaoxin pills for
coronary heart disease in animal models: preclinical evidence and promoting angiogenesis

mechanism,” Frontiers in Pharmacology, vol. 8, p. 404, 2017.

P.-p. Tian, J. Li, J. Gao, and Y. Li, “Efficacy and safety of the ShexiangBaoxin Pill for the treatment
of coronary artery disease not amenable to revascularisation: study protocol for a randomised,

placebo-controlled, double-blinded trial,” BMJ Open, vol. 8, no. 2, 2018.

S.H. Lee, S. Y. Lee, D. J. Son et al., “Inhibitory effect of 2'-hydroxycinnamaldehyde on nitric oxide
production through inhibition of NF-kB activation in RAW 264.7 cells,” Biochemical
Pharmacology, vol. 69, no. 5, pp. 791-799, 2005.

S. J. Koppikar, A. S. Choudhari, S. A. Suryavanshi et al., “Aqueous cinnamon extract (ACE-c) from
the bark of Cinnamomum cassia causes apoptosis in human cervical cancer cell line (SiHa)

through loss of mitochondrial membrane potential,” BMC Cancer, vol. 10, p. 210, 2010.

H.-K. Kwon, W. K. Jeon, J.-S. Hwang et al., “Cinnamon extract suppresses tumor progression by
modulating angiogenesis and the effector function of CD8 + T cells,” Cancer Letters, vol. 278, no.

2, pp. 174-182, 20009.

H. Ye, J. Du, D. Shen et al., “[Effect of shexiangbaoxin pill on the function of vascular
endothelium in patients with diabetes mellitus type 2 complicated with angina

pectoris],” ZhongguoZhong Xi Yi Jie He ZaZzhi, vol. 24, no. 12, pp. 1077-1079, 2004.

P. V. Rao and S. H. Gan, “Cinnamon: a multifaceted medicinal plant,” Evidence-Based

Complementary and Alternative Medicine, vol. 2014, p. 12, 2014.

D. Akbik, M. Ghadiri, W. Chrzanowski, and R. Rohanizadeh, “Curcumin as a wound healing

agent,” Life Sciences, vol. 116, no. 1, pp. 1-7, 2014.

M. C. Fadus, C. Lau, J. Bikhchandani, and H. T. Lynch, “Curcumin: an age-old anti-inflammatory
and anti-neoplastic agent,” Journal of Traditional and Complementary Medicine, vol. 7, no. 3,

pp. 339-346, 2017.

12997



Nat. Volatiles & Essent. Qils, 2021; 8(4): 12977-12998
97. S. C. Gupta, S. Patchva, and B. B. Aggarwal, “Therapeutic roles of curcumin: lessons learned from
clinical trials,” The AAPS Journal, vol. 15, no. 1, pp. 195-218, 2013.

98. B. Joe, M. Vijaykumar, and B. R. Lokesh, “Biological properties of curcumin-cellular and
molecular mechanisms of action,” Critical Reviews in Food Science and Nutrition, vol. 44, no. 2,

pp. 97-111, 2004.

12998



